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INTROBUCT 10N

Cjextura, which is an important f‘undamantal|
sensory property of all foods, can be ragarded as a
manifestation of the rhenlogical properties of a foed,
de Man (1980) defined food texture as ®the way in
which the various constituents and structurel slements
are arranged and combined into a micro-and macro-
structure, and the external manifestations of this
structure in terms of flow and daformatiun"{l The
structural organization of food, thus, is influsnced
by chemical compesition and varipus physical forces,
whereas the external manifestation of food structure
is related to the mechanical (rheolegical) and sensory
textural praparties of the food., Texture is an
important quality attribute as it affectis processing
and handling (Charm, 1962) and influencses shelf life,
consumér acceptance and food habité](matz, 1962),
Present information indicates that the consumer is
highly conscious of food texture, and that in certain
foods, texture may aven be more important than Flauoﬁr

(9zczesniak and Kleyn, 1963),

CTha study of texture is important to establish
meéchanical behavipur of a food when consumed., The
characteristics of'perceivad "texturs® are determined
by different physical and physice~chemical preperties
of feod and by the upigue as well as complex features .

of the human sensery systems (Peleg, 1987), The



knswledge of seme of the rheelegical preperties of e
fead may give impertant clues te its acceptability

and may be of utmost importance in determining the
nature and design of precessing methods and equipment
(de Man, 1980), and for predicting the preduct

quality under certain manufacturing conditions.)
Hewever, this does not entail that rheolegy is the
sele key to understanding texture, as there is ample
evidence that gepmetrical, chemical, thermal, acoustic
and psycholegical facters can also play a majer rele

in sensory textural assessment (Peleg, 1987).

Mest foods are complex materials, structurally
and rheolegically, In many instances they consist eof
mixtures of selids as well as fluid structural
compenents, Many foodstuffs are naithsr homegeneous
rer isetrepic but have preoperties that vary frem one
peint te another within their mass (Finney, 1973). In

- mény casas, fegds éra chemically active and physically
. wastable, Because ef these resasens even if we attempt
emly to deal with rheelogical aspects of food texture

evaluation, enermeus difficuities arise as the related
theeries were eriginally devaeleped for engineering

mliterials which are hemogenous and stable (Peleg, 1987).

C?laacry evaluation of texture in foods belongs
te the domain of psychology known as psychophysics,

pesychaphysics directly concerns the correlation of

senseTy experience with physicsl measures (Moskewitz

ot al.,, 1973), Relating instrumental methods with



manual aparatiuéa, relying mostly en available lecal
inputs, Altheush, during the last three decades,
studies have been carried out in erder to optimize

the precessing and storage conditions in relation to
chhana and paneer, #Attempts have been made to
mechanize chhana production (Aneja et al., 1982),
Hewever, the srea of rheology of chhana, Rasegolla and
paneer has remained practically unexplored. Therafoere,

this study was undertaken with follewing chjectives in

mind:

a) To elucidate the rheslogical and sensory

textural properties of market samples of heat-and-acid
coagulated Indian indigenous milk preducts viz. chhana
and paneer, and preoducts based en them viz,, Rasogella

and Sandesh,

b) To assess the rheological and sensory textural
preperties of chhana and paneer prepared according te

different methods reported in literaturs.

c) To determine the sffect of compesition en the

rheological characteristics of chhana and panesr,

d) To correlate objective data (instrumental)
with subjective (sensory) data on texture of these
preducts so &8s to enable prediction of the latter from

the formar.
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2 REVIEW OF LITERATURE

This chapter deals with the pertinent litera-

ture survsyed, covering the follewing aspects:

1. Food texturs terminelegy

24 Instrumental measurement of food texturse
3. Sensory measurement of feocd texture

4, Interrelationship between instrumsnts and

sensery assessment of food texture
Se Texture of dairy products

6. Texture of heat-and-acid coagulated Indian
milk preducts

Te Taxture of chhana=based sysets

foed rheology is mainly ceoncerned with forces
and deformations; hpwever, time and tempsraturs are
also impertant factors affecting rheelogical phepomena
(de Man, 1980). Since the application of forcs results
in deformation (and vice-varsa), these twe phenomena
ara considered togethsr., True solids generally display
tima-independant deformations, while liquids show time-
dependent deformations under applied ferces (Finmney,
1973)., Deformations may be of one or both of twe types,
irreversible deformation called flow and reversible
deformation called elasticity. The work used in the
former is dissipated as heat and body is permanently

deformed, whereaas in case aof revsrsible defoermation it

is Tecevered upon release of the deforming stress when

the body regains its eriginal shape (de Man, 1980).
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Stress is the intensity facter of force and
is expressed as forc8 per unpit area (de Man, 1985).
There ars a number of types of stresses, Threa most
commenly applied stresses ars; compressive, tensile
and shearing, In most real bodies, the application of
external force will result in differsnt kinds of
internal stresses eg. bending invelvaes all thres,
tension, compression and shear, Stress-sirain
relationships within a materiasl, however, are related
to structure and depend upon the manner in which the
material responds to force or te am imposed deformation
(Finney, 1973), The ratio of stress and strain is
called "modulus¥, and hence, compression modulus,
tensile medulus or shear modulus, When an elastic
material is cempressed, the stress strain plet is s
straight line at the origin and its slops is called
"Young's modulus of elasticity®, Many foods exhibit
this bshaviour undsr small cempressions before the so
called *limit of elasticity"™ is reached. The maximum
stress that the material is capable of sustaining,
before rupturs, is callsd "strengyh", des ignated by the

respective type of stress (Szczesniak, 1983).

Rheolegical studies relating stress tp strain
within materials may be breoadly considersd under the
headings of elasticity, visecesity and plasticity, and
varipus combinations eof the three to account for pver-
lapping behaviours such as visco-2lastic or elastoe-

plastic behaviour (finney, 1973). These behaviours



indicate the response of a material to ferce and defor-
mat ion, The assaessment of feod taxturé is, in part,
based on these responses under various test conditions,
Mmicrostructural and compes itionpal analyses further aid

in the assessment of texture.

2.1 FOOD TEXTURE TERMINOLOGY

2141 Specific Textural Characteristics

CIn'spita of the widespread use of the werd
texture and other terms te dascribs specific textural
attributes of foods, there are still ne internationally
accepted definitions of such termsJ This lack of
standardization ip texture terminoclogy can lead to
difficulty in intsrpreting the results frem consumer
surveys and trained sensory panels,

(Even Qi_th well establishad texture defini-
tions, problems arise in translating these to measurable
preperties (Szczesniak, 1963), Szczesniak (1963)
classified textural praperties into three main groups,
namely (i) .mechanical preperties, (ii) geometrical
propartiss, and (iii) other propertiss (such as moisture
and fat content), Mechanical characteristics wera
further divided into five primary parameters (hardnass,
cohes iveness, viscosity, elasticity and adhesiveness)
and three secondary parameters, namely, fracturability
(brittleness), gumminsess and chewiness, which are
products of two or more primary properties, Elasticity

was later definad as springiness (Bourns, 1969)., Primary
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prepertiss, except adhesiveness, msasure the response
of food to stress and are relatad te the ability of
foed to resist disintegration under applied F9rce
(Szczesniak, 1963).

Geometric characteristics refer to the
arrangement of the constituents of the food includine
the size and shape of particles as well as particle
orieptation. Therefopre, the gross- and micro~structure
of the food will determine its geometrical propertiss,
Gther characteristics, such as moisture and fat content,
describe the chemical compesition of the food and are
clasely related to mouthfeel. They also contribute teo
phenomena cobserved during instrumsental analysis, such
as lubricating ability,

The physicel and sensory definitions of
mechanical characteristics were given in parallel by
Civille and Szczesniak (1973) and have been accepted
for texture profile analysis in recent times. Thae same
has been presented in Table 2,1. Jowitt (1974) published
in dstail the terminelegy of food texture which includes
definitiaﬁs for the terms texture, structure and consis=~

tency in relation teo sensory assaessment.

272 sensory Texture Prcfile

Sensory texture prefile was defined by
Brandt et al. (1963) as #the organoleptic analysis of
ths texturs complex of a food in terms of its mechanical,

geometrical, fat and moisture characteristics, the degree



Table 2.1

1

Definitions of Textural Characteristics

Properties

Physical

Sensory

Primary:
Hardness

Cohesivenass

Viscos ity

Springiness

Adhes iveness

Secondary:

Fracturabi-
lity

Chewiness

Gumminess

fForce necessary to
attain a given
deforwation

Extent te which a
material can be
deformed before
rupture

Rate of flow per
unit force

Rate at which a
matarial returns
to its original
condition

Work necessary to
cvercome the
attractive forces
betwean the surface
of the food and the
contact plats

fForce with which
a material
fractures

Energy required to
masticate a food
to a state ready
for swallowing

tnergy reguired to
disintegrate a
semisclid food teo
a state ready for
swallewing

Force required toe
compress a subst-
ance between teeth

Degree te which a
substance is
compressed between
the teeth befere it
breaks

Force required to
draw liquid over
the tonguse

Degree to which a
product returns to
its original shape

Force required to
remove the material
that adheres top the

“mouth during eating

Force with which s
sample crumbles
or cracks

Time reguired te
masticate the sample
to a state ready for
swallewing

Denseness that
persists threoughout
mast icat ion

Source: Civille and Szczesniak (1973)
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of each present, and the order in which they appear
from first bite through complete mastication®,

Szczesniak and her ce-workers (Szczesniak,
19633 Szczesniak‘géigi., 1963, and Brandt 8t al,, 1963)
proposed a sensory téxture prefile while devsloping a
standardized methodology for éualuating the sensory
texture of foods, which was medified by Sherman (1969)
as shown in Fig. 2.1

There are many applications of sensory
texture profiling, mainly in product develepmsnt and
quality control, 1t is extremely useful when ebjective

methods are not available,

24743 Objective Textura Profile

The understanding that texture is cemposed
of several inter-related parameters led to the develepment
of a texture profile which accounted for changés in
texture as a result of ferce, time and temperaturs varia-
tions (Larmend, 1976). The texture prefile was originally
des igned for mechanical assessment ef texture based gn
sensory and ebjective measurements (Szczesniak st al,,
1963 ) and uses the classification of primary and sedondary
properties.describad earlier,

The instrumental texture profile attempts
te quantify as many texturel parameters as possible
(Larmond, 1976). bGased on the concept that some textural
characteristics (especially the mechanical ones) could be

méasured instrumentally, the General fFoods Texturometer
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Visual appearance

Sampling and slicing characteristics
Spreading, creaming characteristics
pourability

Angclytical characteristics

portical size, size distribution;
partical shape

Alr content; air ceil size, size
distribution, shape

Elasticity (cohesion)
Viscosity
Adhesion (to palate)

Hard, soft

Brittie,ptastic,crisp,rubbery,
spongy

Smooth,coarse, powdery,lumpy,
pasty

Creamy, watery, soggy
Sticky, tacky
Greasy, gummy,stringy

Melt down properties on palgte
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was deslgned &s a compreéansive cbh jective method for
characterizing food texture (Larmond, 1976). This
instrument described by friedman et al. (1963) was
des igned to imitate the way fcrce is applied in the
mouth, Feorces are rscorded on a strip-chart recorder

and a typical texture profile curve is obtained.

Bourne {1968) developed a method of
evaluating texture profile parameters with Instron
Universal Testing Machine., Instren consists of a drive
unit, which drives a horizontal cross=unit in a vyertical
direction, and a force~sensing and recolfding system
consisting of a saries of interchangeable load-cells,
the output from which is fed to a cnart recorder. food
specimens are compressad twice to preselected levels of
deformation (to imitate first two bites), which results

inte a typical ecurve of the first and second hite,

242 INSTRUMEN Tl MEMIUREMENT UF FOOD TEXTURE

Instrumental evaluations of textural proper-
ties 1s a complex problsm, particularly, as ths mechanics
of evaluatiny rheuloéical properties of foods is dependent
vpon & variety of tast conditions such as rate of loading,
the magnitu&a of deformations imposed upon the material,
geometry of the loading surface, and localized yielding
within the product tested (finney, 1969),

Over the years literslly hundreds of instru-
ments have been developed for the measurement of mechanical

properties of foods, Many of thsse were designed specifi-
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cally for a single food product or commodity. More
recéently, instruments of wider applicability have
bacome available,

Multiple-purpose instruments such as
Allo-Kramer shear press, the General Feood Texturometer
and the Instron Universal Testing Machine have gained
cons ideérable pepularity in recent years bécausa of their
versat ility, flexibility, accuracy and appealing design
features, Instren Universal Testing Machine has been
used increasingly for Texture Profile Analysis (TPA)
measurements since the studies of Bourne (1968).

Parallel plate uniaxial compression using Instron to
ebtain force~defeormation curve is commonly used for foed
texture investigations (0lkku and Sherman, 1979},

The Instron Universal Testing Machine is
compesed ef & mechanical drive system, a load cell to
measure foerces generated sither in compression er tension,
8 recorder, and a set of contrels to automate the perfor-
mance of the unit and introduce considerable flexibility
and versatility, The mechanical drive system consists
of a variable speed horizontal cressbar (called the
cresshead) driven wvertically up and dewn, The recorder
chart is driven by & synchronous moter through a set ef
gears, These can be the same or different frem the
crosshead gears, thus sllewing the expansion or contractien
of the distance axis, In addition, the instrument can be

preset for maximum distanpce or maximum load at which the

movement of cresshead steps; it can be programmed fer



16

autematic returns, cycling, relaxatien tests etc,

(Szezesniak, 1973).

2,241 Cempressien Testing with Instren

The behaviour of feeods in compression is
one of the easiest and mest important mechanical tests
to perform (Szczesniak, 1963), and therefore, parallsl
plate uniaxial compression using an Instron to obtain
ferce~dsformatien curve is commonly used for texture
evaluations, In most uniaxial compressive tests, a
food specimen, usually a cylinder or cube, is deformed
at a constant defermation rate and mechanical parameters
are guantified from the force~deformation curve (Peleg,
1987).

It is evident that compression testing
data for food materials which do not specify sample
dimens iens, and test conditions such as defeormation
speed and the degree ef deformation in cyclic testinas,
aré in mest cases inadequate., Szczesniak (1968) alse
noted that instrumental results were affectad'by test
corditions, data interpretation and homogeneity of the

test material,

2:2+1¢1 Test Cenditions: If reperted conditions of

obtaining TPR parameters are anything, they are incensis-
tent among different workers and feod products. & major

reason for inconsistency lies in the ebvious differepces

which exists among different foods as to size of the

largest unit, shape, homogeneity ef structure end
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compes it ion (Breene, 1975), &Effects of different test
cendit ions on cheeses have besn reported in the
literature by several workers (Sherman, 19763 Vernon
Carter and Sherman, 1978; Lee st al., 1978; Chen et al.,
1979; Gupta st al., 1984; Green et al,, 1985;

Casiraghi et al., 1985; and Shinin, 1987). Ls8e et al.
(1978) found that the magnitude of respense to varisus
test canditidns, particularly temperature, varied

according te the type of cheese studied.

2¢2.141.1 Sample Size and Shape: Sample size and shape
have varied considerably in literature-standard size
cubes, cylinders, discs or rectangularly shaped samples
have been used for compression testing (Breens, 1975).
In general, cylindrical or cubical sample with flat,
surface is most common fer feod specimen (0lkku and
Sherman, 1979; Peleq, 1987),

Theoretically, in a perfact test on an ideal
material the strees-strain relationship in wniaxial
deformation ought to be independent of the specimen
dimens ions by definition. 1In practice, especially in
compressive tests of relatively flat specimens (i,.e,
height-te~width er height-diameter ratio of about unity
eor less), this is not always so, mainly because:

(1) friction forces aleng the contact surfaces can
become significant and, consequently, the specimen will
exhibit considerably higher apparent stirength and probably

a8 different deformability pattern; several workers have
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suggestiad lubrication or other modification of the
plates (Culioli and Sherman, 19763 Montejano 2t al.,
1963; Casiraghi gt al., 1985; Baglsy et al., 1985a,b;
and 3hinin, 1987), (2) many food materials are fluid
containing structures; in many cases, the stress lesvel
in a deformed speclmen taken from such material is
largely a result of hydrostatic pressure build=up

(Peleg, 1987),

2e247e142 3ize of Compressing Unit Vs Samplel The size
of tne compressing unit (sometimes referred to as the
M#punch™ or %probe®) with respect to sample uhich often
varies and also affects the results, uhen the compre-
ssing unit is larger than the sample, the recorded

forces are due largely to compression, HowBver, when

the opposite is true, the forces derive largely from a

combination of compression and shear (Breens, 1975),

202410143 Percent Compression: Friedman et al., (1963)
specified that the sample be deformed to one-fourth its
original height (i.2. 75% deformation) in each of the
two bites, Although most workers have used 75 to 80 per
cent comprasssion (Gupta st al,, 1984), a range of 10 to
90 psr cent compression has been used (3hama and aherman,
1973a,b}) .

Bourne and Comstock (1981) studied the effect
of degree of compresslion on teéxture preofille parameters
of varlous products including cresm cheese reported that

while fracturability was almost independent of the degree
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of compressicn, hardness, cohesiveness, gumminess and
chewiness usually increased with increasing compressisn
but the rate of increass varied widely.

Shinin (1987) smploying double cycled compre-
ssion, applied 25%, 50% and 75% cempressions to a flat,
cylindrical test samples of cheese. He observed that
levyel of compression was most s ignificant for varlations
in springiness, chewiness and adhesiveness, \ariety ef
cheeses was most important in determining the effect of
percent dsformation on fractursbility, He concluded that
acceptable levels of variatiens were noted when cheese
texture was evaluated under levels of strain that did
not grsatly exceed the fracture or yield value of the
cheese, Altheugh fracture may be of critical importance
in many foods, Meohsenin (1977) and Meohsenin and Mittal
(1977) believed that non-destructive small strain tests

may also be very valuable,

2¢2.1.1.4 Crosshead Speeds Shama and Sherman (1973%,0)
pointed out that the crosshead speed has usually been
selected at random, They cited nine examples of compre-
ssion tests on food with the Instron wherein crosshead

speed ranged frem 0,2 to $,0 cm. min~t,

202414145 Ta$perature: The physical preperties of foods
are extremely sensitive to changes in environmental
conditipns such as tsmperature and moisture (finnsy, 1969).
Temparature of specimen under specified test conditions

for instrument is of great importance. Many products shouw
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impertant change@s in rtheological bzhaviour as a result
of changes in temperature (de Man, 1980),

hwadhwal and Singh (1985}, while develaping
a rheological model for paneer, used 15°C temperature

for Instron measuraments.

2e2¢14140 Number of 8ites: fost GF TPA work has
utilized two bites, However, ons bite is sufficient to
provide values for brittleness and hardneéss (Breene, 1975).
shama and sherman (1973a,b) used only one bite in seeking
optimum conditions for hardness, As pointed out by

Breena (15875) when all the parameters of TPw are desired,
two bites are npecéssary; whén only on2 or somg are

desired, one bite may be sufficient,

243 StNaURY MERSUrERENT OF FOUD TEXTURL

seénsery svaluation is extremely valuable in
the measuresment of Fooa texture because no instrument
can percsive, analyze, integrate and interpret a large
number of textural sensations at the same iime. The
pleasure centre in the brain plays a very important
role in sensory esvaluation., &ven with strictly trained
panels, which attempt to be as analytical and objective
as possible, sensory svaluation often gives important
informatlion on psychological reaction to the product
(Larmond, 1976).

Szczespiak (1963) linked texture to sensory,

structural and physical paramstars., Corey (1970) stated
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texture to bs but another name for the interaction of
the human senses with the mechanical proparties of the
matarial, Sherman (1970), in a wmodification of
Szeczesnlak (1963 ) definition, expressed “testure as
the composite of these properties arising from the
structural elements, and the manner in which they
register with the physiological senses?,

Jouwitt (1974) stated that the appreciation
of texture invelves the subtle interaction between both
motor and sensory components of the masticatory and
central nervous systems, In other words, the complex
reactions caused during the chawing of food are all
taken into account by the brain in a comprehensive

description of texturs,

2541 Perception of Texture

The relation between physical input into the
human sensory system and what is actually perceived has
net been studisd theroughly (Larmond, 1976). #According
to Matz (1962) the senses responsible for texture
perdaption are: (i) those in the superficial structure
of the mouth, the hard and seft palate, tongue and gums;
{ii) thess areund the reots of the teeth in a perieddntal
membrane; and (iii) those in the muscles and tendons used
in mastication.

hs stated by Boyar and Kilcast (1986) the
neurlological basis of oral perception involves stimulation

of atleast several sensory systems. Food 1s a tactile
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stimulus to the tonque, palate and pharyngeal regions
and chewing, through movement of both jaw and the
tongue, is the causs of muscular sensation. OQOral
perception alsp involves olfactory, taste and pain
neuroreceptors,

Taextural characteristics are perceived in
four stages: (1) Initial perception (visual appsarance,
spreading, creaming characteristics etec,); (2) Initial
perception on palate characteristics etc, (primary and
secondary propertiss); (3) during mastication (propertiss
darived from two or more senspry attributes) and (4) a
residual masticatory impression (include eiliness or
greasiness and coating of the palats) (Larmond, 1976).

1t is well known and has long been racognizad
that the fingers, tengue and jaws have diffarent sensi-
tivities to textural properties, In part, this gught to
be due to the obvisus differences in the sens ing mechanism
i,8., the extent to which mechanical, thermal, acoustical,
and chemical stimuli are involved ih the overall physie-
logical response and sensory percaption {Peleg, 1980).

Basic principles of ssnsory evaluation,
sensory panels, testing environment, sample preparation,
method of presentation, sensory methods, sensory percep-
tion and scales of magnitude have been discussed in
detail by Amerine et al., (1965), Bireh gt al. (1977),
Piggott {(1984) and Jellinek (1985).

Sensory measurement of food texture has bseen

dealt with in detail by Moskowitz et al. (1972), Larmond



23

(1976), and Brennan (1984), Szczésniak and Bourne (1969)
axamined non=pral ss8nsorly methods usad by consumers to

assess firmness,

2.4 INTERRELAT IONSHIP BoTWEEN INST ARUMENTS AND

sl AsScsarman? UF FUGD TEXTURE

Uver the past two dscades, sciantists hava
sought tc map the relations between physical properties
of fopds and ths subjective perception of textural
responses (loskowitz and Jacob, 1987)., well defined
méasurements of the mechanical propertias of fooed and
the reduction of sensgry attributes intoc fundamental
primary entities, togsther with the functions which
interrelate them, provide the basis for the eventual
devalopment of instrumenis calibrated in tsrms of human
sensory response with high probability of prediction of
the consumer rsaction (Kapsalis and fioskowitz, 1977).

Unfortunately, correlations batueen objective
and sensory methods of texture represent a very contro-
versial subject that has frustrated many researchers.
(Szcéesniak, 1968} and conflicting as well as discouraging
rasulbts have bzen reported in regard to the degree of
their correlation (azczesniak, 1968)., kxcellent revieuws
relating to work done in this area have been published by
Kapsalis et al, (1973), Kapsalis and Moskowlitz (1978),
Moskowitz and Kapsalis (1976), Kapsalis and lioskowitz
(1979), Moskowitz (1981), Moskowitz and Jacob (1987)

and Szczesniak (1987},
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2.4,1 Metheds of Expressing Relationships

Sensory and psycherheological medels are
important in texture studies, While sensery modsls,
in general, imply a stimulus~organism=-response design,
psychorheological wmodels consists of a mathematical
expression relating sensory rheelogical data to ths
corresponding mechanical data, these two sets of data
usually being consideraed as output and input, respecti-
vely (Drake, 1979).

Associations betwsen subjsctive and objective
texture méaSuraments may be expressed im graphical or
mathematical/statistical terms., In a study of a pessible
relationship between two typés of variables, a plot of
an x=y co-ordinate system is usually the first step;
clues on linsarity, necessity of fitting a curve of
higher order, pattsrnless scatter, or evemp some fault in
the correcticn of the experimental data may be gained by
an inspaction of this plot (Kapsalis et al., 1973).

The presence of linsarity greatly simplifies
the study of a relationship and the making of possible
predictions, Because of this advantags, even if linearity
is net at first evident, transfermations of data are
often used to achieve a linear relationship. Such trans-
format ions may invelve (a) exprassion of the instrumental
data in different physical ferm (us® of work instead of
compreéssive force) or mathematical feorm (logarithmic

conversions)., Almost any curve can approximate a straight
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line when sufficiently short intervals are considersd;
howsver, such an appreximation may obliterate important
differences which nesd to be investigated (Kapsalis

8t al., 1973).

2.4.1«1 Correlation Analysis: In corralation amnalysis

the basic question is whether or net twe variables

move together. There is no assumption of casuality.

In fact, it may be that changes in the two variables

may be the result of third variable which may be unspeci-
fied (Kapsalis et al,, 1973).

Various correlation ceefficients quantify the
relation betwsen two variables. The Pearson corréelation
coefficiant (r) is most widely used. It spplies to data
vhich pessess atleast interval-level scale properties
{(Moskowitz, 1981).

Correlation analysis using multiple correlation
(bBtween ene variable and a combination of other variables)
becomes useful when dealing with a sensory perception
determined from many instrumental measures. It has ons
major drauback - it indicates which combination of
variables ars correlated with sensory attribute, but
doas not inform us about the basic relation betwsen the
combination of instrumental and the sensory psrceptioen.
Questions such as Is the relation additive? Multiplica-

tive? are not answered by it (Meskowitz, 1981).

2.4,1.2 Reqgression Analysis: B8eyond develeping a measure

of relatédness of two variables, ene can ascertain the
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relation itself using reqression analysis. It has
implicit in it the assumption of a unilataral casuality
(Kapsalis et al., 1973):

Regress ion analysis allows the experimenter to
(a) select 2 mathamatical equation which is assumed te
relate the two variables, and (b) by a statistical
analysis, estimate ths paramsters of that eguation
(Moskowitz, 1981).

Often simple linear eguations such as the one
given below adeguaiely describe the sensory—-instrumental

ralation (Moskowitz, 1981):

whera,
S = sensoly responss,
X1
X ;= intens ity eof physical variables,

n

In other instances better fitting equations are
develpped with a non-linear combination of physical
variables. Some of the possible combinations are shown

belows:

. 2 2
s Ko * KiXy + KXy + KgXyX, + K X2 % KXZ enennn.(2)

5
S = Kyt KXy o KX, v K (x1/x2) O &)

K, X K, X Knxn
S Kﬂ (a 1 1 +322 .ootu..e ) LI R B R BN R B B IR W (4)

The full guadratic equation (Bguation-2) is less parsimonious
than a simple linear equation. Nonetheless, the full quadr-
atic equation permits non-linsarities, and permits sne to
model some interactions among the physical variables

(H.SKQUitZ’ 1981)0
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It is debatable where ons should choose the
linear equation, settling for parsimony, or the guadratic
function, searching for an enhanced goodness-of-fit.
Linear squations allow une to understand at a glancs,
relations batween sensery and instrumental variables.
They do net model interactions. Quadratic aguations
arse more camplicated-ene does net obtain as clear an
idea of the interrelations, since the surface is curved.
On the otharhand, one can be sure of a betterfit to the
date, since there are a greater numbsr of fres parameters
in the squation (Moskowitz, 1981).

The logarithmic function is often used teo relate
phys ical intensity to subjective magnitude. The equation

is written:
S =K lng (I}+c...Cl.....'...‘.l....... (5)

where, 5 = subjective magnitude, I = physical intensity.
In semi~log co-ordinates the function becomes a straight
line if the sensory rating is plotted as a function of the
lagarithm of physical intensity. The loegarithmic functien
often appears when the panslist rates sensory intensity
using a category scale., The equation~5 means that a ten
fold increase in physical intensity (1) preduces a k unit
addition ipcrease in the sepsory rating (Moskowitz, 1981),
Stevens (1953, 1975), while studying sensery=-
instrumental correlations, feund that power functions wmay
relate sensory responses to physical intensities, when

panelists assign ratings which possess ratio scalse
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propertiss, The powBX functlion can be expressed as;

S = Kk I

.'...ll..ll......'.'.l.ll........(6)

where, 5 sensory intensity, I = physical measured

intensity and k and n are parameters computed from the
data (Kapsalis and Moskowitz, 1979)., The pouar function

becomes a straight line after a simple transformations
log5=nlgg I*lng k........'...'.-l..l.(?)

Moskowitz (1981) suggasted multi-step approach
to inter-reiating hedonic performance judgement and

instrumental measures involving following 3 steps;

1) Develop linear or power equations which relate

sensoly to instrumental measurss,

2) Jevelop quadratic esquations relating parformance
ratings.,
3) Develop a combined equation.

#s indicateu by poskowitz (1981), subjective-
objective intaractions for thne food industry suggests a

multi=stege process:

1) sgelect the appropriate sub jesctive attributs

2) select the instrument measure or set of measures
that produce sensory percaeption

3) Hypothes ize candidate equations relatipg subjec~
tive and instrumencal variables.

4) Lstimate the parameters of thalt equation by
least-squares procedures,

5) Estimate the goodnass=pf=fit the function to the

acual data, by means of correlations and f ratios.
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245 TEXTURE OF OAIRY PROOULCTS

#wlthough the flavour of dairy products has
concerned ressarchers for many yaars, their textural
propertiss have received ralatively little attentioen,

The dairy industry has traditionally considared the
texture of a product in terms of its structural appeara-
nce rather than in terms of its sensory properties
perceived during mastication (Coeoper, 1987).

Among dairy products, milk and cream fall
in liquids. Ffermented milk proeducts such as yoghurt
display slightly more complex textural properties,

Butter display properties of a plastic solid. Chaese
has the most complex structure of all dairy products;
there are as many variations in its structure as there
are varieties. Products such as caseinates and whey
proteins show relatively simple textural propertiss in
solution., However, when these proteins are used as
funct ional ingredients in more complex food systems,
their binding, gelling and whipping properties have a
major influence on the texture of the final product
(Cooper, 1987).

The published literaturse on rheslogy of heat-
and-~acid coagulated Indian dairy products is very scanty.
Such products seem to resembls certain varisties of
cheese, hence to give an idea of textural characteristics

of cheese pertinent literature has been reviewed here,
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22541 Texture of (Cheess

One of the earliest attempts to reslate
textural parameters of cheese, as judged by a panel, to
rheolegical properties was made by Davis (1837). The
woTk was conslidered basis fer defining guality ef foods
with rheolegical cencepts (Mohsenim, 1970).

wWwhile most cheeses are rheologically classi=-
fied as visco-elastic compounds (Sherman, 1976) certain
varieties asre plasto=-slastic products (White, 1970}, the
former being capable of demonstrating both elastic and
viscous behavipur and the latter plasfic and elastic
pehaviour. Cheese is primarily composed to aggregates
of water, fat and proteimn, in approximately squal propor=-
tions. The protein component {i.e, casein) is responsible
for the solid form of mature chsese due to its network
structure (Shama and Sherman, 1973b). Duripng cheesse
making casein micelles are first changed to filaments
with a granular structure through the action aof repnet
and then to a fibrous net work later on (Prentice, 1972).
Varistions in processing or storage copditions affect
the physical properties of the cheese which ultimately
affects the textural characteristics. .

Textural characteristics which are evaluated
in cheeses are hardness, springiness, smoothnéss, crumbli-
ness, firmness, stickiness, sliceability and spreadability
(Davis, 1937; Thomas et al., 1970). The New Zealand Dairy

Research Ipstitute has established a variety of terms te
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evaluate cheddar cheese, including rubberiness, crumbliness,
smoothness, stickiness and residual mouthfeel wvhich weould
corralate to TPA terms, springiness, . cohesiveness,

gumminess and adhssivensss, respectively. Lee gt al.

(1978) evaluated TPA parametsrs of selected chesses,
including mozzerella, old cheddar, process and colby.

This study affirmed that hardness (firmness) was the
most-important parameter with respect to consumer prefe-
rence and therefore, ndcessitates appropriastely cerrelated
instrumental apalysis,

Chen et al. (1979) used a constant speed
plunger, with a diamster of 0,64 cmy, to evaluate six
textural characteristics, namely, hardness, cohesiveness,
adhes ivensss, eglasticity, gumminsss and chewiness of a
wide range of cheeses, These parameters weré found to
correlate well with both sensory scores and with compo-
sition and pH., Further analysis suggested that the
protein content was the variable most responsible for
textural changes observed, foliewed by salt, watsr, pH
and fat. Green et al., {1985) employed compression and
penetration tests with cheddar cheese ip an attempt to
correlate these measurements to sensory ratinmgs, but
found that semsory analysis did pot relate wall with any
instrumental methed, possibly because the way in which
sample fractured was different when assessed by sensory
panels and by compression tests,

Shinin (1987) undertook a study to determine

the appropriateness of various rheeclegical analyses of
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six varieties of cheese including cheddar chsese, His
.results from compression analysis susgest that hardness
evaluatiens may not be appropriate for all cheeses,
This is because the harder cheeses fracture at lguwer
levels of compressicn, cemparad teo softer cheeses. As
a result estimating the force at a level of deformation
greater than deformation of fracture would lessen the

hardness value.,

246 TEXTURE OF HEAT AND ACID COMGULATED

INODIAN MILK PROOUCTS

Chhana and paneer are the major heat-and-acid
coagulated indigenous milk preducts,

Chhana and paneer represent a semi-splid
product obtained by coagulation of boiled whele milk
(while still hot) and subseguent drainipg of whey.
Paneer-making requires pressing of the coagulum, whereas
in chhana the whey drains by itself. Thus structurally
they are somewhat similar to certain fresh (soft) cheeses,
Yet the distinctly different conditions of coagulation
and removal of whey during preparation of chhana/paneer
as compared to most cheeses imparts typical texture te
these products. Although no systematic attempts have
been made te characterize the texture of chhana/paneer
either by sensory or instrumental methods, conditions of
production have been found to be maest important in
relation to texture of these propducts. Based on this,

various aspects of manufacture of chhana and paneer have
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been investigated in order to obtain a desirable quality
product, which otheruwise, has been restricted to cottapge
production on very small scale and little is known about

the desirable textural characteristics.

20471 Texture aof Chhana

Texture of chhana is very important with
regard to its application in the preparation of various
sweests, Chhana eof fine texture with velvety body is
cons idersd gesirable (Warner, 1951 and Ray and De, 1953),
h compact, clese~knit smooth texture (Rangappa and Achaya,
1973), and a soft body are believed to ensure manufacture
of good guality Rasegeolla, but a slightly less soft body
tocgether with smooth texture is desirable for making
good quality Sandesh (Ray and De, 1953),

Most of the information in the literature on
the textural assessment of chhana pertesins to its sensory
properties of the preduct. In general, texture of chhana
of wvarying quality has been described using arbitrary
terms such as moist, creamy and greasy for visuwal attri-
butes; scale terms soggy, Soft, velvety hard fer body
characteristics, and smooth, fine, coarse and granular
for texture (Davis, 1940; Ray and De, 19533 De and Ray,
1954 ; Kundu and De, 1972; Rangappa and Achaya, 1973; Sipngh
and Ray, 1977 Iyer, 1978; Gera, 1978; Ahmad et al., 1980;
Soni et al., 1980; Bhattacharya and Oesraj, 1980a,b; Kumar

and Srinivsesan, 1982; Sen and De, 1984; Sen, 1986,
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 fha texture of chhana has been reperted to
pe influenced by facters such as type of milk, its fat
level and conditions of coagulation such as pH, time and
temperature of ceagulation and type and strength of the
acidulant (De, 1980). The basic method for manufacture
of goed guality chhana from cow milk as standardized by
De and Ray (1854) involvess; heating milk to boil, coagu-
lation with 1-2% acidulant selution at about 829C within
30 to 60 sec., by reducing the pH to argund 5,4, immediate
straining of whey and hanging the mass till the dripping
of whey ceases, Further, they stated that lactic acid
produced a granular texture which was desirable for
Rasesnlla making, whereas citric acid produced pasty
chhana desirable fer Sandesh making. H&Adopting above
technique fer buffale milk, thsy observed that the
resultant chhana was slightly hard, greasy, and coarse
which was not suitable for subsequent use, Hence, buffalo
milk was reperted to be unsuitable for Chhana-makinQE
(be and Ray, 1954),

Several attempts have been made to improeve
the texture of buffalo milk chhana (Kundu and De, 1972;
Soni, 1978 and Iyer, 1978) and also te elucidate the
causes for its peor texture (Ganguli, 1974),

Bate et al. (1958) treated buffalo milk with
a mixture of seodium dihydrogen (9g) and menohydresen
phosphate (7g) or 0.,1-0,2% sodium citrate and observed

that beth treatments resulted in soft chhana which was

gsuitable for preparstion of Rasegglla, They noted that
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hard texture of buffalo milk chhéna was due to 1its high
calcium content. According to Jagtiani et al. (1960)
addition of 0,2~0,34 sodium citrate as a softening agent
and storing the hot buffalo milk for spm3time before
effecting coagulation, helped in producing a soft chhana,
They further dempnstrated that as the ampunt of calcium
added to cow milk increased, the resulting Rasogolla

was harder,

In another process modification Kundu and
e (1972) proposed homogenization of buffalo milk stan-
darcized to 54 fat before boiling end coagulating at
70°¢C employing 1% cliric acid at pH 5.7.

The conditions of coagulation wera studied
by lIyer (1978) who suggested tnat good guality chhana
could be obtained by coagulating cow milk at 70°C {pH 5.1)
using 2% citric acid.’ He further observed that treatment
of buffalo milk with 0,05% sodium citrate before boiling,
dilution with 25% or 504 water and coagulation with 1%
citric acid solution improved softness and cﬁhesideness
of chhana. Howsver, addition of 404 or 604 cow skim milk,
acidification of milk prior to coagulation, ten minutes
delayed sltraining and homogenization were pbserved to
have adverse effects on texture of chhana made from
buffalo milk., Kumar and Srinivasan (1982) reported that
desirable guality chhana could bs produced from buffalo
milk by adopting conditiens of coagulation and method of
delayed straining as suggested by Kundu and 08 (1972},

but excluding the homogenization step,
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soni (1978) ebserved that in additien to a
combination of 70°C temperature and pH 5.7 for coagula-
tion, delayed strainipg (by helding the coagulated mass
in whey for about 30 min) yielded chhapa with desirably
soft and smooth texture,

Even in cow milk, the productien parameters
can be of considerable importance with respect to
texture of chhane. Singh and Ray (1977%) studied the
effect of coagulants on texture of cow milk chhana and
noticed that citric acid coagulation (pH, 5.77) preoduced
chhana with soft and smooth texture, whereas lactic acid
and sour whey produced chhana with hard and gramular
texture,

Bhattacharya and Desraj (1980g)suggested the
use of 0,8% citric acid, cooling the boiled cow milk to
80~90°C prier to coagulatien, holding coagulated mass
in whey for 5-10 min and cooling chhana mass in‘tap water
for 20 to 30 min so as te obtain slightly firm, elastic
and smooth textured chhana which was considered suitable
for Rasogolla making, Coeling the boiled cow milk to
80°C prier to coagulation (with 2% lactic acid) at pH 5.5
to 5.6 was successfully employed to yield desirable body
and texture of chhana from couw milk by Kumar and Srinivasan
(1982),

Chhana of desirable body and textural attri=-
butes, suitable for Sandesh-making by empleying calcium
lactate as coagulant has been cbtained by Sen and De (1984).

The strength of calcium lactate (4%), pH of coagulation
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(5.85) and temperature of coagulation (85%C) were found
to bs eptimum in this regard (Sen, 1985; Sen and
Rajorhia, 19862 and Sen, 1986),

Chhana suitable for preparation of Sandesh
was obtained from goat milk by Jailkhani and De (1980)
employing the method as suggested by De and Ray (1954),
MopTthy and Rao (1982) prepared chhana suitable for
Rasogonlla making from goat milk with 0.25% of citric
acid as coagulant,

Gera (1978) studied rheclogical properties
of cow, buffale and skim milk chhana by adopting physical
tests which included pitching number, penetration ualﬁe,
viscosity, springiness and density of chhapa, Springiness
was determined by an instrument developed for this purpese
by Gera and Rajorhia (1979), who found that buffale milk
chhana was meost springy Fnllnﬁed by mixed milk (1:1) and
cow milk chhana, Gera (1978) further observed that the
type of coagulant caused minor variation in the coempact-
ness of chhana and that citric acid gave higher viscesity,
.Louer pH of ceagulation (4.6) increased the hardness and
viscos ity of chhamna; maximum springiness was observed at
pH 5.7 for mixed and buffalo milk chhéna, but at pH 5,1
for cow milk, Oensity of chhana was maximum at pH 4,6,
Temperature of coagulation affected the softness and
springiness of chhana, High&f viscosity of chhana was
evident at higher temperature of coagulatien, while

density of chhana remained unaffectedq
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2642 Taxture of Paneer

2.6.2.,1 Rau Papeer: Suitability of paneer for preparing

various culinary dishes is greatly influenced by its
texture., Desirably, pamnser should have optimum firmness
(neither too firm nor too hard) so that it parmits easy
cutting and slicing and yet is tender enough not te

res ist crushing during mastication. It should also be
compact, smeoth and velvety in nature (Patil apd Gupta,
1986), Terms like hard, soft, pasty, crumbly, rubbery,
chewy, wmealy, msaty, coarse, open etc, have been used

in relation to paneer texture (krora and Gupta, 19803
Chawla, 1981; Patil and Gupta, 1986 and Sachdeva and
Singh, 1988). Thus, as ebserved for chhana, only senspry
terms are prevalent in literature pertaining to the
texture of paneer and no information on the sensory
textural quality as related to objective textural
aspects of panser is available,

Panger is manufactured in a similar way except
that the coagulated mass 1s pressed and then cooled in
chilled water (4=-6°C for 2-2.5 hr) to obtain a2 firm
bloeck of panesr, It is evident from literature, in
contrast with chhapa, that buffalo milk has predominantly
been used for paneer making (Bhattacharya st al., 1971;
Arora, 15979; Chawla, 1981; Sachdeva st al., 1985, and
Singh et al,, 1984), ¢Faneer from cow milk tends te be
soft, wsak and fragile as against firm, cohesive and
spengy obtained from buffalo milk {Arora and Gupts, 1980

and Singh et al., 1984),
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Bhattacharya et al. (1971) standardized the
procedurs for the manufacture of paneer on a pilet
scale; buffalo milk standardized te 6% fat was heated
to 82°C for 5 min and then cooled to 70°C. Hot (70°C)
1% citric acid selution was added slowly to effect
coagulation. The coagulum was allowed te settle for
5 min taking care that tempsrature did not get below
63°C. The curd was then hooped (35 x 28 x 10 cm) and
pressad (45 kg for 15 min). The pressed panaer was cut
into 6=~8 e@qual sized pieces and immarsed in chilled
vater (4-6°C) for 2-3 hr, The chilled paneer was then
allowed to stand for 15-20 min on a wooden plank soc as
to facilitate the drainage of water, The paneer so
prepared was found to have desirable textural properties.

Paneer prepared us ing abgve technigue from 4%,
5% and 6% fat buffalo milk had different hardneéss values
(penetration values) as reported hy Arera and Gupta
(1980), Rao et al. (1984) obtained dssirable body and
texture in panssr, made from 6% fat buffalo milk, heated
to 85%C and coagulated by 0.3% citric acid by weight of
milk,

In an attempt te develep a low fat paneesr,
Chawla (1981) medified the technigue of Bhattacharya et al.
(1971) with respect to final heating (85%L, 10 min) and
pressing time (10 min), He observed that fat content in
panesr contributed to its soft and spengy texture, He

claimed that fairly acceptable guality paneer could be
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prepared from 3% fat buffale milk, however, paneer
prepared from 1,5% fat buffalo milk was hard, rubbery
and_chauy.

Sachdeva and Singh (198B) coptimised the proce-
ssing parameters of paneer manufacture which involved:
standardization of buffalo milk te a fatiSNF ratie of
131,65, heating to 90°C without holding, ceagulating
the milk at a pH between 5.30-5,35 using 1% citric acid
solution, The resultant paneer had desirable textural
attributes, In another process, 0,15% pregelatinized
potato starch or 0.10% sodium alginate was added to milk
so that coagulation could be effected at 90°C so as to
el iminate cooling of milk from its final heating tempe~
rature to coagulation temperaturs (70°C) (Sachdsva, 19€3).
The resulting product had normal texturs; there yas no
hardening effect as was observad in the absence of any
hydrocolloid. Sachdeva and Sipgh (1987) while studying
effect of different nen-conventional coagulants (namely
hydrochloric, phosphoric, and tartaric acids, acidophillus
or sour whey etc.) in the manufacture of paneer concluded
that hydrochloric or phesphoric acid could be used in the
manufacture of paneer without lpss of its guality.

Shukla et al. (1984) studisd the effect of
diffarent acidulants on textural characteristics of panesr
prepared from mixed milk (cow and buffale). Use af
citric acid gave a preduct with greatest hardness uhile
hydrochloric acid gave the lowest hardness. Paneer made

by citric + tartaric acid seemad to have mors gumminess
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and cheawinéss, Least chewiness was observed in paneer
made by using lactic acid, Shukla et al, (1988b) reported
that acidulants such as citrie, tartaric, citric + hydro-
chloric and tartaric + hydrochloric acids resulted in
paneer with batter body and texture of paneer samples

as compared to paneer prepared using 0,7 N hydrochloric,
lactic or citric » lactic acids.

Singh and Kanawjia (1988) observed that good
guality paneer could be obtained using a combination of
0.,5% calcium lactate and 80°C as the temperature of
coagulation.

| sachdeva 8t al. (1985) suggested addition of
19 calcium chlgride per litre of milk and coagulatien
at final heating temperature (90°C) to prepare satisfac-
tory quality paneer from cow milk. Vishwsshwariah and
mpnantakrishnan (1986) produced desirable quality pameer
from cow milk by coagulation at 80°C with 2% citric acid
salution, #Acceptabla quality paneer from couv milk was
alsg produced by Shukla gt al, (1988a)using 1% citric
acid,:

Kalab et al. (1988) studied the microstructure
of paneesr and showed that the product had a granular
structure consisting of protein particles having a core«

and=lining ultrastructure,

2.6.242 frisd and (peked Paneer: (enerally raw paneer

is deep~fat fried befers being cooked alongwith vegetablss.

These processes of frying and cooking are believed to
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influence the body and textural characteristics of raw
paneer, Many researchers (Arpra and Gupta, 1980;

Chawla et al., 1985; Sachdeva and Singh, 1987, and
Sachdeva and Singh, 1988) have svaluated sffect of
frying and cooking en body and texture of raw panser.
However, these pbservations weré based seolsly on sensory
avaluatien.

Bhattacharya et al. (1971) employed deep fat
frying of paneer in hydrogenated fat and evaluated
compos itional chang®s upon frying. They observed about
15% reduction in moisturs, an increase in fat content
of paneer made from low fat milk and a decrease in fat
content of paneer made from high fat milk; the teotal
nitrogen content in fried paneer was found to be more
than that inithe corresponding fresh paneer, the increase
being due to reduction in the moisture ceontent,

Arpra and Gupta (1980) fried paneer (prepared
from 4, S5 and 6% fat buffale milk) in vegetabls pil and
noted that the body and textural differences observed
in raw paneer narrowdéd down upon frying, all fried
paneer samples being Begually acceptabls,

Chaula et al. (1985) evaluated paneer in raw,
frised and fried'and cooked ferms, They noted that Fryine
and cooking tended to narrow down the body and textural
differences of ray panser made from buffalo milk with
various fat lesvels (6,0, 5.5, 5.0, 4,5, 3,0, 1.5 and
0.05% fat)., However, 1.5% fat content resulted in a

paneer of umacceptable body and texture even after frying
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and cooking as it was hard, rubbery and chewy. Homege-
nized milk panesr did not show improvement in body and
texture eaven when fried and cooked,

Sachdeva and 5S5ingh (1988) reiterated the
findings of Chawla gt al. (1985). Further, they noticed
that the effect of lower temperature of coagulation
(60°C) on body and texture of raw paneer was also seen
in the fried and cocked panser; such panesr lpst its
size and shape upon frying and cooking.

Kalab et al. (1988) noted that deep frying
(175°c, 4-5 min) of paneer led toe compaction of the
paneer structure and also the individual protein parti-
cles, whersas ceoking of the fried paneer by boiling in
1.5% salt water for 5 min resulted in partial restoration
of the overall structure of paneer and the ultrastructure

of the protein particles,

2,7 TEXTURE QF CHHANA-BASED SWEETS

Chhana has largaly been used as a bass and
filler for the production of a large variety of swests
such as Rasogolla, Sandesh, Ras-malai, Panteoah, chhana-
murki stc., amongst which the first two are the most
popular, The textural attributes of chhana based swsets
depend mainly on the texture of chhana besides thair
praparation technique. However, very limited informatien

is available eon textural aspscis of these products,
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2.7.1 Texture of Raspgolla

Rasogella normally has round shape, smooth
body and spongy texture, which are dependent on texture
of chhana, composition of chhana~dough, concentrat ion
of sugar=syrup, and time and temperature of cooking
(Soni et al., 1980). Based on the quality of Rasogolla
available in Calcutta market Mitra st al. (1967) divided
them into two types viz, ordinary and spong& Rasogmlla,.
The chemical cempesition of Rasogolla varied between the
varieties (Mitra et al., 1967) and is greatly influenced
by factors affecting its texture (Soni et al., 1980).
Rasogolla manufactured from cew milk chhana has been
observed to have the desired smooth body and sponay
texturse, E&t Rasogolla from buffale milk lacks sponginess.

Preparation of Rasegolla in the laboratory
under contrelled cenditions has been outlined by many
workers (Date et al., 1958; Anantakrishpan and Srinivasan,
1964; De, 1976; 3ingh and Ray, 1977b; Bhattacharya and
Oesraj, 1980a,b; and Soni et al., 1980), The essential
steps in the manufacture of Rasogella are: preparation of
softy smooth chhana; addition of optional ingredients
like sempolina, maida, wheat flour, baking powder, samundar
jhaag etc. if desired; kneading of the mixture to obtain
a soft and smooth dough; preparation of ballsj cooking
balls in sugar-syrup, and dipping the Rasogolla in het
sugar~syrup.,

Soft and smeoth chhana is the basic requirement

for obtaining soft and spongy Rasogolla., The modifications
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suggested a relation to chhana making technique have
been discussed earlier (vide 2.6.]).

s1ingh and Ray (1977b) suggested use of lactic
acid to obtain chhana for Kasogolla making from cow milk,
Bhattacharys and DJesraj (198Ua,b) extensively studied
the production of Rasogolla from cow milk and also
developed a pressure-cooker method for Rascgella menu-
facture. Thay suggested coagulation pH of 5.4 and a
temperature of 80°c for obtaining chhana from 4% fat
milk soc that chhama containing 55 to 58/ moisture waould
yield soft, spongy Ressogolla, #wt lowal pH of coaguletion
Rasogolla were hard and texture-wise irregular, Highsr
fat in chhana improved the body and téxture of Rasogolla,
whereas lessar fat resulted in hard bedy and grainy
texture in Raesogolla, Hasogoplla obtained from chhana
with less than 50x mpisture lackad sponginess, softness
and was grainy, whereas above 604 mpisture in chhana,
resulted 1n Kasogolla which was soft but could not
retain its round shape,

k sugar syfup of varying strength {ranging
from 40 to 80%) has been used for cooking Rasogolla
(Date gt al., 1958; Apantakrishnan and Srinivasan, 1964;
Jagtiani et al., 1960; Singh and Ray, 1577b} Bhattacharya
and Desraj, 1980a,b; and 5oni et al., 1980). Bhattacharya
and Desraj (198Ua,b) found that sugar concentrations in
the range of 40 to 604 were satisfactory to retain the
shape as well body and texture characteristics of Rasopgolla.

However, 554 was considered optimum,
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Tarafdar et al. (1988) employed cooking of
chhana balls in boiling water and subsequently dipped
them in sugar syrup, They reported very slight improve-
mént in the ovarall sensory score of Rasegolla made by

mechanical kneading as cempared to manual kneading,

2eTa? Texture of Sandesh

Sandesh is ogne of the eldest and mest
pepular chhana-based sweet of tastern India and Bangladesh.
Many varisties of Sandesh are sold in the markest. Each
type differs in its appearance, compositien, flavour and
textura (San and Rajorhia, 1985). Sandesh can be grouped
into three main classes; soft grade (Narampak), hard erade
(Kharapak)land Kacchagoella. Soft grade Sandeésh has a
characteristic soft cohesive body and smooth texturs
with small size grains, whereas hard grade hag a firm,
crumbly, cohesive body, coarse, gritty and chewy texture
and big size grains, Kacchagulla has a mixed characte-
ristic of these two types; it has a soft weak body
lacking cohesiveness but very coarse and granular texture
(Sen and Rajorhia, 198%7).

As for Resogolla, cow milk chhana is preferrasd
for Sandesh preparation too. The meéthod of Sandesh prepa-
ration varies from shop to shop and from variety to
variety. In general, theoreughly kneaded chhana is
admixed with sugar (preferably ground) in a open metal pan
by continuous stirring with the help of flat-adged weoden/

stainless steel ladle while heating the mixture on a very
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slou fire. Heating is continued (at 75-85°C) for
15=25 min to the desired consistency.

Singh and Ray (1977b) observed that for
Sandesh making citric acid chhana was better than lactic
acid ehhana. HReeently the use of calcium lactate as
ccagulant for making chhana intended for Sandeésh prepa-
ration hes besn advocated (Sen and D8, 1984; Sen, 1985;

1986, and 52n and Rajorhia, 1985, 1986a,b).

Conclusion

It is thus evident that basic aspect of foods
texture-an important fundameptal sensory property has
been extensively studicd in relation to objective
(instrumenfal) measuremant, sensory evaluation and the
interrelationships, as well as effect of composition an
the texture. Among dairy products, various cheesas,

¥

particularly semi-hard varicties, have receivad maximum
attention of investigators. A large number of instru-
mental methods hasve been developad alenguwith generally
accepted texture terminology. #Aittempts, though not
wholly successful, have alseo been made to develop corre-
lations betueen objective textural data and sensary
information, However, no such attempts have been made
in relation teo Indian indigenous milk products, in spite
of reasconably standardized technology for their production,
Thus 1n absence of adequate information about the desiratle
attributes of product's texture particularly in terms of
objsctive parameters, such of the research conceérning
process ing aspects has largely depended on consumel IespcOSe

through market feesdback,



MATERIALS

AND

METHODS



3 MATERIALS AND METHOOS

This chapter deals with the materials employed
and experimental procedures used during the investiga-
tion. The necessary information has been dsalt with

under following groups:

a) Collection of market samples

b) Preparation of laboratory samples
c¢) Chemical analyses

d) Objective texture assessment

g) Sensory texturs assessment

f) Statistical analyses

-

3.1 ' COLLECT ION OF MARKET SAMPLES

A preliminary survey was conducted to
select suitable markets and shops for collection of
market samples of chhana, paneer, Rasogolla and Sandesh,
keeping in view the quality of product sold, scale of
handling and popularity of the vendor. #®&ccordingly
Delhi market was selectsed for chhapna, Rasogolla
and Sandesh, whereas paneer samples vere collected from

Karnal market,
J3ete1 Chhana

Samples were obtained from six prominept shops
located in Kargl Baugh area of Delhi., At the regquest of
vendors code numbers have been used to designate different

samples., About 750 g of fresh chhana was purchased apd
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cerried in stainless steel containers (16 cm dia.,, S cm h)
with tightly closing lids, These containers were kept

in a plastic ies-box (35 x 20 x 16 cm, 'Brite' Bright
Bros., Bombay), After about 6 hr spent in transit, the
samples were transferred to a BOD incubator (Akash Deep,
Delhi) meintained at 15°C and held overnight hefore
subjecting them to chemical analyses, and objective and

sensory texture evaluation,
3e1e2 Rasgg_g_]__}_a__

Rasogolla of three varieties, viz. small (SL),
normal (NL) and sponge (SG) were purchased from tuwo
popular vendors of Delhi. About 24 pieces of each
varisty Qara collacted in stainless steel containers
(vide 3.1.1). These samples were transported and

tempered as in the case of chhana (vide 3.1.1.).
34143 Sandesh

€ight samples of Sandesh (pieces each) were
procured from different vendors in Delhi (Chittranjan
Park, Chandni Chowk and Bengali markets) and were trans-

ported and tempered as above (vide 3.1.1).

’ 30104 PanBE_l_Z:

kbout 750 g of fresh paneer vas obtained
from each of the six popular vendors in Karnal market,
Samples were collected in stainless steel containers
(vide 3.1.1), transferred after about an hour to the
temparing cabinet at 15°C and held overnight before being

sub jected to various ampalyses,
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362 PREPARAT ION OF LABORATCRY SANMPLES

Details of the preparation of laboratory

samples of chhana and paneer are given below.
3.2.1  Materials

3¢2.7.17 Milk: Pooled cou and buffale milks were obtained
from the Experimental Dairy of the Institute, Al)l raw
milk was farm produced and about 4 toe 5 hr old when used,
pH ranged from 6,6 to 6.7 for cow milk and from 6,7 to
6.8 for buffalo milk. The ranges of fat and total solids
were 4,0 to 4.5% and 12.7 to 13.4% for cou milk, and

6.6 to 7.7% and 16,5 to 17.5% for buffalo milk, respectively.

3.2.1.2 [Coagulants: Lactic acid, IP (E.Merck, Indis),

citric acid, IP/BP (Sarabhai M, Chemicals, SMC, Baroda)
and calcium lactate, IP (Shalg Pharmaceuticals, Bombay)

were used as coagulants, in desirad concentrations.

3.2.1.3 Other additivess Sodium citrate, IP/BP (Sarsbhai,

Baroda), sodium alginate (Chemical De Centre, New Delhi)
and calcium chloride (fused), LR {(Glaxe Laboratories,

Bombay) were used.

34247.4 \egetable 0il and Common Salt: Hydrogenated

vegetable fat (%0alda® vanaspati, Lipton India Ltd,,
Calcutta) was used for frying of paneer, Common salt
(Tata Chemicals, Bombay) was empleyed as 2.25% solution

for cooking the fried panser,
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3.2.2 Processing Condit iens

3¢2¢2+1 5Standardization: Cow and buffaleo milks were

standardized to the desired fat level by adding respec~
tive skim milk or cream as the case may be, Mechanical
cream separator ("Kamdhenu¥, Sinhal Metal Industries,
Bombay; capacity 550 lit milk/hr) was used for separa-

tion of milk,

3424242 Homeogenization: Whenever required, milk was

homogenized at 60-65°C and 176 kg/cm? pressure using a

Gaulin (USR) homogenizer,

342623 Heating of Milk: Milk takem in a stainless

steel (5S) conteiners (capacity, 7 1) was heated to the

desired temperature using a boiling water~hath,

3e2.2484 Cooling of Milk: Milk was ceoled to the desired

tempe rature using tap water,

3.2.2.,5 Coagulstion: Coagulation of milk was effected
within 60 sec by the addition of coagulant solution of
the required sirength and stirring the content continu-
ously, The coagulum~whey mixture was held for required
time before removing ths whey by straining through a

muslin cloth.

3.2.2.6 #Pressipng: for paneer making, the coagulated
mass held in the muslin cleth was transferred to a wooden
hoop (16x7.5x6 cm) the cleth serving as linimg, and the

curd was pressed under a dead weight of 6 kg for 15~20 min.
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3.2.2.7 fLeecling of chhana/panear:; Chhana was cooled by

dipping in pasteurized tap water (ZS-BDGC), whereas paneer,
after pressing was kept in pasteurized chilled water

(4=6°C) for 2-3 hr to effect cooling.

3.2.3 apecific Procedures

&pproximately 4-5 kg lots of cow, buffalo or
mixed milks (standardized, if reguired) were used for the
preparation of chhana or paneer according to preocedures
outlined in Fig. 3.1 to 3.3 (chhana) and Fig. 3.4 and 3,5
{(panesr), All the chhanz and paneer samples weére packéged
in the polyethylene bags {(capacity, 1 kg) and tempsred
evernight in a BOD incubator at 15°C before sub ject ing

them to chemical, sensory and objective texturel analyses,

Je204 frying and Cooking of Paneer

Raw paneer was cut into pieces of equal size
(1,9 cn dia. and 2,0 om height) and fried in "Dalda"
vanaspati (hydrogenated fat) heated to a temperaturs of
175-185"¢ using an 5SS open pan on an electric heater,
The frying time was 5 to 7 min for 18 to 20 pieces taken
at a time. The panesr pieces were frequently turned
guring frying using a perforated 35 ladle.

Fried paneer pieces were beoiled for 5 min in
twice its weight of 2,25% salt water. Paneer so cooked
was allpwed to cool to ambient tempesrature before trans-

ferring for overnight tempering at 15°c,
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IYER (19878)

COW MILK BUFFALO MILK
(4% FAT) (6 °f FAT)

l—b MIXING 4—‘

{1:1)

HEATING TO NEAR BOILING PCINT

COOLING 70 70°C + 1°¢

COAGULATION
(70°C % 2°CopH 5.1, WITH 2%
CITRIC ACLD)

STRAINING
WHEY

COOLING THE MASS IN TAP
WATER FOR 15-20 MIN

DRIPPING OF WHEY

CHHANA
(1MC)

SONI 2t al (1980)

COW MILK BUFFALO MILK
(WHOLE) {WHOLE )

‘-—leXlNG --J
' {3;1) .
HEATING TO NEAR BOILING POINT

COOLING TO 70°C+1°%¢C

COAGULATION
70°C+2°C,pH 5.7 WITH 0-5%
LACTIC ACID)

HOLDING COAGULATED MASS IN
WHEY FOR 30 MIN

" STRAINING
WHEY

COOLING THE MASS IN TAP WATER

FOR 15— 20 MIN

DRIPPING OF WHEY

¢

CHHANA
{smC)

DE AND RAY (1954)

COW MILK BUFFALO MILK
{WHOLE) (WHOLE)

l—-. MIXING -o—l

(3‘-*1 )
HEATING TO NEAR BOILING POINT

COAGULATION

(82-83°CopH 5.4 WITH 1%
LACTlC* ACID)

STRAINING

l_.wuev

DRIPPING OF WHEY

CHHANA
{DRMC)

FIG.3.3 METHODS USED FOR MAKING CHHANA FROM MIXED MILK
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DE AND RAY
(9s54)

WHOLE BUFFALO MILK

¢

HEATING TO NEAR
BOILING POINT

COAGULATION
{82-83°C, pH 5.4
WITH 1% LACTIC ACID)

STRAINING

l—’WHEY

DRIPPING OF WHEY

'

CHHANA
(DRBC}

KUMAR AND SRI-
NIVASAN (1982)

BUFFALO MILK
(6% FAT)

HEATING TO NEAR
BOILING POINT

COOLING TO
70°c+1°¢C

COAGULATION
(70°c+2°C, pH 5.7
WITH 2% LACTIC ACID)

STRAINING

l——’WHEY

COOLING THE MASS IN
TAP WATER TO ROOM
TEMPERATURE

DRIPPING OF WHEY

CHHANA
{ksBC)

IYER{ 1978)

BUFFALD MILK
(6% EAT)

ADDITION OF 0.05 %
SODIUM CITRATE

HEATING TO NEAR
BOILING POINT

COOLING T0
10°c+) °¢

¥

COAGULATION
{(70°c+2°c,
CPH 5.1, WITH 1%
CCtTRIC ACID)

STRAINING

l—PWHEY

COOLING THE MASS:

IN TAP WATER FOR
15~20 MIN

DRIPPING OF WHEY

CHHANA
{(cBeC)

IYER {1978}

BUFFALO MILX
(g% FAT)

ADDITION OF WATER
(25% OF MILK BY
VOLUME)

HEATING TO NEAR
BOILING POINT

COOLING TOD
70°c+1°¢
COAGULATION
{70°c2 2°C,pH 5.1,
WITH 1% CITRIC ACID)

STRAINING

l—-* WHEY

COOLING THE MASS

IN TAP WATER FOR
15-20MIN

1

DRIFPPING OF WHEY

CHHANA
(1ec) -

FIG. 3.2 METHODS USED FOR MAKING CHHANA

BUF FALO MILK

SONI et al.

—— —

(1380)

KUKDU AND DE
(1972)

WHOLE BUFFALO
MILK

HEATING TO NREAR
BOILING POINT

COQLING TO
70°c+1°¢c
COAGULATION

70°c*2°C, pH 5.7

WITH 0.5% LACTIC
ACID)

HOLDING COAGULATED
MASS IN WHEY FOR
30 MINUTES

v

STRAINING

l——'WHEY

COOLING THE MASS
IN TAP WATER FOR
15 =20 MIN

DRIPPING OF WHEY

CHHANA
(s c)

FROM

BUFFALD MILK
(5% FAT)

PREHEATING TO
60°ct 2%

|

HOMOGENIZATION
(176 KGICM2Z)

HEATING TQ NEAR
BOILING POINT

COOLING TO
70°cx1°¢

'

COAGULATION
(10°c+2°c,pH5.7
WITH 1% CITRIC ACID)

1MIN HOLDING 1N
CLOTH

COOLING THE MASS
IN TAP WATER TO
ROOM TEMPERATURE

'

DRIPPING OF WHEY

y

CHHANA
{(KDBC}



SACHDEVA (1883)

BUFFALO MILK (6% FAT)

PREHEATING TO 60°C% 3°¢C

’

ADDITION OF 0.1% SODIUM
ALGINATE

HEATING TO 90 °¢C

¢

OCOAGULATION
87-89°Cy PH 5.35, WITH 1%
CITRIC ACID)

t

HOLDING COAGULATED MASS IN
WHEY FOR § MIN

Y

STRAINING

l—rWHEV

HOOPING

PRESSING (6 KGs 15-20 MIN)

v

COOLING IN CHILLED WATER
(4-6°C; 2-2.5HR)

PANEER
(sBP)

FIG.3.4 METHODS USED FOR MAKING PANEER

BHATTACHARYA et al.(1971) -

BUFFALO MILK (6% FAT)

HEATING TO 82°C FOR 5 MIN

COOLING TO 70°c® 1°C

COAGULATION
(70°C £ 2°C, pH 5.4, WITH 1°/s
CITRIC ACID)

RAO et al.(1984)

BUFFALO MILK (6% FAT)
“"HEATING TO 85°C

- COOLING TO 70°C*1°C

o o COAGULATION
(70°Ct 2°CypH 5.4 WITH 0.3%
CITRIC ACID)

HOLDING COAGULATED ﬁASS IN WHEY

FOR S5 MIN

STRAINING

l—bWHEY

HOOPING
PRESSING (6 KGy 15~20 MIN)

COOLING IN CHILLED WATER
(4-6"Cy 2-2.5HR)

‘

PANEER
(BBP)

HOLDING COAGULATED MASS IN
WHEY FOR 5 MIN

'

STRAINING
WHEY

HOOPING

'

PRESSING {6KG,15—20 MIN)

COOL!NGOIN CHILLED WATER
{(4-6 Cy2-2.5HR)

l

PANEER
(rRBP)

FROM BUFFALO MILK
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SACHOEVA et s1(1988) ' CHAWLA (1981) ' SACHODEVA et al (i bEY

COW MILK BUFFALO MILK ' COW MILK

{4 % FAT) (3.5'1$F AT) (A'I;FAT)
ADDITION OF 0.1% CALCIUM HEATING TO 85°C FOR 10 MIN "~ . HEATING TO 90°C
CHLORIDE
_ o COAGULATION
HEATING TO 90°C COOLING 70 70°C% 1% (87-89°C . WH 5. 4"?‘;‘,“ , o
COAGULATION . , COAGULATION CITRIC ACID)
B7~89°C,pHS5. 49 WITH 1% 70°%C+ 2°C, pH 5.35, WITH 1%
CITRIC ACID) CITRIC ACID) HOLDING COAGULATED MASS IN
¢ ~ WHEY FOR 5 MIN
HOLDING COAGULATED MASS iN HOLDING COAGULATED MASS IN
WHEY FOR 5 MIN |
WHEY FOR 5 MIN STRAINING
STRAINING '
STRAINING WHEY
WHEY :
WHEY . HOOPING
HOOPING :
} HOOPING : PRESSING
PRESSING v (6KG, 15-20 MIN)
(6KGs 15-20 MIN) PRESSING o
(6 KGy 10 MIN) COOLING IN CHILLED WATER
: (4~6°C4 2— 2.5 HR)
COOLING IN CHILLED WATER COOLING IN CHILLED WATER - :
(4~6 Cy 2+ 2.5HR) (4-6"Cy 2-2.5 HR)
PANEER  PANEER PANEER
(sccep) {(CLFP) (sce)

FIG.3.5 METHODS USED FOR MAKING PANEER FROM COW AND LOW FAT
BUFFALO MILK
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343 CHEMI CAL ANAL YSES

33,1 Preparation of Samples

3.3.1.17 Milk and Whey: A representative sample of milk

(cow, buffalo or mixed milk, or skim milk) were draun
according to standard sampling methods and subjected to
pH, total solids and fat determinations. Whey, similarly

sampled, was analysed for pH,

3.3.1.2 Chhana and Papneer; Samples of chhana and raw

paneer were prepared by grinding the representative
portion of the product in a mortar and pestle till

homogenepus mass was obtained.

3.3,17.3 Rasogella and fried and Cooked Papeer: Rasogolla

and fried and cooked paneer held on a gauze uwere allowed
to drain for abeout 5 min and ground as in case of chhana

and paneer,

3,3.1.4 Sandesh: Sandesh samples were also pr2parsed as

described for chhanz and panser.

3.3,2 Total Solids

The total splids content was determined as
follows; about 5q milk or 1 te 20 chhana, paneer, Rasogolla,
Sandesh or fried and ccoked paneer, was accurately weighed
. into a tared splids dish and dried in an 8lectric oven at
102 = 1°C to a comstent weight and the solids content

calculated in percent.
3.3.3 Fat

Fat inp milk was determined by the Gerber method

prescribed by ISI (1977).
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The fat content of chhana and paneer was
determinad as per ISI (1980). The fat content of Rasogolla,
Sasndesh and fried and ceoked paneer was determinsd with
slight modification of the mathod prescribed in ISI (1980)
wharein in place of 10 ml concentrated hydrechlorlic acid,

10 ml of 1:1 mixture of hydrochleoric acid and water was

used,

3.3.4 Total Protein

The total protein content of chhana, paneer,
Rasogolla, Sandesh and fried and cooked paneser was
estimated by the semi-micro kjsldahl method of Meneffee
and Overman (1940) by taking 200~300 mg of accurately
uaighed sample, The total protein content was obtained by

multiplying the total nitrogen with 6,38,

3.,3.9 As

The ash content of the sample was estimated as
follows: a sample of chhana, paneer or Rasogolla (about 3e)
was accurately weighad into a tared silica crucible and
dried in 2 hot air oven at 105°C. The dried sample was
then ignited gently on a flame, ashed in a muffle furnace

at 550 * 20°C for 3 hr and weighed.

3,3.6 Total Carbohydrate

The total carbohydrate content of Rasogolla was

calculated by difference as under:

Total carbohydrate .
X = 100 - (% fat + % protein + % ash +
% by weight % moisture)
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3437 Cal cium

The calcium content of chhana and paneer
samples was determined titrimetrically follouwing the
procedura given in ISI (196%1) wherein ash (cbtained in
3.3.,5) was dissolved in 5 ml of 121 dil hydrochloric acid
followed by addition 1 ml dil (1$1) nitric acid. The
digsolved ash selution was transferred to a volumetric
flask and ths volume made up to 100 ml with distilled
water., The solution was then filtered through Whatman
No.40 filtesr paper. 25«30 ml of the filtrate was trans-
ferred to a 250 ml beaker and diluted to 100 ml with
distilled water and 2 drops of methyl red solution
(19 methyl red in 200 ml ethyl alcohol) added, Ammonium
hydroxide solution (about 12,5%) was added dropuwise till
pH of the solution reached to 5,6 as shoun by intermediate
brownish orange colour. The pH was then lowered te 2,5-3,0
by dropwise addition of hydrochloric acid (1:3) till colour
changad to pink. The contents were diluted to 150 ml,
brought to boil and 10 ml hot saturated ammonium pxalate
splution was added., The mixture was left to stand for
3 hr or longer, and the clear splution decanted through
a Whatman No.42 filter«paper. The precipitate was washed
with warm distilled water until it became chloride-free,
The apex of thes filter cone was punctured and calcium
oxalate precipitate washed into the beaker used for preci-
pitation, with 25 ml of hot sulphuric acid (1:4) and
titrated at B85 to 90°C with 0.05 M potassium permanganate

solution. The calcium content was calculated as under.
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10 X
Calcium, % by wt = —
Vi
where,
X = volume in millilitres of 0,00 M potassium

permanganate

V = volume in millilitres of ash (filtered)

solution

W = wyelight in g of the sample taken for ashing

3.3.8 Phosphorus

The phosphorus content of chhana and pangaer
was determined using the ash solution {preparsd as per
3.3.7) by the method of Fiske and Subba Row (1925),
wherein 0,1 ml of ths ash solution, 0,4 ml of 5 N sulphuric
acid, 0,8 ml of ammonium molybdata reagent (2.5% W/v) and
O0.4 ml of 1=amino~2-napthol~4=sulphonic eacid reagent
{prepared by dissolving 0.25 g of mixture consisting of
0.2 g 1=amino-2-napthol~4=-sulphonic acid, 1.2 g sodium
metabisulphite and 1.2 g sodium sulphite, in 10 ml distilled
uatar) were added, The final volume of the mixturs was
made to 1J ml and mixed thorpoughly. After 10 min incubatien
at ambient temperature, theé colour intensity was measured
at 700 nm employing the Spectronic 20 colorimeter (Bausch
and Lomb, USA)., The standard curve for phosphorous was
prepared under identical conditions using peotassium dihy-
drogen orthophosphats, taking phosphorus in the range of
10 to 100 &g/10 ml soclution., Based on the data of standard

curve a regression equation was computed;

Concentration of _ . 44
phosphorus in ug = 65.963 x 0.D. + 0.25
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where, 0.0. = optical density of the tested sample,

The phosphorus content was expressed in %,

3,3.9 Determination of pH

pH of milk, whey, paneer or chhana was measursd
using an ELTOP pH meter (Punjab State Electronics Corpn.
Ltd., Mohali) calibrated with standard buffer solution
at 20°C. The glass electrode was inserted into the
respective representative sample and the pH value obtained

on a digital rsadout (Kosikowski, 1982).

3.3.10 Expressible Syrup of Rasogolla

A piece of Rasegolla previously allowed to
rest on a wire gauze for about 5 min to effect drainage
of lpgose syrup from the surface was transferred to another
wire gauzs and pressed for 5 min, using a 500 g dead
weight, The e8xpressed syrup collected in a tared aluminium
dish was weighed and results expressed as g (of expressible

syrup) per 100 g of (drained) Rasogolla.

34 OBJIECT IVE TEXTURE MERSUREMENT

Objective textural propertises of chhana, panser,
Rasogoella, and fried and cooked paneer, in terims of hardness,
cohesivengss, springiness, gumminess and chewinass, were
determined by Uniaxial dopuble=-cycled compression using an
Instren Universal Testing Machine (Model 4301, Instron Ltd.,

UeK.) (Fig.3,5) attached with a strip chart recorder and

printer.



FIG. 3.6 INSTRON UNIVERSAL TESTING MACHINE
MODEL - 4301



Jeda1 Measursmeént by Instren

J.4.1.1 Testing Conditions: Based on rela@vant litsratura

reports, the following test conditiens were employed.

Jedal4141 Sample size: Cylindrical sampls of 1.9 cm
diameter (cross sectional area, 2.84 cmz) and 2 cm height
was used in case of chhana, panesr apd Raseogolla,

In case of fried and cooksad panser the exact
cross sectional arsa was determined for each sample since
the dimensions of the paneer plug changed, upon frying and

cooking, to varying degraes,

J3.4.17.1.2 Percent Compression: High lsvels of deformations
(80% compressipon) have been suggested by Semd workers for
texture evaluations that are to be correlated with sensory
assessment (Breene, 1975; Gupta et al., 1984 and Bourna,
1978), Howsver, Shinin (1987) suggested that high levels

of strain resulted in almost complete destruction of the
structural integrity of the sample (cheess) and thus it would
be related more to oral texture 2valuation rather than te
evaluat ion by hand measurements such as pressing the sample
with fingers, as was the case in the present investigation.
Further, Boyd and Sherman (1975) also observed that moderate
levels of strain, at fairly slow rates, were applied when
panel ist evaluate ®body" or texture, using hand measurements
in contrast to oral evaluations. Shinin (1987) obtained
consistant results when cheese texturs was evaluated under
lavels of strain that did not greatly exceed the fracturs

or yield value of chsese. Since the present instrumental
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analysis aimed at imitating scresned panelists low levels
of compression viz. 20% (i.e. compression to 80% of
initial height) was considered more appropriate.

in preliminary tests, chhana samplas were subjec~
ted to 10~80% compression. Forecd required to attain the
desired strain was plotted against percent compression
(Figs 3.2). 1t was revealed that fracture occured at
about 20% compression., Therefore, 20% compression was
sslectad for the present study to determine non-destructive
texture profile expected to correlate hetter with sensory

data.

Jebdeteled Load Cellz A 100 N lepad cell was used with
the full scale deflection of the strip chart recorder sat
at 10 N for market and laboratory paneer samples and
laboratory chhana samples, and at 5 N for market chhana
samples and all samples of Rasogella and fried and cooked

paneer,

3eboalaled Crosshaad Speed: A crosshead speed of 5 an/min
was used throughout the study as suggested by Bresene (1975)

for chesse,

3.4,1.1.5 Chart Speed: & chart speed of 10 cm/min was

used.

3.4.1.1.6 Test Temperature; All Instron measursments
were carried out at 15°C after tempering the samples pver-

night at this temperature.

3.4.1.2 Interpretation of Texturs Profile Parametérs

from Instron Curves: & typical force-deformation

curveé obtained fer double-cycled compression has been given
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in Fig. 3.8, and the parametsrs measured theréfrom (Brady

et al., 1985) included;

Hardness - Maximum force recordsed during the first
compression cycle (mN)

Cehes iveness - krea under curve AZ/area under curve k1

Springiness - Width of ths downstroke in curve = “2’ mim
Gumminess = Hardness x cohesiveness, mN
Chewiness - Gumminess x springiness, mN.mm

Since the response of the instrument in respect
of adhes iveness (as indicated by a negative peak following

the first peak) was negligible, this parameter was &xcluded,

3.4.2 Ctone Penetration

The objsctive hardness of Sandesh was estimated
by cone penetration as follows: The whole piece of Sandesh
tempered overnight at 15°¢C was placed on the mowvable plat-
form of the cons penetrometer (plate 3.2) (Central Ignition
Eh.; London) keeping point of penetration at the centre,
The platform ués s0 adjusted that tip of the cone just
touched the sample, The cone assembly was allowed to
dascend into the sampla for exactly 5 sac, and then depth
.of penetration was readout in 0,1 mm on the circular scala,
This was converted into hardness by using the following
formulae (vasic and de Man, 1968},

G x 1D3

tan
(hx T x 2508 x 22 + 02 ) x 90
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FIG.3.8 TYPICAL SHAPE OF TPA CURVE OBTAINED BY AN
INSTRON UNIVERSAL TESTING MACHINE WITH
PROFILE PARAMETERS INDICATED

(SOURCE: BOURNE,1968)
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where,
H = Hardness in kg/om>
G = \uWeight of cone assembly in mg ( = 92,000)
h = 0epth of penetration in 0.7 mm
o = half angle of cone ( = 10%)
r = Radius of the flat tip of the cone in
0.1 mm (r = 4)
3e5 SENSORY EVALUAT ION

Samples of chhana, paneer, fried and cooked
paneer, Rasopgolla and Sandesh were tempered evernight at
15°C befora subjecting them to sansory evaluation. The
size and shape of the samples were same as used for
objective texture msasurement, Based on the preliminary
scraening considering interest, motivation and willingness
of judges, a pansl of six judges was selected. & rating
scale (Fig, 3.3) in the form of a 14 cm horizontal dotted
straight ling with its left end indicating oné parametric
ext reme (o) and the opposite end indicating the other
extreme (100) was used for each attribute, Scoring was
done by indicating the perceived intepsity/acceptability
b} means of a small vertical line along the 100-point
(100 dot) scale divided into four squal major sections,
At a tipe six samples at most were given for sensory

evaluation.

3.6 STATISTICAL ANAL YSES

Data on compositional parameters were analysed
using the randomized block design (RBO). ©Data on objective

textural properties were analysed employing factorial desisn,
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Sensory avaluation card for texture of

To the panelist

Kindly evaluate the given sampleés for different

proparties using the scales given below. To indicate your

judgement make a vertical line along the scale and give
the respective sample number againsi the line,

1. Elasticity Extremely elastic
(l1sast 8lastiC) .cveeeccecavecsacne

2. Firmness Too hard
(Too soft) *e*rtermecreecserncsnss

3., Crumbliness txtremely crumbly
(lBaSt Crumbly) A% ¥ B LD AL SEEBT EAR S RS

4, Stickiness Ext remely sticky
(least Sticky) * & 5 9 8 50 e 80 ke e s

5. Smoothness Extremely smooth
(Grainy/rough) LI RN R RN I N I

6. Juiciness Extremely juicy
(least JUicy) P R R R R E T

7. Chewipess Extremely chewy
'(least Chauy) a Paaa s E B st Inen tas

8, Qverall textural

gual ity Most des irable
(Undesirable) S PP ANt E Pa NN A

Remarks (if any):

Signature

pate Nams

Fige 3.9 Unstructured scale for texture evaluation
of chhana/paneer/Rasogolla/Sandesh
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The data on sensory textural properties yere transformed
into arc-sine values and then subjected to factorial
analysis. The comparison of markst and laboratory
samples was made using RBD, Data on chemical composition,
objective and subjective textural properties uwers alsop
sub jectsd to regression analysis. All these analyses

were carried out as per the methods described by Snedacer

and Cochran (1968),



RESULTS

AND

DISCUSSION
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4, RESULTS AND DISCUSSION

The present study was undertaken to elucidate
the objective and sensory textural properties of market
chhana, Rasogolla, Sandesh and paneer (raw as yell as
Fried and cooked)., Simultanepusly, chhana and paneer
were prepared in the laboratory using different methods
reported in the literature and their textural characte-
ristics wers alsp assessed., The textural properties of
the most desirable markei chhana and market paneer samples
and laboratory made products were then compared. Finally,
the relationship among compositional and rheological
properties, and sensory textural attributes wers derived,
The results during this investigation have been discussed

in this chapter.
4.1 CHHANA

4.1.7 Markaet Chhana

4,1.1.17 Compesition: Texture of chhana is governed by

its compesition e.g. meisture conteént (Ray and De, 1953).
However, very little information is available on the
compos it ional aspects of chhana sold in the market.

It can be seen from Table 4,1 that ths mpisture
content of market chhapa variad from 66,51 to 71.63%,
Thus all samples except ene (MC-1) were within the legal

raquirements for moisture content {Max. 704). While MC-1

chhana had a significantly higher (P /_0.05) meisture



Table 4,1 Composition of markst chhana

Const ituent ﬁamplaa fF.ratio CQ

MC1h mL2 mMC3 mCca MCo MCo |
Moisture, % 7163 68,08 69,16 66.5j _ 69,17 68,88 2,71% 2.96
Fat, 4 9,58 12,54 12.96 14,27 12.31 13.39 1.56 -
Protein, % 14,90 15423 14,32 15.16 T4, 76 14,25 1.22 -
hsh, % 1.44 1.48 1441 1493 1.53 1.44 2,19 -
Calcium, % 0.45 0.48 D,44 Da&? D.46 D.42 1.98 -
Fhos phoTus, % D.25 0.2¢6 D22 0.25 0.25 0,20 1.30 -
pH of chhana 5,79 9.83 6.11 5.83 5,93 6.02 8,54%% 0.12

ihyerage of six replicatss

8 Refers tp the vendor/Supplier of chhana

®« p/ 0.05

w P/ 0,0

eL
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content than chhana MC-4 and MC-6, these five samples

(MC-2 to MC-6) did not differ significantly among themsel-

vas (Table 4,1). The fat content ranged from 9,98 to

14,27%. The fat content of all samples was belou the

PFA standards i.e, was less than 50% on dry matter basis,
from the point of view of protain, ash, calcium

and phesphorus content, the markaet samples of chhana did

not exhibit any significant differences. However, there

were significant variation (P /_ 0.01) in pH of samples,

the range b8ing 5,79 to 6,11. Such variations could

presumably be due to differences in manufacturing conditions.
Kumar and Srinivasan (1982) had, houwever, pbserved

much lower molsturs (59,64 to 65,304) and higher fat

(14.28 to 18.,37%), protein (16.02 to 17.88%) and ash (2,20

to 2.26%) contents in market chhana in their studies.

4,1.1.2 Textural Properties: It has been reported that

quélity of chhana-based sweet is decided by the textural
attributes of chhana., Soft body and smooth Lexture are
believed to tbe the most desirable textural attributes of
chhena (Ray and De, 1953; Singh and Ray, 1977g, lyer, 1978)
Bhattacharyas and Desraj, 1980fand Soni 8% al., 1980).

| The sepsory scorée for different textural attributes
and concomitant instrumental textural properties have been
presented. in Table 4,2 and 4,3, respsctively. It can be
visualized from Tahle 4.2 that chhana with relatively lou
firmness, elasticity, crumbliness and chewiness, moderate
stickiness and high smoothness score was restecd most desirable

with respect to the gverall textural guality.



Table 4.2 Sensory score (max, 100) for textural characteristics
of market chhana
Attribute Sample® Foratio®  cpP
MC1 M C2 mC3 M Cé MCh MCo

Elasticity 3637 35.80 32,03 36,03 34,95 32,57 .53 -
Firmness 35,63 36,76 28,41 34,95 28,03 29,95 J.72%% 3 4%
Crumbliness 53.30 48,90 43 .21 47,09 38,62 34,18 b.06#*% 4,40
Stickinass 47417 46,04 51445 46,98 54,44 94,55 1.96 -
Smoothness 55,99 66,72 69,47 64,99 69,25 D6.25 Teb2%% 3 72
Chewiness 37.53 33,60 27.21 34,77 28,27 27 .44 4,204% 3 .65
Cverall textural

quality 58.29 65.28 68,80 67435 70.10 70,48 5.70%% 3 17

hyasrage of six replicates

a
b

* P L_ 0. 05,

#¢ p / 0.0

Based on arc-sine values vide mppendix I

Represents the vendor/Supplier from whom chhana was obtained

5L

.



Table 4.3 Instrumental textural properties of market chhana

Samplaa

Attribute F.ratio CD“
MC1 me2 mC3 MCa mCcs MmCée |
Hardness, mN 3.08 3,87 2,52 3.7 2,35 2,16  4.91%% 0,91
Cohes iveness Ce61 0.67 0.57 0,65 0,57 0.55 4 G2 0,06
Springiness, mm 6413 6,21 6425 6,50 6,38  6.08 0,28 -
Gumminess, mN 1.89 2,58 1.44 243 1,36 1.20 6 , 8 O 0,63
Chewinass, mN,mm 12,73 16,90 9,19 16,35 8,80  7.71  5.C5#* 5,04’

Average of six replicates

8 Refers to the Uendur/Supplier of chhana

* p/ 0.05 W p /0,01

i e

eGL
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It can be observed from Table 4.2 and 4,2 that
sub jective and objective textural properties of chhana
samples showed significant variations (P /_ 0,01) except
for sensory elasticity and stickimess, snd instrumental
springiness, Significant differences among samples
(P /_0.01) for ell Instron parameters except cohesiveness,
and all sesnsory attributes except slasticity (P /_ 0.05)
and smosthness indicated the extent of textural variability
of the market preoduct, which might be apparently be
accounted for by various producticon practices in additien
to the differences in meisture content (vide 4.1.1.1).
Infoémation on these textural propertiss of market
chhane is not available in literature for comparison,
Non=-s ignificant differences among the Instron determinants
(duplicate) indicated that the samples under test were

guite homogenous,

44742 Cow Milk Chhana

44142¢1 Compositions As discussed earlier {vide 2.7.,1),

cow milk has generally been preferred to buffalp milk fer
chhana manufacture, Various methods have bsen reported

for manufacturing acceptable guality chhana from cow milk.
Chhana was madeé by using some of these methods (vide Table
3.1) and its texture was characterized. Wwhile the compo~-
sition of these products have heen presented in Table 4.4,
their sensory and instrumental textural charactsristics

are given in Table 4,5 and 4,6, respectively,



Table 4.4 Average composition of cow milk chhana
Constituent Samplaa Foratip CD
=Y gac ORC KSC 30¢C IC
Mpisture, % 63.30 56.44 54,40 54.44‘ 56,07 95,65 g, Ggw 3 .24
fFat, % 18.44 21.25 22,77 22,66 21.55 22,08 9, 15w 1.60
Protein, % 15.23 18,69 18,57 16,58 18,01 18,68 8,32#% 1,57
Ash, % 123 1.53 1.70 1.7 2.09 1043 T1.46%% 0.10
Cal cium, % 0.37 0,45 0.50 0,50 0.B0 0,45 69,21 % 0.G5
Phosphorus, % 0.2 0,25 Ua29 0,25 0,36 0.26 13, G4 % 0,04
pH of chhana 6.03 5.86 5.8 5,89 6,22 5,563 115,95#+ 0.07

Average of four replicates

® Refers tp the method of manufacture vide Fig. 3.1

»*

P [/ 0.05,

it

P/ 0.0

Li
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. Method SC produced chhana with significantly
higher (P /_ 0.01) moisture and lower fat and protein
contents as compared to chhapa obtained by the rest of
the methods (Tahle 4.4), differences among other samples
generally being non significant. The method employed to
manufacture sample SC{(wherein lower acid strepgth 0,5%,
lowsr temperature 70°C and higher pH 5,7 to effect
coagulation, and holding the coagulum in whey for abeut
30 min before draining of whey) seemed to result in
greater water retention in the product. The literature
values for composition of cow milk chhana made by SC
method are not available for comparison. HowBver,

Soni et al. (1980) observed 61.99% moisture in chhana
made from buffalo milk using this method., While the
moisture content of SC chhana was fairly close to the
values for market chhana as reported by Kumar and

Srinivasan (1982), but appreciably lower than the moisture

content of market chhana as observed in the present study.

4.7.2.2 Textural Quality: The sensorly and objective

textural properties of cow milk chhana obtained by diffe-
rent methods have been presented in Table 4,5 and 4,6,
‘respectively,

It is evident from Table 4.5 that SC chhana
possessed lewer firmness, elasticity and cheuiness as
compared to other chhana samples, the difference being
highly significant (P /_ 0.01). SC chhana was moderately
crumbly and somewhat more sticky than other samples., Its

smoothness greatly excseded those of other samples, Its



Table 4,5 Senspry textural properties (max.score, 100) of
cow milk chhana
Attribute Samplaa F.ratiob cubm
SC BGC ORC K5C soc IC

Elasticity 39,14 63,41 68,49 70,07 68,41 63,50 20,90%* 4,20
Firmness 20,46 55,92 58,94 68,18 65, 00 50,31 32,61%% 3,88
Crumbliness 93,92 56, 87 53,84 45,68 47,14 54,36 1.B5 -
Stickiness 46,36 36,92 34,63 34,33 37,04 34,C0 3, 04#%% 3,84
Smoothness 78.58 66,31 54,33 63,98 49,23 55,80 28,49n% 3,36
Chewiness 253,85 48,50 53,05 51,38 55,z4 42,80 20,52## 4,29
Overall textural

qual ity 78.71 - 62.21 54,17 57.10 54,39 8,96 25 F Bt 3.15

Average of four replicates

Refers to the method of manufacture vide Fig, 3.1

Based on arc=-sine values vide mppendix II
we p /0,01

* p/ 0.05,

6L



Table 4.6 Objective texture prefile of cow milk chhana

nmttribute Samplea F.Tatio Co
aC BOC DRC K& L aDE IC

Hardness, mN 5.59 16413 20,36 19.48 22.26 15,21 22,11##% 3,65

Cohesiveneass 0.68 0.7 0.71 0.70 0,72 D.69 2.15 -

Springiness, mm 6,50 6.56 6 .88 7.06 7419 B.44 0,89 -

Gumminess, mN 3.74 - 11,54 14,63 13.77 16.15 10.44 23 ,65#% 2 51

Chewinass, mN.om 24,85 75.%2 99.41 98,39 166,15 65,55 16,.05#% 23 37

Average of four replicates
® Refers to the method of manufacture vide Fig.3.1
* p/ 0,05, ®e p/ 0.01

08
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overall textural quality was also significantly higher

(P /_ 0.01) than that of other samples. The sensory data
appeared to be well supported by instrumental measurements,
the hardness and chewiness values being significantly

(P /_0.01) lower for SC than for others. The observed
differences among BOC, DRC, K3SC, SOC and IC were not
appreciable altheough the aquerall senscory scere for BOC
was significantly (P /_ 0.01) better tham for DRC, KSC,
S0C and IC. The striking differences between GC chhana
and other samples (BDC, DRC, KSC, DSC and IC) could be
attributed to the corresponding differences in moisture
content. Lower calcium content of SC (Table 4.4) could
also be responsible in this regard.Jagtispiet al. (1971)
alsp demonstrated that when more amount of calcium vas

added to cow milk, the chhana becameé harder,

4,1,3 Buffalo Milk Chhana

Basically buffalo milk differs from cow milk
in its guantitative and gualitative cowmpesitienal charace-
teristics (Ganguli, 1976). Chhana preduced from buffale
milk using the procedure standardized for cow milk produces
a product which is gualitatively quite different from the
.lattar. Many process modifications have been reported in
literature to improve the quality of buffale milk chhana,
A few sslected procedures, including the basic method of
De and Ray (1954) (vide Table 3,2) were adopted to examine

the textural properties of the resulting product,



82

4,1.3,1 Composition: Cempositien of chhana prepared

from buffalo milk by different mathods has besp presented
in Table 4,7. It is svident that DRBC chhana had the
lowest moisture but highest fat, proteim, ash, calcium
and phosphorus contents, the differences being highly
significant (P /_ 0.01). Seamples SBC and KGBC showsd

the highest values for moisture had an intermediate fat
content but the lowest protein, ash and calcium contents.
These two chhapa samples were moisture-wise similar to
cow milk chhana (Table 4.,4) except that of SC chhana,
This indicated that the process modifications suggested
for Better moisture retention in the buffalo milk product
were only partly effective. Thus buffale milk chhana
showed generally lower moisture and higher fat contents

as compared to cow milk chhana.

4,1,3.2 Textural Characteristics: Several reports have

appeared indicating that buffalo milk is not suitable

for chhana making (De and Ray, 1554; Jagtiani gt al.,, 1960
and Anantakrishnan and Srinivasan, 1964) presumably because
of the low moisture retention capacity and conseguently
hard body and coarse texture of the resulting product,

As shoun in Table 4,8, SBC chhana having censi-
derably lower sensory firmess and chsBwiness, snd greatly
improved smoothness scored much better for its overall
texture than other chhana samples, The elasticity and
crumbliness of SBC were also significantly lower (P /_ 0.01)
than the corresponding velues for most other buffalo chhanas,

Though it was more sticky. From the view point of oversll



Tabhle 4.7 Chamical composition of buffalo milk chhana
Constituent Samplea ; F.ratio ch
DRBC KSBC IC8C iBC SBC KGBC
Moisture, % 47,19 52.20 51420 51.,36 56445 57.74 44,91%% 1,73
Fat, % 28.32 26,00 26.42 26425 24 .63 21,55 33.63%% 1,98
Protein, % 20,08 17 .83 18,52 19.15 15.69 17,01 77.99%% (0,55
hsh, % 1.90 1.77 1.55 1.52 1.41 1.50 42,598 (.09
Calcium, % 0.64 0,57 0.53 0.53 D.44 0,52 36.b6** 0.03
Phosphorus, % D.32 0,30 0.26 0.27 0,23 0,2¢e 17.16%¢ (0,02
pH of chhana 5.80 5,95 5,54 5.67 5.98 5.85 32,583#% 0,05

Average of four replicates

a Refers to the mathod of manufacture vide Fig, 3.2

* p/ 0,05, #¢ p /  0.01

N ]



Tabls 4.

B Average sensory score {max,
attributes of buffalo milk chhana

100) for textural

Attribute Samplaa F.ratiob CDb
GRBC KSBCLC IcsC 18C SBC KOBC

Elasticity 56, 96 64,03 67.18 62,59 55,07 50,24 3,065 4 .33
Firmness 77.67 68, 99 6425 69,67 37.58 73457 41,05%% 3,73
Crumbl iness 45, 96 AQ;GB 47,70 48,22 40,03 65.60 5.3 1## 6.04
Stickiness 23,90 23,76 23,80 27,35 40,44 20,9¢ 19,52#% 2,78
Smoothness 49,74 47,42 54,27 90,77 74 .67 31,53 64,6 6% 2,87
Chawiness 65,77 63,11 54,15 56.84 29427 66,51 33,72%% 3,56
Dverall textural

gual ity 45,02 48,35 59, C1 57.01 78,02  34.17 58,29*%% 3 .28

hverage of four replicates

Refers to the method of mapufacture vide Fig. 3.2

b
» p / 0,08,

we p /0,01

Based on arc-sine values vide hppendix I11

%8
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texture score, I1CBC and IBC ranked next to SBC while the
remaining samples were significantly (P /_ 0.01) less
desirable. The manufacturing method, SB(, resulted in
a product that had high moisture reteption with desirable
textural quality. The lowest texture score of KDBC
having a slightly higher moisture content indicated that
moisture alone was not the deciding facter for the
texture of chhana but perhaps conditions of manufacture,
vwhich affected ths crumbliness and smoothneéss of the
product wsre equally important. The significantly lower
(P /_ 0.01) calcium content of SBC chhana might also have
played a definite reole touards texture improvement,
hddition of sodium citrate to buffalo milk befere
coagulation (as for ICBC) seemed to improve the textural
quality. The product had moderately lower firmness and
chewiness and better smoothness (Table 4.8). This
indicates that sodium citrate could modify the coagulation
characteristics of buffalo milk and hence the textural
propsrties of the resulting chhana,

In genaral, buffale milk chhanas were more
elastic, firm, crumbly and chewy, and were less sticky
and less smooth as compared to cow milk and market chhana,
These observations were supported by the higher Instron
hardness, gumminess and chewiness of the buffalo milk
product (Table 4.9), Diffaerences in sens¢ry attributes
among buffalo milk chhanas were confirmed by Instron
parameters especially the significantly lower (P /_ 0.01)

hardness and chewiness values of S8C chhana,



4o 8 Instron texture profile analysis of buffalo milk

Table
chhana
Attribute Samplea F.ratio CD
ORBL KSBLC iceC iBEC SBC KOBC
Hardness, mN 47,74 32,75 28,86 28,89 13 .94 32,77 38,63%% 5,01
Cohes iveness 0.67 Ua 71 0066 0. 70 0071 0076 403 1#% O. 05
Springiness, mm 7.00 6.56 7.00 7.06 6 ¢ 63 64685 0,64 -
Cumminess, my 31.53 23,26 18.67 20,09 9,81 24,53 36, G14% 3 .41
Chewipess, mN.mm 227410 159,17 137,99 142,43 68,22 168.83 15,59#%% 37,79

Avyerage of foul replicates
® Refers to the method of mapufacture vide Fig., 3.2

* p/ .05

#* p /0,01

98
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Adverse effect of homogenization (Iyer, 1978)
has been confirmed as KDBC chhana (vide Table 3.2) had
the highest crumblinsess, more firmness, highest chewiness
and lowest smoothness (Table 4,8) with concomitant higher
instrumental hardness, gumminess and chewiness (Table 4,9),

giving rise to undesirable texturel quality.

dot,4b Mixed Milk Chhana

Admixing of cow and buffale milk in an appre-
priate proportion could surmpunt the drawbacks of using
only buffale milk for chhana making as stated by De and
Ray (1954). In the present study, three procedures
(vide Table 3,3) were used employing buffaleo milk mixed

with cow milk,

4,1.4.17 Composition: Table 4.10 gives the composition

of mixed milk chhana observed during the presept investi-
gat ion. Chhana (SMC) made by the method of Soni et al, (1980)
had significantly (P /_0,01) higher moisture and lower

fat, protein, ash and calcium coentents as compared to IMC
and ORMC. The moisture content of SMC was intermediate
between SC and SBC, products made from cow and buffale
milks, respectively, using the same method. As the level

of mixing of cow and buffale milk (3:1) was same for both
chhana 3MC and ORMC, compositional differsnces can be

attributed tp manufacturing conditions.

4,1,4,2 Texture of Mixed Milk Chhana: The sensery and

objective textural properties of mixed milk chhana have

been pressented in Table 4,11 and 4,12, respectively., Here



Table 4,10

Compos itional attributes of mixed milk chhana

Attribute Sample® F.ratio  CO
| THC SN e ORM C

Moisture, % 51.63 61410 51,56 160,568 1,31
Fat, % 24,566 19, 81 24,80 136,29%% (0,74
Protein, % 19,83 15,92 20,20 149,18#% 0,59
Ash, % 1,72 1.33 1.52 39,43%* (0,09
Calcium, % 0.52 0,41 0,47 148,48%% 0,01
Phosphorus, % 0.32 0.21 0.25 51,64%% 0,02
pH of chhana 5.88 6,01 5.55 318,088 (0,04

Average of e@ight replicates
Refars to the method of manufacture vide Fig. 3,3

»

P I 0,05,

*t p/ 0,

88



Table 4.11 Sensory textural assessment (max.score 100)
of mixed milk chhana.
Attribute Samplea F.I‘at;ic:tl CDD
ImC SMC DRMC

Elasticity 67431 44,85 68,47 72 .80%% 2,56
fFirmness 64,75 34,53 69,25 153 ,894# 2,49
Crumbl iness 48,39 39,354 49,77 B, 704%* 3.04
Stigkiness 27.396 47,24 27424 47,5 IR 2.76
Smoothness 49,98 75.20 48,78 11 7. 35wF 2.31
Chawinass 55,69 29,93 59,95 114 79w 2.49
Dverall textural

guality 92.30 78.22 B3 .14 219,44#% 1.71

Average of eight replicates

Refers to the method of manufacture vide Fig.3.3

b

® P L_ Ga 05,

Based on arc-sine values vide mppendix 1V
w p [/ 0.0

68



Table 4,12

Instrumental textural attributes of mixed

milk chhana

Attribute Sample® F.ratio CD
incg 3MLC DRMC

Hardness, mN 26,34 T.70 20.45 ST7.40%% 2,76

Cohesiveness G 73 0,73 0,73 G, a7 -

Springiness, mm 7.09 6.91 7.03 0,22 -

Gumminsss, mj 18,33 5,57 14,72 129,27#% 1.71

Chewiness, mN.nm 139.30 40,33 108,32 48,95#» 20,73

Average of eight replicates

® Refers to the method of manufacturs vide Fig.J .3

* p/ 0.05,

#¢ p / 0,01

06
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again the high-moisture SMC chhana having significantly

(P /_0.01) lower elasticity, Firﬁnesa, crumbl iness and
chewinwss, and higher smoothness was texturs-~yise

cons iderably more desirable than IMC and ORMC chhana,

the latter two not appreciably differing from sach other,
The differsnces in sensgry attributes were accompanied

by significant (P /_ 0,01) differences in the instrumental

parameters particularly hardness and chewiness,

4,1.5 Comparison Between Market and Laboratory

Made Chhana

hs seen earlier (vide 4,1.1) market chhansa
had generally more desirable textural properties than
most of the laboratory mads chhana, Considerable varia-
tions uwere obseryed in market samples., This must bs due
to different manufacturing techniques employed by the
traders. Thus the market chhana observed to be the most
desirable was cons idered as the standard product for
comparing its textural properties with those of laboratory
made chhana.

As evident from literature and duly substantia-
ted by the results of the present investigation discussed
.Barliar, good quality chhana should be soft (low firmness
scorg) and smooth and should have low degree of chewiness,
crumbliness and elasticity,

Thus it can be inferred from Table 4,2 that
of all the market chhanas studied, MC=5 and MC~6 had the
most desirable textural guality attributes were scored

nearly good, HowBver, the sample MC~5 had significantly
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(P / 0.01) better score for smoothness, which is apparently
one of the most important textural attributes. Therefgre,
this product was chosen for comparative rating of laboratory

made chhana.,

4,1.5,1 Comparison Between Market and Cow Milk

* C(Chhana: ks sesn from Table 4,13 all laborateory
samples of chhana except SC wers, in general, significantly
(P /_0.01) more elastic, firmer, crumblier, smoother but
less chewy. Chhana sample SC was significantly (P / 0.01)
more smooth, le@ss chewy and less sticky and appreciably
more crumbly than the market samples, 0n the basis of
firmness and elasticity, SC was at par with M(C~-5,
Instrumentally measured hardness, cohesiveness and chewiness
(Table 4,14) confirmed the sensory data, that the market
chhana was more desirable in these aspects as compared to
laboratory chhana, although laboratory SC chhana was much
mere closer to market sample MC~-5. It should however be
noticed that all labpTratory chhana except ST were scored
significantly (P /_ 0.01) lowsr than market chhana, On the
basis of elasticity, firmness (Instron hardness), swmoothness
‘and chewiness BOC chhane was genérally less desirable than
SC but more desirable than othar laboratery chhana. Oversll
sensory taexture score for BOC was appreciably better than
that for DRC, KSC, SOC and IC chhana, but still significa~
ntly (P / 0,01) lowsr then the score of market chhana,

It can be concluded that none of the methods of
chhana making from cow milk produced chhana with objective

textural properties identical to the one obsaerved for MC-5



Table 4,13 Comparison of sensory textural profiles (max.score, 100)
of market chhana and cow miik chhana
Attribute Sample F.ratio? mP
M5 SC BOC ORC KSC SpC ic’
Elasticity 35,66 39,14 63 «41 68.49 70,07 69.47 B63.,9C 32.,47#% 4,59
Firmness 29,86 30446 95.92 58,54 68,18 65;08 500317 39,410 4 07
Crumbl iness 37482 53.92 56,87 53.84 45,68 47,14 54,36 3.,604% 5,73
Stickiness 595,94 46,36 56492 34,83 34,33 37,04 34,00 11.60%¢ 3,03
Smoothness 68,02 78,06 Bbel1 54,33 63,98 49,23 55,80 23,80%+ 4 27
Chawiness 28,26 23.85 48,50 53.05 51,38 55,24 42,80 23,.,08%% 250
Overall textural
quality 68,03 T8.71 62.21 854,17 57410 04,39 58,96 19,87*% 3,41

Average of four replicates (selectad randomly from total & for MC5 vide Tsble 4.42)

b
* P/ 0.U5,

#% P/ 0,01

Based on arc-sineé values vide Appendix V
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Table

4.14 Comparispn of Instrumental textural attributes of market

chhana with cow milk chhana

Attribute Sample . Foratio CD
MCS SC 80C DRC KS/C S0C IC

Hardness, mN 2.43 5,59 16,15 20,38 19,48 22,26 15,21  22.65%% 4,75

Cohesiveness 0,56 0,68 e 71 0,71 0,70 0.72 0,69 9.44%#% 0,05

Springiness, mm 6413 6450 6.56 6.68 7.06 7.19 6,44 0,65 -

Gumminess, mN 1.35 3,74  11.54 14,63 13,77 16419  10.44  22.60%% 73,52

Cheuiness, mN.mm 8,55 24,85  75.72 09,42  98,3% 166,19 65,55 16.10%% 29,37

Average of four replicates (selected randomly from total 6 for MCS vide Table 4,2)

* P/ 0,05,

*x p /0,0

6
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market chhana. Howsver, method SC seemed to be the
closest amongst the methods based on the data on sensory

avaluation.

4,1.5.2 Comparisgn Between Markst and Buffalp Milk

Chhanas: #MAs can be visualized from Table 4,15,
all @&hhana from buffalo milk, except SBC, wers signifi-
cantly (P /_0.01) firmer, less smooth but mora chewy than
markat samples. Crumbliness of all chhana samples, was
at par with market chhana except KOBC which was most
crumbly. Sample SBC was significantly (P /_ 0.01) more
sticky than rest of the chhana from buffales milk, but
significantly (¢ /_0.01) less so when compared with
market chhana., All buffalo milk chhana wers significantly
(P /_0.01) mors elastic than market ones, though DRBC,
SBC and KOBL had similar elasticity values, KS8C chhana
was the most elastic. On the basis of firmness, smoothpess
and chewinesswise, SB8C chhana was much closer to market
chhana. Instron textural measurement in terms of hardness,
cohesiveness and chewiness (Table 4,16) substantiated
these observations. The overall sensory texture scores of
SBC chhana was pbserved to bs significantly (P /_ 0.01)
superior to market chhana. The rest of buffalo milk chhana
were however significantly (P /_ 0.01) léss desirable than
market samples, All the chhana were moré or less similar
in their objective as well as subjective textural charac-

teristics, except sample 58C,.

4,1.,5.,3 Comparison Between Market and Mixed Milk

Chhana: Mixad milk chhana (SMC) was quite comparable



Yable 4.15 Comparisen of sensory texture attributes (max.score,100)
between market chhana and buffalc milk chhana
Attribute sample F.ratic®  co”
¥ C5 OREC K3EC IceC 18C SBEC KOBC

Elasticity, 33.66 56.96 64,03 61.18 62,59 55,07 50.24 13,58#% 4 .62
Firmness 29,686 77.67 68,95 64,25 69,67 37,58 13,97 62.83#% 3 g3
Crumbl iness 37.82 45,96 49,08 47,70 48,22 40,03 65,60 D41t 65,27
Stickiness 55,54 23,90 23,76 23,80 27.35 40,44 20,88 49,65%* 3,06
Smocthness 68,02 49,74 47,42 S4,27 50,77 74.67 31,53 60,05#* 3,03
Chewiness 28,26 6577 634,11 54.15 56,84 29,27 66,51 47,51%% 3,04
Overall textu-

ral qguality 68,03 45,02 48,39 59,01 57,01 78,82 34,17 48,77#% 3 .5(
Average of feur replicstes (selected randomly frem total & for MCS vide Table 4.2)

b

* o/ D.05,

*w

P/ 0.0

Based on arc-sine valu@s vide Appendix VI
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Table 168 Compariseon of instrumental textural properties of market
chhana with buffalo milk chhana

httribute Sample F.ratic €O
M5 DRBC KaBC IcsC IBC SBC KbeC

Hardness, mN 2443 47,74 32,75 28,86 28,8¢ 13,94 32.77 37.708%  g.37

Lohes iveness .56 0.E7 G 71 0. 606 070 Oe71 De76 B, 37#® (0,06

Springiness, mm 6013 7.00 6, 56 7.C0 7.06 6 .63 6.68 0,74 -

Gumminess, mN 1435 317,53 23,26 18,67 20,065 9,61 24,53 40,89#%% 4 g5

Chewiness, mN.mm 8,55 227,10 189.17 137,99 142.43 68,22 168,85 14,23#* 56,13

Average of four replicates (selected randeomly from total 6 for MCS vide Table 4,2)

* p/ 0,05, *# p [/ 0,01

LG
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ta_market chhana in terms of firmness, crumbliness and
chewiness (Table 4,17). In fact on the basis of smooth-
ness it was significantly (P /_ 0,01) better than even
market chhana, SMC chhana was also significantly

(P /_ 0.01) superior to IMC, DRMC and market chhana in
overall textural gquality. Howsever, IMC and DRMC were more
or less similar in their sensory textural properties and
did not ssem to so desirable from the everall textural
quality point of view, The Instron data (Table 4,18)
indicated that hardness, cohesivensess, chewiness and
gumminess of all mixed milk chhana were significantly

(P /_08.01) greater than market chhana, altheugh the
valuas for SMC wera appreciably closer to market samples,
The sensory and Instron textural values of SMC were betuween
those of SC and S8C.

It can thus be concluded that among all the methods
employed in the present study, SC, SBC and SMC ware found
to produce a chhana that was closer to market chhana on
the basis of textural characteristics. Closer sxaminat ion
.of 5L, SBC and GMC mathods reveals that these methods
{of manufacturs of all 3) wers identicel except that couw,
tuffalo and mixed milks have been used, respectively. The
salient feature of the method of manufacture was that after
coagulation at 70°C, pH 5.7 with 0,.5% lactic acid the
coagulum was allowed to cool in its own whey for 30 min,
This might have enmhanced the water-retention capacity of
chhana without adversely affecting the smoolhnsss, thersby

improving the texturs,



Table 4.17

Comparison of sensory textural properties (max.score, 100)
between market chhana and mixed milk chhana

Attribute Sample Foratio®  cob
MCS INe SHC DRMC

Elasticity Fss.se 64438 48,59 68,37 40,07 4,13
Firmness 29, 86 64,1C 32,61 65,51 51,96%% 4,47
Crumbliness 37,62 46,88 33 .75 45,45 4,13%% 5,07
Stickiness 55,94 28,76 46,79 26, 94 31.65%% 4,18
Smoothness 68,02 50, 65 75 .01 51,27 32,614 3,58
Chawiness 28,26 50,76 30444 55,79 37.25¢% 3,80
Qverall textursal

quality 68, 03 53,32 78,63 55, 04 37.05%% 3,41

Average of four replicates (selected randomly from total 6 for MCS vide

Table 4,2, and from B for IMC, SMC and DRMC vide Table 4.11)

b

* p/ 0,05

*¢ p / 0,01

Based on arc~sine values vide Appendix VIl
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Tabla 4.18

Comparisen eof instrumental texture profile
between market and mixed milk chhana

Attribute Sample F.ratio oo
MCoH IMC 3Mc ORMC

Hardness, mN 2,43 21.E64 6,18 16.21 109,63#% 2,71

Cohesiveness U.56 0.76 0,73 U.74 19.6Z#% (0,07

Springiness, mm 6,13 6.38 5,60  6.13 0,50 -

Gumminess, mN 135 16.50 4,47 12.02 107.,108% 2,14

Chewiness, mN.mm B.55 105.04 25.898 74 .58 57.50%+ 10,68

Average of four replicates (selected randomly from tetal 6 for MLS vide
Table 4.2, and from 8 for IMC, SMC and DORMC vide Table 4.11)

» £/ 0,05

»& p/ 0,0

0ol
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4,1.6 Relationship between Rheological, Sensory

and Compositional attributes of Chhana

Since textura is a sensory property of foods
that results from a multifaceted group of physical compo-
nents (Bourne, 1978), attempts have frequently been made tg
rglate this qguality attribute (as svaluated by human
panalists) to the mechanical, geometrical and moisture-fat
characteristics of the product espscially in the case of
cheese (Thomas et al., 19703 Keller et al., 1974; Lee gt al,,
1978; Imoto et al., 1979; Perry and Carroad, 1980;

Green et al., 1985 and Gresn g8t al., 1986).

Investigat ions of instrumental precedures to
provide descriptions of the textural attributes of a
product are generally intended to overcome the disadvan-
tages of expense and time associated with sensory texture
profiling. Instrumental texture profile analysis can be
extremely useful in @valuating the fextural QUality of
foods, hpouwsver, the usefulness of any instrumental proce-
dure is limited by its relationship to sensory assessment,
since texture is by defination a sensory characteristic
(Szczesniak, 1963). Once this relationship is established,
senspry textural characteristics could be predicted based
on instrumental texturse profile, This can be further
simplified by sesking relationships between instrumental
texture profile and composition of the product, which enable

us to predict former from the latter,
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The poolsad data on sensory and instrumental
textural properties as well as on composition of chhana
were subjected to correlation and regression analyses to

s88k possible relationship akong them.

4,1.6,1 Rslationships bstween Instrumental and sensory

Rheology: An attempt was made to establish a
relationship betwsen sensory and instrumental rheological
properties to replace the tedious and time consuming
sensory @valuation, by assessing the product's taxture by
objective means, The coefficients of simple cerrslations
between the instrumental and sensory textural propertiss
.oF chhana have been presented in Table 4.19.

Instrumental hardness of chhana showsd direct
linear relationships (P / 0,01) with sensory elasticity,
firmpess, crumbliness and chewiness, and an inverse
‘relationship (P /_0.01) with stickiness, smoothness and
overall textural quality, Thus as hardn8ss increased,
chhana become less sticky, less smooth and less acceptable
in terms of overall texture. Instron cohesivensss,
gumminess and chewiness followed similar pattern of rsla-
" tionship with all sensory textural properties as pbserved
for hardneéss, Hpwevser, the deqree of correlation with the
s8nsoly parameiers was somewhat smallar for cohesiveness
while that for gumminéss and chswiness was simllar as for
hardness,., Springiness of chhana showed positive correlation
with elasticity (P /_ 0.05) as well as firmness, crumbliness
‘and chewiness (P /_ 0,01) but not with aother sensory

attributes, Highly significant negative correlation of



Table 4,19 Cpefficients of correlation” {simple) between Instron
and sensory textural properties of chhana

attribute Hardness Cohesiveness Springiness Gumminess ChB8winess
(H) (Co) (Sp) (Gu) (€h)

Elasticity Do 0aw* O.58%# 0,24# O.GB%® Do BGt®
(SE)

Firmness G 35##* D, o0n#* O 250 0, J6#% 0, 30%*
(5F)

Crumbl iness 0,32%% 0,20%* 0,32u» 0,33#% Te 358
(SCR)

Stickiness =0, 76%# -0,56%+# ~0.,15 -0, 78#» =0, 70%*
(547)

Smoothnass “(, 03 ~(,25%% ~0,10 ~D,65%* =0, 00%*
(S3M)

Chewiness Oo 35w D.47wn" D,34## 0. 36®* 0, 32u%
(5cH)

Overall textural

guality (S0T@) =0, 70##» w3 28% ~0.,07 =0, 72%# =0.6 7%

a Based on 108 observations

* p/ 0,05

#t p /0.0

¢ol
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Instron hardness with overall textural quality indicated
that softness was the most desirabls sensory attribute
of chhana.

Lee et al. (1978) while correlating sensory and
instrumental texture of wide varisties of soft and semi-
hard chesses obtained better correlations between sansory
hardness and springiness, and Instron hardness and
elasticity, respsctively.

Regression esquations (Table 4,20) clearly show
that Instron hardness alone could explain most of the
variation in different sensory properties. Houwever,
‘hardness coupled with cohesiveness and springiness could
appreciably enhance the predictasbility of sensory elasti-
city and chewiness. The log linear relationship between
sensory firmness and objective hardness of chhana has
bsen shewn in Fig. 4,1, It can be further seen from the
‘Table 4.20 that all ssnspry attributes, except chewiness,
showed the best fit for a straight line curve when expresssd
as logarithmic values, Chswiness was better explained by
instrumental hardness, cohesiveness and springiness takan
.together and expressed as such, although a guadratic rela-
- tionship between sensory chewiness and Instron chewiness
(Fig. 4.2) could also explain the variability of sensory

chewiness to nearly the same sxtent.

4,1.,6,2 Relationship between Instrumenta]l Textural

httributes and Compositiopal Parameters of

Chhanas: Such relationships can serve as an impor-

tant gquality contrel tool to predict thes textural qguality



Table 4,20 Regression eguations betwsen objective and sub jective
textural propertiss of chhana

Lquation rZ
In 3&¢ = 3.32 % 0,25 1n H 0,68
ln S3E = 3,77 #+ 0,23 1n H + 0,47 1ln Co - 0,17 1n &SP 0.71
In 3¢ = 3,09 » 0,33 1ln H 0,78
In Sf = 3.51 « 0,36 1In H - 0,13 1In Co - 0,29 1in Sp C.30
ln 3CH= 3,05 « 0,29 1n H C.69
SCH = B,71 + 0,50 H + 28,27 Lo + 0.33 5p .74
5074 = 54,15 = U.74 H + 3,10 Co 4 2,47 Sp 0.55

aol
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of chhana basad on its composition. Ths simple correlatien
matrix ebtained between Instron textural and composit ional
characteristics showed that ipstrumental textural measura-
ments were significantly correlated with all chemical
parameters including pH (except for springiness with pH)
(Table 4,21). Moisture appeared to be the most important
compos itional facteor, showing the highest coefficient
for correlation clossly followed by fat and protein
contents, The calcium content and pH exhibited the
smaller degree of correlation with the Instron parameters,
Thus as the moisturs content increasaed the valuss fer
hardness and other propsrties declined, but with the
ipcreasing fat, protein or calcium content, thes values
increased, Keller et al. (1974) observed significant
correlation of calcium and moistura contents with rheolo~-
gical properties such as slasticity and viscosity of
directly acidified mozzarells cheese,

Since moisture content showsd highly significant
(P L_ 0.01) correlation with other compesitional charac-
‘teristics especially fat and protein contents (Table 4,22),
regression equations considering only one of these para-
meters, moistura, in particular, were developed (Tabls 4,23),
It can be seen from these equations that the moisture alpne
could account for most (85%) of the variation in hardness
of chhana (Fig. 4.3), fat and calcium being much less
consequence (73 and 61%). Howsver, multiple regression of
hardness with moisture, calcium and pH was slightly bstter

(87%) than that with moisture alons,



Coefficients of correlation” (simple) betueen imstrumental
texture measurements and compesitional parameters of chhana

Table 4,21

Attribute Hardness Cohesiveness Springiness Gumminess C(Chewiness
(H) (Co) (Sp) (Gu) (Ch)
Moisture, % -0, B3 »* =0,D4w =0,29%# (0, B4 =0, 76#%
(Mo)
Fat, % O.B1%* U.D3w* TRpA:E o 0. 8w g, 75%%
(F)
Fat in dzy 0, €3 4w Cols G G.23# 0. 630+ 0.5 0%
matter, % ¢ . . . .
(FDm)
Protein, % Do 7S5 0450w 0, 25%# D, 75#* 0. 70#%
(PR)
frotein in dry
matter, % =0, 67%* “D,43 00 -0, 19% -0, 62#4* ~0,56%*
(PROM)
Calcium, % Go EOw* U.22% 0,3 2## 0, 70#* G.68%%
(Ca)
pH =C.30n*% ~0.20% ~0,13 —0,20%# -0,z 8%%

Based on 108 observations
P/ 0.0

« p/ 0,05,

601



Table 4.22 (oefficients of carralatiuna.(simpla) among compos it ipnal
parameters

Attribute Mo F FOM PR PROM Ca pH

Moisture, % -

(Mo)
(F)
Fat in dry
matter, % ~0,83#% 0,92#x -
§FoM) -
Protein, % =0, 9204 G, B3 #% DoS7nw -
(PR)
frotein in dry
matter, % Ue77#% [, 87w ~0,57#%  =0,4 7% -
(PRDM)
Calcium, % ~0.5 7% Co4Ene 0,20w% Q.40 ~0,31%# -
(Ca)
pH 0,358 =(0,33%# ~0417 =0,4 9% 0,10 .08 -

Based on 108 obserxrvations
* p /[ 0,08, «¢ p /0,01

oLl



Table 4,23 Regrsession equations between instrumental texture
measurements and compositicnal parameters of chhana

Equat ion RZ

ll‘l H = 2063 ll‘l F - 5043 0073
H = =126s86 + 451.45. ca = 311.91 Ca’ 0.61

H = 31.41 - 6,52 ln o + 1,18 1ln Co -~ 0,55 1ln pH 0,87

it
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" FIG.4.3 RELATIONSHIP BETWEEN OBJECTIVE HARDNE SS (H, mN/mm?)

AND MOISTURE CONTENT (Mo, PERCENT) OF CHHANA
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4,1.6,3 HRelationships bstween S8nsory Textural Proper-

tias and Compositional Parameters of Chhana:

Texture being (by definition) a sensory property,
moisture~fat characteristics have a definite rele in
sansory texture perception. Moisture and protein contents
(Table 4,24) showed highly significant (P / 0,01} and
almost equal correlations with all sensory attributes
except crumbliness (for moisture alone), Fat content also
appearsd to be significantly correlated (P /_ 0,01) with
most sensory measurements but to an appreciably louwer
extent than moisture and protein contents. Calcium and
pH exhibited the least correlations. As moisture content
and pH increased, sensory elasticity, firmness and
chewiness tended to decrease whereas stickiness, smoothness
and pveral]l texture score tended to increase. The opposite
was true with the protein and calcium contents (Table 4,24),
These twoc compositional parameters seemed tec be the
largest determinants of the overall sensopry textural score
followed by fat and pH.

Simple and multiple regression analyses (Table
4.,25) indicated that moisture alene could explain the
variation in sensory elasticity and firmness of chhana
to an appreciably greater extent than fat, Use of calcium
and pH together with meisture as chemical parameters
enhanced the predictability of elasticity only slightly
but.that of firmness considerably. 32nsorly Stickiness and

chewiness was alsp accounted appreciably by these three



Table 4,24

Coefficisnts of correlation® {(simple) between sensory
‘textural attributes and compositional parameters
of chhana

httribute SE SF SCR 557 55M S CH S0TQ
Mo -D,61%#% ~D,B6#® ~0,18 C.76#%  D,4T#% —0,76%s  (,57#%
F 0.772%  0,80%% 0,13 ~D,72%E  —(,4L0%%  (,60%% —0,43%%
F oM 0.61%*  0,50#% 0,00 ~0,52#% =0,20% 0,46%% -0,20%
PR 0.01#%  0,86%%  0,26%% =0,73#% <—(0,53%% [,78%% o(,50%x
PROM -0,54%% ~0,baw% 0,03 0.50%*% 0,17 -0.424% 0,18
Ca D.45%%  0,60#% 0,14 —0.,43%%  ~(,54%%  0,62##% —0,59%%
pH ~0.36%%  —0,40%k =0, 24* 0 45#%  0,32#% —(0,41#% 0,3 1w
a

* p [/ 0,05,

Based on 108 observations

» p / 0,01

gLl



Table 4,25 Regression equations between sensory textural attributes

"and compos itional characteristics of chhana

Equation r2
SE = 145,14 - 1.58 Mo 0.66
SE = 11.23 4+ 2,0 F 0.60
3t = 169,28 - 1.37 Mo # 22,60 Ca - 8,01 pH U.68
SF % 167.90 - 1.98 Mo C.74
SF = 0429 « 2.51 F 0.65
SF = 209,27 - 1,50 Mo » 55,45 Ca = 16,53 pH 0.8C
33T = 1.15 Mo - 32,43 0.58
33T = ~95.,61 + U,% Mo - 19,12 Ca « 14,9 pH 0.62
SCH = 187,792 = 0,84 Mo + 68,76 Ca -~ 21.78 pH 0,70
SO0TQ = ~29.85 + 0.22 Mo =~ 65,0 Ca + 1B.66 pH 0.43

gLl
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parameters taken together., It is, houwsver, noteworthy
that although the chemical parametérs cguld provide
substantial information regarding individual sensory
texture attributes, moisture, calcium and pH sxplained

only 43% variation in the pverall sepsory texture score

(Table 4,25),

4,1.6,4 Relationships among Instrumental Rheological

Properties: A possible correlation among objec-

tive textural preperties can lead to guantification of
thair interdependence. #As shown in Table 4.26, the

highly significant (P /_ 0.,01) corrslations between
hardness and cohesiveness, and hsrdness and springiness
indicate the structural properties of chhana determining
that the hardness had considerable influence on cohesiye-
ness and springiness. These correlations alsp imply that
the factors lsading to firming of the product alsp resulted
in increased cohesiveness and springiness. However, the
correlation coefficients were not high enough to permit
adegquate predictions. High correlations between hardness
and gumminess, and hardness and chewiness were ponly
expected sinca gumminess and chewiness are derived from
hardness, cohesiveness and springiness which among themse-
lves are significantly correlated. Relatively smaller,
though significant, correlations between cohesiveness or
springiness, and gumminess apd chewiness, however, is
Indicatiue of ths predominant role of hardness in deciding

these latter properties, Thus instrumental hardness appear



Table 4,26 Coefficients of correlation® (simple) among rheological
properties of chhana

Attribute Hardness (ohsesiveness Springiness Gumminess Chewiness
(H) (Co) (5p) (Gu) (Ch)

H -

Co 04 2w -

Sp 0,400 U. 01 -

Gu 0,500 0,484 0,3 8#x -

Ch 0, Cone 0,3 9 0,52 0, 97#% -

a

* p/ 0,05,

Based on 108 observations

#* p / 0,01

Ll
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to be the singits most important objective attribute of

chhana.

4.17.6.5 Relastlionships amonngBnéDry Textural Characte-

ristics; This information can be of considerable
help in minimizing the errcr in assessing sensory textural
attributes if their dependence on gach other could be sg
ascertained as to allow prediction of one or more proper-
ties from a limited number of relatively easlily determined
attributes. The relationghips among subjective textural
characteristics of chhana have been shown in Table 4,27
and the relevant regression equations in Table 4,28,

The complexity of sensopory evaluation is evident
from Table 4,27 which shows that all the sensory textural
properties of chhana were assocliated directly or inversely
with each otheér. Sensory elasticity showed high positive
correlations (P /_ 0,01) with firmness, and chewiness and
a negative correlation with stickiness. It also showed
s ignificant, though lower, direct relation with crumbliness
(P / ©0,08) and inverse relation with smoothness (P /_ 0,01).
Firmness was clopsely related with stickiness, smocothpess
and chewiness besides alasticity, the relationship being
negative with stickiness and smoothness and positive with
chewiness. This indicated that the manufacturing conditions
coupled with the resulting composition of the products
causing the chhana to be firmer, made the propduct less
sticky but coarser and more chewy. Among other interrela=-

tionships, those of chewinsss with stickiness and smoothness,

both negative, were prominent., Thus like instrumental



Table 4,27

coefficients of correlation® (simple) among sensory
textural charscteristics of chhana

(5074Q)

Attribute SE SF SCR 35T S5 M SCH S0TQ
Elasticity -
(SE)
Firmness 0, 78##* -
(SF)
Crumbl iness Ce24w D,32unn -
(5CR)
St ickinass =04 13 n# ~J,8o%# =0 O# -
(SST)
amoothness =042 ~0,72%%* ~043 1% UaB631% -
(8511)
Chewingss C.72ne g J20n# Ded3wnr () 328% =0 7p2# -
(5 CH)
gverall tex-
tural gquallly o sgex  -g,77#% -0, 350%k 0. 60#% 00,390k  =0,32%% -

a Based on 108 observations
** p/ 0.

* P/ 0.05,

5Ll



Table

4,28 Equations indicating intarralationships among individual

sensory textural attributes of chhana

Eqguation R?

In SE = 1.350 % 0,67 1In &F 0.67
In 93T = 6,37 =~ 0,71 1n Sk 0.50
5CH = 100.46 = 0,96 asSnM 0.53
SCH = B82.59 - 541 O.66
In SCH = 0,42 = 0,85 1n St O.54
ln 9CH = 0,42 + 0,85 1ln S5F 0,82
507TQ = 86.31 - 0,51 SF 0.59
5074 = 8,38 + 0,89 SSM 0.79
SOT @ = 89,906 - 0.65 SCH 0,68
SOT § = 36,20 » 0,08 ae - 0,06 SF - 0,06 SCR + 0,05 557

# 0,59 as5m - 0,23 3CH 0.85

nzL
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hardness (Table 4,26), sensory firmness appeared to he
the most important of all attributes. Chewiness and to
some extent smoothness were also equally significant

as individual sensory properties, but had much greater
influence on the overall textural quality (Table 4,27).
Thus the pverall sensory textural guality of chhana
directly related to smeothness of the product and
inversely with chewiness and firmness,

Regression eguations presented in Table 4,28
show that logarithmically regressed sensory fimmness of
chhana could explain 674 and 82% variation in elasticity
and chewiness, respectively (eguation 1 and 6). With
respect to the overall sensory textural guality of the
product, smoothness was most predictive (79%) followed
by chewiness (68%) and firmness (59%). However, the
predictability of overall texture was greatly enhanced
(B5%) when all the individual sensoly attributes were
taken into account, in which also smoothness appeared to

have most significant role teo play (equation 10).

402 PANEER
4,2,1 Markat Pancer

4,2,117 Composition:

4,2,1.1.A Raw; Texture bsing 2 sensory property, compo-
sitlional attributes suﬁh as moisture, fat etc, are expected
to affect its perception. Chauwla et al. (1985) observed
that fat in paneer contributed to soft and spongy body

of panser,
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The composition of market paneer, as observed
in the present study, has been reported in Table 4,25,
Moisture, fat, protein and ash contents varied from
50,97 to 57.95%, 20,13 to 24,9%, 16.68 to 19.74% and
1.49 to 1.97% respectively, Similar values were reported
by Rajorhia et al. (1984) for market samples of paneer.
The cslcium and phosphorus contents of market paneer was
found to vary from 0.52 to 0.74% and 0,23 to 0.,34%
respectively.

It is notsworthy that the supplier-wise variation
in the composition was significant (P /_ 0.01). klso the
fat content on dry matter basis was found to be lower
than legally prescribed {(50%) in samples MP-{ and MP-5.
The pH of paneer from different suppliers was observed
to be more or less the same the range being 5,72 to 5.97.
The variations in the composition of market panser are
likeiy to be due to diffserence in the quality of milk

used and method of manufacture employed,

4.2.7.1.B fried and Cooked Market Paneer; For consump-

tion as a culinary item, paneer is often fried and then
cooked alpngwith vegetables. Composition of fried and
cooked paneer has not besn reported so far hence not
available in literature. The combined effect of desp
fat frying and cocking in saline water on molsture, fat
and protein contents of paneer has been shown in Table
4,30,

It can be visualized from the data that ths

moisture content increased considerably as a resulting



Table 4,29 Compositional characteristics of market paneer

Constitusnt Samplea Feratio co
P MP2 MP3 PG [P5 MP6

moisture, % 57.95 50,37  51.24  53.94&  51.20  §7.20 7.48%% 3,37
Fat, % 20,13 26433 26,90 23,30 23492 21.92 7.34%% 2,02
Fat in dry 47.86 50,37 51,05 50,39 48,78 51419  15.36%*% .04
matter, %

Protein, % 17450 20,14 15,74 18,75 20441 16,68 9,00%% 1,47
g:gtzif ;“ ALY 41,60 41.07 40,48 40,353 41.88  38.32  12.37% 0,88
hsh, % 1.G9 1,49 1.62 1e72 1,97 1457 17, 87#% 0,12
Cal cium, % 0. 65 Bu53 0,52 0.65 0,74 0.57  13.35%#% 0,07
Phosphorus, % 0. 25 0, 23 0,24 0,28 BJ34 0.25  29.83%%¢ 0,179
pH of paneer 5,76 5. 81 5,72 5,81 5,73 5,97 2,13 -

Average of six replicates

® Refers to the vendor/supplier of paneer

* p/ 0,05,

w4 P/ 0,

et



Table 4,30

Compos it ion of fried and cooked market panear

Const ituent

Sample® Feratio (D

MPF 1 MPF2 MPF3 MPF& MPF5 MPF6
Moisture, % 68.15 68,06 66411 66,07 65,64 68413 2.28 -
Fat, % 15.80 16443 17455 17.73 17.30 16,75 2.74% 1,29
fat in dry e .
natter, % 49,36 51446 51, 61 52425 50430 52,29 8, 85#% 7,21
Protein, % 13,30 13 .00 13,64 13.48 14,22 12413 4,03#% 1,02
Protein in dry - o _
matter, % 41.52 40465 40,26 39.69 47 443 38,07 16.17#% (3,93
% moisture of
raw paneer 117.76 133,68 129,15 12267 129.01  118.32

Average of six replicates

® Rafers to the vendor/Supplier of paneer

* p/ 0,03,

w* P/ 0,01

wel
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frying and cooking the increase ranging from 17,8 to
33.60%. The apparently reduced fat and protein contents
could obvicusly be attributed to the corresponding
increased moisture cqntant. HowBver, on dry matter basis
there was a slight incrsesse in the fat content and a
slight decreass in the protein cnntenf, which might be
due to 0il absorption during frying. It is important to
note that the supplier-wise difference in moisture
content (P /_ 0,01) that existed in raw paneer disappeared
upon frying and cooking, whereas the differences in the
fat and protein contents persisted (Table 4.29) which
indicated that the water-hplding capacity of all paneer,
when fried and then cooked, was presumably the same

irrespective of the original moisture content,
4,24142 Textural Properties:

4,2.,1.2.R Raw Paneer: The desirable body of paneer is

one that is neither too firm nor too soft, It should be
sufficiently firm tc'.hold its shape during cutting/slicing
and yet tender enocugh not to resist crushing during masti-
cation, The texture of high gradé paneer should be
compact (close-knit), smooth and velvety (Patil and Gupta,
1986). Kulshreshtha et al. (1987) stated that guality eof
panser is judged on the basis of its cohesive strength,
moisture content and sponginess,

The observations on sepnsory and instrumentally
measured tsxtural guality of market paneer (raw) have been

presented in Table 4,31 and 4.32, respectively. It can be



Table ‘!‘031

Sepsory texture score (max.,100)

for market paneer

Attribute Sample Foratic® coP
WPl P2 me3 MP4 MPS NP6

Elasticity 61. 11 60,28 58,42 57,32 61,01 51,37 3,25%% 3,13

Firmness 50,47 68,41 62,03 57,33 68,70 48,41 14,93%*% 3,18

Crumbliness 45.24 40,39 46,01  47.99 46,58 46,01  1.54 -

Stickiness 24.55 22,71 25,33 25,70 20,39 30,35 5,05%% 2,72

Smoothness 49,23 51,10 49,90 51.66 42,33 56415 3.834*% 3,66

Cheuiness 53.49 62,70 56,02 52,49 59,66 45,07 6,25%% 3,9

Uverall textural )

quality 62,25 66,23 58,56 63.68 55,24 64,57 5,21%% 2,93

Average of six replicates

? Refers to the vendor/Supplier of panser

b gased on arc-sine values vide Appendix VIII
* P/ 0,03, w4 P/ 0.

9Z1



Tablse 4,32 Instron textural attributes of market panser

Attribute Sample® F.ratio co
P MP2 N3 MP4 MPS MP6

Hardness, mN 22,54  31.27 30,31  25.13 36,39 15.89 7.86%* 7,52

Cohesiveness G.G66 0.67 0. 58 0.67 0.58 0.567 0.29 -

Springiness, mm 8,13 8.71 8,04 8, 04 8. 83 8,17 1.68 -

Gumminess, mN 14,71 20,63 20,67 16,99 24,81 10,63 9,55%% 4,61

Chewiness, mN.mm 120,52 181.43 144,52 - 139,33 223,15 82.12  10.,14%% 42,52

Average of six replicates
Refers to the Vendor/Supplier of panesr
« p/ 0.08, w P/ 0.0

Lzl
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seen that almost sll the market samples of paneer were
moderately elastic, firm, crumbly and chewy although all
properties except crumbliness showed significant (P /_ 0,0%)
supplier-wise differences. On the basis of overall sensory
textural guality MP-2 panser was rated besi presumably
because of its firmness, low crumbliness and moderate
smoothpess, The significant differences observed in
elasticity (F ratio, 4.;;), firmness (6.2%), crumbliness
(3.%5), stickiness (3.33), smpothness (6.2?), cheéwiness
(2.33) and overall textural quality (2.4;), among repli-
cat ions was indicative of the uariability of paneer
obtained from the same supplisr. Instrumentally determi-
ned hardness and chewiness (Table 4,32) exhibited, in
general, similar differences (P /_ 0,01) as observed in

the senscry attributes, but springiness did not show any
significant differences, Instron cohesiveness substan-
tiated the sensory obssrvation, the paneers from

different suppliers were similar in this regard, The
lower hardness of MP-1 and MP-6 paneers can be attributed
to the higher moisture content of these sampleés. The

treatest hardnsss of paneer MP~5 may be related to its

highest calcium content (Table 4.22).

do2.1eZeB Fried and Cooked Market Panesrs The taxtural

properties of raw paneer appeared to undergo considérable
chang®s upon frying and cooking as is evident from Tables
4.33 and 4.34. The sansory elasticity, crumbliness and
chewiness generally showad appreciable increase, uhersas

smoothness and firmness exhibited appreciable decrease as

* p/_ 0,05, #+ p /_ 0.01



Table

4 o33

Sensory textural characteristics (max.score, 100)
of fried and cooked markset paneer

Attribute Sample® F.ratioP coP
MPF1 MPF 2 MPF3 MPF4 MPFS MPFB

Elasticity 66451 67,79 60,38 64425 64,60 65,609 1,53 -
Firmness 53.98 52,30 58.72 53.07 63 433 43,51 13 ,65%%* 2.89
Crumbliness 47.49 43,62 50,10 52,32 49,31 55,37 T.76 -
Smoothness 45,50 50,59 42,85 45,73 39,55 43,30 5 . 03 %k 2,62
Chewiness 62.57 57.22 60.41 61,37 65,33 53.21 3.81%% 3 .54
Juiciness 65,42 69,31 58,23 60,12 58.48 63,50 Bo72%% 2,68
Dverall textu-

ral guality 68,15 74,70 63 + 87 67.00 63 .24 61464 8,508% 2 .73

Average of six replicates

8 Refers to the Vendors/Supplier of paneer

b

*» p/_ 0,05

we p /0,01

Based on arc-sine values vide Appepdix IX

6CL



Table 4.34 Instrumental textural properties of frisd and

ccooked market paneer

Attributs 3ample® Foratio CD
MPF1  MPF2 MPF3 MPF4 MPFS  MPF6

Hardness, my 12.19 10,19 12421 10,40 13 .37 6425 B,03%#® 2,63

Cohes iveness 0.75 0.72 0.73 0,72 0,73 0,74 0,39 -

Springinass, mm 10.63 9,92 10,04 9,07 10,38 8,3 2,53* 1,07

Gumminass, N 9,20  7.27 8,92 7.52 9.33 4,66  9,16%% 1,66

Chewiness, mN.mm 99,68 74,08 88,69 Th 43 97.31 41.453 9,2(0%* 20,09

Average of six replicatses

Refers to the Vendor/Supplisr of paneer

* p/ 0,05, #¢ p /0,09

pel
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a result of frying and cooking. However, stickipess
remained more or less unaffected, Further, the shop-wise
dif ferences that were observsed in elasticity and sticki-
ness of raw paneer became non-significant, The overall
textural quality differed significantly (P /_ 0.01) among
suppliers as also observed for rau paneer, HAlso, MP~2
paneer was found to be the mpst desirable, the differences
between it and other paneer samples being significant,
'Howsver, the order in which among the other five panesr
samples differed was altsered as coempared to raw paneer.
The greatest value for elasticity together with signi-
ficantly (P /_ 0,01) higher juiciness of MPF-2 paneer
might be atleast partly responsible for its highest
sensory acceptability, The generally enhanced sensory
texture scores of fried and cooked paneer were in
agreement with the improvement in the textural quality
of panesr upon frying and cooking reported by Chaula

8t al. (1985) and Sachdeva and Singh (1988}.

Among objective textural parameters also, hardness
decreased and springiness increased in fried and cooked
paneer, the decrease in hardness bsing much mpre remarkable
(Table 4,34) as compared to the increase in (sensory
elasticity) springiness, Corrssponding to sensory crumbli-
ness, Instron cohesiveness of fried and coeoked paneer
registered perceivable increase, HoweBver, a reverse
effect was noticed in cheuwiness which was considerably

decreased, thersby indicating the difference in the
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machanism of sensory perception and instrumental measure-
ment of this attribute, Besides hardness, gumminess and
chewiness, springiness of frisd and cooked paneer was
also found to very significantly (P /_ 0.,01) among

supplisrs, cohesivensss showing non~significant variation,

4,2.2 Buffalo Milk Paneer

The results on composition as well as instru~
mental and sensory textural measurements of laboratory
mage, raw, and fried and cooked paneer gbtained from

buffalec milk haue been discussed in this section.
4,2+.241 Composition:

Gdo242:.10h Raw Panser: The composition of paneer

prepared from standardized (6% fat) buffalo milk using
thres different methods (fig., 3.4) has been shown in
Table 4,35, It can be ssen that while the moisture
content was lowser, fat was higher in comparison to
market paneer (Table 4,29), The protein content was
howaver, similar to that of the market paneer. On dry
matter basis, the fat content was well above the legally
required minimum, Methodwise, RBP paneer showed a
significantly (P /_ 0,05) higher protein content than
in the other two paneer samples, the remaining chemical
parameters being non-significantly different in this

regard,

4.2,2.1.b Fried and Cooked Buffalo Milk Paneer: The

moisturs, fat and proteip contents of frisd and cooked

buffalec milk paneer has bsen depicted in Table 4,36, As



Table 4.35 Composition of buffalo milk paneer

Constituent 5amplea F.ratipo ch
SBP BBP RBP
f'lDiSturE, % 47.77 47083 46.‘\31 1.23 -
Fat’ % 29.09 29.20 29.25 U.U‘ﬁ' -
Fat in dry - o .
matter, % 55,70 55.98 54,67 11452 C.01
Protein, % 19,12 18.93 20,09 4, 94% 0.82
Protein in .
dry matter, % 36,60 3639 37,55 13 .45%*# D51
hsh, % 1.83 1.81 1.84 0,28 -
Calcium, % D.69 0,68 0.65 3,62 -
Phosphorus, % 0,32 D.32 0.32 Ce71 -
pH of paneer 5.,86 5.87 5,92 2,672 -

kyerage of eight replicates
a Refers to the method of manufacture vide Fig. 3.4
*» p/ 0,05, #e p / 0,0

cetl



Table 4,36 Compos it ion

of fried and cooked buffalo milk panesr

Constituent Sample® F.ratioc CD
3BPF BBPF RBPF

Moistura, % 68.18 68,38 68,33 0,07 -

Fat’ % 17.45 17043 17.16 0043 -

Fat in dry = *

matter, % 54.85 55413 54418 5.82 0.62

PrDtEin, }6 11.4[1 110-52 11.68 1.37 -

Protein in ok

dry matter, 5.8 35.77 36.88 9,97 0. 63

% moisture of 141,91 143,33 147,77

rau paneer

Average of eight replicates

? Refers to the method of manufacture vide Fig. 3.4

*» p/ 0,05 #+ 0/ 0,0

rel
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seen from table, there ware no significant compositional
differences due to methods., However, as in the case of
market panesr, appreciable increase in molsture and
gsimultaneous decline in fat and protein contents were
noticeable as a result of frying and ceooking, although

on dry matter basis, the fat and protein contents remained
moré or less unaltered, It is interesting to note that
the moisture content of fried and cooked buffalo milk
paneer was almost same as that observed for similarly
treated market panser in spite of the differences in the
moisture contents of raw panesr, This again substantiated
that the water holding c¢epacity of fried and cooked papeer
remained almost unchanged in spite of variations in
protein content of raw paneer (market paneer, 39-42% as

against buffalo milk paneer, 36-38%, on dry matter basis).
4,2,2.2 Textural Propsrties:

4,2.262.4 Raw Paneear: The data on the subjective and

ob jective textural properties of raw buffale milk papesr
have been given in Table 4,37 and 4,38, respectively. It
can be gbserved that as compared to SBP and RBP, BBP paneser
had a significently lower (P /_ 0.01) firmness, other
sensory attributes including overall textural quality
being alike for all types of paneer, \Very little difference
was observed hetween the sensory textural attributes of
buffalo milk raw paneer and market raw paneer, except for
smoothness which was more in the laboratpry made paneer,
contributing to its higher overall textural quality score,
As revealed from Table 4,58 all Instron parametsrs

8xcept cohesiveness, significantly differed among the types



Table 37: Sensoly textural properties (max.score, 100)
of buffalo milk panear
attribute Samplea F.ratiob CDb
SBP Bah RBP

Elasticity 61,99 62,37 63 .38 0,45 -
Firmness 65,25 57,30 64,30 G, 404 2.25
Crumbl iness 39,35 42499 58,16 1.10 -
Stickiness 17,05 16,03 15.10 0.86 -
Smoothness 62,15 62431 62,01 0,99 -
gverall textural

quality 12,22 724775 72473 0,05 -

Kuverags of elght raplicates

a

Refers to the method of manufacture vide Fig. 3.4

b Based on arc-sine values vide Appendix X

* p L 0, 03,

##& p L_ 0,01

9¢l



Table 4,38

Instron-texture profile analysis for buffaleg

milk paneer
Attribute Sample® Foratio  CO

SBP BEP RB#F

Hardness, mh 40,72 35,18 43,39 6o 95#% 5.75
Cohesiveness 0,64 G. 30 0.063 Z.,08 -
Springiness, mm 7«70 6.95 7622 4,33 %% 0,92
Gumminess, mN 25.19 21.17 26,59 8, G0wn* 2,89
Chawinass, mN.mm 206.36 151.95 189,85 B,03wni 28,93

nrverage of elght replicates

Refers to the meéthod of manufacture vide Fig. 3.4

# p/ 0,05,

®t P/ 0,01

Lel
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of buffale milk paneer, fjore precisely, these objective
textural parametsrs showed lower values for BRBP than for
SBP and RBP. Since only the diffsrence in hardness was

sensorily perceived, differences in the giher parameters

were presumably not within limits of sensory perception.,

§,2420248 Fried and Cpoked Buffalc Milk Panesr: It can

be noticed from Tables 4,33 and 4,40 that the diffarences
in subjective and objective textural attributes of fried
and cooked papeer made by different methods were much
narrpwer as compared to the differences observed in the
case of raw paneer. All sensory param@tars and all
instrumental measuraments except coheésiveness did not
differ significantly.

in comparison to raw paneer, friesd and cooked
paneer was found Lo be more elastic and chewy, but not
as firm or smogoth, These observaticons were substantiated
by instrumental analysisj; hardness pf fried and cooked
panseér was markedly lewer and higher springiness, Howsver,
objective measurement and sensory perception of chewiness
showsad opposits effecis of frying and cooking, as also
noted for market paneer (vide 4,2.,1.2).

It can thus bhe inferred thait with respect to the
texture of fried and cooked paneer, msthods 5B#, BBP and
RBFf could be regarded mopre or less same, although ceritain
textural differamnces were noticeable in these paneers
before they were fried and cooked (i.e, raw). Similar

observations were also made by Chawla gt al. (1985) and



Table 4,39 Sensory textural properties {(max.scors, 100)
o of fried and cooked buffaleo milk panest

Attribute Samplea F.ratiob
SHPF BBPF RBPF

Llasticity 68.06 70431 7212 2429
rirmness 45,42 44,93 45,35 0.09
Lrumbl ingéss 44,01 4223 42423 0.29
Smoothnass 50,17 47,43 47,63 C. S5
Juiciness 65.390 68,36 69,84 2.47
Chewiness 59.01 63,48 6217 2.34
Dverall textural

quality T1.57 7179 70,45 0.30

Avyerage of eight replicates
a

b

Refers to the method of manufacture vides Fig. 3.4

Based on arc-sine values vyide Appendix XI

eel



Table 4,40 Instron textural attributes of friad and

cooked buffalc milk paneer

&ttripute Samplea f.ratio CD
SBPF BBPF RBPF

Hardness, mh 9,31 7.07 7411 2,30 -

Cohes iveness 0.70 0,70 0,07 4,81+ G, 02

Springiness, mm 9,59 10,90 9,31 1.36 -

Gumminess, mN 646 5.,30 4,77 Z2.64 -

Chewiness, mN.mm 63,32 55,03 44,42 2.95 -

Average of eight replicates

a Refars to the method of manufacture vide Fig. 3.4

* p/ 0.05

0wl
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Sachdeva and aingh (1988) in relation to overall sensory

textural quality of paneer.

4,2,3 Cow Milk and Low Fat Buffalo Milk Paneer

kccording to modified manufacturing metheds,
paneer of satisfactory gquality from cow milk can bs
effected by empleoying higher coagulation temperaturs or
by adding calcium chloride to milk prior teo coagulation
(Sachdeva st al., 1985), Panser has also been preparad
from low-fat (3.5%) fat buffalo milk (Chawla, 1981)
and compositionally such a low fat product would be
similar to cow milk panser., Results.on the composition
and textural properties of paneer made from cow milk
(SCCP and SCP) end low fat buffalo milk (LLFP) have been

discussad in this section.

4.,2,5+1 Composition:

4,2.3e¢144 Raw Pangers The chemical composition of paneer

SCCP, CLFP and SCP has been shown in Table 4,41, It is
evident from the table that the moisture content of these
pan@ers was morses or less similar, However, the fat
content of CLFP was significantly lower (P /_ 0.01) than
that of SCCP or SCP. The protein content of SCLP was
slightly but significantly (P /_ 0,05) lower than that
of CLEP which was the highest but not significantly
different from the protein content of SCP. The ash,
calcium and phosphorus contents of the buffalo milk
product (CLFP) wers generally higher as compared to SCCP

and SCP.



Table 4.41 Composition of cow milk and low fat
' buffalo milk paneex
Constituent Sample® Foratio  CD
SCCP CLFP SCP
Moistura, % 51.23 52.04 50,28 2.94 -
Fat, % 23,93 21,18 24,67 53.90*# 0,76
fat in dry 49.06 44,15 49,61 330,70%% 0,50
mat ter, %
Protein, # 20,65 21,98 21417 5.71% 0,83
protein in "
dry matter, % 42,358 45,890 42,57 T2.,06%% (0,69
Ashy, # 1.83 2.04 1,71 12,08 0.15
Calcium, % 0.72 0, 81 D.52 ga,71#%¢ 0,086
Phosphorus, % 0,30 0,34 0.28 11,.,02#% 0,03
pH of panear 5.93 5.084 5.90 12,00** 0,04

Average of elght replicates

a

*

Refers to the method of manufacture vide Fig. 3.B

P /_ 0.05,

% p/ 0,

vl



It should be noted that addition of calcium
chloride at the rate of 1g/litrs of milk caused coagula-
tion of the milk many a times before it reached the final
heating temperature (90°C).

Thus while the medified coagulation processes of
5CCP and SCP could effectively bring the moisture content
of the resulting paneer close to the buffalo milk product,
However, other compositional differences might be attri-
buted to variation in the composition of milks used and

to the use gf calcium chloride for SCCP unlike for SCP.

4,2.3.1.8 fried and Cooked Cow Milk and Low Fat

Buffalo Milk Panears: The effects of fryine

and subsequant cooking of panesr mads from cow or low fat
buffalo milks on the mopisture content was nearly same as
the one observed for market panmeer and laboratory made
buffalo milk panser (Table 4,42), The fipal moisture
content was in the usual range of 65-~68%, SCP showing
slightly but significantly lower (P /_ 0.01) valus than
SLEP or CLFP, The slight increase in fat content and
decrease in protein content (on dry matter basis) as
comparsd to the raw paneer was similar top the observation made
in market . paneer, whose fat content was alsp similar
(48-51%, vide Table 4,29), as against a distinctly higher
fat content of the buffalo milk pansar (55-56% vide Table
4.,35) showing no perceivable influence of frying and
cooking on the fat and protein contents, It thus appeared

that when paneer had a fat content of about 50%, irrespective



Table 4,42 Composition of fried and cooked cow milk and
‘ - low fat buffalp milk panpeer

Const ituent Samplea F.ratio co
SCCPF OL FPF SCPF

[“]Uistura, % 67-50 67015 65.19 6.47** 1.53

Fat, % 16,81 15.31 18,20 22,770 .92

Fat in dry 5 *H

matter, % 51«37 46,58 52.206 143, 91 U.30

Protein, % 13 .50 14,34 14,64 11,95%% (.64

Protein in #ik

dry matter, % 41.67 45,18 42,08 63,35 0.73

fed 3

# moisture of 129.78 128.99 129,73

raw panBeer

Avarage of eight replicates
® Refers to the method of manufacture vide Fig, 3.5
* P/ 0,05, #¢ p / 0,01

vad’
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of the type of milk useaq, it tended to take up (i.s,
absorb) fat/oil during deep-fat frying resulting in an
increase in fat in dry matter (FDM), whersas with a
higher fat content i,s8, around 55%, it presumably tended
Lo lose some fat whils absorbing some oil during deep-fat
frying with the net result that there was no perceptible
change in FDM, Bhattacharya et al. (1971) also made
similar obhservations,

Regarding the effect of method of manufacturs,
all three methods resulting in significantly (P /_ 0.01)
different fat content in the frisd and cooked paneer
(Table 4,42), CQ.FP showing the lower value and SCP the
highest, The protein contents of CLFP and SCP were
similar but significantly highar (P /_ 0.01) than that
of SCCP.

4424342 Textural Propertises;

4,2.5.,2.A Rauw Paneers The subjective and rheplogical

propertiss of cow milk paneer (SCOP and SCP) and low fat
buffale milk (CLFP) paneer have been presenteéd in Tablas
4.43 and 4,44, rsespectively, SCLP paneer was found to be
equally elastic, firm and chewy but more crumbly and less
smooih as compared to SCP, Thus due to crumbliness and
coarseness, it was rated significently (P /_ 0,01) less
desirable than boﬁh SCP and CLFP from the overall sensory
texture point of view., Ths significant difference between
latter two pansers may be associated with the difference
in their elasticity, firmness and chewiness, CLFP with its

higher valuess for these parameters being rather lower,



Table 4,43 Sensory textural assessment (max,score, 100)
; 'of cow milk and cow fai buffalo milk paneer
At tribute sample® fF.ratio® coP
SCCP CLFP 3CP
Elasticity 97.75 66431 57.44 T ol 2% 3424
Firmness 58,41 7151 55,54 35,91%% 3,43
Crumbliness 63 .28 45,62 46,96 16,91%* 3,87
Stickingss 22499 18.52 28,65 10,47#% 2,399
ampothness 48,83 49,70 63413 19,92#% 2,91
Chawiness 56,37 68,63 92.91 13,31#% 3,63
Uveralli textural
guality 60,45 67.44 71429 17.19%% 2,24

mverags of eight replicates

b

*

Refers to the method of manufacturz vide Fig., 3.5
Based on arc-sine valuas vide Appendix XI1I

P/ 0.05

#¢ p [/ 0,01

9%l



Table 4.44  Instrumental textural propartiss of cow
milk and low fat buffalo milk panesrT

Attribute Sample® F.ratio  CD
SLCP CLFP SCP

Hardness, mN 25.59 34,12 21.43 19,21#% 4 22

Cohes iveness .67 0.71 0.65 19,23% (1,02

Springinass, mm 7.50 7.56 6.97 7.87%% 0,33

Gumminess, mN 17« U4 24,31 14,12 25.,33#%¢ 2 38

Chewiness, mN.mm 131,27 185.,49 99,58 23 4 G4 R

Average of eight replicates

a

-

Refers tc the m2thod of mapufacture vide Fig. 3.5

# ¢/ 0,05

*» p / 0,01

Lyl
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pethod=wise variations in the sensory textural
attributes were also reflected in the instrumental para-
meter particularly hardness and springiness, CLFP being
significantly harder (P /_0,01) than both SCLP and SCP,
and more springy than SCP (Tabls 4,44), Mlsg, CLFP was
more cohesive (P /_ 0.01) than the other two products,

Gumminess and chewiness showed similar trends as hardness,

4,2,3.2.8 fried and Looked Cow Milk and Low Fat

Buffale Milk Panpeer; The textural differences

among SCCP, CLFP and SCP paneer were considerably reduced
wpon frying and cooking as determined objectively and
sensorily (Tables 4,45 and 4,46),

Method-wise variation (P /_ 0.01) persisted
only in sensory firmness, smoothn@®ss and chewiness, and
in a none of the Instron parameters, The highest overall
senspry texture score for SCP was significantly higher
than that for SCCP but similar to that for CLFP. Thus
the relative rating of the three type of panseser remained
unchanged after frying and cooking, CLFP panser was found
to be more slastic, firm, chewy and less smooth attributing
to low overall textural quality score compared to buffalo

milk (6% fat) paneer (vide Table 4,37).

4,2.4 Comparison between Market Panesr and Laboratary

made Panear

In order to ®lucidate the textural differences,

if any, betwsen market paneer and laboratory panesr, the

market paneer found to be most acceptable with respect to



Table 4,45

sgnsory textursl properties (max.scors,
fried and cooked cow milk and loguw fat buffalo

milk paneer

100) of

httribute Sample? F.ratio?  COP
SCCPF CLFPPF 3CFF

Elasticity 67.64 £8.21 66,7% D33 -

Firmness 43 .73 51.15 44,06 TeTZW* 2.31

Crumbl iness 47,1C 42,20 45,190 2,31 -

amoothness 43 .53 42,25 458,41 6, U7 213

Juiciness 61.50 57.67 60,29 1.82 -

Chewiness 62.70 T1.45 60,62 28, 70w 1.89

Dverall textural

gual ity 62447 65,45 62,82 4, 80%*

KHverage of elight replicates

a . .
Refers to the method of manufacture vide Fig., Z.5

b

* p/ 0,05

Based on arc~sine values vide Appendix XIII
#% p /  0.07

oyl



Tatle 4.,4€ Instrumental textural properties of fried and
i * cooked cow milk as well as lepw fat buffaloe
milkK peneer

mttribute Sample® | Foratio D
SCCPF CLFPF 3 CPF

Hardness, mN 8,66 9,36 8,325 0,35 -

Cohes iveness 0,70 0.60 G465 2,07 -

2pringiness, mm 9.38 0,56 8,75 231 -

Gumminess, mN b.12 5,97 Bb.12 0,04 -

Chewiness, mN.mm 54,30 Sb.L2Z 63 .84 0.12 -

Average of eight replicates

Refers to the method of manufacture vide Fig, 3.5

0slt
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overall textural guality (considering both raw and fried
and cooked paneer)was selectad for comparison. The
composition and subjesctive as well as objective textural
propertiss of buffale milk paneer and cow milk and low
fat buffalo milk paneer were compared in two separate
groups,

It can be seen from Table 4,31 that market
paneer MP-2 was rated to be desirably firm, elastic and
chewy, and moderately crumbly in addition to being fairly
smooth., Thus its overall textural guality was rated best
among all the market samples. Similarly even when fried
and cooked this paneer was found te be the most acceptable
(Table 4,37) and hencs, it (MP-2 and MPFf~2) was considered
appropriate market product required for relative assess-

ment of laboratory made paneer,

4,2,4,1 Buffalo Milk Paneer ys Market Paneer:

baZebolal Composition: Ths average moisture, fat and

protéin contents (on dry basis) of raw as well as fried
and cooked panpeer MP-2, SBP, BBP and RBP have been
presented in Table 4,47, Fat contents (FOM) of laboratory
paneer was significantly (P /_ 0.01) higher than that of
market panaer, while the protein content (on dry basis)
significantly (P /_ 0.01) lower in $8P, BBP and RBP as
compared to MP=2., This could obviously be attributed te

quality of milk used in relation to its fat and SNF

contents,



. Table 4.47 Cffects of Frying and cooking on moisture, fat and protein
' {on dry basis; of maIket as well e&s buffalo milk paneer

Const ituent M P2

Mmethods
F.ratip

Frying
F.ratio

(C0)

Mpisture, % 50,97 68,06

Fat in dry 50,97 51.46
matter, %

Protein in dry 41,07 40,67
mattﬂr, %

95, 9g#*#

207.81%% 16,
(0.32)

1685 ,07%*

(0.96)

4,55%
(0.42)

6 B% %

Average of six replicates (selected randomly from total 8 for 98P, BBP and RBP vide Tables 4,35

and 44,36

* p/ 0,05, #* P/ 0,01

25l
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It is further_rauaaied that frying and cooking
processes significantly (P L_ 0.01) increassd the moisture
content, but slightly, though, significantly decreased
fat (P /_ 0.,05) and protein (P /_0.01) contents. It has
been discussed earlier (vide 4,.,2,3.1.B) that such changes
followed definite but different trends in paneer contai-

ning about 50% fat and that having a higher fat content.

Ao2¢001e2 Texture of Market Paneer Ys Buffalo Milk

Paneer; The results on senseory teéxtural
properties (Table 4.48) of market paneer as compared to
buffaleo milk paneer (58P, BBP and RBP) revealed that
market paneer was significantly (P /_ 0.01) harder, mporxe
sticky and less smooth. Howewer, elasticity, crumbliness,
juiciness and pverall textural quality of these products
did not differ significantly. Further, it was noticed
that frying and cooking significantly (P /_ 0.07)
enhanced the elasticity and chewinsss of paneer, but
decreased the firmness and smoothness, Ffurther, it is
important to note that with respect to the overall sensory
textural quality, neither the difference between market
panser and buffalo milk paneer was significant nor the
effect of frying and cooking (Table 4,48). Thus slight
differences noted in the raw panesr texture disappsared
upon frying and cooking.

# comparison of objective textural attributes
(Table 4,49) revealed that hardness, gumminess and chewi~

ness of market and laboratory made paneer were similar.



Table 4,48 Comparisun.uf sehsory textural properties (max.score, 100) between
rzw and fried and coeked, market as well as buffalo milk paneser

Attribute MP2 58P BBF REP Methods _Frying
R FC R FC K Fe R FC " F.ratipl F,ratic
(CD) (LD)
Elasticity 60,28 67.75 62,36 67,36 60,54 70,56 63.33 71,59 1.36 39,1388
(=) (1.55)
Firmness 68,41 52,30 63,09 43,63 53,97 43,08 61482 44,62 14 ,54#%% 152 Go#k
(2,C7) (1.46)
Crumbl iness 40,39 45,62 39,58 44,61 42,9 40,29 36,91 41,67 0,86 3.18
(=) (-)
StiCkinaSS 22.71 - 1?-78 - 16.54 - 15.98 - 4.69“ -
{2.89)
Smoothnass 51.10 50.59 61,25 50,45 63,51 46,30 62.98 47,16 2.65% 65,5 gW#®
(2.21) (1.57)
Chewiness 62,70 57.22 291.64 56,58 48,73 63,41 53.02 61,47 2,065 12,15#*%
Juiciness - 69.31 - 67,51 - 68,58 - 69,96 - 207
(=) (=)
Uverall tex- 06,23 T4, 70 T1.81 T1e 71 T3 .25 T0.65 T4, 21 6S8,46C 0,37 0,05
tural guality () ()

hverage of six replicates (selected randeomly from totzl 8 for SBPF, B5P and RBP vide Tables 4,37
and 4.39)

b Based on arc-sine valués vide appendix XIV

» PL_D.DS, *H pLDoD1 -



Teble 4,49 Comparison of Instron textural properties of rew and fried
: and coovked paneer from market and buffalo milk
Attribute MP: 2 58P BB P RBP Methods Frying
R FLC R FC R FC R tC F.ratie F,ratio
| (co) (69)
Hardness, mh 31.27 10419 27.40 7.07 24 .69 6.B4 33.39 6.48 G. % 81,3 7%+
(—) (4,85)
COhBSiUGnESS 006? D.72 0.66 D.71 DUGB 0070 8064 0068 3.8?* 41.62**
. (0.03) (0,02)
5pringiness, mm 8,71 9, 92 719 9,58 6,77 g,.88 6,96 S,CB 2.96% 46,32%%
(0.93) (0.66)
Gumm iness, mN 20,63 Te27 18,33 5.01 16.32 4,80 20.78 4,42 0.99 89,2 G%#*
(=) (2.93)
Chewiness, mN.mm 181.43 74,08 135,768 48,70 112.8%9 47,23 148.94 40,81 2437 48,2 o#*
(=) (26.91)

Average of six replicates (selected randomly from totsl 8 for SBP, BBP and RBP vide

Tables 4,38 and 4.40)
* P/ 0.0s,

w P/ 0,

01

561
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Cohesiveness and springiness huuéuer, were pobsarved to

be more in market paneer, Cohesiveness and sprimginess

of paneer have bean reported by Kulshreshtha st al., (1987)
to be related to pressing conditions during paneer making.
Thus, such differences between market and laboratory

made paneer could be attributed to different pressing -
conditions.

Frying and cooking significantly reduced the
hardness, gumminess and chewiness and incr2ased the
cohesiveness and springiness of the product., This could
be attributed to structural changes in paneer upon frying .
and cooking. Kalab et al, (1988) observed that raw paneer
had a granular structure consisting of protein particles
having a core-and-lining ultrastructure which was compacted
upon deep frying and partially restored upon cooking in

saline water,

4.2.4,.2 Market Paneer vs Cow Milk and Low fFat

Buffalo Milk Papnser:

G,248,201 Compos itipns The data presented in Table 4,50

indicate that the moisture content of SLCUP, CLFP and SCP
paneer was similar to that of MP-2, although the mpoisture
content of CP1 and LFP was significantly higher (P /_ 0,01)
than that of CP3. The fat content (on dry basis) of SCCP
and CLFP was significantly (P /_ 0.01) lower to that of
market paneer, whereas of SCP had a similar fat content,

The fat content-pn=-dry matter of all paneer samplés uas



Table 4.50 tffects of frying and cooking on msjor compositional attributes

of market as well as cow and lpw fat buffalo milk paneer

Constituent MP2 2CCP CLFP SCP Methods Frying
R FC R FC R Fe R FC f.ratio F.ratio
(£0) (C0)
Moisture, % 50.97 68,06 52.07 68,27 52.86 67,37 50,54 65,52 3.42%  016,008%%
(1.48) (1.04)
Fat in dry
mstter, % 50,97 51.46 49,60 51,85 44,19 46,67 49,59 52,24  137.47#% 82, 75%
(0.67) (0.47)
Protein in 41,67 40,67 42.4 41,71 45,71 45,07 42,54 42,06 135,92#%% 11,1 6%%
(0.48)  (0.34)

dry matter, i

Average of six replicates {selected randomiy from total 8 for SCCF,

Tables 4.41 and 4,42)

* P -/:_- D.GE’

#e P/ 0,09

CLFP and SCP vide

LS
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on boarder~line of legal raquirement; whe reas that of
CLFP was lower, The protein copntent of laboratory paneer
was significantly higher in comparison to market paneer,
This indicated that the market paneer was made from milk
containing much lower fat/SNF than laboratory made
samples,

During sensory 8valuation of fried and cooked
panesT it was noticed that when the paneer samples were
pressed to determins crumbl iness/firmness, theres uas
sudden expulsion of free moisture from inside the papeer
cube, This indicated that during cooking paneer cubes
had a tendency to imbib® free water which came out on
mastication., Thus there was a significant (P / 0,01)
increase in moisture content of paneer upon frying and
cooking. A phenomena of significant absorption of fat
during frying (and cooking) by only those paneer samples
that contained lower than 50% fat on dry matter was
observed, This could perhaps be attributed to the principle
of equilibrium which was reached esarlier in high fat panser
but took mors time in low fat one, hence higher abscorption
of fat in latter., The protein content reduced by approxi-
mately 1% during frying and cooking apparently as a result

of changes during processing.

G4 ,2.84242 Texture of Market Paneer vs Cow Milk and

Low fat Buffalo filk Paneer: It can visualized

from Table 4,51 that SCCP paneer was significantly less

elastic (P L_ 0.05), less firm, less smooth and more



Table 4.51 Comparison of sensory textural properties (max.scora, 100) between raw
* and fried and topoked market, cow milk and low fat buffalp milk paneer
attribute MP2 SCLP CLFP 3LCP Methods Frying
1) FC o FC R FC R FC F.ratiob "F,ratiob
(03) (CO)
Elasticity 60,28 67.79 57.0C3 66, 8C 66,16 68,05 56,57 b6. 66 2,95 25 ,0ow¥
(2.41) (1.71)
Firmness 68,41 52,30 57.22 43,08 72.58 51.74 56,04 44,71 24, 10*% 41 37w
Crumbliness 40,39 45,62 65,56 47,71 44,13 42,55 46,84 45,38 13,0 1n# 4 , Baw%
(2.86) (2.02)
Stickiness 22.71 - 22.92 - 18,28 - 28,45 - 4, 87#% -
(3.60) (=)
Smoot hness 51.10 50,55 48,16 43,30 50,00 43.36 61.27 49,25 10, G8%% 20, 73%%
(2.15) (1.52)
Chewiness 62,70 07,22 55,94 62.44 66,606 71,50 53,72 60,10 15,06#%* 2,36
(2.58) (-)
Juiciness - 69,31 - 62,08 - 56,41 - 60, 86 - 4 21 %*
(=) (3.00)
Overall text- 66.23 74,70 59,32 62,29 66,80 65,28 70,73 69,410 16, 87%+ 4, Go*
ural guality ' (1.35) (1.,03)

Average of six replicates (selected randomly from total 8 for SCCP,

CLFP and SCF vige

Tables 4,43 and 4.45)

b

*» p/ 0,08,

Based on arc-sine values vide Appendix Xy

#¢ p / 0,0
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crumbly (P /_ 0.01) than other samples. Its overall
textural quality was also significantly (P /_ 0,01) less
desirable compared teo that of market paneer, SCP paneer
was however similar to market peaneer in this regard.
Concomitant objective textural evaluation (Table 4,52)
revealed that SCCP was significantly less hard (P /_ 0,05),
gummy and chewy (P /_ 0.01) than market paneer, SCP
having similsar hardness as SCCP was rated better for its
overall sepsory textural guality presumably due to its

low springiness (Table 4,52) and/or high smoothness

score (Table 4.51). However, SCP was also less elastic

(¢ /_0.05), less firm (f /_ 0.01), more crumbly

(P /_ 0,01) and less chewy than market paneer (Table 4,51).

Low fat buffaleo milk paneer (CLFP) was more
elastic (P /_ 0.05), almest similar in firmness and
crumbl iness and more chewy (P /_ 0,01) and less smooth
(P /_0.,01) as compared to market paneer, was significantly
(p /_0,01) less desirable than market paneer but more
so than SCP (Table 4,51).,

Further it can be observed that frying and
cooking had similar effect on the sensory and instrumental
textural characteristics of cow milk and low fat buffalo
milk paneer as observed in the case of buffalec milk paneer
(Tables 4,48 and 4.4%). The acceptability of fried and
cooked paneer improved slightly but significantly (P /_0.05)
perhaps du@ to the structural changes effected by frying
and cooking as alsop observed in the case of buffaleo milk

paneer,



Table 4,52 Comparison of instrumental textural properties of raw and fried and
* cooked paneer from market and cow as well as low fat buffalo milk

Attribute Me2 SCP Methods Frying
R FC R FcC F.ratioc F.,ratie
(CD} (cp}
Hardnass, mN 31.27 16.15 12,66 9,16 4, (3% 112.46%%
(4.63) (3.28)
=) (=)
Springiness, mm 8,71 9,52 6.56 8,08 2.42 27, 87%%
(-) (0,75)
Gumminess, mN 20.63 727 12 .97 5,83 S.,27%% 132 ,63%%
(2.92) (2.06)
Chewiness, mN.mm 181.43 74.08 90.64 52.67 6,61 66, GGH*
(28.57) (20.20)

hverage of six replicates (selscted ranrdomiy from total 8 for SCLP,

Tapnles 4,44 anoc 4,46)
* p L D. 05,

# p / 0,01

CLFP amnd SCP vide

L9l
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4.2.0 Relationships between instrumantal and Sensory

Textural Attributes and Chemical Constituents

of Faneer

Relationships between sensory textural
attributes apd instrumental measurements, and between
these attributes and the chemical constituenis of the
product can be of great practical utility as stated
earlier (vide 4.1.6). Ths texture of raw paneer has
been shown to be influenced by the fat content of milk,
process ing parameters of milk, and conditions of coagu-
lation and pressing (Bhattacharya et al., 1971; Arora
ang Gupta, 1980; Chawla, 15815 Sachdeva et al., 1985;
Kulshreshta st al., 1987; Sachdeva and 5ingh, 1988),

The role of frying and cooking on the texture of paneer

has also been found to be equally impertant (Arora and
Gupta, 1980; Chawla 8t al., 1985; Sachdeva and Singh,

1988 and Kalab et al,, 1988). However, no systematic
attempts have been made so far to establish the relation-
ships of all these parameters with the texture of paneer.
Therefore, the pooled observations on rheological
(instrumental measurements) and senseory textural properties,
and compositional data of raw paneer and fried and cpoked
panéer were separately subjected to correlation and regre-

ssion analyses to derive possible relationships among them.

4,2.,5,1 Relationships betwden Instrumental and Sensory

Textural Properties of Panser: The coefficients

of linear correlations between the Instron measurements
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and sensory attributes of raw, and fried and cooked
paneer have been presented in Table 4,53 and 4.54,
respect ively,

The Instron hardness of raw panser showed signi-
ficant correlation (P /_ 0.01) with sensory elasticity,
firmnsss, stickiness and chewiness and to & lesser but
significant extent (P /_ 0,05) with crumbliness (Table
4,58). However, hardness did not show any relatlionship
with smoothness and overall sensory textural guality.

Thus, as the instrumental hardness of paneer increased,

its sensorily perceived firmness, elasticity and cheuwinsass
alspo increased, while crumblinsess and stickiness decreased,
although such variations were not reflected in the overall
textural quality of the product,

It can be seen from the Table 4,53 that the
Instren hardness of fried and cooked paneer was also
significantly correlated with all the sensory textural
properties except crumbliness. Greater the hardness,
greater was the firmness (P /_ 0,01} and chewiness (P / 0.05)
énd lower the elasticity, smoothness and juiciness (P /_ 0,01}.
Moreover, the instrumental bardness showed significant
(P /_ 0.05) negative correlation with the overall texture
score, thereby indicating that hardness was a bettier
paramgter for fried and cooked paneer than for raw panesr,

Cohes iveness of raw paneer shpwed significant
correlation (P L_ 0.01) with smoothness, but such a rela-
tionship was not evident in fried and cooked paneer,

HowBveT, cohesiveness of fried and cooked paneéer showed



Table 4,53 Coefficients of correlation” (simple) between sensory and
instrumental textural properties of paneer

mttribute Hardness Coheslveéness Springiness Gumminess C[hsuwiness
(H) (Co) (sp) (Gu) (Ch)

Elasticity 0,30 0,02 0,03 C,54n# 0,3 1%*
(SE)
(5F)

Crumbl iness =0, 23" 0,08 -0,03 ~0,22% -{.19
(5CR)

Stickiness =0,H5%# Catl =0.067 =05 gw# w(,H2#%
{35T)

amoothnass -0,02 =0,31#w ~(, 2 Gt -0.08 ~Le12
(SSN)

Chewiness 0,45n# 0.089 Oo23% D,56%® 0,550#%
(3CH)

Overall textural g .o -0.04 ~0.36#% -0.09 -0.14

quality (S0TQ)

Based on ¢4 observations
#* P L_ g, 65,

# P/ 0.0

791



Table 4.54 Coafficiénts of correlation® (simple) between instrumental
and sensory textural properties of fried and cooked paneer
Attribute Hardness C(oheslivensess OSpringiness Gumminess C(hewiness
(H) . (Co) (sp) (Gu) {Ch)
Elasthlty -Doa O -0026* D.C1 -0.42** -0036**
(SE)
Firmness C.067%n O,21% G, G4 B, 6 19 0,54#%
(SF)
Crumbl iness 0,03 0,04 G,35 0,931 0.04
(SCR)
Smgothness 0,3 2#% -0,09 -0,19 ~0,32## =0,31%#
{55M)
Juiginess ~{,4 gnsk 0,01 =0, 31 =0 44 nH —0 3 T
(52u)
Chewiness 0,20 ~0.13 D.08 0.15 0.15
(ScH)
OQverall textu-
ral quallty —0026* “0011 “0.10 -002?* -0026*
(507Q)
Based an 24 observations
* P/ 0,35, * P/ 0O

591
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significant relationship (P /_ 0.05) with the product’s
sensory elasticity and firmness, Thus while more cghesi-
veness in raw paneer meant less smoothness, for fried

and cooked panser higher cohesiveness was indicative of
lowsr elasticity and more firmness, However, the lavel
of relationships observed was considerably low.

Springiness of fried and cooked paneer did not
show any significant relationship with its sensory
attributes, however, that for raw panéer more significant
correlation with firmness (P / 0,01), smoothness
(P /_0.01), chewiness (P /_0.,05) and overall textural
quality (f /_ 0,01). Thus overall textural guality of
raw paneer could bs appreciably decided by its springi-
ness, #s the sponginese (i.e. springiness) increased in
raw panser, it became more firm and chewy but less smooth
and desirable from the point of view of its pverall
texturs.

Since gumminess and ch2winess are calculated froem
hardnéss these parameters sxhibited almpst similar rela-
tionships with the sensory attributes of raw as well as
fried and copked paneers as that shown by Instren hardness,
However, instrumental chewineéss of fried and cooked panesr
did not show any significant correlation with the sensory
chewiness of the product. This could be attributed to the
fact that the chewineses of fried and cooked panesr psrceived
through mastication, was obviously differsnt from the
chewiness dstermined by Instren, the latbter being 2 product
of hardness (uwhich was very low in this panser) cohesiveness

and springiness,
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Thus, significant correlations were observed
betwueen sensory firmness and Instron hardness, gummingss
and chewiness, hardness being most important in this
regard (Table 4,53 and 4.54)., The predictability of
sensory firmpess of rau paneer could be enhanced if
instron hardness, was coupled with springiness and
cohesiveness employing @ logarithmic scale as is evident
from the following regréssion equation which explained

52% variation in the sensory firmness:

In GF = 3442 +.0.,25 In Hw 0,40 1n Co + 0,01
1 $P (R® = 0.52)

4,2.5.2 Relationship between Instron Texture Measurements

and Chemical Constituents of Paneer: Significant

correlations (P /_ 0,01) were cobserved between instrumental
hardness, gumminess and chewiness apc moisture, fat, protein
and calcium conteénts of raw paneer (Table 4,56). All
correlations were positive except thess with moisture.

Thus as the fat, protein, calcium and total solids content
of paneer increased so also the hardness, gumminess and
chewiness. Harder papeer naturally had higher calcium
content, and lower pH caused the product toc be more sprinay.
Cohesiveness exhibited significant (P /_ 0.01) correlatiopn
with moisture, fat, fat and protsin on dry matter basis,
Springinéss on the other hand, showsd significant correla-
tion only with calcium and pH, the relationship with the

latter being negative,



Table 4,55 Coefficients of correlation® {(simple) between instrumental
textura measurements and compositional characteristic of

Cohesiveness Springiness Gumminess

Chewiness
(Ch)

panesr
Attribute Hardness
(H)
{Mo)
Fat, % 0,4 8n%
(F)
Fat in dry
matter, % 0,19
(FOf)
Protein, % 0. 40w#
(PR)
Protein in dry
matter, /A -0.15
(PRON)
Cel cium, % 0.45w#
(Ca)
pH -0.18

=0,52##*

~0,52#%%

0,38#&%

0.3d8

Ue 427

Uad 7o

-U.,20%*

SGased on B84 observations

* p/ 0,05, ®& p o/

801l
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It can be seen from the interrslationship
amongst the different chemical constituents (Table 4,56)
that fat and protein contents were significantly (P /_ 0,01)
correlated with the moisture content of raw paneer. The
moisture content, showing a higher correlation coefficient
with hardness as compared te fat and protein (Table 4,586),
was considered to be the most important compositional
attribute, The multiple-log-linear regression equation
given below clearly indicates that the moisture content
together with calcium and pH could substaptially (59%)

predict the hardness of the product:
In H = 28,47-2,99 1n Mp + 1.08 1n Ca - 7,32 1n pH (R? = 0,59)

hs can be visvalized from Table 4,57, significant
correlation was found between moisture, fat apd protein
content and Instron hardness, gumminess and chewiness.
Springiness showed significant correlation (P /_ 0.05)
only with moisture, whereas cohesiveness did not corralate
significantly with any of the constituents, Hence as the
solids content increased the fried and cooked paneer tended
to be harder, springier and more chewy., The sams was true
for fat and protein contents in relation to hardness,
chewiness and gumminess. Apparently, hardness was the
most important attribute which was affected by chemical
compos ition of both raw and fried and cooked paneer, Its
correlations with different compositional constituents wvas
smaller and not high enough to permit regression apalysis.

The moisture content alone seemed to exhibit significant



Table 4,556 .Cosfficients of correlation® (simple) among

compositional parameters of raw paneer

stitribute Mo F Fali PR PROM Ca pH
Moisture, % -
(Mo)
Fat, -0, 39 -
()
Fat in dry
mattsr, % -8050** 0034 -
(Fom)
Protein, % -0, 574# 0. 26 =0, 29%# -
(PR)
Protein 1in dry
matter, % 043 0w -0,09##% =, Jon#* O,5q#* -
( PROM)
CB]. l:il.lm, % '—{]- 13 "Uo 04 "'0026* D. 24* 0.21* -
(Ca)
=]

Baesed on B4 obiservations
# p/ 0,05,

*e P/ 0,01

0Lt



e o . & : .
Teble 4.57 Cosfficients of correlation  (simple) bstween instrumental
texture measurements and compositional cheracteristiics of

fried and cooked paneer

Attripute Hardness Cohesiveness Springiness Gummipness Chewiness
(H) (Co) (Se) (Gu) (Ch)
NOiStUrB, % -0051** 0012 “0.21* -0.49**‘ —0.51**
(&)
Fat, % U, 20% ~0.12 0.C9 0,26% De277%
(F)
Fat in dry
matter, 7% =043 0ns -0,33 =0,14 -0,28%%  =0,20%%
(FOr)
Protein, % C.47%% ~0,12 .16 0,440 O.44%#
(PR)
Protein in dry
matter, 7% 0,20 -0,37 O. 24 0,22%+ 0,28
(PRDM)

Based on B4 observations
* P/ 0,05, *4 p/ 0,0

Let
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(P /_ 0.01) correlation with in fat and protein and,
therefore could be considered as the most important consti-
tuent in fried and cooked panser as far as instrumental

texture was concerned (Table 4,58).

4.3.5,3 Relationships hetwesn Sensory Texture and

Chemical Constituents of Paneer: As revealed

from Table 4,59, mpisture content of raw paneer showed
significant correlation with all the sensery textural
properties, implying that higher the moisture content

lower would be the slasticity, firmness, smpothness and
chewiness (P /_ 0.01) and higher would be the crumbliness
(P /_ 0.05) and stickiness (P /_ 0,01). The moisture
content showed an ipverse relation with the overall
textural quality (P /_0.G1). The fat content also
exhibited significant correlation with almost all sensory
textural properties except firmpess and chewiness, the
relationship with the overall textural guality being
direct. Thus, besides the moisture content, the fat
content also had a definite effect on the textural accep-
tability of raw paneer. Chawla gt al. (1985) cbserved a

s imilar effect of fat content of paneer on its body and
texture quality. #An increase in protein content in raw
paneer seemed to significantly increase the elasticity,
firmness and chewiness (P / 0.01), and decrease stickiness
(P /_ 0,05) (Table 4,59). The calcium content of raw paneer
positively correlated with its elasticity (P /_ 0.05),

firmness and chewiness (P /_ 0,01) and negatively correlates



Teble 4,58 Cosfficients of correlation® (simple) among

compositional parameters of fried and cooked

paneer
nttribute Mo F F oM FH PR DM
Moisturs, #% -
(Mo)
Fat, % —(.78n# -
(F)
Fat in dry
matter, % 0.15 O,o0n# -
(FDOM)
Protein, % =0, 7o## 0.26* -0, 7H# -
(FR)
Protein in dry
{PROM)
a

Based on B4 observations
» p/ 0,05

» p /0,0

gLl



Table 4,59 Coefficients aof correlationa (simple) between sensory
textural attributes and compopsitional parameters

of paneer

6660

Attribute 13 SF S5CR 357 S5M 3CH 90T g
Mo -0,35%* =0.,41%* (,22% De4 &% 0, 57#% =0,28%% =[p,26%
F C,22% Ue19 =0,31%#% =(,40%% D3 0#* 0.0 0, 35##
Fam ~J. N -0,15 =0,32%* =(0,28#¢ 0, 50#* =0, 34%% (,3 08k
PR 0, 35%# O,01#* (,07 =0.22* 0,00 D.08#% (0,00
PROM U, 36 0.20 U 33%»  (J,25% «{,43 ## O d1%% —(,30%*
Ca 0,27# 0,39*% (0,16 -0, 3860% .0,16 Cl.31#% ~0,14
pH -0.13 ~0,55w*x ~0,03 0,08 O,32#%  =0,16 0,23

a

Based on B4 observations

*# p/ 0,05, w P/ 0.0

pLL
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with stickiness (P /_0.01) but its correlation with
other properties and the overall sensory textural quality
was non~-significant. The pH of raw paneer directly

af fected its smopothness (P / 0,01) and overall textural
quality (P /_ 0.05), but was inversely related te its
firmness (P /_ 0,01). Because of the interrelatienship
amongst fat, protein and moisture (Table 4,56), and the
last being related to all the sensory textural properties,
moisture alone could be considered as the single most
important constituent, Thus the lcg-~linear regression
analysis brought out the following prediction equatieon
explaining 50% variation in sensory firmness of raw

panear:; (R2 = 0,50)
In SF = 3,32 « 1n Mo

The fat content of fried and cooked panesr did
not seem to be correlatsd (Table 4.60) with any of the
sensory textural properties, This was not so with raw
panaer, Apparently level of fat content was not important
ip fried and cooked paneer, Moisture content of paneer
(fried and cooked) was obvipusly very important as it
significantly correlated with elasticity, firmnessg,
juiciness and aoverall textural quality, although protein
content correlated with all the sensory textural attributes
exceapt crumbliness. Thus moisture and protein content were
a very important in fried and cooked panesr as far as their
taxtural attributes were concerned, The significant

(P /_0.01) correlation betuesn protein and juiciness



Table 4,60 Coefficients of correlation® (simple )} betueen
senspry textural attributes and compositional
parameters of frigd and cooked paneer

Attributse St SF SCR Sal 570 aCH S07TqQ
Mo 0,23% =(0,33#% (0,17 0,18 Deg1#% ~0,20 Ca27%
F -0.,38 G,02 0.07 0,09 ~0.12 ~0.,02 -0.04

£ D 0.18 -0,33#*+ ~(3,09 0,39%% [,38#¢ =0, 30#* (,31
FR -0.20% 0., 35%% 0.12 ~0.20%n 0,54 0,29%% =0,34#4%
PROM ~U.18 0,25 0,05 “D., 50wk ~0, 46#% 0,27# ~0,20%%
a

Based on 84 cbservations
* p / 0,05, ** p / 0,01

9L1
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implied that the textural changés upon frying and subsa-
gquent cooking were related to unexplored qualitative
changes in the protain which resulted in its ipcreased
juiciness,

In general, moisturs and protein contents uere
related to sensory textural properties in opposite
manners and the degree of thelr corralation was signifi-
cant but rather low, hence nop regression analysis uas

attampted.

4,2,5.4 Relationships among instron Parameters aof

Paneers; As shoun in Table 4.6, the highly sigpi=-
ficant (P /_ 0.01) correlations betwsen hardness and
cohesiveness, and hardness and springiness of raw paneger
indicate that the structural properties of the product
determining the hardness had considerable influence on the
cohasliveness and springiness, These corrélations alsg
imply that the factors affecting the hardness of raw
paneer also influenced the cohesiveness (inversaly) and
springiness (directly). However, correlation coefficients
wera not high enough to permit adeguate predictions. As
mentioned earlisr (vide 4.1.6.4), gumminess and chewiness
being derived properties, their correlations with hardness,
cohesiveness and springiness were conly expsected,

ks shown in Table 4.5z, the correlation betuesn
hardneéss and cohssivesness observed for raw paneer disapp-
gared upon frying and cooking, but springiness showed

significant correlation with (P /_ 0.01) with hardness,
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Table 4.61 Coefficients of correlation® (simple)
among rheological properties of paneer

Attribute. H Co Sp Gu Ch

Hardness -

Cohesivenass =0,43#* -

Springiness 0,39 ~0,05 -

Gumminess O.37#% =0, J3%% (,5Onw -
Chewiness 0,95#% =P, 52¢% (,50#» O, 078# -
a

Based on 84 observations
# p/ 0,05, #¢ p / 0,01

Table 4,62 Coefficients of cnrrelatinna {simple)
among rheological properties of fried
and cooked panesar

Attribute H Co Sp Gu Ch
Hardness -

Cohes iveness 0.33 -

Springiness O, 20 =0,13 -

Gumminess 0, Go##* 0,23#% 0,27# -

Chewiness 0, 2## G, 20# C.52%% De94%% -

Based on 84 ohservations

* P/ 0,05, #c p/ 0,0

—
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This may be attributed to the 'skin' forming (or case-
hardening) effect of frying which generally tended to
result in higher value for Instron cohesiveness (vide
Tables 4,49 and 4,51) irrespective of hardnéss. While
cohesiveness and springinsss wsere not correlated with
each other, gumminess apd chewiness of fried and cooked
paneer weré significantly correlated with its hardness,
cohesivengss and springiness as was the case with raw
panear, Howsver, the guantum of relationship was not
adequate enough to enable prediction of one property

from cthers,

4,2,5.,5 Interrelationships among Sensory Textural

Properties of Paneer: It can be visualized from

Table 4,63 that sensory elasticity was significantly
correlated with all pther sensory properties except smooth
ness and ovarall textural quality. Sensory firmness was
also highly correlated with stickiness and chewinsss,

The pverall sensory textural quality of raw paneer was
inversely correlated (P /_0,01) with crumbliness and
chewiness but dirasctly with smoothness, indicating theresby
that smoothness was the most important sensory attribute.
The higher correlation coefficient (r = 0.73) was observed
between chewiness and firmness, two of the most impertant
attributes of panseer texture, the relationship heing

expressed as & linear regression eguation stated below:

3CH = 11.65 + 0.72 &F (R® = 0.54)



Table 4,063 (oefficients of correlation® (simple) among sensory
textural characteristics of rau paneser
Attributs St af SCR S5T S35 SCH 50TQ
£lasticity -
(SE)
Firmness De5w* -
(SF)
Crumbtl iness =0, 24#* -0,18 -
(SCR) '
Stickiness -0, 2 Qi =J,03% D.23% -
(S5aT)
Smpothness D.,17 =0,288% —[,24% .11 -
(535M)
Chewlness 0, 28#* De73w%x  =0,08 =04 & (0,4 Onn -
(8CH)
overall textu-
ral C]Liallty 0012 "’D.‘lﬁ -0058** ‘-D.D? 0.54** ""0029*% o
(307TQ)
Based on B84 observations
» p/ 0,08, *% p /0,0

ogl
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Howeaver, ipdividual contribution of each sensory
textural property to its overall textural quality seemsd
to be very small, as the multiple linear regression
equation between opverall sensory texture score of raw
paneer and all the sensory textural attributes could

@éxplain only 48% variation.

SOTQ = 63.72 -~ 0,04 SE - 0,01 SE - 0.19 3CR - 0,175 ST +

0.47 S9M ~ 0,13 SCH  veevesss{RZ = 0.48)

This indicated that besides smoothness (43%), crumbliness,
stickiness and chewiness uere important textural aspect
of raw paneer affecting its gverall textural quality.

The extent of interrelationship among the subjec-
tive tsxtural aspects of fried and cooked panesr could be
seen from Table 4,04, &lasticity was significantly
correlated (P / 0.01) with all attributes except crumbli-
ness and chewiness, juiciness shguwing the highest ceefri-
cisnt of correlation. Sensory firmness showed significant,
but inverse, correlation with smoothness and juiciness and
was directly correlated with chewiness, Among important
correlations was that betwsen smoothness and juiciness,
With regard to pverall sensory textural guality, juicin®ss
appeared to be the most important determinant, followed
by smogothness, crumbliness and elasticity, all showing
significant (P /_ 0,01) correlations although these wsre
not high enough to permit effective prediction. Neverthelsss,
a multiple regression analysis between overall textural

gquality and diffarent sensory attributes yiseld the following



Table 4,04 Coefficiahts of correlationa (simple) among sensory
_;axtunal characleristics of fried and cooked panesr
Attribute SE SF SCR 38M SJu SCH agTn
Elasticity -
(sg)
Firmness =0 54n% -
(SF)
Crumbl iness -0.16 . 06 -
(ECR)
Smeothnéess Dej2%* —=0,26% 0,d4 -
(55M)
Juiciness 0,53%#  —(,36## ~0.16 D,43#+2 -
(33U)
Chewiness 0.07 D3 7% =0,32%% {56 (], 200 -
(SCH)
pDverall textu-~
ral gualilty D, 34%% =0 02 =05 it (5 1#* O,b5%* _0,06 -

(50T W)

a

*» p/ 0,08,

Based on 84 observations

*c p/ 0,0

[4:1}
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linear equation, which could explain §7% variation in

the overall sensory textural guality:

S0TQ = 16,94 + 0,02 SE + 0,22 SF = 0,30 SCR + 0,53 55N
+ 0,44 SJU - 0,0007 SCH (R? = 0.57)

It could thus be seen that smoothness, crumblinpess
and chewiness were observed to be important sensory
criteria in deciding overall texture of raw paneésr, whersas
juiciness, smogthness, crumbliness and elasticity were so

for fried and cooked panear.

4,3 CHHANA=~BRSLD SWEETS

4,3,.1 Rasogolla

4,3,1.1 Composition: The composition of three different

varieties SL, NL and 9SG (Small, normal and spongs, respec-
tively) obtained from the renowned shaps (B and K) has
been given in Table 4.69., The moisture (P /_ 0,07),
protein (P /_0.05) and carbohydrate (# / 0.01) contents
varied significantly betwsen the shops, The mopisture

(p /_0.,01), ash (P /_ 0.05) and carbohydrate (P / 0.01)
contents of varisties SL and NL waere significantly higher
and the fat and protsin contents were significantly

(P /_0.01) lower than the corresponding vslues for SG,
Thus while varieties 3L and NL differed only in sizs and
not in composition, both wers significantly diffsrent from
5G in composition. Variety-wise variations in the compo~-
sition of market Rasogolla wers also observed by Mitra 8t al.

(1967).



Table 4.65 Aversge composition of market Rasogolla

Const ituent

BSL KSL BNL KNL B30 KSG varisty Vendor
f.ratio CD F.ratio o
Mpisture, % 44,00 37.90 43,76  33.25 53,384 50,42 35,03#% 3,21 15,94%% 2 59
Fat, % 4,15 4,19 4,09 4,23 5.70 5.11 11,05## 0,63 0,26 -
Protein, % 5,71 De26 Se70 5,28 7:12 6,28 14 ,00%# 0,54 7 .69% 0.44
Ash, % 0,54 t.,59 0.58 D.68 .60 0.61 4,99+# 0,05 0,52 -
Carbohydrate,% 45,48 51396 45,75 51.56 32,73 37,58 55 ,H8#* 3,09 22.,34%% 2 52

(by diff)

Avarage of five replicates

5Ly, NL, S5G
By, K
» p/ 0.05,

reprasents variety of Rasogeolla
represents the vendor

** p / 0,0

wal
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Thae mean composition of speonge Rasoqolla
(52.12% moisture, 5.41% fat, 6,70% protein and 35,16%
carbohydrate) observed in this study was similar to that
reported by Mitra st al. (1967) (50% moisture, 5.3% fat,
6+4% protein and 37.0% sucrose) except for the protein
content. The average composition of variseties Si and NL
(39.73% moisture, 4.,16% fat, 5.00% protein and 48,69%
carbohydrate) was in the range reported fer the market
product by Sharma and Zariwala (1975) and (8xcept for

moisture) by »en and Rajorhia (1987).

4,3.7e2 Textural Properties: Rasogolla should desirably

have round shape, smooth body and spongy texturs (Soni

et al., 1980), The texture of Rasogolla is monitored by
the same factors affecting its composition. The objective
as wBll as sensory textural preoperties of market Rasopgolla
of the present study have been pressnted in Table 4,566

and 4,67, respectively,

It can be visualized from Table 4,67 that the
variety SG (sponge) had significantly (P /_0.01) louwer
hardness apd gumminess and higher cohesivensess, springiness
and greater expressible syrup as compared top varieties SL
and Ni... However, 5L and NL did nﬁt differ significantly
in their objectively measured physical preperties,

A similar picture sveolved in relation to sensory
percaption of tsxture of Rascgolla (Table 4,58). The
variety 356G was found to be more elastic, more juicy and

more chsuwy, and less firm, less smooth and less sticky in



Table 4,66 Sensory textural properties {max.score, 100)
of market Rasogolla

Attribute B3L KSL BNL KNL BSG KSG variety vendor
F.ratic? C£DP  F.ratioP cD°

Elasticity 47,14 43,38 47,42 44,55 71475 72.G5 63 o T4##* 3.16 0.75 -

Firmness 52,55 54,91 49,38 61,53 41,35 42,09 14, 94#% Jl.16 4,91% 2,58

Crumbliness 55,28 50.31 58,48 50.24 57.60 37.09 1.75 - 12.,10%% 3 65

Stickiness 27435 31.90 27.28 32.47 19,34 18,10 6, 9] #% 4,31 0.85 -

Juicinsass 58.18 61,34 61.20 63 « 31 65,20 60,73 4,3 0% 3.15 24,10 -

amogibhness 50,49 57,93 46, 31 52.22 471637 38,70 11.47%% 3.38 1479 -

Chewineass 46,79 42,39 47,89 45,05 98,34 68.78 37 . 200% 2.78 0,30 -

Dverali textu-

ral quality 68,30 75,02 65,05 T2.34 67.26 69,42 3,00 - 11 .52%% 1,45

Averags of five replicates

b

# p/ 0,05,

#¢ P/ 0,07

Basad on arc-sine values vids Appendix XYl

981



* Table 4.67 Instrumental textural propertiess of market Rasogolla

nttribute BSL K3L BNL KL Bal KSG Jariety Yendor
F.ratio €o F.ratioc D
Hardness, m\ 8,12 T.57 T.384 B.062 4,67 4,97 15.,05%% 1.47 0,00 -
Cohesiveness 0.58 (.59 G.b6 0,54 0. 70 g.54 30, 93## 0.04 .01 -
2pring inass, mm 8,065 8,20 8.90 S, 05 9,30 9,78 e 20%* 0,489 C.15 -
Gumminess, mN 4,65 4,29 4413 4,69 3.25 2.58 6., 4204 0.8e 0.01 -
Chewiness, mN.mm 40,23 35,53 36,46 43.52 31,89 28,54 3,33 - 0,09 -
Juiciness, % gms 29.87 25.08 27,39 21.11 37.59 39,08 48,024% 3,03 6.65% 2.48

(expressible
SyIup)

Average of five replicates
* § / 0,05, #* P/ 0,07

LBl
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comparison to 5L and NL, These variety oriented textural
differences, however, weére not reflected in the overall
texture score, all three varisties differing non-sigpifi-
cantly from one angther in this regard, Shop-uise
variations in the sensory textural quality was highly
significant (P /_ 0,01) indicating thereby the differences
in the commercial manufaciuring practices. fFurther the
significant differences in the preoduct firmness (P /_ D.05)
and crumbliness (P / 0.01) were indicative of the peossible
role of thesa parameters in deciding the nverall textural
guality, & less crumbly and more firm preduct being rated
higher (Table 4.67). Also, no objective parameter (Tabls
4,06) seemed to be able to explain the variation in the
overall sensory texture of Rasogolla obtained from

different shops,

4,3,2 Texture Studies on Sandesh

A preliminary market survey revealed that the
size and shape of Sandesh varied widely. Moreover, it was
not possible to draw a8 cylindrical sample for texture
assessment using Instron, owing to the too soft or teo hard
and crumbly nature of Sandesh. Thus the results of only
the preliminary studies invelving hardness measurement by
means of a cone psneétrometer in addition sensory evaluation
have baen discussed hers, Composition of four varieties
or types of Sandash availabls in Qelhi markat was also
determined,

It can be noted from Table 4,068 that the moisture

content of Sandesh varied greatly among the different



Taple 4,68 Composition of markst azndesh
Type® Constituent, %
T Moisture Fat Protein
Av Range Ky Range Ry Range
Narampak (2) 1?-81 17.29"‘18.32 15040 13.82"'16.98 20.3& 1—&3.39"‘24‘28
Kharapek (1) 10,20 %, 05 15425
Kacehagulla (4) 38,10 31.23-44,96 16,37 | 11 +34=~20, 89 14.55 11 .02=-18,08
17.12 15,07

Khoa-Sandesh (1) 27.15

Figures in parentheses indicate the number of samples analysed

oglt
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varistiss, ranging from 10.204 to 44,964, Tha overall
variation of fat and protein in Sandesh, irrespective of
varisty, ranged from 11.34% to 20,89% and 11,.02% to 24.28%,
respectively, The moisture contents of Narampak and Khara-
pak:were similar to those reported by Sarkar et al. (1975)
for soft grade and hardgrade Sandesh, respectively,
Howsver, fat and protein contents observed in the present
study were somewhat lower as compared to the values
(23.,1% and 21.8% fat, and 26.1% and 20.5% protein, for
soft grads and hard grade Sandesh, respectively) reported
by these workers, which may be attributed to variations
in composition of chhana used, level of sugar addition
etc, In absence of any available information, the compo-
sition of Kacchagulla and Khoa-5andesh could not be
compared, However, the overall composition of Sandesh was
found to be in the range reported by 5e@n and Rajorhia (1987).
Marked variation in the firmness wers phserved
among the varieties of bSandesh as revealed by the results
presented in Table 4,68, It can be seen (from the table)
that the firmness of Kharapak was greatest follpwed by
Narampak, Kacchagulla and Khoa-S5andesh, O0bjectively
determined hardngss (kg/cmz) of the product was in the same
order, the highest value for Kharapak (23.3), being followed
by Narampak (2,83), Observations on othef sensory textural
properties rsvealed that Narampak and Kharapak were less
elastic than the other two varisties, all the Sandesh

samples were highly crumbly, The Narampak and Kharapak



Table 4,65 .Semsoly score (max.100) for textural attributes
of Sandesh

sattribute Type of Sandesh
Narampak Kharapak Kacchagulla Khoa~3andesh

ElastJ.Clty 13.[-! 1400 32.D 2.4.“

Flrmness 97.5 78,0 0.5 43,0

Crumbl iness 75.5 66,0 68,0 63 .0
(74,0=-77.0) (56,0~76,0)

Stickiness 16.5 16.0 37.5 32.0
(16.0""17.0) (32.0"'43.0)

amoobthness 55,5 49,0 34,5 35.0
(51.0-60.0) (20.0-49,0)

Chewiness 47 .0 ag,.ud 57.0 60,0
(&1.0—43,0) (43 .0=-71.0)

Gverall textural 58,5 44,0 59,0 65,4

gquality

Figures in pearentheses indicste the range for sensory attributes

ol
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varisties uere less sticky and more smooth than Kacchagulla
and Khoa=Sandesh, Khoa-%andesh was found to be highly
chewy, followad by Kacchagulla, Narampak and Kharapak,
These textural opbservations can b8 regarded as charac~
teristic of the variety. Yet from the overall textural

guality point of view Khoa-3andesh was rated the best,



SUMMARY
AND
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5. SUMPm RY &l CONCLUS IGN

Texturz is an important fundameéntal sensory
property of all fopods. Its objective measuremenc
belongs to the arsa of rheology. The knowledge of
rheological prpoperties of a food may give important
cluas to iis acceptability. Instrumsntal measurement
of texture is not a novel approach with regard to
western milk products like chzese, butter, yoghurt etc.
However, no systematic attempts have been made to
gvaluate textural properties of Indien indigsnous milk
products. In spite of considerable technological
developments duripg the last three decades, in response
to the emphaesized need for uniform quality production
of indiganous dairy products, little is known about
the desirable senspry propasrties of these products.
With thils background, the presaent study was planned to
svaluate the pbjective and sensory textural properties
of heat-and-acid coagulated Indian milk products such
as chhana, panesr and chhana based swests 1iks Rasogolla
and sandesh available In popular markets, 1In case of
chhans and panesr samples were prepared in the labopratory
using different wmethods reported in the literature,

The textural propertiss of the mosﬁ desirable market
chhana and paneer samplés and labpratory made products
were compared, in order to arrive at possible relation-
ships among the compositional and instrumental (Instron)

znd sensory textural attributes., The results obtained
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during this investigation have been summarizad 1in

this chapter,
S.1 CHHAN A

5.1.1 Based on sensory analysis market chhana was
pbserved to be relatively less firm, less elastic,

less crumbly and les:z chewy. [t bad wmoderate stickiness
and was very smooth. Such chnéna was rated most desi-

rable with respect to the overall textural guality,

Y12 Sensory and lpstrumentel textural attributes,
except sensory elasticity and stickiness, and Instiron
springiness, of market chhana showed significant

varietions among different samples.

Seled In general, cow milk chhane was pbserved to be
appreciably harder as compared tg market chhana, more
coheslive and more springy as revealed by Instron measu-

rements,

Be.led Alsc, average cow milk chhama was rated to Ge
sensorily more elastic, firm, crumbly and chewy, but
less sticky as compared to market chhana (MCS). However,

if{s smocthness and overall textural guality were similar

to market chhana,

S5e7eb Buffalo milk chhana (laboratory made) was alsco
geneérelly much harder, more springy and more chawy as
compared to market or cow milk chhana. However,
coagulation conditions and delayed straining technigue

as suggested by Soni et al, (1580) resulted in a product
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that was texturally most desirable among all laboratory
made buffalec milk chhanas., This product was highly
acceptable and fairly clese to market chhana. Other
process modifications studied were dnly partially or
not at all helpful in obtaining the desirable textural
properties in buffale milk chhana as indicated by

instrumental as well sensory texture eyaluations,

S.1eb The instrumental and sensory textural properties
of mixed milk chhana were geneérally very close Lo Cow
milk chhana, and showed more or leéss similar variatlions

from market chhana zs in the case of cow milk chhana,

DelaT Based on averall sensory textural quality, cou,
buffale and mixed milk chhana obtained by the method of
Soni gt 8l. (1980) was rated the best anJ was even

better than market chhana.

Se1eb Instrumental hardness of chhana shewed signifi=-
canl porrelations with all the sensory textural properties,
Its highly sigpificant negative correlation with overall
textural quality suggested that sofiness was the most
desirable sensory attributes of chhana. Instron hardness
was alsp significantly correlated with other objective

textural properties of chhana,

DelaC Vioisture contéent of chhana appeared to be the
most important compositional factor affecting instrumental
as well as sensory textural properties, [t could explain

most of variation im the instrumental hardness (854},

sensory elasticity (664) and firmnpess (T45)
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5.1.10 Like instrumental hardness, sensory firmness
appgared to be the most important textural attribute,
It could explain 674 and 82% variation in elasticity
and cheuwiness, rBSpeﬁtiuely. Houever, with respect

to the pverall sensory textural quality of the product,
smoothness was most ﬁredictiue (79%4) followed by

chewiness (68%) and firmness (594).

5417117 On the bais of significant correlation ceeffi-
ciente, linear regression coefficients were calculated
for some of the textural attributes. The pgverall
sensory guality of chhana could be predicted on the
basis of chemical perameters or instrumental measurs-

ments by means of the following regression sguationsy

i) S0Ty

~29,.85 + 0,22 f0 - 65.0 Ca + 18.66 ph
R = 0,70

ii) SOTQ = 54,15 = 0,74 H + 3,10 Co + 2.47 Sp

2

R = 0455
where,
S0T§ = Score fopr sensory overall textural quality
of chhana
Mo = % moisture content of chhana
Ca = % calcium content of chhana
pH = pH pf chhana
H = Instron hardness (mN) of chhana
o = Cohesiuenéss of chhana

3p = 4apringiness (mm) of chhana
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5.2 PANE ER

521 mlmpst all the market paneers (obtained from
different suppliers) were moderately elastic, firm,
crumbly, smopth and chewy, and shouwed significant
variations among themselves and also among batches
(replications), houwever their overall texture could bs

regarded as fairly desirable,

56262 Instrumentelly determined hardness, cohesiveness
and chsewinsss of market paneer alsoc exhibited similar

differences as observed in the sensory attributes,

5.243 In general, labpratory made buffalo milk paneer
was harder, more gumny and more chewy but slightly less
cohesive and less springy as compared to average market

panger,

5.2.4 aensorily, buffalg milk paneer was rated alnmpst
equal to market pansér for firmness, 2lasticity and
chewiness, Owing to its lowsr crumbliness, stickimess
and higher smpoothnpess, this paneser was observed top he
better than market panesar from the overall texiural

guality view point.

DeZ45 hddition of calcium chloride to cow milk resulted
in a paneer with poor overall texture., Panesr made from
cow milk without added calcium chloride was observed tg
be as good in its overall textural quality as market
paneer or buffalc milk paneer, except that it was less

hard, chewy and coheafﬁe compared to the latter.
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5.2.6 Low fat panser resembled buffaloc milk paneer
in its rheology, although it was rated to be morse
elastic, firm, chewy and less smooth as compared to

cow. or buffalo milk panear and market papecr,

Se2.7 In general, frying and cookipng of market,
buffalo milk, cow milk or lou fat buffalc milk paneer
resulted in cons iderably decreased instrumental hardness
and chewlness, slightly increased cohesiveness, and

appreciably increased springiness.

5,2.8 Frying and cooking of paneer changed the sensory
textural perception more or less in the same way as
observed instrumentally. Howsver, sensofy chewlnBss
increased while Instron chewiness decreased, it thus
indicating the difference between sensory perception

and Instron measurement of this attribute, Moreover,
overall sensory texture was almost similar fer all
paneer samples, in. spite of the textural differences

observed in raw paneer,

5.2.9 Frying and cooking of papnesr resulted in signi-
ficantly increased moisture content, and slightly but
significantly decreased protein (im OM) content, FOM
tended to increase whep the initial FOM content was

about 50py, but 2 reverse trend was noticed for raw

paneer having about 55% FUM, This was thus suggestive

of & probable equilibrium FOM contént which was presumably
higher than thgz of low fat paneer but lower ithan 55% FDM

paneer,
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5.2.10 Ffrying and cooking of paneer enhanced the
elasticity and chewinsss of paneer, and naturally

decreased the firmness and smopothness,

5.2.11 With respect to the overall textural quality,
tha difference between market or buffslo milk panser
was not significant and there was no effect of frying

and cooking.

5.2.12 In general, a low level of correlation was
observed between sensory and instrumentazl textural
properties, except betueen sensory fimmpess and Instron

hardness, gumminess and chewiness,

5213 Owing to its high correlations with Instren and
sensory textural properties of raw and fried and cooked
paneer, moisture content could bé regarded as the mopsi
important compesitional attribute, followed by calcium

and pH of raw panser,

5.2.14 Instrumental hardmess of raw, and friad and
cooked paneer could be regsrded as the most important

ob iective textural parameter,

542415 3Jensory smoothness, crumblipess, firmness and
chewiness were the determinants of overall texture of
raw paneer, whereas for fried and cooked paneer juiciness,
smocthness, crumbliness and elasticity uere important

factors affscting its overall sensory texture,

5.3 CHHANA BASED SWEETS

5.3,1 Sponge Rasogolla had significantly lower hardness,

+ . . N - - . - d
gumminess, and high&r Springilness and cohesliveness, an
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greater expressible syrup as compared to normal and

small Rasogolla,

Deda2 Sensorily alsc sponge Rasogolla was found to
be mere elastic, more juicy and more chewy and less
firm, less smooth and less sticky compared to normal

and small Rasogolla,

5.3.3 No objective parameter seemed to be able to
explain the variation in the overall sensory texture
of Rasogonlla obtained from different Vendors or among

varieties,

5.3.4 flarkeo yariat ions in the ob jective hardness and
sensory textural properties were noticed among the
different Sandesh varieties, All the Sandesh samples
were characterized by high crumbliness. Khoa-%andesh

was rated to be most desirable.,



APPENDIX - I1

Sensory texture score (arc-sine values) of cow milk chhana

Attribute Sample
5C 30C BRC KSC s0C IC

Elasticity 38,73 52.78 55.85 56,83 56.42 53,07
Firmness 33,50 48,40 50.10 55,65 53 .73 45,18
Crumbl iness 47,25 438,95 47,20 42452 43,36 47,30
Stickiness 42,91 37.42 36417 35,87 37.49 35,67
amoothness 6243 54,52 47.60 S3.12 44,56 48,33
Chewlineass 29,23 44474 4673 45,79 48, 31 49,86
SOT g 62,52 92.07 47,359 49,08 47,52 50,16




Sensory

APPENDIX - III

texture scora (arc-sine values) of buffalo
milk chhana

Attribute aample

DHEC KaBL 1C8C IaC 38C KDBC
Elasticity 49,00 83415 971.46 52429 47,91 45,14
Firmness 61,80 56,16 53.28 56,58 3731 59,52
Crumbliinsess 42,068 44 4477 43 4,68 43,98 39.2% 54,09
Stickipess 29,27 29,17 29,20 31453 20,49 27,26
smpothness 44,85 43 .02 47.45 45,44 59.73 34,16
Chazwiness 54,13 52,60 47,58 48,93 32.75 b4.c4
S07TQ 42,14 44,08 oUe19 49,03 62.04 35,77




APPENDIX - IV

Sansory texture score (arc-sine values) of mixed
milk chhana

Attributse Sampls

IMc 3MC DRMC
Elasticity £2.42 42,05 095,34
Firmness 53,58 35.93 50433
Crumbl iness 44,08 38,95 44,37
stickiness 31.92 43 4,42 31.46
amogthness 44,99 60,13 44,30
Chewinaess 48,27 33417 50,74

SOT G 46,32 62,18 46.80




AFPPENDIX -~ v

Comparisocn of sensory texture score (arc-sine values)

of market chhana and cow milk chhana

Attribute Sample
M Co SC BOC DRC KSC S0¢ ic

tlasticity 35,45 38,70 52.78 55.85 56,33 56,42 53 .07
Firmness 33412 33.00 48,440 650,15 55.65 53,73 45,18
Crumbl iness 37,35 47,25 48,95 47,20 42.51 43,56 47,50
Stickiness 48,41 4231 37.42 36,17 35,87 37.49 35,67
Smoopthness 55.56 62.43 54,92 47,60 53,12 44,56 48,33
Chewiness 32,12 29,23 44.14 46,75 45,79 48,02 40,86
agT g 55,57 62,52 92,07 47,353 49,08 47.52 9016




APPCNDIX - VI

Comparison of sensory fexture score (arc-sine values)

’ of markat chhapa and buffalo milk chhana

nttribute Sample

(i C5 ORBC Kab g 1C8C I8¢ 3BC KDBC
Elasticity 3s.46 45,00 53 .15 51.46 52429 47.91 45,14
Firmness 33.12 £1.80 56,16 53.28 56,58 37.31 59,32
Crumbl iness 37.95 42,68 44,47 43,68 43,98 39,25 54,09
Stickiness 43,41 29,27 29,17 29,20 31,53 38,43 27,26
3mopothness 55.56 44,85 43 452 49,45 45,44 59.78 34,16
Chawiness 32,12 £4,19 52,00 47,38 48,93 32.7% S4,64
a0Tyg 55,57 42.14 44,08 50,19 49,03 62.04 35,77




APPENDIX = VII

Comparison of sensory texture score (arc-sine values)
of market and mixed milk chhana

Attribute Sample

i1CS imc sMc LBRMC
Elasticity 35.46 D3 430 44,19 55477
Firmness 33.]2 53 .24 34,382 54,03
Crumbliness 37593 43 .21 35,52 42,39
Stickiness 43,41 32,43 43 .15 31427
Smoothnass 55,08 45,49 60.31 45,13
Chewiness 32,12 45,44 33 a9 48,52

%07Q 554,57 46,33 62.47 47,89




APPENDIX - VIII

y

3ensory texture scors (arc~s ine Ualuas) of market pansr

Attribute Sample
Meq MpP2 MP3 MP4 FPS MPE
Elasticity 51.42 50,93 49,85 49,21 51.36 46,07
Firmness 50.456 55.80 51.96 49,56 55,98 44,09
Crumbliness 42,27 39,45 42,71 43 .35 43,04 42.71
Stickiness 29,70 28,46 30.22 30,46 26 434 33,43
amoothness 4i .56 45,63 44,94 45,95 40,59 48,53
Chewliness 47,30 52,356 48,46 46,43 ol.57 42417
20T § ©2.09 54,47 49,53 52.34 48,01 93 447




APPENOIX = 1X

*
Sensory texture score (arc-sine values) of fried and
cooked market paneer

nttribute Sample

MEFT MPF2 MPF3 MPFa MPFS MPFOE
Elasticity 54,64 55,42 50,93 53423 53,49 54,12
Firmnass 47,428 46,32 50,32 474 31 92,73 41427
Crumbl iness 43,56 42,49 45.06 46 .33 44,95 48,08
Stickiness 29,485 30,05 30.54 29,72 28.19 30,58
Smoothness 42,42 45,34 40,89 42444 384,97 41,15
Chewiness 52,28 49,15 51.01 571.57 53.93 46.84
Juiciness 53,98 56,36 50,32 50,384 49,88 52,33
30Ty 55,64 59,80 53 .05 54,94 52,68 51.73




APPENDIX = X

Sensory texture score (arc-sine values) of
buffalo milk panser

Attributs sample

S8P BBP RBP
€lasticity 51,94 52416 53 4 05
Firmness 53.88 49,49 53 .51
Crumbliness 38,85 40,37 38.15
Stickiness 24,39 23.060 22,37
smoothness ©2.33 | 52.48 91.95%
fhewiness 47.15 45,92 48,37

20T Q 58,19 58,53 58.52




APPENDIX - XI

sensory texture scors (arc-sine values) of friad and
cooked huffalo milk paneer

Attribute sample

SBPF 3BRF REPF
Elasticity 50,99 57.30 58413
Firmness 42.37 42,09 42,62
Crumbl iness 41,56 40,54 40,53
3moothnass 45,10 43,54 43 .64
Juiciness 54 .27 55477 S6.69
Chewiness 50,18 52,82 92,40

0Ty 57,78 57,92 57.07




APPENOIX = XII

sensory texturs score (arc-sine values) of cow milk
and low fat buffalo milk panzer

Attribute Sample

SCCP CLPP 2CP
Elasticity 49,45 54,82 49,28
Firmness 45,34 57.53 48,24
Crumbl iness 52.70 42,49 43,26
at ickiness 28,38 25,49 32437
smoothness 44,33 44,33 52,61
Chewiness 48,95 55,95 46,67

SOTq 51.303 55421 57,60




AMPPLNDIX = XI1I

$ansory texture score {(arc-sing values; of fried and
cookied cow milk and low fat buffalo milk

paneer

Attribute dample

 50CPF CLFPF SCPF
€lasticity 55.33 55468 54,81
Firmnass 41,40 45,56 42,05
Crumbl iness 43 34 40,51 42,19
Smoothnass 41,28 44,54 44,08
Juicingss 51 .63 49,41 50.94
Chewiness 52.36 57.70 3113

20T @ 52.22 53.99 55,44




APPENDIX = XIV

Comparison of sensoly texturs score (arc-sine values)
betwsen raw and fried and conked market
as well as buffalo milk panecr

arriibute MP2 58P BRF RBP

R Fe R FC R FC R FC
clasticity 50,33 55,42 52416 55.15 51.80 57.14 52,73 57,79
Firmness 55.30 46,32 52459 41.34 47,28 . 41,02 51.33 41491
Crumbliness 39,46 42,47 38,98 41.56 40,85 39,40 37441 40,21
Smoothness 45.63  45.34 51432 5.26 52,84 42,88 52.52 43,37
Cheuwiness 52,36 49,17 45,94 49,31 -44.27 52478 46,73 £1.63
5004Q 54,47 59,80 57,33 57.87 58.8 57.19 59.48 56445
Stickiness 28,46 - 24,34 - 24,90 - 23.56 -

Jyiciness - 53.58 - 55,25 - 55.91 - 56,76




ARPPENDIX = XV

Comoarison of sensory texture score (arc-sine values)

betwesn rew and fried amd cooked market,

cow milk apo lgw fat buffale milk
panpeer

mttribute NP2 SCCP CLFP sgp

R F G R Ft (3 Fe R FE
Elasticity 54,93 55,42 49,04 54,567 54,43 55,66 48,77 54,73
Firmness 55,80 46,22 49,15 41,02 H8.42 45,99 48,47 41,96
Crumbl iness 39,46 42.49 54,07 43,772 41.63 40,71 43,19 42,39
smoothness 45,03 45,52 43, 94 41.15 4,00 41.18 St.7h 44,57
Chewilness 52,36 49,17 48,41 52,20 56 .58 57.99 47,13 50,82
SOT § 54,47 59,80 S5U.37 52.11 54,817 53,90 H57.24 56,42
Stickiness 28,45 - 24,60 - 25,31 - 32425 -
JUiCiHBSS - 53 » 08 e 51.99 - 48068 = 51027




APPENDIX - XVI

sensory texture score (arc-sine values) of market

Rascgolla

Attribute 5L KSL BNL KL A5G KSG

Elasticity 43 .36 41,02 43,52 41.87 57.8% 58.47
Firmness 46,46 47, 82 44,53 517,90 40,02 40,45
Crumbl iness 43,03 45,13 49,88 45.14 49,37 37,52
Stickiness 31453 34,39 31.49 34,74 26,09 25.16
Juiciness 49,71 51.58 57,47 62,54 53,656 56,62
smoothness 45.28 ' 49,39 43,17 46,27 40, G 38,47
Chewiness 43 .16 40, 91 43,79 42,16 50,09 56 U3

20T g 95,66 60, 01 56.20 98,27 95,10 96,43




