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ABSTRACT
Jam is a very popular processed food among the people all over the world. As the
demand for processed loods increases with the concept of globalization the demand for
the jams also increases as it saves a lot of time that spend o preparation of foods.

As there are 8 lot of types of jams 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 lo the method adopted for the other jam
formulae, However antioxidants and emulsifiers were used as additional ingredients in
order to prevent fat oxidation of the coconut puip, the coconut kernel after blending.

Tender coconul kernel extracted from the form typica belonging to the variety typica,
was taken to the expenment. Kemel from 9 and 10 months old nuts were scooped and
blanded 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
sugsr level, pH level and antioxidants each using at two levels; low and high. Each
trealment was replicated three times,

All the 16 samples were tested for pH and Brix values and organoleptic properties after
ong month and three monihs respectively. The resulls obtained were analyzed

stabisthically and there were no significant diflerences between 16 samples according to
" the results. That implies all the 16 sampies were at salisfactory level to the consumer for
3 months of penod

L J

pH value of indivdual samples was found consiant up lo three months. However
deffarent samples had varnious pH values ranging from 29 <32 One of the reasons for
retaning the pH value constant can be suppression of microbial and autooxidation due
10 ingredeents of the product. Beix value of the sampies were at the range of 67°-70°.

Accordng to the resuits obiained & can be noted that the product has a shelfl ife of
mwwnum of three months Studkes can be recommended to investigste on the shelf Ide
of the product frther

-
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CHAPTER 1

1.1:Introduction

Whole workd moves to the concept of global village. Peopie all over the world getting
closer Mot like old days, specific works are being done by the people who are
specified in the respective field and the time is a very important factor to them. Both
women and men“equalty 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 bolling 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. It is a very populer processed food among all the age groups. The
consumer prefers to consume bread, sweet rolls and biscuits with jam for the
breakfast, dinner or as snacks at the tea times.

The major ingrediert of Jams are fruits. Including tropical fruits like Mango,
Pinespple, Banena, Papaw, Woodapple and temperate fruits namely strawberry,
Gooseberry, Blackcurrant, Raspberny etc.

Although the demand for fruits is constant in the market, most of the fruit varieties are
seosonal. Therefore development of methods for preservation of fruits is need in
order to keep these fruits in the off season too. During the fruit season, post harvest
losses are remarkably high due to high yield, poor handling and storage practices
and lack of technical fecilities As fruils are very rich in simple sugar avallable for
mcroongansms, miucrobial attacks too are high. Fanmers especially in developing
countnies loas their harvest due to above reasons

in this context, makng fam from fruts s one of the best sofutions o this problem.
Addisonat yield of the seeson can be ralionelly used for am production, enabling
consumers (o consume fruds m a different form n the off season. On the other hand,
farmers can reduce post harvesi iosses thereby heving an addtonsi income

Consumers’ Wmmmﬂam&mhwm Consumes
damend for dwversaled food Hams 15 now one of the factors deiemmng the mardket
- and 1S structuee



Jams made of different fruits presented in different forms can satisfy the needs of the
consumer to a certain extent, Therefore jams also in various types, made from
various types of fruits. Accordingly Food scientists make attempts to diversify the jam
market by introducing numerous innovative types of jams; hence broad spectrum of
jams available. '

Jam preparation is carried out by using conventional, semi modem and modern
methods. Conventional methods are mostly used in household levels and they make
it hygienicaily.

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 kemnel.

Coconut jam is prepared in several countries by using whole coconut milk as well as
the skim milk or aqueous portion of the milk They used matured coconut to extract
coconwt milk. The stages of ‘kurumba’ and ‘kalali' can be stated as tender coconut
and this stage reached in about 7 months after flowering.

Variely 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 accupies a pre-eminent position in the Sr Lanka's agriculture, its basically
used in household consumption for culinary purposes and only the balance is
converted to either copra or desiccated coconut for the export market.

Though making of this tender coconut jam exists in a few countries, slill this process
8 novel. As the nulritious value of the tender coconut high, this jam has a high
nulntional value than ather jams.

1.2:Objctives

* Development of an innovative jam from tender cocomi for the competitive
market '

« Dwersification of jsm market =



CHAPTER 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, Jamns may be made 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 that when
cooked, the mass is fairy uniform throughout. A jam is more or less a concentrated
fiuit possessing a fairly thick consistency and body.

High concentration of sugar facilitates preservation. A great advantage in its
. preparation is that it can be made 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: Ingredients in jam processing

2.2.1:Fruits

Frul 1s the major component in the jam manufacturing. Various types of fruits are
used all over the world in the jem industry. As far as the choice of fruit for jam is
concerned, three main factors have to be taken in to consideration.

(] Variety of fruit.
(it) Condtion of fruit,
(w)  Susability in regard to preparation.

Strawberry, Raspberry, Blackberries, Blackcurrant, Goosebernty, Ptums and Cherries
ae suitable varieties found in temperate countries for jam manufacturing. Citrus fruits
are genersily recognizad maoem in the manufacture of manmalade In Sii Lanka, we
use number of fruit vadelses in the jam meanufecturing. Pineappie, Mango,
Woodappie and Papew are the main varieties. Matured coconut kermnel also uses in



2.2,2:Coconut
Making jem from coconut is 8 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 2 long association with human history. In the scientific nomenciature, the
coconut palm is named as Cocos nucifera.

Worids total coconut extent is over 5,923,000ha. 80% 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 eamings. 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 the worlds coconut products. (Pethiyagoda,
1980)

Many lnduéﬁalized countries import coconut products. Among the countries that
consume coconut products the USA, Russia and the European Economic
Commuaniy (EEC) appear to be important as major importers.

2.2.2.2:Coconut industry in Sri Lanka

Coconut industry occupies a pre-eminent position in the St Lanka's agricutture, that

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

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

was managed by the small-holders having less than 8 1ha (20acres) (Pethiyagoda,

1980) o

The coconits are grovn exclusively for nut production in St Lanka Only & minor

proportion is being tepped for toddy The annual nif production has 2 declining trend
_ It has been ihe resull of seversl attribules, it meinly lo the adverse weather

gonditions and reduced fertiizer apphcations (Pethiyagoda, 1980)



The countries nut production is basically used in household consumption for culinary
purposes (58%) and balance is converted to either copra or desiccated coconut,
while former in tum 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 kemel 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:Morphological features of the coconut
Order Palimeae

Family: cocoideae

Genus: Cocos

Species nucifera,

An average paim produces 12-14 fronds per year. Each frond bears an inflorescence
in ifs axils once the paim has reached maturity. A dozen or so fruit bunches bearing
fruits et vanous stages of maturity and ten to twelve unopened spathes occur in the
crown st a;wen time. The leaves occur in the five spirals with the sixth leaf roughly
beiow the last emerged ieaf and the eleventh leaf roughly below the sixth leaf and so
on, The leaf spiral may be right handed or left handed depending upon which side of
the colyledon the second teaf develops from. The leaf spirality is visible in the leaf
scars on the trunk (Pethiyagoda, 1580)

e The inflorescence

Typecat tall vanety coconut palms come into flower in about the sixth year if water,
hght and nutriient conddions have been favourable. Dwarf types generally flower in
about the fourth year or sometanes even earher Following emergence of the first
fRower, inllorescences are continually produced in each successive leaf axil.

The inflorescence is encased in 8 sheath or spathe which when fully grown spiits
aslong the under side and releases the inflorescence The spathe and the
+ inflorescence are collectively called the ‘spadi¢. The nflorescence has moany



bunches on which female and male lowers occur. The female 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
wilhin it which enlarges and gradually fills with liquid. The kemel then begins to
thicken and other intemal 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
developmermt of coconut from flower to fruit are given in the table 2a.
(Balasubramaniam, 1981)

The fruit of the coconut is basically referred to as a drupe. The husk comprises an
outer smoolh epicarp and a fibrous mesocarp. The shell is the endocarp and the
kernel is the endospermn, which has embedded in it, the embryo at its proximal end.
The water in the nut is also part of the endospem referred to often as a liquid
endosperm.



Table 2.a. Development of coconut from flower to fruit

B Volume of Solid keme!
Bunch liquid
i i Description of the nut
Number * | endosper Weight | Moisture P
G | %
m
1 100 ) 0.0 0.0 Button stage, not pollinated.
I I Y | Pollinated. Cavity not yet
2 0.0 0.0 Y ye
] formed.
1 Very small cavity, but full of
: 3 25 0.0 0.0 liquid endosperm. Salty in
taste.
1300 Cavi enlarges. Liquid |
4 0.0 0.0 a4 ol 9
endosperm fills cavity.
5 84.0 0.0 0.0 | Liquid endosperm is sweet.

240.0 Nucellus only liquid
| 6 0.0 0.0 sof, only fiq
i endosperm in cavity.

443.0 " Tender *kurumba' soft
| 7 9.1 93.5 endosperm just beginning to
{ form.

1 490.0 f *kurumba', solid kernel seen in
| 8 39.8 89.5 ,
distal one third.
411.0 _ Mature ‘kurumba’ kernel jelly-
8 1220 830 |
X like and covers the entire area,
2850 Very tender ‘ialel’ kemel can
10 | ' 1320 | 750 | Y
| u i be scooped out in one plece.
( 11 12600 § 2100 650 | ‘kafsti kernel very firm.
i'"“’ " heso T T T T T Mature ‘kefal?, water sloshes, |
13 2030 510 | )
!r i ! shell hard
1 15 [720 1 2100 | 450 | aature drupe: ready for picking. |
I 10T T e | e | Ripeanpe wontoni |
8

Coconut bunches a@ numbered n the onder of increasing matuity from the top of
the stem
Source. Balasubramaniam, (1981).



2.2,2.4:Types of coconuts

A veriety (or strain) generally means 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 lowering 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
(1958) proposed a workable distinction into three principal varieties (typica, nana,
and aurantiaca) with fourteen ‘forms' within them.

* Varleties of coconutin St Lanka

Several varieties of coconut have existed in Sri Lanka, from very early times. As early
gs in 1856, five coconuts were describe as Thembili, Navasi, Dwarf, Thembili with
large nuts jw common tall type. A more recently proposed classification of the
cocoit palms i Sn Lanka is based on morphological characters and breeding
behaviour. The following is a brief account of the proposed classification of the
" venieties and forms of coconut found locally. It is probable that many, if not all of the
types exsting in other counines in the region can be filted in to these descriptive
classes for all practical purposes.

The first distinction in to varnielies is based on the stature of the piant and on nut
colour. The {ypice Nar, is tall in stelure with nuts ranging from green through shades
of olive colour to brown. Nena gdff, are dwar in stature. Variety aurantiaca Ly Is
semitall wvith brght orenge fruits. (Pethiagoda, 1880) The salient characters of
these thvee varielies are as follows’



(a) Verity typica Nar.

This variety predominantly outbreeding due to the male flowers in a spadix opening
earlier than the female 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 soll types and climate. Under a favourable environment,
the period of economic production is about 60 years, (Pethiyagoda, 1980).

(b) Variety Nana Griff.

This variety is predominantly in breeding as the male and female phases of the
inflorescence overlap. They have a narrow stem with a mean trunk circumference of
about S6om and they attain a height of about 10.7m. Flowering takes place early at
3-4 years afier planting. Flower production is seasonal. The nuts are generally small
in size, Palms of lhis variely thrive on deep fertile soils in regions with a well-
disinbuted rainfall, but they are susceplible to pest and diseases and sulfur markedly
from drought The period of economic production of this variety is no more than forty
years. Palms belonging to this variely are however not considered an economic
proposition, for growing on a plantation scale in Sri Lanka. (Pethiyagoda, 1980)

(c) Verely aurantiaca Liy.

Paims of this variely are predominantly inbreeding because the male and female
- reproductive phases of the inflorescence overlap. The stem is medium sized with a
mean girth of about 71cm and attaining @ heigid of about 12.2m. The flowering is late
and ¢ usually takes place6-8 years after planting, and is seasonal. The nuts are of
madium size, the epicarp of the nut is orange in colour. Endospem is thin. These
paims thrive in fertile soils vAth @ high water lable and areas with a well-distributed
rainfall Economic produdiion period is not more than forty vears. {Pethiyagoda,
1980)

+ Forms within varieties =
The thive varicties whose man features have been briefly desciibed can be fusther
sub-dvded These sub-divisions are known as forms’ and their main distinguishing



1 forms of the vartety typica Nar:

(a) 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 199g dry weight per nut,

(b) Form Navasi: 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. Water 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. Qil 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/
gaseama* sinh.), occasionally seen in the southern parts of Sri Lanka.

(H Form bodifi, Palms of this form are prolitic bearers. The nuts are small. Each
bunch carries 50-100 nits. Oil content of the kemel is high (69.6%).

(g) Form kamandela:. Nuls are about 1.5 times as large as these of the form typica.
Only a few nuts ara produced per bunch The distribution of this form is generally
restricted to the southem province of Sri Lanka,

(h) Form dikin pol° Endosperm of this form is soft and is 2-3cm in thickness. Certain
portions of the endospemm (or the entire endosperm of certain nuts) are of a
buttery consistency and gelatinous. The soft meat of the kemel is considered es 2
delcacy. This foam appears to'be closety asiied to the Philippines ‘macapuno’.

2. Forms of the variety Nana Griff

(3) Form Pumila ( the green dwarf). Inflorescence is yellowish green and the epicap
of the nut is green. Follwing takes place eary generally in 21/2 to 4 yesrs from
planting

10



(b) Form ebumea: (the yellow dwarf) :Inflorecsence is ivory yellow and the epicarp of
the nut is yellow.

(c) Form regia: (the red dwarf).Inflorescence 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. Forms of the variety aurantiaca

(8) 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%)
furmshing a2 delicious refreshment. Oil is said to be of medicinal value and it has
the peculia characteristiic of having a higher melting point than ordinary coconut
ol This form breeds true to type. (80%)

(b) From navasi thembili. 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 hard

The variety aurantiaca appears to be confined in distribution to only Sri Lanka. The
form typica is the best producer as a commercial plantation crop. Other types are
groan on a minor scale the formn thembilli for consumplion as immature nuts, Table
2b. presents a sumimery of some quantitative characlers of nit components of the
forms of coconut in s Lanka, (Pethiyagoda, 1980)
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2.2.2,5:Food products from coconut

¢ Preservation of tender coconut kernel:

Tender coconut kemel 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 temperature and has been found to be
microbiologically safe even after one year. (Thampan, 1993)

¢ Coconut mitk 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
A Philippines, Thailand, Indonesia, Westerm 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 milk aor skim milk is coconut honey, which is an excellent substitute for real

honey in m*;ny househoki and confectionery applications. The coconut honey is a
golden coloured thick paste with a nutty flavour.

+ Coconut skim milk and related products:

Cocontst skimn milk is 3 solution of the soluble components of coconut after the cream
is separated in 3 cream separator. it can be used for the preparation of a variety of
products like coconut jam, coconut honey and sweetened condensed milk.

The skim milk is an excellent soft dink bese edher as instant {lakes and powder or 2s
hquid. The siom milk on spay diying yeids 2 tasty product vath 2 pleasant coconut
flavour. |t resembies ihe non-{al Gy milk and cen be 2 vaiueble comwnodity n ihe
food and beverage indusity 1t could 8iso be an excelient beverage base Skum mik is
aiso 8 source of vegetsble casen



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.

» Desiccated Coconut:

Desiccated coconut is the dried out disintegrated coconut meat. It is 8 very important
commercial product having demand 2ll over the world in the confectionery and other
food industries. Major producing countries are Sri Lanka and Philippines.

e Coconutflour:

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 flour. It can be used as an ingredient in weight contro! foods because of its
high fibre content,

» Edible copra:

Edible copra is available in two diflerent forms — ball copra and cup copra. The
Lekshadweep Micro, a local type grown in the Lakshadweep Islands is considered to
be the best for ihe manufacture of ball copra. Edble cup copra is prepared either
from fully metured nuts or from siored nuts in Sni Lanka and in some parts of India.

* Fresh coconut meat s processed and converted in to chips for edible purposes in
some countries, especially in ihe Philppines

s Coconut water:

The Nationa! instituie of Science and Technology, Phiippines, has developed 8
venety of products from the coconut water and one of the products catied, Nats —de
— Coco’ is a delicious food athole and appears (o have 3 prormsing futute in the

Nain-de-@oossagem%&smwwmwmdmwmd

Acelobacier xylrmum m 8 cuture medum of SUGaTed Cocom weles
Vinenar 1c » comman orodus made fram egcarult wates
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The coconut waler also yields an excellent sauce, very similar to Worcester sauce on

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

Coconut lemonade is good syrup like product, which is made by boiling coconut
waler; sugar and lemon juice until about 65° Brix is reached,

+« Toddy and toddy prodtucts:

A sugar comtaining juice, known as toddy, is obiained by tepping 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
fresh toddy is obtained from the palm, sugar or jaggery is prepared by evaporating
the liquid through careful boiling in open vessels

¢ TYreacle:

This is concenirated syrup of sweet toddy obtained by boiling down the toddy, while
super healing is avoided and the syrup s progressively strained. The final product is
goiden coloured syrup end the recovery is about 16% of the toddy used

s Fermeanted toddy:
Sweet toddy under normal conditions of cotlection undergoes fermentation and gives
rise to the common alcohotic dank Termented toddy’

e Arrack:
Arrack is the product cbtamed by the disiniaton of fermernted tocidy.

« Other products:
anmanutsammmammﬂwMSWmn Fce haustonum's
develops inside the ma msmmammmmmmmmmsm
;amnmnm!mﬁc.n&wmmss’wdmpsmwetimmwwumma
dessert or 25 3 consituent of futsaad (Thampan. 1855)
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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. Peclin itselfl was first isoleted and named by Braconnot (1825)
who carried out some of the first systematic studies on the subject.

Pectin materials oocur 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 logether, in association with cellulose,
hemicellulose and glycoproleins.

Despite this wide occurrence, only a few source materials have been used to provide
commercial pectin as an additive for use in foods. One of the reasons for this is that
many of the pectin materials 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 of pectin

Pectin industry has been developed as a by-product industry, using waste matenals
from the food industry especially from the production of fruit juices and juice based
drinks. T&ah!y apple pamace and citrus peel have provided the raw matenals for the
commercial pectin indusiry. Oiher by-products from the food industry, which contain
significant quantiies of pectins, include sugar beet pulp and sun flower heads (May,
1999)

2.2.3.2:Chemical nature of pectin

The molecular siruciure of pectn ts compased of D- gatacturome acid molecules,
which ere linked to each other i a'pha 1-4 - glycoskdic fonmations (o polygaiacturamic
acxd Parts of the carboxyl groups ere methoxyteied with methanol Pectn 5 &
heteropolysacchande, because neuiral sugars He galactose, srabrnose and xylose
are linked to the pectn macrmolecuie by side chains, and the ma:n cha'n is nupfured
by thamnose (Kretz, 1993)

Peclin 23 first exiracied has 3 reiively high degree of esteaiicaton. sowd 70 ~
"\75%oi&mam§mmmmmmmmmﬁnmw Such
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pectin Is ideal for use in a conventional jam and will give a rapid set to prevent the
i

setting characteristics.

Esterification %
T 80 High methoxy! Rapid set Acid milk products
T 70 Slow set Jam
T 60 Special uses  Jellies, confectionary
T— SO
—— 40 Low methoxyi Low reduced sugar-
—— 30 Medium ). calcium - products
-T— 20 High reactivity Low sugar or low-
44— 10 -acid products.
4- 0 Non-acid foods

juice fining.
Fig.2.a. De- estenficaton of pectin to give a range of products

Peclin is modified by reducing the degree of esteification, (Commonly referred to as
DM or degree of methyiation,) If the DM is reduced to around 60%, the pectin is slow
set lype and is capable of gelation only in systems wilh a high sugar content under
similar ;;nditions, the ge] will set more slowly or al a lower temperature compared
with the origina! rapid-set pedtin.

However, it wili also tolerale either higher sugar concentrations or a lower pH. Once
the DM is below 50%, the peclins are knonwn as low methoxyt and become steadily
more reactive with calsium. Thoy can be gelled under progressively lower soluble
solids condilians, provided an appropsiate amount of avalable caltium is present

Amidated pectins are mostly of the tow methmy! type and have the advaniage of
telerating mare vartalion o ed'cium comtent

2.2.4:Pectin gel f‘oma'tipi;x -

The formation of pecin ge! s an extremety compiex subject, not leas! because pechn

ts not 3 single specilic chemiza) compound tn empie tetrms,. poctn is abee to lerm

gels with sugar selutons whish have sauble soldds « e range 60 ~ 70% and pH
“values of 30 -3 4
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The controlling factors —(I) pectin type and quantity, (if) sugar concentration and (ili)
pH must be batanced to obtain optimum gel conditions. (Broomfield, 1988)

2.2.4.1:Gelation: high methoxy! pectins.

High methoxyl pectins will gel only under specific conditions of sugar concentration
and acidity. Lower sugar content requires for proper gelation at lower 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 same and the amount of sugar increases,

The optimal soluble solids contert 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
formation of briltle gels and the crystailization of sugar and dextrose. The lower limit
for proper gelation of high methoxy! pectins is a soluble solids content of about 55%.
With §§ — 58% soluble solids, high methoxyl pectins with a very high degree of
esterification (above 75%) show the best results. High methoxy! pectins do not ge! at
very low solids contents, for this application tow methoxyl pectins and caicium salts
are used instezad,

Setting time and setting temperature
High miethoxyl pectins are comwmercially available within the range of SO to
spproximately 80% degree of esterification. This group of pectins shows a quite
specific gelling behaviour, Under virtually the seme condiions, higher methoxyl
pectins set fester and at higher temperatures than pectins with lower degrees of
estenfication Thrs explains the mpestance of setting bme and setting termperature for
the evaiuation ef high methoxyl pectins.

Based on the d:flerences »n setimg tane and settng temperature &l which the gelaton
staris subsequent to gel manufacture i the follomng coolng perod There 18 no
selting above this tempersture, even though &' cntena for gel formabion are mel
Gelation of extremely high mathoxy! pecling, 33 shown n test gels, may already start
at, for exampie, 30°.C that of 2ss high methaxylaled pecias al 60° C The seting
tempersture aiso depends, besde (he pec.ns degree of estenfizalon on the sugar
content and the product's pH as well 2s the amount of bufler salls added end the
cooling rate The fasier the prockitts are cooied down, the lower the resutng s24tng



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:Gelation: low methoxy! pectins.

Low methoxy! pectins form gels by reaction with calcium ions. When small amounts
of calclum lons are added, the pectin chains start to bond over calcium bridges. With
increasing calcium lon concentration, gelation sets in. in case of excess dosage of
calclum lons, calcium pectinate will precipitate under the given gel forming
conditions, which is also referred to as ‘pre —gelling'. The amount of the calcium
dosage does not only contro! the strength of the gel, but also its rheological and
sensorial properties. With a relatively low calcium concentration in relation to the
pectin content the gels are slightly 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 caicium concentration the gels become firmer, more
elastic. With very high caicrum conceniration gels become brittle with tendency to
syneresis The gels do not melt in the mouth, they feel rough. (Kratz, 1993)

2.2.6:Sugar

Suger is chemically known as sucrose. Which is a8 sweel carbohydrate. It is also
classifiéd as a disaccharde i e. when hydrolyzed by an enzyme or acid, it will yield
one molecule each of glucose and fructose.

Sugar is a2n essential mgredient in our diet and 1s an important source of energy. One
gram of carbohydrate will yield four keal of energy. Sucrose is mainly obiained from
sugar cane or suger beet. ! ts found in the market in different grades ranging from
icing sugar to granutated sugars and n colour from white to dark brown

2.2.5.1:Vypes of sugar

DET

['vpe 1 Brown sugat [ Raw sugar
This is produced by synple- defeccelion of 8 modidied defsecation process
Defeecaion 15 the sedimeniaton of the msofubie anc some of the soluble non ~eugar
components in sugar by adding ime, (catc um owde) to the pce Bl pH 80 -8 4 and
heating  Sugsr mamysfactured » hes maner wel have o chamaciensic Ravowr,
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sweetness and 2 wide range of colour from tlbht brown to dark brown. The variation
in colour is due lo the molasses layer surrounding it.

> Plantati te / mill white suqar.
When defaecated sugar is further decolourized by sulphitation or carbonation i gives
an off white crystalline product known as plantation white sugar / mill white sugar,

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 colounng matter.

Tvpe 4° lcing sugar
This is the pulvenzed white suger with or without the addition of starch or anti caking
agent.

Type §: Mineral water sugar.
This is sugar refined specially to a very low concentration of ash and colour to be
used in the mineral (aeraied) water industry.

er's ar.
Canner's sugar shoud have a iow microbiologica! count and low SO; content The
latter is to prevent Mazloning of the £in oigle used in the canninn insbcein,

in the food indusiry sucrose is used as a sweetener, buliing agent, lexture modffier,
presesvative, flavour enhancer and as a fesmentative substrate (for aicohol and spift
manufaclure) Such mullifunctiona) properties of sugar are reisted lo the physical,
chemical. merobiological and sensoly chamactenstics of sucrose The (ruit processing
and beverage indusities in S Lanka consume the ligest quanlly of sugar In ams
and jelies. sugar act as @ presenvalive The selting of jom depends on the costect
pH, acdly, pecln and &g conlents Brown sugdr canndt be wsed n the
manufacture of the jams oue lo s vany:ng bullenng ctan (Setvarsah 1590)
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2.2.5.3:Effect of sugars in jam manufacture

During the bolling process some of the sucrose is converted to Invert sugar, a
mixture of dextrose and fructese This conversion is acoelerated by increasing in
temperature 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 solubllity of 8 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).

2.2.6:Citric acid

The history of the commercial citric acid production can be traced back to the mid
19" century in the UK, when The Allas Chemical Works in London started
manufacturing the acid from lemon juice, imported from ltaly,

It is not only lemon or citrus fruits (from which it derives its name), which contain citric
acid Many other fruits, plants and even milk contain it too. Atthough originally citric
was extracted from citrus fruits alone, by the early 1800's, mounting pressure of
demand made this process uneconomical. Consequently, large-scale fermentation
was commercialized in 1923 using the microorganism Aspergilius niger. Today the
main rgw matesials for citric acid production are carbohydrates such as molasses and
sterches Production involves fermentation techmques with microorgansms
converting the sugars #to cilric acdd The ciinic acid broth produced from this
fermentalion is punfied, concentrated and crysiallized ino esther the anhydrous or
monohydrate form, depend:ng on lhe temperature The acid ts then sieved inlo fine,
medium or coarse granules or powders. Saifls of cinc acdd are produced by
neutralization with ihe approprate atkah, the most wide’y used sa't beng tnsodium
ciiraie

2.2.6.1:Scope of applications

Cilric end ds crretes offer nUMeUS OCESSNgG gunbuied vhich make hem an
important too! for & raoge of prodhuats, from soft danks (o sauces, from canned s
8nd vegetables to cheese and mests

Odmmmﬂsavswammsmm«gm polongeng shell ve  and
coninbuling 1o esse of process'ng C4NC B, SOTM BNG POIBIEAXT CABITS CAT be
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2.2.5,3: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
temperature 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
concenrations The solubility of 8 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 crystalilzation in
products up o 72% total soluble solids (Broomfield, 1988).

2.2.6;Citric acid

The history of the commercial citric acid production can be traced back to the mid
19™ century in the UK, when The Allas Chemical Works in London started
manufacluring the acid from lemon juice, imported from ltaly.

it is not only lemon or citrus fruits (from which it derives its name), which contaln citric
acid Many other fruils, plants and even milk contain it too. Although originally citric
was exracted from citrus fruits atone, by the earty 1900's, mounting pressure of
demand meade this process uneconomical Consequently, large-scale fermentation
was commercialized in 1923 using the microorganism Aspergilius niger. Today the
main raw materiatls lor citric acid production are carbohydrates such as molasses and
starches. Production involves fermentation techniques with microorganisms
converiing the sugars into ciinc acd The cinc acid broih produced from this
fermentation is purified, concentreted and crystalized imo either the anhydrous or
monohydrate form, depend:ng on the temperature The acid s then steved into fine,
medium or coarse granules or powders. Salts of cinc acd are produced by
neulratizabion wiih the appropnate atkah, the most wdely used sat beng tnsodium
ciirate

2.2.6.1:Scope of applications
MammﬂMm@wymmmmMmmMm
important too! for 8 r2nge of products, rom soft dninks (o sauces, from canned fluxs
and vegetabies to cheese and me3's

Cinic_{ulitis 8 vanely of furchons wmparng Ravour, prolongng shef e ang
“contnbuimg to egse of processng C4nc aci, Sndwm and POIRSEUM SIEIES CAN DR
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used as independent ingredients, in conjunction wilh each other, or with other types
of food addttives, such as preservatives or antioxidants, to extend their perfformance.

As citric acid is 8 natural component of most fruit juices, its character blends well with
the types of Navour systems commonly used. Also, its ability 1o 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 in soft drink manufacture. The
second main application area for citric Is in confectionery and sweet fruit products
such as jellies and jams. Citric is added to these products primarily for flavour, but it
also increases the solubility and stability of artificially ~sweetened products. As in soft
drinks its compatibility wilh all fruit flavours makes citric a suitable acidulant to impart
tartness. (From delicate berry fiavours to strong sour products)

Citric has an important role to play in the processing of vegetables and ali lypes of
fruits It reduces heat —processing requirements by lowering pH below 4.6. Inhibition
of microbial growth is 8 function of pH and heal lreatment. Higher heat exposure and
lower pH resufting in grealer inhibition. As the heat requirement is minimized, so the
integnty of the fruit or vegetabie is beller preserved.

Oﬁdat;e browning in most fruits and vegelables is catalyzed by polyphenol oxidase,
which is naturally present The enzyme activily is strongly dependent on pH and so f
cilric is used o lower pH to below three, the browning effect of the enzyme achivity
will be prevented.

The citric a!so oplimizes faveur and, when used n conyuntlion vith anticiudants such
8s ascortic acid, it (hdbs calsur and Ravoyr cetenoration whith can be caused by
metal —catalyzed enazymiz exdahan

22.6.2; Safety -

Citnie acid & accoptad o5 0 Gale food add.ive. tn the EU, cine acid and cirtes

(E330, 331 and 332) ate approvad for use "guantum sabs” and the Acceptabee DYy

intake (AD)) desided by the ort FAG WHO Export cammitce of Food AdS Lves

(JECFA) is 'nat specfied This means it in the levels rogu.red to create the dosred
- effect in food products, cInc acid and clirsles Jre sa’e for human heakh
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2.2,7:Sodium metabisulfite

Sulfiting agents have a long hislory of use as food ingredients., The term sulfiting
agents refer to suffer dioxide (SO,) and several forms of Inorganic sulfites that
liberate SO, under the conditions of use. Sulfer dioxide (SO,), potassium bisulfite
(KHSOy), potassium metabisulfite(KaS:0;), sodium blsulfite(NaHSO,), sodium
metablsulfite(N22S;0s) and sodium sulfite(Na.SO,) 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 enzymetic and non enzymetic browning, antimicrobial action,
antiioddant and reducing agemt uses, bleaching agent uses and a veriety of
processing axd uses. In many products, the sullites serves more than one
purpose Acceptable daily intake for suliite is 42mg for a 60kg person. The
carcinogenic mycotoxins, afiatoxins 8, and G, can be degraded by bisulfite, atthough
rather high levels are required. (Chichester, 1986)

2.2.8:Antioxidents

2.2.8.1:Lipid oxidation and rancidity

Rancidiy caused by the lipid axddation of fats and oils in food products is one of the
major obsiacles preventing long shelf life. Antioxidants capable of delaying the
process of lipid oxidation and the development of rancidity are now widely use in the
food industry. The oxidative resistance of food products ts often high at first. But this
resistance will be reduced, depending on fectors such as the types of fat in the
products concemed, temperature, lighl, amount of catatysts presemt (e g meisl ions),
degree of exposure to oxygen during processng, packaging, storege els.

The process of iipid oxidalian takes place in the fat phase, and ¥s 3 reaction between
oxygen and the fatty acid parts of the lpid molecules. The process is a'so called
sutoxidation, since it is an sutocalzlysed process occuning spontaneously Lipid
axidation is 3 chain reaclion resuling in the formation of free mthcals and peroides,
which wilt reduce the quatiy of food products by leading to addiional reections and
ihe onset of rancxddy This chawn reaction results m the development of undesrable
taste and smeft and the loss of muirriona! vahue



Effects of oxidation;

Unsaturated fat/oil
oxidation
v
peroxides
Further reactions Polymers Smaller
with other compounds, molecules,
e.g. vitamins, proteins, e.g.
aldehydes,
acids,
Affects;
Texture viscosity smellftaste
Taste/smell colour cell damage.

Nutritional value

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

The use of aiftight packaging, gas packaging (e.g. using nitrogen), or the use of
vacuw; packaging or refrigeration. However these preventive methods are only
capable of inhibiing the onsel of rancidily to a certain exient The addition of
antioxidants, on the other hand, 1s an extremely efficient way of retarding the process
of oxidaiion and thus prolonging the shelf life of food products.

2.2.8.2:Antioxidants

Antioxidants are substances, which are capable of retarcing oxdation processes,
and they also ensure consisient qualty from a batch 1o beich, thereby providing a
minimum of vanation in the tasie, odour, colour, and texture of fiished products
Traditional antimadants such ass BHA, BHT and gaieiles have found wide spresd
used, and they are siil very important due 10 thew hgh degree of efficiency
(Lauridsen and Schuitz, 1993)

There 15, however, a growng demand for wiamn -based anbicndants such as
vitamin C, vitamin E ane cacotenods The magor effects of 1he antadant wiamne
are as free radical scavengers Vdamn C s o weler-soluble antoodant capabie of
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regenerating vitamin E. Vitamin € and B -carotene are fat-soluble antioxidants.
Vitamin E is efficient at high levels of oxygen pressure and p -carotene is efficient at
low oxygen pressures. All work both singly end synergistically 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 foods they do eat do not
contain the levels needed. The best option to solve this problem [s to fortify a variety
of foods with lhe antioxidant vitamins. Which brings us to the concept of nutraceutical
foods

A variety of commercial forms of the antioxidant vilamins are used in foods and
beverages Dry forms of B-carotene are commonly used because they are easily
water dispersible and are available as a 10%, 7%5 or 1% cold-water soluble form or
an Insoluble colourdess version Vitamin C Is offered as powdered or granulated
ascorbic acid or in cozted forms Sodium ascorbate and coated version are offered,
as is calclum sorbate.  Vitamin € ecelate s offered in co'd-water soluble forms Oil-
soluble products, inchuding 30%% Bcamctene (In com oil) and R-tocopherol, its
acetate, and mixed tocophero! are a'so offered and may be incorporated n to flavour
emuisigns.

Flavour problems which may be encountered while using commercial forms of the
antoxidant vitamins and the suggested soludions are presenied m table 2.¢. Primaty
factors which affect siabitty of ine anioidant iiamins n foods and beverages are
hsted i tedle 2 d Boih vitamm C and B-caroiene are sensiive to heat and ondation,
bid vitamin £ n #s aceiate form s quie sigble

Progcessing methods ate selecied to mynmae condhons that resut i lhee greatest
losses and o compensate fer the losses thal do occur by eddng oversges To
reduce oxxiahbon damage, i s best o vse staniess slee! a'mvwm o plasic
equmeﬁm@ngmmﬁm wih coppes. #on, rass or bronze Remowng aw
flom ihe product aiso helps, @S @oS uSMg Feng equipment that mormzes
headspace and {iis 3! 8 consian! sale Hea' processng shouwd be [as! and he
product should be protected from radard enegy Gisss @ plaslt coMa neth Shoud
be dlypamax reduce permeats fy The Ma-h alyec! ve 5 (0 m-Aamae oonlact wih



oxygen or prooxidant metals during processing and to minimize oxygen transfer in
the packaging. (Elliott, 1999)

Table 2.¢.; Flavour problermns and suggested solutions

LS SRR N T e T C R L

Antioxidant vilamin Potential problem Suggested solution

= o= =

p -carotene Dry product forms | Add more juice to make
| Vitamin € Cloud in clear ' opaque. (Natural juices
(transparent) beverages. | are often cloudy)

Add 30% P -carotene or
tocopheryl acetate (oily
form) to flavour emulision.

—— e e o e R L e - g o _

VitaminC “Taste too tet at higher | Use pat or all of
! levels of ascorbic acid requirement as of sodium
{ ascorbate.

Calcium escorbate is -
bitter and not-
recommended for most

—— o — .3 —-cT— no e p I TR oyTE T m=ss Tl —!
" p -carotene Yellow to orange colour | Use B carotene 10% B |
= not desirable in  products  except!

-

J_L-—_-_—_;~'<‘— ==z .z oz, ‘.-':.:'.--—:—.B;: wm Letmms o mee— e

W
Source’ Efliolt, (1999)



Teble 2d Primary factors, which affect stebility of the antioxidant vitamins in foods
and beverages

p— = — e e T Tt T B L M e e e o e e e

Amoxidaﬂt vitamin Faclor |
B -cerotene 1. Exposureto oxygen
2. Heat above 45°C for extended
period of time.
3. Packaging in oxygen permeable or
clear packages.
4, Oxidatlion catalyzed by metal ions,
light and heat.
{vtaminC = "7 77 777711 Verystableindryform |
2. Very sensttive to oxygen and heat in
solution,
3. Oxidation catalyzed by metal 301'15l
and heat
(Vitamin€ T T3, ditsdiocopheryl  acetate  very
stable except at pH extremes
2 difed-tocophero! sensitive to I
. oxidation which is catalyzed by heat
1 J and meial ;ons ]

Lo o i s e o
Source Eiliott, (1999)

2.2.9:Sodium bensoate:

This 13 2 satt of benzowc acid and (s used (0 the preservation of frult juices, squashes
and jams Benzowc acd s the effecive agent As # 1S spanngly soluble n waler, its
sodium salt, which 1S watersciuble, 1s genedaily used Chemically, pure sodum
benzoate 15 pracheatly teste’ess and odout kess

The preservaiive action ef benroic ackd mereases 1 ihe presence of CO: A typeal
exampie 15 that of 8aciis subliis whith cannat survive 0 benzoe avd sofubon in
(Ginihati, 1860)



2.3:Jam Processing Methods

There are 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 mouids. The boiling may be carried
out at atmospheric pressure (traditional open pan systern) or at reduced pressure
(vacuum boiling).

2.3.1:Traditional open pan system {atmospheric pressure boiling)

When bolling at atmospheric pressure the product reaches about 105°C at
completion and this process gives the characteristic flavour of traditional jam. This
traditional method of jam boiling is use steam heated open pans nommally capable of
holding batches of 75 —100kg. Steam at 4 - 5 bar is supplied to a jacket or to internal
coils for faster boiling.

Pans are used in sets of between four and eight so that a continuous supply of
product can be obleined. Pans, which are discharged through bottom outlet valves,
are mare convenient (and safer) in use than lipping pans. Each pan supplied with a
hood connected to an exhaust system for removal of water vapour. The pans are
loaded by gravity or by blowing or pumping from 8 pre-mixing vessel. Once loaded,
the steam supply is tumed on and the mix boiled to the required solids level. This
may be determined by refractometer or by temperature, which will need to be
corrected for changes in atmosphenc pressure.

2.3.2:Vacuum boiling

Wilh vacuum boling where the bulk of excess water fremoved st 50°C - 60°C, the
flavour changes are less marked, wih 8 reduced level of caramaleation Which
favour chamactenstics are preferad « 8 matter of opimon. Vacuum bodng aiso
resiricts the degree of sugar mversion and removal of sulfer draxde and these lactors
must be considered when formutaing the product Confinuous opersion has cbvwous
production advantages ¢ the requ red oul pul 8 suficient (o warrant |



2.3.2.1:Batch vacuum boiling

Vacuum boiling vessels are avallable to take charges of 500 ~ 2000kg, The vessel
made of stainless steel, is provided with heating coils, a vacuum pump or ejector
system, 8 means of sampling or a built in refractometer, entry polnts and an
inspection window.

The mode of operalion is to prepare a premix in 8 stirred heated vessel. The premix
is drawn in to the process vessel by vacuum. When charged, the pressure in the
vessel Is controlled such that evaporation tekes place at 50°C - 60°C until the
required solids level is reached. When this Is achleved, the vacuum is released and
the temperature is allowed to rise to about 90°C. This ensures that sterilization
occurs and that conditions for foermation of the pectin gel are achieved. The vessel is
emplied by gravity, pump or air pressure

Since large batches of product are obtained, problems with presetting may occur and
it is necessary lherefore to add the acid andfor the pectin after the boiling is
complete, making apprepriate allowance in the solids leve! of the boil This later
eddition can be melering or by the use of iwo receiving vessels which are used
alternatively

2.3.2,2:Continuous boiling

Continuous vacuum boiling may be camied out by two methods The APV system
utitizes & plate evaporator whereas the Atz — Leve! system makes use of scraped
surfece heat exchangers The former system rs tamied to handing jeites or sieved
producis wihist the lalter ean hand'e larger frut preces

When us'ng conimuous sysiems, € 5 necessaty o comirol refraciomeins solds
contnuously and th's s done ether usng 2 smple n -'ne ynl or, prelesably, an
auvtomatc umt wih e'ectnic2) feedback (o coring) the evaporeicr (Broombe'd, 1888)

23.3:Filing tempevature

Product’'s sedtng temperaivre shoudd be fower {han he MNng tempensiyre Tivs
mwwwmwmmmw and exeT 3 negavve (TTuBNce on
the idure The height on ihe Fing tempesirme 5 deremrned by the machaes and
systems employed i the pIocess 35 WeH 38 e S.20 of the pacikng o3 °C's used
“Conte'ners, wheh coo) mrate qutkly, aow s £ 1g 31 Pgh tempedrutes 2 857 C o

%



95°C. Rapid set pectins in this temperature range provide good qelation. Contalners,
which pass through a long cooling phase, on the cother hand, require low filling
temperatures of e.g. 70°C to 75°C, since otherwise the consistency of the product
might suffer by heat related damage affecting the certer. For this purpose slow set
pectins are used that do not tend to pre —gel in the temperature range in which they
are applied

2.3.4; Consistency

Consistency is a very important parameter 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 parameter
‘highly elastic with an important viscous phease’,

For the purpose of spreading jam on slices of bread or sweet rolls, it should be noted
that jellies with greater elastic and 2 very tow viscous phase are more difficult to
spread. In the extreme case, this implies that jellles spread on with a knife will just
bresk up from a large lump in to many smaller pleces. Gels with an important viscous
phase, on the gther hand, will spread on easily and form coherent jelly layer on the
bread The proper selection of the right type will thus to be a great help 1n controlling
the desired rheological parameters of these products

The edible acid oniginally present in the fruds or added to the product tends to
suppress the dissocraten of free casboxy! groups m pectms If the acxd content Is too
high (pH va'ue under 2 8) the ge! elasiicrly wili be increased and the gels become
herd and bnitte if the acid content s low (pH value above 3 3) the gel sinuctures
become very soft. When exceeding 2 cetan pH ki, gelziion s no longes
possbie (Kratz, 1883)

2.4:Types of jams

{)  Presence of soluble solds of ngher tham 60% (convendions) (ams)

() Reduced sugas [ams of sohible soivis of between <5% - 0%

()  LOW SUGET[mS wih 2 Soluble Sokg coMTeN of ess tnam 45%

(v) No sdded sugar product typeay of 60% sSofunie sonNOBs OF lesE  whete



2.4.1:Jam related products

(1) Extra jem

Extra jam is a term introduced viz the EC preserves direclive 79/693/EEC, All extra
jams are jems but not all jams are extra jams, as the latter require higher fruit
contert. Basically 45g per 100g compared with 35g per 100g for jams (although
there are some exceplions to these general levels).

Extra jams have o be made from ‘fruilt pulp’ which is defined as the sliced or crushed
edible pert of the frut' vith 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 make a ‘seedless raspberry exira jam' as the fruit will here to be
sieved before use It is of course, quite pemmissible to make a ‘seedless raspberry
jam’ with frunt content of 45g per 1009 or more.

The definition of ‘fruit’ has been increased recently by amending legistation and now
includes, for example, carrols, carrot jam being delicacy of the Porfuguese. In
addition their differing limds for residual sulfur dioxide contert for the two classes of
product

Sorbates or benzoates are pemmitted in exira jams,added colours are not permitted.
Under the present legrstation, there are no such products gs, ‘exira reduced sugar
sm’ or extra mamalade’, as such products are not defined (Broomfieid, 1988)

(2) Reduced sugar fam

Althoungh shil pectinfsugar gels, (he low sugar contents permilted for reduced sugar
jams means tha! eromal fugh methoxyl {(HM) peetns ase meffectve, and so t 15
necessary to use the eaicum / low methoxyl (LM) pect:n geiung system The tedure
of the low sugar cantent ge! may be mod fted by lhe ncorpoabon of auddiknal
stabrizers ahdier geling agents, many of whieh are ksted i the UK reguislons The
low sugsr cantenl 3’50 has two ciher effects frst, there 15 /o chance & crysiasation
and second, the sugar conter! B nsullcemt 1o provide o preservalive &flect (hence
the reason for the permidled Use of PICSEVALVES)

(3) Jam for dabeles

Diabelics are intolerant to the SUGATS mOoMsEy gresent (t 3'ns and mamatades . bt
. they are unaffected by serxia! 3 polytydng alooha) derved from ghicose Speoia®y
Wmmmmmmmmmm for cabehes o which

n



sorbitol 18 used as a direct replacement for sucrose and ghicose. The same
manufacturing methods are used but it is necessary 1o increase the quaniities of
pectin, as pectin/sorbito! gels are weaker than comparable sugar based gels.

Sorbitol based pioducts do not have low energy value since the sorbitol is
metabolized. The daily 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 fruit juice and not one of the
sweetening agents, listed in the jam and similar product regulations 1981, Because
of this, lhey do not have to conform to the legal requirements for reduced sugar jam.

(5) Marmatlades:

Marmalades are efiectively jams or jellies made from citrus fruits. Orange mamalade
is by far the largest seclor of the market, Bitter oranges, grapefruil, lemons, limes,
mandanns and sweet oranges used in marmalade manufacture.

Various styles of marmalade are manufectured, the differences being in the size and
manner of cuiting the peel and ihe proportions of peel to center which are used. The
usual styles of mammalade are ‘coarse cut’ with the peel in strips ebout Smm wide,
and ‘medium’ and fine’ cut wilh strips of about 3mm and 1 Smm wide, respectively.
In each of these cases the peel includes the atbedo. The white portion lying beneath
the slun_Legislation requires mammalade to contsin minimum of 20g of citrus fruit per
100g, of which 7.5g (99atleast) shall be lrom the epicarp(center).

(6) Jelly Jams and mamatades:

Jelly jams and mammalades are prepared from the jice of the selected frud and do
not contain any of the mnsoluble fibrous matenal, except that jefly mamalade may
contain small peaces of peel, The juice 15 ablaxned from the fruit edher by mechanical
pressing or by aqueous exiraction Jelly is formulated and manufaciured n the same
way 8s sm In the producuon of yelly mamaiade, clanfied juce o aqueous eximct
from the dummy s used n the preparaion of the jelly (the pulped centers are known
8s ‘dummy’) Where peel 15 added, tive 5 n the lorm of finely cul ‘chwps’ without
aibedo The product requirernents for 3 good jelly sre gond colour, clanty and ftavour
- (Broomfield, 1988)
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CHAPTER 3
3.0: materials and methods

3.1:Materials

3.1.1: Materials for preparation of tender coconut jam
« Consumable

1. Tender coconut kerne! from 9 months and 10 months old nuts, picked up
according lo the method given in table 2.a.

Water

White Sugar

Medium setting pectin,

Sodium metabisulphite

Sodium benzoate.

Citric acid

Vitemin C

Vitamin E

10 Emulsifier

© O NG s LN

¢ Equipmentand tools

11 pH'meter

12 Thermometer

13 Refractiometer (Bnx 45~82% and Bnx 0~32%)
14 Elecine batance

15 Blender

16 Knives

17 Spoons.

18 Ssuce pan

19 Gsas cooker

20. Glass ware

21 Paciong matana’s (Plaslo cups. bds)



3.1.2: Materials for sensory evaluation

NooswN

Prepared tender cosonut jam
Spoons

Water glasses

Serviettes

Cream cracker biscuils.
Plates

Pen and Ballet sheets

3.1.3: Materials for determination of pH value

1.

pH meter

2. Prepared tender coconut jam
3.
4. Tissue papers

Water

3.1.4; Materials for determination of Brix value

1.
2 Water

3

4. Prepared tender coconut fam

Refractometer (Brix 45~8294)

Tissue papers

ey

3.2: Location
TR's experiment was cenducted 2@t the qually contrel laborztory of the 'Vasmee’,
Midigama Frull Fams (Pt ) Lid, Midigama, Ahangama.

24



3.3:Methods

3.3.1: Preparation of samples

This experiment was done to develop an innovative jam from tender coconut for the
dynamic market

In the case of jom manufacture four major variables were laken into account with two
levels -low and high, and samples were prepared with respect to the treatment
combingtions given below,

__— 9 months old -3,

1. Malurity level \
- 10 months old —a,
Low leve] (60g /100g) -—by
2. Sugar leve <

High teve! (66.139/100g) - b,

v High gH tevel {0.6g/100g -~cilric acid) —co
3. pH lovel < ,
. - Low pH leve! (0.8g/100g -cilric acld) —c,
_—% Weakaniioddant ~dp

4. Ardioydant \

18 treatments were designed by combinng the sbove variables as foflows’

1) 3;bocsds Omonths 1 low sugar leve!! high pH levell week antiovidant
2) 85Dy Co Gy Omonths Migh sugar level/ high pH levell weak anfiovidant
3) BobyCydy Omenths ow sugar leve'! low pH lovel/ weak antimidant
4) 25, ¢y do -Omonihs Migh sugar level! low pH leve! wesk achioidam
5) BoboCsd, -Smonths fow Sugat level! hgh pH levelf strong antoviae
6) BoD: CoGy -Smonihs Ao sugae kevelf frgh pH leved/ sirong anandant
7)) 20 boCr Gy -OMONYS 4 i SUGET ENEY fow PH levets Song antordant

hi



8) ap bycid; -8months / high sugar levelf tow pH leveV strong antioxidant

9) 84 by cody <10 months / low sugar levell high pH level/ weak antioxidant
10)2, by ca dy -10months /high sugar levell high pH levell weak antioxidant
11)ay by cy dp -10 months / low sugar level/ low pH level/ weak antioxidant
12)a4by ¢4 d o -10 months Migh sugar level/ low pH level weak antioxidant
13)ay bo co 0y - 10 months / low sugar leve! high pH level/strong antioxidant
14)3, by co dy - 10 months / tigh sugar level! high pH level strong antioxidant
15)a¢ bo €1 di <10 months / low sugar levelf low pH level/ strong antioxidant
16)a, by ¢y d; ~ 10 monihs / high sugar leveV/ low pH levelf strong antioxidant

3.3.1.1; Determination of maturity level

Oevelopment of coconut fruit from flower takes about one year duration. Soft
endosperm begins o form after about 7 months from the lertilization. Ater 9 months
there is mature "fa/rumba’, jelly like kernel that covered entire cavity. After 10 months,
very tender kemel called %afali‘s there (Seetable2.a)

These two stages were selected as the most economical stages to prepare jam. Fat
contem IS increase along with the meatunty stage. Lower maturity levels were found
not economcal to prepare jam, as amount of kermnel per nut s very low.

3.3.1.2: Preparation of pulp

Tender coconut nuls of 9 months oid were harvested and dehusked Nuls were
opened and tender keme! was scooped The panngs were removed using a iaife |t
was biended whi'e adding water in omder to gel the Bmx value of 4% N the pulp
Same procedure was adopted for 10 months oid mas too

3.3.1.3: Preparation of samples with two levels of sugar
Two portions ¢f blended cocomd pulp wes [aken and ncosporeied with sucrose
(sugar) 60g and 68 13g m order 10 prepare wih two SUGR levels (b and b,)

3.3.1.4: Preparation of sampies with two levels of pH vatues
Mpgﬁbnsdmmmw taken and incoorated wih ¢iine aoid
0 6g and 0 85 in onder Lo prepane samples wih two pH levels (o, and ¢4)



v Dehusked tender coconut

Open and scoop meat from shell
®  Coconut water and shell

Add water Blend
Add water, Boil

Tander cocomut jam
Fgue. 338 Common procedune | tendier COCONUL JBM PIONSEENG




3.3.3: Determination of pH values

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 1s very important, The pH of the product
has a great influence on the inversion of sugar and setting of jam. The pH value is
necessary to be optimal lo produce a good firm setting pectin jelly.

3.3.3.1: Method of pH meter calibration

Before the beginning of the experiment, pH meter was calibrated by using buffer
solutions of 4 and 7 and electrode was rinsed with distilled water and blotted with a
soft tissue.

3.3.3.2: Method of pH determination

The pH meter was inserted to the sample and kept for one minute lo stabilize the
reading. Then the stabilized reading was recorded. Readings were taken after one
month and afier three months.

3.3.4: Determination of Brix value:

in jam manufacluring, the Bnx value of jam should be maintained between 60 to
70%, in order to preserve the gelling behaviour. Hence measuring of the Brix value is
important prerequisite in manufaciuting the jam with nght quality .

Very minute quantity of jam was placed on the Brix meter (refractometer) and read
ihe value of Brix by degree of reflechon of hght

3.3.5: Sensory evaluation

3.3.5.1: Selection of sensory panel
A sensory pane! wes selected to deiermne the gusiaiory sease of the 16 samples,
as these charecters are neghgele

3.3.5.2: Method of selection of sensory panéd

Twelve young persons who felcand from behaviours of bibng chew beetles and
smoking were selecied and served 10 sucrose sokdsons represeatng from 0 1% to
1% of sucrose.



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

selected for the panet,

3.3.6.3: Sensory evatuation method:

Sensory evaluation was carried out to determine the best sampte or samples out of .
168 samples prepared in the study. Scoring test method was used for sensory

evaluation.

Tho scosing test was cenducted by giving a hedenic scale of 'like or dislike’. Dislike
cdremely to like extremely was numbered from 1 to 9 respectively (see appendix !)
and given o the pane! to state thelr scores in frent of the code number given to ezch
sample

Appearance, flavour, colour, edour, texture and overall acceptability of samples were
tested at the sensory evaluztion 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
samp'es sludied



CHAPTER 4

4.0: Results and Discussion

Study was earried oyt to evaluate the quality changes of jam by assessing pH, Brix
and organscieplic properics ¢f jom samples over 3 months.

4.1.1: Results of analysis of variance procedure for the sensory
evaluation

Sensory evaluation was carried out twice. The first was conducied one month after
preparation of tender coconut jem and {he second was three months after
preparation of tender coconut jam

Appearance, co'our, smell, lavour, texiure and overall acceptabiiity of the samples
were tested at the evaluetion. The results of statistical analysis of the sensory

evaluation gre shown in theiable 4 a

Table 4 2 resulls of senso:y evaluaiton

ﬂ ) P;t.tnbu&e ST fmerone morth “”’“Afﬁe?‘t?ifee months .
;{ _ o o  ; ﬁFth':e_* _P_flge_ Fval‘%liﬁ Pva!uijt
| Appearance " © 1099 Joa7a jo72 078
jsmen " Joar~ Joww 0% 0w |
'Fewour 072 f0767 108 0664
g*remwe N ~ Toea Ji{oszg“ 'lt?es ) »;1'9512:* Jf

q

| Oversit aeceptibtny o "&{’oeﬁ” loers  [o73  lo7a

Appearance:

Accerdng 1o the siatictical analysis of ANOVA these were no significam detences
among 16 treatmoent combinations for ihree months (See apped™ IM1) Thewrfore the
appesrances of AN samples ivere good for thvee months of period

Colouir:

Accordng lo ihe statistiest snalyxis of ANOVA there were no signfieam diteences
amonq 16 treptmend combmaions for ihipe monihs (See appenta 11!} Thedréore e
._cololir of 3" sSampies was good to apply 1o the product for thaee monihs of perod

n



Flavour:

According to the statistical analysis of ANOVA there were no significant differences
among 16 treatment combinations for three months. (See appendix Hll) Therefore the
flavour of all samples was good for three months of period. That means any level of
sugar -low or high- can be added to the produst as preferred.

Texture:

According lo the slalistical analysis of ANOVA ihere were no significant differences
between 16 treatment combinatiens for three monihs. (See appendix I1l) Therefore
1t can be s2id that the texture of all samples was good for ihree months of perod.

Smeil:

According to the stalistical analysis of ANOVA lhere were no significant differences
ameng 18 treatment combmations fer three months. (See appendix iIll)  Therefore
the srrell of all the samples was goad for three months of period. That means there is
no auto oxidation in the product for ihree months of period, as the smell can be
detenorated by fal oxdation. Therefare any anlioxdant «weak or strong- can be used
in the product

Overall acceptabllity:

According to the stalishical analysis of ANOVA lhere were no significant differences
amor%; 16 treatmen! combinalians for three months (See appendix Iil) Therefore the
overall acceptabilily of all the samplcs was same for three months of pernoed

4.1.2:Results of analysis of pH values

Recerded pH va'ues of the samples were anztyzed by ANOVA statrsireal mmejrod and
ihe resu'ts are gven  the tablp 4 b Atcordng to the resuns these s o sigricam
difference between 16 samples 21 5% sywicant feved

Table 4 & esy'ts of pH antiyss

7T Aney one moreh Aliee three fmontis

] e - . " AR I QL L SR I e - AL

i Fvalve Prot f F vawe ! PrF ‘
- - ;'] A - - - 'J = - < - === .!‘ - = . -

i eoom | 1260 1 0600

R T

I [T o _.
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8§52, 578,581, 452, 864 samples are similar with each other and different from the
other samples 298, 347,403 samples are similar with each other and different from
the other samples. 459, 766, 732 samples are similar vith ezch other and different
from the other samples. 721, 268, 135,276, 384 samples are similar with each other
and different from the other samples (See appendix |l)

4.1.2.1: Change of mean pH of samples.
There were no significant differences of mean values of pH after three months. (See
tabled.c)

Table 4.¢. Change of means pH of samples.
f T One month | Three months

u Sample code later leter
§= 7/ N - T R S ¥ 2
' 208 T T 30 O ITTaa
{ "es2 ] a0 | 32 )
! 347 3.1 T 3a
! 384 X B T
ﬁ 756 ! 30 . 30 l
P 276 i 29 i 29 "
ot 268 ﬂ 50 i 30 ‘
A S N T S
T s T 32 .| 3T
7 581 | 32 | 32
: 64 | 321 32 |
i 133 i i@”“wg 28 _”TJ
! 72 ;30 | 30 J
ﬁ‘—" a8 28 30
7 S SR - B S T B
T | e P

No mucrobnal exdaton angd .o sult Godaion $0 far may Be the ressons for (he pH
value rermans unghanged Bl 1 shaudd be tested for 31 east anagiher & monihs

Accordng 1o the @suTs e SeMEEes wah hgh Gdhe 3C ievals wih of witiow!

Vitam,n C had 8 g 3 e belwee 282030 The g vawes of 3 1103 2 wese fapnd
W he sameses with low T11:3 evets wih o wihowd wisnan &

&3



The pH value of 2 jam should be betveen 28 and 3 3. If it is lower than 2.8, the Jam
becomes hard ang brittle If the pH value is higher than 3.3 of the jam, & becomes
soft Therefore the pH range of this tender coconut jam is suitable in oblaining a good
setting jam

These pH levels keep the product oul of microbial deterioration, especially from
bactena. Therelore both levels are sutable for the product for three months.

4.1.3: Results of analysis of 8rix value
According to the resulls analyzed by stalistical method ANOVA there is 8 significant
d:fferences among 16 samples (See table 4.d.)
Table 4 d resulls of analysis of Brix value

b After one month © “Aferthree months
[ Fwawe ! PeF | Fwite I PrF
(s 1 00001 i 260 "} 00113

581, 347 samp'es are s'milar with ea2ch cther and different from the other
samplos 732, 452,864,288, 298 276,384,756,552,459 samples are similar vith each
other ond different from the other samples 135,678,721, 403 samp'es are similar with
each other and ditferent from the other samples (See appendix 1)

Thee was not much difierence atter three menths m the mean ¢f the Bax value of
the 16 samples The mean Bnx value was 67° to 69°% in the samples thzt added low
jevels of sugar Brx vatue of 69° 1o 70%was recorded in the samples that were with
hgh teve! ef sugar

According {o Broomfie!d, (1888), pectn rs able 1o form gels wiih sugar solubons,
which have so'ubdle sohds m the range 60 - 70% Therelore Bmx viiues of the
samples pre wikon the sie range

Addiion ©f suazr BEiS @8 @ PreSeNalve @So ant heds to provent mmaebiat
deleroraren

The seteeted vanety af cpeama for e Goveiopmett of Lender cacomil |3 was ke
Typeea i vanety Typea Aordng to Peitgageds U (15a0) 4 & twe Best type for
comnYercal praduts

\mex et et =t



Tender coconut kerne! consists of protein, fat and carbohydrates, Tender cocomut
consists of higher protein and sugar level than the mzatured coconuts. According to
Thampan. (1993), it is gredually decline as the nut is matured Therefore the
nidritional value Is high in tender coconut j2m than other jams

Unlike other fruits. tender coconut has fat st 3 substantial leve! in the kemel. Hence
saveral anttoxidants were tested, such as Lime, Vitamin C and Vitamin E Emulsifier
also was played a major rcle preventiing fat oxidailon by stabilizing the fat content in
the cocontst puip As the fat content can be caused the deteroration of this product,
the best anttoxidant and ithe best emulisifier should be find cut.

05% of Medium setting pectin was used in all samples in order to obtain a good
sething jarn

ASs plastic cups were used a8s the contamners, there were no photo oxidation problems
occurred in this expenment.

There s a Iarge trend to merease the demand for processed foods all over the worid
as all respeetive ellizens eontnbute the:r ime and strength to develop their countries
wilh the eencept of globa'zealion

Jam takes an important place among the processed foods as d is preferred by
majonly of people in all age groups Yetl, consumers today are concemed with ther
heaith white expecting a belter nutnlisnal value from every product.

This innovotive praduct can be help al the abeve situslion as @ nuinlisys plocessed
foad



CHAPTER S

Conclusion

Jam from tender coconu! can make by the same method adopied to prepare other
jams, bul have to add emulsifers and anlioxidants to prevent oxidation and stabilize
the oil i water emulsion. The tender coconut jam fs sultable for use for three months
of penod.

Recommendations for further studies:

This experiment has to be continued at least another six months

Surable emulsifier without flaveuss sheuld be tested

The fat eontent and the protein eontent should be determ:ned

Microbiology accep! on the product should be determined.

Surtability of glass jars should be {esied as the photo oxidation can be happened



, Appendix i
ORGANOLEPTIC TESTING OF TENDER COCONUT JAM
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* This is @ tender coconut based Jam

+ Please teste the 16 semples of Jam and indicate your score against the
sompie code.

« The rating for such samples are given in numenc values ranging from 9 (Like
exiremely) to 1(Dislike exiremely) as given below,
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Appendix ||

One-Way Analysis of Variance for pH value

» Results of analysis after three months

Analysis of Variance Procedure
Ciass Level informalion

Class Lewvels Values
SAMPLE 16 135 258 276 298 347 384 403 452 459 552 578 581 721 732
756 864
Number of observations in data set = 48

Analysis of Variance Procedure

Dependent Variable: pH
Sum of Mean

Source OF Squares Square FValue Pr>F
Model 185 047250000 003150000 1260 0 0001
Error 32 008000000 000250000
Corrested Tola) 47 055250000
B R-Square CcV Roc! MSE pH Mean
0.855204 1618433 0450000 3 G87500

Analysis of variance Procedure
Dependent VYariable: pH
Source DOF Anova SS piean Square F value Pe > F

SAMPLE 15 0.47280080 ¢.03150220 12.60 ©.3830%




Analysis of Variance Procedure
T tests {LSD) for variable: pH

NOTE. This test controls the type | comparisonwise error rate not
the expenmentwise errer rate

Alpha=0.05 dl=32 MSE=0.0025
Critical Value of T= 2,04
Least Sygnificant Difference= 0 0832

Means with the same [etter are not significantly different.

T Grouping Mean N SAMPLE
A 323333 3 552
A 320000 3 578
A 320000 3 581
A 320000 3 452
A 320000 3 684
8 316867 3 298
8 313333 3 347
8 310000 3 403
c 303333 3 459
c 303333 3 756
c 303333 3 732
D 300000 3 729
> 300000 3 258
) 266867 2 135
0 266867 3 376
D 253133 3 384



One-Way Analysis of Variance for Brix value.

Analysis of Variance Procedure
Class Leve! Information

Class Lewvels Values

SAMPLE 16 185 258 276 298 347 384 403 452 459 552 578 581 721 732
756 864
Number of observations in dala set = 48

Analysis of Varjance Procedure

Dependent Variable: BRIX
Sum of Mean

Ssurce DF Sgquares Square FValue Pr>F
Model 15 4881260000 3I 25418667 260 00113
Ertor 32 40.00000000 1.25000000

Conocted Tata) 47 88 81250000
R-Sauare cVv Root #SE BRIX Mean
0545613 1618873 1418034 6906250

Analysis of Varlance Procedurs
Dependent Variable: BRIX
Souree oF Aneva SS MeanSguae FValue PBroF
SANPLE 1S 4881250000 3I2/4166887 28D OO
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Analysis of Varlance Procedure
T tests (LSD) for variable: BRIX

NOTE: This tcst conlrels the type | comparsonwise error rate not
the expenmentwise enror rate.

Alphe= 0.05 df=32 MSE=1.25
Crdical Vatue of T= 2.04
Least Significant Difference= 1 8595

Means wilh the same lelter are no! significantly different

T Grouping Mean N SAMPLE
A 706667 3 581
703333 3 347
8 700000 3 732
8 700000 3 452
8 7000800 3 €64
B €96667 3 258
8 696667 3 298
B €23333 3 276
8 690000 3 384
e 686667 3 756
8 €8eE87 3  §52
B8 683333 3 4%
(®) e7ERLY 3 135
C g76687 3 578
C eresbr 3 T2
Cc

G7ee7 3 A3
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Appendix Il
One-Way Analysis of Variance for organoleptic properties

Appearance:
Results of Analysis of Variance after one month.

Source DF 88 MS F P
Sample 15 4232 282 099 0474
Emor 80 22817 285

Total 85 27046

Level N Mecan SiQov

135 6 633 1506
258 & 7000 0632
276 6 6833 1329
208 6 733 1366
347 € 8800 2429
384 € 7800 1378
403 6 6167 2714
452 6 7333 0818
459 8 6333 1633
§52 6 65600 1.517
578 6 6333 2251
§81 6 7S00 1225
724 8 71467 1T
732 § 7167 1835
756 & 71467 1329
864 6 6657 1966

Pooled StDev= 1689
Results of Analysis of Varlance after three months,

Sgurce DF gs MS F P
Sampie 15 3862 25 @72 0754
Ermor 80 28817 388

Teta! 85 3499

Levd N Mean SDev
135 6 5167 1841
268 6 6500 1378
276 6 6167 1943
208 6 533 160
34 6 S167 2041
384 6 9333 216D
3 5 7000 0&P
42 © 5867 23
458 6 B000 1789
562 6 6667 2160
578 6 533 1633
581 © 6333 1368
72 6 E3B 273
732 § ©S00 1877
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756 6 7000 0894
e¢4 6 5333 2805

Pocled Sibev= 1 891

Colour;

Source OF 8S MS F ]
Sample 15 4363 291 1.08 0405
Ermor 80 21833 274

Total 95 26296

Level N Mesn SiDev

135 6 5833 1320
258 § 7000 0894
276 6 6833 1329
208 6 7167 1329
347 6 5667 1965
386 6 7.657 1.366
43 6 5500 2733
452 6 7500 1049
459 6 6167 1.472
562 6 6333 1966
578 6 6667 2422
S81 6 7.667 1.033
720 6 7333 1506
732 6 7167 172
756 6 6833 1472
664 © 6338 175

Poc'cd StDev= 1 €56

Source OF S8 NS F =)
Scmpe 15 37Ot 253 0S8 0897
EBuor 80 30180 452

Yoial S5 354

Leve N Moan  SiDoy
155 26 4667 1366
268 € 633} 12N
276 2B 6333 2068
2886 6 450 29%
347 6 48R 177M
384 C 5500 t&4
403 2 © 6167 1472
452 6 S6887 2472
459 G S1€7 2137
562. G 6000 2000
518 6 B187 308\
s81 § S50 1763



721 68 68500 2888
732 €& 6500 2510
766 6 60600 1897
864 6 5687 2733

Fooled SIDev= 2126

Smell:

Results of Analysis of Variance after one month

Source OF SS Vs F P
Sample 15 1063 071 047 0950
Emor 80 12133 152

Tolol 85 131.86

Leve! N Mean StDev

135 6 6333 1.366
268 6 5667 1633
276 6 6000 1414
283 6 5667 1033
347 6 5667 0816
3B 6 6333 1366
403 6 633 121
452 6 6000 0832
459 6 6167 1602
$52 6 6.167 1.169
578 6 5167 0753
581 6 6333 1033
720 6 6333 1633
732 6 6333 1366
756" 6 G000 1095
gs4é € 5833 0983

Pooled S1Dev= 1232

Ssurce OF S8 S F P
Sampie 1% 2359 188 ©& 0935
Errer 80 31017 388

Tett ©5 33916

Leved N Mean SiDev
$3S g 5500 288
258 & %S€87 1366
276 6 5833 2137
2% & S000 2449
247 g S0 12685
584 6 OG0 1675
403 6 8887 O\
4s2 6 S1€7 19at
405. 6 G167 1541
- 587 6 S667 225
STe g 43N 2088

%



581 6 6167 1722
721 6 5667 2160
732 6 6000 2088
756 6 5333 1508
864 6 5333 2338

Pooled StDevs= 1,969

Flnvour:

Source OF SS MS F P
Sample 15 3116 208 0.72 0761
Error 80 23183 280

Tolal 95 286299

Level N Mean SiDev

135 6 7667 1.366
258 6 7.333 2160
276 6 6333 2805
208 6 5667 1862
347 6 7000 0632
384 6 6833 2137
403 6 7500 0548
452 6 7.500 1.049
453 6 6167 1722
562 6 7500 0837
578 6 7.33 121
581 6 7600 1378
729 6 7.167 1.835
732° 6 7000 2191
756 6 6333 2251
864 6 7333 1366

Pooled SiDev= 1702

Souce OF S8 MS F P
Sample 15 3374 225 081 0664

Egor 80 22217 278
Tolal 95 25581

Level N Mean SiDev
135 6 6333 1365

258 8 6500 2074

278 § G681 098}

298 8 6333 2503

347 6§ 533 121y

384 6 6000 1788

403 6 6333 1366

- 452 6 6000 2330
£50 6 7000 0894



582 6 6500 0837
378 6 6.000 1095
681 6 7333 1.033
M 8§ 7000 20¢8
732 ¢ 7.833 0,753
756 6 6167 2228
884 € 6000 2098

Pooled StDev= 1666

Texture:

Results of Analysis of Variance after one month.
Source DF 88 MS F P
Sample 15 3833 256 0984 0523

Emor 80 21700 271
Telal 85 25533

Level N Mean SiDev

135 6 7333 0.816
258 8 6833 18941
276 8 7500 1378
258 € 7.167 1.1€9
347 6 5500 2428
384 € 8500 0548
403 6 7.8 1.472
452 6 6833 25863
459 86 7333 11211
82 € 7167 0783
578 6 6333 2338
581 6 7333 120
721 § 7338 1633
732 6 7800 1378
786 & 6833 240
gel g€ 73I 121
Pooled SiDev = 1 647

of Variance after three months

Sgyree DOF gs S £ 24
Saage 10 QR4 288 086 0613
Enmor 80 26383 S50

Telyd €% 324

ecults

Level N  Mesc Slhwy
135 € €657 0%6
58 ¢ 7vdoe 4904
20 0 B3I 1
298 6 BE8F 12%*
347 € 4933 2220
304 O HE3 2483
- 403 6 7060 2000
452 6 S887 A4t

g



459 € 6687 1506
€62 € 6687 1.211
578 6 6338 1366
581 6 6687 0816
721 6 7967 2137
732 6 6667 1862
758 6 6687 1633
e & 5000 2280

Pooled SiDevc 1816

Overail accapinbility:
Results of Anotysis of Variance after one month,

Sayree OF 8Ss MS F P
Semple 15 3274 218 080 0675
gwcr 60 21880 273

Tela! 95 25124

Lovel N Mean SiDev

133 6 6833 1.323
258 6 6500 18643
276 6 8800 2429
268 6 6333 0816
347 6 5000 2448
384 6 733 2160
K3 g 7000 0894
452 6 7V6e7 0616
459 6 £833 0983
552 6 €833 0983
578 & 030 0834
581 6 7318 1211
721 6 6833 2583
732 6 7.333 1506
756 6 6500 2345
864 6 7000 1414
Poo'ed SiDev= 1 683

Is of Varinnce after thres months.
Sgurce OF S NS [ =3 P

Ener 80 33717 42
Tl B 3KA24

Level N Meon Sibev
1?6 6 SE68T 1368
258 G €167 8%
206 6 Vo3 Z 197
208 & K500 2074
247 8 GI&T H4a472
30 & 633 e
403 6§ &187 2699
452 6 4933 2483



459
82
578
581
721
V32
756
ge4q

Pooled StDev =

OBOODTOD

8167
5...637

6 59@
6.1087
6833
S 687
4.833

1 941
2.25%
1.633
0837
2.858
1.472
2658
2787

2053
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