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1. INTRODUCTION

Fruit consumption has enjoyed during the past decade. Consumers are

eating more fruits as they learn about the health benefits by information firom

current nutrition studies. Many tropical fruits that used to be considered exotic

and expensive are now commomly consumed and many other processed foods.

Avocado botanically known as Persea americaua, is an evergreen plant

and can grow in diverse environmental conditions. On an average, one avocado

tree produces about 120 to 150 fruits annually.

Avocado is an energetic fruit with high nutritional value and is considered

a major tropical fhiit, since it is rich in protein and contains fat soluble vitamins

lacking in other fhiits, including Vitamins A and B, and median levels of vitamins

D and E. It contains different oil levels in the pulp, thus it is widely used in

pharmaceutical and cosmetic industries, and for obtaining commercial oils similar

to olive oil, because of their similar fatty acid composition (Bergh, 1992).

Avocado growth and development is intense, differing from other fruit

species. After harvest, the fruit completes maturation, with major changes in

metabolism and higher respiratory rate, and thus high production of ethylene,

being highly perishable under environmental conditions leading to the production

of high amounts of waste. In this sense, the avocado pulp processing can

contribute to its best use, either as a food product or for oil extraction (Golukeu &

Ozdemir, 2010).

According to Jacobo & Hernandez (2012), avocado is characterized by an

attractive color, a distinguishing texture, and an exquisite flavor and aroma. All

these sensory attributes are closely related to its eating quality, which increases as

the fruit ripens, and some of them are used for consumers as a guide at purchasing

time. Larmond (1999) opined that consumer acceptability is mainly correlated

with pulp texture (more than flavor or oil content) and it is negatively affected by

the presence of fibers and mesocarp discoloration.



The avocado has various uses as a natural cosmetic, with advantages in

rapid skin penetration, and as a superior natural sunscreen. Avocado oil has

several culinary and health benefits. The greater use of whole fruit has important

advantages: usefulness in human weight control, high nutritional density, source

of major antioxidants, stroke prevention, fruit protein source, fiber source; as baby

food, and other dietary benefits. Eironeous public perceptions of avocado calorie

content and of cancer influences are noted.

Increasing recognition of unhealthful consequences from additives,

preservatives, processing, and artificial products generally gives the avocado a

major advantage as a food and also as a cosmetic. With increasing concern for the

environment, an added plus for avocado cosmetics is that they are biodegradable.

Consumers are beginning to favor basic, natural ingredients.

Palou (2000) mentioned the use of the avocado as a skin moisturizer,

cleansing cream, makeup base, sunscreen, lipstick, bath oil, and hair conditioner.

Toxicological tests of avocado oil products have provided an official health/safety

assessment.

There is a wide variety of processed foods derived from avocado, such as

guacamole, frozen products, refreshing drinks and avocado paste, as well as

numerous uses of it in the cosmetic, soap, and shampoo industry. Moreover,

avocado oil is gaining interest in the fat and oil market, as this fhiit is the only one

that can rival the olive and palm fhiits in oil content, and also because diverse

health effects have been attributed to its consumption-although, as stated above, it

is also used in cosmetics(Lopez, 1999).

Industries are taking advantage of avocado by products (seed and peel) to

extract oil, as well as several interesting compounds that are present at important

concentration levels and can be used as antioxidants, flavoring, colorants or



texturizer additives, making possible a better exploitation of avocado fruit

(Rachimoellah ei fl/.,2009).

The economic and social importance of avocado principally resides in the

benefits that its cultivation gives to producers, processors, and consumers. The

orchards create jobs by demanding labor for farming operations, harvest,

packinghouse operations, transportation, and marketing. In addition, the

development of new products would also promote the creation of processing

plants, which in turn would generate new jobs, and increase the farmers' profits.

In order to increase commercialization on a larger scale and give avocado

an added value, it is important to develop food products derived from this fruit

with a long enough shelf-life to assure their transportation and distribution to

consumers.

Hence the present smdy "Development and quality evaluation of fruit

spreads from avocado (Pcrsca americana Mill./' was undertaken with the

objective to study the effect of pre-treatments on quality parameters of avocado

cultivar and to develop fruit spread and its quality evaluation.
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3. REVIEW OF LITERATURE

The relevant literature as ailable on the study entitled "Development and

Quality evaluation of fruit spreads from avocado {Persea americana Mill.) have

been briefly reviewed here.

2.1 Avocado as a Unique Fruit

2.2 Medicinal properties of Avocado

2.3 Avocado - Substitute for Butter

2.4 Avocado Processed products

2.5 Shelf life of Avocado products

2.6 Consumer Acceptance of Avocado

2.1 AVOCADO AS A UNIQUE FOOD

Avocados are a delicious and unique fruit that offer a range of benefits

when consumed. The avocado is a unique fruit ,while most fruits primarily consist

of carbohydrates, avocado is high in healthy fats. TTiis fruit is prized for its high

nutrient value and is added to various dishes due to its good flavor and rich

texture. It is the main ingredient in guacamole.

Persea americana Mill, commonly known as avocado pear, is an

evergreen tree belonging to the family Lauraceae. It is a tropical tree native to

Mexico, Central America and South .America but it is now grown worldwide

(Duester, 2000).

Bergh (1992), opined that the avocado fruit has been a major food for the

people of Central America for, apparently, several thousand years .The fruit is

rich in unsamrated fats and vitamins and the flesh has more energy value than

meat of equal weight.



The avocado is now grown throughout most of the tropics or

subtropics.but appears to have originated in Central America {Bergh,1992). The

commercial varieties are placed for horticultural purposes in one of three groups

or races - West Indian, Guatemalan or Mexican.

They are sometimes described as tropical, subtropical and semitropical on

the basis of increasing cold hardiness and general climactic adaptation

(Bergh,1992).

Roger (2007) and Palou (2000) reponed thai avocado fruit is dispersed

worldwide in tropical and subtropical regions. There are numerous varieties of

avocado around the world, according to the climate in which they grow, with

different shapes, flavours, textures, coIour and smells. The most well-known and

marketed types are the Hass and Fuerte varieties.

According to Lin and Tang (1986); Malo (1999); Mendez and

Hemandez(2007), avocado is botanically classified into three groups, which have

been termed the Mexican (Persea americana var.drymifolia), Guatemalan (Persea

nubigena var. guatemalensis) and West Indian (Persea americana var. americana)

types or races. The names are based on the respective origins and differences in

growing conditions and characteristics of the fruit. Chia and Dykes (2009)

reported that commercial varieties are mainly based on the Guatemalan and

Guatemalan-Mexican hybrid cultivars, for example, the Hass variety is a

Guatemalan-Mexican hybrid race .

Roller (1992) reported that fruit characteristics including size and skin

texture vary considerably among the races. Prominent commercial varieties

include Fuerte and Hass. Fuerte is a Guatemalan/Mexican hybrid and Hass

originated from a Guatamalan seedling.ManafShehat and Sahar (2013) opined

that other commercially important varieties of avocado include Lula, Booth

8,Walden, Pollock .

Recently a considerable international trade in avocado fhiits has

developed.Total world production of avocados in 1990 was around 1.4



millionmetric tonnes, with major producing countries including Mexico,

USA,Brazil, Dominican Republic, Indonesia, Zaire, South Africa and

Israel(Califomia,Avocado Commission, 2011).

Chia and Dykes (2009), found tliat fruit growth in avocado follows a

pattern similar to the development of that in other fhiits, with rapid cell division at

the early stages. However, in the avocado cell multiplication continues in the

mature fruit and in general avocado fhiit tend to continue growing while attached

to the tree.

Chong ei a!., (2009) reported that avocados having more than the

minimum oil content may be lacking in organoleptic qualities, though raising the

oil content standard might eliminate from the market avocado varieties or crops

whose organoleptic qualities are adequate.A strong relationship is apparent

between avocado fruit growth and maturity and between oil content and dry

weigIit(Chia & Dykes,2011).

Bizimana ef 1993) reported that ripening of avocado fruit may occur a

few days after harvest. Ripening and softening can be delayed by pre cooling

immediately after harvest. Some cultivars, e.g. Booth 1, Booth 8, Taylor, which

are chilling tolerant can be stored for 4 to 8 weeks at 4.4°C. Other chilling-

sensitive varieties store best at 13°C for a maximum period of 2 weeks. Ripening

is also delayed by holding the fruit in low 02 (2-5%) and high C02 (3-10%)

conditions .

2.2 MEDICINAL PROPERTIES OF AVOCADO

Now a days, the avocado has become an incredibly popular food among

health-conscious individuals. It's often referred to as a super food, which Is not

surprising given its health properties They have a creamy, rich, fatty texture and

blend well with other ingredients.
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The edible fleshy part of avocado is most nutritious of all salad fruits and

served as a salad vegetable.Avocado can also be eaten raw or on bread and

sandwich filling (Fuigoni ef al., 2010).

Hidalgo tv al., (2010) opined that the avocado is a medium energy dense

(1.7 kcal/g) fruit because it contains about 80% water and dietary fiber. Unlike

other fruits, avocados are low in sugar and contain 15% MUFA rich oil, which

helps to increase the bioavailability of carotenoids from salads and salsa often

consumed with avocados . Avocados also contain a variety of vitamins, minerals

and phytochemicals such as lutein, phenolic antioxidants, and phytosterols

associated with numerous potential health benefits.

Avocado is a high metabolic rate fruit, completing its ripeness within 5 to

7 days at 25 °C, after harvesting. Unlike many other fruits, avocado's ripeness

does not occur on the tree, but takes place several days after harvest (Batista el

a/., 1993).

Bates (1999), reported that the post harvest ripening process is related to

the amount of surrounding and endogenous ethylene, which increase the

respiration rate During this process, avocado undergoes many physiological and

biochemical changes, including biosynthesis and accumulation of pigments, Upids

vitamins and antioxidants among others (Chia and Dykes, 2010)

Phytosterols are present in avocado whose structure is very similar to

cholesterol and it inhibits intestinal cholesterol absorption and decreases hepatic

cholesterol synthesis(Chia &, Dykes, 2010).

White e! a!., ( 2009) reported that in Brazil, the ripe fruit is consumed

together with sugar, honey and liqueurs and consumption is increased by its

sensory and nutritional characteristics.The fhiit contain 339mg - lOOg-1 of



potassium levels when compared to other fruits which protects the body from

cardiovascular diseases(USDA, 2009).

Avocado consumers tend to consume more of dietary fiber. Vitamin iC,

potassium and magnesium in their diet than non - avocado consumers(FuIgonl et

a!.. 2011).

About 80% of the avocado edible fruit consist of water (72%) and dietary

fiber(6.8%) and thereby it has an effect on weight control(USDA and HHS,

2011).

A Study conducted by Hughes c/ a/., (2009) isolated 1,2,4-

trihydroxyheptadec-16-ene l„2,4-trihydroxyheptadec-16-yne and 1,2,4-

trihydroxynonadecane from the unripe fruits of P. americana, and found these

substances to be moderately cytotoxic when evaluated against a small panel of

cancer cell lines.

Hughes et a/.,(2019) isolated 5 alkanols from avocado fruits with "liver

suppressing activity" (as determined by the changes in plasma levels of alanine

arainotransferase and aspartate aminotransferase), including compounds 9-11.

Jackson (2003) in his study found that rwo analogs, persenones A and B ,

along with persin , were found to inhibit superoxide (O2") and nitric oxide (NO)

generation in cell culture, and may thus serve as cancer chemopreventive agents

in inflammation-related organs.

A study conducted by Adeyemi et al., (2002) reported that the aqueous

leaf extract oiP. Americana (800 mg/kg) produced a significant inhibition of the

swelling caused by carrageenan at 3 h. This effect was similar to that produced by

indomethacin in the same duration.
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Olaeta et aL, (2007) reported that aqueous leaf extract of/^.

ameiicana possesses anticonvulsant activity and the effectiveness of the plant

extract in the experimental convulsion paradigm used probably suggests that the

plant could be used in both peiil and grand mal types of epilepsy.The methanolic

leaf extract of P. americana and its hepatoprotective action against acute

paracetamol loxicity make it a potential agent against liver diseases and other

pathologies.

The antioxidant activity exhibited by the methanolic leaf extract of P.

americana and its hepatoprotective action against acute paracetamol toxicity

make it a potential agent against liver diseases and other pathologies associated

with oxidative stress.associated with oxidaiive stress.

Anaka el aL, (2009) reported that aqueous leaf extract of P^

Americana possesses hypo glycemic effects and the maximum anti diabetic

activity was reached at 6 h after a single dose of the extract was administered,

producing 60.02 i 6.83% reduction in blood glucose level.

Fulgony (2010), reported that avocado contributes minerals including

magnesium, potassium, iron, copper, and phosphorus,and vitamins such as

vitamin C, E, and p-carotene.

Flag el a}., (1994)in his study found that date of harvesting is also known

to affect the nutritional quality and antioxidant activity (AOC) of avocado fhiits

They harvested Hass avocados at seven different dates,ripened at 25 °C followed

by 21 or 35 days ofcold storage. The phenolic and glutathione contents increased

and ascorbic acid contentdid not show significant difference in early harvested

fhiits (January-March). Phenolic,glutathione, ascorbic acid, and antioxidant

activity increased slightly and then decreased in late-harvested fruits (April to

June). AOC in early-harvested fruitafter storage for 35 days was much higher than

the late harvested fruit after storage for 21 days. They recommended that avocados
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can be harvested early for economic benefits, according to the markets and still

maintain high nutritional quality.

,Hozaw et a/., (2014) suggested the consumption of carotenoids with a

lipid-rich food such as avocado for maximum absorption and conversion to

vitamin A.

Honarbakhsh (2015), identified two acetogenios (Persenone C and

Persenone A) in avocado pulp that inhibit platelet aggregation with a potential

preventive effect on thrombus formation in patient suffering from ischaemic

diseases.

2^ AVOCADO - SUBSTITUTE FOR BUTTER

Jacob and Brenes (2013), reponed that the avocado is characterized by an

attractive color, a distinguishing texture, and an exquisite flavor and aroma. All

these sensory attributes are closely related to its eating quality, which increases as

the fruit ripens, and some of them are used for consumers as a guide at purchasing

time.

Larmond (1999),in his study, found that consumer acceptability is mainly

correlated with pulp texture (more than flavor or oil content) and it is negatively

affected by the presence of fibers and mesocarp discoloration. When an evaluation

with panelists was carried out to study avocado likeability or acceptability, texture

and flavor are usually the most widely evaluated attributes. The descriptors

usually included in terms of texture are mushy, firm, stringy, gritty, creamy,

smooth, dry, watery and oily; whereas the tenns more widely used to describe the

flavor are bland, grassy, woody-pine, sweet, nutty, buttery, savory, oily, rancid,

canned pea, with sharp, astringent, metallic and bitter (referring to aftertaste).

10



Obentand ei a/., (2014) reported that the higher fhiil likeability was

achieved for ripe avocados, which presented creamy, smooth and buttery texture

with nuttiness and a minimum of grassy flavor.

Avocado Central (2010), also carried out a sensory evaluation, where the

tasters described the texture of the preferred fhiits as creamy, smooth and buttery,

and the flavor as buttery and nutty. The ripening process has a substantial

influence on the sensory attributes of avocados; indeed, it is over this process

when one of the main alterations of this fruit happens: the softening. This textural

change is the most remarkable event during ripening and it is the result of

enzymatic degradation of structural and storage polysaccharides.

Avocado Central (2010), found that the final texture of avocado fi-uit is

affected by several factors, such as turgor pressure generated within cells by

osmosis, accumulation of storage polysaccharides, or structural integrity of the

primary cell wall and the middle lamella, among others .

Arias et al., (2012), opined that avocado flavor varies considerably during

ripening too, as it is strongly influenced by fruit composition, especially in terms

of sugars, acids and lipids. Over the last few years several authors have described

the close connection between flavor and aroma .Aroma is due to the presence in

avocado of volatile compounds, which can be alcohols, aldehydes, and esters. The

most abundant are aldehydes, as they derive from lipid degradation and, as stated

before, avocado is a rich lipid matrix.

Akpabio el ai, (2011), found that aldehydes found in avocado pulp may

contribute to a fruit flavor with a grassy aroma, although there are other volatile

compounds that are also involved. The concentration of these aldehydes decreases

as fhiit ripen at the same time as the perception of grassiness diminish. We think

that taking into account the preferences of the consumers on the basis of sensory
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attributes is, nowadays, essential to establish future research as well as conceive

the best marketing strategies.

2.4 AVOCADO PROCESSED PRODUCTS

Avocados are grown in many countries of the world and are consumed

principally as fresh fruits. Avocado require special handling because of their

highly perishable nature. Therefore, the development of new avocado products

and of improved methods of preservation are of interest to avocado growers .

These Avocado products include the paste, puree and guacamole and among these

guacamole is a fruit pulp seasoned with salt,onion,lemon,pepper , tomato and this

is the most marketed product of Avocado by U S companies (Daiuto et al, 2011).

The minimally processed avocado product will provide conditions that are

ideal for the growth of spoilage bacteria.Since these foodproducts are ready to eat,

microbial growth must be strictlycontroIled..The commonly used preservative

techniques are traditional teclinologies like thennal treatments and chemical

preservatives which reduce microbial load but can lead to the generation of bitter

off-flavours (Malo, 1999).

The preservation methods used to obtain a stable avocado pulp including

pasteurization, drying, oil extraction, freezing and freeze(Stephens et al,

2000).The processed avocado pulp is an alternative to utilize fruits, which can be

used in various value-added products. Fluid extract of the avocado leaves is

widely used in pharmaceutical products, mainly due to the diuretic characteristic

of the present compounds in plant leaves.

GUACAMOLE

Taah el al, (2003) reported that the value added product, guacamole, is

prepared from a fully ripe fruits by blending the pulp with herbs, spices, lemon

juice, and salt for flavoring.
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Malo ei ai, (1999) reported that after the ripening is completed, the fruit is

chilled to 5 ®C. The fruit is dipped in 200 ppm hypochlorite solution to lower the

microbial load on the surface. Avocado stems are removed, fruit is cut into halves,

and the seed is removed. The pulp is removed from peel either by a ricing

machine or manually. All the remaining spices and other ingredients (as per

fonnulation) are added to the pulp and blended to obtain a uniform flavored

guacamole. The product is filled into containers, vacuum sealed (or

nitrogen-flushed), and stored frozen (-22 °C).

Guacamole will spoil within the first 5 days ,even when it is stored in

5C(41F) (Tom,1990).The main groups of microorganisms responsible for the

quick spoilage of these product include Lactic acid bacteria, moulds and yeasts

and it can be controlled by HPP.

AVOCADO OIL

Ukwe (2005), in his study found that although several methods for the

recovery of avocado oil from the pulp have been practised, the preferred method

for obtaining natural oil without solvent impurities is by centrifugation..The crude

oil obtained by this method is dark green and has a chlorophyll content of 40 parts

per million (ppm) or more.

Tripathi and Karunakaran (2013), reported that steps involved in total

processing of crude avocado oil to the more highly refined oil include alkali

refining, bleaching, deodorization and winterization before drumming.

Avocado oil is known to be rich in many bioactive substances that can

prevent and control h^perlipidemia (Tango et al., 2004)

Whiley (2000) reported that because of its unique nutritional quality,

avocado oil has been named as the new wonder oil developed a rapid method for

the sequential extraction and subsequent estimation of fatty acids and sugars from

avocado mesocarp tissues. The fatty acid composition and phyiosterols present in

avocado oil are similar to olive oil (Yasir and Kharya, 2010).

Depending on the season and location of orchard, the oil content in Hass

variety of avocado can vary from 16% to 30%. Not only do the late-season fruits
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have more oil, but also it is easier to extract oil from the idioblast cells that

contaiu fat.

Avocados oil can be extracted by one of the three methods: (1) solvent

extraction from dehydrated avocado pulp (gi\"es nearly complete recovery of oil);

(2) hydraulicaliy from dried avocado flakes (yields are very low); and (3)

centrifugation from soft fruit (recovery only 50% of the oil present). The crude

oil, thus, extracted from the avocado is further refined. Refining process removes

the off-flavors, free fatty acids, most of the chlorophyll, phosphatides, and waxes.

The refining process consists of alkali treatment, bleaching, deodorization, and

winterization (Man, 2002).

Garcia et ai, (1996) reported that the modem "cold-press" method

involves maceration of fhiit flesh by a high-speed grinder. Then, oil, water, and

pulp solids are separated by decanting. The oil fraction goes through Alfa Laval

olive oil processing equipment. Depending on the season, the typical oil yield

comes between 10% and 18% of the whole fruit

NATURAL COLOURANT

Pino et ai, (2004) in his study examined a colored extract produced

enzymatically in avocado seed. Avocado seeds are not currently commercially

useful and represent a large waste stream. Their application as a source of natural

colorants could be of significant commercial value. Because of its high phenolic

content; the colored extract may have additional functional attributes which

should be explored.

AVOCADO PUREE/SAUCE

Arias(2014)opined that the process for avocado puree or sauce is similar to

guacamole up to pulp extraction step. The next step consists of high shear

blending of pulp with water, gums, thickeners, and spices. A thick sauce should

have an apparent viscosity of 8,000-12,000 centipoises as measured by a



Brookefield viscometer using spindle number 4.The sauce is then filled into

polyethylene jars and frozen stored at -18 ̂C.

The use of traditional heating of avocado puree produces off flavors and,

therefore, use of an alternative process of high temperature short time (HTST)

heating using microwave energy has been investigated by California Avocado

Commission, (2012).

According to Dinubile (2010) found that use of 120 ppm of zinc chloride

and 12 ppm of copper chloride during microwave heating of avocado puree

resulted in preservation of color for 7 days at refrigerated storage. In another

study, use of microwave heating of avocado puree at high energy for 180 seconds

brought only 60% reduction in PPO activity (Jimenez el al., 2001).

Femandes el a!., (2010) reported that the kinetics of PPO activity and

browning of avocado puree preserved by antibrowning agents (ascorbic acid, or

EDTA) and antimicrobial agents (sorbic acid). They proposed a fractional

conversion model to predict the shelf-life of minimally processed avocado puree

in terms of visual appearance. Morris et al., (2014) found that the avocado puree

when added to the sausage formulation had no adverse effect on the acceptability

of this meat product.

DEHYDRATED AVOCADO

Olaeta ef ai, (2007) reported that during dehydration, many quality

characteristics such as color, texture, flavor, porosity, and the rehydration ratio,

are affected.

Santana el al.^ (2015) in his study found that drying of avocado has a few

special problems. Avocados are dried either by the spray drying orby the drum

drying process. Tliese drying techniques produce a product that has only pale

green color and has a chalky off-flavor, which does not have a big market. By

adding a few spices, the off-flavor can be masked and a ready mix of guacamole

is produced. The dehydrated avocado may find use in pet food manufacturing as

an ingredient rich in oil.
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A number of patents have been issued for dehydrated avocado pieces

(Sanjust, 2008), powdered compositions,avocado concentrate and osmotic drying

{Sackett£i/a/., 2010).

Saxena (2003) investigated that the effect of synthetic and natural

antioxidants on the oxidative stability and palatability of stored avocado powders

at temperatures ranging from 6 to 40 ®C. During storage, peroxide value was

measured and the development of rancidity was determined by sensory

evaluation. Tertiary butylated hydroxyquinone (0.05%) + citric acid (0.1%)

mixture coupled with nitrogen packaging were found to be the most effective in

extending the shelf-life of spray-dried avocado powder during ambient storage.

Taah et al., (2003) developed a mathematical model based on one dimensional,

steady state to suitably describe the rehydration behavior.

Tripathi & Karunakaran , (2014) reported that manufacture of high quality

freeze dried guacamole and Unlu ei al., 2005 investigated the hygroscopic

properties of freeze dried guacamole during storage.

FROZEN AVOCADO

Saxena (2003) reported that commercial processing of avocados started in

the United States in 1964 at the Frigid Foods, lnc.,Escondido, California, by

Calavo Growers. The company developed frozen avocado halves andslices by

immersing in liquid nitrogen (-196 ®C).

Sackett et al., (2010) investigated that the processing potential of avocado

cultivars at different stages of fruit maturity and the composition of edible parts of

avocado fruit (mesocarp) varied,depending on the cultivar and harvest

season.They reported various constituents such as drymatter (19.18-30.29%), fat

(8.3-16.75%), protein(2.1-2.3%), carbohydrates (6.8-8.1%), and mineral ash

(0.7-1.2%). Fruits harvested near to theend of harvesting season gave the highest

values for these constituents.

Xu cf al., (1995), reported that the effect of cultivar and maturity on the

quality of frozen (-40 °C) avocado pulp stored at -18 °C. Of the five cultivars



tested, Edranol gave the best quality frozen product. A minimum of 15% oil

content was required in these cultivars at their maturity level to obtain an

acceptable quality frozen avocado pulp product.

2.5 SHELFLIFE OF AVOCADO AND ITS PRODUCTS

Wu el aL, (2004) highliglited that avocados are classified into climacteric

fruits and these type of fruits undergoes a sudden period unique to certain fruits,

and during the process occurs a series of biological changes that begin with

ethylene making process.

Prieto el al, (2007) reponed that climacteric fruits, after harvesting, will

experience changes in the rate of respiration increased so that maturation process

will be faster. Therefore, avocado has a fairly short shelf life after harvesting,

about 7 days (since picking to ready to be consumed), based on research from

Deputy Minister of Research and Technology for Science and Technology

Utilization and Socialization. The shelf life of avocado is also influenced by

external factors such as microorganisms. High levels of avocado water make

avocados susceptible to microorganisms.

Rainey (1994), in his study found that avocados are picked by hand using

special clipper sand ladders. Once picked, they are pre cooled overnight to remove

field heal in tlie packinghouse to ensure the quality. Before packaging, avocados

are washed, lightly cleansed, sized, and graded for quality. The highest grade is

separated for supply to supermarket for raw consumption; others are used for

processing. The packed avocados are maintained at optimum cool temperature to

ensure ripeness and quality while awaiting shipment. Once picked, avocado ripens

quickly at room temperature because of the production of ethylene gas during

storage. All these steps from picking to grading take 5-9 days.

Rombauer (1997), remarked that skin of avocado changes color upon

ripening; for example, Hass avocados change color from green to purple to black.

To enhance shelf life, most producers size avocados by weight or separate by

firmness. Heterogeneity in firmness can cause variability in ripening and, thus.



setting up of the climacteric process. It is important to sort avocados in lots of

different ripening stages and employ post harvest measures to extend shelf-life

and quality, as ethylene production from some avocados in a lot can trigger

ripening that, once initiated, is hard to stop.

Avocado based industrial products are susceptible to browing reactions

and deterioration and technologies like vaccum-expansion is used to reduce

browning. Vaccum expansion is a process in which plant material is heated by

steam and then introduced in t o a vaccum chamber where disintegration occurs

due to their instantaneous vaporization of part of the water constituent (Azanha &

Faria, 2005).

According to Arts and Hollman, (2004), HPP has a minimal effect on low

molecular weight compounds after pressurization and thereby contributing the

conservation of sensitive molecules such as vitamins, pigments, antioxidants and

other substances with relavant biological activity, sensitive to thermal treatments.

FAO (2013) found that conservation of colour is considered as an

indication of quality in dried fruits given that non-enzymatic browning processes

develop during the drying process.Freeze dried fruits maintain better colour than

fhiits dried using traditional methods. A study conducted by Arts &

Hollman,(2004) reported that food packaging research has focused more on

biodegradable films, including films made from plant sources. Because consumers

demand less use of chemicals on minimally processed fhiits and vegetables, more

attention has been paid to search for naturally occurring substances able to act as

alternative antimicrobials and antioxidants.

Gabay et a!.. (2008) reported that the ability of edible films to retard

moisture, oxygen, aromas and solute transport may be improved by including

additives such as antioxidants, antimicrobials, colorants, flavors, fortifying

nutrients and spices in fiim formulation.

According to Goluku and Ozdemir (2010), Mexico is the largest producer

of avocados in the world however this country faces several requests for

approving the exportation of the avocados to the United States and Europe.

Roberts and Orden, (1996) reported that the shelf life of these fruits is very short



and their quality is seriously affected by the attack of phyto pathogenic

fungi,mainly Colletotrichum gloesporioides. For this reason in the last Hyears,

growers and packers are developing grove management techniques, packing

practices and shipping practices in order to export their avocados with attractive

results. The short shelf life of Mexican avocados is the biggest problem to solve.

Gregory and Onwuka (2005), opined that edible film based on candelilla

wax with a potent antioxidant ellagic acid on whole fruits is a good alternative to

conserve fresh avocados.

Gyesley (2003), opined that avocado applied edible coating and stored at

room temperatures had lower weight loss than avocado without edible coating,

lower acid number, tend to be more able to maintain color rather than avocado

without edible coating.

Gregory and Onwuka (2006), reported that edible components used as

packing materials consist of polysaccharides, lipids, and proteins. The commonly

used polysaccharides are cellulose derivatives, chitosan, starch, alginate,

kagarenan and pectin. The edible coating is generally made from starch. The

advantage of using starch is a presence of abundant starch in nature, available in

commercial form, inexpensive and readily biodegradable.

A study conducted by Guine and Barroca (2012) concluded that

enhancement of avocado shelf life can be done by applying edible film and edible

coaling. The edible coating is a primary packaging material made of edible

components

Avocado is a typical climacteric fruit with a relatively short storage life

owing to rapid tiesh softening and decay(Ju!es,2008 ; Hammami and Rene 1997)

opined that applying l-methylcyclopropene seems to be promising for de laying

avocado fiuit ripening, but increases the risk of decay . Kim and Janick (2000)

reported that cold storage is effective for chilling injury, which manifests as black

skin and pits.

Khazan (2015), reported that in the major avocado production countries,

such as Indonesia, Kenya, China, Rwanda, and Brazil, avocados are mainly sent

to local markets where more than 30% of the fruits are lost after harvest owing to



poor cold storage facilities and postharvest handling systems . Therefore, it is

necessary to develop alternative, less sophisticated, low-cost technologies that do

not require refrigeration to extend the postharvest life of avocado fruits.

Marques el ai, (2009) pointed out that pre-cooling is the first most

important handling process in the entire cold supply chain management of fruits.

Martin et al., (2014) in his study found that it is usually recommended that

avocado fruits should reach the pack house within two hours after harvest. On

arrival, the fruits should be pre-cooled tol6EC or colder. Commercially, hydro-

cooling is the most common method used at the pack house. Recently, cold shock

treatment (GST) has attracted extensive attention as a modified pre-cooling

approach. GST rapidly lowers the internal temperature of agricultural products by

cold air or ice water, which can extend shelf-life and improve the quality of some

fruits and vegetables. The beneficial effect of rapid cooling with low-temperature

air or water for inhibiting chilling injury development in West Indian avocados

was also reported (Pisani, 2014).

2.6 CONSUMER ACCEPTANCE OF AVOCADO

Sulairaan el al.^ (2011) reported that consumer acceptance is high for the

product stored in container with gas barrier when comapared to that stored in

polyethylene package.

Scora et ai. 2004) in their study found that avocado pulp can be

dehydrated and defatted by cold pressing and avocado oil to partially replace

wheat flour and butter. The flour from avocado pulp showed characteristics

similar to those of conventional flour and whole wheat flour. In avocado pulp,

meat derivatives can also be supplemented and most of these processed foods

contains relatively high levels of saturated fats and thereby consumption is

restricted because of health issues.
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Stachys (2001) reported tliat avocados are highly perishable compared to

other fruits produced. While fruit are often stored for 4 weeks, it is a challenge to

commercially store fruit for 6 weeks the fruit is ethylene sensitive and has a short

shelflife once ripening has been initiated (Sauccdo el al., 2014).

The fruit are highly susceptible to latent infections that are expressed

during ripening as well as to physiological disorders associated with chilling

injury (Sivasankar, 2013).

Arias et aL, (2013) opined that given the physiological behaviour of the

fhiit and its susceptibility to rots, it is not surprising that this fhiit provides some

distinct challenges for both marketers and consumers. For the 'Hass' cultivar, the

major flesh defects in fruit from the retail shelf are rots and bruising . These are

not obvious on the outside of tlie ripe fhiit, so consumers can be disappointed

when, upon cutting and preparing fruit for consumption, they discover that the

flesh is damaged or rotten.

Eyres ei al., (2001) reponed that bruising can occur as avocados move

through the supply chain as well as during the squeezing of individual fhiit during

selection by consumers.

Industry-funded surveys of avocado fruit quality in retail stores and

associated consumer perceptions have highlighted to the avocado industry that

management of the processes during production and postharvest is critical to

achieving on-going consumer acceptance for their produce.

Duester (2000) opined that the three main factors likely to affect consumer

beha^^ou^ are maturity (through dry matter), the stage of ripeness (based on fruit

firmness) and flesh damage. With flesh damage, it was surmised that consumers

would be more concemed about the percentage of unusable flesh rather than the

type of damage. Bruising is a common defect in store-bought fruit, so this form of

damage was used.
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3. MATERIALS AND METHODS

The study entitled "Development and quality evaluation of fruit spreads

from avocado {Persea americana Mill.)" is a comprehensive study carried out

with an objective to study the effect of pre-treatments on quality parameters of

avocado fruit and to develop fruit spreads and its quality evaluation.

The methodology followed in the present study is explained under the following

headings.

3.1 Selection of avocado fruits

3.2Effect of different pre treatments on the quality of avocado fruits

3.3Development of fruit spreads

3.4Statistical Analysis

3.1 SELECTION OF AVOCADO FRUITS

Avocado cultivar commonly found in the households of Wayanad named

Purple Hybrid was selected for the study. Mamre fruits were collected from

Regional Agricultural Station, Ambalavayal, Wayanad District for the present

investigation.

3.2 EFFECT OF DIFFERENT PRETREATMENTS ON THE QUALITY OF

AVOCADO FRUITS

The avocado fruits when ripe have short life span and would discolour and

rot whether refrigerated or not, and lose its flavour (Bates, 1999).

Hence different pre-treatments were applied to the fruits to deactivate the

action of enzymes present in fruit.

3.2.1 Pre-treatments in avocado fruits

Blanching is an important intennediate thermal processing step to enhance

presen-aiion and qvialit\' of foods by inacii\ ating enzymes that can cause loss of

U'



flavour and colour. (Andrews, 1992). Commercially prepared mixes of ascorbic

acid and citric acid and sugar are used to prevent darkening of fruit. (Bates, 1999).

Sulfur and sulfite compounds have been used for centuries as pre treatments to

prevent darkening of preseived fruits. They also prevent microbial growth and

reduce spoilage (Hernandez et a!., 2006).

Pre-treatments processing methods such as blanching, immersing in of

sugar syrup, honey, brine solution, citric acid, KMS were tried out separately to

select two best pre-treatments methods for the development of two fruit spreads.

The various treatments applied on avocado fruit are given in table 1.

Table 1: Pre treatments in avocado fruit

SI No Pre-treatments Particulars

I (TI)Blanching 3 mins at 100"C

2 (T2)Sugar 60g

3 (T3)Sait 2g

4 (T4)Honey 60g

5 (T5)KMS ; Citric acid : Sugar 0.25:0.1 :60

6 (T6)KMS ; Citric acid ; Salt 0.25:0.1 :2

7 (T7)Citnc acid 0.1

8 (T8)KJvlS 0.25

9 (T9)Control -

Hundred gram pulp of Purple hybrid with respective additives were immersed for

one week except blanching.

3.2.2 Organoieptic evaluation of different pre-treatments

All the pre treatments were evaluated for sensory characteristics and

overall acceptability by a panel of 10 judges using 9 point hedonic rating scale

(Appendix-1). The major quality attributes included for scoring were appearance.



colour, flavour, taste and texture. Based on the organoleptic evaluation two best

pre treatments selected by the judges were subjected for the development of two

fhiit spreads.

3 J Development of fruit spreads

Two fruit spreads namely sweet avocado spread and spicy avocado spread

was standardized and developed independently utilizing the selected best two pre-

treatment methods. Fruit spreads were standardized using selected pre-treaied

avocado pulp as constant (100 per cent) along with added adjuncts. Appropriate

adjuncts in various combinations were added to develop the products.

3J.1 Development of Sweet Avocado Spread.

Sweet fhiit spread developed included a mixture of pre treated avocado

pulp, sugar, cocoa powder, Citric acid and K.MS in different proportions as gi^'en

in Table 2.

The best one treatment was organoleptically identified by a panel of

judges using 9 point hedonic rating scale for further qualitative studies
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Table 2: Compositioii of lagredieots for the standardization of Sweet

Avocado Fruit Spread

SI No Treatments Ingredients
Proportion of

Ingredients (g)

I Ti

Avocado pulp : Cocoa

Powder: Sugar: Citric acid :

KMS

100: 10: 100 :0.l

: 0.25

2 Ti

Avocado pulp : Cocoa

Powder : Sugar : Citric acid :

KMS

100 : 20 : 100 :

0.1:0.25

3 T3 Avocado pulp : Cocoa

Powder : Sugar : Citric acid :

KMS

100:30: 100:0.1

:0.25

4

T4 Avocado pulp : Cocoa

Powder : Sugar : Citric acid:

KMS

100 : 40: 100:

0.1:0.25

5 Ts

Avocado pulp ; Cocoa

Powder : Sugar: Citric acid :

KMS

100:50: 100:

0.1:0.25

13(23



Fig l.The flow chart for the development of Sweet Avocado Fruit Spread
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3J.2 Development of Spicy Avocado Spread

Spicy fruit spread developed included a mixture of pre treated avocado

pulp, salt, pepper powder. Tomato powder. Mint powder. Citric acid, KMS in

different proportions as given in Table 3.

Table 3: Composition of Ingredients for standardization of Spicy Avocado

Fruit Spread

81 No Treatments Ingredients Proportion of

Ingredients (g)

1 Ti

Avocado pulp : Pepper Powder:

salt: Tomato Powder : Mint

Powder : Citric acid : KMS

100 ;2;2:2:0.5:

0.1 :0.25

2

Tj

Avocado pulp : Pepper Powder :

salt: Tomato Powder: Mint

Powder : Citric acid : KMS

100:5:2:3:1:

0.1 :0.25

3

T3

Avocado pulp ; Pepper Powder:

salt: Tomato Powder: Mint

Powder : Citric acid ; KMS

100:4:2:3:2:

0.1 :0.25

4 Ta

Avocado pulp : Pepper Powder :

salt: Tomato Powder : Mint

Powder : Citric acid : KMS

100:3.5 :2 :4:

2.5:0.1 :0.25

5 Ts

Avocado pulp : Pepper Powder:

salt: Tomato Powder ; Mint

Powder : Citric acid : KMS

100:3:2:5:1.5

:0.1 :0.25



One treatment selected through organoleptic scoring method by a panel of

10 judges was utilized for further qualitative studies

Fig 2.The flow chart for the development of spicy avocado fruit spread
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3JA Quality studies in avocado spreads

Developed two fruit spreads were further evaluated for its chemical,

nutritional, shelf life qualities, consumer acceptability and cost analysis using

standard techniques.

3*3.1.1 Assessment of nutritional composition

Table 4: Method of analysis of nutrients and chemical composition

Carbohydrate Sadasivam and Manickam (1992)

Protein AOAC(1995)

Total Fat Sadasivam and Manickam (1992)

Dietary fibre AOAC(1995)

Moisture Sadasivam and Manickam (1992)

Acidity Ranganna(2001)

TSS Sreevastava and Kumar (1994)

Total Sugars AO AC (1995)

Reducing sugars AOAC (1995)

Peroxide value AOAC(1995)

Beta carotene Sreevastava and Kumar (1994)

Vitamin C Ranganna (2001)

Total minerals AOAC (1995)

Calcium AOAC (1995)

Potassium AOAC (1995)

Sodium AOAC (1995)

Iron AOAC (1995)

Total Phenolic Content Sreevastava and Kumar (1994)

Total Antioxidant Activity Thimmiah(1999)
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3^,1.2 Sensory Evaluation studies in developed fruit spreads

Sensory evaluation of developed sweet and spicy avocado fruit spreads

was carried out by a panel of 10 judges using a nine point hedonic rating scale.

The major quality attributes included for scoring were appearance, colour,

flavour, taste and texture.

33.13 Shelf life study

Developed fruit spreads was filled and stored in glass bottles, plastic

containers and polyethylene bags to study its shelf life period both in ambient

temperature and refrigerated conditions. Storage qualities in terms of acceptability

score, moisture content, acidity, peroxide value and microbial growth were

recorded at weekly intervals.

The stored avocado spreads was assessed for the presence of various

microorganisms such as bacteria, fimgi and coU form initially and at weekly

intervals up to one month. This was done by serial dilution and pour plating

method suggested by Sackett ei al., (2010).

33.1.4 Assessment of Consumer Acceptability

Consumer acceptance and preference of the developed produas were

studied among 50 adolescents applying hedonic rating scale.

33.1.5 Cost Analysis

Cost of production was calculated based on the input cost, which means

cost of different ingredients used for the preparation of avocado spreads, cost of

packaging materials and overhead charges (20) percent of the cost of raw

materials which includes fuel and labour charges.
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3.4 Statistical Aaalysis

In order lo obtain suitable interpretation, the generated data was subjected

to statistical analysis such as ANOVA and Non-parametric methods.





4. RESULT

The results of the present investigation entitled "Development and quality

e\aIuation of firuii spreads from avocado (Persea americam Mil!) " are detailed

under the following headings

4.1 Selection of avocado fruits

4.2 Effect of different pre treatments on the quality of a vocado fruits

43 Development of Sweet Avocado firuit Spread

4.3.1 Standardization of Sweet Avocado fruit Spread

43.2 Quality studies in Sweet Avocado Fruit Spread

43.3 Consumer Acceptability of Sweet A\ ocado Fruit Spread

43.4 Cost Analysis

4.4 Development of Spicy Avocado Fruit Spread

4.4.1 Standardization of Sweet Avocado fhiit Spread

4.4.2 Quality studies in Sweet Avocado Fruit Spread

4.4.3 Consumer Acceptability of Sweet Avocado Fruit Spread

4.4.4 Cost Analysis



4.1 Selection of avocado fruits

Purple hybrid- common cultivar found in the households of Wayanad District was

selected for the study.

Plate l:Purple Hybrid

4.2 Effect of different pretreatments on the qualit> of avocado fruits

Pre-treatment processing methods such as Blanching, Immersion in of

Sugar syrup. Brine solution. Citric acid, KMS and control (table 1) was tried out

to select two best pre-treatment methods for the development of two fruit spreads.



In order to select the best two pre-treatment for the development of

avocado fruit spreads, organoleptic evaluation was conducted by a selected panel

ofjudges using a five point score card.

Table 5: Sensory scores of pre treated avocado

Treatments Mean rank values

Appearance Colour Texture Flavour Taste Overall

acceptability

(Ti)Blanching 47.75 54.90 38.05 34.45 31.00 38.45

{T2)Sugar 47.75 53.20 29.05 32.50 33.15 35.65

(T3)Salt 34.30 24.80 43.85 61.90 74.30 46.86

(T4)Honey 32.25 25.95 44.00 55.90 56.70 39.25

{T5)KMS:citr

ic acid:Sugar

74.90 71.50 79.00 78.90 76.80 85.00

(TfijKMSicitr

ic acid:Salt

69.40 58.10 71.15 74.35 68.95 75.75

(T7)Citric

acid

44.55 58.10 40.65 32.50 33.40 45.35

(Tx)KMS 47.50 51.40 37.75 25.50 24.05 36.20

(T9)Control 11.10 6.55 26.00 13.50 11.15 11.40

K value 46.66 59.39 41.94 65.66 72.22 61.04

X'(0.05) 15.51



Appearance

Ts comprising of KMS(0.25),Citric acid(0-l)and Sugar( 60) got the

maximum score of 74.90 followed by T(:,(69.4), Ti(47.75), 72(47.75), Tg(47.50),

77(44.55), 7^(34.30), 74(32.25).Least score was obtained for control.

Colonr

Among the pre-treatments, 75 got the highest score (71.50) followed by

76(58.10), 77(58.10),7,(54.90), 7^ (24.80), 74(25.95), 73(24.80).ContToI recorded

the least mean rank for this attribute.

Texture

Table (5) depicts that the mean rank values obtained for pre-treatments

done in avocado fruit pulp. Statistical analysis of data showed that, there was

significant difference between nine treatments including control. The average

score for texture ranged from 26 to 79 with a maximum score of 78 received for

7s . Ts received the highest mean rank value (79) in this attributes, followed by

76(71.15), 74(44), 73(43.85), 77(40.65), 7i(38.05), 78(37.75).Control received the

least mean rank va!ue(26).

Flavour

Flavour evaluation of samples was assessed and the mean score obtained

was seen and range from 25.50-78.90.7he highest mean score was recorded by

75(78.90).7he least mean score value was recorded by Control (13.50).

Taste

The obtained mean rank value for taste of pre-treated avocado pulp ranged

from 24.05-76.80.75 gained the highest mean rank valiie( 76.80) and Tg got the

lowest mean rank value(24.05) for this attribute.



Overall Acceptability

Table (5) reveals the overall acceptability of the different pre-treatmeni

done in avocado fruit pulp ranged from 35.65-85.00. T? scored maximum mean

rank value (85), followed by 16(75.75), T:,(46.86), 17(45.35), T4(39.25),

Ti(38.45),T8(36.20). Based on the organoleptic evaluation two best pre treatments

Ts and Tg was selected for the development of two fruit spreads

4.3 Development of Sweet Avocado

Based on the organoleptic evaluation of pre-treatments, Ts was selected

for the development of sweet avocado fruit spread.

The avocado fruits were collected and washed under running water and it

was cut in to halves.The pulp was taken out by pitting and scooping and blending

well using a blender.The Ingredients namely sugar,cocoa powder,KMS,itric acid

were added and thoroughly mixed in to the puree.The spread was then poured in

to glass bottles, plastic bottles and polyethylene bag at ambient temperature and

refrigerated temperature.

Product development may involve making a completely new food product

- new ideas followed by drawing up the product profile with respect to shape,

size; modifying an existing food product making changes to an original recipe e.g.

adding or removing an ingredient to improve flavor / changing the size or shape of

a product and matching with an existing food product - copying other popular

branded products of similar types. Sensory analysis testing is carried out at many

stages as the product is being developed.

4»3.1 Standardization of Sweet Avocado Fruit Spread

Sensory evaluation has evolved as an independent function in the food

industry, where it has been defined as a scientific discipline. As a scientific

discipline it is both investigative and informative (Andrews, 2005).



For sensory evaluation, avocado Fruit spreads were assessed for various

parameters viz colour, texture, flavour ,odour and overall acceptability by a group

of 50 adolescents on 9- point hedonic rating scale with a maximum score of 9 for

"like extremely" and minimum of 1 for "dislike extremely".

The main advantages of sensory information includes development of food

products in an economical way by lowering risks in decisions about product

development and strategies for meeting consumer needs. Inorder to standardize

the product (Ti T2,T3,T4,T5), it was evaluated in four different ways and sensory

evaluation was done. The results of the organoleptic evaluation and overall

acceptability score are presented in Table 6.
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Table 6: Seosorj' evaluation of Sweet Avocado Fruit Spread

Treatments Appearance Taste Colour Flavour Odour Overall

Acceptability

Mean Rank Mean Mean Mean Mean Mean Rank

Rank Rank Rank Rank

Ti 19.05 15.10 15.55 14.8 12 12.2

Tz 19.8 24.85 22.85 17.3 16.90 21.4

T3 44.7 45.3 44.25 45.4 43.5 45.5

T4 22.55 27.55 26.25 27.8 26.8 29.40

T5 21.4 14.7 18.60 22.2 25.88 19

K value 22.88 30.5 25.08 29.67 30.07 33.05

A^(0.05) 9.49

Appearance

It is evident from the table 6 that score for appearance varied from

minimum of 19.05 to a maximum of 44.7.The treatment obtained the highest

mean rank value for appearance compared to the other treatments. The treatment

T1 obtained the lowest mean rank value (19.05).

Taste

The mean rank value ranged from 14.7-45.3.Among the five treatments,T3

was observed to get highest mean rank value( 45.3).T4 was placed second with the

mean rank value (7.55) and least mean rank value was scored by T5 with the score

(14.7).
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Colour

The mean rank value of colour ranged from 15.55-44.25.Among the five

treatments,T3 obtained highest mean rank value(44.25).T4 ranked second with the

mean rank value(26.25),while Ti scored the least mean rank value( 15.55).

Flavour

As revealed in table, maximum mean rank value (45.4.) was secured by

T3, followed by T4 (27.8) while Ti obtained the minimum mean rank value (14.8).

Odour

The result points out that, the mean rank values for odour ranged from 12-

43.5. From the table, it was found that, highest mean rank value was recorded by

T3 (43.5), T4 ranked second with the mean va]ue{26.8) and Ti scored the least

mean rank value(12).

Overall AccepCabilitj'

It was noted that T3 obtained the highest mean value rank of 45.5 and Ti

obtained lowest mean rank value of 12.2.

4«3,2 Quality studies in sweet avocado fruit spread

To assess the nutrient composition of sweet avocado fruit spread, the

following parameters were determined with respect to Carbohydrate, Protein,

Total Fat, Minerals and Phytochemicals. To determine the shelf life parameters,

the following parameters acidity, moisture, peroxide value and microbial count

was evaluated. All analysis were carried out in tripIicates.The chemical and

nutrient composition of sweet avocado fruit spread and raw avocado fruit were

compared.
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43.2.1 Determinatioo of proximate compositioD of sweet avocado fruit

spread

The proximate composition analysed were carbohydrate,reducing sugars,total

sugars,dietary fiber,TSS,protein and Fat.

Table?: Proximate composition of sweet avocado fruit spread

Proximates Sweet Avocado Fruit

Spread

(Values per lOOg)

Raw Avocado Fruit

(Values per lOOg)

Carbohydrate (g) 11 8.53

Reducing Sugars (g) 0.6 0.2

Total Sugars (g) 1.8 0.3

Dietary Fiber (g) 6.89 6.7

TSS ("brix) S 6

Protein (g) 3.1 2.

Fal (g) 42 19.4

Carbohydrate

Carbohydrates are the major source of energy and are used as building

blocks in plant biosynthetic reactions, participating in the formation of proteins

and lipids (ADA, 2009). Carbohydrates can be used as a starting material for the

biological synthesis of other types of compounds in the body, such as fatty acids

and certain amino acids (Hamid efal., 2010).

From the table (7), it can be seen that sweet avocado fruit spread contained

1 1 g of carbohydrate. The Carbohydrate content of the raw avocado fruit was

found to be 8.53g.
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Protein

Proteins are fundamental structural and functional elements within every

cell of the body and are involved in a wide range of metabolic interactions. The

protein content in the sweet avocado fruit spread is3.Ig and in the raw avocado

fruit the protein content is 2g.

Total Fat

As a rich source of monounsamrated fatty acids, avocado is a very unusual

fruit. Dietary fat is a major factor in determining the fatty acid composition of

adipose tissue (Gyles et ah, 1960). Avocados contain 15% MUFA rich oil, which

helps to increase the bioavailability of carotenoids from salads and salsa which are

often consumed with avocados. As the avocado fruit ripens, the saturated fat

decreases and the monounsaturated oleic acid increases (Lu et al., 2009; Slater et

al., 1975; Moreno et al., 1980). The use of avocado dips and spreads as an

alternative to more traditional hard, SPA rich spreads or dips can assist in

lowering dietary SPA intake (Avocado Central, 2010).

The total fat content of sweet avocado fruit spread was estimated as 42g.

The fat content of the raw avocado fruit was found to be 19.4g.

Dietary Fiber

Fiber shows potential benefit in obesity and diabetes and it has immense

benefits in the treatment or prevention of obesity because of its ability to increase

satiety and lower overall caloric ingestion. Poods hi^ in fiber are generally less

energy-dense and larger in volume. Dietary fibre rich foods take longer to eat, and

their presence in the gut creates a feeling of satiety sooner. The breakdown by

acid and intestinal enzymes also takes longer, resulting in lower postprandial

blood glucose and insulin concentrations, in case of patients with diabetes

(Pulgoni et al., 2011). Prom the table (7), it can be seen that sweet avocado fruit

spread contain 6.89 g of dietary fibre. The dietary fiber content of the raw

avocado fruit was found to be 6.7g.

4-Z



TSS

The TSS content of sweet avocado fruit spread was found to be 8"brix.The

TSS content of raw avocado fruit was found to be 6"brix...

Reducing Sugar

The reducing sugar content of sweet avocado fruit spread was found to be

0.6 g while raw avocado fruit contain 0.2g.

Total Sngars

The Total sugar content was estimated as 1.8 g. The TSS content of raw

avocado fruit was found to be 0.30g.

43.2.2 Determination of Mineral composition of sweet avocado fruit spread

The minerals analysed were calcium. Iron, potassium, sodium and total

minerals.

Table 8: Mineral Composition of Sweet Avocado Fruit Spread

Minerals Sweet Avocado Fruit

Spread

Values(per lOOg)

Raw A\'ocado Fruit

Values{per lOOg)

Calcium 9.00mg 12.00mg

Iron 0.72mg O..S5mg

Potassium 432.00mg 345.00mg

Sodium 6.30mg 5.50mg

Total Minerals l-45g 1.22

Calcium

Calcium is very essential mineral needed for muscle contraction, oocyte

activation, building of strong bones and teeth, blood clotting, nerve impulse.



transmission, regulating heart beat and fluid balance within cell. The Calcium

content of sweet avocado fruit spread was estimated as 9 mg while 12 mg in the

raw avocado fruit.

Iron

Iron has several vital functions in the body. It serves as a carrier of oxygen

to the tissues from the lungs by haemoglobin, as a transport medium for electrons

within cells, and as an integrated part of important enzyme systems in various

tissues. The Iron content of sweet avocado fruit spread was found to be 0.72 mg

and 0.55 mg in the raw avocado fruit.

Potassium

Potassium is an essential mineral, needed for blood pressure control and

heart health. Avocados contain more potassium than bananas (Jacobsen el a!.,

2017). Potassium helps the body to regulate fluid, send ner\ e signals and regulate

muscle contractions. A potassium-rich diet may reduce blood pressure by helping

the body remove excess sodium. Increasing potassium intake can reduce the risk

of cardiovascular diseases, such as hean disease and stroke, by lowering blood

pressure. The Potassium content of sweet avocado fruit spread was estimated as

432 mg while 345 mg is reported m the raw avocado fruit(Johnson el al.,2010)

Sodium

Sodium is an essential electrolyte that helps maintain the balance of water

in and around the cells. It is needed for proper muscle and nerve function. It also

helps maintain stable blood pressure levels. The sodium content in sweet avocado

fruit spread was 6.3 mg while 5.5 mg was reported in the raw avocado fruit.

Total Minerals

The Total mineral content in sweet avocado fruit spread was I.45g and

that reported in raw avocado fruit is 1.22 g.
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4 J.2.3 Determination of Phytochemical composition of sweet avocado fruit

spread

The phyochemicals analysed were Beta carotene. Vitamin C, Total phenolic

content and total antioxidant activity.

Table 9 : Phytochemical composition of Sweet Avocado Fruit Spread

Pbytochemicals Sweet A\ ocado Fruit

Spread

Values(per lOOg)

Raw Avocado Fruit

Valucs(per lOOg)

Beta Carotene 140nig 417mg

Vitamin C 7.32mg b.OOmg

Total Phenolic Content 18.40mg 20.45mg

Total Antioxidant

Activity

423mg 340mg

Vitamin C

Vitamin C plays an important role in a number of bodily functions

including the production of collagen, L-camitine, and some neurotransmitters. It

helps metabolize proteins and its antioxidant activity may reduce the risk of

some cancers. The role of vitamin C as an antioxidant also helps repair tissue and

reduce damage from inflammation and oxidation. Vitamin C is water soluble, and

the body does not store it. To maintain adequate levels of vitamin C, humans need

a daily intake of food that contains it.Vtamin C content of sweet avocado fruit

spread was estimated to 7.32 /lOOg while raw avocado fruit is reported to have

6mg/!00g.

Beta Carotene

The consumption of avocados can be an important dietary source of

xanthophyll carotenoids (Lu e( al., 2009). The colour of avocado flesh varies from



dark green just under the skin to pale green in the middle section of the flesh to

yellow near the seed (Lu et al., 2009). The total carotenoid concentrations were

found to be greatest in the dark green flesh close to peel (Lu et al., 2009).From the

table (9) it was observed that about 140rag of beta carotene was present in 100 g
of sweet avocado fmit spread. Avocado fruit contain 417mg/100g.

Total Phenolic Content

Fruits and vegetables receive considerable interest depending on type,

number, and mode of action of the different components, so called as

"phytochemicals", for their presumed role in the prevention of various chronic

diseases including cancers and cardiovascular diseases. Plants are rich sources of

functional dietary micronutrients, fibers and phytochemicals, such as ascorbic

acid, carotenoids, and phenolic compounds, that individually, or in combination,

may be beneficial for healtli since they demonstrate antioxidative activity in vitro

(Marinova et i3/.,2005). From the table,(9) it was observed that about 18.40 mg of
total phenolic content was present in 100 g of sweet avocado fruit spread and also

20.45mg was reported in lOOg of raw avocado fruit.

Total Antloxidant Activity

Antioxidants are substances tliat can prevent or slow damage to cells

caused by free radicals, unstable molecules that the body produces as a reaction to

environmental and other pressures. Antioxidants can protect against the cell

damage that free radicals cause, known as oxidaiive stress (Pandey & Rizvi.

2010). From the table,(9) it was observed that about 423mg of Total Antioxidant

Activity was present in 100 g of sweet avocado fruit spread. Raw Avocado fruit,

however contained 340mg/100g of total antioxidant activity.

4.3.2.4Shelf life studies of Sweet Avocado Fruit Spread

The stored avocado spreads was assessed for the presence of various

microorganisms such as bacteria, fungi and colifcrm and initially and at one week

interval up to one month. This was done by serial dilution and pour plating



method suggested by Sackett et a!., (2010).Storage qualities in terms of moisture

content, peroxide value, acidity and microbial growth of each of the avocado

spread were recorded at weekly intervals. Microbial Profile of bacteria, fungi,

yeast was determined using nutrient agar, eosme methylene blue. From the

tnicrobial evaluation it was revealed that bacterial, fungal and colonies were

present in the sample.

Acidity

Rufino et a}., (2010) reported that acidity gives flavour and offers

antimicrobial activity. Acidity is one of the prime chemical constituents which

indicate the deteriorative changes in the product.

TablelO: Acidity content of sweet avocado frnit spread during storage (%)

Storage condition Initial 1st

week

2"'

week

3"^

week

4'"

week

Glass bottle Ambient

condition

0.002 0.010 0.011 0.012 0.013

Retrigerated

condition

0.002 0.006 0.011 0.012 0.014

Plastic bottle Ambient

condition

0.002 0.013 0.013 0.015 0.016

Refrigerated

condition

0.002 0.014 0.015 0.015 0.017

Polyethylene

bag

Ambient

condition

0.002 0.012 0.018 0.026 0.026

Refrigerated

condition

0.002 0.017 0.018 0.019 0.020

CD(0.05) - 0.007 0.004 0.005 0.001
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The changes in acidity content in sweet avocado fruit spread are depicted in table

10 .The acidity content was observed higher in sweet avocado fruit spread stored

in polyethylene bags at ambient temperature(0.026%),the lowest content of

acidity was observed in sweet avocado fruit spread stored in glass bottle at

refrigerated temperature{0.0l3 %).

Moisture

Moisture content is one of the vital parameters which interfere with the

quality of sweet avocado fruit spread during storage.

Tablel 1: Moisture content of sweet avocado fruit spread during storage(%)

Storage condition Initial 1st

week

2°^

week

3^^ week

week

Glass bottle Ambient

condition

42.33 55.00 56.33 63.00 67.90

Refrigerated

condition

42.33 44.24 51.95 54.89 56.29

Plastic bottle Ambient

condition

42.33 72.23 74.38 75.55 78.71

Refrigerated

condition

42.33 61.31 62.32 68.94 69.31

Polyethylene

bag

Ambient

condition

42.33 72.54 73.31 74.25 76.51

Refrigerated

condition

42.33 71.45 72.21 72.58 73.36

CD(0.05) - 5.83 3.44 1.37 0.28

Table 11 indicate the moisture content of sweet avocado fruit spread stored in

glassbottIe,plastic bottle and polyethylene bags in ambient and refrigerated
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temperatures.The moisture content of the stored sweet avocado fruit spread

gradually increased during storage period.

The statistical data showed that the moisture content of developed sweet

avocado fruit spread varied from 44.2 to 72.5 percent during the first week period.

The highest moisture content was recored for sweet avocado fhiit spread stored in

plastic bottle (78.7) at ambient temperature. The lowest was observed for sweet

avocado fruit spread stored in glass bottles at refrigerated condition (56.29).

Peroxide Value

TablelZ; Changes in Peroxide content of sweet avocado fruit spread during

storage

Storage condition Initial 1st

week week

3"' week 4^

week

Glass bottle Ambient

condition

1.96 3.40 8.46 12.36 16.40

Refrigerated

condition

1.96 2.90 5.20 8.20 10.13

Plastic bottle Ambient

condition

1.96 4.23 10.33 14.13 16.20

Refrigerated

condition

1.96 2.26 5.33 8.53 12.20

Polyethylene

bag

Ambient

condition

1.96 4.33 9.40 17.60 19.26

Refrigerated

condition

1.96 3.23 9.03 17,60 19.26

CD(0.05) - 0.35 0.60 0.43 0.37

The statistical data showed that the peroxide content of developed sweet

avocado fhiit spread varied from 2.2 to 4.3 percent during the first week period.
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The highest peroxide content was recorded for sweet avocado fruit spread stored

in Polyethyienge bags at ambient (19.26) and refrigerated temperature(19.26).The

lowest was observed for sweet avocado fruit spread stored in glass bottles at

refrigerated condition(10.13).

Microbial Count

Table 13: Microbial Count of Sweet Avocado Fruit Spread stored at Ambient

Condition

Glass

Bottle

Ambient condition

Storage period

(week)

Bacteria

(cfu/g)

Yeast

(cfii/g)

Fungi

(cfu/g)

10-^ 10-' IQ-"

Initial 1.8x10-^ - -

! week 2.2x10"' - -

2""* week 2,7x10"' - -

3'** week 3.5x10"' - -

4'^ week 6.7x10"' - 2.6x10-*

Plastic Initial 1.8x10"'^ - -

bottle C week 2.8x10""' - -

2"'^ week 3.8x10"' - -

3"^ week 4.5x10"' 2.4x10"' 3.3x10""'

4"^ week 7.2x10"' 3.6x10"' 3.9x10"'

Poly Initial 1.8x10"' - -

ethylene l"week 3.8x10"' - 2.2x10"'

bag 2"" week 5.5x10"' 3.4x10"' 3.2x10"'

3"* week 7.6x10"' 4.3x10-' 4.4x10"'

4"* week 12x10"' 5.4x10"' 5.2x10"'
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Keeping quality of a product very much depends up on the microbial

contamination. The microbial growth is seen within the permissible limit. The

bacterial population was found in all containers kept under ambient condition.

Fungal colonies was found in the fruit spread kept in glass bottle during 4^* week.

Yeast growth was recorded nil in fruit spread stored in glass bottle. Yeast and

fijngal colonies was found higher in fruit spreads kept in polyethylene bags

compared to glass and plastic bottle.
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Plate 3: Sweet Avocado Fruit Spread Stored at Ambient Temperature
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Table 14 : Microbial Count of Sweet Avocado Fruit Spread at Refrigerated

Condition

Refrigerated condition

Glass Bottle Bacteria Yeast Fungi

(cfu/g) (cfWg) (cfu/g)

lO" 10"' 10"*

Initial 1.8^10'' - -

1 week 1.6>^10-' - -

2"^ week 2.2xl0"-' - -

3"^ week 3.2x10'-' - -

4'" week 6.3x10-'
- 2x10'

Plastic Bottle Initial 1.8x10'^ - -

F" week 2.2x10-' - -

2"^ week 4.8x10' - 1.6x10'

3^^ week 3.6x10*' 1.4x10*' 1.8x10*'

4"' week 6.6x10'' 2.8x10' 3.2x10''

Polyethylene Initial 1.8x10-' - -

Bag 1"^ week 4.2x10' - 1.6x10"'

2"^ week 5.8x10-' 2.1x10"' 2.8x10"'

3"* week 6.2X10'' 2.6x10"' 4.7x10"'

4*" week 7..5X10' .^.8x10"' 5.8x10'

During the storage period, in this study bacterial colonies were found to appear in

developed sweet avocado fruit spread. Fungal colonies were found to be higher in

fruit spread kept in polyethylene bag. Yeast growth was recorded nil in fruit

spread stored in glass bottle.
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4 J.3Consumer Acceptability of Sweet Avocado Fruit Spread

Sensory evaluation is used to estimate shelf life of the food products as

sensory characteristics of the product depreciate ahead of microbia! quality.

Customer evaluation is extensively employed in the investigation arena. It

explores new technologies for product development and understanding the

consumer behaviour.

Hedonic assessment is the economical and ideal method to find out the

influence of variations in ingredients, manufacturing, wrapping, or shelf life.

The successful sensory evaluation in food industries is achieved by linking

sensory properties to physical, chemical, formulation and process variables which

enables manufacturing food products with maximum consumer acceptance.

According toMan (2002), sensory evaluation is a scientific method used to

evoke measure, analyse and interpret those responses to products as perceived

through the senses of sight, hearing, touch, smell and taste.The results of the

consumer acceptance studied among 50 adolescents applying hedonic rating scale

is presented in table 15.

TablelS: Consumer Acceptance Scores of Sweet Avocado Fruit Spread

Treatment Mean Scores

Appearance Taste Colour Flavour Odour Overall

Acceptability

T^ 7.60 8.38 7.68 7.82 7.20 8.5 0

Appearance is the first characteristic perceived by the human senses and

play an important role in the identification and final selection of food. It was

observed that Sweet Avocado fruit Spread got 7.6 for appearence in consumer

acceptance.

Taste

Taste involves the perception of constituents after being dissolved in

saliva, oil or water by taste receptors in the taste buds found superficially on the
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tongue and other parts of the mouth. It was recorded that Sweet Avocado fruit

Spread got 8.38 for taste in consumer acceptance

Colour

The colour of a meal has shown impact on apetite stimulation. It was

recorded that Sweet Avocado fruit Spread got 7.68 for colour in consumer

acceptance

Flavour

Flavour is a sensory phenomenon which is used to denote the sensatiotis of

odour, taste and mouth feel. Tt was analysed that Sweet A\ ocado fruit Spread got

7.82 for flavour in consumer acceptance.

Odour

The odour associated with food products is sensed by olfactory receptors

present in the nasal epithelium. It was analysed that Sweet Avocado fhiit Spread

got 7.20 for odour in consumer acceptance.

Overall Acceptability

It was reported that Sweet Avocado fruit Spread got 8.5 for overall

acceptability in consumer acceptance.

4^.4Co$t Analysis

In order to realize the economic feasibility of the developed sweet avocado

fhiit spread, its cost was calculated by taking individual cost of the ingredients

used with 20 percent over head charges. The cost of 100 g sweet avocado fhiit

spread was thus calculated on the basis of the market value of ingredients used for

the formulation of spread. Tt was found that 1kg of sweet avocado fruit spread

costs Rs. 550/-.

It was found that the cost of the developed sweet avocado fruit spread was

less when compared to the sweet choco spreads available in the market.



4.4 Development of Spicy Avocado Fruit

Based on the organoieptic evaluation, T6 was selected as the best pre treatment

method for the development of spicy avocado fruit spread. The avocado fruit

were collected and washed under running water and it was cut in two halves. The

pulp was taken out by pitting and scooping and blended well using a blender. The

Ingredients namely Salt, Pepper powder. Tomato powder. Mint powder, KMS,

Citric acid were added and thoroughly mixed in to the puree. Tomato and Mint

powder were powdered after drying in oven for 7-8 hours at 65^C.The spread

were then filled in glass bottles, plastic bottles and polyethylene bag and stored at

ambient and refrigerated temperature.

4.4.1 Standardization of Spicy Avocado Fruit Spread

Standardization of spicy avocado fruit spread was done adding different

proportions of salt, pepper powder ,tomato powder, mint powder ,KMS,citric acid

as treatments with uniform quantity of avocado pulp(100g).Spicy avocado fruit

spread with best proportion was selected for further standardization studies. The

composition of the different ingredients for spicy avocado fhiit spread was given

in table I.

The scores assigned by the sensory panel members were analysed using

Kruskal wallis test is described in table 16.
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Plate 5 : Treatments of Spicy Avocado Fruit Spread
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Table 16:Sensor> Scores of Spicy Avocado Fruit Spread

Treatments Appearance Taste Colour Flavour Odour Overall

Acceptability

Mean Rank Mean

Rank

Mean

Rank

Mean

Rank

Mean

Rank

Mean Rank

Ti 17.70 15.80 20.05 18.50 19.00 15.50

T2 15.20 18.80 16.50 16.45 12.60 14.00

T3 21.60 17.30 22.15 19.65 24..50 23.20

T4 28.80 32.70 25.30 27.90 26.95 29.30

T5 44.20 42.90 43.50 45.00 44.45 45.50

K value 27.23 28.71 23.29 27.74 29.85 33.77

A"(0.05) 9.49

Appearance

The mean rank values for appearance of the five treatments of spicy avocado fruit

spread ranged from l5.20-44.20The highest mean rank(44.20) for appearance

was obtained for the treatment T5 which was the combination of

Pulp(100g);Pepper powder (3g): Salt(2g); Tomato powder{5g): Mint powder

(1.5g): Citric acid(0.1g);KMS(0.25g)

Taste

The sensory evaluation revealed that the mean rank value for taste of spicy

avocado fruit spread ranged betweenI5.80-42.90.From Kruskall-wallis test it was

analyzed that T5 obtained the highest mean rank value of 44.90 and T| obtained

the lowest mean rank value of 15.80.
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Colour

The sensory evaluation revealed that the mean rank value for colour of

spicy avocado fruit spread ranged between 16.50-43.50.From Kruskal Wallis test

it was analyzed that 15 obtained highest mean rank value of 43.50 and T2

obtained least mean rank value of 16.50.

Flavour

The flavour of different treatments of spicy avocado fhjit spread were

evaluated and the mean rank value ranged from I6.45-45.The highest mean rank

value was recorded by T5 and the least mean score by T2,The combination of

pulp(lOOg): pepper powder(5g); salt(2g): Tomato powder(3g): Mint powderflg);

Citric acid(O.lg); KMS(0.25g) was responsible for the poor flavour of T2,

Odour

From the evaluation of odour of spicy avocado fruit spread, it was found

ihatTs got the highest mean rank value of 44.45 and T2 got lowest mean rank

value of 19.00.

Overall Acceptability

Overall acceptability of food products can be judged through their

appearance, taste, colour, flavour, odour of the product. It was noted that T5

obtained the highest mean rank value of 45.50 and T2 obtained lowest mean rank

value of 14.

Among tlie five treatments of spicy avocado fhiit spread, T5 with

pulp(I00g):Sah(2g):Pepperpowder(5g)Mintpowder(1.5g):Citricacid(0.1g):KMS(0
.25g) selected as the best combination.



4.4.2Quality Studies in Spicy Avocado Fruit Spread

To assess the nutrient composition of spicy a\ocado fruit spread, the

following parameters were determined with respect to Carbohydrate, Protein,

Total Fat, Minerals and Phytochemicals. To determine the shelf life parameters,

acidity, moisture, peroxide value and microbial count was evaluated. All analyses

was carried out in triplicates. The chemical and nutrient composition of spicy

avocado fruit spread and raw avocado fruit were compared.

4.4.2.1 Determination of proximate composition of spicy avocado fruit spread

The proximate composition analysed were carbohydrate, reducing sugars,iotaI

sugars,dietary fiber,TSS,protein and Fat.

Tablel7: Proximate composition of spicy avocado fruit spread

Proximates Spicy Avocado Fruit

Spread

(Values per lOOg)

Raw Avocado Fruit

Values(per lOOg)

Carbohydrate (g) 8.18 8.53

Reducing

Sugars(g)

0.78 0.2

Total Sugars(g) 0.98 0.3

Dietary Fiber(g) 6.12 6.7

TSS("brix) 5 8

Protein(g) 3.9 2

Fat(g) 57.00 19.40

Carbohydrate

Carbohydrates are the main fibre in the diet w^hich provides bulkiness for

better digestion. Carbohydrates help clear gut and prevent constipation. From the

table (17), it can be seen that spicy avocado fruit spread contained 8.18g of
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carbohydrate. The carbohydrate content of raw avocado fruit has been reported to

be 8.53g.

Reducing Sugars

A reducing sugar is any sugar that is capable of acting as a reducing

agent because it has a free aldehyde group or a free ketone group. The reducing

sugar content was estimated as 0.78g while reducing sugar content of raw

avocado fruit was found to be 0.20g

Total Sugars

The Total Sugar content in Spicy avocado fruit spread was estimated as

0.98g. The total sugar content of raw avocado fhiit is reported as 0.3g.

Dietary Fiber

The Dietary fiber content in Spicy avocado fruit spread was estimated as

6.12g. Tliis is almost equivalent to the dietary fiber content of the raw avocado

(6.7g).

TSS

The TSS content in Spicy avocado fruit spread was estimated as 5%rix.

The TSS content of raw avocado fruit was found to be 8%rL\.

Protein

Protein is essential to the formation of red blood cells, for the proper

functioning of antibodies resisting infection, for the regulation of enzymes and

hormones, for growth, and for the repair of body tissue. The protein content in

Spicy Avocado Fruit Spread was estimated as 3.9g. The protein content of raw

avocado fruit has been reported as 2g.

Fat

The body uses fat as a fuel source, and fat is the major storage form of

energy in the body. Fat also has many other important functions in the body, and a
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moderate amount is needed in tlie diet for good health. Fats in food come in

several forms, including saturated, monounsaturated, and polyunsaturated.

The fat content in spicy avocado fruit spread was estimated as 57g. The fat

content of raw avocado fruit was found to be 19c.

4.4.2.2 Determination of mineral composition of spicy avocado fruit spread

The minerals analysed were calcium, iron, potassium, sodium and total minerals.

Table 18: Mineral Composition of Spicy Avocado Fruit Spread

Minerals Spicy Avocado Fruit

Spread

(Values per lOOg)

Raw Avocado Fruit

Values(per lOOg)

Calcium 8.2mg 12mg

Iron 0.97mg 0,55mg

Potassium 482mg 345mg

Sodium 7.3mg 5.5mg

Total Minerals 2.06g 1.22g

Calcium

Calcium is a mineral found in many foods. The body needs calcium to

maintain strong bones and to carry out many important functions. Based on

analysis of Spicy avocado fruit spread 8.2 mg calcium was present in lOOg of

sample. The Calcium content of raw avocado fruit was found to be 12 mg.

iron

Iron is one of the important elements necessary for the metabolism of the

human body.



The Iron content content in Spicy a\'ocado fruit spread was estimated as

0.97. The Iron content of raw avocado fruit was found to be 0.55mg.

Potassium

Potassium is one of the most important electrolytes in the human body,
and this helps to maintain a healthy balance of fluids in the body. The Potassium

content content in Spicy avocado fruit spread was estimated to be 482 mg. The

Potassium content of raw avocado fruit was reported to be 345 mg.

Sodium

Sodium occure naturally in many foods. The body uses sodium to control

blood pressure and blood volume. The Sodium content in Spicy avocado fruit

spread was recorded as 7.3 mg. The Sodium content of raw avocado fruit was

found to be 5.5 mg.

Total Minerals

Ash content represents the total minerals content in food. The Total

mineral content content in Spicy avocado fruit spread was estimated as 2.06 g.
The Total mineral content of raw avocado fruit was found to be 1.22 g.

4.4.2.3 Determination of phytochemical composition of spicy avocado fruit

spread

The main phytochemicals analysed were Beta carotene,Vitamin C, Total

Phenolic content,Total antioxidant activity.
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Table 19 : Phytochemicai composition of Spicy Avocado Fruit Spread

The phytochemicals analysed were Beta carotene,Vitamiii C, Total phenolic

content and total antioxidant activity.

Pfa}tochemicals Spicy Avocado Fruit

Spread

(Values per lOOg)

Raw Avocado Fruit

Values(per I OOg)

Beta Carotene 265mg 417mg

Vitamin C 19.1 rag 6mg

Total Phenolic Content 78mg 20.45mg

Total Antioxidant

Activity

520mg 340mg

Vitamin C

Vitamin C content of spicy avocado fruit spread was estimated to

19.1mg.The Vitamin C content of raw avocado fruit was reported as 6mg/100g.

Beta-Carotene

From the table, (17), it was observed that about of 265mg beta carotene

was present in JOOg of spicy avocado fruit spread. The beta carotene content of

raw avocado fruit was found to be 417mg/l OOg.

Total Phenolic Content

From the table (17 ),it was observed that Total Phenolic content was 78mg
present in lOOg of spicy avocado fruit spread and raw avocado fruit contain

20.45mg/] OOg of Total Phenolic Content,
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Total Antioxidant Activity

Total Antioxidant Activity of spicy avocado fruit spread was estimated to

520mg/100g.Total Antioxidant Activity of raw avocado fruit was found to be

340mg/100g.

4.4.2.4 Shelf life studies in Spicy Avocado Fruit Spread

The spread was filled and stored in different packaging materials at

ambient and refrigerated temperature for a period of 4 weeks and examined its

shelf stability at weekly intervals.

Acidity

Acidity indicates flavour as well as wholesomeness of the product. The

acidity content of the spicy avocado fhiit spread was depicted on Table 20.

Table20:Acidity Content of Spicy Avocado Fruit Spread during storage<%)

Storage condition Initial 1st week 2"^

week

3'''' week

week

Glass bottle Ambient

condition

0.006 0.012 0.023 0.036 0.046

Refrigerated

condition

0.006 0.011 0.026 0.028 0.033

Plastic bottle Ambient

condition

0.006 0.010 0,033 0.042 0.063

Refrigerated

condition

0.006 0.007 0.026 0.026 0.032

Polyethylene

bag

Ambient

condition

0.006 0.013 0.029 0.046 0.064

Refrigerated

condition

0.006 0.016 0.019 0.023 0.038

CD(0.05) • 0.003 0.004 0.005 0.006
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The changes in acidity content in spicy avocado fhiit spread are depicted

in table 20 .The acidity content was observed higher in spicy avocado fruit spread

stored in polyethylene bags at ambient temperature(0.064),the lowest content of

acidity was observed in spicy avocado fruit spread stored in plastic bottle at

refrigerated temperature(0,032).

The statistical data showed that the acidity content of spicy avocado fruit

spread varied from 0.012 to 0.016 per cent

Moisture

Moisture can cause adverse effects in the keeping quality of foods. Low

moisture is highly imponant for longer storage period. The moisture content of

the spicy avocado fruit spread was depicted on Table 21.

Table21:Moisture Content of Spicy Avocado Fruit Spread during storage(%)

Storage condition Initial Ist

week

2°^

week

3*^^ week 4-h

week

Glass bottle Ambient

condition

55.33 63.0 64.30 71.13 73.16

Refrigerated

condition

55.33 58.52 61.93 63.2 64.13

Plastic bottle Ambient

condition

55.33 62.63 64.21 69.92 73.28

Refrigerated

condition

55.33 60.1 60.57 64.83 65,48

Polyethylene

bag

Ambient

condition

55.33 60.1 65.14 69.07 73.71

Refrigerated

condition

55.33 61.3 62.17 64.47 66.59

CD(0,05) - 0.95 0.5 1.46 0.63
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Table 21 indicates the moisture content of spicy avocado fruit spread

stored in glassbottle, plastic bottle and polyethylene bags in ambient and

refrigerated temperatures. The moisture content of the stored spicy avocado fruit

spread gradually increased dming storage period.

The statistical data showed that the moisture content of developed spicy

avocado fruit spread varied from 58.20 to 63 percent during the first week period.

The highest moisture content was recorded for spicy avocado fruit spread stored

in Polyethylenge bags (73.71), plastic bottles (73.28) and glass bottles (73.16) at

ambient temperature. The lowest was observed for spicy avocado fruit spread

stored in glass bottles at refrigerated condition (64.13).

Peroxide Value

The changes in peroxide value of Spicy avocado fruit spread are depicted in Table

22.



Table22:Changes in Peroxide Content of Spicy Avocado Fruit Spread during

storage

Storage condition Initial 1st

week

2"d

week

3*^*^ week 4tt>

week

Glass bottle Ambient

condition

0.88 1.8 3.2 5.6 7.23

Refrigerated

condition

0.88 1.76 2.04 3.7 5.43

Plastic bottle Ambient

condition

0.88 2.3 4.60 6.73 9.33

Refrigerated

condition

0.88 2.46 3.33 5.5 7.66

Polyethylene

bag

Ambient

condition

0.88 3.63 6.5 8.66 11.63

Refrigerated

condition

0.88 3.03 4.43 6.40 9.56

CD(0.05) - - 0.25 0.31 0.36

The peroxide value was observed up to a period of 4 weeks of storage.

The statistical data showed that the peroxide content of developed spicy

avocado fruit spread varied from 1.76 to 3.63 percent during the first week period.

The highest peroxide content was recorded for spicy avocado fruit spread stored

in Polyethylenge bags at ambient temperature( 11.63).The lowest was observed for

spicy avocado fruit spread stored in glass bottles at refrigerated condition(5.43).



Microbial Count

Table 23: Microbial Count of Spicy Avocado Fruit Spread at Ambient

Temperature

Glass bottle Ambient condition

Storage period

(week)

Bacteria

(cfu/g)

Yeast

(cfii/g)

Fungi

(cfu/g)

10"' 10' 10-^

Initial 2.2=<10-' -
-

1 week 2.8x10-' -
-

2*^ week 3.8x10-' -
-

3"^ week 4.4x10"'' - 2.8x10"'

4^*^ week 7.5x10"-' - 4.3x10"'

Plastic bottle Initial 2.2x10"^ -

I week 3.3x10"' -

2'"^ week 5.2x10"' 3.2x10' 2.2x10"-'

week 7.5x10"-' 3.8x10-' 3.2x10'

4"^ week 7.2x10-' 4.6x10-' 4.6x10"'

Poly ethylene bag Initial 2.2x10' -

1^'week 4.2x10"-' 3.8x10-' 2.3x10"'

2"" week 6.5x10-' 4.2x10"' 4.6x10"'

3" week 8.8x|0-' 5.2x10"-' 5.8x10"'

4'° week 15x10"-' 6.6x10"' 6.7x10"'

No bacterial, fungal and yeast colonies were seen in 10"^ dilution during

one month of storage. Bacterial colonies were present in 3 storage conditions.

Yeast and fungal colonies was found higher in fhiit spreads kept in polyethylene
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bags. During the storage period, the spicy avocado fruit spread experienced

complete spoilage on 4'^ week and the mlcrobial count was Bacteria( 15x10'^ ),
Yeast(6.7x 10'"^),Fungi( 6.7x 10""^^

Table 24 : Microbial Count of Spicy Avocado Fruit Spread at Refrigerated

Temperature

Glass Bottle Refrigerated condition

Storage Bacteria Yeast Fungi

period (cfWg) (cfu/g) (cfti/g)

(week) 10" 10-" 10"

Initial 2.2x10- -
-

1 week 2.6x10"-' -
-

2'"^ week xlQ-'
-

-

S'^'week 3.2x10-^
- 2.5x10--

4"" week 6.9x10-'
- 3.5x10-'

Plastic bottle Initial 2.2x10-^
- -

1''' week 2.9x10-'
- -

2"*^ week 3.7x10"' 1.8x|0"' 3.2x10"'

3"^ week 6.6x10' 1.4x10"' 4.4x10"'

4"* week 6.6x10"' 2,8x10"-' 5.6x10"-'

Polyethylene Initial 2.2x10"' -
-

bag 1^' week 5.2x10"' 1.7x10-' 3.4x10'

2"^ week 5.8x10"' 3.3x10-' 5.5x10"'

3™ week 6.2x10"' 5.2x10' 6.4x10"'

4"^ week 8.6x10"' 6.6x10' 7.8x10"'

Yeast and fungal colonies was found higher in Spicy fruit spreads kept in

polyethylene bags when compared to glass bottle and plastic bottle. On

refrigerated storage, spicy avocado fruit spread experienced complete spoilage on

"fl CV
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4*^ week and the bacterial count of 8.6 x 10"^ , fungal count of 6.6 x 10'^ and the

fungal count was 7.8 x 10"^

Plate btSpicy Avocado Fruit Spread stored at Ambient Temperature
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Plate 7: Spicy Avocado Fruit Spread stored at Ambient Temperature



4.4.3 Coasiiiner AcceptabiUt> of Spicy Avocado Fruit Spread

Table:25 Consamer Acceptance Scores of Spicy Avocado Fruit Spread

Treatment Mean Score

Appearance Taste Colour Flavour Odour Overall

Acceptability

T5

7.46 7.4 7.04 7.24 7.1 7.56

Sensory evaluation plays significant role in quality control and marketing

of the products. It is frequently used in food industries for new product

development and recipe modification of the products. It is carried out to find out

differences among the products, nature of difference and possible acceptance or

rejection of products on the basis of differences. Sensory characteristics of food

products can be assessed by using discriminatory, difference, desCTiptive and

affective methods (Fulgoni et a/., 2010))

Appearance

Appearance is the first characteristics perceived by the human senses and

play an important role in the identification and final selection of food. This is the

visual perception of food comprised of color, shape, size, gloss, dullness and

transparency. It was recorded that spicy avocado fruit Spread got 7.46 for

consumer acceptance.

Flavour

It is sensory phenomenon which is used to denote the sensations of odor,

taste and mouth feel. Flavoring substances are aromatic compounds which are

conceived by the combination of taste and odor and perceived by the mouth and

nose. It was recorded that spicy avocado fhiit spread got 7.24 for consumer

acceptance.



Taste

Taste helps in identification, acceptance and appreciation of food. It is

perceived by the taste buds on the tongue. It was recorded that spicy avocado fhait

spread got 7.4 for taste in consumer acceptance

OdoDr

Odour of the product usually determines whether a product is accepted or

rejected; therefore this one of the most critical quality attributes. It was recorded

that Spicy Avocado fruit Spread got 7.1 for odour in consumer acceptance.

Overall Acceptabilit>'

Overall acceptability of a food product can be judged through its

appearance, colour, flavour, taste and odour of the product. It was recorded that

Spicy Avocado fruit Spread got 7.56 for overall acceptability in consumer

acceptance.

4.4.4 Cost Analysis

The cost of 1 kg spicy avocado fruit spread was thus calculated on the

basis of the market value of ingredients used for the formulation of spread. It was

found that 1 kg of spicy avocado fruit spread costs Rs 600. /-.

It was found that the cost of the developed spicy avocado fhiit spread was

less when compared to the fat spreads available in the market.
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5. DISCUSSION

The results of present investigation entitled "Development and quality

evaluation of fruit spreads from avocado {Persea americam Mill.)" are discussed

below:

5.1 Selection of avocado fruits

5.2 Effect of different pre treatments on the quality of avocado fruits

5.2.1 Selection of Pre-treatments

5.3 Development of Sweet Avocado fruit Spread

5.3.1 Standardization of Sweet Avocado fruit Spread

5.3.2 Quality studies in Sweet Avocado Fruit Spread

5.3.3 Consumer Acceptability of Sweet Avocado Fruit Spread

5.3.4 Cost Analysis

5.4 Development of Spicy Avocado Fruit Spread

5.4.1 Standardization of Sweet Avocado fruit Spread

5.4.2 Quality studies in Sweet Avocado Fruit Spread

5.4 J Consumer Acceptability of Sweet Avocado Fruit Spread

5.4.4 Cost Analysis
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5.1 Selection of avocado fruits

The cultivar which was popular in the Wayanad district of Kerala was

selected for Avocado fruit spread development. In order to exploit the cultivar for

product development and transfer of technology, the cultivar purple hybrid, which

is cultivating in majority of households in Wayanad district was selected for fruit

spread development.

Avocado is mainly used fresh, in sandwich filling or in salads. It can also

be used in ice creams and milk shakes and the pulp may be preserv^ed by freezing.

USDA & HHS, (2011) reported that The Purple and Green varieties were

introduced into India from Ceylon in 1941.

S.iEffect ofdifferent pre treatments on the quality of avocado fruits

Corny ei ai, (2002) reported that cut-surface browning of fresh-cut fruits

and vegetables is one of the most fundamental factors affecting acceptability of

the products by consumers. Most of them are caused by the action of polyphenol

oxidase (PPO) on phenolic compounds released during the process of cutting

called enzymatic browning.

Surface treatments by dipping fresh-cut products in the appropriate anti

browning agents can effectively help to delay discoloration.

Son et o/.,(200l) reported that several nature identical anti browning

agents extensively used to control excessive browning include ascorbic acid (AA),

citric acid (CA) and oxalic acid (OA) that are weak organic acids found in fresh

fhiits and vegetables



5.2.2 StaDdardization of pre-treatments

Standardisation plays a key role in product formulation which facilitates

the growth of food industry as it is a pre requisite of any food based industry.

in this study, the best pre-treatment methods identified for the

development of sweet avocado fruit spread was, citric acid + KMS + sugar (T5)

blend in the ratio of 0.25:0.1:100. The citric acid + KMS + salt (T6) in the

combination of 0.25:0.1:10 was selected organoleptically for the development of

spicy avocado fhiit spread.

Gomy ef aL. (2002) reported that the immersion increases the strength of

the product.

5.3 Development of Sweet Avocado Fruit Spread

Fruits spreads are made by processing fruit juice, concentrated foim of

fruit juice or whole fruit along with sugar and pectin. The fruit concentration in

these spreads can vary from 30®/o to 60%. They are used in salad dressings, baked

products, snacks, breakfast synips, dessert glaze, cake icing, smoothies etc. The

fhiit spreads are available in different flavours and textures.

Butter is a type of fruit spread which is thick and made from sugar cooked

fruit puree. Conserves are the fruit spreads consisting of a mixture of fruits along

with nuts and sugar. Jams are made from chopped or crushed fruits along with

sugar and pectin to soften the fruit. Jams account for major share in the global

fhiit spreads market in terms of consumption. Tlie other types of fruit spread

include marmalades, jellies, and preserve, which differ in consistency. Fruit

spreads are also available in organic flavour which consists of a mixture of fhiit,

vegetable or flower (Gomy t7 «/.. 2002).

In this study, Ts was selected for the development of sweet avocado fruit

spread based on the organoleptic evaluation of pre-treatments.
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5.3.1 Standardization of Sweet Avocado Fruit Spread

Sugar is important in detennioing the shelf life of fruit spreads. Low sugar

fruit spreads will mold more easily than the standard kind. Honey, com s^oiip,

low-calorie sweeteners may not be substituted one for one for sugar in fruit

spreads (Sarah & Francis; 2011).

Disha et ai,(lQ\l) reported that the quality of jam is determined by the

proportions of sugar and pectin added to the fruit pulp. To optimize the sugar and

pectin content in the fmal product, trial jams were developed using different

variations.

In this study, sweet avocado fruit spread were developed using cocoa

powder, sugar, KMS, citric acid. Cocoa powder has highest water absorption

capacity and thereby reduces the moisture content and improve shelf life.Among

the five treatments, was selected as the best with ingredients of proportion of

pulp(100g):cocoa powder(30g):sugar(I00g):ICMS(0.25):Citric acid(O.l).

5.3.2 Quality' studies in Sweet Avocado Fruit Spread

The quality of fresh-cut fruits and vegetables determines the value to the

consumer and is a combination of parameters including appearance (size, shape,

color, gloss and defects), texture (firmness, crispness and juiciness), flavor

(sweemess, sourness, astringency and bittemess) and nutritional value (vitamins,

minerals and dietary fiber). The relative importance of each quality depends on

the product. Colour is one of the most important attributes affecting the

consumer's decision to purchase. However, subsequent purchases depend on the

consumer's gratification in terms of texture, flavour and nutritional value of the

products (Kader, 2002).

There is a considerable demand for fresh fruits as well as their products.

Since many types of fruit are seasonal and their shelf life is limited, they must be

processed to keep the quality. The fruits contain good amount of antioxidants and

flavonoids which plays a very important role in preventing oxidative stress.



Hence nutritional quality of sweet avocado fruit spread was carried out

with respect to nutrients viz. Carbohydrate , Protein ,Total Fat, Dietary Fiber,

Reducing Sugar, Total sugars, TSS, Calcium, Iron, Sodium, Potassium, Total

Minerals , Total Phenolic content. Total Aniioxidani Activity Vitamin C ,Beta

carotene and shelf life parameters including Acidity, Moisture, Peroxide Value.

Carbohydrate

in this study,! Ig of carbohydrate was present in lOOg of sweet avocado

fruit spread. The Carbohydrate content of the raw avocado fruit was found to be

8.53g. Ifesan, (2015)reported that strawberry jam provide the highest

carbohydrate content while grape jam gave the lowest.

Protein

The present study revealed that protein content of sweet avocado fruit

was 3.1g .This value was higher than tlie value of protein content present in the

raw avocado fruit ie,2g.

FAO, (2011) reported that grape jam have the lowest content of protein

while apricot have the highest which is comparable to the protein content of

jackfruil jam(0.19g/IOOg) and pineapple jam(0.46g/100g).

Fat

In this investigation. Fat content of sweet avocado fruit spread was

42g.This value was higher than the value of fat content present in the raw avocado

fruit ie,19.4. While most fruit consists primarily of carbohydrate, avocado is high

in healthy fats.

The lipid content of other crops as reported by USDA (2009) are; O.lg

(Apple), 0.3g (Banana), O.lg (Grape), O.lg (Melon) and O.lg

(orangc).FAO,(2011) reported that apricot jam contain no fat.
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Dietary Fiber

The frndings of present study revealed that Dietary fiber content of sweet

avocado fhiit spread was 6.89 g. The dietary fiber content of the raw avocado fruit

was found to be 6.7g.

FAO (20I I) reported that grape, strawberry and blueberry jam having the
lowest dietary fiber content.

In this study, it is found that sweet avocado fruit spread contain high
dietary fiber which is good for health.

Reducing Sugar

Sugars with reducing property are called reducing sugars. Estimation of

reducing sugar is done to find out the starch material content.

Changes in the values of reducing sugars were more due to the ambient

temperature. This was mainly due to the hydrolysis of non-reducing sugars,
resulting into their increase (Sudheer & Dash, 1999).

FAO (2011) reported that the grape jam have the lowest reducing sugar
content of 1.02g/100g and this was followed by blueberry and apricot jams at

5.08g/100g and 8.47g/100g respectively.

The present study revealed that Reducing Sugar content of sweet avocado

fruit spread was 0.6g while raw avocado fruit contain 0.2g.The reason for

increasing the reducing sugar in spread might be due to presence of invertase

enzymes.

Total Sugars

In this present investigation. Total Sugar content of sweet avocado fruit

spread was found to be 1.8g.One-half an avocado contains about 0.2g sugar(eg:
sucrose, glucose and fructose).Compared to other fruits, avocados contain little
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sugar. The noticeable differences could be caused by the addition of sugar during

jam-making process.

FAO (2011) reported that grape jam had the lowest total sugar contents

ranging from 52.43g/l OOg to 54.78g/l OOg.

TSS

The present study re\ ealed that TSS content of sweet avocado fruit spread

was 8"brix. The TSS content of raw avocado fruit was found to be b'^rix.

Rao ef al.^ reported that total soluble solid of apple olive blended Jam

samples was 70%rix.This value is higher than tha value of sweet avocado fruit

spread.

Calcium

FAO (2011) reported that apricot and blueberry Jams tend to have lower

calcium levels when compared to grape and strawberry jams.

In this present investigation, the calcium content was found to be

9mg/100g while 12 mg in the raw avocado fruit.

Iron

The iron content of sweet avocado fruit spread was found to be

0.72mg/]00g and 0.55 mg in the raw avocado fruit.

FAO (2011) reported that blueberry and strawberry Jams tend to contain

higher iron levels, the Iron content of strawberry Jam(0.72mg/100g) to be similar

as reported in this study.

Potassium

The findings of present study revealed that potassium content of sweet

a\ocado fiuit spread was found to be 432mg/100g. Avocados contain about



I52mg and 345 mg of potassium per 30g and one-half fhiit (USDA & HHS,

2011).

Potassium is a nutrient most people don't get enough from their diet.

Consumption of Sweet avocado fruit spread can provide enough potassium in the

body. High potassium can reduce blood pressure which is a major risk factor for

heart attacks and strokes.

Sodium

The sodium content of sweet avocado fruit spread was found to be

6.3mg/100g. Avocados are naturally low in sodium with 2 mg and 5.5 mg (USDA

&HHS, 2011).

FAO (2011) reported that strawberry jam had the lowest sodium content

followed by grapejam( 4.07mg/1 OOg).

Total Minerals

Ash content of a foodsmff represents inorganic residue remaining after

destruction of organic matter (Rao etal, 2003)

Siddapa, (1987) reported that there was no remarkable change in ash

content of jam during storage where as the mineral compoimds decreased during

storage.

In this present investigation, the total mineral content of sweet avocado

IVuil spread was found to be 1.45g.

Beta carotene

The Beta carotene content of sweet avocado fruit spread was found to be

140mg/100g . Raw avocado fruit contain 417mg/100g.
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Vitamin C

The Vitamin C loss was to the extent of 11.1%, 22.2% and 50% after 30

day 60 day and 90 day respectively for Jam (Pennema,1977).

Gupta, (2000) reported that the vitamin C content decreased during

storage. This may be due to oxidation of ascorbic acid to dehydro ascorbic acid

The findings of present study revealed that Vitamin C content of sweet

avocado finit spread was found to be 7.32mg/100g while raw avocado fruit is

reported to have 6mg /I OOg.

Total Phenolic Content

In this present investigation, the total phenolic content of sweet avocado

fruit spread was found to be 18.4mg/100g while 20.45mg is reported in lOOg of

raw avocado fruit.

Ifesan, (2015) reported that banana jam contain 53 mg of total phenolic

content.

Total Antioxidant Activity

The total antioxidant activity of spicy avocado fruit spread was found to be

423mg/100g while Raw Avocado fruit, however contained 340mg/100g of total

antioxidant activity.

in this study, total antioxidant activity shows that it was higher in sweet

avocado fruit spread than raw avocado fruit. This may be due to the antioxidant

activity of cocoa powder added.

Shelf life Studies

Shelf life study was carried out to check the keeping quality of sweet

avocado fruit spread.
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Kalra & Tandon(1985), reported that formulated peanut soy spread was

filled into plastic jars and stored at -12C until evaluation by sensory analysis

(within seven days).

Acidity

Acidity is the measure of shelf-life of the product Titrable acidity studied

to ensure physico-chemical changes during preparation and during storage (Kalra

cS: Tandon, 1985).

Sandhu et a!., (1998) reported that in jam, acid content was 0.51% at

30days and 1.55% and 2.5% at 60 and 90 days of storage respectively.

Disha et al., (2017)jeported that acidity of apple olive blended jam was

greater than that observed before storage. Decreasing trend in pH might be due to

the hydrolysis of pectic bodies and formation of acidic compound during

degradation of sugar contents.

Gomy et al., (2002) reported that the increase in acidity of tlie apple olive

blended jam might be due to the breakdox^m of pectic bodies to pectenic acid. The

reason for increasing trend of acidity was due to the formation of different organic

acids during carbohydrate degradation and hydrolysis at storage.

During storage, increase in acidity was noted in sweet avocado fruit spread

stored at all containers. On the week of storage, the maximum acidity was

reported in sweet avocado fhiit spread stored in polyethylene bag at refrigerated

temperature (0.017) and minimum in sweet avocado fruit spread stored in glass

bottle at refrigerated temperature(0.006).

On the 2"^ week, the acidity content of spicy avocado fî it spread ranged
from 0.011 to 0.018.

On the 3*^ week, the higher acidity was recorded for the sweet avocado

fruit spread stored in polyethylene bag at ambient temperature(0.026) and the

minimum acidity was noted in glass bottle at refrigerated and ambient

temperature (0.012).

A



On the 4*^ week, the value of acidity increases on the sweet avocado fruit

spread stored in all containers and the highest was recorded In the sweet avocado

fruit spread stored in polyethylene bag at ambient temperature (0.026).

In this study, the acidity content was observed higher in sweet avocado

fruit spread stored in polyethylene bags at ambient temperature (0.026), the lowest

content of acidity was observed in sweet avocado fruit spread stored in glass

bottle at refrigerated temperature (0.013).

Moisture

In this study, it was found that the moisture content of the stored sweet

avocado fruit spread gradually increased during storage period. The highest

moisture content was recorded for sweet avocado fhiit spread stored in plastic

bottle (78.7) at ambient temperature. The lowest was observed for sweet avocado

fruit spread stored in glass bottles at refrigerated condition(56.29).

On the 1®' week of storage, the moisture content of sweet avocado fruit

spread ranged from 44.24 to72.54.

On the 2"*^ week, the moisture content of sweet avocado fruit spread stored

in all containers were increased and the least content was recorded in the sweet

avocado fruit spread stored in glass bottle at refrigerated temperature(51.95).

On the 3"^ week of storage, the moisture content of spicy avocado fruit

spread stored in aU containers was found increased.

The spicy avocado fruit spread stored in glass bottle at refrigerated

temperature reported the lowest moisture(67.90) in 4"^ week.

Gothwar et al (1998), reported that the replacement of sugar free jellies

with blueberry pulp treated with 18% of Fructoligo saccharide had slightly lower

moisture content than the other concentrations which might be partly attributed to

the change form crystalline to the amorphous form of substances which permits

the binding of water.



Peroxide Value

In this study,the highest peroxide content was recorded for sweet avocado

fhiit spread stored in Polyethylene bags at ambient (19.26) and refrigerated

temperature(19.26).The lowest was observed for sweet avocado fruit spread

stored in glass bottles at refrigerated condition( 10.13).

Kirk. & Sawyer (1991) reported that a rancid taste was noticeable when the

peroxide value was between 20 and 40 mEq kg"^ in oily products.

On the 1^' week,highest peroxide value was noted in sweet avocado fhiit

spread stored in polyethylene bag at ambient temperature(4.33) and least in spicy

avocado fhiit spread stored in glass bottle at refngerated temperature(2.90).

On the 2"^ week , the peroxide value of sweet avocado fhiit spreads stored

at all containers increased and the sweet avocado fruit spread stored in plastic

bottle at ambient temperature recorded the highest value(10.33)).Least was

recorded in the sweet avocado fruit spread stored in glass bottle at refngerated

temperature(2.90).

On the 3'^'* week, the maximum peroxide value was obtained in the sweet

avocado fruit spread stored in polyethylene bag at ambient and refrigerated

temperature(17.60) followed by plastic bottle at ambient temperature(14.13),glass

bottle at ambient temperature(12.36),plastic bottle at refngerated

temperature(8.53), glass bottle at refrigerated temperature(8.20).

On the 4^ week, the peroxide content of sweet avocado fruit spread
increases.

In this present investigation it vsas observed that sweet avocado fruit

spread stored in glass bottle at refrigerated temperature had lower peroxide value

(10.13)proving its higher shelf life.



Microbial Count

Kader (2002) reported that the bacterial population of banana powder

packed in polyethylene pouches ranged from 5.68-5.88 x 10^ cfu/g. In this present

investigation, microbial load was high in fruit spreads stored in polyethylene bags

compared to glass bottle and plastic bottle.

Sarah & Francis (2011) reported that blackcurrant jam prepared without

chemical additives had shown that the jam can remain stable for a period of 13

months at low temperature. Microbial analyses carried out at regular should no

growth of bacteria,yeasts,molds, spore formers and pathogens.

5.3J Consumer Acceptability of Sweet Avocado Fruit Spread

Sudheer & Dash (1999) reported that the Hedonic scale has been accepted

by sensory professionals to infer consumer acceptance from "liking", despite its

flaws, because it provides internal validity (accurate and precise results of

consumer liking) at the expense of external validity (relevance to the

marketplace). It was reported that Sweet Avocado fruit Spread got 8.5 for overall

acceptability in consumer acceptance.

Chocolate products are desired and eaten,due to their attractive flavours

and appearance.Now a days,consumers are more concerned with tlie nutritional

status of food stuffs and considering that cocoa powder and cocoa rich products

are extremely rich sources of many essential nutrients and phytochemicals that

can contribute to a healthy diet highlight renewed interest in such products.

Fennema (1977) reported that based on consumer acceptability

testing(three-point scale), the commercial peanut butter and peanut soy spreads

were acceptable products while the commercial soy not butter was not acceptable.

5.3.4 Cost Analysis

The cost of 1 kg Sweet avocado fruit spread calculated was Rs.550.This

cost is low when compared to the fruit spreads available in the market.



In guava-mango jam, cost of production was recorded maximum (Rs.

83.59/kg) in treatment (0 guavailOO mango) and minimum (Rs. 74.II/kg) in

treatment (100 guava;0 mango). In guava-mango chutney, cost of production was

recorded maximum (Rs. 80.79/kg) in treatment (0 guava:100 mango) and

minimum (Rs. 66.17/kg) in treatment (100 guava;0 mango) (Anina et a!., 1998).

5.4 Development of Spicy Avocado Fruit Spread

Preparation of fruit spread is one way of utilization of fruits.Processing of

fruits not only serves as a purpose of its preser\ation but also several other

purposes such as diversification of the economy, reduction of imports and

meeting export demands, stimulate agricultural production by obtaining

marketable products, generate employment, reduce fiaiit & vegetable losses,

develop new value added products which are also available dining off-seasons

(Siddapa,I987).

Son el al., (2001)reported that Spreadability is achieved through the right

combination of fhiit, pectin, acid and sugar. Banana base has been used widely to

provide the desirable consistency in fruit spreads.

In this study, T6 was selected as the best pre treatment method for the

development of spicy avocado fruit spread.

5.4.1 Standardization of Spicy Avocado fruit Spread

Sucharitha el al., 2012 reported that three different samples were worked

out to develop Ber-pineapple jam in laboratory. In the first sample-l the Ber pulp

and pineapple pulp were taken in the ratio of 80:20. The other basic ingredients

taken were sugar and commercial pectin. Sugar to the blended pulp was taken in

the ratio of 1:1. Pectin was taken at the rate of 0.1 %. In sample-II the Ber pulp and

pineapple pulp were taken in the ratio of 70:30. The other ingredients were same

as in the first sample-I. The ratio of Ber pulp to the pineapple pulp in sample-in
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was taken in a ratio 60:40. The other ingredients were kept same for this sample

as well.

Based on the organoleptic evaluation the treatment T5 with Pulp

(100g):PepperPowder(3g);SaIt(2g):TomatoPowder(5g):MintPowder{I.5g):Citrica

cid(0.1g):KMS(0.25g) was selected as the superior blend for the development of

spicy avocado spread.

5.4.2 Quality studies in Spicy Avocado Fruit Spread

There is a considerable demand for fresh fruits as well as their products.

Since many types of fruit are seasonal and their shelf life is limited, they must be

processed to keep the quality. The fruits contain good amount of antioxidants and

fiavonoids which plays a very important role in preventing oxidative stress.

Hence nutritional quality of spicy avocado fruit spread was carried out

with respect to nutrients viz. Carbohydrate, Protein, Total Fat, Dietary Fiber,

ReducingSugar,Toialsugars,TSS,Calcium,Iron,Sodium,Potassium,TotalMinerals,

Total Phenolic content. Total Antioxidant Activity Vitamin C, Beta carotene and

shelf life parameters including Acidity, Moismre, Peroxide Value.

Carbohydrate

In this study, 8.18g of carbohydrate was present in lOOg of spicy avocado

fruit spread. The carbohydrate content of raw avocado fruit has been reported to

be 8.53g.

Carbohydrate content of avocado pear was determined to be 7.4g per

lOOg, this is more than the value of 1.9g obtained by Wood (2000), on comparing

this value with other fruits such as lemon 9.32g, Apple 11.8g, Banana 23.2g,

melon 5.5g, orange 8.5g, strawberries 5.7g, (IJSDA, 2009); It shows that the value

of carbohydrate in avocado pear compares favourably with them. Carbohydrate is

a major food substance for animal and human being needed for growth and strong

health.
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Protein

The present study revealed that proteiu content of spicy avocado fruit

was 3.9g . The protein content of raw avocado fruit has been reported as 2g.

Anju et ai, 2004 reported that the highest protein content of 3.40 per cent

was obtained in peach-soy leather of 70:30 ratios(B7) and the lowest of 1.28 per

cent in control(BI).

Fat

In this investigation. Fat content of spicy avocado fruit spread was

57g.This value was higher than the value of fat content present in the raw avocado

fruit The protein content of raw avocado fruit has been reported as 2g.

Chauhan et al., (2012) reported that the initial fat content of tender

coconut blended spread varied from 1.49 to 1.64 g/lOOg. The highest fat content

was recorded in the spread prepared using 50%TCP+50%PE. The 100% TCP

formulation recorded the highest percentage of fat (6.80 %) as against the 100%

pineapple jam.

Dietary Fiber

The findings of present study revealed that dietary fiber content of spicy

avocado fhiit spread was 6.12 g. This is almost equivalent to the dietary fiber

content of the raw avocado (6.7g).

Avocados tend to be rich in dietary fiber is very high compared to other

foods.Dietary fiber play an important role in weight loss and metabolic health.

Reducing Sugar

The present study revealed that reducing sugar content of spicy avocado fruit

spread was 0.78g while reducing sugar content of raw avocado fruit was found to

be 0.20g.

Muralikrishna etat., (1969) reported that thejamun jam had 8.22g/100g of

reducing sugar.



Total Sugars

In this present investigation. Total Sugar content of spicy avocado fruit

spread was found to be 0.98g. The total sugar content of raw avocado fruit is

reported as 0.3g.

Thakur ef al., (2000) reported that the jackfruit jam contain 38g/I00g of

total sugars.

TSS

The present smdy revealed that TSS content of spicy avocado fruit spread

was 5"brix while TSS content of raw avocado fruit was found to be 8%rix.

Kundu et al.,20l7 reported that the TSS of plum jam was 68%rix.This

value is higher than the spicy avocado fruit spread.

Calcium

In this present investigation, the calcium content was found to be

8.2mg/100g. The calcium content of raw avocado finit was found to be 12 mg.

Ifesan, (2015) reported that jackfruit jam contain 8.2 mg of calcium.

FAO (2011) reported that higher calcium content(27.26-55.44mg/I00g)

was observed in strawberry jams when compared to apricot and blueberry jams.

Iron

The iron content of spicy avocado fruit spread was found to be

0.97mg/100g. The Iron content of raw avocado fruit was found to be

0.55mg/100g.

The iron content is less in avocado compared to other fruits.

Potassium

The findings of present smdy revealed that potassium content of spicy

avocado frxut spread was found to be 482mg/100g. The potassium content of raw

avocado fruit was reported to be 345 mg.

Ifesan, (2015) reported that banana jam contain 320mg/100g of potassium.



The avocado contain more potassium than banana.So consumption of this

fruit spread is health beneficial.

Sodium

The sodium content of spicy avocado fruit spread was found to be

7.3mg/100g. The Sodium content of raw avocado fruit was found to be 5.50 mg.

Ifesan, (2015) reported that strawberry jam contain 1.41mg of sodium. The

sodium content is high in spicy avocado fruit spread compared to raw avocado

fruit. This might be due to the addition of salt during processing of spicy avocado

fruit spread.

Total Minerals

Ash content between treated and untreated strawberry Jelly samples did

not differ significantly during the storage period it was around the range of 0.42-

0.49(Sandhu et al., 2015)

In this present investigation, the Total Mineral Content of spicy avocado

fruit spread was found to be2.06g. The Total mineral content of raw avocado fruit

was found to be 1.22 g.

Beta carotene

The Beta carotene content of spicy avocado fruit spread was found to be

265mg/100g. .The Beta carotene content of raw avocado fruit was found to be

417mg/100g.

Beta carotene is an antioxidant that inhibits the oxidation of other

molecules; it protects the body from free radicals. Consumption of beta carotene

rich foods like spicy avocado fruit spread is good for health.

Vitamin C

The findings of present study revealed that Vitamin C content of spicy

avocado fruit spread was found to be 19. lOmg/lOOg. The Vitamin c content of
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raw avocado fhiit was reported as 6.0mg/100g.The high vitamin C content of

spicy avocado fruit spread may be due to the addition of pepper powder and

tomato powder.

Morton, (1987) reported that vitamin C content value obtained for

jackfruit jam was I4.63mg/100g.

Total Phenolic Content

In this present investigation, the total phenolic content was found to be 78

mg/lOOg while raw avocado fruit contain 20.45mg/100g of Total Phenolic

Content.

Salgado et a!., 2008 reported that phenolic level in jackfruit jam vary from

2.3 to 5.7%.

In this study, it was observed that total phenolic content was higher when

compared to the raw avocado fruit. This might be due to the addition of mint

powder, pepper powder and tomato powder which is a rich source of phenolic

content.

Total Antioxidant Activity

The total antioxidant activity of spicy avocado fruit spread was found to be

520mg/100g. Total Antioxidant Aaivity of raw avocado fruit was found to be

340mg/100g.

In this study, it is found that that the antioxidant activity is higher in spicy

avocado fruit spread than raw avocado fruit. This might be due to the addition of

tomato powder which is rich in antioxidants. Also it may be due to capacity of

avocado to increase antioxidant absorption from other foods.

Shelf life studies

Shelf life study was carried out to check the keeping quality of spicy

avocado fruit spread.
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Acidity

Increase in acidity was due to the formation of acids by degradation of

polysaccharides and oxidation of reducing sugar or by breakdown pectic

substance and uronic acid(Salgado et a/.. 2008). In this study, it was found that the

acidity content was observed higher in spicy avocado fruit spread stored in

polyethylene bags at ambient temperature (0.064), the lowest content of acidity

was observed in spicy avocado fruit spread stored in plastic bottle at refrigerated

temperature (0.032).

During storage, increase in acidity was noted in spicy avocado fruit spread

stored at all containers. On the l" week of storage, the maximum acidity was

reported in spicy avocado fruit spread stored at refrigerated temperature(0.016)

and minimum in spicy avocado fruit spread stored in plastic bottle at refrigerated

temperature(0.007).

On the 2°^ week, the acidity content of spicy avocado fruit spread ranged

from 0.019 to 0.029.

On the 3^^^ week, the higher acidity was recorded for die spicy avocado

fruit spread stored in polyethylene bag at ambient temperature(0.046) and the

minimum acidity was noted in polyethylene bag at refrigerated temperature

(0.023).

On the 4*^ week, the value of acidity increases on the spicy avocado fruit

spread stored in all containers and the highest was recorded in the spicy avocado

fruit spread stored in polyethylene bag at ambient temperature.

Moisture

In this study, it was found that the moisture content of the stored spicy

avocado fruit spread gradually increased during storage period. The highest

moisture content was recorded for spicy avocado fruit spread stored in

Polyethylene bags (73.71), plastic bottles (73.28) and glass bottles(73.16) at
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ambient temperature. The lowest was observed for spicy avocado fruit spread

stored in glass bottles at refrigerated condition (64.13).

On the I'' week of storage, the moisture content of spicy avocado fhiit

spread ranged from 58.52 to 63.

On the 2°^ week, the moisture content of spicy avocado fruit spread stored
in all containers were increased and spicy avocado fiiiit spread stored in glass

bott!e(64.30) and plastic bottle(64-21)at ambient condition were on par and the

least content was recorded in the spicy avocado fruit spread stored in glass bottle

at refrigerated temperature(61-93).

On the 3^ week of storage, the moisture content of spicy avocado fruit
spread stored in all containers was found increased.

The spicy avocado fhiit spread stored in glass bottle at refrigerated

temperature reported the lowest moisture(64.13) in 4*^ week.

Endres, (2001) reported that the h ighesi moisture content of 21.99 per cent

was recorded in control(Bl) while the lowest of 17.50 per cent was recorded in

peach-soy jam of 70:30 ratios(B7).

Peroxide Value

The highest peroxide content was recorded for spicy avocado fruit spread

stored in Polyethylene bags at ambient temperature(11.63).The lowest was

observed for spicy avocado fruit spread stored in glass bottles at refrigerated

condition(5.43).

Krik Sawyer (1991) reported that fresh oils have values less than

lOmEq kg"' and values below 10 characterize the majority of conventional oils.

In this study, it was obsetA-ed that spicy avocado fruit spread stored in

glass bottle at refngerated temperature had lower peroxide value (5.43)proving its

higher shelf life.



On the week, highest peroxide value was noted in spicy avocado fruit

spread stored in polyethylene bag at ambient temperature and least in spicy

avocado fruit spread stored in glass bottle at refrigerated temperature.

On the 2"*^ week , the peroxide value of spicy avocado fruit spreads stored

at all containers increased and the spicy avocado fruit spread stored in

polyethylene bag at ambient condition recorded the highest value(6.50).Least was

recorded in the spicy avocado fruit spread stored in glass bottle at refrigerated

temperature.

On the 3"* week, the maximum peroxide value was obtained in the spicy

avocado fruit spread stored in polyethylene bag at ambient temperature(8.66)

followed by plastic bottle at ambient temperature(6.73),polyethylene bag at

refrigerated temperarure(6.40),glass bottle at ambient temperatiire{5.60), plastic

bottle at refrigerated temperature(5.50).

On the 4^ week, the peroxide content of spicy avocado fruit spread

increases.

Microbial Count

During the storage period, the spicy avocado fruit spread experienced

complete spoilage on 4^^ week and the microbial count was Bacteria( 15x10'^ ),

Yeast(6.7xlO'^),Fungi(6.7xlO'^).

There was acceptable amount of microbes has obsen'ed at the end of the

storage period showed that after one month storage no microbial growth was

observed in properly sealed jars (Gargi el al., 1995).

Pilgrim et a/.,(1991) reported that the replacement of reduced sugar jelly

treatments exhibited no detectable yeast and mould during 30 days of refrigerated

or accelerated shelf life storage. Jellies depend on their high sugar concentration

for microbiological stability but in humid weather conditions may promote the

growth of mould on the surface of the container.



5.4J Consumer Acceptability of Spicy Avocado Fruit Spread

Endres d al.. (2001) reported that Consumer acceptability is based on the

percentage distribution that rated that product as tastes great or acceptable.

An examination of consumers' favourite fruit snacks indicate that some

nutritionally rich fruits have dropped in consumer preference (Pilgrim et al,

1991)).Consumer acceptability of developed spicy avocado fruit spread were

obser\'ed as good. Tliis product has a mild taste of spice liked by children and it is

highly nutritious.

5.4.4 Cost Analysis

Costing can be defined as the process of determining how much a product

costs to prepare and sell a product. Costing is very important as the cost of the

product can decide its profit or loss. The cost of processed products depends on

the purchase of the raw material, cost involved in processing, packaging and

marketing and the profit margin set by the industry (Gargi et al, 1995)).

Thakur ei al, (2000) reported that while developing new products, the cost

is to be kept to the minimum and the strategy for the development of the food

product is to be based on affordable prices and cost effectiveness. In order to

realize the economic feasibility of the developed products, cost per kg was

computed separately. The cost of 1 kg Spicy avocado fruit spread calculated was

Rs.600.This amount is low when compared to the commercial spread available in

the market.

Heal processing of avocado fruit will develop off flavour and bitter taste in

value added products against the nutty flavour of fresh fhiits. Being a super fruit

with poor shelf life qualities, the developed sweet and spicy avocado fruit spread,

which secured high consumer acceptance can be branded and marketed

successfully for reducing wastage and economic prosperity.
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6. SUMMARY

The present study entitled "Development and quality evaluation of fruit

spreads from avocado {Fersea americana Mill.)'^ was conducted at the

Department of Community Science, College of Agriculture, Vellayani during

2017-2019. The objective of the study was to smdy the effect of pre-treatments on

quality parameters of avocado cultivars and to develop fruit spreads from avocado

and their quality evaluation.

Avocado cultivar commonly found in the households of Wayanad namely

Purple Hybrid was utilized for the study. Matured fruits were collected from

Regional Agricultural Research Station, Wayanad. The avocado pulp was pre-

treated independently and in combination with different pre-treatment methods

viz., blanching, sugar syruping, honey, brine solution, citric acid and KMS to

select the best pre-treatment method organoleptically for the development of

sweet and spicy spreads.

The best pre-treatment methods identified for the development of sweet

spread was, citric acid + KMS + sugar (T5) blend in the ratio of 0.25:0.1:100. The

citric acid + KMS + salt (T6) in the combination of 0.25:0.1:10 was selected

organoleptically for the development of spicy spread.

For the development of sweet avocado spread, variation in addition of

cocoa powder (adjunct) was done keeping the avocado pulp as constant. The best

combination among the 5 treatments in both sweet and spicy spread was selected

based on sensory evaluation using nine point rating scale. Sweet avocado fhiit

spread T3 with Pulp(100g):Cocoa powder(30g):Sugar{I00g):Citric acid(O.lg) and

KMS(0.25g) was selected organoleptically as the best spread among the five

treatments.

Based on the organoleptic evaluation the treatment T5 with Pulp (lOOg):

PepperPowder(3g):Salt(2g):TomatoPowder(5g):MintPowder(I.5g):Citricacid(0.1

g);KMS(0.25g) was selected as the superior blend for the development of spicy

avocado spread.
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The result of chemical and nutrient analysis of sweet avocado fruit spread

revealedthat it contained Carbohydrate( 11 g/1 OOg ), TotaISugars(1.8g/!00g),

ReducingSugars(0.6g/1 OOg), DietaryFiber(6.89g/I OOg), Protein(3.1 g/1 OOg),

TotalFat(42g/100g),Calcium(0.238mg/100g),Iron{0.72mg/100g),Potassium(432m

g/100g),Sodium(6.3mg/100g),Totalminerals(1.45g/100g),Betacarotene

(140mg/100g), VitaminC(7.32mg/lOOg),Total Phenolic Content(81.4mg/100g),

Total Anlioxidant Activity(423ing/100g).

Chemical and nutrient analysis of spicy avocado fruit spread showed that it

contained Carbohydrate(8.18g/100g), Total Sugars(0.98g/100g), Reducing sugars

(0.78g/100g), Dietary riber(6.12g/100g), Protein(3.9g/100g), Total fat(57g/100g),

Calciura(0.267mg/1 OOg), Iron(0.97mg/1 OOg), Potassium(482mg/l OOg), Sodium

(7.3mg/100g),Total minerals(2.06g/l OOg), Betacarotene(265mg/100g),VitaminC

(19.1mg/100g). Total Phenolic Content(78mg/100g) with an Antioxidant

Activity(520mg/1 OOg).

The nutrient constituents of sweet and spicy avocado fruit spreads were

compared with respect to the nutrient constituents of raw avocado fruit. Chemical

composition of raw avocado fruit contained Carbohydrate(8.53g/100g), Total

sugars(0.3g/100g), Reducing sugars(0.2g/100g). Dietary fiber(6.7g/100g),

Protein(2g/100g), Total fat(19.4g/100g), TSS(6''brix), Calcium(!2mg/100g),

lron(0.55mg/100g), Potassium(345mg/100g), Sodium(5.5mg/100g), Total

minerals(1.22g/100g). Beta caiotene(417mg/I00g), Vitamin C{6mg/100g), Total

phenolic content(20.45mg/I00g), Total Antioxidant Activity(340mg/100g.

The shelf stability of the developed avocado fruit spreads were assessed by

storing the fi-uit spreads in glass bottle, plastic bottle and polyethylene bags at

ambient and refrigerated condition. The acidity, moisture, peroxide value and

microbial count were determined initially and at weekly intervals.

During the shelf life studies, it was observed that acidity, moisture,

peroxide value and microbial count show significant changes with respective to

packaging material and temperature. The acidity, moisture, peroxide content was
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obsened higher in sweet and spicy avocado fruit spread stored in polyethylene

bags at ambient temperature and the lowest content of was observed in sweet and

spicy avocado fruit spread stored in glass bottle at refrigerated temperature.

The acidity content was observed higher in sweet avocado fruit spread

stored in polyethylene bags at ambient temperature (0.026),the lowest content of

acidity was observed in sweet avocado fruit spread stored in glass bottle at

refrigerated temperamre(0.0!3).The moisture content of the stored sweet avocado

fruit spread gradually increased during storage period. The highest moisture

content was recorded for sweet avocado fruit spread stored in plastic bottle(78.7)

at ambient temperature. The lowest was observed for sweet avocado fruit spread

stored in glass bottles at refrigerated condition(56.29). The highest peroxide

content was recorded for sweet avocado fruit spread stored in Polyethylene bags

at ambient(19.26) and refrigerated temperature(I9.26).The lowest was observed

for sweet avocado fruit spread stored in glass bottles at refrigerated

condition(10.13). In case of sweet avocado fruit spread kept in refrigerated

temperature, the bacterial colonies was found in all storage containers. Fungal

colonieswas found to be higher in fruit spread kept in polyethylene bag. Yeast

growth was recorded nil in fruit spread stored in glass bottle.

The acidity content was observed higher in spicy avocado fruit spread

stored in polyethylene bags at ambient temperature(0.064),the lowest content of

acidity was observed in spicy avocado fruit spread stored in plastic bottle at

refrigerated temperature{0.032). The highest moisture content was recored for

spicy avocado fruit spread stored in Polyethylenge bags(73.71),plastic

bottles(73.28) and glassbottles(73.16) at ambient temperature.The lowest was

observed for spicy avocado fruit spread stored in glass bottles at refrigerated

condition(64.13). The highest peroxide content was recored for spicy avocado

friiit spread stored in Polyethylenge bags at ambient temperature(l 1.63).The

lowest was observed for spicy avocado fruit spread stored in glass bottles at

refrigerated condition(5.43).
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Consumer acceptance study revealed that sweet spread (T3) had a

score of 8.5 and spicy spread (T5) had a score of 7.56 .The cost of products were

Rs.550/Kg and Rs.600/Kg for sweet and spicy fruit spreads respectively.

Heat processing of avocado fhiit will develop off flavour and bitter taste in

value added products against the nutty flavour of fresh fhiits. Being a super fruit

with poor shelf life qualities, the developed sweet and spicy avocado fhiit spread,

which secured high consumer acceptance can be branded and marketed

successfully for reducing wastage and economic prosperity.
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ABSTRACT

The present investigation titled "Development and quality evaluation of

fruit spreads from avocado {Persea americam Mill.)" was conducted at the

Department of Community Science, College of Agriculture, Vellayani during

2017-2019. The objective of the study was to study the effect of pre-treatments on

quality parameters of avocado cullivars and to develop fruit spreads from avocado

and their quality evaluation.

Avocado cultivar commonly found in the households of Wayanad namely

Purple Hybrid was utilized for the study. Matured fruits were collected from

Regional Agricultural Research Station, Wayanad. The avocado pulp was pre-

treated independently and in combination with different pre-treatment methods

viz., blanching, sugar syruping, honey, brine solution, citric acid and KMS to

select the best pre-treatment method or^noleptically for the development of

sweet and spicy spreads.

The best pre-treatment methods identified for the development of sweet

spread was, citric acid + KMS + sugar (T5) blend in the ratio of 0.25:0.1:100. The

citric acid + KMS + salt (T6) in the combination of 0.25:0.1:10 was selected

organoleptically for the development of spicy spread.

For the development of sweet avocado spread, variation in addition of

cocoa powder (adjunct) was done keeping the avocado pulp as constant. The best

combination among the 5 treatments in both sweet and spicy spread was selected

based on sensory evaluation using nine point rating scale. Sweet avocado fruit

spread T3 with Pulp(IOOg):Cocoa powder(30g):Sugar(100g):Citric acid(O.lg) and

KMS(0.25g) was selected organoleptically as the best spread among the five

treatments.

Based on the organoiepiic evaluation the treatment T5 with Pulp (lOOg):

PepperPowder(3g):Salt(2g);TomatoPowder(5g):MintPowder(1.5g):Citricacid(0.1

g):KMS(0.25g) was selected as the superior blend for the development of spicy

avocado spread.
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The result of chemical and nutrient analysis of sweet avocado fruit spread

revealed that it contain Carbohydrate(l Ig/IOOg), Total sugars(1.8g/100g),

Reducing sugars(0.6g/100g). Dietary fiber(6,89/100g), Protein{3.1g/100g), Total

fat{42g/100g), Calcium(0.238mg/I00g), lron(0T2mg/100g), Potassium(

432mg/100g)» Sodium(6.3mg/100g),Total mineraIs(T45g/100g), Beta

carotene(140mg/100g), Vitamin C(7.32mg/I00g), Total phenolic

content(81.4iiig/100g),Total antioxidant activity(423mg/100g.

Chemical and nutrient analysis of spicy avocado fruit spread showed

that it contained Carbohydrate(8.18g/100g), Total Sugars(0.98g/100g), Reducing

sugars (0.78g/100g), Dietary fiber(6.12g/]00g), Protein(3.9g/I00g), Total

iat(57g/l OOg), Calcium(0.267mg/1 OOg), Iron(0.97mg/1 OOg),

Potassium(482mg/100g), Sodium (7.3mg/100g), Total minerals(2.06g/100g), Beta

carotene(265mg/I OOg),Vitamin C (19.1mg/100g), Total Phenolic

Content(78mg/100g) with an Antioxidant Activity(520mg/100g).

The nutrient constituents of sweet and spicy avocado fruit spreads were

compared with respect to the nutrient constituents of raw avocado fruit. Chemical

composition of raw avocado fruit contained Carbohydrate(8.53g/100g), Total

sugars(0.3g/100g). Reducing sugars(0.2g/100g). Dietary fiber(6.7g/I00g),

Protein(2g/100g), Total fat(!9.4g/100g), TSS(6%rix), Calcium(12mg/100g),

Iron(0.55mg/100g), Potassium(345mg/100g), Sodium(5.5mg/100g), Total

minerals(1.22g/100g). Beta carotene(417mg/100g), Vitamin C(6mg/100g), Total

phenolic content(20.45mg/100g). Total Antioxidant Aclivity(340mg/100g.

The shelf stability of the developed avocado fruit spreads were assessed by

storing the fruit spreads in glass bottle, plastic bottle and polyethylene bags at

ambient and refrigerated condition. The acidity, moisture, peroxide value and

microbial count were determined initially and at weekly intervals.

During the shelf life studies, it was observed that acidity, moisture,

peroxide value and microbial count show significant changes with respective to

packaging material and temperatme. The acidity, moisture, peroxide content was
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observed higher in sweet and spicy avocado fhiit spread stored in polyethylene

bags at ambient temperature and the lowest content of was observed in sweet and

spicy avocado fruit spread stored in glass bottle at refrigerated temperature.

Consumer acceptance study revealed that sweet spread (T3) had a score of

8.5 and spicy spread (T5) had a score of 7.56 .The cost of products were

Rs.550/Kg and Rs.600/Kg for sweet and spicy fruit spreads respectively.

Avocado being a perishable fruit with poor shelf life qualities, cannot be utilized

for the development of shelf stable products. The present study highlighted that

sweet and spicy avocado fruit spread with high consumer acceptability can be

developed, branded and marketed successfully.
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APPENDIX-I

SCORE CARD FOR SENSORY QUALITIES OF THE PRE-TREATED AVOCADO

Product: Pre-treated Avocado

Tested by:

Particulars Criteria Scores T1 T2 T3 T4 T5 T6 T7 T8 Control
Appearance Excellent

Good

Satisfactory
Mediocre

Poor

5

4

3

2

1

Texture Excellent

Good

Satisfactory
Mediocre

Poor

5

4

3

2

1

Taste Excellent

Good

Satisfactory
Mediocre

Poor

5

4

3

2

1

Colour Excellent

Good

Satisfactory
Mediocre

Poor

5

4

3

2

1

Flavour Excellent

Good

Satisfactory
Mediocre

Poor

5

4

3

2

I

Overall

Acceptability
Excellent

Good

Satisfactory
Mediocre

Poor

5

4

3

2

I

\



APPENDIX-II

SCORE CARD FOR ASSESSING THE ORGANOLEPTIC QUALITIES OF SWEET
AVOCADO FRUIT SPREAD

Sample: Sweet Avocado Fruit Spread

Instructions: You are given 5 sweet avocado spread samples. Evaluate them and give scores
for each criteria

Criteria Scores

1 2 3 4 5

Appearance

Taste

Colour

Flavour

Odour

Overall

Acceptability

Score

Like extremely 9

Like very much 8

Like moderately 7

Like slightly 6

Neither like or dislike 5

Dislike slightly 4

Dislike moderately 3

Dislike very much 2

Dislike extremely 1
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APPENDIX-in

SCORE CARD FOR ASSESSING THE ORGANOLEPTIC QUALITIES OF SWEET

AVOCADO SPREAD

Sample: Sweet Avocado Fruit Spread

Criteria Scores

Appearance

Taste

Colour

Flavour

Odour

Overall Acceptability

Score

Like extremely 9

Like very much 8

Like moderately 7

Like slightly 6

Neither like or dislike 5

Dislike slightly 4

Dislike moderately 3

Dislike very much 2

Dislike extremely 1
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APPENDIX-IV

Score card for assessing the organoleptic qualities of spicy avocado fruit spread

Sample: Spicy Avocado Fruit Spread

Instructions: You are given 5 spicy avocado spread samples. Evaluate them and give scores

for each criteria

Criteria Scores

I 2 3 4 5

Appearance

Taste

Colour

Flavour

Odour

Overall

Acceptability

Score

Like extremely 9

Like very much 8

Like moderately 7

Like slightly 6

Neither like or dislike 5

Dislike slightly 4

Dislike moderately 3

Dislike very much 2

Dislike extremely 1
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APPENDIX-V

SCORE CARD FOR ASSESSING THE ORGANOLEPTIC QUALITIES OF SPICY

AVOCADO FRUIT SPREAD

Sample: Spicy Avocado Fruit Spread

Criteria Scores

Appearance

Taste

Colour

Flavour

Odour

Overall Acceptability . >

Score

Like extremely 9

Like very much 8

Like moderately 7

Like slightly 6

Neither like or dislike 5

Dislike slightly 4

Dislike moderately 3

Dislike very much 2

Dislike extremely 1
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