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ABSTRACT
Jam is a very popular processed food among the people all over the world* As the 

demand for processed foods increases with the concept of globalization the demand for 

theism s also increases as ft saves a lot; of time that spend to preparation of foods.

As there are a lot of types of jam s available in the market, the objective of this project 

was to develop an innovative jam  for the dynamic market, and to diversify the jam  

market by developing tender coconut jam  out of tender coconut kernel.

Jam samples were prepared according to the method adopted for the other jam  

formulae, However antioxidants and emulsifiers were used as additional ingredients in 

order to prevent tat oxidation of the coconut pulp, the coconut kernel after blending.

Tender coconut kernel extracted from the form typica belonging to the variety typica, 

was taken to the experiment, Kernel from 9 and 10 months old nuts were scooped and 

blended to a pulp Then jam  samples were prepared according to 16 treatment 

combinations by using 4 variables at two levels. The variables taken were maturity level 

sugar level, pH level and antioxidants each using at two levels; low and high* Each 

treatment was replicated three times.

AN the 18 samples were tested for pH and Box values and organoleptic properties after
^  - ■

one month and three months respectively* The results obtained were analyzed 

stabsticatty and there were no significant differences between 16 samples according to  

the results That implies all the 16 samples were at satisfactory level to the consumer for 

3  months of period

*
pH value of individual samples was found constant up to three months. However 

different samples had various pH values ranging from 2 9  - 3 2  One of the reasons for 

retaining the pH value constant can be suppression of microbial and autooxktehon due 

to ingredients of the product 8nx value of the samples were at the range of 87° -70°

According to the results obtained 4 can be noted that the product has a  shelf life of
♦

mnemirn of three months Studies can be recommended to inveshgete on m e shelf life 

of the product further
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C H A P T E R  1

1.1 introduction
f t

W hole world moves to the concept of global village. People all over the world getting 

closer Not like old days, specific works are being done by the people who are 

specified in toe respective field and the time is a very important factor to them. Both
4.

women and men equally contribute to the development of their country, which does 

not provide much time for them to prepare foods for themselves. Processed foods 

therefore play an important role in solving this problem.

Jam is prepared by boiling toe fruit pulp while adding a sufficient quantity of sugar In 

order to  achieve a reasonably thick consistency, firm enough to hold fruit tissues in 

position It Is a very popular processed food among all toe age groups. The 

consumer prefers to consume bread, sweet rolls and biscuits with jam for the 

breakfast, dinner or as snacks at toe tea times.

The major ingredient of Jams are fruits, including tropical fruits like Mango, 

Pineapple, Banana, Papaw, Woodappte and temperate fruits namely strawberry, 

Gooseberry,, Blackcurrant, Raspberry etc.

Although the demand for fruits is constant in toe market, most of toe fruit varieties are 

seasonal Therefore development of methods for preservation of fruits is need in 

order to keep these to ils  in toe off season too During toe fruit season, post harvest: 

tosses are remarkably high due to high yield, poor handling and storage practices 

and tack of technical facilities As to ils  are very rich to simple sugar available for 

microorganisms, microbial attacks too are high Farmers especially to developing 

countries loss toeir harvest due to above reasons

to this c o rn e r m akng jam  from fruits es one of the best so!uttcns to this problem. 

Additional yield of the season can be rettonaify used for jam  production, enabling 

consumers to consume fruits to a different form m the off season On toe other hand, 

farmers can reduce po d  harvest losses thereby having an additional income
a?.*

Consumers0 expectations and needs vary due to venous reasons Consumers 

demand for drverified food item s t$ now one of the factors determ wng the m arket 

end ns structure

i



Jam s m ade of different fruits presented in different forms can satisfy the needs of the 

consumer to a certain extent, Therefore jam s also in various types, m ade from 

various types of fruits, Accordingly Food scientists make attempts to diversify the jam  

market toy introducing numerous innovative types of jam s; hence toroad spectrum of 

jam s available.

Jam preparation is carried out by using conventional, semi modem and modem  

methods. Conventional methods are mostly used in household levels and they make 

it hygienicalty,

Although tender coconut flavour is new to the jam  market, aim of this project is to 

develop a tender coconut jam  out of tender coconut kernel.

Coconut jam is prepared in several countries by using whole coconut milk, as well as 

the skim milk or aqueous portion of the m ilk They used matured coconut to extract 

coconut m ilk The stages o f •kutvmba4 and 'kafef/' can be stated as tender coconut 

and this stage reached in about 7 months after flowering.

Variety of food products such as dried coconut milk, coconut flour, coconut water 

based products etc, are produce using coconut in other countries. Although coconut 

industry occupies a pre-em inent position in the Sri Lanka's agriculture, its basically 

used m household consumption for culinary purposes and only the balance is 

converted to either copra or desiccated coconut for the export m arket

Though m akng of this tender coconut jam  exists in a few countries, still this process 

is novel. As the nutritious value of the tender coconut high, this jam  has a high 

nutritional value than other jam s

• Developm ent of an innovative jam  from tender coconut for the competitive 

market

•  Diversification of jam  market



C H A P T E R  2

2 .1 : Jam

Jam is prepared by boiling the fruit pulp while adding a sufficient quantity of sugar in 

order to achieve a reasonably thick consistency, firm enough to hold fruit tissues in 

position Jams may be m ade either from a single fruit or from a combination of two or 

more fruits. In preparing jam , the fruit is crushed or otherwise finely cut, so m at when 

cooked, the mass is fairly uniform throughout A jam  is more or less a concentrated 

ftuit possessing a fairly thick consistency and body.

High concentration of sugar facilitates preservation. A great advantage in its 

, preparation is that it can be m ade completely in a single operation. (Giridhari et al., 

1960).

Making jam  from coconut is a new approach. A jam  from tender coconut is not yet 

commercially available In Sri Lanka.

2 .2 : In g re d ie n ts  in  ja m  p ro ce ss in g

2*2.1 :Frurts

Flint is the major component in the jam  manufacturing. Various types of fruits are 

,  used alt over the world in the jam  industry. As far as the choice o f fruit for jam  is 

concerned, three mam factors have to be taken in to consideration.

(i) Variety of fruit .

(it) Condiron of fruit,

(m) S u ab ility  in regard to preparation.

Strawberry, Raspberry, Blackberries, Blackcurrant, Gooseberry,, Plums and Cherries 

am  suitable varieties found in tem perate countries for jam  manufacturing Citrus fruits 

are generally recognised m orim  in the manufacture of m arm alade In Sri Lanka, w e 

use number of fruit varieties in the jam  manufacturing. Pineapple, Mango, 

W oodapple and Papaw are the m ain varieties Matured coconut kernel also uses f t  

some countries to m ake jam s

3



2.2.2:Coconut

Making jam  from coconut is a new approach. A jam  from tender coconut is not yet 

commercially available In Sri Lanka.

2,2*2.1:The place of the coconut in the world and its position in the Sri 

Lanka

The coconut palm is one of the most useful and important trees in the world and it 

has had a long association with human history. In the scientific nomenclature, the 

coconut palm Is named as Cocos nucifera.

W orlds total coconut extent Is over 5,923,OOOha. 90%  of this extent acreage of 

coconut lies in the zone between 20° N and 20° S latitude where six primary coconuts 

producing countries are situated. There are the Philippines, India, Indonesia, Sri 

Lanka, South Sea Islands and Malaysia.

Coconut comprises an important part of the diet in Sri Lanka in addition to being a 

very important source of export earnings. The worlds total production is about 35 

million metric tons of coconuts a year and 80% , of this comes from the Asiatic region. 

Philippines rank the highest amongst m e worlds coconut products, (Pethiyagoda, 

1980)

Many Industrialized countries import coconut products. Among the countries mat 

oonsume coconut products me USA, Russia and the European Economic 

Community (EEC ) appear to be important as major importers,

2 .2 .2 .2 ;C o c o n u t in d u s try  in  S ri L an ka

Cooonut industry occupies a pre-eminent position in the Sri Lanka's agriculture, that 

it is only second to lowland rice in land use (Pethiyagoda, 1980). The census of 

agriculture 1973, estimated the Sri Lanka's coconut area at 45,142ha of which 90%  

was managed by me smalt-holders having less than 8 lh a  (20aeres) (Pethiyagoda, 

1980)

The coconuts are grown e&kj$xvefy for nut production in Sri Lanka Only a m inor 

proportion m being tapped for toddy The annual n U  production has a  deckrra^g trend 

 ̂ It has been the result of several attributes, but mainly to the adverse weather 

eontiitons and reduced fertilizer eppbcafccra (Pethyagoda, 1980)
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The countries nut production is basically used in household consumption for culinary 

purposes (58% ) and balance is converted to either copra or desiccated coconut, 

white former in turn Is further processed to oil before being exported or used for local 

consumption.

Sri Lanka’s coconut exports are basically of two categories: kernel products and by 

products All items derived from the kernel including Desiccated Coconut (DC), oil, 

copra and also fresh nuts are grouped into kernel products and the rest including 

fiber, shell products and other by products constitute the by-products. (Pethiyagoda, 

1980)

2 *2 .2 ,3 :M o rp h o lo g ic a ! fe a tu re s  o f th e  c o c o n u t

O rder Palm ae

Family: cocoldeae

Genus: Cocos

Species nucftem,

An average palm produces 12*14 fronds per year. Each frond bears an inflorescence 

in its axils once the palm has reached maturity. A dozen or so fruit bunches bearing 

fruits at various stages of maturity and ten to twelve unopened spathes occur in the 

crown at a given time. The leaves occur in the five spirals with the sixth leaf roughly 

below the last emerged leaf and the eleventh leaf roughty below the sixth leaf and so 

on, The leaf spina! may be right handed or left handed depending upon which side of 

the cotyledon the second leaf develops from. The leaf spfrality is visible in the leaf 

scars on the trunk (Pethiyagoda,1 $80)

•  The inflorescence

Types! tail variety coconut palms com e into flower in about the sixth year if water, 

light and nutrient conditions have been favourable Dwarf types generally flower in 

about the fourth year or sometimes even earlier Following emergence of the first 

f lo w , inflorescences are continually produced in each successive leaf ax il
m

The inflorescence is encased an a  sheath or spathe which when fully grown splits 

along the under side and releases the inflorescence The spathe and the 

r Inflorescence are coflecNvefy catted the sp ad ^  The inflorescence has many

s



bunches on which fem ale and m ale flowers occur. The fem ale flowers can become 

fertilized by self-pollination or by cross-pollination,

The button nut enclosed partly in the perianth expands fast and develops a cavity 

within it which enlarges and gradually fills with liquid. The kernel then begins to 

thicken and other internal changes such as changing of constitution of the nut water 

and the laying of endosperm takes place from then on, up to about a period of 

another six months,(Pethiyagoda, 1980). The observed changes during the 

development of coconut from flower to fruit are given in the table 2,a, 

(Balasubramaniam, 1981)

The fruit of the coconut is basically referred to as a drupe. The husk comprises an 

outer smooth epicarp and a fibrous mesocarp. The shell is the endocarp and the 

kernel is the endosperm, which has embedded in it, the embryo at its proximal end  

The water in the nut is aiso part of the endosperm referred to often as a liquid 

endosperm

6



Table 2 a. Development of coconut from dower to fruit

Volume of 

Bunch j liquid 

Number * j endosper

m

1 070

i

2,5

r — - 30,0
<

84 0

240.0

443,0

Jl
490,0

10

11

13

260,0

9 8 0

15 i 7 2 0

411,0
9 y

(

_  \ 285.0

Solid kernel

W eight

G

0.0

0,0

0,0

0,0

0.0

39,8

122,0

2 0 3 0

210,0

Moisture I Description of the nut

%

0.0

0.0

93.5

89.5

83.0

75 ,0

0.0 Button stage, not pollinated.

Pollinated; Cavity not yet 

formed.

Very small cavity, but full of 

liquid endosperm. Salty in 

taste.

Cavity enlarges. Liquid 

endosperm fills cavity.

Liquid endosperm is sweet.

Nucellus soft, only liquid 

endosperm In cavity.

132,0

2100

Tender *kurumba* soft 

endosperm just beginning to 

form.

'kurumba*, solid kernel seen in 

distal one third.

Mature 'kurumba* kernel jelly* 

tike and covers the entire area, 

Very tender 'katatf kernel can 

be scooped out In one piece.

kafaif kernel very firm

5 1 0
Mature water sloshes

1shell hard i

45 ,0  I Mature drupe: ready for

6 7 0  I! 2 3 7 0  J 4 4  0 Ripe drupe, about to fell \
a Coconut bunches ate  numbered <m the order o f Increasti^ maturity from the top of 

the stem

Source, BsSasubramaniam, (1981)
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2,2'2*4:Types of coconuts

A variety (or strain) generally m eans a single population having morphological 

characters recognizably differing from any other population. A variety can cross- 

fertilize with another to produce a hybrid The species Cocos nucifera, due to its 

global distribution and out breeding habit, encompasses a number of types varying 

widely In such characteristics as stature, size, shape and colour of the nut, floral 

biology, age at first flowering etc.

There is consequently much confusion in the recognition and naming of varieties, 

and different countries have established their own nomenclature of varieties and 

therefore a tree with similar characters may be named as differently in different 

countries Estimates of the number of coconut varieties (or types or forms) of coconut 

vary widely and range from about a dozen to as many as four times that number. 

Thus, a universal classification of coconut varieties is still lacking although Liyanage 

(1956) proposed a  workable distinction into three principal varieties (typica, nana, 

and aurantiaca) with fourteen Yorms* within them.

» V arieties o f coconut In  S ri Lanka

Several varieties of coconut have existed in Sri Lanka, from very earty times. As early 

as in 1856, five coconuts were describe as Thembili, Navasi, Dwarf, Them bili with 

large nuts and common tall type. A more recently proposed classification of the
J f c S r -

coconut palms in Sri Lanka is based on morphological characters and breeding 

behaviour The foliowing is a brief account of the proposed classification of the 

varieties and forms of coconut Found locally It is probable that many, if not all of the 

types easting tn other countries in the region can be fitted in to these descriptive 

desses for ail practical purposes.

The first distinction in to varieties is based on the stature of the plant, and on nut 

odour The typca War, is tat) in stature with nuts ranging from green through shades 

of d ive colour to brown Nana griff, are dwarf in stature. Variety aurantiaca Uy is 

sem i-tall with bright orange M s .  (Pethryagoda, i9 6 0 ) The salient characters of 

these three varieties are as fbfiows



(a) Varity typica Nar,

This variety predominantly outbreeding due to the m ale flowers in a spadix opening 

earlier than the fem ale flowers. Trees have broad trunk with an average 

circumference of about 84cm  and attain a height of about 18m,

The flowering is late and it takes place normally 6 * 8  years after planting. Flower 

production is continuous Nuts are medium to large in size. These are hardy palms 

tolerating a wide variation of soil types and climate. Under a favourable environment, 

the period of economic production is about 80 years. (Pethfyagoda, 1980).

(b) Variety Nana Griff.

This variety is predominantly in breeding as the m ale and fem ale phases of the 

inflorescence overlap. They have a narrow stem with a mean trunk circumference of 

about 58cm  and they attain a height of about 10.7m . Flowering takes place early at 

3-4 years after planting. Flower production is seasonal. The nuts are generally small 

in size, Palms of this variety thrive on deep fertile soils in regions with a well- 

distnbuted rainfall, but they are susceptible to pest and diseases and sulfur markedly 

from drought The period of economic production of this variety is no more than forty 

years. Palm s belonging to this variety are however not considered an economic 

proposition, for growing on a plantation scale in Sri Lanka. (Pethiyagoda, 1980)

Jwr
(c) Variety aumntiaca Uy

Palms of this variety are predominantly Inbreeding because the male and fem ale 

reproductive phases of the inflorescence overlap. The stem is medium steed with a  

mean girth o f about 71om and attaining a height of about 122m , The flowering is late 

and i: usually takes ptace6*8 years after planting, and is seasonal The nuts are of 

medium size, the eptearp o f the nut is orange In colour Endosperm is th ia  These 

palms thrive in fertile soils with a  high water table and areas with a  w eiktistributed  

ramfelt Economic production period is not more than forty years, (Pethiyagoda, 

1980)

*  Form s w fthfn varieties -

The three varieties vrtioa t mam features have been briefly described can be further 

subdivided These sub-divisions are known as Toons’ and their main dstmgurshing 

characters are as (blows

t



1 form s o f the variety typica Mar;

(e) Form typica; The nuts are generally oblong. The epicarp (outer skin) of the nut is 

of different shades of green to reddish brown (copper), The mesocarp (fibrous 

husk) is a good source of fibre. The endosperm (kernel) Is thick and averages 

about I9 9 g  dry weight per nut,

(b) Form Navasl: The epicarp is green in colour, Mesocarp of the immature fruit is 

sweet and edible, The husk of the mature nut is soft and the nut water is insipid.

(c) Form gon thembili: The epicarp of the nut and the mid rib of the frond is ivory 

yellow, in colour. W ater of the tender nut is usually insipid. The nuts are large. 

The kernel has high oil content (69.2% )

(d) Form ran thembili: The epicarp is green and the mesocarp when cut is pink in 

colour. The endocarp (shell) is thin, The endosperm is thick and hard. Oil of ran 

thembili is said to be of medicinal value.

(e) Form pora-pol; Husked nut Is very small and elongated. Endocarp is hard and 

very thick (About 6mm), These nuts are used in a type of festive sport {'pora-pol 
gasesm a* sinh), occasionally seen in the southern parts of Sri Lanka,

■̂2= _
(f) Form bodin', Palms of this form a re prolific bearers. The nuts are small. Each

bunch carries 50*100 nuts, O il content of the kennel is high (69,6% ),

(g) Form kamandeia Nuts are about 1.5 times as large as these of the form typica, 

Only a few nuts are produced per bunch The distribution of this form Is generally 

restricted to the southern province of Sri Lanka,

(h) Form dtte'ri pol: Endosperm of this form is soft and is 2-3cm  in thickness, Certain 

portions of the endosperm (or the entire endosperm of certain nuts) are o f a  

buttery consistency and gelatinous The soft m eat of the kernel is considered as a 

delicacy This form appears tcrbe ctosefy s ited  to the Philippines htacapuno1
a

2. Form s o f the variety Nana OrffT

(a) Form Pumtia ( the green dwarf): Inflorescence is yeftowtsh green and the epicarp 

of the nut is green Fofkwng takes place eerily genereiy in 21/2 to 4 years from  

planting

to



(b) Farm ebumea; (the yellow dwarf) :lrrfloreesence is ivory yellow and the epicarp of 

the nut Is yellow,

(o) Form regia: (m e red dwarf):lnflore$cence is orange in colour while the epicarp of 

the nut Is apricot red,

The red and yellow dwarf appear to bear larger nuts than the green dwarf found in 

Sn Lanka, However, there are green dwarfs with large nuts known from other 

countries.

3 , Form s o f the variety aurantfaca
(a) Form Thembili: This form is known by the popular name, King Coconut in Sri 

Lanka. Upper surface of the leaf midrib, inflorescence and epicarp of the nut is 

orange. Sucrose content of the tender nut-water is relatively high (5- 6.5% ) 

furnishing a delicious refreshment, O il is said to be of medicinal value and it has 

the peeuha characteristiic of having a higher melting point than ordinary coconut 

oil This form breeds true to type, (80% )

(b) From navasi them bili: Upper surface of the leaf mid ribs, inflorescence and the 

epicarp of the nut is orange Mesocarp of the tender nut: is sweet and edible, 

Endocarp is very thin, Endosperm is thin and hand

The variety aurantiaea appears to  be confined in distribution to only Sri Lanka. The 

form typica is the best producer as a  commercial plantation crop. O ther types are 

grown on a minor scale the form thembilli for consumption as immature nuts, Table 

2 b presents a summery of some quantitative characters of nut components of the 

forms of coconut in sri tan !® , (Pethiyagoda, 1980)

it
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2 .2 .2 .5 :F o o d  p ro d u c ts  fro m  c o c o n u t

•  P reservation o f tender coconut kernel:

Tender coconut kernel cut in to strips and put into cans covered with hot syrup. 

Exhausted to centre temperature of 80°C, sealed and processed. This product has a 

shelf life of four to six months at ambient tem perature and has been found to be 

microbiologlcally safe even after one year. (Thampan, 1993)

•  C oconut m ilk and related products:

Coconut milk diluted with water is reported to be used as an adulterant for cow’s milk 

In certain places In India, Preserved forms of coconut milk such as canned cream or 

milk and dehydrated whole milk is now becoming available in many coconut growing 

countries, Commercial production of these products has been promoted in the 

Philippines, Thailand, Indonesia, W estern Samoa, Sri Lanka and Malaysia.

Coconut milk is also preserved as sugar concentrates for direct food use as soft drink 

base, desert, bread-spread etc The familiar preparations are coconut jam , coconut 

syrup, coconut cheese, and coconut honey and sweetened condensed milk.

Coconut jam  is prepared using whole coconut milk as well as the skim milk or 

aqueous portion of the milk. Another useful product prepared either from the fresh 

coconut m ilk or skim milk is coconut honey, which is an excellent substitute for real 

honey in many household and confectionery applications The coconut honey is a 

golden coloured thick paste with a nutty flavour.

• C oconut skim  m ilk and related products:

Coconut skim milk is a solution o f the soluble components of coconut after the cream  

is separated in a cream  separator. It can be used for the preparation of a variety of 

products tike coconut jam , coconut honey and sweetened condensed m ilk

The skim  milk is an excellent soft drink base eriher as instant flakes and powder or as  

liquid The skirt milk on spray drying yields a tasty product with a pleasant coconut 

flavour it resembles the n o M at $ y  m4k arid can be a valuable commodity tn the 

(bod and beverage industry ft could also be m  exoetfeni beverage base Skim m?lk is 

also a  source of vegetable casein
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in Brazil, the gastrointestinal disturbances were successfully treated In infants by 

feeding coconut milk, which shows that coconut skim milk having the same protein 

level (1 6% ) as mothers milk is well utilized by infants. Both produce a soft curd when 

acted on by the gastric juice.

• D esiccated Coconut:

Desiccated coconut rs the dried a rt disintegrated coconut m eat It is a very important 

commercial product having demand all over the world in the confectionery and other 

food industries. Major producing countries are Sri Lanka and Philippines.

•  C oconut flour:

In the production of coconut cream and other related products the fibrous residue 

obtained after expelling the milk is dried and powdered to obtain a product called 

coconut Hour. It can be used as an ingredient in weight control foods because of its  

high fibre content.

•  E d ib le copra:

Edible copra is available In two different forms -  ball copra and cup copra. The 

Lakshadweep Micro* a local type grown in the Lakshadweep Islands is considered to 

be the best for the manufacture o f bail copra Edible cup copra is prepared either 

from fully matured nuts or from stored nuts in Sri Lanka and In some parts of India.

•  Fresh coconut m eat fe processed and converted in to chips for edible purposes in 

some countries, especially in the Philippines

♦ Coconut water
The National Institute of Science and Technology, Philippines, has developed a 

variety o f products Hem the ©oeem* w ater and one of the products catted, Nate -d e  

-  Coco4 is a delicious food article and appears to have a  prannang future rn the 

coconut based food industry

Nate -be -Coco is a gelatinous product toned by the acton of rwoogantsm,
xyitvum rn a culture medfejm ctf sugared ooconyt w ay

Wtnoratr m common m ade fto fl oooonut wafer



The coconut water also yields an excellent sauce, very similar to W orcester sauce on 

being boiled down to thick brown syrup and spiced with red chili, onion powder and a  

little vinegar

Coconut lemonade Is good syrup like product:, which is m ade by boiling coconut 

water; sugar and lemon juice until about 65° Bribe is reached,

•  Toddy and toddy products:

A sugar containing juice, known as toddy, is obtained by tapping the unopened 

spadix of the coconut palm. The fresh toddy Is an excellent beverage and a rich 

source of sugar,

• Jaggery:
By preventing fermentation either at the time of collection or immediately after the 

flesh toddy is obtained from the palm, sugar or jaggery is prepared by evaporating 

the liquid through careful boiling In open vessels

•  Treacle:

This is concentrated syrup of sweet toddy obtained by boiling down the toddy, while 

super heating is avoided end the syrup Is progressively strained The final product is 

goidenjoloured syrup and the recovery Is about t$ %  of the toddy used

•  Ferm ented toddy;

Sweet toddy under normal conditions of collection undergoes fermentation and gives 

rise to the common ateohofie drink lam en ted  toddy

#

Arrack is the product obtained by the drstmakon o f ferm ented toddy

* Other products:
When the nuts ere tiered for s long period the spongy baa = M* hausronums 
develops inside the nut Th*ss utifeeti for the prepemkon of venous products Mrc 
jem, marmalade eft n «  asmeMnes tieed end preserved m suger symp for uae as # 
dessert ores a censMueticfthw salad P*® "***.
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2.2.3;Pectin

The gelling power of pectin has been used In foodstuffs ever since the first fruit 

preserves were made. Pectin itself was first Isolated and named by Braconnct (1825) 

who earned out some of the first systematic studies on fine subject,

Pectin m aterials occur In most land plants, especially in soft tissues such as young 

shoots, leaves and fruits- In plants they have an important role in the middle layer of 

the plant cell wall helping to bind cells together, in association with cellulose, 

hemicellulose and glycoproteins.

Despite this wide occurrence, only a few source m aterials have been used to provide 

commercial pectin as an additive for use in foods. O ne of the reasons for this is that 

many of the pectin m aterials present in nature do not have the functional properties, 

especially the ability to gel acid sugar systems, which has been the main requirement 

of commercial pectins until recently The broad class of pectic substances includes 

many containing high proportions if neutral sugar units or highly substituted with 

acetyl or other groups and these frequently prevent gelation.

2.2,3.1:Sources o f pectin

Pectin industry has been developed as a by-product industry, using waste materials 

from the food industry especially from the production of fruit juices and Juice based 

drinks Mainly apple pomace and citrus peel have provided the raw materials for the 

commercial pedtn industry O ther by-products from the food industry, which contain 

significant quantities of pectins, include sugar beet pulp and sun flower heads (May 

1999)

2 .2  J> 2 ;C h em ic a l n a tu re  o f p e c tin

The m olecular structure of pectin is composed of D» gataefurome ad d  molecules, 

w hkh ere linked to  each e@*er m a*pfcta V 4  - gtyooedic formations to potygafecturentc 

aad  Parts o f tire carboxyl groups are m etaryteted  wrth methanol Pectin «$ a  

heteropolysaccfcadde* because neutral sugars Mre gafoefase, arabmoee and xylose 

are linked to tire pectin rnacrmotecuae ty  side c h a w , and m e mam o h m  m ruptured 

by rhamnose (Krafe, 1993)

Pectn as first extracted has a setetivefy S*gh degree o f e & w rfm m  ra m d  W  ~ 

'"'75% of the acid groups si the mc^cyie feemg naturally assented teh methanol Such



pectin Is Ideal for use In a conventional Jam and vtfl! give a rapid set to prevent toe
!l

setting characteristics.

Esterification %

80

70

60

SO —

High metooxyi Rapid set Add milk products

Slow set Jam

Special uses Jellies, confectionary

40 Low methoxyt Low reduced sugar-

30 Medium ►calcium - products

20 High reactivity Low sugar or low-

10 J •acid products.

0 Non-acid foods

Juice fining,

Eig,2,a De~ esterificaton of pectin to give a range of products

Pectin is modified by reducing toe degree of esteification, (Commonly referred to as 

OM or degree of metoylatfon,) If toe DM s  reduced to around 60% , toe pectin is slow 

set. type and is capable of gelation only in systems with a  high sugar content under 

sim ilar condWons, toe gel will set more slowly or at a lower temperature compared 
with the original rapid-set pectin

However,, rt will also (derate either higher sugar concentrations or a  tower p H  Once 

the DM is below 50% g the p e c ta  are known as tew metooxyi and become steadily 

more reactive with calcium. They can be gelled under progressively lower soluble 

solids condition^ prodded an appropriate amount of sva&fete ^ !d u m  is present 

Amidated pectins are mss$y &  to® <^th c^tl type and have toe advantage o f 

tolerating more variation m calcium csrtext

2.24:P ectln  gel formation
The fotmahon of pedngeS ts an etoem ety compJex subject, not lead  because pedm  

is not a single spe&r*s e to rasal ompcwA- to sm pto terms, pestn is abfe to form  

gels with sugar schismswtcssh havese& bfe sbtete tfo toe ran g e© ) *  70%  and pH  

V a lu e s  o f 3 0 ~ 3  4

r



The controlling factors - ( I )  pectin type and quantity, (if) sugar concentration and (HI) 

pH must he balanced to obtain optimum gel conditions* (Broomfield, 1988)

2 ,2 4 .1  ;G eta tio n ; h igh  m eth o xyt p e c tin s .

High methoxyt pectins will gel only under specific conditions of sugar concentration 

and acidity. Lower sugar content requires for proper gelation at tower pH values, 

higher pH values are feasible with higher sugar content. If the sugar content remains 

constant, gels with lower pH ranges will be harder and more brittle, the same applies 

if the pH stays the sam e and the amount of sugar increases.

The optimal soluble solids content for Jams is 60 -  65% . Replacing part of the 

sucrose with glucose syrup or the use of the optimal type of pectin may prevent the 

fbrmation of brittle gets and the crystallization of sugar and dextrose. The lower limit 

fbr proper gelation of high methoxyt pectins is a soluble solids content of about 55% , 

W ith 55 -  58%  solubte solids, high methoxyt pectins with a very high degree of 

esterification (above 75% ) shew the best results. High methoxyt pectins do not gel at 

very low solids contents, for this application low methoxyt pectins and caicium salts 

are used instead.

Setting tim e and setting  tem perature

High rftfethoxyl pectins are commercially available within the range of 50 to  

approximately 80%  degree of esterification Tms group of pectins shows a quire 

specific gelling behaviour, Under virtually the same conditions^ higher methoxyt 

pectins set fester and at higher temperatures than pectins with tower degrees of 

estenficatjon This explains the importance of setting fame and setting tem perature fbr 

the evaluation o f high metttexyf pectins

Based on the differences m setting t#ne and setting temperature at which the gelation 

starts subsequent to get manufacture m the fattow»ng cooing period There is no 

setting above this temperature, even though e3 criteria for ge9 formation are m et 

Gelation of extrem ely high m sttm yt pectins as shown m test gefe may already start 

aL for example* 90P C  tm  o f Sees b # *  methoxyfated pectas at 6 #  C  The setting 

tem perature aSso depends, be&de the peetots degree o f esfefifieatan. on the sugar 

content and the product's pH  as well as the amount o f buffer s a ls  added and the  

cooling rate The fester the products are cooled down,, the lower the resufrng
v  b

tem perature

m



The setting time is defined as the period in which a fruit: preparation after terminating 

the cooking process starts to gel at a defined constant temperature, The definition for 

a rapid set pectin might be that under defined condition setting requires 10 minutes at 

90° C  and slow setting pectins need for example 20 minutes at 65° C.

2 .2 .4 ,2 :G e la t$o n : lo w  m eth o xyt p e c tin s .

Low mefooxyt pectins form gels by reaction with calcium ions. W hen small amounts 

of calcium Ions are added, the pectin chains start to bond over calcium bridges. W ith 

increasing calcium ion concentration, gelation sets in, in case of excess dosage of 

calcium ions, calcium pedinate wilt precipitate under the given gel forming 

conditions, which is also referred to as *pre -gelling*. The amount of the calcium  

dosage does not only control the strength of the gel, but also its rheological and 

sensorial properties, W ith a relatively tow calcium concentration in relation to the 

pectin content the gels are sightly gelled; they are soft and spreadable with a low 

tendency to syneresis, The gels melt in the mouth; the fruity, sweet taste is 

pronounced, with increasing calcium concentration the gets become firmer, more 

elastic, W ith very high calcium concentration gets become brittle with tendency to 

syneresis The gets do not melt: in the mouth, they feet rough. (Kratz, 1993)

2 .2 .5 :S u g a r

Sugar is chemically known as sucrose Which is a sweet carbohydrate it is also 

classified as a disacehadde < e  when hydrolyzed by an enzyme or acid, it will yield 

one molecule each of glucose and fructose

Sugar is an essential ingredient in our diet and is an important source of energy. One 

gram  of carbohydrate will yield four t e l  of energy Sucrose is mainly obtained from 

sugar cane or sugar b e e tft is found in the market m different grades ranging from 

icing sugar to granulated sugars and m colour from white to  dark brown

2 ,2 .5 1  ; T yp es o f s u g a r

This is produced by s ^ e  defalcation or a  modified d efecatio n  p ro e m

O efaeca iK > n rsth escd rr> ed al^ ^ d ? eff> sc*^ an d scm eo fih eso iU D *en o n -«u g 8r

consonants in sugar by adding lime., £ m mode) to the juice e rp H 6 Q » 8 4 a n d  

heating « Sugar maWtetuisd »  *w  m e  r t l w  a « *w w e *<  k w



sweetness and a wtde range of colour from feht brown to dart< brown The variation 

in colour is due to (he molasses layer surroundkg it

Tvpe 2\ Plantation whim sugar /  mill white sugar.

W hen defalcated sugar is further decolourized by sutphitaUon or carbonation it gives 

an off white crystalline product known as plantation white sugar /  mill white sugar,

Im .3LSesfiQ .ed. V tgfcsm L
This has undergone further purification with the aid of animal charcoal or bone 

charcoal in order to produce a white odourless sugar. Charcoal removes the gummy 

substances and the colouring matter.

TVoe 4* icing sugar

This is the pulverized white sugar with or without the addition of starch or anti caking 

agent,

This is sugar refined specially to a very low concentration of ash and colour to be 

used in the mineral (aerated) water Industry,

Type 6 earner s sugar
- 3 L >

C annefs sugar should have a low microb&iagfcal count and low 80 s  content The 

tatter is to prpwent n* plate used in the c a n * ^ Srv*  '***'*

In the food industry sucrose is used as a sweetener, bolting agent, texture modifier, 

preservative, flavour enhancer and as a fermentative substrate (for alcohol and spiff! 

manufacture) Such mutitfUndtonal properties of sugar are rented to the physical 

ehem tcsf mierdaioSegJcel and sensory characteristics o f sucrose The fruit processing 

and beverage industries in S ri Lanka consume the Qargest quantity of sugar tn jam s  

and jellies, sugar act as a preservative The setting of jam  depends on the c o re d  

pH, acidity, pet&n and sugar com ers* Brown sugar cannot be used «  the  

manufacture of th e rm s  due to dswaiyutg buStewig s e ta * (Setvara^b 1330)
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2 ,2 .5 *3 :E ffe c t o f su g ars  in ja m  m an u fac tu re

During the boiling process some of the sucrose Is converted to Invert sugar, a  

mbdure of dextrose and fructose This conversion Is accelerated by Increasing In 

tem perature and by decrease In pH Inversion Is advantageous since a solution of 

sucrose Is saturated at about 66%  at 20°C  and may crystallize at higher 

concentrations The solubility of a mixture of sucrose and invert sugar Is higher, 

although an excess of dextrose will produce dextrose crystallization. In general, an 

Invert level o f 20 — 35%  of (he sugars will avoid either type of crystallization in 

products up to 72%  total soluble solids (Broomfield, 1988).

2 ,2» 6 :C itric  ac id

The history of the commercial citric acid production can be traced back to the mid 

19** century In the UK, when The Atlas Chemical Works in London started 

manufacturing the acid from lemon Juice, Imported from Italy*

It Is not only lemon or citrus fruits (from which it derives Its nam e), which contain citric 

acid Many other fruits, plants and even milk contain it too Although originally citric 

was extracted from citrus fruits alone, by the early 1900's, mounting pressure of 

demand m ade this process uneconomical Consequently, large-scale fermentation 

was commercialized in 1923 using the microorganism Asp&yiltus rtiger Today the 

m ain raw m aterials for d tric add  production are carbohydrates such as molasses and 

starches Production involves fermentation techniques with microorganisms

converting the sugars into cririe acid The crtne acid broth produced from this 

ferm entation Is purged, concentrated and crystallized into either the anhydrous or 

monohydrate form, depending on the temperature The add  is then sieved into fine, 

medium or coarse granules or powders. Setts of crtnc aad  are produced by 

neutralization with the appropriate alkali, the most w xteV used saft beng tnsodium  

citrate

2 .2 .6 .1 ;S co p e  o f a p p lic a tio n s

Citric end its citrates offer numerous processing etmbuisd which make them m
' ‘  -piJ- ”

jfl^xxtent tod) for a  range o f products, horn soft dm *®  to sauces, horn canned fristo 

and vegetables to cheese and m eats

Citric J tM s  a  vanety of fim to m , tm pm tag flavour,, pratongpqg shed Mfe and  

o o r i t n b i * t o  ease Of processing Ofcie sod, w m m  and g tim n m  cerates cam he
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2.2,$,3: Effect of sugars In jam manufacture

During the boiling process some of the sucrose is converted to invert sugar* a 

mixture of dextrose and fructose This conversion is accelerated by increasing In 

tem perature end by decrease In pH Inversion is advantageous since a solution of 

sucrose Is saturated at about; €6%  at 20°C and may crystallize at higher 

concentrations The solubility of a mixture of sucrose and invert sugar is higher, 

although an excess of dextrose will produce dextrose crystallization, In general, an 

Invert level of 20 -  35%  of the sugars will avoid either type of crystallization in 

products up to 72%  total soluble solids (Broomfield, 1988).

2 .2 £ ;C itr1 c  a c id

The history of the commercial citric acid production can be traced back to the mid 

1901 century in the UK, when The Allas Chemical W orks in London started 

manufacturing the acid from lemon juice, imported from Italy,

It is not only lemon or citrus fruits (from which it derives its nam e), which contain citric 

acid Marry other M is , plants and even milk contain it too. Although originally citric 

was extracted from citrus fruits atone, by the early 1900’s* mounting pressure of 

demand mad© this process uneconomical Consequently# large-scale fermentation 

was commercialized in 1923 using the microorganism Aspergillus niger Today the 

main raw m aterials for citric acid production are carbohydrates such as molasses and 

starches Production involves fermentation techniques with microorganisms 

converting the sugars into cttne acid The crinc acid broth produced from this 

fermentation & purified,, concentrated and crystallized into either the anhydrous or 

monohydrate form, depending on the temperature The acid ts then sieved info fine, 

medium or coarse granules or powders. Safis of crime acid -are produced by 

neutralization with the appropriate ettoti, the most wsdety used sari bemg tnsodsum 

citrate

2 , 2 J  iScope o f applications

Csirie and ris dtiares offer numerous processing atmbuted w frsh m ake them an 

In m rtan t toe? ter a,range c f products, from soft drinks to sauces, from canned M s
t

am t vegetables te  cheese and m eats

Otifc^ ftXfitis a  variety of functions. flavour,, proiongmg one* H e and

oontobUi'J^ to ease of p ra s a q g  Crinc aod, sodium and p a tiw u m  $*mm $sn on
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used as Independent Ingredients,, In conjunction with each other* or with other types 

of food additives, such as preservatives or antio)ddant$, to extend their performance

As cltnc acid is a natural component of most fruit juices, its character blends well with 

the types of flavour systems commonly used, Also, Its ability to chelate trace minerals 

allows antioxidants to function more effectively in retarding product deterioration.

Citric acid with sodium citrate provides precise pH control to stabilize the product 

The most Important single application for citric acid is h  soft drink manufacture, The 

second main application area for citric Is in confectionery and sweet fruit products 

such as jellies and jam s. Citric is added to these products primarily for flavour, but it 

also increases the solubility and stability of artificially -sw eetened products, As in soft 

drinks Its compatibility with all fruit flavours makes citric a suitable acidutant to impart 

tart ness. (From delicate berry flavours to strong sour products)

Citric has an important role to play in the processing of vegetables and all types of 

fruits It reduces heat -processing requirements by lowering pH betow 4,6, Inhibition 

of microbial growth is a function o f pH and heat treatment Higher heat exposure and 

lower pH resulting in greater inhibition. As the heat requirement is minimized, so the 

integrity o f the fruit or vegetable is better preserved,

Oxidative browning m most fruits and vegetables is catalyzed by polyphenol oxidase, 

which is naturally present The enzym e activity is strongly dependent on pH and so if 

citric is used to tower pH to betow three,, the browning effect of the enzyme activity 

will be prevented

The citric a!s© optimizes flavour and , when used in ©cnjunstion with antioft&ants such 

as aseo rta  askf it. £rthSb3o cc!eur and flavour deterioration, vrtrteh can be caused by 

m etal -catalyzed  enaym*c oxidation

2,2*6,2; S afely
Ctfne a&d is os a sate food oddJA®. En the E lti cdric m d and e4rate$

(E 3 3 0 ,331 and 332$ me approved ter use ^quantum satis*’ and the Acceptable Qa-V 

Intake (AOt) decided by the FA0? HWHO Expert csm m ttec o f Food Addtives 

(JE C F A ^V sersp ecfted 5 Th.s m eatts fla t am the Bevels deq&red to create the dessert 

'--effect: food products, a^d  and c ra te s  are 8w human heath



2 2 ,7 ;$ o d iu m  m e ta b ls u lfite

Suffiting agents have a long history of use as food ingredients, The term su itin g  

agents refer to suffer diodde (SO^) and severe! forms of Inorganic sulfites that 

liberate SO * under the conditions of use Suffer dioxide (SQ^)t potassium bisulfite 

(KHSO$), potassium metablsulllteCKsSsPs)* sodium bSsulfite(NaHSOi), sodium  

metablsuiritefNajSsOs) and sodium sulfitefNa^SOj) are listed In the Code of Federal 

Regulations (CFR ) as GRAS provided that they are not used in meats or other foods 

recognized as a source of thiamin,

Sulfiting agents are added to foods for many important technical purposes, including 

the control of enzymette and non enzymetic browning, antimicrobial action, 

antiioiddant and reducing agent uses, bleaching agent uses and a variety of 

processing aid uses, In many products, the sulfites serves more than one 

purpose Acceptable daily intake for sulfite is 42mg for a  60kg person. The 

carcinogenic mycotodns, aftatoxins B , and 0% can be degraded by bisulfite, although 

rather high levels are required, (Chichester, 1986)

2.2,8: Antioxidants

2 *2 .8 ,1 :U p id  o x id a tio n  a n d  ra n c id ity

R an d d iy caused by the ftptd c^dation of fats and oils In food products is one of the 

m ajor obstacles preventing long shelf life. Antioxidants capable of delaying the 

process of lipid ©ddatlon and the development of rancidity are now widely use in the 

food industry The ox&ativre resistance o f food products Is often high at first But this 

resistance will fee reduced, depending on factors such as the types of fat in the 

products concerned tem perature, fight, amount of catalysts present (e  g m etal ions), 

degree o f exposure to oxygen during processing, packaging, storage etc

The process of fipxl oxidation takes place in the tei phase, and &  a reaction between 

oxygen and toe fe%  add  pads of the t$ d  molecules The process is also called 

autoxidfitton, since it is anautaca& lysed process occurring spontaneously Upld

oxktafeon is a chain reaction resuttog in the formation of free redcsl$ and peroxides..
■

which wilt reduce toe of food products by teadhg to adcHfonst reactions and 

toe onset of renctcMy This chan  reaction results m toe deveiopmem of undesxafefe 

taste and smell and toe toss o f m M im fts M t
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Unsaturated fat/oi!

Effects of oxidation;

Further reactions Polymers Sm aller
with other compounds, molecules,

e,g> vitamins, proteins, 

Affects;

e.g.

aldehydes,

acids,

Texture viscosity sm ell/taste

Taste/sm el! colour

Nutritional value

cell damage*

Delaying or preventing the onset, of rancidity various solutions can be chosen such 

as;

The use of airtight packaging, gas packaging (e g using nitrogen), or the use of 

vacuum packaging or refrigeration However these preventive methods are only 

capable of inhibiting the onset of rancidity to a certain extent The addition of 

antioddants, on the other hand, is an extremely efficient way of retarding foe process 

of oodaiton and thus prolonging foe shelf life of food products.

22  ,8 .2 : A n tlo x i da n ts

Antioxidants are substances, which am  capable of retarding oxidation processes,

and they also ensure consistent quality (tom a batch to belch, thereby providing a  

minimum o f variation in foe taste, odour, odour, and texture of finished products

Traditional antioxidants such ass 8H A , 8H T  and gaXates have found wide spread 

used, and they are sNI very important due to their hgh degree of efficiency 

(Lauridsen and Schufi^ 1983)

There is, however, a  growing demand for vsemm Abased artoodants such as  

vrtamfo Q  vitamin E and carotenotis The mafor affects o f the antioxidant v rfa n m  

am  a s  flee  radical scavengers Vitamin C s s  wateraoluibfe am ioxdant capable of

u



regenerating vitamin E Vitamin E and p -carotene am  fat-soluble antioxfdante 

Vitamin E is efficient at high levels of oxygen pressure and p -carotene is efficient at

tow oxygen pressures* Ail work both singly and synergetically to prevent or delay 

oxidative reactions that lead over time to degenerative diseases, including cancer, 

cardiovascular diseases, cataracts and other diseases*

Most of the people are not consuming levels of the antioxidant vitamins needed 

because they do not eat enough fruits and vegetables and (bods they do eat do not 

contain the levels needed* The best option to solve this problem is to fortify a variety 

of foods with (he antioxidant vitamins, Which brings us to the concept of nutraceutical 

foods

A variety of commercial forms of the antioxidant vitamins are used in foods and 

beverages Dry forms of p-carotene am  commonly used because they am easily 

water dispersible and am  available as a 10%, 7%  or 1% cold-water soluble form or 

an insoluble odourless version Vitamin C  is offered as powdered or granulated 

ascorbic acid or in coated forms Sodium ascorbate and coated version am  offered, 

as Is caldum  sorbate Vitamin E  acetate Is offered in cold-water soluble forms O il- 

soluble products, including 30%  p-carotene (in com dll) and GUocopherol, its 

acetate, and mixed 'tocopherol am  also offered and may be incorporated m to flavour 

em ulsaom

Ravour problems which may be encountered while using commercial forms of the 

antioxKfant vrtamtns and the suggested solutions am  presented in sable 2  c Primary 

factors whtch affect smte!!iy of the araicxtoant vitamins m foods and beverages am  

listed in table 2  d Bom vitamin C  and p-carotene are sensitive to heat and oxidation 

but vitamin E  m as acetoto form ss q tm  stefete

Processing metosds are severed to mwmm  ©oncNiens t a t  sesuH * i thee g re a te r 

losses and to compensate for toe tosses t a t  do occur by adding overages To

reduce mndsben dam age^* w best to use sfee*„ tfw m m  or ptesnc

equpm ent o ve^ n g  conrarcrftst'On vato copper* iren. brass or b m s e  m
from the product atoo W p s , as does u$sng N w g t^uipm em  t a t  nwsmsges 

headspace and fills at a  ceftstw fl rate itfesH p re s s in g  gm m  be East and toe  

product &m M  be protected t w  rattan l e n rg y  m ptosis contonera 

■ be df types that rediiee pewsteate' fy The m at* o b servers  to contagf



oxygen or precedent m etals during processing and to minimize oxygen transfer in 

the packaging, (Elliott, 1999)

Table 2<c.; Flavour problems and suggested solutions
r

Antioxidant vitamin T
p  -carotene 

Vitam in E

Potential problem

Dry product forms 

Cloud in dear 

(transparent) beverages.

Vitamin C

i

Taste too tart at higher 

levels o f ascorbic acid

= p -carotene

I  <!t!r

l . ... . . .  .

Yellow to orange colour 

not desirable

J Suggested solution

Acid more juice to m ake! 

opaque (Natural juices 

are often cloudy)

Add 30%  p  -carotene or 

l tocopheryt acetate (oily 

form) to flavour emulsion 

Use-  part o T  a ll^ o f  

requirement as of sodium 

ascorbate.

I Calcium ascorbate is - 

I bitter and not- 

j recommended for most 

food uses I

|

t Use f l -carotene^ 0%  3'1"  i
in products except *

i " r r . ......  I



Table 2 d Primary factors* which affect stability c f the antoddant vitamins In foods 

and beverages

f Antio)0dant vitamin

p  -carotene

Vitam in C

Vitam in £

Soured Elliott, '( im )

T

2

Exposure to oxygen

Heat above 45^C for extended

period of time*

Packaging in oxygen permeable or 

d ear

Oxidation catalyzed by m etal ions,

light and h eat

Very stableindryform

Very sensitive to oxygen and heat in

solution

Oxidation catalyzed by metal ions 

and heat

112

d t -C&Mocopheryl acetate very 

stable except at pH extremes 

d i-M -to co p h ero ! sensitive to  

oxidation which is catalyzed by heat 

and metal ions ____  j

I

2£ 3 :$ o d iu m  b e n so a te :
This is a  salt of benzoic add  and ts used m the preservation of fruit juices* s q u a re s  

and jam s Benzoic usd  ts t ie  effective agent As & is spanogfy soluble r i water, its

sodium salt;, which js water-soJufefe;, is generally used Chemically, pure sodwm 
benzoate ts pseete3% fesfefess and odeut ifess

The preservative action &  im m ®  m ri masses w  the presence of CO*: A typical 

exam ple is that of fiarifibs si&l&s Wtaeh carasf survive m benzoic awd soiutom in 

the presence of GCfe Benzoic ecad m w eeS K & ve against yeesl than against moulds 

(G ^dhafi, I9 6 0 )



2*3: Jam  P ro c e s s in g  M eth o d s

There ere two major methods of jam  processing,

1 The traditional open pan system,

2, Vacuum boiling process

The boiling process, in addition to removing excess water, also has other effects, in 

particular partial inversion of sucrose, development of characteristic flavour, textural 

changes in the fruit and destruction of yeast and moulds, The boiling may be carried 

out at atmospheric pressure (traditional open pan system) or at reduced pressure 

(vacuum boiling),

2 .3 .1  tra d it io n a l open  p an  system  (a tm o s p h e ric  p re s s u re  b o ilin g )

W hen boiling at atmospheric pressure the product reaches about 105°C at 

completion and this process gives the characteristic flavour of traditional jam , This 

traditional method o f jam  boiling is use steam heated open pans nomnatly capable of 

holding batches of 75 -100kg , Steam  at A -  5  bar is supplied to a jacket or to Sntemat 

coils for faster boiling.

Pans are used tn sets of between four and eight so that a continuous supply of 

product can be obtained, Pans, which are discharged through bottom outlet valves, 

are more convenient (and safer) in use than ripping pans. Each pan supplied with a  

hood corrected  to  an exhaust system for removal o f w ater vapour The pans are 

loaded by gravity or by blowing or pumping from a pre-mixing vessel Once loaded, 

the steam supply is turned on and the m fr boiled to the required solids level This 

may be determined by refradom eter or by temperature, which will need to be 

corrected for changes in atmospheric pressure

2 .3 .2 :V a cu u m  b o ltin g

W ith vacuum boiling where the bulk of excess water removed at & fc  -  60^C, the  

flavour charges are less marked, with a reduced level of caram ate ijo n  W hich 

flavour characteristics m e preferred «  *  m atter of opinion Vacuum brifm g also 

restricts the degree of sugar invasion and removal of s u ie r d o m fe and O w e  factors 

m udbeconsiCteredvm en fofm wfetiiTgtheprorfod Continuous operation has dbwous 

production advantages tf the requ rad out put is sufocaeni tow arrant I



2 .3 ,2 .1  ;B atch  vacu u m  b o ilin g

Vacuum boiling vessels am  available to take charges of 500 -  2000kg, The vessel 

made of stainless steel, is provided with heating coils, a vacuum pump or ejector 

system, a m eans of sampling or a built tn refmctometer, entry points and an 

Inspection window.

The mode of operation is to prepare a premix in a stirred heated vessel The prem ix 

is drawn in to the process vessel by vacuum. W hen changed, the pressure in the 

vessel Is controlled such that evaporation takes place at 50°C -  60°C  until the 

required solids level Is reached. W hen this is achieved, the vacuum is released and 

the tem perature is allowed to rise to  about 90°C  This ensures that sterilization 

occurs and that conditions for formation of the pectin gel are achieved. The vessel is 

emptied by gravity, pump or air pressure

Since large batches of product am  obtained, problems with presetting may occur and 

H; Is necessary therefore to add the acid antifor the pectin after the boiling is 

complete, making appropriate allowance in the solids level o f the boil This later 

addition can be metering or by the use of two receiving vessels which am  used 

alternatively

2 ,3 .2 *2 :C o n tin u o u s  b o ilin g

Continuous vacuum bo^ng may be carried cut' by two methods The APV system  

utilizes a plate evaporator whereas the ATa -  le v e l system malms use of scraped' 

surface heat ©cchangers The former system es tsrcted to handing jefies or sieved 

products w fctetthe latter o n  handle larger hurt pjeces

W hen u$*ng oortfmoeus systems, *  ts necessary to eorcimf mfmctomefoc solids 

GQhtnuousty and ties es dsne e th er usatg a sample m urrt or, preferably, an

2*3*3:Fillr»g tem perature

Products settmg iempenrtum should be tower te n  me flPmg temperature T te
prevents pregefl*n9, ¥J6I|16 ?SW ©HKT 3  ■>*P ! ̂ *3SCft5S

thetecuw  T h e lw 9 la o n )te f,!iig em ip efW ie!S d ««m fla i6y i> ie ® a * * « « s * 6
systems en^ttoyed wi die process as wcN as dm &ase of the pacing coma iUsec

Gort8>n«s, ce«l irroe *V . o”9* '« ̂  ’"3 ® swnprwpw &  §S? C ( 9



95° C  Rapid set pectins In this temperature range provide good gelation, Containers* 

which pass through a long cooling phase, on the other hand, require tow filling 

temperatures of e g  70®C to 7§°G S since otherwise the consistency of the product 

might suffer by heat related dam age affecting the center For this purpose slew set 

pectins are used that do not tend to pre -g e l in the tem perature range In which they 

are applied

2*3 .4 ; C o n s is te n c y

Consistency is a very Important param eter for sensorial acceptance and depends 

largely on the composition of raw materials such as the type of fruit, fruit quantity and 

sugars used, but also on the selected type of pectin Pectins with a very high degree 

of esterification In firm gels, which are characterized by the rheological param eter 

'highly elastic with an Important viscous phase'.

For the purpose of spreading jam  on slices of bread or sweet rolls, it should be noted 

that Jellies with greater elastic and a very low viscous phase are more difficult to 

spread, in the extreme case, this Implies that Jellies spread on with a knife will just 

break up from  a large lump In to many smaller pieces. Gets with an Important viscous 

phase, on the ether hand, will spread on easily and form coherent jelly layer on the 

bread The proper selection of the r $ t  type will thus to  be a great help in controlling 

the desired rheological parameters o f these products

The edible acid ortgtnally present In the fa ils  or added to  the product tends to 

suppress the d is s o c ^ ra  o T fiw  cam ©x$ groups in pecims ?f the acid content is too 

high (pH vatue under 2-8) m e gel e&sftssy w»!1 be increased and m e gets become 

hard and bmde if the add content «$ tow (pH value above 3  3 ) the get structures 

become very soil. W hen esweetfcn9  a certain pH nmri0 ge&iion is no longer 

possible (Krafe, 1913)

24:Types o f jam s

(i) Presence efsoiufe^ $e*d$ of JtrBherthsn 89%  (conrenhonal jam s)

(ti) Red used sugar gaas e t soh&Se sehds of between -  80%

(th) Lew sugar p m s w ih  a  sc&twe sehd cwwsrc of less snan 4&%

(iv) No added sugar pmmad 'W c a ty  of sowas or less, where



2 A A : Jam  re la te d  p ro d u cts

(1) Extra jam

Extra Jam is a term introduced via the EC preserves directive 79/693/E E C  All extra 

jam s are Jams but not all jam s are extra jams* as the tatter require higher fruit 

content Basically 45g per 100g compared with 35g per 100g for jam s (although 

there are some exceptions to these general levels)

Extra jam s have to be m ade from ‘fruit pulp* which is defined as the sliced or crushed 

edible part of the fruit' with or without peel, skin, seeds or pips but which has not 

been reduced to a puree. Extra Jams cannot be made from puree and, so, legally it is 

not possible to  m ake a 'seedless raspberry extra jam 1 as the fruit will here to be 

sieved before use II is of course, quite permissible to make a 'seedless raspberry 

jam* with far ft content of 45g per lOQg or more.

The definition o f 'fruit* has been increased recently by amending legislation and now 

includes, for example, carrots, carrot jam  being delicacy of the Portuguese. In 

addition their differing limns for residual sutfUr dioxide content for the two classes of 

product

Sorbates or benzoates are permitted in extra jam s,added colours are not permitted 

Under the present leg islated  there am  no such products as, extra reduced sugar 

ism  or extra marmalade5, as such products sre not defined (Broomfield, 1986)

(2 ) Reduced sugar jam

Although still peotft&ugar gets,, the low sugar contents permitted for reduced sugar 

jam s means that normal high m etteayj (HM ) pecfns are ineffective, and so *  is 

necessary to use the ml&wm $ tow M&faaxfl (IM J peetrn getting system The texture 

of the low sugar eanierit §e3 may be msd-tted by the msgrporahon of additional 

stobiteers andfe? geiung many o f wfceh are tested m the IK  regototeons The

tow sugar eortentats©  has fc*® other effects fa s t there m  m  chance of c jysta& zate i 

and second the sugar eenteftt is ifm tftem l to provide a preservative effect (hence 

the reason for the pemwtted use of preservakves)

(3) dam for duettos
0*abet.tos are vriteteratf to the sugar* norm ®*/ present at «sros and m arm alades, but 

-  .they are uraffeefed by se ifettf a pG^hydnc a&sh$! d ew ed  horn pusms S p e c ify  

prepared ^ams and manrcuSades are therefore ffia ro & ctu ed  for cfobetes *t w&db

33



sorbitol is used as a direct replacement for sucrose and glucose. The same 

manufacturing methods are used but ft Is necessary to  increase the quantities of 

pectin, as pectirt/sorbilol gets are weaker than comparable sugar based gels.

Sorbitol based products do not have low energy value since the sorbitol is 

metabolized The daity intake of sorbitol should be limited since it has a laxative 

effect;

(4) No-added-sugar fruit spreads.

in these products, the source of added sugar is fair! juice and not one of the 

sweetening agents, listed in the jam  and similar product regulations 1981. Because 

of this, they do not have to conform to the tegat requirements for reduced sugar jam .

(5) Marmalades:

Marm alades are effectively jam s or jellies made from citrus fruits. Orange marmalade 

is by far the largest sector o f the market; Bitter oranges, grapefruit, lemons, limes, 

mandarins and sweet oranges used in m armalade manufacture.

Various styles of m arm alade are manufactured, the differences being In the size and 

m anner of cutting the peel and the proportions of peel to center which are used. The 

usual styles of marmalade are 'coarse cut5 with the peel in strips about 8mm wide,
' i f * .  ^

and ‘medium* and Tine' art: with strips of about 3mm and 1 5mm wide, respectively. 

In each of these cases the peel includes the albedo The white portion lying beneath 

the skin Legislation requires marmalade to contain minimum of 20g of citrus fruit per 

100g> of which 7..5g (99atteasi) shall be from the eptcarpfcenter)

(6 ) Jelly Jam s and marmalades

Jetty jam s and marmalades are prepared from the juice of the selected fnM and do 

not contain any of the insoluble fibrous material* except that jefly marmalade may 

contain small pteoes of peef The juice is obtained from the fruit either by mechanical 

pressirg or by aqueous ©draction Jelly »s formulated and manufactured n  the same 

w ay a s ja m  In  the production of jelly marmalade, danfted ju c e  or aqueous extract 

fjrom the dummy r$ used m the preparation of the jetty (the pulped centers are known 

as d u rvm /) W here peel rs added, this is n  the form of finely cut dtapt* without 

albedo The product requirements for a  good ie iy  are good cofour c^eniy and ftavqur 

(Broomfield, 1988)



C H A P TE R  3

3.0: m aterials and methods

3.1 ;Materiats

3.1.1: M aterials for preparation of tender coconut Jam

• Consumable

I  Tender coconut kernel from 9 months and 10 months old nuts, picked up 

according to the method given In table 2 a ,

2, W ater

3, W hite Sugar
4, Medium setting pectin.

5 Sodium metablsuiphlie

6 Sodium benzoate,

7. Citric acid

3 Vitam in C

9  Vitamin E

10 Emulsifier

♦ E q u ip m e n t a n d  to o ls

I I  pEr m eter

12  Therm om eter

13 Refract ©meter (Bnx 45-82% and Bnx 0-32% )

14 Electa© balance

15 Slender
16 Knives
17 Spoons

18 Saucepan

19 G a s c o o te

20 G lass ware

21 P ackrtg m ater^s (p iu to o ip * ,S d 4



3*1 .2: M a te ria ls  fo r s e n s o ry  e v a lu a tio n

1 Prepared tender coconut jam

2, Spoons

3, W ater glasses 

4* Serviettes

5  Cream  cracker biscuits

6 Plates

7* Pen and Ballet sheets

3.1*3: M a te ria ls  fo r d e te rm in a tio n  o f pH  v a lu e

1. pH m eter

2. Prepared tender coconut, jam

3. W ater

4 . Tissue papers

3*1*4; M a te ria ls  fo r d e te rm in a tio n  o f B rix  va lu e  

1* Refoactometer (Bdx 4$-<&2%)

2 W ater

3. Tissue papers

4 , prepared tender coemtut {am

3*2: lo c a tio n

TC s esqsedmerd. was conducted at the quality control laboratory of the Vasm ee\ 

MfcS^ana Fsnuct Farms (Pvt.) IM ,  Mkfigama, Ahangama



3 ,3 :M e th o d $

3 .3 .1 : P re p a ra tio n  o f sam p les

Thfe experiment was done to develop an ifnnovatJve Jam fmm tender coconut for the  

dynamic market

In the ease cf jam  manufacture four major variables were taken Into account vrith two 

levels -low and high, and samples were prepared with respect to the treatment 

combinations given below.

1, Maturity level

Sugar level

9 months old ~e0

10 months old -a*

tow level (SOg /10Qg) -  bo

3, pH level

H©h level (6&t3gf1QQg) -  b»

< H|gh pH level (0£g/1QQg -citric add) =<*

.

t<ow pH tevel(0.8gf100g-dtricadd) -c ,

4 Antioagdant
W eak anfiosddant -d®

‘Sheng antaktsrct-d,

1) « © m e iri^ # fe w 5 ^ rie v ^ flT ^ p H le v e tfw e B k a rriio « id 8 rt

2) Bob* Cb da Ibigjh sugar

3) aotebCtd? Aew sug#r teve1/  low pH tevetf w e a k  antdiridafri
4 ) a ® b |C i< fc -S w io n ^ ^ ^ s w g s rk s ^ te w j^ le i^ iw c a k a ^ T O c trr i.

5 ) Oohb^jd} «9m onfi^4?sw siigsr.levetfiw g^pM tew ^s^

6 ) aobtC odt .^nnw itte 11?̂  ̂ lf!¥eW

a»febea



8) ao b fC id i -9months / high sugar (eve!/ tow pH level/ strong antioxidant

9 ) di ba c& cb *10 months /  low sugar level/ high pH level/ weak antioxidant

10 ) 3 | b( each -10monlhs /high sugar level/ high pH level/ weak antioxidant 

11 )a« ho Ct €b -10 months /  low sugar level/ low pH level/ weak antlo^dant

1 2 ) 8 ib t Cj d © *10 months /high sugar ievel/ low pH level/ weak antioxidant

1 3 ) a i bo co d i -1 0  months /  tow sugar level/ high pH tevet/strong antioxidant

1 4 ) a i h iC odi -1 0  m onths/  high sugar level/ high pH level/ strong antioxidant

1 5 ) at bo Ci d i -10 months /  low sugar level/low  pH level/ strong antioxidant

1 6 ) a i bi ci di -1 0  morrths /  high sugar level/ low pH level/ strong antioxidant

3 *3 .1 .1 ; D e te rm in a tio n  o f m a tu rity  leve l

Developm ent of coconut fruit from flower takes about one year duration Sot! 

endosperm begins to form after about 7 months from the fertilization. After 9 months 

there 1$ m ature 'kuiumba'a jelly like kernel that covered entire cavity. After 10 months, 

very tender kernel called is there (See table 2 a )

These two stages were selected as the most economical stages to prepare jam . Fat 

content is increase along with the maturity stage* Lower maturity levels were found 

not economical to prepare jam , as amount of kernel per nut is very low

3 *3 .1 .2 : P re p a ra tio n  o f p u lp

Tender coconut nuts of 9  months old were harvested and dehusked Nuts were 

opened and tender kem ei was scooped The panngs were removed using a  knife It 

was blended white adding w ater in order to get the Bm value of 4%  tn the pulp 

Sam e procedure w^s adopted for 10 months ©*d nuts too

3.3.1,3: Preparation o f sam ples w ith tw o levels o f sugar

TWo portions oT te n d e d  ooconU' pulp was taken and incorporated with sucrose

(sugar) 0Og and m  13© m order to prepare wsth two sugar levels (ti* and b j

3.3,1 .4; Preparation o f sam ples w ith  two levels o f pH values

TWo portions of bferxfed pu|p were taken and incorporated with c lh c  acid 

0  ^  arxf 0  8g in order to pmpsm sampfes wrth two pH levels JfSb and Of)



D ehuskedtender coconut

y X - t *  
Add w ater

tCi

O pen and scoop m eat from  shell 

C oconut w ater and shell

B lend

Add w ater

S ugar & p e c tin s

Add rem aining  

s u g a r

Add citric a d y \ ^

Boil .

B oil.

B o il

Add SMS, benzoic

AndantKJXkJarrts,
emutsifiers

Pour into cups

Tender coconut fam
R g u re .S e  C om m onprocedurek^ta<xitrcocond|am pnoee««^



3 .3 .3 : D e te rm in a tio n  o f pH  va lu es

The pH value of a jam  should be between 2 8  - 3 ,3 , If pH value is lower than 2,8, the 

jam  becomes hard and brittle and pH values higher than 3,3, it make the jam  very 

soft, Therefore determination of pH value rs very im portant The pH of the product 

has a great influence on the Inversion of sugar and setting of jam , The pH value fs 

necessary to be optimal to produce a good firm setting pectin jelly.

3 .3 .3 .1 : M eth o d  o f pH  m e te r c a lib ra tio n

Before the beginning of the experiment, pH m eter was calibrated by using buffer 

solutions of 4  and 7  and electrode was rinsed with distilled water and blotted with a 

soft tissue,

3 4 .3 + 2 : M eth o d  o f pH  d e te rm in a tio n

The pH m eter was inserted to the sample and kept for one minute to stabilize the 

reading Then the stabilized reading was recorded, Readings were taken after one 

month and after three months,

3 .3 4 : D e te rm in a tio n  o f B rix  v a lu e :

In jam  manufacturing, the 8nx value of jam  should be maintained between 60 to 

70% , in order to preserve the gelling behaviour.. Hence measuring of the Brtc value is 

important prerequisite in manufacturing the jam  with right: quality

Very minute quantity of jam  was placed on the Brix m eter (reftactometer) and read 

the value of Bite by degree of reflection of tight

3 .3 4 ; S e n so ry  e v a lu a tio n

3 .3 4 *1 : S e le c tio n  o f s e n s o ry  p an e l

A  sensory panel was selected to determ ine the gustatory sense of the 18  samples, 

as these characters am  negftgftle

Twelve young persons who retennd from behawouca of biting chew beetles and 

sm okrg were selected and served 10 sucrose solutions repm antjng from 0 1 %  to

1% 'of sucrose



Persons who were responded for least sugar levels (absolute threshold level) were 

selected lo r the panel 

3 .3 ,5 .3 : S e n so ry  e v a lu a tio n  m eth o d :

Sensory evaluation was carried out to determine the best sample or samples out of 

1® samples prepared In the study. Scoring test method was used for sensory 

evaluation

The scoring test was conducted by giving a hedonic scale of 'like or dislike*. Dislike 

extremely to like extremely was numbered from 1 to 9 respectively (see appendix I) 

and given to the panel to state their scores in front of the code number given to each 

sample

Appearance, flavour, colour, odour, texture and overall acceptability o f samples were 

tested at the sensory evaluation according to the above method Results obtained 

from the sensory evaluation for organoleptic properties were analyzed by ANOVA  

statistical method and were checked whether there were significant differences In 16 

sam p'es studied

m



CHAPTER 4

4 ,0 : R e su lts  an d  D iscu ss io n

Study was carded out to evaluate the quality changes of {am by assessing pH, Brtx 

and organoleptic properties of Jam ssm ptts over 3 months.

4 .1 ,1 : R e s u lts  o f a n a ly s is  o f v a ria n c e  p ro c e d u re  fo r th e  s e n so ry  

e v a lu a tio n

Sensory evaluation was canted out twice, The first was conducted one month after 

preparation @J tender coconut jam  and the second was three months after 

preparation of tender coconut jam

Appearance, cofour, smell, flavour, texture and overall acceptability o f the samples 

were tested at the evaluation. The results of statistical analysis of the sensory 

evaluation are shown in the table 4 a

Table 4 a results of sensory evaluation

i
Attribute

Appearance 

Cbloyr 

-■ Smell
L  -  -ii Flavour

Tenure

Overa1! aeoepfc&tsy

| After one month it After three months

Fvalue P  value

099
i f  

o W  
b r a

i[0 9 4
t - .

II
080

0 9 5 0  

0 7 6 1

10523
" " 0 8 7 5  “

A

F value * P  value
____ _________ J
0 72 ii 0 754 1
- 1 - _ =..........I

1058 J 0 897 "
10 50 1 0 935 li
‘ 081
1088 
1073
li.

0 684 j
■’ f o o l s '” *
_ & _________ i

| 0 749 '1
II . . Jl

A ppearance;

According to  the s ts tis fe it a n a ly s t o f a n o v a  there w ere n o  s ig n 'te Jrt deferences 
among 18 treatment cemfetoiffons for three months append** tit) Therefore the

C olour.

According to the statute?! siurtys* o f A*aoVA them  w ro  m
among 16 treatment cennfeifftf-sem f t*  tom e months (§ee  append** W) Therefore the

coldiff of afl sam ples was gend toappty to the pm duetftr three mwrths rrt pe*md

i i



F lavo u r

According to the statistical analysis of A NOVA there were no significant differences 

among is  treatm ent combinations for three months (See appendix til) Therefore the 

flavour of a!! sam ples was good for three months of period. That means any level of 

sugar -low or high- can be added to the product as preferred ,

Texture:

According to the s ta tic a l analysis of ANOVA there were no significant differences 

between 1© treatment combinations for three months, (See appendix ill) Therefore 

it can be said that the texture of all samples was good for three months of period

According to the statistical analysis of ANOVA there were no significant differences 

among 16 treatm ent combinations for three months (See appendix III) Therefore 

the sm ell o f ell the samples was good for three months of period, That means there is 

no auto oxidation in the product for three months of period, as the smell can be 

deteriorated by fat oxidation Therefore any antioxidant: -weak or strong- can be used 

in the product

O verall acceptability:

According to the statistical analysis of' ANOVA there were no significant differences
*

among 16 treatm ent combiftaffOfts for three months p e e  appendix III) Therefore the 

overall a c c e p ta b ly  of aft the samples was same for three months of period

4 .1 .2 :R e»u !t&  o f analysis o f pH va lu e s

Recorded pH v a te s  of the samples were analyzed by ANOVA s&t?s5ts3$ meshed and 

the resuns ere given m tm  tateite 4 b. Ascerchng to the re&rits there is a eg jrto m s  

difference between 1$ s a n ie s  at §>% ® gnir*ani neve?

Ta&te 4 b c i^ 'ts  of pH dm'tyss
if 'Aflir osre iweidS" “ ’ ’After uraimeiinsn

Sm ell:

F  value 
8

Pt»b
O W & I



552, 578, 581 ff 452, 864 samples are similar with each other and different from the 

other samples 29 8 ,347 ,4 03  samples are s M a r  with each other and different from  

the other samples 459, 756f 732 samples are similar with each other and different 

from the other samples 7 2 1 ,2 5 8 ,1 3 5 ,2 7 6 ,3 8 4  samples are simitar wfth each other 

and different from the other samples (See appendix ji)

4 .1 -2 .1 ; C h an g e o f m ean pH  o f sam p les .

There were no significant differences of mean values of pH after .three months, (See 

tah le4 .e)

Table 4.e, Q tar^je of means pH of samples
I f ^ - - - -

Sam ple cede
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The pH value of a {am should be between 2 6 and 3 3, If St is lower than 2 80 the {am 
becomes hard and brittle If the pH value Is higher than 3 3 of the Jam, ft becomes 
soft Therefore the pH range of thts tender coconut jam is suitable in obtaining a good 
setting {am

These pH levels keep the product out of microbial deterioration, especially from 
bacteria: Therefore both levels are suitable for the product for three months.

41.3: Results of analysis of Brix value
According to the results analyzed by stati&ical method ANOVA there Is a significant

differences among 16 .samples (See table 4d j
Table 4 d results of analysis of 8nx value 

i ' Alter one month
i .... * _ . _ . _ _ ..
|j ’ ’ F value j P o F  

I 515" ?' ““ IFOOW

After three months 
F value ]  Pr>F
260 0 0113

J
ii
j

551, 34? samples ate similar with each other and different from the other 

samples 732a452,884^258, 2$8<£7 6 (3840756,552>459 samples are similar with each 
other and different finom the other samples 135.578,721,403 samples are sim ilar with 

each other and different fmm the other samples (See append©? it)

There W3$ not much difference after three months m the mean of the Box value of 

the 1® samples The mean Box value was 57® to 69®, tn the samples that added low 

levels of sugar grat value o f 69® to TOfaas recorded in the samples Oral were with 

high level of sugar

According to Broomfield, (1988$, pectin rs able to form gets with sugar solutions, 
which have so&bte sotds en the. range 60 => 70% Therefore Bmt values of the

Atddton m sug f̂ sets as a presented*® m e  end m  prevent rowsta* 
desenefawen

*>

The seieeted vawrty el % if**? bteveaejamef* sri carder e s e e m a  pntvesfem
Typica m to ^ m jfa g o d ji y  GtSSSj}. 4 cs best uy^e fer

e«mmei§t3l

u



Tender coconut kernel consists of protein, fat and carbohydrates, Tender coconut 
consists of higher protein and sugar level than the matured coconuts. According to 
Thampan (1993), it te gradually decline as the nut is matured Therefore the 
nutritional value Is high in tender coconut jam 'than other jams

Unlike other fruits tender coconut has fiat at a substantial level in the kernel. Hence 
several anftowdants were tested, such as time, Vitamin C and Vitamin E Emulsifier 
also was played © major role preventing fbt oxidation by stabilizing the fat content in 
the coconut pulp As the fat content can be caused the deterioration of this product, 
the best antioxidant and the best emulsifier should be find cur,

0 6% of Medium setting pectin was used in all samples in order to obtain a good 
setting jam
As plastic mips were used as the containers, them were no photo oxidation problems 
occurred tn this experiment

There is a large trend to (mease the demand for processed foods ait over the world 
as all respective otaens contribute their time and strength to develop their countries
with the concept of gfobal&atton

dam. lakes an important p&se among the processed foods as
«  .i

majority of people m a!B groups Yet;, consumers today are ec 
heaith white ©xpeofmg a better nuMonat v&ue from every product

This innovakve product can be hecp at; the above sitalto  as a mrto&sus pressed 
food



C H A P TE R  5

C o n c lu s io n

Jam from tender coconut can make by the same method adopted to prepare other 
jams, but have to add emu M em  and antioxidants to prevent oxidation and s ta b le  

the oil in water emulsion The tender ececnnA Jam is suitable for use for three months 
of period

R eco m m en d atio n s  fo r fu rth e r s tu d ie s :

• This experiment has to be continued at least another ssx months

• Suitable emulsifier without flavours should be tested

• The fat content and the protein content should be determined

•  Microbiology accept on the product should be determined

• Suability of glass jars should be tested as the photo oxidation can be happened



Appendix 1

Oslo dl-' Mt 444 44 O oo* *09000 004 440 044 OM« 4 0-00 4

N a m e .... -fe 1 * v  , '  : i “  iw v

•  This ts a tender eeeonut based Jam
4 Pleas© taste 'the 16 samples ©f Jam and Indicate your score against the 

sample ©ode.
♦ The rating for such samples are given in numenc values ranging from 9 (Like 

extremely) to 1 (Dislike extremely) as given below

Like extremely  9
lik e  very much >44 4-n$ 444 4 4̂ **« 4 *04 * ^
Like moderately ................  7
Like slightly. . . . . .  $
Neither like nor dislike... 5
Dislike slightly , c 4
Dislike m oderate^. .......  - >. - 3
Q&rJce very much 44* 0-0e 444 444 k*4 444 ft 2
■Dislike extrem e^ . . . . . .  . . .  1

I  Quality 
Character

Appearance 11

Texture

Overall 
i o@ scpto.Wy3

i H It i h ii
b -J

ii. -It ■! ii
1 l| 1f ii 1

i ii II ) ii il
]i ii 'i i ii ii

Cemmems



O n e-W ay  A n a ly s is  o f V a ria n c e  fo r p H  va lu e  

* R esults o f analysis a fte r th ree m onths

A nalysis o f Variance Procedure
Class Level Information

Class Levels Values

SAMPLE 16 135 238 276 298 347 364 403 452 459 552 576 581 721 732
756664

Mumper of observations in data set = 48

Appendix (I

A nalysis o f Variance Procedure 

Dependent Variable: pH
Sum of Mean

Source OF Squares Square F Value Pf> F

Model 15 0 47250000 003150000 1260 00001

Error 32 o.osoooooo 000250030

Corrected TOaS 47 0-55250000

R45quane GV- Ro&MSE pH Mean

0,655204 1 610433 0-050000 3 G875G0

Analysis of Variance Procedure

Dependent Variable: pH

S o u rce OF Anova SS Mean S q u are F  va lw e P r > F

SAMPLE 1 5 0 ,47858® S 0 ©.031SCC0® 1 2 *6 6 0 *6 6 6 1



HUTB. This test’ controls the type I ecmparisortwise error rate not 
the eKpenmentwjst error rate

Alphas 0.05 dN 32 MSE~ 0*0025 
Gratea! Value of T~ 2,04 

Least Significant Differencê  0 0832

Means wih the same fetter are not significant fy different-

A n a ly s is  o f  V a ria n ce  Procedure

T  tests (LSD ) for variable: pH

T Grouping Mean N SAMPLE

A 3.23333 3 552

A 3-20000 3 578

A 320000 3 581

A 320000 3 452

A 3.30000 3 884

S 318SS7 3 29®

s 313333 3 34?

a 3.10000 3 403

c 30mm 3 459

c 303333 3 750

c 303333 3 n a j s j k732

D 30mm 3 m

0 3-00000 3 258

D 2 m m 3 135

P
r - \

3

B 2 m m 3 334

1 ?



One-Way Analysis of Variance for Brix value.

A nalysis o f Variance Procedure
Class Level Information

Class Levels Values

S A M R J  16 136 2§8 276 298 347 384 403 462 469 652 578 581 721 732
756 864

Number of observations In data set -  48

A nalysis o f variance Procedure 

Dependent Variable: BRIX

Source OF
Sum of 
Squares

Mean
Square F Value P r> F

Model 15 48812SQGQ0 32541688? 2 8 0 0 0 1 1 3

Error 32 40.00000000 125000000

Q&rected Total 47 8881250090

R-SOMBte G V  RootM SE BRIX M em  

05 436 13  1616873 1118634 €3.06250

A nalysis o f Variance Procedure 

D ependent Variable: BRIX

Source ©F A nevaSS Mean Square F  Value F r> F

SAMPLE IS  4S.912S0QQQ 32541CBS7 2£®  0 0 1 1 3

n



Analysis o f Variance Procedure

T tests (ISO) fo r variable: BRJX

NOTE; This test controls the type I comparfeonvvffse error rate not 
the expenroentvwse error rate.

A lpha- 0.05 df~ 32 MSE» 1.25 
Crtica! Value o T T -2 04

Least Significant: Differencê  1 8595

Means With the same tetter are not ssgnifcantty different

T Grouping Mean H SAMPLE

A 70.6057 3 581

A 703333 3 347

B 70.0000 3 732

B 700000 3 452

a 70,0000 3 €84

B 696667 3 258

8 69666? 3

S €0.3333 3 278

B 690000 3 384

B 66666? 3 786

© 686887 3 S52

3 m n m 3 4§9

C 6? 6067 3 138

0 m o m 3 578

c 67686? 3 m

c 076607 3 403



Appendix III

O n e-W ay A n a ly s is  o f V a ria n ce  fo r o rg a n o le p tic  p ro p e rtie s  

Appearance:
Results o f A nalysis of Variance after one m onth,

Souree D F SS  MS F F
Sam ple 15 4 2 3 2  2 8 2  0 9 9  0 4 7 4
Error SO 228.17 2 .85
Total 95  270 49

Level H Mean StD&r
135 6 6.883 1 5 0 6
258 6 7.000 0  632
278 8 6.833 1 3 2 9
298 6 7.333 1.366
347 6 8.500 2  429
384 6 7 5 0 0 1 378
403 8 8 1 6 7 2,714
452 6 7 3 3 3 0 8 1 8
459 ■S 0  333 1 633
552 6 6.50® 1 5 1 7
578 6 $ 3 3 3 2251
581 6 7 500 1 225
721 8 7-187 1 7 2 2
732 6 7 1 8 7 1 8 3 5
756 6 7,167 1 3 2 9
884 6 6 6 0 7 1 966

Fooled S tO ev55 1 ^ 9

Results o f Analysts o f Variance after three m onths,

S sifjce DF SS MS F P
S e n ile  15 3 8 8 2  2 5 9  0 7 2  0 7 5 4
Error
TotoJ

80
55

38617
32499

3 5 8

level H S3D0V
135 6 6167 1941
258 6 6500 1378
2M f S W 1 941
298 8 5333 1833
347 6 5187 2,041
384 6 £168
423 0 70S*)
452 8 S667 2422
A m 6 S O ® 1 789
m 6 8 687 2180
578 C 5333 1-633
581 6 6 3 3 3 411 '*3©Hr
721" 6 6333 2 "8 e
732 8 8500 1671



75S 6  7 090 0 0 0 4
0S4 B 5.333 2.805

Pae’ed 81©@v = 1.891

Colour:
R esults o f A n a to ls  o f Variance a fte r one m onth.

Source OF 3S MS F P
Sample 15 4303 291 1..08 0405
Error iO 2 1 9 3 3 2,74
Total 95 2 8 2 9 6

leve'i N Mean SlOev
13S $ S.838 1.329
258 B 7 0 0 9 0 8 9 4
276 6 0.833 1.329
298 8 7 1 8 7 5 ^4s!S
347 6 5 8 6 7 1 9 6 6
384 6 7.687 1 .3 ®
403 6 § 5 0 0 2 7 3 9
452 8 7 5 0 0 1 049
459 e 6.187 1.472
§02 8 8 333 1 9 6 8
578 8 8.687 2 4 2 2
581 6 7 .667 1.033
721 8 7.333 1 5 0 8
732 6 7 1 8 7 1 7 2 2
756 0 6.633 1.472
864

s '  r

8 8.333 1 781

P a s *^ StO§v “  1 656

Results of Analysis of Vo Ha rice alter three months*

Source OF S S  MS F P
§sm£*e 15 3791 253 056 0897
Usm
Te&ri

69
85

3fit SO■ r, wW
3^  41

4.52

Leve3 ft f£C2ft SSOcv
138 8 4887 1368
298 0 8330 1211
27Q 6 8.333 2068

6 4500 2439*
247 8

ssbo
1722

394 8 1S43
403 8 6167 1472
452 8 5667 2432
4S9 0 5167 213?
552 8 6000 2000
878 8 018?
581 0 5500 1 761



721 6 $  §00 2.088
732 € 6,500 2 3 1 0
fee 6 189?
8S4 6 S.6S7 2.733

Footed StDev~ 2126

Sm ell t
Results of Analysts of Variance after one month

Source OF SS MS F P
Sample 15 1063 071 047 0950
Error 60 121.33 1,52
Total SS 131,83

Level N Mean StOev
135 0 8,333 1«30S
258 a 5687 1 633
276 e B 000 1414
293 6 5,667 1.033
347 6 9667 0816
3B4 a 0 333 1 3SS
403 e 6.333 1.211
452 6 6000 063.2
459 8 810? 1 502
552 e 6.167 1.1©
578 6 5,167 0753
m i S 6333 1 0 ©
m 0 6.-333 1633
732 $ 6333 1.366
? 30 a 0000 lo s s
m 0 3-®33 ©983

Results of Analysts of Variance, after three months,

S&n^e OF SS MS F P
Sampte 15> t&mi 1,03 © £0 0.93S
Error 80 31© 1? ■*5 Qft

Tetei 95 3 3 9 15

N Mean SID ev
m 5 §m> 2  881
.*3® 6 5 €57 1.366
278 8 3 6 3 3 2 1 3 7
298 5 5 0 0 0 2 4 4 9
34? 5 9© 00 *295
384 5 6-000 15 73
403 8 8 5 5 ? © 818
452 5 f  18? 1941
4 » 8 8 1 5 7 1841
552 5 5 8 5 ? 2251
578 5 4 3 3 3 2 0 8 8



581 6 6 1 6 7 1 7 2 2
721 6 5 6 6 7 2,160
732 6 6 0 0 0 2 0 9 8
756 6 5 3 3 3 1 5 0 6
864 6 5,333 2 3 3 8

Pooled StDev ~  1969

Flavour:
Results of Analysts of Variance after one month.

Source OF SS MS F  P
Semple 15 3 1 1 6  2 0 8  0,72 0761
Error
Total

80
95

2 3 1 8 3
2 6 2 9 9

2 9 0

leve l IM Mean StDev
135 6 7 6 6 7 1 3 6 6
258 6 7.333 2,160
276 6 6 3 3 3 2 6 0 5
298 6 5 6 6 7 1 8 6 2
347 6 7 0 0 0 0 6 3 2
384 6 6 8 3 3 2,137
403 6 7 5 0 0 0 5 4 8
452 6 7.500 1 0 4 9
459 6 6 7 6 7 1 7 2 2
552 6 7 5 0 0 0,837
576 6 7 3 3 3 1 2 1 1
581 6 7 5 0 0 1 3 7 8
721 6 7 1 6 7 1 8 3 5
732 6 7,000 2191
756 6 6 3 3 3 2251
664 6 7 3 3 3 1 3 6 6

Pooled S tO ev« 1 7 0 2

Results of Analysis of Vadaoce after one month,

Source SS MS F P
Sem ple 18 3 3 7 4  2 2 5  0 6 1  0 6 6 4
Error
Total

80
95

2 2 2 1 7
25591

2 7 8

Level N Mean StDev
135 6 6 3 3 3 1 366
258 a 6 $0 D 2 0 7 4
m a 6 8 3 3 O 983Tar WVTr
298 8 6 3 3 3 2 5 0 3
347 a 5 3 3 3 1211
384 a 6 0 0 0 1 789
403 6 6 3 3 3 1 3 8 6

" 452 6 6 0 0 0 9S3Q
459 a 7 0 0 0 0 8 9 4



m2 6 8 5 0 0 0 8 3 7
576 6 6.000 1.095
561 6 7 3 3 3 1.033
721 6 7 0 0 0 2 0 9 8
732 6 7*833 0.753
756 6 6 167 2 2 2 9
664 6 6 0 0 0 2 0 9 8

Pooled StDev a  1 $66

Texture:
Results of Analysis of Variance after one month.

Source OF SS MS F p
Sample 15 3 8 3 3  2,56 0.94 0.523
Error 80 217*00 2 7 1
Total 95 255.33

Level N Mean StOev
135 6 7.333 0.816
258 8 6 8 3 3 1941
276 6 7 500 1 3 7 6
288 6 7.167 1.169
347 8 5 5 0 0 2 4 2 9
384 6 8  500 0 5 4 8
403 € 7.833 1 4 7 2
452 6 6 8 3 3 2 5 6 3
459 6 7 3 3 3 1 2 1 1
552 © 7:16? 0 1 5 3
578 6 6,333 2.338
s a r - 8 7 3 3 3 121 1
721 © 7 3 3 3 1 63Q
732 6 7 5 0 0 1 3 7 8
766 © 6 8 3 3 2401
894 6 7.333 1211

Results of Analysts of Variance after three months

Sejftoe 0F SS (MS F P
13> 4241 233 0,86 0613

fftoc 86 26363 390
Total SS 38624

Level N Mean St^#v
136 €■ 6^67 051©
25® ?itoe 8894
276 6 3333 1731
298 © ©S67 1211
347 © 4933 2220
334 rsV 5833 2483

■■ 403 © 70(90 2WM
452 €» *M41



4$9 0 0 0 0 7 1 §06
£32 0 0.067 1,211

6 © 333 1 3 6 6
§01 0 0 007 0  S IS
721 0 7.167 2 1 3 7
?32 6 S6S7 1 8 6 2
756 0 0 6 0 7 1 033
m © •0,000 2.280

Fooled SlOov c  1 0 1  ©

O verall acceptability;

Snurct? OF S 3 &rf§
Sample 15i 3274I 2 1 8
Hirer m 216.50 2.73

9b 251.24
le v e l H Mean SIO^v
135 B 0 8 3 3 1 3 2 8
2©s 8 © T O 1 $ 4 3
276 6 6 5 0 0 2 4 2 9
233 i{̂ 0 3 3 3 QMW
347 8 © T O 2 4 4 9
304 © 7 3 3 3 2 1 6 0
403 © 7.330 0*094
Am @ 7 6 6 7 6 8 1 6
4S9 0 SS33 © 963
m i 6 6.633 0.98®
570.. 6 7jom 0 6 3 4
§01" © 7 338 1 2 1 1
721 © 0® 33 2 3 8 3
732 8 7.333 1.666
7 m 8 6  §00 234®
004 6 7 0 0 0 1 414

W e « l SSPev v  16 53

Res ults o f Analysis o f Vartan

S®UJ£9 O F S S MS
sarnie IS > 400? 3 0 7
lit e r 8d 3 3 7 1 7 4 2 1
Tfiefol 0 ® 3 0 3 2 4

Ml Mean StSev
13® © 3 $8 r 1 3 8 8
288 6 © 1C? ti87S
275 5 ©33 2 1 3 7
J U M k © 2 0 7 4
34? 4 1®? '*4 7 £
364- 5 © 333 551©
m , 1 ^ 7?
452 © 4 ^ 3 3 2449S

F P 
0  00  0  07§

IF P
0 7 3  © 743



d m B 6167 1941
m 2 B 5„£$7 2JS1
m @ 6 33 3 1,633
581 8 @600 0037
721 G G*107 2.658
732 6 @@33 1-472

a 6 6 6 7 2 ass
m d G 4,033 2,767

P ooledS lD ev-  2 0 6 3
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