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The research work was carried out at Horticulture laboratory, Agrotechnology Discipline,

Khulna University, Khulna-9208, Bangladesh to determine the physico-chemical

characteristics of 30 selected sapota germplasm available in the south-western region of

Bangladesh during February to July, 2011. The experiment was laid out Molecular in

Completely Randomized Design (CRD) with three replications. A significant variation was

found among the germplasm in relation to fruit characteristics and organoleptic taste. Better

performance was showed by germplasm No.80 in respect of individual fruit weight

(94.39gm), edible portion (84.89gm) and vitamin-C content (11.8Omg/lOOg). The highest

fruit width (5.33cm) was observed in germplasm No. 63, the highest length (5cm) in

germplasm No. 51. While germplasm No. 62 the highest pH (6.54) while the highest TSS

(26.00%) was recorded the highest ingennplasm No.54. Contents of carotenoids 76 (O.4lmg

1100 g), anthocyanin(1.28 mg 1100 g) and flavonoids(15.57 g IIOOg) were highest in the

germplasm 76, 66 and 72 respectively. The overall findings indicate that sapota is rich in

nutrients.
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Chapter I (Introduction)

Introduction
Sapota (Achras sapota) belongs to the domain: Eukaryota, kingdom:Plantae,subkingdom:

Viridaep/antae, phylum: Tracheophyta , subphylum: Euphyllophytina , infraphylum:

Radiatopses, class: Magnoliopsida , subclass: Dilleniidae , superorder: Primu/anae

,order: Sapotales , family: Sapotaceae , genus: Achras ,species: sapota, and botanical

name: Achras sapota.

Sapota, popularly known in India as chiku, is native to tropical America most probably to

south Mexico or Central America This plant is also grown for its Latex. Chicle and gutta

parcha are extracted from its latex. These are used as a base material in chewing gum and

in some other industrial products. In India it is cultivated for fruits which are liked all
over the country. The fruit is a fleshy berry, variable in shape, size and weight (75-

150g). The skin is thin, rusty brown somewhat scurfy looking like Irish potato, and the

pulp soft, melting, crumbling with a sandy or granular texture with 1-5 hard, black seeds.

The fruit is a good source of digestible sugar (12-18%) and an appreciable source of

protein, fat, fibre, minerals, calcium and iron. It has become a very popular fruit crop in

Gujarat, Maharashtra, Karnataka, Tamilnadu, Andhra Pradesh and Kerala. It has now

spread all over the tropical belt and is being grown as a major commercial crop in India,

Sri Lanka, Indonesia, Malaysia and Bangladesh. The tree grows very fast and is wind and

drought resistant suitable for dry arid regions with scanty rains. However, irrigation

during summer season results in good fruit yield. Seeds brown or black, shiny blackish

brown, flattened shape and large. Brown seeds contain saponins, quercetin, and oil as

much as 23 percent.

y

In addition to a rich sugar contain other nutrients such as minerals, vitamins,

carbohydrates and dietary fiber. The fruit is also good for heart health and blood vessels.

Sapodilla fruit (Achras sapota L) sweet fragrance and taste delicious. Brown fruit is

usually consumed in fresh condition. Taste of the sap is still often attached to the mouth.

Under conditions of ripe, this fruit can be made into a beverage or as a mixture of ice

cream. However, it has not been commercially cultivated all over the world. In India, Sri

Lanka, the Philippines, Mexico, Venezuela, Guatemala, and Central America, sapodilla

fruit is cultivated commercially. Sapodilla seeds should not be consumed because

hydrocyanic acid content high enough to be toxic. Meanwhile, interest sapodilla is a key

1



Chapter J Gntroduction)

ingredient in parem, namely traditional medicine powder rubbed on the body in new

mothers. Sapodilla fruit, sweet flavor makes the fruit's many fans. This fruit is a good

source of potassium, i.e 193 mg/IOO g. On the other hand, sapodilla also has low sodium

content, 12 mg/IOO g. Comparison of potassium and sodium content reaches brown 16:1

makes very good for the heart and blood vessels. Apart from potassium rich, brown also

contains a number of other important minerals. Vitamin C can react with a variety of

minerals in the body. Vitamin C plays an important role in the metabolism of copper. In

addition, consumption of adequate amounts of vitamin C can help increase iron

absorption. Vitamin C can also interact with a variety of other vitamins such as vitamin E

which functions as an antioxidant. Sapodilla fruits also contain folic acid, 14 g. mkg/100

Folic acid is needed for the body's red blood cell formation. Folic acid also helps to

prevent the formation of homocysteine which is very harmful for health. Other vitamins

also contained in brown fruit are: riboflavin, niacin, B6, and vitamin A. While it can be

used as a source of vitamins and minerals. Sapodilla should not be given to infants

because of the sap are feared to disturb the digestive tract. Sapodilla fruit also contains a

lot of sugar so good for use as an energy source. However, this fruit is not recommended

for people with diabetes mellitus because it can increase blood sugar levels

quickly.Sapodilla can grow to more than 30 m (98 ft) tall with an average trunk diameter

of 1.5 m (4.9 ft). The average height of cultivated specimens, however, is usually between

9 to 15 m (30 to 49 ft) with a trunk diameter not exceeding 50 cm (20 in). It is wind-

resistant and the bark is rich in a white, gummy latex called chicle. The ornamental leaves

are medium green and glossy. They are alternate, elliptic to ovate, 7-15 cm long, with an

entire margin. The white flowers are inconspicuous and bell-like, with a six-lobed corolla.

(Mark, et al., 2010)

y

The fruit is a large ellipsoid berry, 4-8 em in diameter, very much resembling a smooth-

skinned potato and containing two to five seeds. Inside, its flesh ranges from a pale

yellow to an earthy brown color with a grainy texture akin to that of a well-ripened pear.

The fruit has a high latex content and does not ripen until picked. The fruit has an

exceptionally sweet malty flavor. Many believe the flavor bears a striking resemblance to

caramel. The unripe fruit is hard to the touch and contains high amounts of saponin,

which has astringent properties similar to tannin, drying out the mouth. (Royen, et al.,

2009)

2



Chapter I (Introduction)

The trees can only survive in warm, typically tropical environments, dying easily if the

temperature drops below freezing. From germination, the sapodilla tree will usually take

anywhere from 5-8 years to bear fruit The sapodilla trees yield fruit twice a year, though

flowering may continue year round. (Ali, et al., 2010).The sapote (Pouteria sapota),

which originates from the lower parts of Central America, is a fruit-tree with tree

pollination, which generally multiplies by seed. Its fruit may be eaten raw or green and

the flesh is used to make jams, icecreams and sauces; when cooked, it can be an

acceptable substitute for apple puree and may also be used in confectionery.(Chaughule,

et al., 2002). Chemical analysis shows that 100 g of sapote flesh contains 65.6 percent

water, 1.7 g of protein. 0.4 g of fat, 31.1 g of carbohydrates, 2 g of fibre, 1.2 g of ash, 40

mg of calcium, 28 mg of phosphorus, I mg of iron, 115 mg of vitamin A, 0.01 mg of

thiamine, 0.02 mg of riboflavin, 2 mg of niacin and 22 mg of ascorbic acid. (Brito and

Narain, 2002)

In some parts of Mesoamerica, ground sapote seeds are used to give chocolate a bitter

flavour and characteristic aroma; in Costa Rica, they have been used as a linen starch. In

Guatemala and El Salvador, the oil from the seed is used as a skin tonic, to prevent

baldness, to reduce muscular pain and to treat rheumatic ailments. (Moore & Steam,

2009)

Bangladesh is one of the over populated country in the world where most of the people

live below the poverty line. It is difficult to fulfill their nutritional demands. Most of the

exported fruits are expensive and due to this it is not possible to consume such types of

fruits by all people. To meet the nutritional demand of the people of Bangladesh, sapota

can playa vital role as a source of vitamins, minerals and other nutrients. As it grows in
our country so it is possible to take it at a cheap rate. The climate of Bangladesh is

suitable for sapota production but it is not cultivated widely, By determining the physical

and chemical characteristics of this fruit it can be possible to obtain its nutritive value and

other characteristics.The discussion made above indicated that giving attention to increase

the production of sapota in context of Bangladesh is very essential. Unfortunately, the

number of mentionable experiment on this fruit is very few in the country. So the present

study was undertaken with the following objectives:

1. To study the physical properties of sapota.

2. To analyse the chemical composition of sapota to understand the nutritional facts.

3
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Chapter II (Review of literature)

REVIEW OF LITERATURE

f

Sapota (Achras sapota.) is an important fruit crop of our country. The highest sapota

growing countries in India, Pakistan , Southern Mexico, Central America and the

Caribbean. Sapota is considered as one of the most important and nutritious fruits that has

gained commercial importance over the years because of its various uses. It is a fruit,

being a good source of carbohydrates, minerals, vitamin A, Vitamin C, pectin and

alkaloids. Bangladesh produces a huge quantity of fruits annually. Sapota is also an

important fruit grown almost throughout Bangladesh. The production of sapota at Khulna,

Josshore and Chittagong is famous for its growth and fruiting. ( Hallwell et at 1992).

Although sapota is one of the most important tropical fruit, a very little study has so far

been made on its physico-chemicaL characteristics of sapota. A review of the available

information relating to the present study is presented below.

Health benefits of sapota: The sapota juice can be used as a nutritional and nutraceutical

product, which is a rich source of polyphenols. The multifunctional properties exhibited

by the sapota juice can be used as a health-promoting beverage. Sapodillas are available
all around the season in the markets. Harvesting is usually done by plucking each fruit

gently as in mango. It is often difficult to tell when a sapodilla is ready to harvest. Mature

fruit appears brown and easily separates from the stem without leaking of the latex.

Scratch the fruit to make sure the skin is not green beneath the semi. In the store, buy

fresh sapodilla with smooth intact skin and without cuts/cracks, bruises or wrinkles.

Mature but unripe fruits must be kept at room temperature for 7 to 10 days to ripen. Firm,

ripe sapodillas can keep well for several days in the home refrigerator, and at 350 F, they

can be kept for 6 weeks. The fruit is usually consumed fresh without any additions.

Sapota, also called chiku, is a kind of fruit mainly grown in India due to its potent health

benefits. In Guatemala. Mexico and other nations, sapota is grown commercially fur
making chewing gum. Consumption of sapota is recommended in herbal medicine as it is

also thought to have innumerable medicinal uses. Further below are some of the major

benefits of sapota.

Antioxidant vitamins: Sapota comprises of sufficient antioxidant vitamins such as vitamin

A and vitamin C. Vitamin A helps to ensure proper vision and it is vital for maintaining

healthy skin and mucus membranes. High intake of natural sources pf vitamin A like

5
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sapota is believed to offer protection from oral cavity and lung cancer. Similarly, vitamin

C assists the body to develop a resistance against pathogens and destroy free radicals.

Tannins: Sapota contains the polyphenol compound tmnin, which has been shown to

have powerful antibacterial, anti-parasitic and antiviral effects. Actually, tannins have

several beneficial applications medicinally where they act like remedies for hemorrhoids

and diarrhea.

Fiber: Fiber is a key part of a good nutrition as it benefits the body in several ways.

Sapota has lots of dietary fiber that assist to alleviate constipation episodes. The fiber also

helps to protect IIlllCOUS membranes present in the colon from the cancer inducing toxins

through binding firmly to them.

Highly nutritious: Fresh sapota fruits are great sources of several nutrients and minerals

like copper, iron, pantothenic acid and niacin. These nutrients are important for ideal

health because they are involved in several metabolic body processes as enzyme

cofactors.

Anti-inflammatory properties: Tannins found in sapota fruit have anti-inflammatory

properties and assist to eliminate health conditions like IBS and erosive gastritis. The high

fiber amo~ present in sapota may cause stomach problems like gas. especially when

consumed inhigh amounts.

The more benefits are:

• Sapodilla is rich in dietary fiber (5.6 gllOOg), which makes it a good bulk laxative.

The fiber content helps relieve constipation episodes and also helps protect the

mucous membrane of the colon from cancer causing toxins by finnly binding to

them.

• The fruit is rich in antioxidant poly-phenolic compound tannin. Tannins are a

complex family of naturally occurring polyphenols that neutralize acids by

precipitating proteins. Research studies found that tannins have shown to have

potential anti-inflammatory, antiviral, anti-bacterial and anti-parasitic effects.

Hence, these compounds have many useful medicinal applications such as anti-

diarrheal, hemostatic (stops bleeding) and as a remedy for hemorrhoids.

6



Chapter II(Review of literature)

• Furthermore, the anti-inflammatory effect of tannins help limit conditions like

erosive gastritis, reflux-esophagitis. enteritis and irritating bowel disorders. Some

other fruits that are rich in tannins include pomegranate, persimmon. gnlf)W ••etc.
• Sapota contains good amount of antioxidant vitamins like vitamin C (24.5% of

recommended daily intake per 100 g of fruit) and vitamin A. Vitamin A is

essential for vision. It is also required for maintaining healthy mucus membranes

and skin. Consumption of natural fruits rich in vitamin A known to protect from
lung and oral cavity cancers. So also, consumption of foods rich in vitamin C

helps body develop resistance against infectious agents and scavenge harmful free

radicals.

• Fresh ripen sapodilla are good source of minerals like potassium, copper. iron and

vitamins like folate, niacin and pantothenic acid. These compounds are essential

for optimal health as they involve in various metabolic processes in the body as

cofactors for the enzymes.

Table: A: below for in depth analysis of nutrients:

Sapota (Achras sapota), fresh, Nutritive value per 100 g. (Source: USDA National

Nutrient data base)

PriD~ip~ NgmmtV~l~ P~~t3~f)fRPA
Energy 83 Kcal 4%

Carbohydrates 19.9 g 15%

Protein O.44g <1%

Total Fat 1.10 g 3.5%

Dietary Fiber 5.3 g 14%

Vitamins:

Folates 14mcg 3.5%

Niacin 0.200mg 1%

Pantothenic acid 0.252mg 5%

Pyridoxine 0.037 mg 3%

Riboflavin O.020mg 1.5%

Thiamin O.058mg 5%

7
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Prin~pl~ N"tri~ntV31g~ P~mnt31f 91llDA
Vitamin A 60IU 2%

Vitamin C 14.7mg 24.5%

Electrolytes :

Sodium 12mg 1%

Potassium 193 mg 4%

Minerals:

Calcium 21 mg 2%

Copper 0.086mg 9%

Iron O.8Omg 10%

Magnesium 12mg 3%

Phosphorous 12mg 20/0

Zinc 0.10 mg 1%

2.1 Pbysieal Cbaraeteristies.
Size of the fruit that major diameter of sapota (cricket ball variety)in various weights was

found to be in the range of 4.85cm to 8.35cm,similariy intermediate diameter 4.59 to

7.71cm, and minor diameter between 3.91 to 8.48cm.According to the standard for fruits

and vegetables. (Mohensin, 1996).

It was observed that sphericity value of sapota fruit ranged from 0.91 to 0.98 and an

average of O.9S.This value being closer to one, it was to be inferred that the fruit could

considered as spherical object. This explains the ease of rolling of the fruit on the grader.

The fruit weight varied from 42.lg to 290.5g.The variation in t® weight of the fruit was
in agreement with.(Laxminarayana , 1980).

Adhaoo (1976) reported that surface area of sapota ranged from 45 - 290cm2.The angle

of repose of sapota fruit in their natural heaped position was found to be 24 degrees. This

property was useful in finalizing the angle for singulation unit, since singulation unit is
mounted at an angle of 40 degrees to horizontal there was no rollback of fruits during

carrying. The moisture content on wet basis for sapota fruit was found to be 77.7%.

Moore & Steam (2009) stated that sapota may be round, ovoid or elliptic, often bluntly

pointed at the apex, varies from 3 to 9 in (7.5-22.8 em) long, and ranges in weight from
1I21b to 5 Ibs (227 g-2.3 kg).

8
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Morton and Miami (1987) observed that sapota may be nearly round, oblate, oval,

ellipsoidal, or conical; varies from 2 to 4 in (5-10 em) in width. When immature it is hard,

gummy and very astringent. Though smooth-skinned it is coated with 11 sandy brown
scurf until fully ripe. The flesh ranges in color from yellowish to light- or dark-brown or

sometimes reddish-brown; may be coarse and somewhat grainy or smooth; becomes soft

and very juicy, with a sweet flavor resembling that of a pear. Some fruits are seedless, but

normally there may be from 3 to 12 seeds which are easily removed as they are loosely
held in a whorl of slots in the center of the fruit. They are brown or black, with one white

margin; hard, glossy; long-oval, flat, with usually a distinct curved hook on one margin;

and about 114 in (2 em) long.

Brito and Namin (2002) observed that the average diameter and length of the half-ripe

sapota fruit were 7.5 and 6.4 em, respectively, and there was a significant difference in

these parameters between the mature green and the half-ripe stages (Table 2). There was a

greater increase in diameter than in the length during the change from mature green to

half-ripe. The fact that the diameter was greater than the length classifies the fruit more

towards round in shape. In a total of twenty-three cultivars studied, only six had round

fruits, and all these six fruits had a higher standard deviation than the fruits of cultivar

ltapirema-31 (Lakshminarayana & Rivera, 1979; Moura et at 1983). From the mature

green to the half-ripe stage there was a great increase in the weight of the fruit, from an

average of91.9 to 198.4 g. Fruits of Itapirema-31 were smaller than the three Mexican

cultivars (Lakshminarayana & Rivera. 1979). but the standard deviation of the Brazilian
fruit was lower which leads to a more uniform fruit weight.

The large sized ftuits along with good quality, were produced during the winter season,

the fruits of monsoon season were inferior in quality. In general. the variety CO·2 is

moderate with respect to the physical characters of sapota fruits. However, the variety

Kalipatti, which is commercially adopted and grown on large scale by farmers of south

Gujarat region because of its high yielding potentiality and good quality-with longer shelf

life of fruits than all other varieties. (Vahora et aL, 2009)

2.2 ChemigtJ Charaetcristits
Chemical composition analysis of sapota juice revealed that it is one of the rich sources of

sugars, proteins, ascorbic acid, phenolics, carotenoids and minerals like iron, copper, zinc,

calcium and potassium. Apart from the nutritional components just given, sapota juice

9
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showed potential antioxidant activity against Ll-diphenyl-z- picrylhydrazyl free radicals

and superoxide radicals. Sapota juice potentially inhibited the free radical-mediated lipid

peroxidation in a liposolJle model system. Total reducing-PQw~r im~ay revealed the
potential reducing power of sapota juice. The multiple radical-scavenging potential of

sapota juice was found to be due to its nutracentical components, viz., phenolics,

carotenoids and ascorbic acid. (Kulkarni et aL, 2006)

LYDch (2005) observed that in terms of fruit quality. the acids and sugars are important

components, which provide characteristic taste and flavor to fruits and their products. The

quality of the sapota fruit juice is often expressed in terms of sweetness-to-sourness ratio

(Brixlacid). Titrable acidity (as percent citric acid) of sapota juice was found to be about

fr.16-0.01. Titrable acidity is the measure of the total or potential acidity, i.e., total

number of acid molecules, both protonated and unprotonated. The lesser the titrable

acidity, the lesser will be the sourness. One more quality index of fruit, Le., the TSS

content of sapota, was found to be 20.68-1.2%. The high Brixlacid ratio (129.25)

rendered the sapota as one of the sweetest fruits. Sapota juice was found to contain

moderate amount of sugar and protein, and it was also found to be a good source of

ascorbic acid, carotenoids and phenolics .Ascorbic acid, carotenoids and phenolics were

reported to have many health beneficial properties. Apart from the nutritional components

just given, sapota juice was found to be a good source of transition metals, viz., iron,

copper and zinc. The presence of these transition metals is one of the important

nutritional qualities of sapota juice. because deficiency of transition metal ions continues
to be the most prevalent nutritional deficiency disorder in the world, affecting an

estimated two billion people, most of who live indeveloping countries.

Kwong et al. (2004) stated that Sapota juice is a good source of iron, copper, zinc,

calcium, potassium which are most essential mineral requirements for the normal
functioning of a biological system.

Genotypes of sapote were characterized based on chemical characteristics of fruits.

Variability of sapota attributed to chemical characteristics of fruits. Those were the

chemical compositions obtain arc titratable acidity (TA), protein, total soluble solids

(TSS), TSS to TA ratio and TSS to pH ratio. Fruit weight, mesocarp thickness, and the

ratio of total soluble solids to titratable acidity were dominant in the first function; and

fruit weight and mesocarp thickness were dominant in the second. These morphological

variables could be used for selecting sapo1e mamey trees with uniform fruit quality for

either direct consumption or processing. (Mccarty, 2004)

10
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Marney sapote (Pouteria sapota) is a tropical species from the Sapotaceae family native

to Mexico and Central America. Its tree produces an edible climacteric fruit, whose

weight can nmge from 250 to 900 g. The flesh is soft. comprises about 78% of the fruit,
and has high sugars to acidity ratio. which gives it a sweet taste when ripe. Because of

current public interest to consume products that promote health, the aim of the work was
to characterize soluble phenolic content and antioxidant activity in mamey sapote fruits

from Chiapas, Mexico. at different maturity stages. Storage at 12 (± 1) °C was conducted

for 18 d. When fruits ripened firmness flesh varied, in average, from 41.8 to 3.0 N,

soluble solids content from 17.7 to 28.1 °Brix, hue angle from 56.4 to 46.3°, and lightness

from 67.3 to 42.0. Antioxidant activity, expressed through the ICso parameter, remained

practically unchanged and showed an average value of 12.9 J,tg/mL. Based on phenolic

composition the mamey sapote fruit may constitute a good source of antioxidant

compounds (Orwa et at; 2009).

Chemical compounds in fruits and vegetables have gained great importance in the last

few years because of the increasing evidence suggesting their antioxidant and prevention

of chronic diseases. Carotenoids, phenolics, flavonoids, and vitamins E and C, are among

these phytochemicals. Several fruits have been characterized so far for their antioxidant

and health properties but there is still limited information on fruits from the tropic. Total

carotenoid content was 1127.9 J.1gjH;arotenellOO g fw with p..carotene being the main

contributor. in addition to lutein. and violoxanthin. Concentration of &-tocopherol was

360.0 J,lgllOOg fw. Infact, sapota fruit is a good source of carotenoids and its inclusion in
the diet is recommended.(Yahia et al; 2010)

Shui et aL (2004) reported that the mature ripe sapota is granted as a tasty fruit. This fruit

is also used to make jelly, jam, condiment etc.

From the above review of literature it is revealed that a wide variation is found in respect
of physico-chemical characteristics of sapota. But less number of works has been done on

these topics of the fruit in Bangladesh. Therefore the present study was undertaken to

evaluate the physico-chemical properties from sapota germplasm available in the south

western region of Bangladesh.
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MATERIALS AND METHODS

The experiment on physico-chemical characteristics from sapota was carried out during

the period from February to July, 2011. In the study, 30 germplasm were selected from

south western region of Bangladesh. Three fruits from each of the germplasm were

randomly collected and brought to the Horticulture Laboratory of the Agrotechnology

Discipline of Khulna University, Khulna for laboratory analysis.
iii

--
3.1 Experiment No.1

Study on physico-chemical characteristics of sapota.

3.2 Experimental Design

The experiment was laid out m Completely Randomized Design (CRD) with three

replications.

'"1

3.3 Experimental Materials

Thirty germplasm selected as the experimental materials for the investigation. Ninety

mature fruits, 3 from each plant were collected for the study. The list of germplasms with

their location and data are presented in Appendix IX.

3.4 Methods of Studying Parameters

The genotypes were characterized and evalulated based on physical and chemical

parameters.
-

-

3.4.1 Organoleptic Tests of sapota

A panel of five fmal year students of Agrotechnology Discipline was selected randomly

and invited to Molecular Horticulture Laboratory to taste physical properties of 30

germplasm of sapota. One organoleptic test sheet was supplied to each student. Slices of

three sapota fruits of each germplasm were supplied to each student. They recorded their

personal remarks/feelings about juiceness, softness, flavor, sweetness, sourness, and

bitterness on the supplied sheet.

13
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3.4.2 Physical Parameter

3.4.2.1 Determination of weight of fruits

The fruit weight was measured by an electric balance. The fruits were cleaned and

weighted by keeping the fruit on the chamber of the balance.

3.4.2.2 Determination of size of fruits

Length and width of the fruits were determined by a slide calliper.

3.4.2.3 Determination of weight of skin of fruits

Skin weight was measured by an electric balance. At first, the balance was adjusted to

zero mark. By using a sharp knife the skin was peeled out from fruit. Then the weight of

skin was weighted by keeping it in the chamber of balance and the reading was taken in

gram (g).

3.4.2.4 Determination of weight of stone of fruits

The weight of stone of fruit was measured by an electric balance. At first, the balance was

adjusted to zero mark. After separating the skin from the fruit, by using a sharp knife the

stone was separated from the fruit pulp. Then the weight of the stone was estimated by

keeping it in the chamber of balance and the reading was taken in gram (g).

3.4.2.5 Determination of weight of edible portion of fruits

The weight of edible portion of fruit was measured by an electric balance. At first, the

balance was adjusted to zero mark. After removing the skin and stone from fruit the

remaining edible portion (pulp) was estimated by keeping it in the chamber of balance

and the reading was taken in gram (g).

3.4.2.6 Determination of weight of non-edible portion of fruits

Weight of non-edible portion of the fruit was measured by subtracting the weight of

edible portion from the total weight of fruit This weight was measured in gram (g).

14
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3.4.2.7 Determination of percentage of edible portion of fruits

The percentage of edible portion of fruit (pulp) was calculated by the following formula:

Weight of edible parts
Percentage of edible portion = x 100

Weight of whole fruit

3.4.2.8 Determination of percentage of non-edible portion of fruits

The percentage of non-edible (skin and stone) portion of fruit was calculated by the

following formula:

Weight of non-edible parts
Percentage of non-edible portion = X 100

Weight of whole fruit

3.4.3 Chemical characteristics

The methods for the estimation of pH, TSS, Titrable acidity, vitamin C, Carotenoids,

Anthocyanin and Flavonoids of fruit pulp were followed as described by Mazumdar and

Majumdar (2001) and Saini et al. (2006). The data were analyzed by fresh weight basis.

3.4.3.1 Determination of pH of fruit pulp

The pH of fruit pulp was measured by a desktop pH meter (The pH of the fresh juice was

measured using Control Dynamics pH meter calibrated with standard buffer pH 7.)

Preparation of standard buffer solution

pH 7 and pH 4 buffer tablet was dissolved in water and made up the mark of 100 mJ with

distilled water.

Extraction of fruit juice

For the determination of pulp pH, 5g of fresh pulp was taken in a conical flask with 10 ml

of distilled water. Then the pulp was crashed by using blender and extract was filtrated

through two layer of cloth.

Procedure

The standard buffer solution of pH 7 was taken into a clean and dry beaker. The electrode

assembly of the pH meter was dipped into the solution. The temperature correction knob

was set to 28°C and the fine adjustment was made by asymmetry potential knob to pH 7.

15
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After washing with distilled water the electrode assembly was dipped into a solution of

standard pH 4 and adjusted to the required pH by fine asymmetry potential knob. The

electrode assembly was raised, washed twice with distilled water then rinsed with sapota

juice and finally it was dipped into the juice of sapota and pH was recorded from the

meter.

3.4.3.2 Determination of Total Soluble solids (TSS)

Equipment:

Hand refractometer

Procedure

TSS content of the juice was determined as percent °Brix with a digital refractometer

(ATAGO RX-5000) calibrated with distilled water.A drop of juice from the pulp of

sapota was placed on the prism of the refractometer and percentage of total soluble solid

was obtained from direct reading. Temperature correction was made as described by

Ranaganna (2001).

3.4.3.3 Determination of titratable addity(T -acidity) in fruit pulp

Titrable acidity was determined by AOAC (1990) method. In brief, about 2-3 g of sapota

juice was titrated against O.l-N NaOH with phenolphthalein indicator until a pink color

persisted.

Reagents:

A. Sodium hydroxide (NaOH): 0.1 normality (N).

B. Indicator: Phenolphthalein (C2oH1404) [approx. 0.5 % in 80% ethanol (WN)].

Equipment:

Ten millilitre pipette, 25 ml burette, small glass funnel, dropper, blender, 250 m1

measuring cylinder, burette stand and beaker.

Procedure:

• 30 g of tissue sample by weight was taken. This was extracted with distilled

water by through crushing in blender. Extract was filtered and the filtrate was

made upto 100 mJ with distilled water.

16
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• 15 ml of aliquot was taken into a conical flask. Three to four drops of

phenolphthalein solution were added to this aliquot and shaken well.

• A burette was filled with the sodium hydroxide solution after washing and

rinsing.

• Titration was done and end point was determined by the appearance of pink

colour and its persistence for at least 10 to 15 seconds.

Calculation

In term of citric acid 1 ml of O.lN NaOH solution can neutralize 0.064 g of citric acid.

Therefore percentage oftitratable acidity in the sample as equivalent of citric acid

d x 0.064 xc
% Titrable acidity = X 100

axb

Where,

a = Weight of sample.

b = Volume of aliquot taken for examination.

c = Volume made with distilled water.

d = Average burette reading for sample.

Observation Chart

Serial No Initial burette reading Final burette reading Volume of alkali

consumed

1

2

3

17
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3.4.3.4 Determination of vitamin C (ascorbic acid) content

Principle:

Titrimetric estimation of Vitamin-C is conventionally done using 2,6 dichlorophenol

indophenol dye solution. This dye is blue in alkaline solution and red in acidic solution.

Ascorbic acid reduces the dye to a colourless form. Reaction is quantitative and specific

for ascorbic acid at pH 1.0-3.5

Apparatus:

};> Volumetric flask 250 ml,

};> Conical flask 250 ml,

» Beaker 150 ml,

};> blender,

};> Water bath

);> Burette 250 ml and

};> Pipette.

Reagents used for the estimation of vitamin C content

(A) Metaphosphoric acid (HP03): 3 percent in distilled water (WN).

(B) 2,6- dichlorophenol indophenol (C12H6C2NNa02, 2H20) solution 0.025 percent

(50 mg 2,6- dichlorophenol indophenol is weighed and taken in a beaker. 42 mg

sodium bicarbonate (Na2HC03)is added to it It is then dissolved in little amount

distilled water and the volume is made upto 200 ml with distilled water).

(C) Standard ascorbic acid (C6Hg06) solution: 0.01 percent III 3 percent

meta phosphoric acid (WN).

Preparation of Standard ascorbic acid solution: 0.01 percent III 3 percent met

phosphoric acid (w/v).

Standardization of Dye solution: The dye solution is needed to be standardized

simultaneously. For this 5 ml of standard ascorbic acid solution was taken in a clean

beaker to which 5 ml of 3% metaphosphoric acid solution was added with the help of a

18
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pipette. This solution was titrated against the dye till a faint pink colour was obtained

which persisted for more than 15 seconds.

Estimation of ascorbic acid

30 g of fruit flesh was weighed and blended it with equal weight of 3% Meta phosphoric

acid for 3 to 4 minutes. 15 g of this slurry was used in a 100 ml volumetric flask and

volume was made by adding 3% Meta phosphoric acid. This juice was filtrated through a

fast filter paper (Wbatman No. 42).

Titration

The burette was filled with standardized 2, 6-dichlorophenol; indophenols dye reagent.l 0

cc of filtered solution was taken in a conical flask and titrated immediately against

standard dye solution, till faint pink color was observed which persisted for not less than

15 seconds.

Procedure:

1. Known amount of tissue sample by weight is taken. This is extracted with

3 percent metaphosphoric acid (Reagent-A) by thorough crushing. Extract

is filtered and filtrate is made upto a known volume with 3 percent

metaphosphoric acid.

2. A known volume of aliquot is taken in a conical flask burette is filled with

in indophenol dye solution (Reagent-B) and titration is done. End-Point is

determined by the appearance of pink colour which should persist for at

least 15 seconds.

3. Standardization of the dye- solution: The dye solution is needed to be

standardized simultaneously. For this, 5 m1 of standard ascorbic acid

solution (Reagent-C) is taken in a conical flask and to this; 5 m1 of 3

percent metaphosphoric acid solution is added. Both are thoroughly mixed

by shaking and are titrated against indophenol dye solution to get the pink

colour end-point and persistence for few seconds.

19
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Observation Chart

Serial No. Initial burette reading Final burette reading Volume of alkali

consumed (ml)

1

2

3

Mean

-lJ...

Calculation:

0.5

The dye factor (d) =

Average burette reading for standardization of dye solution

Vitamin-C content in the sample is determined by the

following Formula.

e xd x b

Vitamin-C (mg per 100g)= -----------~100

cxa

Where,

a = Weight of sample

b =Volume made with metaphosphoric acid

c = Volume of aliquot taken for estimation

d =Dye factor

e =Average burette reading for sample

20



,--

Chapter III (Materials and Methods)

3.4.3.5 Determination of carotenoids of fruit pulp

Total carotenoid content was determined by spectrophotometric method described earlier

by Ranganna (2001).

Materials

Acetone AR grade 80%

Procedure

1. 1 gm of finely cut fruit sample was weighed by an electric balance.

2. The fruit sample was mixed well into a clean mortar.

3. The tissue sample was grinded to a fine pulp with addition of 20 ml of 80 % acetone.

4. It was centrifuged at 5000 rpm for 5 minutes and transferred the supernant to a 100ml

of volumetric flask.

5. The residue was grinded with 20ml of 80% acetone, centrifuged and transferred the

supemant to the same flask.

6. The procedure was repeated until the residue was colourless. The pestle and mortar

were washed thoroughly with 80 % acetone and the clear washing was collected in the

flask.

7. The volume was made to 100 ml with 80% acetone.

8. The absorbance was read at 510 nm and 480 nm against blank.

Calculations

mg carotenoids I g tissue= 7.6(A.480) - I.49(A.510) x v
1000 x 10

Where,

A= Absorbance of the specific wave length.

V= Final Volume of the Carotenoids in 80% acetone

W= Fresh weight of the tissue extracted

21



Chapter III (Materials and Methods)

.-1

3.4.3.6 Determination of anthocyanin of fruit pulp

Principle

Anthocyanin is extracted with ethanolic-hydrochloride and the intensity of the colour

appeared is measured calorimetrically. From the reading, the amount of the pigment

present is determined.

Reagents

(A) Ethanol: 95%

(B) Hydrochloric acid (Hel): 1.5 N.

(e) Ethanol-hydrochloric acid mixture: It was prepared by mixing 85 parts of Reagent A

and 15 parts of Regent B by volume.

Procedure

1. 5 g of tissue sample by weight was taken. This was extracted with ethanol hydrochloric

acid mixture. It was allowed to stand overnight at a temperature of about 4°e.

2. After extraction, the mixture was filtered through filter paper (Whatman No.1). The

extraction was repeated for maximum recovery of the pigment.

3. The extract was then made up to 15 ml with the solvent.

4. 15 ml of aliquot from the above extract was taken. It was filtered through fine (milli-

pore) filter paper.

5. The filtered aliquot was maintained in darkness for about 2 hours with cover of the

container.

6. This was then made up to 25 ml with the solvent (for colour measurement). The optical

density (O.D.) value of the solution was then measured through 535nm wavelength in a

colorimeter against blank.
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Calculation

exbxc
Total Asbsorbance Value of the sample (per 100g) = xlOO

dxa

Where,

a = Weight of sample

b = Volume made for colour measurement

c =Total volume made

d = Volume of aliquot taken for estimation

e = Volume for 535 nm

Anthocyanine (mg/JOOg) = Total absorbancel98.2

3.4.3.7 Determination offlavonoids offrnit pulp

Reagent

(A) 80% methanol.

Procedure

1. 109 of sample was taken and crushed finely.

2. 100 ml of 80% methanol was added and kept it in a water bath for 10 hours at

40°C.

3. The whole solution was filtered through a filter paper.

4. The filtrate was transferred to a crucible and then evaporated to dryness over a

water bath at room temperature.

S. The fmal finding was weighed as flavonoids.

3.5 Statistical Analysis

The collected data were statistically analyzed and means were compared by ANOV A and

Duncan's Multiple Range Test (DMRT).
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Chapter IV (Results and Discussion)

RESULTS AND DISCUSSION

The results of the study in physico-chemical characteristics of sapota are presented and

discussed in this part.

4.1 Experiment No.1: Study on physico-chemical characteristics of Sapota

Fruits of 30 sapota germplasm were studied on the basis of physical and chemical

characteristics and the results are presented and discussed under the following headings.

4.1.1 Organoleptic Tests of sapota

Data on Organoleptic Tests of sapota are presented in (Table 1).

4.1.1.1 Juiciness of sapota

Significant differences were found among 30 germplasm in respect of juice of fruit. The

highest juices (3.75) was found in germplasm No. 51,53,54,59,63,66,67,70,72,75,80

which are statistically similar with that of germplasm No. 56,58,60,69,73,78.while the

lowest juiciness (1.25) fruit was measured from germplasm No.71. (Table 1).

Table: 1 Organoleptic Tastes of sapota

r

SIno GPno Juciness Softness Flavor Sweetness Sourness Bitterness

1 51 :i./)a :i.L)a L./)anea :i.ooaD :i.)uan L.)UDea

2 52 l.suoe 3.ooa 3.zsabC 3.7sab 3.S0ab 3.S0abc

3 53 ::I.7Sa I.S0b l.7Sabed l.7Sab 3.l5ab 3.75ab

4 54 3.7Sa 3.7Sa 3.7Sao 4.00a s.soe 3.75aO

5 55 2.oobede 2.75ab 1.SOd 2.ooab 3.2Sab 3.S0abc

6 56 ::I.lSaO ::I.50a ::I.ooabed ::I.75ab ::I.L5ab 1.75a

7 57 ~·QQ~<;_Qe ~.~Qa_~ z. ~Qa_~c(l :!.._7~~ ~·QQab ~.~oa~<;_

8 58 3.2Sab ::I.L)a L./)anCa L.L)aD 4.UUD L.L)Ca

9 59 3.7Sa 3.S0a 4.ooa 3.7Sab 3.75ab 4.ooa

10 60 :i.L)aO ::I.L)a L./)aOCO L.L!>aD ::I./)aD :i.)UaDC

11 61 1. /)cae L./sao ::I.uuanca ::I.LsaD ::I.uuaD :>.::Iuaoc

12 62 ::I.UUanc ::I.uua ::I.lSabc ::I.lSab 3.S0ab 3.suanc

13 63 3.50a 2.75ab 3.ooabcd 2.25ab 3.25ab 4.00a

14 64 l.SOabecte 3.lSa 3.ooabed 3.2Sal> 3.25al> 3.25&l>e

15 65 L./)aOCO L.)UaO :i.L)aOC :i.uuaD 3.25ab 3.75ab

16 66 ::I.sua L.1sao ::I./sao 1..1S0 ::I.uuao 4.uua

17 67 :1. sua ::I.sua ::I.75ao :1. suao ::I.ooao ::I.)UaDC

18 68 L./)aDCa ::I.wa ::I.L)aOC ::I.uuao ::I.L5ao ::I./!laD

19 69 ::I.Lsao L.7sao ::I.75ao L.l5ab l.750 4.00a

20 70 3.75a .s.sua .s.7saD .s.50ao .s.75aO- 3.7SaO

21 71 1.25e 3.25a 2. 25bCd 3.25ab 3.503b 3.75ab

22 72 ::I./)a ::I.L)a .s./saD ::I.5uaD ::I.5uao 4.ooa

25
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SIno GPno Juciness Softness Flavor Sweetness Sourness Bitterness
23 73 ,j.L)aD ,j.L)a ,j.)uaoc ,j.L)aO 3.S0ab 3.7sab

24 74 L.suaDcoe ,j.L5a L.uoce j.uuaD ::1. soan j.75aD

25 75 3.7Sa l.7Sab 3.7Sab 1.7SD 3.S0ab 3.50abc

26 76 L.)UaDCOe L./)aD l.L)OCa ,j.,l)ab 3.lSab 3.S00abc

27 77 L.5uaDcae ,l./saD l.uuea j.lsaD j./saD .:L 75ab

23 73 ',Z)a!) l.~Qa!) ',7)aD Z.l!>aD '.WaD ~,7)aD

29 79 l./5aDca .:S.uua j.l)aDC ":.)UaD j.)UaD .:S.lsaDC

30 80 3.7Sa 2.S0ab L.l)DCa l.l)aO .:S.L5aD 4.uua

Avem~ 2.99 2.98 3.05 2.88 3,3~ 353

Level of 0.01 0.01 0.01 0.01 0.01 0.01
significance
C.V% 21.53 5.71 7.82 26.64 18.37 22.98

4.1.1.2 Softness of sapota

Significant differences were found among the germplasm in respect of softness of fruit.

Softness was found highest in gennplasm

No.51 ,52,54,56,58,59,60,62,64,67,68,70,72,73,74,

79 which are statistically similar with that of gennplasmNo.55,57,61,63,69.78. The

lowest softness of fruit was measured from germplasm No.53. (Table 1).

4.1.1.3 Flavor of sapota

Significant differences were found among the gennplasm in respect of flavor of fruit.

The highest flavor was found in germplasm No. 59 which was statistically similar with

gennplasm No. 54,66,57,61,67,69,70,72,75,78.while the lowest flavor fruit was measured

from germplasm No.55. (Table 1).

4.1.1.4 Sweetness of sapota

Significant differences were found among the germplasm in respect of sweetness of fruit.

The highest softness was found in germplasm No. 54 which was statistically- similar with

that of germplasm No.56,58,59,60,62,64,67,68,70,72,73,74,79 55,61,63,69,78.while the

lowest sweet fruit was measured from gennplasm No.57,66,75. (Fable 1).

4.1.1.5 Sourness of sapota

Significant differences were found among the germplasm in respect of sourness of fruit.

The highest sourness was found in germplasm No. 54 which was statistically similar with

gennplasm No.5 1,55,56,58,59,60,61,63,.62,64,67 ,68, 70,72,73,74,78,79, while the lewest

sweet fruit was measured from gennplasm No. 69. (Table I).

4.1.1.6 Bitterness of sapota

26
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(

Significant diffe~n~s were found among the germplasm in respect of sourness of fruit,

The highest bitterness was found in gennplasm No. 59,63,66,69,72 which was

statistically similar with germplasm No.53,58,65,68,7(} while the lowest bitter fruit was

measured from gennplasm No. 56. (Table 1).

4.1.2 Physical characteristics of sapota

4.1.2.1 Weight of individual fruits

The fruit weight was significantly varied among the germplasm. The germplasm No.SO

was given the maximum fruit weight (94.39 g) which was statistically similar to

germplasm No. 63 (92.13 g) while it was minimum in germplasm No. 65 (14.35 g) which

was statistically similar to the germplasm No. 61 (21.84 g), No. 66 (24.10 g). Average

fruit weight was found 60.31 g. (Table 2).

The present result fairly agrees with the report of Shirol et aI., (2009), and Brito and

Narain (2002). They reported the average fruit weight of sapota was 56.60g and 60 ..90g.

Table 2. Physical Characteristics of Sapota

SI GP frujt wti&bt (I) Frvltk_ Fntit Skm WdlJltof NOD Edible N91Jrdibk Edible
No DO. (cm) width weight stoRe (g) edible portion (g) portion (".) portioQ(%)

(cm) (gm) portion
(g)

1 31 83.65abc4c ~.OOa 5.1800 9.06bcde 1.98bc4c ll.o.tcde 72.62abc 13.16cdet' 86.MOOcd

2 52 71.94abcdefg 4.97ab S.llabc 9.91bcd 1.94bcdef I I.86bcd 6O.08abcd 16.46bcdef 83.S4abcde

3 53 58.63defgbi 4.66abcd 4.71abcd 6.48defg 1.73cdefg 8.21cdefg SO.41 bcde 14.2tbcdef SS.79abcd

4 54 78.86abcde .c.39abcder 5.19ab 6.49dcfg 1.77cdef'g 8.26cdefg 70.60abc IO.72er S9.28ab

1 S SS 69.86l1bcdefg 4.83abcd 4.87abc 8.24cdef 2.53b to.76cdef S9.10abcd IS.Slbcdef 84.49abcde

6 56 56.04efgbi 4.60abcde .JA8bed 6.02defgh l.S5defg 7.58efghi 48.47cdef 13.S9cdef 86.41abcd

7 57 81.42abcde 4.75abcd 4.87abc 7.19cdefg l.82bcdef 9.02cdefg 72.40abc 11.07ef 88.93ab
~

8 58 47.94fghij 4.29cdef 4.4O<:d 6.42defg 1.91bcdef 833cdefg 39.60defg 17.77bcde 82.23abcde

9 59 42.88gbijk 4.23def 3.71ef 5.87efgh 1.07g 6.94efgbi 35.95defgh 17.11bcdef 82.89abcde

10 60 75.91abcdef 4.73abcd 5.00abc 6.S6defg LOS&: 7.64def&h 68.27abc 10AOef 89.6Oab
i

11 61 21.84jk 3056gb 3.12fg 2.3SI1 1.2Iefg 3.53i 17.S8gh 1-6.2Sbcdef 81.-63bcde

12 61 41.71ghijk 4.01cfg 4.o5de 6.10defgb l.28bcd 8.32cdefg 3S.4Sdefgb 19.34abcd 84.72abcde

13 63 92.1300 4.49abcde S.33a 14.36a 3.6Sa 17.94a 74.3Oabc 19.25abcd 80.S6bcde

14 64 29.37ijk 4_27cdef 4.56bcd 5.73efgh 1.19fg 6.88efghi 22.57fgh 25.20a 74.98ef

15 65 14.35k 3.42h 2.67g 2.41h USefg 3.70hi IO.17h 25.92a 70.79f
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81_ Gf .FfUitwd&ld (&) .FndtleqUt .ffld.( SIiUt WelglttO( ~OQ. ~4i~l~ NQl. ~1_1!lJ: &ctlI!J_~
No no. (em) widtll weight stone (g) edible portion (g) portiOD(%) portion(%)

(em) (gm) portiOD
(2)

16 66 24.1Qjk 3.84fgh 3.18fg 3.65gb 1.58defg 5.23gbi 18.66s.Jl 21.74ab 77Aldef

17 67 44.90gbij 4.39abcdef 4.01de 6.08defgb l.36efg 7.36efghi 37.27defgh 16.41bcdef 82.98abcde

18 68 65.04abcdefg 4.68abcd 4.S8abc:d 4.67fgh 1.48efg 6.06gbi S8.45abcd 9.31f 89.8800

19 69 64.86abc:defg 4.46abcdc 4.71abcd 6.3Sdefgh 1.6 Idefg 7.87cdefg S6.71abcd 12.21def 87.35abcd
h

20 70 88.06abcd 4.690000 5.11 abc 12.46ab 2.43bc 14.8900 73.27abc 17.29bcde 82.86abc:de

21 71 59.65def~ 4.36bcdef 4..S6bcd 4.61f~ 1.79lxxlef 6.35pi SJ.15bcde 10.73ef 89.04ab
g

22 72 69.83abcdefg 4.54abcde 4.47bcd 5.99defgb l.3gefg 7.36efgbi 62.4Oab¢d lO.7Stf 89. 1Satl

23 73 S8.46defghi 4.23def 4.41ed 4.89fgh 1.96bcdef 6.80efghi SI.5Sbede 1l.66def 88.l7abc

24 74 6t.1Sc:ddgh 4.38abedef 4.6Sa))ed 6.87eddg 1.l7efg 8.0gedefg 56.05001 13.25c:def 91.95a

25 75 32.46hijk 3.83fgb 3.6Oef 4.74fgh I.5Oefg 6.22ghi 2S.83efgh 20.l4abc 78.46cdef

26 76 66.09abcddg 2.551 2.681 6.48defg t.31efg 7;.7.4a1efg SSMabed n.71det 88Mab
bi

27 n 63.37bcdefg 4.39abcdef 4.73abcd S.3Oefgb 1.27efg 6.52fghi 56.69abcd 11.31ef 88.4800

28 78 9O.65aOO 4.87abc 5.20ab 10.56bc 1.42efg 11.92bc 78.69ab 13.33cdef 86.59abcd

29 79 59.S3defgh 4.77abcd 3.58ef 727cdefg l.37cfg 8.64cdefg 50.67bcde 14.54bcdcf 85.09abc:d

30 80 94.39a 4.95ab S.lIabe 8.llcdef 1.32d'g 9A5c:defg 84.89& lO.llef 89.71ab

Avera 60.31 4.31 4.39 6:11 1.61 8.35 52.02 15.02 84.95
ge

Level 0.01 0.01 O.ot O.ot 0.01 0.01 0.01 0.01 0.01
of

... signili
canoe
C.V 21.53 5.71 7.82 26.64 18.37 22.98 22.99 21.56 4.94
% . . .Note. In a column figures having similar letters do not differ significantly whereas figures

having dissimilar letters differ significantly as per DMRT

4.1.2.2 Length of fruit

Significant differences were found among the 30 germplasm in respect of length of fruit.

The longest fruit (5.00 em) was found in germplasm No. 51 which was statistically

similar with germplasm No. 52 (4.97 em), No.80 (4.95em), while the shortest fruit (2.55
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em) was measured from germplasm N().76 preceded by germplasm N9, 6$ (3.42 em), The

average length offruit was found 4.37 em per fruit (Table 2)

!
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Present findings were agreed with the findings of Shiro. et al. (2009); Brito and

Narain(2002) and they reported the length of sapota was about 4-6cm.and 5-6cm.

4.1.2.3 Width of fmit

Significant variation was found in respect of width of fruit among 30 gennplasm. The

broadest fruit (5.33 cm) was found in gennplasm No.63 which was statistically similar to

germplasm No. 78 (5.20 em), No.54 (5.19cm), No. 51 (5.18cm) and the narrowest fruit

(2.67 em) was measured from germplasm No. 65, which was statistically similar to

germplasm No. 76 (2.68 cm). The average width of fruit was found 4.39 em per fruit.

(Table 2)

The present result was in agreement with the findings ofVerheij and Coronel (1992. They

mentioned width of sapota was about 4 to Scm.

4.1.2.4 Skin weight

The skin weight of the fruit was significantly varied among 30 germplasm. The

germplasm No. 63 gave the maximum skin weight (14.36g) which was statistically

similar to germplasm No. 70 (12.46g), while the skin weight was minimum ingermplasm

No.61 (2.38 g), which was statistically similar to germplasm No. 65 (2.41 g), No. 66

(3.65 g). Average skin weight of sapota was found 6.71 g. (Table 2)

4.1.2.5 Weight of stone

Significant difference was found among 30 germplasm in respect of weight of stone. The

highest stone weight (3.65g) was obtained from germplasm No. 63 followed by the

germplasm No.55 (2.53g), No.70(2.43g) while the lowest stone weight (1.07 g) was

found in germplasm No.59, which was statistically similar with gennplasm No.

60(1.08g), No. 64 (1.19g). Average seed weight was found 1.67 g per fruit. (Table 2)
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4.1.2.6 Weight of DOD-edibJe portiOD

There was found significant variation among the 30 gennplasm in relation to weight of

non- edible portion. The maximum weight of non-edible portion (17.94g) was found in

germplasm No. 63 followed by germplasm No. 70 (14.89g), and the minimum weight

(3.53 g) was measured from germplasm No. 61 which was statistically similar to the

gennplasm No. 65 (3.70g), (Table 2). The average weight of non-edible portion of fruit

was found 8.35 g. (Table 2)

4.1.2.7 Weight of edible portion

Significant difference was found among the 30 germplasm in respect of weight of edible

portion of the sapota fruit. It is revealed from the result that the maximum weight of

edible portion (84.89 g) was found in gennplasm No. 80 which was statistically similar to

germplasm No. 78 (78.69 g). The minimum weight (10.17 g) was measured from

germplasm No. 65 which was statistically similar to the germplasm No. 61 (17.8·S-g), No.

66 (18.66 g). The average weight of edible portion offruit was found 52.02 g. (Table 2)

4.1.2.8 Pen:entage of non-edible portion

The percentage of non-edible portion of sapota was significantly varied among the 30

germplasm. The highest percentage of non-edible portion was found from germplasm No.

65 (25~2 %) and No.64(25.20%) which was statistically similar to the germplasm No.

66(21.74%) and the lowest percentage (9.31 %) was found from germplasm No. 68 which

was statistically similar to germplasm No 80(10.21 %), No 6O(WAO %), No, 54 (lO.72

%), No. 71 (10.73 %), No. 72 (10.75 %), No. 57 (11.07 %), No.77 (11.31g). The average

percentage of non-edible portion of sapota was found about 15.02 %. (Table 2)

4.1.2.9 Percentage of edible portion

Significant variation was found among the 30 germplasm in respect of percentage of

edible portion of the fruit. The results showed that the highest percentage of edible

portion (91.95 %) was found in germplasm No. 74 which was statistically similar to

gennplasm No. 68 (89.88 %), No. 80. (89.71%), No. 60 (89.60 %), No. 54 (89.28%), No.
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72 (89,15 %), No, 71(89,Q4 %), No, 57 (88,93 %), No, 77 (68.48 %) and No. 7f, (68.44

%), and the lowest percentage (70.79 %) was measured from germplasm No. 65 which

was statistically similar to the germplasm No. 64 (74.98 %). The average percentage of

edible portion of fruit was found 84. 95%. (Table 2)

4.1.3 Chemical characteristics of sapota

4~1.3..1pH of fruit pulp

There was a significant variation among the 30 germplasm in respect of pH of fruit pulp.

The highest pH of fruit pulp was found in gerrnplasm No. 62 (6.54) which was

statistically similar to germplasm No. 80 (5.75), No. 65(5.66). The lowest pH content of

fruit pulp was found in germplasm No. 52 (4.05) preceded by germplasm No. 54 (4.26).

Average pH content of fruit pulp was found 5.15. (Table 3)

Similar result in respect of pH of fruit pulp in the case of sapota was obtained by Brito

and Narendra (2002) and Kulkarni et al. (2006). They observed that pH of fruit pulp of

sapota was about 4.9-S.5.and 5.36.

4.1.3.2 Total soluble solids (Brix 8/0) of fruit pulp

The difference of total soluble solids was significant among the 30 germplasm, The

highest percentage of TSS was observed from gerrnplasm No. 54 (26.00 %) which was

followed by the germplasm No. 70 (23.50 %), No. 59 (23.33%), No. 6& (22.0Q%).The.

lowest percentage of total soluble solids of fruit pulp was observed from germplasm No.

52 (12.97 %) which was statistically similar to germplasm No. 58 (13.67%). No. S3
(14.01 %). Average total soluble solids were found 18.57 % (Table 3) . Increase in total

soluble solid may be attributed to increase in soluble sugar, soluble pectin, soluble

organic acids etc.

Kulkarni et al. (2006) observed that TSS of fruit pulp of sapota was about 20.68.
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Table 3. Chemical Characteristics of Sapota

SL GPNo PH TSS(%) T -acidity (%) VUalllinC Carotenoids ARthoe:yaniD Flavo.oid!
No (mgIlOOg). (mg/l00gJn~ (mgllO:Dgat) (gI100g)

1 51 4.53q 17.00hijk 128gbi 4.96ijldm o.oSj 0.36e 10.19 defg

2 52 4;05t 12.970 1.72 be 3.73nop O.21d O.23i 9.15 hi
3 S3 S.07k 14.01mno 1.69 be 2.77q 0.09g 0.33f 9049gh

4 S4 4.26s 26.008 1.84 ab 4.401mn O.05j 0.24i 6.23jk

S 55 4.91m 14.00lmn 1.081d 4.601dm O.24G O.S9b e.elj

6 56 4.84n 17.33gbij 1.50 de 4.17mnop 0.18e 1.288 13.83b

7 57 4.4Sr 16.57ijld 1.071d 539hij 0.03j 0.400 9.08hi

8 58 4.810 13.6700 1.32fgbi S.40bij O.OSh 0.42d 14.27 b

9 S9 S.26h 23.33b 1.75b 3.49pq 0.02k 0.171 11.13 d

10 60 4.66p 19.9Odcf l.29fghi 3.S7op O.OSj O.28b 10.69 def

II 61 5.55d 16.97hijk 1.23 ijk 5.43hij O.OSj 0.36e 10.1Sdefg

12 62 6.54a lS.431dm 1.0Skl 6.5Sfg 0.21d 0.23i 9.14hi

13 63 5.26h 15.33ldmn 1.39 efgh 7.79cd O.09g 0.33f 9.48gh

14 64 S.47e 16.63ijkl l.lljkl 2.82q 0.05J 0.24i 6.23jk

IS 6S S.66c lS.83,ikJ 1.24 ij 3.69Do_p O.24c O.S9b 6.62)

16 66 5.37g IS.97jkl 1.5900 3.41pq 0.18e 1.28a B.81b

17 67 5.36g 21.23cd l.36efghi S.44OO 0.03j 0.400 9.09bi

18 68 S.25h 22.00bc I.lOjId 8.95b 0.08h O.42d 14.2b

19 69 S.43f 20.43cde 1.041 7.IOdef 0.02k 0.171 11.13 d

20 70 4.951 23.50b 1.0SkI 6.71efg 0.05j 0.2Sh 10.69dc:f

21 71 S.56d 19.97def 1.32 fglli S.6Shi O.06i 0.050 10.8200

22 72 5.55d 21.17cd 1.051 434lmno O.27b O.28h 15.S7a

23 73 5.17i 21.1300 l.24bij 5.09 ijkI O.D4j O.09rn 12.3~c

24 74 5.07k 19.80def 1.91 a 6.6gefg O.OSh O.09m S.3Si

25 75 5.17i 20.33cde 1.08 Id 4.64jklm 0.1ge 0.29g 5.141

~ 26 76 5.l6i 20.27ode 1.07 kI S.94b 0.41a 0.21j 9.87efgh

27 77 S.l3j 18.4Ofgb 1.42 efg 737de O.OSb O.ISk 5.6Ud

2S 78 4.971 18·OJshi 1.24iJ 5.29hijk o.nr 0.18t 6.78)

29 79 5.36& 19.00efg 1.44 ef 6.08gb O.l4f O.l1m 9.42gb

30 SO S.7Sb 19.90def 1.12jkl 11.80a O.04j 0.050 9.45fgh

Avera 5.15 18.5'1 1.32 5.64 0.115 0.34 9.83
ge
Level 0.01 0.01 0.01 0.01 0.01 0.01 0.01
of
signin
cance
C.V% IUS 3.SS 11.77 4.55 6.74 1.64 0.10

Note. Ina column figures having similar letters do not differ significantly whereas figures having
dissimilar letters differ significantly as per DMRT
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4.1.3.3 TUratable aeidity of fruit pulp

The titratable acidity showed significant variation among the 30 gennplasm. The highest

percentage oftitratable acid content was found in gennplasm No. 74 (1.91 %) which was

statistically similar to the gennplasm No. 54 (1.84 %) and No.59(1.75%). The lowest

percentage of titratable acid content was recorded from gennplasm No. 69 (1.04 %)

which was statistically similar to germplasm No. 72 (1.05%), No. 57 (1.07 %)1

No.76(1.07%),No 55 (1.08%), No.75 (1.08%), No.70 (1.08%), No.62 (1.08%),. Average

titratable acidity of fruit pulp was 1.32%.(Table 3)

Kulkarni et al. (2006) observed the similar result in case of titratable acidity of mature

sapota at harvest period.

4.1.3.4 Vitamin C (ascorbic acid) content offruit pulp

There was a significant variation among the 30 germplasm in respect of vitamin C content

of fruit pulp. The highest vitamin C content of fruit pulp was found in germplasm No. 80

(11,80 mg 1100 g) followed by gennplasm No. 68 (8..95 mg 1100 g), No, 76 (8,94 mg /100

g) and No. 67 (8.44 mg /100 g). The lowest amount of ascorbic acid content was observed

from g~rmplasm No. 53 (2.77 mg IJ 00 g) which was statistically similar to ~ennplasm
No. 64 (2.82 mg /100 g). Average vitamin C content of fruit pulp was 5.64 mg 1100 g.

(fable 3)

Similar result in respect of vitamin C content was reported by Nazarudeen (2008). They

reported about vitamin C content of sapota was 6 mg per 100 g fruit pulp.

4.1.3.5 Carotenoid! content of fmit pulp

Carotenoids content of fruit pulp showed significant difference among the 30 germplasm.

The maximum amount of carotenoids content of fruit pulp was found in germplasm No.

76 (0.41 mg /100 g) followed by germplasm No. 72 (0.27 mg /100 g). The minimum

amount of carotenoids content was observed a germplasm No. 57 (0.03 mg 1100 g) which

was statistically similar to that of genn_plasm,- NQ,-67 (Q,-Q3 tUg/1QO g),- Average

carotenoids content was 0.12 mg /100 g of fruit pulp. (Table 3)

The present results were in agreement with the findings of Ali. ~ 41. (2007)~
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4.1.3.6 Anthocyanin tontent of fruit pulp

The difference of anthocyanin content of fruit pulp was significant among the 30

germplasm. The highest amount of anthocyanin of fruit pulp was observed from

germplasm No. 66 (1.28 mg 1100 g) which was followed by germplasm No.56 (1.27 mg

/100 g). The least amount of anthocyanin of fruit pulp was observed from germplasm No

74(0.09 mg 1100 g) which was statistically similar to germplasm No. 73 (0.0.9 mg 110.0g).

Average anthocyanin content of fruit pulp was 0.34 mg 1100 g. (Table-3)

4.1.3.7 Flavonoids content of fmit pulp

The highest flavonoids content of fruit pulp was found in gennplasm No. 72 (15.57 g

1100g) followed by germplasm No. S8 (14.27 g / 100g),No.68(l4.26g1100g),No. 56(13.83

g 1100g) and No.66(13.81 g 1100g).The lowest tlavQtloids ~teut offruit p1.1lP- WW2 found
in germplasm No. 75 (5.14g 1100g) preceded by the germplasm No. 77 (5.61 g 1100g)

(Table 3). Average flavonoids content was 9.83 g 1100 g of fruit pulp.( Table-J)

],
f
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SUMMARY AND CONCLUSION

A study on the physico-chemical characteristics of 30 germplasm of sapota was carried

out during the period from February to July, 2011. The sapota gennplasm was selected

from South Western region of Bangladesh. Three fruits from each germplasm were

collected for the study. The collected fruits were brought to the Horticulture Laboratory

of the Agrotechnology Discipline ofKhulna University, Khulna. In these fruits were kept

in ambient temperature to determine their physico-chemical characteristics.

The experiment was laid out in Completely Randomized Design (CRD) with three

replications. The collected data were recorded and analyzed for interpretation.

Weight of fruit, length of fruit, width of fruit, skin weight, stone weight, weight of edible

and non-edible part were determined. Chemical characteristics of sapota such as pH, total

soluble solid, T-acidity, vitamin C, carotenoids, anthocyanin, and flavonoids content of

fruit pulp were determined.

Better performance was showed by germplasm No.80 in respect of total weight of fruit

(94.39gm), highest amount of edible portion (84.89gm), the highest width (5.33cm) of

fruits was observed in germplasm No. 63.The highest length (5cm) of fruit were

determined from germplasm No. 51. The highest vitamin-C content (11.80mgllOOg)

among the 30 selected germplasm. The highest titrable acidity (1.91 %) content

germplasm No 74 and while germplasm No. 62 was better in respect of pH (6.54»,

gennplasm No. 54 in total soluble solid (26.00 %) content, gennplasm No. 76 in

carotenoids (OAlmg 1100 g) content, gennplasm No. 66 in anthocyanin (1.28 mg 1100 g)

content and germplasm No. 72 in flavonoids (15.57 g /lOOg)content of fruit pulp. The

overall observation indicates that sapota is rich in nutrients.

Maximum pH of fruit was found in germplasm No. 62 (6.54) and minimum in germplasm

No. 52 (4.05); while average pH of fruit pulp was about 5.15. The highest percentage of

TSS was observed in germplasm No. 54 (26.00 %) and lowest in germplasm No. 52

(l2.97 %) and average observed percentage of TSS was 18.57 % per fruit. The highest

percentage of T-acidity was found in germplasm No. 74 (1.91 %) and the lowest
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percentage in germplasm No. 69 (1.04 %) and average percentage of T-acidity was

recorded as 1.32%. The maximum vitamin C content of fruit pulp was recorded from

germplasm No. 80 (11.80 mg 11 00 g) and the minimwn from germplasm No. 53 (2.77

mg 1100 g); while average vitamin C content of fruit pulp was 5.64 mg 1100 g. The

maximum carotenoids content of fruit pulp was found in germplasm No. 76 (0.41 rng

1100 g) and the minimum was found in germplasm No. 57 (0.03 mg 1100 g); while

average carotenoids content was found 0.12 mg 1100 g. The highest amount of

anthocyanin of fruit pulp was observed from germplasm No. 66 (1.28 mg 1100 g). The

least amount of anthocyanin of fruit pulp was observed from germplasrn No 74(0.09 rng

1100 g), while average anthocyanin content was found 0.34 mg 1100 g. The highest

flavonoids content of fruit pulp was found in germplasm No. 72 (15.57 g /lOOg) and the

lowest flavonoids content of fruit pulp was found in germplasm No. 75 (5.14g /lOOg),

while average anthocyanin content was found 9.83 g 1100 g of fruit pulp.

At the concluding point it can be said that the criteria for the selection of the sapota

germplasm may be weight, length, width and percentage of edible portion of the fruit.

Most of the characters were superior in germplasm No. 54, 62, 74, 76, and 80. More

cultivation and commercialization of sapota could also be taken to augment total food

supplies. This investigation can also serve as a basis for considering the sapota fruit as

one of the health fruits of the millennium. Consumption of sapota is recommended in

herbal medicine as it is also thought to have innumerable medicinal uses. By developing

several products from sapota, it is possible to reduce post harvest losses of this fruit and

there are enormous scopes of industrial product development. If the cultivation and

formulation of products from sapota increases not only it will help to reduce malnutrition

problem and if we can know the fruit value of sapota then it will also help to improve the

economic condition of the fanners of Bangladesh.

i
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Appendices

APPENDIX-IX

List of sapota germplasm with English name, local name, scientific name and area of

collection.

Germplasm English Name Local Name Scientific Area of collection
No. name

51 Sapota Deshi sofeda Achras sapota Satkhira

52 Sapota Gobeda Achras sapota Satkhira

53 Sapota Deshi sofeda Achras sapota Satkhira

54 Sapota Deshi sofeda Achras sapota Satkhira

55 Sapota Gobeda majhari Achras sapota Satkhira

56 Sapota Deshi sofeda Achras sapota Satkhira

57 Sapota Bokul sofeda Achras sapota Satkhira

58 Sapota Boro sofeda Achras sapota Satkhira

59 Sapota Narkele sofeda Achras sapota Satkhira

60 Sapota Boro sofeda Achras sapota Satkhira

61 Sapota Boro sofeda Achras sapota Satkhira

62 Sapota Gobeda majhari Achras sapota Satkhira

63 Sapota Gobedaboro Achras sapota Satkhira

64 Sapota Gobeda majhari Achras sapota Satkhira

65 Sapota Deshi sofeda Achras sapota Satkhira

66 Sapota Boro sofeda Achras sapota Satkhira

67 Sapota Narkele sofeda Achras sapota Satkhira

68 Sapota Boro sofeda Achras sapota Satkhira

69 Sapota Gobeda majhari Achras sapota Satkhira

70 Sapota Gobeda boro Achras sapota Satkhira
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