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INTRODUCTION 



IN T ROOU cr ION 

(Texture, which i,$ an important fundamental 

sensory property of all foods, can be regarded as a 

manifestation of the rheological properties of a food. 

de Man (1980) defined food texture as "the way in 

which the various constituents and structural elements 

ara arranged and combined into a micro-and macro_ 

structure, and the external manifestations of this 

structure in terms of flolol and deformationn.j The 

structural organization of food, thus, is influenced 

by chemical compos ition and various phys ieal forcas, 

whereas the external manifestation of food structure 

is related to the mechanical (rheological) and sensory 

textural properties of the food. Texture is an 

important quality attribute as it ~ffects process 10g 

and handling (Charm, 1962) and influences shelf life, 

consumer acceptan ce and food habits] (Matz, 1962). 

present information indicates that the consumer is 

highly cons cious of food texture, and that in certain 

foods, texture may even be more important than flavDur 

(Sz czesn iak and Kl eyn, 1963). 

[The study of texture is important to establish 

mechanical behaviour of a food when consumed. The 

characteristics of perceived -texture" arB determined 

by ,afferent physical and physico-chemical prspertles 

of food and by the unique as well as complex features 

of the human sensQry systems, (peleg, 1987). The 
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kne",leGge .f sems of the rhe.logical prDpertlss of a 

reGa lDay give impartant cluBs to its acceptability 

and lIIay ba of utmost importance in determining the 

nature and design of processing methods and equipment 

(lte I-'Ian, 1980), and for predicting the preauct 

quality undar certain manufacturing conditions;) 

H • .,ever, this does not entall that rhaolagy is the 

.Ile key to understanding texture, as there is ample 

IIvilitence that geometrical, chemical, thermal, acoustic 

and psychological factors can also playa major role 

in Bansllry textural assessment (Peleg, 1987). 

Mast foods are complex materials, structurally 

and rhaDlllgically. In many instances they cons ist of 

.ixturss of selids as well as fluid structural 

CII.panents. Many fQolIstuffs are neither homageneous 

.ar iSlltropic but have praperties that vary from one 

paint t. anothar within their mass (Finney, 1973). In 

•• ny casas, fao~s are chemically active and phys ically 

_lIIatable. Becausa af these reasons even if we at1:empt 

a .. 1y to aaal with rheological aspects of food texture 

a.,aluaticm, ener •• us cHfficulties arise as the relate .. 

'''.rin were ariginally aevaleped far engineering 

..... 1.1. which are h ..... g.nDus and stable (pelog, 1987), 

lS_aery evaluation of texture in foods belongs 

t. taB ••• ain of psycholG@Y known as psychophysics. 

Psychophysics "lrectly concerns the correlation of 

•• nsory experience with physical measures (MoeketJitz 

.!i ~., 1973). Releting instrumental methods yith 



manual operatians, relying mostly on available local 

inputs. ~lth.u,h, G1uring the last three g6CaaeS, 

stualies have been carried out in order to optimize 

the processing and storage conditions in relation to 

chhana and paneer. Attempts have been made to 

6 

ma chanize chhana product ion (Ana Ja !i !!._, 1982). 

Hewever, the area of rheology of chhana, Rasogolla and 

paneer has remained practically unexploree. Therefore, 

this study was undertaken laIith f011QIoIing objBctives in 

mind: 

a) To elucidate the rhe.logical and sensory 

textural properties of market samples of heat-snd-scia 

coagulated Indian inaigBnous milk products viz. chhana 

and panaer, and products based on them viz., Rasogolla 

and 5andesh. 

b) To assess the rheological and sensory textural 

properties of chhana and paneer prepared according to 

different methods reported in literature. 

c) To determine the effect of composition Dn the 

rheological characteristics of chhana and paneer. 

II) To correlate objective data (instrumental) 

with subjective (sensory) data on texture of these 

products so as to enable prediction of the latter from 

the formar. 
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2 REVIEW Of LITERATURE 

This chapter deals ",lth the pertinent litera­

tUfe surveyed, covering the following aspects: 

1. food texture terminolegy 

2. Instrumental measurement of food texture 

3. Sensory measurement of food texture 

4. Interrelationship between instruments and 

sensory assessment of food texture 

5. Texture of asiry products 

6. Texture of heat-anq-acid coagulatelli Indian 

milk prlldu eta 

7. Texture of chhana-based sweets 

road rheology is mainly concerned with forces 

and deformations; however, time and temperature Bra 

also important factor's affecting rheological phenomena 

(de ~lan, 1980). Since the application of force results 

in deformation (and vice-verse), these two phenomena 

are considered together. True solids generally display 

time-independent deformations, while liquids show tilfls­

dependent deformations under applied fGress (finney, 

1973). Deformations may be of one or both of twCiiI types, 

irreversible deformation calleu flow and reversible 

deformation called elasticity. The work use" in the 

former is diSSipated as heat and body is permanently 

asformec;l, whereas in case of reversible deformation it 

is recGvered upon release of tha deforming strs6ls ",hen 

the body regains its original shape (de Man, 1980). 
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Stress is the intensity factor of force and 

is expresses as force per unit area (de Man, 1980). 

There are a number of types of stresses. Three most 

commonly applied stresses ara: CGmpressive, tensile 

and shearin9_ In most real boaias, the application of 

external force will result in different kinds of 

internal stresses ag. bendlng invalv8s all three, 

tension, cGmpression and shear. Stress-strain 

relationships I.lith!n a material, however, are relateR 

to structure and depend upon the manner in which the 

material responds to force or to an imposed deformation 

(finney, 1973). The ratio of stress and strain is 

called -motlulus·, and hance, compression modulus, 

tensile modulus or shear modulus. When an elastic 

material is cempres~ed, the stress strain plot is a 

straight line at the origin and its slope is called 

nYQung's modulus of elasticity-. Many foods exhibit 

this behaviour under small cempressions before the so 

called -limit of elasticity" is reached. The maximum 

stress that the material is capable of sustaining, 

before rupture, is called "strength", des ignated by the 

respective type of stress (Szczesniak, 1983). 

Rheolegical studies relating stress to strain 

within materials may be broadly considered under the 

headings of elasticity, viscosity and plasticity, and 

various combinations of the three to account for over­

lapping behaviours such as visco-alastic or elasto­

plastic behaviour (finney, 1973). These behaviours 



9 

indicate the res ponse of a material to ferce and defor­

mation. The assessment of food texture is, ·in part, 

bases on these responses under various test conditions. 

Microstructural and compDsitional analyses further ai. 

in the assessment Df textu re .. 

Z .1 FO 0 D n: XT U RE TE R!:!..!.!:!£h.Q!;.1 

2.1.1 5pecific Textural Characteristics 

lIn'spits of the widespread USB Df the word 

tex'['ul'a and other terms tD dascribe specific textural 

attributes of foods, there are still no internationally 

accepted definitions of such terms j This lack of 

standardization in texture terminology can lead to 

difficulty in interpreting the results from consumer 

surveys and trained sensory panels. 

L E.ven with lJell established texture defini­

tions, problems arise in translating these to measurable 

pr.perties (Szczesniak, 1963). Szczesniak (1963) 

classified textural praperties into three main groups, 

namely (i) .mechanical properties, (1i) geometrical 

properties, and (iii) other properties (such as moisture 

and fat content). Mechanical characteristics !Jere 

further divided into five primary parameters (hardness, 

coheSiveness, viscosity, elastiCity and adhesiveness) 

and three secondary parameters, namely, fracturability 

(brittleness), gumminess and chewiness. which are 

prDducts of two or more primary properties. Elasticity 

was later defined as springiness (Bourne, 1969). Primary 
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properties, except adhesiveness, measure the response 

of food to stress and arB related to the ability of 

food to resist disintegration under applied force 

(Szczesniak, 1963). 

Geometric characteristics refer to the 

arrangemEnt of the constituents of the food includin~ 

the size and shape of particles as \Jell as particle 

orient.ation. Therefore, ths gross- and micro-structure 

of the food will determine its geometrical properties. 

Other characteristics, such as moisture and fat content, 

describe the chamical compDsition of the food and are 

closely related to mouthfeel. They also contribute to 

phenomena observed during instrumental analYSis, such 

as lubricating ability. 

The physical and sensory definitions of 

mechanical characteristics were given in parallel by 

Civille and SzczBsniak (1973) and have been accepted 

for texture profile analysis in recent times. The samB 

has been presented in Tabl" 2.1. Jowitt (1974) published 

in detail the terminology of food texture which incluliies 

definitions for the terms texture, structure and consis­

tency in relation to sensory assessment. 

2.1.2 ::)ensory Texture Prof.!l,! 

Sensory texture profile was defined by 

Brandt ~ ale (1963) as -the organoleptic analysis of 

the texture complex of a food in terms of its mechanical, 

geometrical, fat and moisture characteristics, the degree 



11 

Table 2.1 Oefinitions of Textural Characteristics 

Props rties 

Primary: 

Hardness 

Cohesiveness 

V is cos ity 

Spring lness 

~dhes iveness 

Secondary: 

fracturabi­
lity 

Chewiness 

Gumminess 

Phys ieal 

force necessary to 
attain a 9 ivan 
dera rmation 

Lxtent to which a 
material can be 
deformed before 
rupture 

Rate of flow per 
unit fa rce 

Rate at which a 
material returns 
to its original 
condition 

Work necessary to 
Dve reome the 
attractive forces 
between the surface 
of the food and the 
contact plate 

force with which 
a material 
fractures 

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

Energy required to 
disinteg rate a 
semisolid food to 
a state ready for 
swallowing 

Sensory 

force required to 
compress a subst­
ance between teeth 

Gag ree to whi ch a 
substan ce is 
compressed between 
the teeth before it 
breaks 

Fo rce required to 
dray liquid over 
the tongue 

Degree to which a 
p rodu ct returns to 
its original shape 

force required to 
remove the material 
that adheres to the 
mouth during eating 

Force with which a 
sample crumbles 
or cracks 

Time required to 
masticate the sample 
to a state ready for 
6\1a11u\"Iing 

Denseness that 
pers ists throughout 
mast ieat ion 

------------------------------------Source: CivilIs and Szczesniak (1973) 



of each present, and the order in which they appear 

from first bite thruugh complete mastication". 
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Szczesniak and her co-workers (Szczesniak, 

1963; Szczesniak ~ &., 1963, and Brandt ~ &., 1963) 

proposed a sensory texture profile while developing a 

standardized methoclology for evaluating the sensory 

texture of foods, which was modified by 5herman {1969} 

as shown in fig_ 2.1 

There ara many applications of sensory 

texture profiling, mainly in product development and 

quality control. It is extremely useful when objective 

methods ara not available. 

2.1.3 Ob jective Texture Profile 

The unaerstanllling that texture is composelll 

of several inter-related parameters led to the development 

of a texture profile which accounted for changes in 

texture as a result of force, time and temperature varia­

tions (Larmond, 1976). The texture pr€lfile uas originally 

designed for mechanical assessment (lr texture based an 

sensQry and objective measurements (Szczesniak ~ !!., 
1963) and uses the classification of primary and sedondary 

properties described earlier. 

The instrumental texture profile attempts 

to quantify as many texturel parameters as possible 

(Larmond, 1976). Sased on the concept that some textural 

characteristics (especially the mechanical ones) could be 

measurSQ instrumentally, the General foods Texturometar 
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Mett down properties on Palote 

FIG. 2.1 THE MODIFIED TEXTURE PROFILE 

~ 
/ (SOURCE: SHERMAN.1969) , 



was designed 65 a comprehensive objective method fur 

characterizing food texture (Larmond, 1976). This 

instrument describ<ilo by friedman .=l!!.. (1963) was 

designed to imitate the way fcrce is applied in the 

mouth. forces are recorded on a strip-chart recorder 

and a typical texture profile curve is obtained. 
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Bourne (1968) developed a method of 

evaluating texture profile parameters with Instron 

Universal Testing f'lachine. Instron consists of a drive 

unit, which drives a horizontal cross-unit in a vertical 

direction, and a force-sensing and recording system 

consisting of a series of interchangeabla load-cells, 

tht3 output from which is Fad to a cnart recorder. food 

specimens are compressed twice to preselectod levels of 

di::lfor!'liation (to imitate first two bites), which results 

into a typical curve of the first and second bite .. 

2.2 Ir\jSTliU!;lLNTin.L 1'!t:w..~LJhE.f'it.NT !dL..fOOO n:'XT~, 

Instrumental evaluations of textural proper­

ties is a complex problem, particularly, as the mechanics 

of evaluatiny rheological properties of foods is dependent 

upon a variety of test conditions such as rate of loading, 

the magnitude of deformations imposed upon the material, 

geometry of the loading surface, and localized yielding 

within the product tested (finney, 1969). 

Over the years literally hUndreds of instru­

[Uents have been developed for the measurern~nt of mechanical 

propt;;lrties of foods .. r'lany of theSi'l were designed sp!:lcifi-



cally for a s 1ng18 food product or commodity. More 

recently, instruments of wider applicability have 

become available. 
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Multiple-purpose instruments such as 

AlIa-Kramer shear press, the General food Taxturometer 

and the lostran Universal Tasting Machine have gained 

considerable pepularity in recent years because of their 

versatility, flexibility, accuracy and appealing desi," 

features. Instran Universal Tasting Machine has bean 

used increasingly for Texture Profile Ptnalysis (TP'I4) 

measurements since the studies of Bourne (1968). 

Parallel plate un iaxiel compress ion us lng Ins tron to 

obtain force-deformation curve is commonly usell for food 

texture investigations (Olkku and Sherman, 1979). 

The InstrGn Universal Testing Machine is 

co~posed gf a mechanical drive system, a load cell to 

measure forces generated either in compression er tension, 

a recorder, and a set of controls to automate the perfor­

mance of the unit and introduce considerable flexibility 

ana versatility. The mechanical drive system consists 

of a variabl~ speed horizontal crossbar (called the 

cress head) driven vertically up and Gown. The recorder 

chart is driven by a synchronous motDr through a set of 

gears. These can be the Same or different frem the 

crDsshead gears, thus allowing the expansion or contraction 

of the distance axis. In addition, the instrument can be 

preset for maximum distance or maximum load at which the 

movement of crosshead steps; it can be programmed fer 



autematic returns, cycling, relaxatiDn tests etc. 

(Szczesn iak, 1973). 

2.2.1 CempressiQn Testing with Instron 
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The behaviour of fDOds in compression is 

one of the easiest and most important mechanical tests 

to perform (Szczesniak, 19B3), and therefore, parallal 

plate uniaxial compression us ing an lnstron to obtain 

force-deformation curve is commonly used for texture 

evaluatilms. In most uniaxial compressive tests, a 

foad specimen, usually a cylintier or cuba, is deformed 

at a cons tan t de format ion rata and me chan ieal parama tars 

are quantified from the forca-deformation curve (Pelag, 

1987). 

It is evident that compression testing 

data for food materials which do not specify sample 

dimens ions, and tes,t conditions such as deformation 

speed and the degree of deformation in cyclic testin!, 

are in mast cases inadequate. Szczesniak (1968) also 

noted that instrumental results yere affected by test 

cencJitions, data interpretation and homogeneity of the 

test mate rial. 

2.2.1.1 Test CenCilitions; If reported conditions of 

obtaining TPA parameters are anything, they are in cons is­

tent among different workers and feod products. A major 

reason for inconSistency lies in the obvious differences 

which exists among different foods as to size of the 

1ar!lBst unit, shape, homogeneity of structure and 
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c.mposition (Brsena, 1975). Effects of different test 

cGndltions on cheeses have been reportell in the 

literature by several lJorkers (Snerman, 1976; Vernon 

Carter and Sherman, 1978; Lee at al., 1978; Chen at al., -- --
1979; Gupta at ,!l., 1984; Green !i &., 1985; 

Casiraghi !!. &., 1985; and Shinin, 1987). Lae!.!!!. 

(1978) found that the magnitude of resp.nss to veri.us 

test concHtio.ns, particularly temperature, varia" 

according to the type Df chesse studied. 

2.2.1.1.1 Sample Size and Shape: Sample size and shape 

have varied considerably in 11terature-standard size 

cubes, cylinders, discs or rectangularly shaped samples 

have been used for compression tasting (areens, 1975). 

In general, cylindrical or cubical sample ".lith flat, 

surface is most common for food specimen (Olkku and 

Sherman, 1979; Peleg, 1987). 

Theoretically, in a perfect test on an ideal 

material the strees-strain relationship in uniaxial 

lIfeformation ought to be independent of the specimen 

dimensions by definition. In practice, especially in 

compressive tests af relatively flat specimens (i.e. 

hei,ht-to-uidth Dr height-diameter ratio of about unity 

er less), this is not always so, lIIainly bacause: 

(1) friction forcas along the contact surfaces can 

becollle significant and, consequently, the specimen will 

exhibit considerably highar apparent strength and probably 

B different deformabillty pattern; several .. orkers have 
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suggastad lubrication or other modification of the 

plates (CulialL and :i.herman, 1976; ["jontejana ~ ~!..., 

1963; Casiraghi ~t ~., 1985; 8agley 8t ~., 1985a,b; 

and 5hinin, 1987), (2) many food matlOlrials are fluid 

containing str~ctures; in many casas, the stress level 

in a d~form8d specililen taken from such material is 

largely a result of hydrostatic pressure build-up 

IPoldg, 1987). 

2.2.1.1.2 ~iZ8 of Compressing Unit Vs !jample: The size 

of tn~ compr~ssing unit (somatimes refarred to as the 

I'punch" or "probe l.) with respect to sample which often 

varies and also affects the results. IJhen tho compre-

ssing unit is larger than the sample, the recorded 

for cas ard due largely to compression. However, when 

the opposite is true, the forces derive largely from a 

combination of compression and shear (Breene, 1975). 

2.2.1.1.3 Percent Compression: Friedman et a1. (1963) --
specified that the sample be deformed to one-fourth its 

original height (i.a. '75% deformation) in Bach of the 

two bites. ~lthough most workars have used 75 to 80 per 

cant comprassion (Gupta ~&., 1984), a range of 10 to 

90 pljr CBnt. comfJress ion has been used (S,hama and ::)he rman, 

197:la,b). 

Bourne and Comstock (1981) studied the effect 

of degree of compression on texture profila parameters 

of various products including crt:l8m cheese reported that 

while fracturability was almost independent of the degree 
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II f compress ion, hardness, cohes ivenass, gumminess ang 

chewiness usually increased with increasing compress ian 

but the rate of increase varied loJidely. 

Shinin (1987) employing double cycled compre­

ssion, applied 25%, 50% and 75% compressions to a flat, 

cylindrical test samples of cheese. He observed that 

level of compression was most 5 ignificant for variations 

in springiness, chewiness and adhesiveness. Variety of 

chesse was most important in determining the affect of 

per cent d efc rmatian on fractu rab 11 it y. He con eludei that 

acceptable levels of variatians wefe noted when cheese 

texture was evaluated under levels of strain that did 

not greatly exceem the fracture or yield value of the 

chesss. Although fracture may be of critical importance 

in many foods, MC!)hsenin (1977) and Mohsenin and Mittal 

(1977) believed that non-aestructive small strain tests 

may also be very valUable. 

2.2.1.1.4 Crosshead Speed. Shama and Sherman (1973a"b) 

pointed out that the cross head speed has usually been 

selected at random. They citsu nine examples of comprs-

ssion tests on food l.Jith the lnstran l.Jherein cross head 

speed ranged fram 0.2 to 5.0 , -1 cm. ml.n • 

2.2.1.1.5 Temperature; The physical properties of foods 

are extremely sensitive to changes in environmental 

conditions such as temperature and moisture (finney, 1969). 

Temperature of specimen under specified test conditions 

for instrument is of «:9reat importance. Many products Show 
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important changas in rheological bdhaviour as a result 

of changes in temperature (de Man, 1980). 

hwadhwal and 5ingh (1985), whila developing 

a rh~ological model for panear, used 1So C temperature 

for Instron measurements. 

Number of Bites: ['lost Gf TPA work has 

util ized two bites. Howevs r, one bite is suff iciont to 

provide values for brittleness and hardness (Sreene, 1975). 

~hama and ~har~an (19739,b) used only on8 bite in seeking 

optimum conditions for hardness. As pointed out by 

SreGne (1975) when all thi::.! parameters of T~"'" arB desired, 

two bites are necessary; when only ons or some ara 

desirad, ond bite may be suffici.;;nt. 

Sensory evaluation is extremely valuable in 

the measurdmsnt of food texture bacauae no instrument 

can perceive, analyze, integrate and intariJrat a large 

number of textural st3nsations at the same time. The 

pleasure centrtl in the brain plays a very important 

role in sensory Bvaluation. Even with strictly trained 

panels, which attempt to be as analytical and objective 

as possible, sansory eveluation often gives important 

information on psychological reaction to the product 

(Larmond, 1976). 

5zczesniak (1963) linked tt>xture to sensory, 

structural and physical paramettlIs. Corey (1970) statt3d 
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texture to be but another nama for the interaction of 

the human S8nSt:lS with the mechanical properties of the 

matarial. S.herman (1970), in a modification of 

Szczesniak (1963 ) definition, expressed Ittestura as 

the composite of those properties arising from the 

structural elements, and the manner in loIhich they 

register with the physiological senses". 

Jowitt (1974) stated that the appreciation 

of texture involves the subtle interaction betlJsen both 

motor and sensory components of the masticatory and 

cent ral ns rVDUS S ys tams. In etha r words, the complex 

reactions caused during the chsying of food are all 

taken into account by the brain in a comprehensive 

description of texture. 

2.3.1 ,f!£ception of Texture 

The relation between physical input into the 

human sensory system and what is actually perceived has 

not been stuuied thoroughly (Larmond, 1976). "",ccQrding 

to Matz (1962) the senses responsible for texture 

perception are: (i) those in the superficial structure 

of the mouth, the hard and soft palate, tongue and gums; 

(ii) thos~ around the roots of the teeth in a periodontal 

membrane; and (iii) those in the mus eles and tendons use. 

in mastication. 

ils statad by Boyar and Kilcast (1966) the 

neurological basis of oral perception involves stimulation 

€If atl~ast several sensory systems. food is a tactile 



stimulus to the tongue, palate and pharyngeal tal ions 

and chewing, through movement of both jaw and the 

tongus, is the causa of muscular sensation. Oral 

perception also invol vas 01 factory, taste and pain 

nauro receptors. 
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Textural characteristics arB perceiveGi in 

four stages: (1) Initial perception (visual appearance, 

spreading, creaming characteristics etc.); {2} Initial 

percaption on palate characteristics etc. (primary and 

secondary properties); (3) during mastication (properties 

derived from two or more sensory attributes) ana (4) a 

residual masticatory impression (include oiliness or 

greasiness and coating of the palate) (Larmond, 1976). 

It is well known and has long been recognized 

that the fingers, tongue and jaws have different sensi­

tivities to textural properties. In part, this ought to 

be due to the obvious differences in the sensing mechanism; 

i.e., the extant to which mechanical, thermal, acoustical, 

and chemical stimuli are involved in the overall physio­

logical response and sensory perception (Pelag, 1980). 

Basic principles of sensory evaluation, 

sensory panels, tasting environment, sample preparation, 

method of presentation, sensory methods, sensory percap­

tion and scalas of magnitude have been discussed in 

detail by Amerine ~ &. (1965), Birch et &. (1977), 

Pi9~ott (1984) and Jallinak (1985). 

Sensory measurement of food texture has been 

dealt IoIith in datail by MoskolJitz !!.!l. (1972), Larmond 
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(1976), and Brennan (1984). s.zczesniak and Bourne (1969) 

examinli:ld non-oral Bansory methods used by consum8IS to 

assess firmness. 

2.4 lNT £: t1H£LiiI. T IUN:jHlt....~ TWEt:.N IN5T i(Ur"I~NTS AN D 

:.it:.N~ur(y A::)St:.:l.~hi:i\jT lit tuliD T£XTUR£ 

Uver th~ past two decades, scientists have 

SDugt1t to map the relations between physical properties 

of foods and the subjective percBption of textural 

rdsponS8s ([i,oskowitz and Jacob, 1987). well dafined 

measurements of the mechanical properties of food and 

lhe reduction of sensory attributes into fundamental 

primary entities, together with the functions which 

interrelate them, providi3 the bas is for the eventual 

development of ins t rumants cal ib rata d in te rmS a f human 

sensory response with high probability of prediction of 

the consumer reaction (Kapsalis and flloskowitz, 1977). 

lJ1fortunately, correlations batwsdn objective 

and sensory methods of texture represent a vary contro­

versial subject that has frustrated many res8archers, 

(5zczssniak, 1968) and conflictl.ng as well as discouraging 

result.s have been reported in regard to the degree of 

their correlation (:i.zczesniak, 1968}. t:.xcellent reviews 

relating to work done in this area havs bean published by 

Kapsalis at !!.!.. (1973), Kapsalis and l"loskowitz (1978), 

Moskowitz and Kapsalis (1976), Kapsalis and Iljoskowitz 

(1979), Moskowin (1981), I'loskowitz and Jacob (1987) 

and Szczesniak (1987). 
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Mathads of Expr~sin9 Relationships 

~ensory and psychorheoloeical medals are 

important in texture studies. While sensory models, 

in general, imply a stimulus-organism-response desl,o, 

psychorheological models consists of a mathematical 

expression relating sensory rheological data to the 

corresponding mechanical data, these two sets of data 

usually baing considered 8S output and input, respecti­

vely (Drake, 1979). 

Associations between subjective and objective 

texture measurements may be expresses in graphical or 

mathematical/statistical terms. In a study f)f a possible 

relationship between two types of variables, a plot of 

an x-y cO-Drdinate system is usually the first step; 

clues on linearity, necess ity of fitting a curve of 

higher order, patternless scatter, or even some fault in 

the correction of the experimental data may be gained by 

an inspection of this plot (Kapsalis !1 &., 1973). 

The presence of linearity greatly simplifies 

the study of a relationship and the making of pOSsible 

predictions. Because of this advantage, even if linearity 

is not at first evident, transformations of data are 

often usee to achieve a linear relationship. Such trans­

formations lIlay involve (a) expression of the instrumental 

data in different physical form (use gf work instead Df 

compressive force) or mathematical form (logarithmic 

conversions). t\lmost any curve can approximate a straight 
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line when sufficiently short intervals are considered; 

hOIJBVer, such an appraximation !Ray obllt-erate important 

differences ..,hich naea to be investigated (Kapsalis 

!l & .• 1973). 

2.4.1.1 Correlation Analysis; In corralatiDn analysis 

the basic question is whether or not two variables 

mDve together. There is no assumption of casuality. 

In fact, it may be that changes in the t",o variables 

may be the result of third variable which may be unspeci­

fied (Kapsalis .21 & .• 1973). 

various correlation coefficients quantify the 

relation between two variables. The Pearson correlation 

coefficient (r) is mast widely used. It applies to data 

which possess atleast interval-leval scale properties 

(Moskowitz. 1981). 

Correlation analysis using multiple correlation 

(between one variable and a combination of other variables) 

becomes useful when dealing loIith a sensory percaption 

liIetermined from many instrumental measures. It has onB 

.ajar drawback - it indicates which combination of 

variables arB correlated with sensory attribute, but 

does not inform us about the basic relation between the 

combination of instrumental and the sensory perception. 

Questions such as Is the relation additive? Multiplica­

tive? are not answerec;j by it (Plaskowitz, 1981). 

2.4.1.2 Reqress ion Anal ys is;; Beyond developing amaas ure 

of relst.dness of two variables, one can ascertain the 
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relation itself using regression analysis. It has 

implicit in it the assumption of a unilateral casuality 

(Kapsalis ~ 01., 1973). 

Regression analySiS allolJ9 the experimenter to 

(a) select a mathematical equation which is assumed te 

relata the two variables, and (b) by a statistical 

analysis, estimate the parameters of that equation 

(Moskowitz, 1981). 

Often simple linear equations such as the one 

given below aaequately describe the sensory-instrumental 

relat ion (Moskowitz, 1981): 

= 

where, 

:> = sensory response, 

K X 
n n 

intenSity .f physical variables. 

(1 ) 

In other instances better fitting equations BrB 

developed with a non-linear combination of physical 

variables. Some of the possible combinations ara Shown 

below: 

s = KG + K1X1 . .. .. .. .. . . . . 
s = K. (e K1X1 + K X KnXn 

622 ••••••• 8 ) •••••••••••••••• 

(3 ) 

(4 ) 

The full quadratic equation (aquation-2) is less parsimonious 

than a Simple linear aquation. Nonetheless, the full quadr-

atic equation permits non-linaarities, and permits line to 

modal soma interactions among the phys ical variables 

(MeskoYitz, 1981). 
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It is debatable where one should choose the 

linear equation, settling for parsillony, or the quadratic 

function, searching for an enhancetl goodness-of-fit. 

Linear equations allow one to understand at a glance, 

relations between sensory and instrumental variables. 

They do net model interactions. Quadratic equations 

ara more complicated-one does net obtain as clear an 

idea of the interrelations, since the surface is curve •• 

On the otharhand, one can be sure of a betterflt to the 

data, since there are a greater number of free parameters 

in the equation (Moskoyitz, 1981). 

The lo§arithmic function is often used to ralate 

physical intensity to subjective magnitude. The equation 

is written: 

S = K log (I) + c •••••••••••••••••••••••• (5) 

where, 5 = subjective magnitude, 1 = physical intensity. 

In semi-log co-ordinates the function becomes a straight 

line if the sensory rating is plotted as a function of the 

logarithm of physical intensity. The logarithmic function 

often appears when the panelist rates sensory intens ity 

using a category scale. The 8quation-5 means that a ten 

fold increase in physical intens lty (I) produces a k unit 

addition increase in the sensory rating (Moskowitz, 1981). 

Stevens (1953, 1975), while studying sensery­

instrumental correlations, found that power functions may 

relate sensory responses to physical intensities, when 

panelists assign ratings which possess ratio scale 
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properties. The power function can be expressed as; 

= K In • ~ ••• •••••••••••••••••••••••••• •• (6) 

whe re, ::i = sensory intensity, I = physical measurHd 

intensity and kana n arB parameters computed from the 

data (Kapsalis and f'laskowitz, 1979). The powar function 

becomes a straight line aftt3r a simple transformation: 

log 5 = n log I + log k ••••••••••••.••••••• (7) 

fl'loskowitz (1981) suggasted multi-step approach 

to inter-relating hedonic p8rFormancB judgement and 

instrumental measures involving following 3 steps: 

1) Develop linear or power equations which relate 

sensory to instrumental measures. 

2) Oevalop quadratic equations relating performance 

rat ing5. 

3) Qevelop a combined aquation • 

.... 5 imiicateu by f''IOskowitz (1981), subjective­

objective interactions for the food industry suggests a 

multi-staga process; 

1) se!8ct the appropriate subjective attribute 

2) St3!8ct the instrument measure or set of measures 

that prodUCE sensory perception 

3) Hypothesize candidate equations relating subjec­

tive and instrumen~a! variables. 

4) t.stimate the parameter's of that equation by 

least-squares procedures. 

5) Estimate the goodness-Df-fit the function to the 

act;ual data, by means of corr~lations and f ratios. 
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2.5 TlXTURE Of DAIRY PRODUCTS 

M-lthough the flavQur of dairy products has 

concerned researchers for many yaars, their textural 

properties have received relatively little attention. 

The dairy industry has traditionally considered the 

texture of a product in terms of its structural appeara­

nce rather than in terms of its sensory properties 

perceived during mastication (Coope!', 1987). 

~mong dairy products, milk and cream fall 

in liquids. fermented milk products such as yoghurt 

display slightly mors complex textural properties. 

Butter display properties of a plastic solid. Cheese 

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 taxtural properties in 

solution. However, when these proteins are used as 

functional 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 literature on rheology of heat­

and-acid coagulated Indian dairy products is very scanty. 

Such products seem to resemble certain varieties of 

cheese, hence to give an iaBa of textural characteristics 

of cheese pertinent literature has been reviewed hera. 
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2.5.1 ~~re of Cheese 

One of the earliest attempts to relate 

textural parameters of cheese, as judged by a panel, to 

rheological properties was made by Davis (1937). The 

work was considered basis for defining quality of foodS 

with rheological concepts (Mohsenin, 1970). 

While most cheeses are rheologically classi­

fied as visco-elastic compounds (5herman, 1976) certain 

varieties are plasto-elastic products (White, 1970), the 

former being capablt:l of demonstrating both elastic and 

viscous behaviour and the latter plastic and elastic 

behaviour. Cheese is primarily composed to aggregates 

of water, fat and protein, in approximately equal propor­

tions. The protein component (i.e. casein) is responsible 

for the sol id form of mature chaese due to its network 

structure (Shama and Sherman, 1973b). During chaese 

making casein micelles are first changed to filaments 

with a granular structure through the action of rennet 

and then to a fibrous net work later on (Prentice, 1972). 

Variations in processing or storage conditions affect 

the physical properties of the cheese uhich ultimately 

affects the textural characteristics. 

Textural characteristics whiCh are evaluated 

in cheeses are hardness, springiness, smoothness, crumbli­

ness, firmness, stickiness, sliceability and spreadability 

(Oavis, 1937; Thomas ~ &., 1970). The New Zealand Dairy 

Research Institute has establishe~ a variety of terms to 
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evaluate cheddar cheese, including rubberiness, crumbliness, 

smoothness, stickiness and residual mouthfeel which woulo 

correlate to TPA terms, springiness, cohesiveness, 

gumminess and adhesiveness, respectively. Lee!.i &. 
(1978) evaluated TAA parameters of selected cheeses, 

including mozzarella, old cheddar, process and colby. 

This study afr irmed that hardness (firmness) was the 

most-important parameter with respect to consumer prefe­

rence and therefore, necessitates appropriately correlated 

instrumental analysis. 

Chen at &. {1979} used a constant speed 

plunger, with a diameter of 0.64 em, to evaluate six 

textural characteristics, namely, hardness, cohesiveness, 

adhesiveness, elasticity, gumminess and chewiness of a 

wide range of cheeses. These parameters were 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 res pons ibl~ for 

textural changes observed, foll.Dwea by salt, lJater, pH 

and fat. Green.!! al. (1985) employed compress ion and 

penetration tests with cheddar cheese in an attempt to 

correlate these measurements to sensory ratings, but 

found that sS(;lsory analysis did not relate \Jsll with any 

instrumental method, possibly because the way in \Jhich 

sample fractured was different \Jhen assessed by sensory 

panels and by compression tests. 

Shinin (1987) undertook a study to determine 

the appropriateness of various rheological analyses of 
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six varieties of cheese including chstldar cheese. His 

rasul ts from compress ion analys is su~gest that hardness 

evaluations may not be appropriate for all cheeses. 

This is because the harller cheeses fracture at lower 

levels of compression, compared to softer cheeses. As 

a result estimating the force at a level of deformation 

greater than deformation of fracture lJould lessen the 

hardness value. 

2.6 TEXTURE Of HEM liND A CIa COlloGULATED 

IN DIArL!1!LK PROOU CTS 

Chhana and panaer are the major heat-end-acid 

coagulated indigenous milk products. 

Chhana and paneer represent a semi-solid 

product obtained by coagulation of boiled whole milk 

(yhile still hot) and subsequent draining 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 chhanajpaneer 

as compared to most cheeses imparts typical texture to 

these produ cts. Although no systematic attempts have 

been made to characterize the texture of chhana/paneer 

either by sensory or instrumental methods, conditions of 

production have been found to be most important in 

relation to texture of these products. 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 othsnlise, has been restricted to cottage 

production on very small s eels and little is known about 

the des lrable textural characteristics. 

Texture of Chhana 

Texture of chhana is very important with 

regard to its application in the preparation of various 

Sl..tsets. Chhana Gilf fine texture with velvety bODY is 

considered desirable (Warner, 1951 and Ray and Da, 1953) • 

.ki compact, close-knit smooth texture (Rangappa ana Achaya, 

1973), and a soft body arB believea to ensure manufacture 

of ~ood quality Rasogolla, but a slightly less soft body 

together with smooth texture is desirable for making 

good quality 5andesh (Ray and De, 1953»)' , 
Most of the information in the literature on 

the textural assessment mf chhana pertains to its sensory 

properties of the product_ In general, texture of chhana 

of varying quality has been described using arbitrary 

terms such as moist, creamy and greasy for visual attri-

butes; scale terms soggy, soft, velvety hard for body 

characteristics, and smooth, fine, coarse and granular 

for texture (Ilavis, 1940; Ray and De, 1953; De and Ray, 

1954; Kundu and DB, 1972; Rangappa and tlt.chaya, 1973; Singh 

and Ray, 197?a; Iyer, 1978; Gera, 1978; Ahmed!!.!. !!.., 1980; 

50n1.2!. .!!_, 1980; Bhattacharya and [)esraj, 1980a,b; Kumar 

and Srinivasan, 1982; Sen and De, 1984; 5en, 1986~ 
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The texture of chhana has been reported to 

be influenced by factors such as type of milk, its fat 

level and conditions of coagulation such as pH, time end 

temperature of coagulation and type and strength of the 

aciliulant (De, 1980). The basic method for manufacture 

of good quality chhana from COl.! milk as standardized by 

De and Ray (1954) involves: ~eating milk to boil, coagu­

lation with 1-2" acidulant solution at about 82 D C within 

30 to 60 sec. by reducing the pH to around 5.4, immediate 

straining of whey and hanging the mass till the dripping 

of whey ceases. further, they stated that lactic seia 

produced a granUlar texture which was dasirable for 

Raso!olla making, whereas citric acid produced pasty 

chhana desirable far Sandesh making. Adopting above 

technique for buffalo milk, they observed that the 

resultant chhana was slightly hara, greasy, and cosrse 

which was not suitable for subsequent use. Hence, buffalo 
, 

milk was reported to be unsuitable for chhana-making.: 

«(Ie and Ray, 1954). 

Several attempts have baen made to improve 

the texture of buffalo milk chhana (Kundu and oa, 1972; 

50ni, 1978 and Iyar, 1976) and also to elucidate the 

causes for its peor texture (Ganguli, 1974). 

Qate ~.!!.!:.. (1958) treated buffalo milk loIith 

a mixture of slOdium dihydrogen (9g) and monohydro,en 

phosphate (7g) or 0.1-0.2% sodium citrate and observe" 

that both treatments resulted in soft chhana which was 

suitable for preparation of RasDgolla. They noted that 
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hard taxture of buffalo milk chhana waS due to its high 

calcium content. According to Jagtiani !:! &. (1960) 

addition of 0.2-0.3,;6 sodium cit rate as a soFtening eg8nt 

and storing the hot buffalo milk for sometime before 

effecting coagulation, helpt;ld in producing a soft chhana. 

Thay further demonstrated that as the amount of calcium 

added to cow milk increased, the resulting Rasogolla 

was harddr. 

In anotht;lr process modification Kundu and 

Oe (1972) proposed homogenization of buffalo milk stan­

daI."dized to 5/~ fat before boiling and coagulating at 

70D C employing 1~ citric acid at pH 5.7. 

Tha conditions of coagulation we[e studied 

by Iyer (1978) who suggested that good quality chllana 

CQuid be obtained by coagulating cow milk at 700 C (pH 5.1) 

USing 2;6 citric aCld. He further observe'd that treatment 

of buffalo milk with 0.05;£: sodium citrate before boiling, 

dilution with 25;;; or 50/~ water and coagulation' with 1~ 

citric acid solution improved softnes3 and cOhesiv'eness 

of chhana. Howave r, addition of 48;,£ or 60i' cow skim milk, 

acidification of milk prior to coagulation, ten minutes 

delayed straining and homogenization were observed to 

have adverse effects on texture of chhena made from 

buffalo milk. Kumar and Srinivasan (1982) reported that 

desirable quality chhena could be produced from bUffalo 

milk by adopting conditions of coagulation and method of 

dBlayed straining as suggested by Kundu and u8 (1972), 

but excluding the homogenization step. 
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500n1 (1978) observed that in addition to a 

combination of 70°C temperature and pH 5.7 for coa,ula­

tion, delayed straining (by holding the coagulated masS 

in ,",hey for about 30 min) yielded chhana IJlth desirably 

s oft and smooth textu re .. 

Lvan in cow milk, the production parameters 

can be of considerable importance with respect to 

texture of chhana. Singh and Ray (197 ... ) studied the 

affect of coagulants on texture of cow milk chhana and 

ngticed that citric acid coagulation (pH, 5.77) produced 

chhana IJith soft SRd smooth texture, whereas lactic acid 

and sour whey produced chhana with hera and grsRular 

texture .. 

Bhattacharya and oesraj (19BlEj) suggested the 

usa of 0.8% citric acid, cooling the boiled cow milk to 

aO-gOGe prlGr to coagulation, holding coagulated mass 

in whey for 5-10 min and cooling chhana mass in' tap water 

for 20 to 30 min 6D as to obtain slightly firm, elastic 

and smooth textured chhana which was considere. suitable 

for RasQgolla ",aking. Cooling the boiled cow mill< to 

BODC 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 cow milk by Kumar and Srinivasan 

(19B2). 

Chhana of des ireble body and textural attri­

butes, suitable for 5andesh-making by employing calciulD 

lactate a~ coagulant has been obtained by Sen and De (1984). 

The strength of calcium lactate (4%), pH of coagulatio" 
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(5.85) and temperature of coagulation (6S DC) were found 

to be optimum in this Is@ar. (Sen, 1985; 5en and 

Rajorhia, 19868 and Sen, 1986). 

Chhana suitable for preparation of 5andesh 

was obtained from goat milk by Jailkhani and De (1980) 

employing the method as suggested by De and Ray (1954). 

Moorthy and Rao (1982) prepare .. chhana suitable for 

Rasogolla making from goat milk with 0.25% of citric 

acid as coagulant. 

Gara (1978) studied rheolQgical properties 

of COIJ, buffalo and skim milk chhana by adopting physical 

tests which included pitching number, penetration value, 

viscosity, springiness and density of chhana. Springiness 

was determined by an instrument developed for this purpose 

by Gere and Rajorhia (1979). who found that buffalo milk 

chhana was most springy f0110 .... elOl by mixed milk (1.:1) and 

COlJ milk chhana. Gera (1978) further observed that the 

type of coagulant caused minor variation in the compact­

nBSS of chhana and that citric acid gave higher viscosity. 

Lower pH of coagUlation (4.6) increased the hardness and 

viscosity of chhana; maximum sprin§iness was observed at 

pH 5.7 for mixed and buffalo milk chhana, but at pH 5.1 

for cow milk. ()ensity of chhana was maximum at pH 4.6. 

Temperature of coagulation affected the softness and 

springiness of chhana. HighilJ' viscosity of chhana was 

evident at higher temperature of coagUlation, .... hile 

density of chhana remained unaffected.) 
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2.6.2 l!!~ of Paneer 

2.6.2.1 Raw Pa~: Suitability of panaer for preparing 

various culinary dishes is greatly influenced by its 

texture. Desirably, paneer should have optimum firmness 

(neither too firm nor too hard) so that it permits easy 

cutting and slicing and yet is tender enough not tm 

resist crushing during mastication. It should also be 

compact, smooth and velvety in natura (Patil and Gupta, 

1986). Terms like hard, soft, pasty, crumbly, rubbery, 

chewy, mealy, meaty, coarse, open etc. have been used 

in relation to paneer texture (~rora and Gupta, 1980; 

Chawla, 1981; Pat 11 and Gupta, 1986 and SachdeV8 and 

Singh, 1988). Thus, as observed for chhana, only sensory 

terms arB prevalent in literature pertaining to the 

texture of paneer and no information on the sensory 

textural quality as related to objective textural 

aspects of paneer is available. 

Paneer is manufactured in a similar way except 

that the coagulated maSs is pressed and then cooled in 

chilled water (4_6o C for 2-2.5 hr) to obtain a firm 

block of paneer. It is evident from literature, in 

contrast with chhana, that buffalo milk has predominantly 

been used for paneer making (Bhattacharya ~ ~., 1971; 

Arora, 1979; Chawla, 1981; 5achdeva at !l.., 1985, and 

Singh ~ ~., 1984). Paneer from cow milk tends to be 

soft, weak and fragile as against firm, cohesive and 

spongy obtained from buffalo milk ("rere and Gupta, 1980 

and Singh ~ &.. 1984). 
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Bhattacharya !:l &. (1971) standardized the 

procedure for the manufacture of paneer on a pilot 

scala: buffalo milk standardized to 6% fat was heated 

to 82°C for S min and then cooled to 70°C. Hot (70°C) 

1% citric acid solution was added slowly to effect 

coagulation. The coagulum was allowed to settle for 

5 min taking care that temperature did not get below 

63 DC. The curd was then hooped (35 x 28 x 10 em) and 

pressed (45 kg for 15 min). T he pressed panee r was cut 

into 6-0 equal sized pieces and immersed in chilled 

water (4-6o C) for 2-3 hr. The chilled panaer was then 

allowed to stand for 15-20 min on a wooden plank So as 

to facilitate the drainage of water. The paneer so 

p repa red was found to have des irable textu ral props rt ias • 

paneer prepared us 109 above technique from 4%, 

5% and 6% fat buffalo milk had different hardness values 

(penetration values) as reported by Arora and Gupta 

(1980). Rao ~ a1. (1984) obtained desirable body and 

texture in panesr, made from 6% fat buffalo milk, heatad 

to SSOC and coagulated by 0.3% citric acid by weight of 

milk. 

In an attempt to develep a low fat panear, 

Chawla (1981) modified the technique of 8hettacharya et al. 

(1971) with respect to final heating (BS°C, 10 min) and 

pressing time (10 min). He observed that fat content in 

paneer contributed to its soft and spongy texture. He 

claimed that fairly acceptable quality paneer could be 
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prepared from 3% fat buffalo milk, hOlo/sver, paneer 

prepared from 1.5% fat buffalo milk uas hard, rubbery 

and chewy. 

SachdevB and Singh (1988) optimised the proce­

sSing parameters of paneer manufacture which involved: 

standardization of buffalo milk to a fat:SNf ratio of 

1 :1.65,. heating to 900 C without holding, coagulating 

the milk at a pH between 5.30-5.35 using 1% citric acid 

solution. The rasul tent panee r had d as irable textu ral 

attributes. In another process, 0.15% pregelatinizBd 

potato starch or 0.10% sodium alginate was added to milk 

so th~t coagulation CQuid be effected at 90 DC so as to 

eliminate cooling of milk from its final heating tempe­

rature to coagulation temperatura (70°C) (SachdevB, 1983). 

The resulting product had normal texture; there was no 

hardening effect as was observed in the absence of any 

hydrocolloid. 5achdeva and Singh (19B7) whila studying 

affact of different non-conventional coagUlants (namely 

hydrochloric, phosphoric, and tartaric acids, acidophillus 

or sour whey etc.) in the manufacture of paneer concludeld 

that hydrochloric or phosphoric acid could be used in the 

manufacture of paneer without loss of its quality. 

Shukla ~ &. (1984) studied the effect of 

different acidulants on textural characteristics of paneer 

prepared from mixed milk (coy and buffalo). Use of 

citric acid gave a prGduct with greatest hardness while 

hydrochloric acid gave the lowest hardness. Paneer made 

by citric + tartaric acid seemed to have more gumminess 
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and chewiness. Least chewiness was observed in panear 

made by using lactic acid. Shukla ll~. (1988b}'reporteGt 

that acidulants such as citric, tartaric, citric + hydro­

chloric and tartaric + hydrochloric acids resulted in 

pansaf with batter body and texture of panesr samples 

as compared to panaer prepared using 0.1 N hydrochloric, 

lactic or citric + lactic acids. 

Singh and Kanawjia (1988) observed that good 

quality panear could be obtained using a combination of 

O.S% calcium lactate and BODC as the temperature of 

coagulation. 

::)8chdeva !i ale (1985) suggested addition of 

19 calcium chloride per litre of milk and coagulation 

at final heating temperature (gODe) to prepare satisfac­

tory quality paneer from cow milk. Vishweshwariah and 

J1.nantakrishnan (1986) produced desirable quality papeer 

.from cow milk by coagulatian at BOoC tJith 2% citric acid 

solution. Acceptable quality paneer from cotJ milk was 

also produced by S.huKla !!::1. (1988~)using 1% citric 

a cld._ 

Kalab 2l &. (1988) studied the microstructure 

of paneer and shotJed that the product had a granular 

structure consisting of protein particles having a core­

and-lining ultrastructure. 

2.6.2.2 fried and Cooked Panear: Generally raw paneer 

is deep-fat fried before baing cooked alongwlth vegetables. 

These processas of frying and cooking are believed tD 
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influence the body and textural characteristics of raw 

panaer. Many researchers (Arpra and Gupta, 1980; 

Chawla !i !loo, 1985; 5achdeva and Singh, 1987, and 

5achdeva and 5.ingh, 1988) have evaluated effect of 

frying and cooking on body and texture of raw panaer. 

However, these observations loIere based solely on sensory 

evaluation .. 

Bhattacharya!!!:.!l. {1971} employed deep fat 

frying Df paneer in h¥drogenatad fat and evaluate~ 

compositional changes upon frying. They observed about 

15% redu etlan in mais ture, an in crease in fat content 

of paneer made from low fat milk and a decrease in fat 

content of paneer made frDm high fat milk; the total 

nitrogen content in fried paneer was found to be more 

than that in the corresponding fresh paneer, the increase 

being due to reduction in the moisture content. 

"rDra and Gupta (19BO) fried paneer (prepared 

from 4, 5 and 6% fat buffalo milk) in vegetable oil and 

noted that the body and textural differences observed 

in raw paneer narrowed down upon frying, all fried 

paneer samples being equally acceptable. 

Chawla!!..!!.. (1985) evaluated paneer in raw, 

friad and friaa and cooked forms. They noted that fry in!! 

and cooking tended to narrow down the body and textural 

differences of raw paneer made from buffalo milk IJith 

various fat levels (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 unacceptable body and texture even after frying 
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and cooking as it was hard, rubbery and chewy. Homoge-

nized milk paneer did not show improvement in body ano 

texture evsn 1.Ihan fried and cooked. 

Sachdeva and Singh (1988) reiterated the 

findings of Chawla at ale (1985). further, they noticed --
that the effect of lower temperature of coagulation 

(60°C) on body and texture of raMI paneer was also saen 

in the fried and cooked paneer; such panaer lost its 

size and shape upon frying and cooking. 

Kalab ~!l. (1988) noted that deep frying 

(175DC, 4-5 min) of paneer led to compaction of the 

panaer structure and also the individual protein parti-

cles, whereas cookin~ of the fried panaer by boiling in 

1.S~ salt ",,,tar for 5 min resulted in partial restoration 

of the overall structure of psnser and the ultrastructure 

of the prate in particles. 

2.7 TEXTURE or CHHANA-Bl\I5EO 5WEETS 

Chhana has largely been used as a base an~ 

filler for the prDduction of a large variety of sweets 

such as Rasogol1a, Sandesh, Ras-malal, Pantsoah, chhana-

murki etc., amongst which the first two are the ~ost 

popular. The textural attributes of chhana based sweets 

depend mainly on the texture of chhana besides their 

preparation technique. However, vary limited information 

is available an textural aspects of these products. 
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lexture of Rasngolla 

Rasogolla normally has round shape, smooth 

body and spongy texture, which are dependent on texture 

of chhana, compos it ion 0 f chhanawdough, con cant rat ion 

of sugar-syrup, and time ana temperature of cookin!j 

(~oni ~ al.,. 1980). 8ased on the quality of Rasogolla 

available in Calcutta market Mitra at !!. (1967) ciHvided 

them into t..,o types viz. ordinary and sponge Rasol!olla. 

The chemical composition of Rasogolla varied between the 

varieties (Mitra !i !!.., 196:7) and is greatly influenced 

by factors affecting its texture (Soni !i !!.., 1980). 

Raso![!lolla manufactured from COl.! milk chhana has been 

obsarved to have the des ired smooth body and spongy 

text ure. I 

But Rasogolla from buffalo milk lacks sponginess. 

Preparation of Rasogolla in the laboratory 

under controlled conditions has been Dutlined by many 

workers (Date !l al., 1958; Anantakrishnan and Srinivasan, 

1964; oa, 1976; ~ingh and Ray, 1977b; Bhattacharya and 

Oesraj, 1980a".b; and 50ni !i !!,., 1980). The essential 

steps in the lDanufacturt:! of Rasogolla are: preparation of 

soft, sillooth chhana; addition of optional ingredients 

like semolina, maida, wheat flour, baking powder, samundar 

jhaag etc. if desired; kneading of the mixture to obtain 

a soft and smooth dough; preparation of balls; cooking 

balls in sugar-syrup, and dipping the Rasogolla in hot 

sugar-syrup. 

Soft and smooth chhana is the basic requirement 

for obtaining soft and spongy Rasogolla. The modifications 



suggested a relation to chhana making technique have 

been discussed earlier (vide 2.6.1). 
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~ingh and Hay l1977b) suggested USB of lactic 

acid to obtain chhana for Hasogolla making from cow milk. 

Bhattachary£' and Jesraj (19888, b) extensively studied 

thlo.l production of 1-(88090118 from cow milk and also 

ddveloped a pr~ssure-cooker method for Rasogolla manu­

factur~. ThdY suggested coagulation pH of 5.4 and a 

temperature of BoDe for obtainin~ chhana from 4% fat 

milk so that chhana containing 55 to 58,ib moisture would 

yield soft, spongy Rasogolla. ~t lowar pH of coagulation 

Hasogolla were hard and texture-wise irregular. Higher 

fat in chhana improv~d the body and texture of Rasogolla, 

whereas lesser fat resulted in hard body and grainy 

texturd in Rasogolla. Hasogolla obtained from chhana 

with 1855 than 50/6 moisture lacked sponginsa::;, softness 

and was grainy, whereas above 60ib moisture in ctlhana, 

resulted .tn ftasogolla which was soft but could not 

retain its round shape. 

h sugar syrup of varying strength (ranging 

from 40 to 80~) has bf::lBn used foi." cooking Rasogolla 

(Uate ::.l ~.t 1958; I'Inantakrishnan and Srinivasan, 1964; 

Jagtiani et ~., 1961J; S,ingh and Ray, 1977b ~ Bhattacharya 

and Desraj, 1980a, b; and Soni ~ ~., 198(]). Bhattacharya 

and Desraj (1980a,b) found that sugar concentrations in 

the range of 40 to 60% were satisfactory to reta..Ln the 

shape as well body and texture characteristics of Rasogolla. 

However, 55~ was considered optimum. 
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Taraf"ar at ale (1988) employed cooking of 

chhana balls in boiling water and subsequently dippBd 

them in sugar syrup. They reported very slight improve­

ment in the overall sensory 5 core of Rasogolla made by 

mechanical kneading as compared to manual kneading. 

Texture of Sandesh 

Sandesh is onB of the oldest and mast 

popular chhana-based sweet of Eastern India and Bangladesh. 

Many varieties of Sandesh are sold in the market. Each 

type differs in its appearance, composition, flavour and 

texture (San and Rajorhia, 1985). 5andesh can be grouped 

into three m-ain classes: soft grade (Narampak), hard ~rade 

(Kharapak) and Kacchagolla. 50ft grade Sandash has a 

characteristic soft cohesive body and smooth texture 

with small size grains, whereas hard grade har 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 9 ranular texture 

(Sen and Rajorhia. 198V). 

","5 for Rasogolla, cow milk chhana is preferred 

for 5andssh preparation too. The method of Sandash prepa­

ration varies from shop to shop and from variety to 

variety. In general, thoroughly kneaded chhana is 

admixed with sugar (preferably ground) in a open metal pan 

by continuous stirring with the help of flat-adged wooden/ 

stainless steel ladle while heating the mixture on a very 
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slow fira. Heating is continued (at 75-8S o C) for 

15-25 min to the desired consistency. 

Singh and Kay (1977b) observed that for 

5andash making citric acid chhana was better than lactic 

acid chhan8. kecontly the use of calcium lactate as 

coagulant for making chhane intended for Sandesh prElpa-

rat ion has been advo cated (Soen and ue, 1984; Soan, 1985; 

1986, ana San and Rajorhia, 1985, 1986a,b) • 

.fan clus ion 

It is thus ~vident that basic asp~ct of foods 

texture-an important fundamental St3nSDry property has 

been extsnsiyt:lly studi~d in r~lation to objective 

(instrumental) measurement, sensory 8valuation and the 

interrelationships, as well as effect of composition on 

the t~xturB. Among dairy r,roducts, various cheeses, 
• 

particularly semi-hard variaties, have received maximum 

attention of investigators. A large numbar of instru-

mental methods hev~ baHn davdlopad along with generally 

accepted texture terminology. ~ttem~ts, though not 

wholly successful, havB also be~n nlade to develop corrS-

lations bGtw8~n obj8ctiva textural data and sensory 

information. Howi3ver, no such attempts have blden made 

in r~lation to Injian indigenous milk products, in spite 

of reasonably standardized tachnology for their production. 

Thus in absence of adequate information about the deSirable 

attrlbutes of prouuctls texture particularly in terms of 

objactiv<:l paraw::;lters, such of th!J rassarch concerning 

processing aspects has largclly de!Jonded on conSUflier respcns_6 

through market feedback. 
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3. MATERIAL" ANll METHODS 

This chapter deals with the materials employed 

and experimental procedures used during the investiga­

tion. The necessary information has been dealt with 

under following groups: 

a) Collection of market samples 

b) Preparation of laboratory samples 

c) Chemical analys8s 

d) Object iva texture assessment 

e) Sans Dry texture assessment 

f) 5tatistical analyses 

3.1 COLLECT iON Of MAKKET SAflPLt:.S 

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, s eels of 

handling and popularity of the vendor. Accordingly 

Delhi market was selected for chhana, Rasogolla 

and Sandesh, IJhereas panesr samples lJere collected from 

Karnal market. 

ChhaJ") 8 

5amples were obtained from six prominent shops 

located in Karol Baugh area of [lelhi. At the request of 

vendors code numbers have been used to designate different 

samples. t\bout 750 9 of fresh chhana was pu rchased and 



carried in stainless steel containers (16 em die., 5 em h) 

with tightly cloSing lids. These containers were kept 

in a plastic ice-box (35 x 20 x 16 em, 'Brite' Bright 

Bros., Bombay). ~fter about 6 hr spent in transit., the 

samples were transferred to a 800 incubator (~kash Deep, 

Delhi) maintained at 15 0 C and held overnight before 

subjecting them to chemical analyses, and objective and 

sensory texture evaluation. 

3.1 .2 

Rasogolla of three varieties, viz. small (SL), 

normal (NL) and sponge (SG) were purchased from two 

popular vendors of Delhi. About 24 pieces of each 

variety were collected in stainless steel containers 

(vide 3.1.1). These samples were transported and 

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

3.1 .3 5andesh 

£ight samples of 5andash (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). 

3.1 .4 Paneer 

About 750 g of fresh paneer was 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 

tempering cabinet at 15°C and held overnight before baing 

subjected to various analyses .. 
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3.2 PREPARATION Of LA80RlHCRY SI\MPLE~ 

Qetails of the preparation of laboratory 

samples of chhana and paneer are given below. 

Mat at iels 

3.2.1.1 Milk: Pooled COlJ and buffalo milks were obtained 

from the Experimental Oairy of the Institute. All raw 

milk was fa rm produ ced and about 4 to 5 h r old when used. 

pH ranged from 6.6 to 6.7 for cow milk and from 6.? 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 cow milk, an~ 

6.6 to 7.7% and 16.5 tD 17.5% for buffalo milk, respectively. 

3.2.1.2 Coasu!ant!.: Lactic acid, IP (£.Merck, India), 

citric acid, IP/SP (Sarabhai M. Chemicals, SMG, Baroda) 

and calcium lactate, IP (Shalg Pharmaceuticals, Bombay) 

ware used as coagulants, in desired concentrations. 

3.2.1.3 Other additives: Sodium citrate, IP/BP (Sarabhai, 

Baroda), sodium alginate (Chemical Oe centre, New Delhi) 

and calcium chloride (fused), LR (Glaxo Laboratories, 

Bombay) we re used .. 

3.2.1.4 vege~le Oil and Common Salt: HydrogBnated 

vegetable fat ("[)alda- vanaspati, Lipton India Ltd., 

Calcutta) was used for frying of paneer .. Common salt 

(Tata Chemicals, Bombay) was employed as 2.25% solution 

for cooking the fried paneer. 
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3.2.2 Processing Conditions 

3.2.2.1 Standardization: Cow and buffalo milks were 

standardized to the desired fat level by adding respec-

tive skim milk or cream as the case may be. Mechanical 

cream separator ,wKamdhenu", 5inhal Metal Industries, 

Bombay; capacity 550 lit milk/hr) was used for separa-

t ion of milk. 

3.2.2.2 Homogenization: Whenever required, milk was 

homogenized at 60-6S0 C and 176 kg/cm2 pressure using a 

Gaulin (USA) homogenizer. 

3.2.2.3 Heating of Milk: Milk taken in a stainless 
, 

steel (50S) containers (capacity, 7 1) was heated to the 

desired temperature using a boiling water-bath. 

3.2.2.4 Cooling of Milk: Milk lJaS cooled to the desired 

temperature using tap water. 

3.2.2.5 Coagulation: Coagulf:ltion of milk was affected 

within 60 sec by the addition of coagUlant solution of 

the required strength and stirring the content continu-

ously. The coagulum-whey mixture was held for required 

time before removing the whey by straining through a 

musl in clot h. 

3.2.2.6 Pressing: For paneer making, the coagulated 

mass held in the muslin cloth was transferred to e wooden 

hoop (16x7.5x6 em) the cloth serving as lining, and the 

curd was pressed under a dead weight of 6 kg for 15-20 min. 
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3.2.2.7 Cooling of chhana/panaar: Chhana was cooled by 

"ipping in pasteurized tap water (25-30D C), whereas paneer, 

after pressing was kept in pasteurized chilled water 

(4_60 C) for 2-3 hr to e ffe ct cool ing. 

Specific Procedures 

Approximately 4-5 kg lots of cow, buffalo or 

mixed milks (standardized, if required) were used for the 

preparation of chhana or paneer according to procedures 

outlined in fig. 3.1 to 3.3 (chhena) and fig. 3." and 3.5 

(panesr). 9..11 the chhana and paneer samples ware packaged 

in the polyethylene bags (capacity. 1 kg) and tempered 

overnight in a 600 incubator at 1SoC before subjecting 

them to chemical, sensory and objective textural analyses. 

frying and Cooking of Paneer 

Raw panear waS cut into pieces of equal size 

(1.9 em die. and 2.0 em height) and fried in "Oslde" 

vanaspati (hydrogenated fat) heated to a temperatura of 

175-18SDC using an 55 open pan on an electric heater. 

T he fry ing time was 5 to 7 min fo r 18 to 20 pie cas taken 

at a time. The paneer pieces were frequently turned 

during frying using a perforated 55 ladle. 

Fried paneer pieces were boiled for 5 min in 

twice its weight of 2.25% salt water. Paneer so cooked 

was allowed to cool to ambient temperature before trans­

ferring for overnight tempering at 15DC. 
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IYER (1918) 

COW MILK BUFFALO MILK 
(4-1. FAT) (6 'f. FAT) 

L- MIXING --l 
!I~) 

HEATING TO NEAR BOILING POINT 

+ COOllNG'TO 70°C! lOC 

COAGUtATION 
(70°C!. 2°C, pH S.1t WITH 2". 

CITRIC ACID) 

+ 
STRAINING r WHEY 

COOLING THE MASS IN TAP 
WATER FOR 15-20 MIN 

t 
DRIPPING OF WHEY 

~ 
CHHANA 
(I MC) 

SONI 11 al (1980) 

cow MILK BUFFALO MILK 
(WHOLE) (WHOLE) 

L.. MIXING --1 
(3.1l 

HEATING TO NEAR BOILING POINT 

t 
COOLING iO ?OGC! lOC 

COAGULATION 
o + 0 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) 

OE AND RAY (1954) 

COW MILK BUFFALO MILK 
(WHOLE) (WHOLE) 

L-MIXING ---1 
(3~ ) 

HEATING TO NEAR BOILING POINT .. 
COAGULATION 

(a2-83°C,pH 5.4, WITH ,'1. 
LACTI\ ACID) 

STRAINING 

f----WHE Y 

DRIPPING OF WHEY 

~ 
CHHANA 

(DRMC) 

FIG.3.3 METHODS USED FOR MAKING CHHANA FROM MIXED MILK 



"" m OE AND RAV 
(954) 

WHOLE BUFFALO MI LK 

t 
HEATING TO N EA R 
BOILING POINT 

t 
COAGULATION 

(82-B30C, pH 5.4 
WITH 1·'. LACTIC ACID) 

• STRAINI N G 

}----WHEY 
DRIPPING OF WHEY 

t 
CHHANA 
(DR B C) 

KUMAR ANO SRI- IYER( 1978) IYER (197S) SONI et at. 
NIVASAN (1982) ( 1980)-

BUFFALO MILK BUFFALO MILK BUFFALO MILK WHOLE BUFFALO (,0,. FAT) (,°1. FAll (,·/.FAr) MILK • + , , 
HEATING TO NEAR ADDITION OF 0·0 5 ",. ADDITION OF WATER HEAltN G TO NEAR 

BOILING POINT SODIUM CITRATE (25°/. OF MILK BV BOILING POINT , , VOLUME) 

+ ~ COOLI NG TO HEATING TO NEAR COOll NG TO 
70 oC!loC BOILING POINT 

HEATING TO NEAR 70
0
Cil°C 

• 
t BOILING POINT , 

COOLING TO • COAGULATION ?OoC"!:1°C COAGULATION 

('OOCt zOe, pH 5.7 , COOLING TO 70
o
C!2°C,. pH 5.7 

70°C'!:. 1°c WITH O.S·,. LACTIC 
WITH 2·/. LACTIC ACIO) COAGULATION • ACID) • 

~ (70°C!: 2°C, COAGULATION 

STRAINING 
pH 5.1, WITH ,.,. (70°C! 2°c,pH S.I, HOLDING COAGULATED 
CITRIC ACID) WITH ,'1. CITRIC ACID) MASS IN WHEY FOR 

~WHEY f t 30 MINUTES 

t STRAINING STRAINING 
COOUNG THE MASS IN ~WHEY ~WHEY STRAINING 
TAP WATER TO ROOM 

~WHEY TEMPERATURE 

• 
COOLING THE MASS COOLING THE MASS 
IN TAP WATER FOR IN TAP WATER FOR 

DRIPPING OF WHEY 15-20 MIN IS-20MIN CODLING THE MASS 

• t t IN TAP WATER FOR 

DRIPPING OF WHEY 15-20M1N 
CHHANA , DRI PPI N G OF WHEY .. (KSBC) t CHHANA DRIPPING OF WHEY CHHANA 

• (ICBC) (I BC) 

CHHANA 
(S Be) 

FIG. 3.2 METHODS USED FOR MAKING CHHANA FROM 
BUFFALO MILK 

KUNDU AND OE 
(1972) 

BUFFALO MILK 
(S°,. FAr) 

+ 
PREHEATING TO 
60

o
C±ZoC 

! 
HOMOGENIZATION 
(17iKG/CM2 ) 

• HEATING TO NEAR 
BOILING POINT 

i 
COOUNG T a 
70 oC-:!: 1°C 

t 
COAGULATION 

(70
o
C"t" 2°C, pH S.7 

WITH 1"1. CITRIC ACID) 

~ 
1 MIN HOLDING IN 

CLOTH 

t 
COOLING THE MASS 
IN TAP WATER TO 
ROOM TEMPERATURE 

+ 
DRIPPING OF WHEY 

• CHHANA 
(KOBC) 



SACHOEVA (1983) 

BUFFALO MILK (6". FAT) 

~ 
PREHEATING TO 60

0
e t 3 ° e 

• ADDITION OF 0.1·/. SODIUM 
ALGINATE 

+ HEATING TO 90°C 

~ 
87_89o~O:~U5~~~I~~ITH ,.,. 

CITRIC ACID) 

~ 
HOLDING COAGULATED MASS IN 

WHEY FOR 5 MIN 

+ 
STRAINING 

}+-WHEY 

HOOPING 

+ PRESSING (6KG. 15-20 MIN) 

+ 
COOLING IN CHILLED WATER 

(4-6°e,2-2.SHR) 

• PANEER 
(SBP) 

8HATTACHARYA et al. (1971) 

BUFFALO t"LK (6~. FAT) 

HEATING TO 82°C FOR 5 MIN 

! 
COOLING TO 70°C t 1 ° C 

• COAGULATION 
(70°C t 2°C, pH 5.4,WlTH ,.,. 

CITRIC ACID) 

+ HOLDING COAGULATED MASS IN WHEY 
FOR 5 MIN 

+ STRAINING 

rWHEY 

HOOPING 

+ 
PRESSING (6 KG. 15 -20 MIN) 

+ COOLING IN CHILLED WATER 
(4-,oC,2-2.SHR) 

• PANEER 
(B BP) 

RAO .!:! ~.(1984) 

BUFFALO MILK (6·/. FAT) 

HEATING! TO 85 ° C 

COOLING TO 700C~ 1°C 

• COAGULATION 
(70°C! 2°C,pH S.4,WITH 0.3". 

CITRIC ACID) 

~ 
HOLDING COAGULATED MASS IN 

WHEY FOR 5 MIN 

t 
STRAINING 

}+ WHEY 

HOOPING 

+ 
PRESSING ( 6KG,15- 20 MIN) 

• COOLING IN CHILLED WATER 
(4-6°C,2-2.SHR) 

! 
PANEER 
(RBP) 

FIG.3.4 METHODS USED FOR MAKING PANEER FROM BUFFALO MILK 
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SACHOEVA .t at (19 8 5) CHAWLA (1981) SACHOE:VA .!!! .!!!-H •• -.,-

COW MILK BUFFALO MILK COW MILK 
(4~.FAT) l3.5'.FATl (4~. FAT) 

t t 
ADDITION OF 0.'''. CALCIUM HEATING TO 85°C FOR 10MIN HEATING TO 90

0 e 
CHLORIDE • t + COAGULATION 

HEATING TO 90
0 e COOLING TO 70 Oct 1°C (87-89°C, pH 5.4,WITH lOf. 

t t CITRIC ACID) 
COAGULATION COAGULATION t 87-89 0C,pHS.4,WfTH ,,,. ?OoC! 2°e, pH 5.35, WITH ,./. 
CITRIC AC 10) CITRIC ACID) HOLDING COAGULATED MASS IN 

t t WHEY FOR 5 MIN 
HOLDING COAGULATED MASS IN HOLDING COAGULATED MASS IN ~ WH EV FOR 5 MIN 

WHEY FOR 5 MIN + + 
STRAINING 

STRAINING r WHEY 

f-WHEY 
STRAINING 

r WHEY HOOPING 
HOOPING t 

t HOOPING PRESSING 

PRESSING t (6KG. 1 5-20 MIN) 

(SKG'15r20MIN) PRESSING t 
(6KG,10MIN) COOLING IN CHILLED WATER 

• (4-S
0

C'l2.5 HR) 
COOLING IN CHILLED WATER COOLING ~N CHILLED WATER 

(4-6·C'2~2.5HR) (4-S C,2-2.5HR) 

t 
PANEER PANEER PANEER 
(5 C C p) (CLFP) (SCP) 

FIG.3.5 METHODS USED FOR MAKING PANEER FROM COW AND LOW FAT 
BUFFALO MILK 
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CHEMI CAL ~NAL VS,ES 

3.3.1 Preparation of 5amplas 

3.3.1.1 Milk and Whey: Po representative sample of milk 

(COWt buffalo or mixed milk, or skim milk) werB 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 Panee:r: Samples of chhana and raw 

paneer were prepared by grinding the representative 

portion of the product in a mortar and pestle till 

homogenClQus mass was obtained. 

3.3.1.3 ~golla and fried and Cooked Paneer: Rasogolla 

and fried and cooked panear held on a gauze were allowed 

to drain for about 5 min and 9 round as in case of chhana 

and paneer. 

3.3.1.4 ~andesh: Soandesh samples ware also prepared as 

des cribed for chhana and panaer. 

3.3.2 T ctal ,-clids 

The total solids content \Jas determined as 

follows: about 5g milk or 1 to 2g chhana, paneer, Rasogolls, 

5andesh or fried and cooked paneer, was accurately weighed 

into a tared solids dish and dried in an electric ovBn at 

102 .! 1°C to a constant ..,eight and the solids content 

calculated in percent. 

3.3.3 ~ 

fat in milk was determined by the Gerber method 

pres cr ibed by 151 (1977). 
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The fat content of chhana and panBer was 

determined as per 151 (1980). The fat content of Rasogolla, 

Sendesh and fried and cooked paneer was determined with 

slight modification of the method prescribed in lSI (1980) 

wherein in place of 10 ml concentrated hydrochloric acid, 

10 ml of 1:1 mixture of hydrochloric acid and water "'as 

use~. 

3.3.4 Total Pro~ 

The total protein content of chhana, paneer, 

Rasogolla, Sandesh and fried and cooked paneer was 

estimated by the semi-micro kjeldahl method of Meneffee 

and Overman (1940) by taking 200-300 mg of accurately 

weighed sample. The total protein content was obtained by 

multiplying the total nitrogen with 6.38. 

3.3.5 ~ 

The ash content of the sample waS estimated as 

follows: a sample of chhana, paneer or Rasogolla (about :3g) 

biaS accurately weighed into a tared silica crucible and 

dried in a hot air oven at 105°C. The dried sample was 

then ignited gently on a flame, ashed in 8 muffle furnace 

at 550° .:!:. 20°C for :3 hr and weighed. 

Total Carbphydrate 

The total carbohydrate content of Rasogolla .... as 

calculated by difference as under: 

T atal carbohydrate 
% by .. eight = 100 - (% fat + % protein 

% moisture) 
.. % ash + 
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3.3.7 Cal cium 

The calcium content of chhana and paneer 

samples was determined tltrimetrically following the 

procedure given in 151 (1961) wherein ash (obtained in 

3.3.5) was dissolved in 5 ml of 1:1 dil hydrochloric acid 

Followed by addition 1 ml dil (1:1) nitric acid. The 

di$so!ved ash solution was transferred to a volumetric 

Flask and the volume made up to 100 ml with distilled 

water. The solution was then filtered through Whetmsn 

No.40 fllter paper. 25-30 ml of the filtrate \alas trans­

ferred to a 250 ml beaker and diluted to 100 ml with 

distilled water and 2 drops of methyl red solution 

(1g methyl red in 200 ml ethyl alcohol) added. Ammoniu .. 

hyd rax ide solut ion (about 12. S/b) waS added d ro puis e till 

pH of the solution reached to 5.6 as shown by intermediate 

brownish orange colour. The pH was then lowered to 2.5-3.0 

by dropwise addition of hydrochloric acid (1 :3) till colour 

changed to pink. The contents were diluted to 150 mI. 

brought to boil and 10 ml hot saturated ammonium oxalate 

solution was added. The mixture was left to stand for 

3 hr or IO'nger. and the clear solution decanted through 

a lJhatman No.42 filter-paper. The precipitate was washed 

with warm distilled water until it became chloride-free. 

The apex of the 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 85 to 900 e with 0.05 M potassium permanganate 

solution. The calcium content was calculated as under. 



10 X 
Calcium, % by wt = 

where, 

VIJ 

x = volume in millilitras of 0.05 M potassium 

pe rmang an ate 

v = volume in millilitres of ash (filtered) 

solution 

w = wei~ht in 9 of the sample taken for ashing 

l.3.8 Phosphorus 

The phosphorus content of chhana and paneer 

was determined using the ash solution (prepared as per 

3.3.7) by the method of fiske and Soubba Row (1925). 

wherein 0.1 ml of the ash solution, 0.4 ml of 5 N sulphuric 

acid, 0.8 ml of ammonium molybdate reagent (2.5% OW/V) and 

0.4 ml of 1-amino-2-napthol-4-sulphonic acid reagent 

(prepared by dissolving 0.25 9 of mixture conSisting of 

0.2 9 1-amino-2-napthol-4-sulphonic acid, 1.2 9 sodium 

metabisulphite and 1.2 9 sodium sulphite, in 10 ml distilled 

water) were added. The final volume of the mixture was 

made to 1;) ml and mixed thoroughly. After 10 min incubation 

at ambient temperatura, the colour intensity \Jas measured 

at 700 nm employing the Spectronic 20 colorimeter (Bausch 

and Lomb, U5A). The standard curve for phosphorous was 

prepared under identical conditions using potassium dihy-

dregsn orthophosphate, taking phosphorus in the range of 

10 to 100 AJg/10 ml solution. Based on the data of standard 

curve a regression equation \Jas computed: 

Concentration of 
phosphorus in .09 = 65.963 x O.D. + 0.2544 
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where, 0.0. = Qptical density of the tested sample. 

The ph os pho rus con ten t was expressed in %. 

3.3.9 oeterminat~of pH 

pH of milk, ",hey, panaer or chhana was measure~ 

using an £LTOP pH mater (Punjab Stata Electronics Corpn. 

Ltd., Mohall) 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 readout (KosikolJski, 1982). 

Expressible Slyrup of Raso9011~ 

~ piece of Rasogolla previously allowed to 

rest on a wire gauze for about 5 min to effect drainage 

of loose syrup from the surface was transferred to another 

wire gauze and pressed for 5 min, us ing a 500 9 dead 

weight. The expressed syrup collected in a tared aluminium 

dish was weighed and results expressed as g (of expressible 

syrup) par 100 g of (drained) Rasogolla. 

3.4 OBJECT IVE TEXTURE MEI\S.UR£M~NT 

Dbjective textural properties of chhana, panesr, 

Rasogolla, and fried and cooked paneer, in terms of hardness, 

cohesiveness, springiness, gumminess and chewinass, were 

determined by Uniaxial mouble-cycled compression using an 

Instran Universal Testing Machine (Model 4301, lnstran Ltd., 

U.K.) (Fig_3.6) attached yith a strip chart recorder and 

printer. 



• 

FIG. 3 . 6 INSTRON UNIVERSAL TESTING MACHINE 

MODEL - 4301 
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Measur~~ InstrGn 

3.4.1.1 Testing Conditions; Based on relevant literatura 

reports, the following test conditions ware employed. 

Sampl e size: Cylindrical sample of 1.9 em 

diameter (cross sectional etaa, 2.84 cm 2 ) and 2 em height 

was l:u~ed in case of chhana, paneer and Rasogolla. 

In case of fried and cooked paneer the exact 

cross sectional area was determined for each sample since 

the dimensions of the paneer plug changed, upon frying and 

cooking, to varying degrees. 

3.4.1.1.2 Pe rcent Compress ion: High levels of de formations 

(BO% compression) have been suggested by Soma yorkers for 

texture evaluations that are to be correlated with sensory 

assessment (Sreene, 1975; Gupta at !le, 1984 and Bourne, 

1978). HOIJever, 50hinin (1987) suggested that high levels 

of strain resulted in almost complete destruction of the 

structural integrity of the sample (cheese) and thus it would 

be relateq mora to oral texture evaluation rather than to 

evaluation 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 slolJ rates, were applied when 

panelist evaluate -bDdy" or textura, using hand measurements 

in contrast to oral evaluations. 5.hinin (1987) obtained 

consistent results when cheese texture was evaluated under 

levels of strain that did not greatly exceed the fracture 

or yield value of cheese. S,ince the present instrumental 
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analysis aimed at imitating screened panelists low levels 

of compression viz. 20" (i.e. compression to 80% of 

initial height) was considered mora appropriate. 

In preliminary tests, chhana samples wera subJec­

ted to 10-BO% compression. force required to attain the 

desired strain was plotted against percent compression 

(Fig/.3.7). It was revealed that fracture occured at 

about 20% compress ion. The re fa re, 20% compress ion was 

selected for the present study to determine non-destructive 

texture profile expected to correlate better with sensory 

data. 

3.4.1.1.3 load Cell: P" 100 N load cell was used with 

the full scale deflection of the strip chart recorder set 

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 Rasogolla and fried and cooked 

paneer. 

Crossh.ad 5peed: A crosshead speed of 5 an/min 

was used throughout the study as suggested by Breene (1975) 

for cheese. 

3.4.1.1.5 Chart S.peed: J(" chart speed of 10 cm/min \Jas 

used. 

3.4.1.1.6 Test Temperature: All Instron measurements 

were carried out at 1So C after tempering the samples over­

night at this temperature. 

3.4.1.2 Interpretation of Texture Profile Parameters 

from Instran Curves: ~ typical force-deformation 

curve obtained for double-cycled compreSsion has been '!Jiven 
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in fig. 3.S, and the parameters measured thereFrom (Brady 

et !!!.., 1985) included, 

Hardness Maximum force recorded during the first 

Cohes iveness 

Spring iness 

Gumminess 

Chewiness 

compress ion cycle (mN) 

.l\rea under curve A
2
/area under curve "', 

Width of the downstroke in curve - "'2' mm 

Hardness x cohesiveness, mN 

Gumminess x springiness, mN.mm 

Since the response of the instrument in respect 

of adhesiveness (as indicated by a negative peak following 

the first peak) was negligible, this parameter was excluded. 

Cone Penetratio!l 

The objective hardness of 5andesh was esti~ated 

by cone penet rat ion as follows; T he whole pie CB of 5andesh 

tempered overnight at 1SoC was placed on the movable plat­

form of the cone penetrometer (plate 3.2) (Central Ignition 

Ca., London) keeping point of penetration at the centre. 

The platform was so adjusted that tip of the cone just 

touched the sample. The cone assembly was allowed to 

descend into the sample for exactly 5 sec, and then depth 

of penetration was readout in 0.1 mm on the circular seale. 

This was converted into hardness by using the following 

formulae (Vasie and de Man, 1968). 

H = 
(h X 11" X 

G x 10
3 

tano( 
Cos c( 
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where, 

H = Hardness in kg/ cm 2 

G = we ight of cone assembly in mg ( = 92,000 ) 

h = ()e pth of psnat rat ion in 0.1 mm 

0.( = half angle of cone ( = 10°) 

r = Radius of the flat tip of the cona in 

0.1 mm (r = 4) 

3.5 SENSORY EVALUATION 

~amples of chhana, panaer, fried and cooked 

paneer, Rasogolla and Sandesh were tempe red overnight at 

1So C befors subjecting them to sensory evaluation. The 

size and shape of the samples were same as usad for 

objective texture measurement. Based on the preliminary 

screening considering interest, motivation and lJillin~ness 

of judges, a panel of six judges was selected. ~ rating 

scala (fig. 3.3) in the form of a 14 em horizontal dotted 

straight line with its left and indicating ona parametric 

extreme (0) and the opposite end indicating the other 

extreme (100) was used for each attribute. Socoring was 

done by indicating the perceived intensity/acceptability 

by means of a small vertical line along the 100-point 

(100 dot) scale divided into four aqual major sections. 

il.t a time six samples at most were given for sensory 

e valuat ion. 

3.6 STATISTICAL ANALYSE2. 

Data on compositional parameters were analysed 

using the randomized block design (RBO). Data on objective 

textural properties were analysed employing factorial desi!n. 
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Sensory evaluation card for texture of ________ __ 

To the panel 1st 

Kindly evaluate the given samples for different 

properties using the scales given balow. To indicate your 

judgement make a vertical line along the scale and give 

the respective sample number against the line. 

1. Elasticity 
(least elastic) .................. 

2. Firmness 
(Too soft) ....................... 

3. Crumbliness 
(least crumbl y) 

4. :it ickiness 
(1 east sticky) 

S. 5moothness 
(G rainy/rough) 

6. Ju iciness 
(least juicy) 

7. Chewiness 
(least chewy) 

................... 

· ................... 
· ................... 

· .................. . 
· .................. . 

8. Overall textural 

Extremely elastic 

Too hard 

Extremely crumbly 

Ext ramely sticky 

Ext ramely smooth 

Ext ramely juicy 

£xt ram ely chewy 

quality Most desirable 
(Un des irable) •••••••••.•••••.•••• 

Remarks (if any): 

Date 

f i9. ;).9 

Signatu re 

Name 

Unstructured scale for texture evaluation 
of chhana/paneer/Rasogolla/Sandesh 
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The data on sensory textural properties were transformed 

into arc-sine values and then subjected to factorial 

analysis. The comparison of market and laboratory 

samples was made using RBD. Data on chemical composition, 

objective and subjective textural properties were also 

subjected to regression analysis. All these analyses 

were carried out as per the methods described by Snedacor 

and Cochran (1968). 



RESULTS 

AND 

DISCUSSION 
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4. RESULTS. AND 0 IS CU55lON 

The present study was undertaken to elucidate 

the objective and sensory textural properties of market 

chhana, Rasogolla, Sandash and paneer (raw as well as 

frieg and cooked). Simultaneously, chhana and paneer 

WeIe prepared in the laboratory using different methods 

reported in the literature and their textural characte­

ristics were also assessed. The textural properties of 

the most desirable market chhana and market paneer samples 

and laboratory made products were then compared. finally, 

the reI at ion sh ip among compos it ion a1 an d rhao log i cal 

properties, and sensory textural attributes were derived. 

The results during this investigation have been discusseaJ 

in this chapter. 

4.1 

4.1 .1 Market Chhana 

Composition: Texture of chhana is governed by 

its composition 8.g. moisture content (Ray and De, 1953). 

However, very 1 ittle information is available on the 

compOSitional aspects of chhana sold in the market. 

It can b9 S99n from Table 4.1 that the moisture 

content of market chhana varied from 66.51 to 71.63%. 

Thus all samples except one (I"1C-1) were within the legal 

requirements for moisture content (Max. 70fo). While MC-1 

chhana had a significantly higher (P L 0.05) moisture 



Tabla 4.1 Compos it ion 0 f market chhana 

--- -
Canst ituent :iam ple_a 

--
MCl MC2 MC3 MC4 M C5 

Mo is tu re, % 71.63 68.G8 69.16 66.51 69.17 

fat, ;i. 9.98 12.94 12.96 14.27 12.31 

Protein, % 14.90 15. <3 14.32 15.16 14.76 

.4sh, 10 1.44 1.48 1.41 1.53 1.53 

Cal cium, jo 0.45 0.48 0.44 0.47 0.46 

Phosphorus, % 0.25 0.<:6 0.22 0.25 0.25 

pH 0 f chhana 5.79 5.83 6. 11 5.83 5.93 

hvarage of six replicates 

a Refers to the vandor/5upplier of chhana 

It p L 0.05, It" I'LO.Ol 

MC6 

68.88 

13.:59 

14.25 

1.44 

0.42 

0.20 

6.02 

,_._, 

f.ratio 

2.71* 

1.96 

1.22 

2.19 

1.98 

1.30 

8.54** 

CD 

2.96 

0.12 

..., 
co 
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content than chhana MC-4 and rIC-6, these Five samples 

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

ves (Table 4.1). The fat content ranged from 9.98 to 

14.27%. The fat content of all samples was below the 

Pftlr. standards i.e. was less than 50% on dry matter basis. 

from the point of view of protein, ash, calcium 

and phosphorus content, the market samples of chhana did 

not exhibit any significant differences. However, there 

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

the range baing 5.79 to 6.11. S.uch variations could 

presumably be due to differences in manufacturing conditions. 

KUmar and Srinivasan (1982) had, however, observed 

much lower moisture (59.64 to 65.3D,i.) 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 

quality of chhana-based sweet is decided by the textural 

attributes of chhana. 50ft body and smooth texture arB 

believed to be the most dBsirablfl textural attributes of 

chhana (Ray and De, 1953; S,ingh and Ray, 1917$,lyer, 1978) 

Bhattacharya and Desraj. 1980Sand 50ni !!.l & .• 1980). 

The sensory score for different textural attributes 

and concomitant instrumental textural properties have been 

presentad,_,in Table 4.2 and 4.3, respectively. It can be 

visualized from Table 4.2 that chhana with relatively low 

firmness, elasticity, crumblinl::lss and chewiness, moderate 

stickiness and high smoothness score was rated most desirable 

with respect to the oversll textural quality. 



Table 4.2 5ansory score (max, 100) for textural characteristics 
of market chhana 

At tribute Sample a F. ratiob 

M Cl M C2 MC3 MC4 MC5 MC6 
----

Elasticity 36.37 35.80 32. G3 36.C3 34.95 32.57 0.53 

firmness 35.63 36.76 28.41 34.95 28.03 29.95 3.72** 

Crumbliness 53.30 49.90 43.21 47.09 38.62 34.18 6.56** 

Stickiness 47.17 46.04 51.45 46.98 54.44 54.55 1.96 

Smoothness 55.99 66.72 69.47 64.99 69.25 56.25 7.42** 

Chewiness 37.53 33.60 27.21 34.77 28.27 27.44 4.28it* 

eva rall textu ral 
quality 58.29 65.28 68.80 67.35 70.10 70.48 5.7U-

~verag6 of six replicates 

a Represents the vendor/Supplier from whom chhana was obtained 

b Based on arc-sine values vide M.ppendix I 

.. P L 0.05, *"' P L 0.01 

COb 

3.49 

4.49 

3.72 

3.65 

3.17 

"" en 



Table 4.3 Instrumental textural properties of market 

Attribute Sample 
.-

M C1 MC2 Mel MC4 MC5 

Hardness, mN 3.08 3.87 2.52 3.71 2.35 

Cohes iveness 0.51 0.67 0.57 0.65 0.57 

~pringiness, mm 6.13 6.21 6.25 6.50 6.38 

Gumminess, mN 1.89 2.58 1.44 2.43 1.36 

Chswinass, mN:-mm 12.73 16.~O 9.19 16.05 8.80 

"'verage of six replicates 

a Refers to the Vendor/Supplier of chhana 

* p L O. OS, ** p L 0.01 

chhana 

MC5 

2.16 

0.55 

5.08 

1.2G 

7.71 

f. ratio 

4.91 ** 
4.52 .... 

0.28 

5.80** 

5.C5** 

CD 

0.91 

0.06, 

0.53 

5.04' 

-l 
en 
ID 
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It can be observed from TobIe 4.2 and 4.3 that 

subjective anu objective textural properties of chhana 

samples showed significant variations (P L 0.01) except 

for sensory elasticity and stickiness, and instrumental 

springiness. Significant differences among samples 

(P L 0.(1) for all Instran parameters except cohesiveness, 

and all sensory attributes except elasticity (P L 0.05) 

and smoothness indicated the extent of texturel variability 

of the market product, which might be apparently be 

accounted for by various production practices in addition 

to the differences in moisture content (vida 4.1.1.1). 

Information on these textural properties of market 

ehhan, is not available in literature for comparison. 

Non-significant differences among the Instron determinants 

(cluplicate) indicated that the sampll::ls under test were 

quite homogenous. 

4.1 .2 Cow ~l ilk Chhana 

4.1.2.1 Composition: As discussed earlier (vide 2.7.1), 

COI!1 milk has generally been preferred to buffalo milk for 

chhana manufacture. Various methods have been reported 

for manufacturing acceptable quality chhana from cow milk. 

Chhana was made by using some of these methods (vide Table 

3.1) and its texture was characterized. While the compo­

sition of these products have been presented in Table 4.4, 

their sensory and instrumental textural characteristics 

arB given in Table 4.5 and 4.6, respectively. 



Table 4.4 Average composition of cow milk chhana 

Constituent 5ampla 
a 

~C BUC ORC K5C 5DC --
!Vlo is tu re, 0' 

i" 63.30 56.44 54.40 54.44 56.07 

Fat, %. 18.44 21.29 22.17 22.66 21.95 

Protein, % 15.23 18.69 18.97 16.98 18.01 

Ash, " 1.23 1.53 1.70 1 • 71 2.09 

Cal clum, % 0.37 0.45 0.50 0.50 0.60 

Phosphorus, % 0.21 0.25 0.29 0.25 0.36 

pH of chhana 6.03 5. B6 5.81 5.B9 6.22 

Average of four replicates 

a Refers to the method of manufacture vide fig. 3.1 

* P L 0.05, .... P L 0.01 

F. rat io 

Ie 

55.65 9.64*-

22.08 9.15** 

18.66 8.32** 

1.43 71.46*-

0.45 69.21*" 

0.26 13.G4**' 

5.53 115.95-

CO 

3.24 

1.60 

1.51 

0.10 

0.05 

0.04 

0.07 

" " 
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Method SC produced chhana with signlficantly 

higher (P L 0.01) moisture and lower fat and protein 

contents as compared to chhana obtained by the rest of 

the methods (Table 4.4), differences among other samples 

generally being non significant. The method employed to 

manufacture sample 5C{wherein lower acid strength 0.5%, 

lower temperature 70°C and higher pH 5.7 to effect 

coagulation, and holding the coagulum in whey for about 

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 5C 

method are not available for comparison. HOlolevsr, 

:ionl .2i.!!.. (1980) observed 61.99% moisture in chhana 

mede from buffalo milk using this method. While the 

moisture content of ~C 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. 

4.1.2.2 Textural quality; The sensory and objective 

textural properties of cow milk chhana obtained by diffe­

rent methods have been presented in Table 4.5 and 4.6, 

res pe ct ivel y" 

It is evident from Table 4.5 that 5C chhana 

possessed lower firmness, elasticity and chewiness as 

compared to other chhana samples, the difference being 

highly significant (p L 0.01). SC chhana was moderately 

crumbly and somewhat more sticky than other samples. Its 

smoothness greatly exceeded those of other samples. Its 



Table 4.5 sensory textural properties (max.score, 100) of 
cow mil k chhan a 

Attribute Samplea 

SC SOC DRC KS,C 

Elasticity 39.14 63.41 68.49 70.07 

Firmness 30.46 55.92 58.94 68.18 

Crumbliness 53.92 56.87 53.84 45.68 

5t ickiness 46.36 36.92 34.B3 34.33 

Smoothness 78.58 66.31 54.33 63.98 

Cheloliness 23.85 48.50 53.05 51.38 

Overall textural 
qu al ity 78.71 62.21 54.17 57.10 

~verage of four replicates 
a 

Refers to the method of manufacture vide fig. 3.1 

b Based on arc-sine values vide .h.ppendix II 

.. f'LO.G5, .... p L 0.01 

S,OC IC 

69.41 63.90 

65.0u 50.31 

47.14 54.36 

37.04 34.00 

49.Z3 55.80 

55.2.4 42.80 

54.39 58.96 

F. rat lob - -COb 

20.90** 4.20 

32.61** 3.88 

1.65 

3.94 ..... 3.84 

28.49- 3.36 

20.52** 4.29 

25.68"* 3.15 

.." 

'" 



Table 4.6 Objective texture profile of cow milk chhana 

... ttribute 5ample 
a 

SC BOC ORC KSC "DC IC 

Hardness, mN 5.59 16.15 20.:)8 19.48 22.26 15.21 

Cohesiveness 0.6B O. '/1 0.71 0.70 0.72 0.69 

Springiness, mm 6.50 6.56 6.8e 7.06 7.19 6.44 

Gumminess, mN 3.74 11.54 14.63 13.77 16.19 10.44 

Chewiness, mN .mm 24.85 75.72 99.41 98.39 1 66. 1 9 65.5 S 

Average of four replicates 

a Refers to the method of manufacture vide fig.3.1 

* pLO.05. npLO.01 

f. ratio CO 

22.11** 3.65 

2.15 

0.89 

23.65** 2.61 

16.05"* 23.37 

00 
o 
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overall textural quality waS also significantly hilJher 

(P L 0.01) than that of other samples. The sensory date 

appeared to be well supported by instrumental measurements, 

the hardness and chewiness values being significantly 

(P L 0.01) lower for;;C than for others. The observed 

differences among BOC, ORC, KSC, SOC and I C were not 

appreciable although the Qverall sensory s core for BOC 

was significantly (P L 0.01) better than for QRC, K5C, 

SOC and Ie. The striking differences between S.C chhana 

and other samples (8[>C, ORC, KSoC, 05C and I C) could be 

attributed to the corresponding differences in moisture 

contBp\t. Lower calcium content of SC (Table 4.4) could 

also be responsible in this regard. Jagt~at:lf~!!. (1971) 

also demonstrated that when more anlount of calcium ""as 

added to cow milk, the chhana became harder. 

4.1.3 Bu ffalo Mil k Chhana 

Basically buffalo milk differs from cow milk 

in its quantitative and qualitative compositional charac­

terist ies (Gangul i, 1974). Chhana produ cad from bu FfalEl 

milk using the procedure standardized for cow milk produces 

a product which is qualitatively quite different from the 

latter. Many process modifications have been reported in 

literature to improve the quality of buffalo milk chhana. 

~ few selected procedures, including the basic method of 

De and Ray (1954) (vide Teble 3.2) were adoptad to examine 

the textural properties of the resulting product. 
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4.1.3.1 Composition; Cflmposition of chhana prepared 

from buffalo milk by different methods has been presented 

in Table 4.7. It is evident that DRaC chhana had the 

lowest moisture but highest fat, protein, ash, calcium 

and phosphorus contents, the differences baing highly 

significant (P L 0.01). :>amples :>BC and KElBC showed 

the highest values for moisture had an intermediate fat 

content but the lowest protein, ash and calcium contents. 

These two chhana samples waIe moisture-wise similar to 

cow milk chhana (Table 4.4) except that of SC ehhana. 

This indicated that the process modifications suggested 

for ~etter moisture retention in the buffalo milk product 

wBrB only partly effective. Thus buffalo milk chhana 

showed generally lower moisture and higher fat contents 

as compared to cow m'ilk chhana. 

4.1.3.2 Textur!! Characteristics: Several reports have 

appeared indicating that buffalo milk is not suitable 

for chhana making (De and Ray, 1954; Jagtiani ~ .!!,., 1960 

and Ananta kr ishnan an d Sx in iva.san, 1964) pres umably be cause 

of the low moisture retention capacity and consequently 

hard body and coarse texture of the resulting product. 

As shown in Table 4.8, SSC chhane having consi­

derably lower sensory firmess and chewiness, and greatly 

improved smoothness scored much batter for its overall 

texture than other chhana samples. The elasticity and 

crumbliness of S8C were also significantly lower (P L 0.01) 

than the corresponding values for most other buffalo chhanas. 

Though it was more sticky. from the view point of overall 



Table 4 .. 7 Chern icel cOmpos it ion 0 f bu f falo mil k chhana 

Constituent Sample a 

DRB C KSBC I CB C IBC SSC KOBC ---
rio is tu ret ,- 47.19 52.20 51.:<0 51 .;, 6 56.45 57.74 

Fat, % 2B.;'2 26.00 26.42 26.25 24.63 21.55 

Protein, % 20.08 17.83 18. S2 19.15 15.69 17.01 

,Iol"Sh, % 1.90 1.77 1 .55 1 .52 1 .41 1. 50 

Calcium, % 0.64 0.57 0.53 0.53 0.44 0.52 

Phosphorus, % 0.32 0.30 0.26 0.27 0.23 0.26 

pH of chhana 5.60 5.95 5.54 5.67 5.98 5.85 

Average of four replicates 

a Refers to the method of manufacture vide fig. 3.2 

.. fJ L 0.05, .... fJ L_ 0.01 

f. ratio 

44 .. 91** 

33 .. 63** 

77.99** 

42.59-

36. G6** 

1 7.1 6"* 

32.53** 

CD 

1.73 

1 .1 8 

0.55 

0.09 

0.03 

0.02 

0.09 

'" '-" 



Table 4. B Average sensory score (max, 100) for textural 
attributes of buffalo milk chhana 

~ttribute Sample 
a 

DRSC K5BC I CB C ISC 

Elasticity 56.96 64. C3 61.1 B 62.59 

firmness 77.67 6 B. 99 64.25 69.67 

Crumbliness 45.96 49. GB 47.70 48.22 

St i ckines 5 23.90 23.76 23.00 27.35 

Smoothness 49.74 47.42 54.27 5 O. 77 

Chewiness 65.77 63.11 54.15 56.B4 

Overall textural 
qual ity 45.02 4B.3' 59.01 57.01 

Average of four replicates 

a Refers to the method of manufacture vide fig. 3.2 

b Based on arc-sine values vide Appendix III 

.. p L o. OS, ** p L 0.01 

SBC KilB C 

55.07 50.24 

37.5B 73.57 

40.03 65.6G 

40.44 20.98 

74.67 31.53 

29.27 66.51 

7B.02 34.17 

F.r;t i~IJ;;o .. 

3.86** 4.33 

41.05** 3.73 

5.31 ...... 6.04 

19.52** 2.7B 

64.66"'* 2.87 

33.72** 3.56 

5B.29** 3.28 

CD 
-I> 
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texture 5 core, I CBC and IBC ranked next to SSC while the 

remaining samples wers significantly (P L 0.01) less . 

desirable. The manufacturing method, SSC, resulted in 

a product that had high moisture retention with desirable 

textural quality. The lowest texture scorB of KOBe 

having a slightly higher moisture content indicated that 

moisture alone was not the deciding factor for the 

texture of chhana but perhaps conditions of manufacture, 

which affected the crumbliness and smoothness of the 

product were equallY important. The significantly lO\Jsr 

(P L 0.01) cal cium content of SEC chhana might also have 

played a definite role towards texture improvement. 

~ddition of sodium citrate to buffalo milk before 

coagulation (as for ICBC) seemed to improve the textural 

quality. The product had moderately lower firmness and 

chsloIinass and better smoothness (Table 4.8). This 

indicates that sodium citrate could modify the coagulation 

characteristics of buffalo milk and hence the textural 

properties of the resulting chhana. 

In senaral, buffalo milk chhanas loIere mora 

elastic, firm, crumbly and chsloIY, and ware less sticky 

and less smooth as compared to cow milk and market chhana. 

These observations wsre supported by the higher lnstron 

hardness, gumminess and chewiness of the buffalo milk 

product (Table 4.9). Differences in sensory attributes 

among buffalo milk chhanas were confirmed by lnstron 

parameters especially the Significantly IOlolsr (P L 0.01) 

hardness and chel.liness values of SSC chhana. 



Table 4.9 Instron texture profile analysis of buffalo milk 
chhana 

Attribute Sample 
a 

uRBC KS,B C I CB C IB C 

Hardness, mN 47.74 32.75 28.86 2B.89 

Cohes iveness 0.67 0.71 0.66 0.70 

Springiness, mm 7.00 6.56 7.00 7.G6 

Gumminess, mN 31.53 23.28 18.67 20.09 

Chewiness, mN .mm 227.10 159.17 137.99 142.43 

Average of four replicates 
a Refers to the method of manufacture vide Fig. 3.2 

.. p L 0.05, "* p L_ O.Ul 

F. rat io 

SBC KDBC 

13.94 32.77 38.63-

0.71 0.76 4.31** 

6.63 6.69 0.64 

9.81 24.53 36.91** 

68.22 168.83 15.:!I9** 

CD 

5.01 

O. u5 

3.41 

37.79 

CD 

'" 
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Amverse effect of homogenization (Iyar, 1978) 

has been confirmed as KOBe chhana (vide Ta·ble 3.2) had 

the highest crumbliness, more firmness, highest chswiness 

and lowest smoothness (Table 4.8) with concomitant higher 

instrumental hardness, gumminess and chswiness (Table 4.9), 

giving rise to undesirable textural quality. 

~2-!!i~ Chhan a 

Admixing of cow and buffalo milk in an appru­

priate proportion CQuid surmount the drawbacks of using 

only buffalo milk for chhana making as stated by De and 

Ray (1954). In the present study, three procedures 

(vide Table 3.3) were used employing buffalo milk mixed 

with cow milk. 

4.1.4.1 Composition: Table 4.10 gives the composition 

of mixed milk chhana observed during the present investi­

gation. Chhana (SMC) made by the method of Soni~ 81,(1980) 

had Significantly (P L 0.01) higher moisture and lower 

fat, protein, ash and calcium cDntents as compared to IMC 

and ORMC. The moisture content of SMC \Jas intermediate 

between SC and S8C, products made from cow and buffalo 

milk:;;, respectively, using the same method. As the level 

of mixing of cow and buffalo milk (3 ;1) was same for. both 

chhana 3MC and a.RMC, compOSitional differences can be 

attributed to manufacturinlfj conditions. 

4.1.4.2 Texture of Mixed Milk Ch!:!.!!!.!: The sensory and 

objective textural properties of mixed milk chhana have 

been presented in Table 4.11 and 4.12, respectively. Here 



Table 4.10 Compositional attributes of mixed milk chhana 

Attribtlte Sample
a 

F. ratio CD -_ .. 
mc 5MC DRMC 

Moisture, fo 51.6a 61 .1 0 51.56 160.S6"" 1 .31 

fat, ji; 24.66 19.81 24.80 136.29- 0.74 

P rote in, "fo 19.33 15.92 20.20 149.18" 0.59 

~sh, % 1.72 1.33 1 .S2 39.43** 0.09 

Cal cium, ;I. 0.52 0.41 0.47 148.48 .... 0.01 

Phos pho ru s, % 0.32 0.21 0.25 51.64*-lt- 0.02 

pH of chhana 5.88 6. iJ 1 5.55 318.08 .... 0.04 

- --
Average of eight replicates 
a 

Re fars to the method of manufacture vide Fig. 3.3 
, pLO.05, *"pL 0.01 

ro 
ro 



Tabla 4.11 Sensory textural assessment (max.score 100) 
of mixed milk chllana. 

~ttribljte Sam ple a 

IMC SoMC DRMC 

£.lasticity 62.31 44.8S 68.47 

firmness 64.75 34.53 69.26 

Crumbl in ass 48.39 39.54 49.77 

Stickiness 27.,6 47.24 27.24 

Smoothness 49.98 75.20 48.78 

Che I.J in ess 55.69 29.93 59.95 

overall textural 
qual ity 52.:5 0 78.22 53.14 

Average of eight replicates 

a Refers to the method of manufacture vida Fig.3.3 

b Based on arc-sine values vide ~ppendix IV 

* p L O. u5, *"PLO.01 

r. rat io b 

72 .86-* 

153.89 U 

8.79A'* 

47.39** 

117.35** 

114.79** 

219.44"" 

COb 

2.:56 

2.49 

3. u4 

2.76 

2.31 

2.49 

1 • 71 

'" "' 



Table 4.12 Instrumental textural attributes of mixed 
milk chhana 

Kttribute :'amp!e 
a 

f. ratio 

lMC 3f'IC DRMC 

Hardnas!3, mN 26.34 7.70 20.45 97.40· lio 

Cohesiveness 0.73 0.73 0.73 D. CJ7 
• 

Spring ine56, mm 7.09 6.91 7.03 0.22 

Gumminess, mN 18.33 5.57 14. T2 129.27** 

Chewiness, mN.mm 139.30 40.33 108.32 48.93** 

--
il.verage of eight repl icates 

a Refers to the method of manufacture vide fig.3.3 

" P L 0.05, *" P L 0.01 

CD 

2.76 

1. 71 

20.73 

<D 
a 
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again the high-moisture SMC chhana having significantly 

(P L 0.01) lower elasticity, firmness, crumbliness and 

chewinass, and higher smoothness was texture-\Jise 

considerably more desirable than IMC and ORMC chhane,. 

the latter two not appreciably differing from each other. 

The differences in sensory attributes were accompanied 

by significant (P L 0.01) differences in the instrumental 

parameters particularly hardness and chewin8ss. 

4.1.5 Comparison Between ~larkat and Laboratory 

Made Chhana 

~s seen earlier (vide 4.1.1) market chhana 

had gene rally rno 1'a des ireble textural prope rties than 

most of the laboratory made chhana. Considerable varia­

tions \Jere observed in market samples. This must be 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 

compar ing its textural p rope rties with those of 1 abo rato ry 

made chhana. 

As evident from literature and duly substantia­

ted by the results of the present investigation discussed 

earlier, good quality chhana should be soft (low firmness 

score) and smooth and should have low degree of chswiness, 

crumbliness and elasticity. 

Thus it can be inferred from Table 4.2 that 

of all the market chhanas studied, MC-5 and J'lIC-6 had the 

most des ireble textural quaIl ty attributes we re scc red 

nearly good. However, the sample MC-S had significantly 
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(P L 0.01) batter scorB for smoothness, which is apparently 

onB of the most important textural attributes. TherEifore, 

this product was chosen for comparative rating of laboratory 

made chhana. 

Comparison Between Market and Cow Milk 

• Chhana: ».6 sean from Table 4.13 all laboratory 

samples of chhana except 3C were, in general, significantly 

(P L 0.01) more elastic, firmer, crumblier, smoother but 

less chewy. Chhana sample 5C was significantly (P LO.01) 

more smooth, less chewy and less sticky and appreciably 

more crumbly than the market samples. On the basis of 

firmness and elasticity, SC was at par with MC-5. 

Instrumentally measured hardness, cohesiveness and chewiness 

(Table 4.14) confirmed the sensory data, that the market 

chhana was more desirable in these aspects a9 compared to 

laboratory chhana, although laboratory SC chhana was much 

more closer to market sample MC-5. It should however be 

not.icerl t.'nat. all laboratory cnhana except 5t ware scored 

Significantly (p L 0.01) lower than market chhana. On the 

basis of elasticity, firmness (Instron hardness), smoothness 

and chewiness BOC chhana was generally lass desirable than 

S. C but mo re d as irable than othe r labo rato ry chhana. Ove raIl 

sensory texture score for BnC was appreciably better than 

that for DRC, K5C, S.OC and Ie chhana, but still significa­

ntly (P L 0.01) lower than 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 observed for MC-5 



Table 4.13 Comparis on 0 f sensory textural prof iles (max.score , 100 ) 
of market chhana and cow milk chhana 

---
kttribute Sample F.ratiob COb 

,---
MCS SOC BUC ORC K~C :loDC 1 C • 

£lasticity 30.66 39.14 63.41 68.49 70.87 69.41 63.9C 32.47** 4.39 

Firmness 29.86 30.46 55.92 58.94 68.18 65. DC 50.31 39.41** 4.07 

Crumbl iness 37.82 53.92 56.87 53. B4 45.68 47.14 54.36 3 .60« 5.73 

Stickiness 55.94 46.36 36.92 34.83 34.:53 37.04 34.UO 11.60** 3.93 

Smoothness 68.02 78.58 66.31 54.33 63.9B 49.23 55.80 23.80** 4.27 

Chewiness 28.26 23.85 48.50 53.05 51.38 55.24 42.80 23.08** 2.5G 

Overall textural 
quality 68. ill 7B.71 62.21 54.17 57.1(. 54.39 5 B. 96 19.1:37*- 3.41 

---, 
Average of four replicates (selected randomly from total 6 for MC5 vide Table 4.2) 
b Based on arc-sine values vide Appendix V 

" P L 0.U5, "" P L O. U1 

"' co 



Tablt:l 4.14 Comparison of Instrumental textural attributes of market 
chhana with cow milk chhana 

Attribute 5ample • F. rat io 

rlC5 SC BDC DRC KS.C 500 C IC 

Hardness t mN 2.43 5.59 16.15 20.38 19.48 22.26 15.21 22.65'" 

Cohesiveness 0.56 0.68 0.71 0.71 0."'0 0.72 0.69 9.44** 

Springiness t mm 6.13 6.50 6.56 6.68 7.06 7.19 6.44 0.65 

Gumminess t mN 1.35 3.74 11 .54 14.63 13.77 16.1 9 10.44 22.60** 

CD 

4.,75 .. 

0.05 

,3.52 

ChBwiness, mN .mm 8.55 24.65 75.72 99.42 98.39 166.19 65.55 16.10** 29.37 

Average of Four replicates (selected randomly from total 6 for MC5 vide Table 4.:1) 

,. p L O. OS, "* P L O. U1 

<D 

'" 
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market chhana. However, method 5C seemed to be the 

closest amongst the methods based on the data on sensory 

evaluation. 

4.1.5.2 Comparison Batween Marke~ and Buffalo Milk 

Chhana: »r.s can be visualized from Tabla 4.15, 

all ehhana from buffalo milk, except 58C, were signifi­

cantly (P L 0.01) firmer, less smooth but mors chewy than 

market samples. Crumbliness of all chhana samples, was 

at par with market chhana except KDBe which was most 

crumbly. Sample S.SC was significantly (P L 0.01) more 

sticky than rest of the chhana from buffalo milk, but 

significantly (p L- 0.01) less so when compared with 

market chhana. All buffalo milk chhana were significantly 

(P L 0.01) more elastic than market ones, though OReG, 

S8C and KOBC had similar elasticity values. KSBC chhana 

was the most elastic. On the basis of firmness, smoothness 

and chewinasswise, SBC chhana was much closer to market 

chhana. rnstran textural measurement in terms of hardness, 

cohesiveness and chewiness (Table 4.16) substantiated 

th.ese observations. The overall sensory texture score of 

SEC chhana was observed to be significantly (p L 0.01) 

superior to market chhana. The rest of buffalo milk chhana 

were however Significantly (P L 0.01) lass desirable than 

market samples. 10\11 the chhana were more or lass similar 

in their objective as well as subjective textural charac­

teristics, except sample :iBC. 

4.1.5.3 Compar~son Between Market and {Vjixe~ill 

.£!:!.b.~: Mixed milk chhana (SoMC) lJas quite comparable 



Table 4.15 Comparison of sensory texture attributes (mBx.score,100) 
between market chhana and buffalo milk chhana 

-------
Attribute 

~i C5 

i:.lasticity, 33.66 

Firmness 29.86 

Crumbliness 37.82 

St ickiness 55.94 

5.moothness 68.02 

Chewinass 28.26 

Overall textu-
ral quality 68.U3 

--------

ORB C 

56.96 

77.67 

45.96 

23.90 

49.74 

65.77 

45.02 

KS,BC 

64.03 

68.95 

49.08 

23.76 

47.42 

63.11 

48.39 

Sampltl 

"lCB C IS C "BC 

61.18 62.59 55.07 

64.25 69.67 37.58 

47.70 48.22 40.03 

23.80 27.35 40.44 

54.27 50.77 74.67 

54.15 56.84 29.27 

59.U1 57.01 78.02 

r. rat iob COb 

KDB C 

50.24 13.58** 4.63 

73.97 62.83** 3.93 

65.60 5.41** 6.27 

20.98 49.65~ 3.U6 

31.53 60.05"* 3.03 

66.51 47.51"* 3.94 

34.17 48.77** 3.50 

Average of fcur replicates (selected randomly from total 6 for M~ vide Table 4.2) 

b Based on arc-sine values vide 'ppendix VI 

" I'L 0.05, "* I'LO.U1 

'-" 
'" 



Table 16: Comparison of instrumental textural properties of market 
chhana with buffalo milk chhana 

"'ttribute aample f.ratio 

MC5 DRBC K"S C !C8C IB C "B C KDBC --
Hardness, mN 2.43 47.74 32.75 28.86 28.0S 13.94 32.77 37.70** 

Cohesiveness 0.56 D.E.7 0.71 D. fj 6 0.70 0.71 0.76 8.37** 

Springiness, mm 6.13 7.00 6.56 7.00 7.06 6.63 6.68 0.74 

Gummin es ,:;;, mN 1 .35 31.53 23.28 18.67 20.05 9.61 24.53 40.89 .... 

CD 

8.37 

0.06 

4.65 

Chewiness, mN.mm 8.55 227.10 159.17 137.99 142.43 68.22 168.83 14.23 .... 56.13 

Average of four replicates (selected randomly from total 6 for MC5 vide Table 4.2) 

" P L 0.05, "" P L 0.01 

'" ..., 
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to market chhana in terms of firmness, crumbliness and 

chewinass (Table 4.17). In fact on the basis of smooth­

ness it was Significantly (P L 0.01) better than even 

market chhana. SMC chhana was also Significantly 

(P L 0.01) superior to lMC, DRMC and market chhana in 

ovarall textural quality. However, If'lC and DRMC \Jera more 

or less similar in their sensory textural properties and 

did not se8m to so des irabla from the overall textural 

quality point of view. The Instron data (Table 4.18) 

indicated that hardness, cohas iveness, chawiness and 

gumminess of all mixed milk chhana \JBrB significantly 

(P L 0.01) g reate r than market chhana, although the 

values for ~II'\C wElrCl appreciably closer to market samples. 

The sensory and Iostron textural values of 51"1C ",Bre between 

those of Stc and SSC. 

1 t can thus be concluded that among all the methods 

employed in the present study, 5C, Stsc and SMC wers found 

to produce a chhana that was closer to market chhana on 

the basiS of textural characteristics. Closar examination 

Df se, SBC and S,lilC methods reveals that these methods 

(of manufacture of all 3) were identical except that cow, 

buffalo 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 0.516 lactic acid the 

coagulum was allowed to cool in its own whey for 30 min. 

This might have enhanced the water-retention capacity of 

chhana without adversely affecting the smoothness, thereby 

improving the texture. 



Table 4.17 Comparison of sensory textural properties (max.scors t 100) 
between market chhana and mixed milk chhana 

Attribute Sample f.latio b COb 

MCS HIC S~IC OR~IC 

--
Elasticity 33.66 64.38 48.59 68.37 40. U7- 4.13 

firmness 29.86 64.1S 32.61 65.51 51.99- 4.47 

Crumbl iness 37.62 46.88 33.75 45.45 4.13*it 5. D7 

St i ckiness 55.94 28.76 46.79 26.94 31.65** 4.18 

5.moothness 68.02 50.85 75.01 51.27 32.81** 3.58 

Chewin9ss 28.26 50.76 30.44 55.79 37.25** 3.80 

Overall textural 
quality 68. a3 53.32 78.63 55.04 37.95** 3.41 

Average of four replicates (sel~'cted randomly from total 6 for MC5 vide 
table 4.2, and from 8 for If¥"IC, ~iMC and DRMC vide Table 4.11) 

b Based on arc-sine values vide Appendix VII 

.. p L D. OS, .... p L D.01 

'" '" 



Tabla 4.18 Comparison of instrumental texture profile 
between market and mixed milk chhana 

io\ttribute Sample F. ratio 

1'IC5 If; C 5MC ORMC 

Hardness, mN 2.43 21.04 6. i 8 16.21 109.63** 

Cohes iveness 0.56 0.76 0.73 0.74 19.62*-" 

Springiness, mm 6.13 6.38 5.69 6.13 0.5 C" 

Gumminess, mN 1.35 16.50 4.47 12.02 107.10** 

en 

2.71 

0.07 

2.14 

Chewiness, mN .mm 8.55 105.04 25.89 74.58 57.50** 10.68 

--------------------------------------------
Average of four replicates (selected randomly from total 6 for MC5 vide 
Table 4.2, and from 8 for Ule, 5MC and ORMC vide Table 4.11) 

.. p L O. C5, .... p L 0.01 

~ 

o 
a 



4.1.5 Relationship between Rheological, sens~ 

and Compos it ional attributes 0 f ehMan a 

101 

Stines texture is a sensory property of foods 

that results from a multifaceted ~roup of physical compo-

nsnts (Bourne, 191a), attempts have frequently been made to 

r~late this quality attribute (as evaluated by human 

panelists) to the mechanical, geometrical and moisture-fat 

characteristics of the product especially in thB case of 

cheese (Thomas ~ 81., 1970; Keller ~ !l.., 1974; Lee at 81., 

1978; lmoto ~!. a1., 1979; Perry and Carroad, 1980; 

G resn at &., 1985 and G reen ~ &., 1986). 

Investigations of instrumental procedures 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 evaluating the textural quality Df 

foods, however, the usefulness of any instrumental proce­

dure is limited by its relationship to sensory assessment, 

s'inca texture is by defination a sensory characteristic 

(5.zczesniak, 1963). Once this relationship is establ ishelil, 

sensory textural characteristics could be predicted based 

on instrumental texture profile. This can be further 

simplified by seeking relationships between instrumental 

textu re pro file and compos i t ion 0 f the product, l.Ihi ch enable 

us to predict fa rm6r from the latter. 
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The pooled data on sensory and instrumental 

textural properties as well as on compos it ion of chhana 

were subjected to correlation and regression analyses to 

seek possible relationship among them. 

4.1.6.1 Relationships between-l!:!.strumental and s_~'1sory 

Rheology; An attempt was made to establish a 

relationship bet",een sensory and instrumental rheological 

properties to replace the tedious and time consuming 

sensory evaluation. by assessing the product's texture by 

objective means. The coefficients of simple correlations 

between the instrumental and sensory textural properties 

of chhana have been presented in Table 4.19. 

Instrumental hardness of chhana showed direct 

linear relationships (p L 0.01) with sensory elasticity, 

firmness, crumbliness and chewiness, and an inverse 

relationship (p L 0.01) with stickiness, smoothness and 

overall textural quality. Thus as hardness increased, 

chhana become less sticky, less smooth and less acceptable 

in terms of overall texture. Instron cohesiveness, 

"gumminess and chewiness followed similar pattern of rela­

tionship with all sensory textural properties as observed 

for hardness. However, the degree of correlation with the 

sensory parameters was somewhat smaller for cohesiveness 

while that for gumminess and chewiness waS similar as for 

hardness. S.pringiness of chhana Showed positive correlation 

\oIith elasticity (P L 0.05) as \oIe11 as firmness, crumbliness 

and chewiness (P L 0.01) but not with other sensory 

attributes. Highly significant negative correlation of 



Table 4.19 Coefficients of correlationa (simple) between Instron 
and sensory textural properties of chhana 

Attribute Hardness Cohesiveness Spring iness Gumminess ChBwinass 
(H) (Co) (Sp) (Gu) (Ch) 

Elasticity 0.56*'* 0.S8*- 0.24- 0.58-* 0.64** 
(SC) 

firmness 0.35*- 0.50** 0.25"" 0.35** 0.30** 
(SF) 

Crumbl iness 0.32-«-* 0.261Ut 0.32** 0.33**' 0.35** 
(~CR) 

Stickiness -0.76** -0.56*'" -0.15 -0.78** -0.70** 
(,,,T ) 

Smoothness -0.63** -0.25** -0.10 -0.65*'" -0.60*-
(SSM) 

Chewiness 0.35** 0.47** 0.34** 0.a6** 0.a2-
(S CH) 

overall textural 
quality (SOTQ) -0.70** -0.32** -0.G7 -0.72** -0.67-

a 8ased on 108 observations 

* p L o. OS, ** p L 0.01 

• 

~ 

o 

'" 
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IRstran hardness with overall textural quality indicated 

that softnQs-s was the most desirable sensory attribute 

of chhana. 

Lee.!:.!!d.. (1978) lJhila correlating sensory and 

instrumental texture of wide variaties of soft and semi­

hard cheeses obtained better correlations between sensory 

hardness and 5 pringinsss, and lnstron hardness and 

elasticity, respectively. 

Regression equations (Table 4.20) clearly show 

that Instran hardness alone CQuid explain most of the 

variation in different sensory properties. However, 

hardness coupled ... dth cohesiveness and springiness could 

appreciably enhance the predictability of sensory elasti­

city and chswiness. The log linear relationship between 

sensory firmness and objective hardness of chhana has 

been shown in Fig. 4.1. It can be further seen from the 

Table 4.20 that all sensory attributes, except cheYiness, 

showed the best fit for a straight line curve when expressed 

as logarithmic values. Chewiness was better explained by 

instrumental hardness, cohesiveness and springiness taken 

together and expressed as such, although a quadratic rela­

tionship between sensory chewiness and Instran chewiness 

(fig. 4.2) could also explain the variability of sensory 

chBwinass to nearly the samB extent. 

4.1.6.2 Relationship between Instrumental Textural 

IMttributes and Compositional Parameters of 

Chhana: Sou ch relationships can sa I've as an impor­

tant quality control tool to predict the textural quality 



1n SE 

In 5E 

1n Sf 

1n Sor 

Table 4.20 Regression equations between objective end subjective 
textural properties of chhana 

£quation R2 

= 3.32 ..... 0.25 In H O. S8 

= 3.77 • 0.23 1n H • 0.47 1n Co - 0.11 1n 5.1' 0.71 

= 3.09 .. 0.33 1n H O. '79 

= 3.51 .0.36 1n H - 0.13 1n Co - 0.29 1n Sop 0.30 

1n SCH = 3.05 .0.29 1n H 0.69 

5CH = 8.71 • 0.90 H + 28.27 Co + 0.33 5p 0.74 

:iOTQ = 54.15 - 0.74 H .. 3.10 Co + 2.47 Sop 0.55 

~ 

C' 
rn 
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In SF = 3.09 + 0.33 In H 
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FIG.4.1 RELATIONSHIP BETWEEN SUBJECTIVE FIRMNESS (SF) 

AND OBJECTIVE HARDNESS(H,mN/mm2 , OFCHHANA 
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of chhana based on its composition. The simple correlation 

matrix obtained between Instran textural and compositional 

characteristics showed that instrumental textural measure­

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 

compositional factor, showing the highest coefficient 

for correlation closely falloyed by fat and protein 

contents. The calcium content and pH exhibited the 

smallsI' degree of correlation with the rnstran parameters. 

Thus as the moisture content increased the values for 

hardness and other properties declined, but ",ith the 

increasing fat, protein or calcium content, the values 

increased. Keller =..! &. (1974) observed significant 

correlation of calcium and moisture contents with rheolo­

gical properties such as elasticity and viscosity of 

directly acidified mozzarella cheese. 

5ince moisture content showed highly significant 

(p L 0.01) correlation with other compositional charac­

'teristics especially fat and protein contents (Table 4.22), 

regression equations considering only one of these para­

meters, moisture, in particular, were de\leloped (Table 4.23). 

It can be seen from these equations that the moisture alone 

eoulp account for most (85%) of the variation in hardness 

of chhana (fig. 4.3), fat and calcium being much less 

consequence (73 and 61,%). However, multiple regression of 

hardness with moisture, calcium and pH was slightly better 

(87%) than that with moisture alone. 



Table 4.21 Coefficients of correlationS (simple) between instrumental 
texture measurements and compositional parameters of chhana 

"'ttribute Hardness Cohesiveness Spring iness Gumminess Chewiness . (H) ( Co) (5p) (G u) ( CM) 

Me istu re, % -0.63** -0.54** -0.29** -0.84 .... -0.76** 
(Mo) 

Fat, ;i. 0.61 .... 0.53** O.ZB** o. B1 *'It' 0.75 .... 
( F) 

Fat in dry 
matter, % O. £3"" 0.48" 0.23* 0.63** 0.58-

(rOM) 

Protein, % o. 75~' 0.50 .... 0.26 .... 0.75 .... 0.70-
(PR) 

Protein in dry 
matter, % -0.61** -0.43 iIt-* -0.19* -0.62** -0.56** 

(PROM) 

Cal cium, % 0.69** 0.22* 0.32'ft1t 0.70- 0.68** 
(ca) 

pH -0.30- -0.2 Cit -0.13 -C.2~* -0.28** 

a Based on 10B observations 

* p L 0.05, -pLO.01 
~ 

0 

'" 



Table 4.22 Coefficionts of correlationa (simple) among compositional 
parameters 

Attribute fila F FO~t PR PROM ca pH 

Moisture, % 
(Mo) 

fat, % -0.98** 
(F) 

fat in dry 
matter, % -0,83** 0.92** 

IFOM) 

Protein, % -0.92*'* 0.83** 0.57** 
(PR) 

Protein in dry 
matter, % 0.77** -0.87** -0.57** -0.47*-

(PR OM) 

Cal cium, % -0.51** 0.4£** 0.29**' 0.49** -0.31**' 
( Ca) 

pH 0.35** -0.33** -0.17 -0.49** 0.10 0.08 

a . 
Based on 1 DB observatlons 

* I'LO.C5. ** P L 0.01 ~ 

~ 

o 



Table 4.23 Regression equations between instrumental texture 
measurements and compositional parameters of chhana 

---------
£quation R2 

1n H ~ 32.74 - 7.47 1n V,O 0.85 

1n H = 2.63 1n F - 5.43 0.73 

H ~ -126.B6 + 451.45. ca - 311.91 ca 2 0.61 

H = 31.41 - 6.52 1n ['10 + 1.18 1n Co - 0.95 1n pH 0.B7 

----------._----------------------------------------

~ 

~ 

~ 
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4.1.6.3 Ralationships between Sensory Textural Preper­

t ias and Compos itional Paramete IS of Chhana: 

Texture being (by definition) a sensory property, 

moisture-fat characteristics have a definite role in 

sensory texture perception. Moisture and protein contents 

(Table 4.24) showed highly significant (p L 0.01) and 

almost equal correlations with all sensory attributes 

except crumbliness (for moisture alone). fat content also 

appeared to be significantly correlated (P L 0.01) with 

most sensory measurements but to an appreciably lower 

extent than moisture and protein contents. Calcium and 

pH exhibited the lBast correlations. As moisture content 

and pH increased, sensory elasticity, firmness and 

chewiness tended to decrease whereas stickiness, smoothness 

and overall texture score tended to increase. The oPPosite 

!Jas true with the protein and calcium contents (Table 4.t4). 

These two compositional parameters seemed to be the 

largest determinants of the overall sensory textural score 

followed by fat and pH. 

::ample and multiple regression analyses (Table 

4.25) indicated that moisture alone could explain the 

variation in sensory elasticity and firmness of chhana 

to an appreciably greater extent than fat. Us e of cal clum 

and pH together with moisture as chemical parameters 

enhanced the predictability of elastiCity only slightly 

but that of firmness considerably. ::)ensory stickiness and 

chewiness was also accounted appreciably by these three 



Table 4.24 ~effici8nts of correlationa (simp18) between sensory 
"textural attributes and compositional parameters 
of chhana 

-----------------------------------------f\ttribute 5£ !iF 5CR 55T 5SM 5CH 50TQ 

-----------------
r10 -0.o1~ -0.66** -0.18 G.76*· 0.47** -0.76** 0.51** 

F 0.77** 0.80 .... 0.13 -0.72** -0.40** 0.69*'* -0.43** 

FOM 0.61** 0.59** 0.00 -0.52** -0.20* 0.46** -0.20--

PR 0.01** 0.86** 0.261foit' -0. 73itlt -Q.53** 0.78.* -0.59** 

PROM -0.54~ -0.~4** 0.03 0.50** 0.17 -0.42** 0.18 

Ca 0.49** 0.60** 0.14 -0.43** -0.54"* 0.62** -0.59** 

pH -0036** -0.40*"* -0.24* 0.45 .... 0.32** -0.41** 0.31** 

a Based on 108 observations 

* p L 0.05, **pL_O.Ol 

~ 

'.I> 



Tabla 4.'25 Regression equations between sensory textural attributes 
and compositional characteristics of chhana 

£quat ion R2 

~E = 145.14 - 1.58 No 0.66 

"f. = 11.23 + 2.03 f 0.60 

,;E = 169.28 - 1.37 1'<0 .. 22.00 Ca - 8.Cl pH 0.68 

Sf .. 16~.90 - 1.98 Mo 0.74 

Sf = 0.2S ... 2.51 r 0.65 

Sf = 209.27 - 1.50 Mo .. 55.45 ca - 16.53 pH D.OC 

SST = 1 .1 9 ~Io - 32.43 0.58 

SST = -95.61 <I 0.54 Mo - 19.19 Ca .. 14.94 pH 0.62 

SCH = 187.79 - 0.84 rio .. 69.76 Ca - 21.78 pH 0.70 

SOT Q = -29.85 .. 0.22 rio - 65.0 Ca .. 18.66 pH 0.43 

~ 

~ 

en 
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parameters taken together. It is, howave r, note\.lo rthy 

that although the chemical parameters cQuld provide 

substantial information regarding individual sensory 

texture attributes, moisture, calcium and pH explained 

only 43fo variation in the overall senSory texture Score 

(Table 4.25). 

4.1.6.4 Relationships among Instrumental Rheolog~ 

Properties: A possible correlation among objec­

tive textural properties can lead to quantification of 

their interdependence. ~s shown in Table 4.26, the 

highly Significant (P L 0.01) correlations between 

hardness and cohesiveness, and hardness and springiness 

indicate the structural properties of chhana determinin~ 

that the hardness had considerable influence on cohesive-

ness and springiness. These correlations also imply that 

the factors leading to firming of the product also resulted 

in increased cohesiveness and springiness. However, the 

correlation coefficients wera not high enough to permit 

adequate predictions. High correlations between hardness 

and gumminess, and hardness and chewiness were only 

expected since gumminess and chewiness are derived from 

hardness, cohesiveness and springiness which among themse­

lves arB significantly corre'lated. Relatively smaller, 

though significant, correlations between cohesiveness or 

springiness, and gumminess and chewiness, however, is 

• 
indicative of tile predominant role of hardness in deciding 

these latter pr£lperties. Thus instrumental hardness appear 



Table 4.26 Coaffici6nt.s of correlation a (simple) 
properties of chhana 

• 

At tr ibute Hardness Cohas iveness S.pringiness 
( H) ( Co) (;;p) 

H 

Co 0.42** 

Sp 0.40** O. CJ1 

Gu 0.99** 0.48** 0.38** 

Ch o.sa"''' 0.39** 0.52** 

a Based on 108 observations 

* p L O.CJ5, ;tit P L 0.01 

among rheolog ical 

Gumminess Chawiness 
(Gu) ( Ch) 

0.97** 

~ --.J 
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to be the sing~o most important objective attribute of 

chhana. 

risti~~: This information can be of considerable 

help in minimizing the error in assessing sensory textural 

attributes if their dependence on each other CQuid be So 

ascertain8c1 as to allow prediction of one or mors proper-

ties from a l.imited number of relatively easily determined 

attributes. The relationships among subjective textural 

characteristics of chhana have been shown in Table 4.27 

and the relevant regression equations in Table 4.20. 

The complexity of sensory evaluation is evident 

from Table 4.27 IJhich shows that all the sensory textural 

properties of chhana loIera associated directly or inversely 

with each other. sensory elastiCity Showed high positive 

correlations (p L 0.01) with firmness, and ch6winess and 

a netjative correlation with stickiness. It also showed 

significant, though lower, direct relation with crumbliness 

(P L 0.05) and inverse relation with smoothness (P L 0.01). 

Firmness was closely related with stickiness, smoothness 

and chewiness besides elasticity, 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 product less 

sticky but coarser and more chewy. Among other interrela-
• 

tionships, those of chawiness with stickiness and smoothness, 

both negative, were prominent. Thus like instrumental 



• 

Table 4.27 Coefficients of correlationa (simple) among sensory 
textural characteristics of chhana 

-----------------------------------------Att ribute 5E ::if 5CR 5aT SSM :;CH :;OTq 

-------------------------.-----.----------------
£last iCity 

(sq 

Firmness 
(S>f) 

Crumbliness 
(5CR) 

~t ickinass 
(!>5T) 

Smoothness 
(55f1 ) 

Chewiness 
(5 CH) 

uverall tex-

0.78** 

O.24ft 

-0. '/3 *.,. 

-0.42** 

o. '72''': 

'tu ral qual ity -0.48** 
(SOT Q) 

0.32** 

-0.86*'* 

-0.72** 

0.32** 

-0. "17" 

a Based on 108 observations 

.. p L D. OS, *" p L 0.01 

-0.39«-* 

-O.31it* 0.63** 

D.43*'It -0.32*'* -0.76*1+ 

-0.:; 9*"" 0.69*8 0.391t* -0. a2;lt.t 

~ 

<0 



Table 4.28 Equations indicating intarrelationships among individual 
sensory textural attributes of chhana 

--------_._--_. 
Equation R2 

In 5E = 1.:)0 ... 0.67 In :iF 0.67 

In ~~T = 6.37 - 0.71 In ::.~ 0.50 

5CH = 100.46 - 0.,6 ::',M O.5a 

5CH = 82.59 - SSI 0.66 

In 5CH = 0.42 ... U.B5 1n ~E 0.54 

In ::. CH = 0.42 + 0.85 1n Sf 0.82 

50T Q = 86.31 - 0.51 5F O.S9 

SOT Q " 8.38 + 0.89 5SM 0.79 

50T Q = 89.96 - 0.G5 5CH 0.613 

50T Q = 36.20 + D.08:>E - 0.06 5F - 0.06 5CO + 0.05 55T 

... 0.59 ~SN - 0.23 S.CH 0.85 

~ 

N 
C 
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hardness (Table 4.26), sensory firmness appeared to be 

the most important of all attributes. Chewinass and to 

some extent smoothness ware also equally significant 

as individual sensory properties, but had much greater 

influence on the overall textural quality (Table 4.27). 

Thus the overall sensory textural quality of chhana 

directly related to smoothness of the product and 

inversely with chewiness and firmness. 

Regression equations presented in Table 4.28 

show that logarithmically regressed sensory firmness of 

chhana could explain 67%. and 82% variation in elasticity 

and chslJiness, respectively (equation 1 and 6). With 

respect to the overall sensory textural quality of the 

product, smoothness was most predictive (79") followed 

by che1Jiness (66%) and firmness (59%). However, the 

predictab 11 ity of overall texture was greatly enhan ceiiil 

(85%) when all the individual sensory attributes were 

taken into account, in which also smoothness appeared to 

have most Significant role to play (equation 10). 

4.2 PANE£R 

4.2.1 Markat Paneer 

4.2.'1.1 Composition: 

4.2.1.1.A ~: Texture being a sensory property, compo­

sitional attributes such as moisture, fat etc. are expected 

to affect its perception. Chawla.!i!!.. (1985) observed 

that fat in paneer contributed to soft and spongy body 

of panee r. 
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The composition of market panaer, as observed 

in the present study, has been reported in Table 4.25. 

Moisture, fat, protein and ash contents varied from 

sO.n to s7.~s%, 20.13 to 24.~%, 16.68 to 19.74% and 

1.49 to 1.97% respectively. S.imilar values \Jere reported 

by Rajorhia ~ ~!... (1984) for market samples of paneer. 

The cal eium 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 noteworthy that the supplier-wise variation 

in the composition was significant (pLO.01). ~lso the 

fat content on dry matter basis was found to be lower 

than legally prescribed (50)6) in samples I'IP-l and I'IP-S. 

The pH of paneer from different suppliers was observed 

to be more or lass the same the range being 5.72 to 5.g7. 

The variations in the composition of market paneer are 

likely to be due to difference in the quality of milk 

used and method of manufacture employed. 

4.2.1.1.B fr ied and Cooked Marke.t...~~: Fe r consump-

tien as a culinary item, paneer is often fried and then 

cooked along with vegetables. Compos ition of fried and 

cooked panee r has not been rapo rted s e far hen ce not 

available in literature. The combined effect of deep 

fat frying and cooking in saline water on moisture, fat 

and protein contents of paneer has been shown in Table 

4.3 O • 

It can be visualized from the data that the 

moisture content increased considerably as a result in! 



Table 4.29 Compositional characteristics of market paneer 

• 

Constituent Samplea F. rat io CO 

MJ'l rlP2 MP3 MP4 I~P5 MP6 

f'loisture, % 57.95 50. ~7 51.24 53.94 51.20 57.20 7.48** 3.37 

fat, % 20.13 24.93 24.90 23.30 23.92 21.92 7.34** 2.02 

fat in dry 
matter, % 

47.86 5 O. 97 51.u5 50.39 48.78 51 .1 9 15.:56** 1.04 

!Protein, % 17.50 20.14 19.74 18.75 20.41 16.69 9.00** 1.47 

Protein in dry 41.60 41.07 40.48 40.:5 3 41.88 38.32 12.37 .... 0.88 matter, % 

ksh, % 1.69 1.49 1 .62 1.72 1.97 1 .57 17.87** 0.12 

Cal cium, % 0.65 0.53 0.52 0.65 0.74 0.57 13.39*" 0.07 

Phospho rus, % 0.25 0.23 0.24 0.28 0.34 0.25 29.33** O. 11 

pH of paneer 5.75 5.81 5.72 5.81 5.73 5.97 2.13 

Average of six replicates 

a Refers to the Vendor/':)upplier of paneer .. p L 0.05, *" P L 0.01 

~ 

N 
ON 



Tabl.e 4.30 Compositi.on of Fri.ed and cooked market 

Const ituant S.ample 
a 

MPfl ~lPf2 I'lPf3 MPf4 MPfS 

Moisture, % 68.13 68.06 66.11 66.07 65.64 

fat, % 15.aO 16.43 17.55 17.73 17.30 

fat in dry 49.36 51.46 51. Bl 52.23 50.00 matter, % 

Protein, % 13.30 13.00 13.64 13.48 14.22 

Protein in dry 41.52 40.66 4 O. 26 39.69 41.43 
mat ter, % 

% moisture of 
raw paneer 117.76 133.60 129.15 122 .. 67 129.01 

--
Average of six replicates 

a 
Refers to the vendor/Supplier of paneer 

" p L 0.05, .... pL 0.01 

paneer 

F. ratio 

MPf6 

68.13 2.28 

16.75 2.74'* 

52.29 8.85** 

12.13 4.03'*'* 

38. D7 16.17-

118.92 

CD 

1.29 

1 .21 

1 .02 

0.93 

~ 

N <-, 



• 

125 

frying and cooking the increase ranging from 17.8 to 

33.60%.. The apparently reduced fat and protein contents 

could obviously be attributed to the corres ponding 

increased moisture content. However, on dry matter basis 

there .... as a slight increase in the fat content and a 

slight decrease in the protein content, 1alhich might be 

due to oil absorption during frying. It is important to 

note that the supplier-wise difference in moisture 

content (P L 0.01) that existed in raw paneer disappeared 

upon frying and cooking, IJhereas the differences in the 

fat and protein contents persisted (Table 4.29) which 

indicated that the water-holding capacity of all paneer, 

when fried and then cooked, was presumably the same 

irrespective of the original moisture content. 

4.2.1.2 Textural Properties: 

4.2.1.2.A Raw Paneer; The desirable body of panaer is 

one that is neither too firm nor too soft. It should be 

sufficiently fir'm to .hold its shape during cutting/slicing 

and yet tender enough not to resist crushing during masti­

cation. The texture of high grade paneer should be 

compact (close-knit), smooth and velvety (Patil and Gupta, 

1986). Kulshreshtha!!:. &. (1987) stated that quality of 

paneer is judged on the basis of its cohesive strength, 

moisture content and sponginass. 

The observations on sensory and instrumentally 

measured textural quality of market paneer (raw) have been 

presented in Table 4.31 and 4.32, respectively. It can be 
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Table 4.31 sensory texture score (max.100) for market paneer 

tt.ttributa 

MPl 

Elasticity 61.11 

r irmness 59.47 

Crumbl iness 45.24 

S.tickiness 24.S5 

S.moothness 49.23 

Chewiness 53.49 

Overall textural 
quality 62.25 

~verage of six replicates 

MP2 

60.28 

68.41 

40.39 

22.71 

51.10 

62.70 

66.23 

a 
5ample 

MPJ MP4 

58.42 57.32 

62.03 57.93 

46.01 47.99 

25.33 25.70 

49.90 51.65 

56.02 52.49 

58.06 63.68 

a Refers to the Vendor/Supplier of panaer 

b Based on arc-sine values vide ~ppendix VIII 

" pLa.os, **pLo.Ol 

F.ratiob CDb 

I'IP5 MP6 

61.01 51.37 3.25** 3.13 

68.70 48.41 14.93-* 3.18 

46.08 46.01 1.~4 

20.39 30.35 5.05-" 2.72 

42.33 56.15 3.83-it7t 3.66 

59.66 45.07 6.25** 3.94 

55.24 64.57 5.21** 2."3 

~ 

tv 
en 



Table 4.3-2 Instron textural attributes of market paneer 

... ttribute Sample 
a 

~IP1 MP2 MRl MP4 MPS MP6 

Hardness, mN 22.54 31.27 3 O. 31 25.13 36.39 15.B9 

Cohes iveness 0.66 0.67 0.68 0.67 0.68 0.67 

Springiness, mm 8.13 8.71 8.04 B.04 8. B3 8.17 

Gumminess, mN 14.71 20.63 20.67 16.99 24.81 10.63 

Chewiness, mN .mm 120.52 181 .43 144.62· 139.33 223.15 82.12 

Average of six repl icates 

a Refers to the vendor/S.upplier of pane3r 

.. p L 0.05, - p L D.01 

F. ratio 

7.86** 

0.29 

1.6 B 

9.55** 

10.14** 

CO 

7.52 

4.61 

42.32 

~ 

N 
-J 
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seen that almost all the market samples 0 f panesr were 

moderately elastic, firm, crumbly and chewy although all 

properties except crumbliness showed significant (P L 0.01) 

supplier-wise differences. On the basis of overall sensory 

textural quality MP-2 paneer was rated best presumably 

because of its firmness, low crumbliness and moderate 

smoothness. The significant ... 
elasticity (f ratio, 4.65), 

differences observed in .... 
firmness (6.20), crumbliness 

** *~ ** (3.83), stickiness (3.59), smoothness (6.31), chawiness .. .. 
(2.39) and overall textural quality (2.45), among repli-

cations was indicative of the variability of panaer 

obtained from the Same supplier. Instrumentally determi-

nad hardness and cheloliness (Table 4.32) exhibited, in 

general, similar differences (P L 0.01) as observed in 

the sensory attributes, but springiness did not show any 

significant differences. Instron cohesiveness subs tan-

tiated the sensory observation, 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 thase samples. The 

treatest hardness of paneer MP-5 may be related to its 

highest calcium content (Table 4.29). 

4.2.1.2.8 Fried and Cooked Ma~.....£!.!:!.~: The textural 

properties of raw paneer appeared to undergo considerable 

changes upon frying and cooking as is evident from Tables 

4.33 and 4.::'4. The sensory elasticity, crumbliness and 

chewiness generally showed appreciable increase, whereas 

smoothness and firmness exhibited appreciable decrease as 

.. pL 0.05, U p L 0.01 



Table 4.:53 ~ensory textural characteristics \,max.score, 100) 
of fri~d and cookE:ld market panSdI;' 

• 
Attribute -- Samplea-

MflF1 ~lPF2 MPF3 MPF4 MPF5 MPF6 

Elasticity 66.51 67.79 60.38 64.2:::; 64.60 65.65 

firmness 53.98 52.30 58.72 5.3. \)7 63.33 43.51 

Crumbliness 47.49 45.62 50.10 52.32 49.91 55.37 

Smoothness 45.50 5 D.S 9 42.3S 45.73 39.55 43.30 

Chewines s 62.57 57.22 60.41 61.37 65.33 53.21 

Juiciness 65.42 69.31 59.23 60.12 58.48 63.50 

overall textu-
ral quality 68.15 74.70 63.87 67.00 63.24 61.64 

--
~verage of six replicates 

a Refers to the vendors/Supplier of paneer 
b Based on arc-sina values vide Appendix IX .. P L o. OS, *" p L 0.01 

F.ratiob COb 

1 .3 3 

13.65** 2.B9 

1.76 

5.03**' 2.62 

3.81 ** 3.54 

6.72** 2.68 

8.50** 2.79 

~ 

N 

'" 



Table 4.3.4- Ins trumen'tal textu ral prope rties of fried and 

• ·cooked market pane e r 

,~--, 

I"ttribute Sample
8 

--
MPf1 MPf2 MPf3 MPf4 MPf5 MPf6 

Hardness, mN 12.19 10.19 12.21 10.40 13.87 6.25 

Cohesiveness 0.75 0.72 0.73 0.'72 0.73 0.74 

Springiness, mm 10.63 9.92 10. D4 9.67 10.3 B 8.83 

Gumminess, mN 9.20 7.27 B.92 7.52 9.33 4.66 

Chewines s , mN .mm 99.68 74.0B 8B.69 74.43 97.31 41.45 

Average of six replicates 

a Refers to the Vendor/S.upplier of pan8er 

* p L 0.05, * .. P L 0.01 

f. ratio CD 

8.03** 2.63 

0.99 

2.53* 1.07 

9.16*# 1.66 

9.20** 20.09 

~ 

'" o 
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a result of frying and cooking. However, stickiness 

remained more or less unaffected. further, the shop-wise 

differences that were observed in elasticity and sticki­

ness of raw paneer became non-Significant. The overall 

textural quality differed significantly (P L 0.01) among 

suppliers as also observed for raw paneer. Molso, MP-2 

psnaer was found to ue the most desirable, the differences 

between it and other paneer samples being significant. 

However, the order in which among the other five paneer 

samples differed was altered as compared to raw paneer. 

The greatest value for elasticity together with signi­

ficantly (p L 0.01) higher juiciness of MPf-2 paneer 

might be atleast partly res ponsible 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 paneer upon frying and cooking reported by Chawla 

at ~. (1985) and Sachdeva and Singh (1988). 

£.I.mong objective textural parameters also, hardness 

decreased and springiness increased in fried and cooked 

paneer, the decrease in hardness being much more remarkable 

(Table 4.34) as compared to the increase in (sensory 

elasticity) springiness. Corresponding to sensory crumbli-

ness, lnstron cohesiveness of fried and cooked paneer 

registered perceivable increase. However, a reverse 

effect was noticed in chewiness whiCh was considerably 

decreased, thereby indicating the difference in the 
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mechanism of sensory perception and instrumental measure­

ment of this attribute. Besides hardness, gumminess and 

chewiness, springiness of fried and cooked paneer was 

also found to vary significantly (P L 0.01) among 

suppliers, cohesiveness showing non-significant variation. 

!!!:!!f!lo f"111 k Pan se r 

The rasul ts on compos ition as well as instru­

mental and sensory textural measurements of laboratory 

mads, ralJ, and fried and cooked paneer obtained from 

buffalo milk have been discussed in this section. 

4.2.2.1 Compos it ion; 

4.2.2.1." ..!iaw Paneer: The compOSition of panaer 

prepared from standardized (6% fat) buffalo milk usin!J 

three different methods (fig. 3.4) has been shown in 

Table 4.35. It can be seen that while the moisture 

content was lower, fat was higher in comparison to 

market paneer (Table 4.29). The protein content lJas 

however, 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 L- 0.05) higher protein content than 

in the other two paneer samples, the remaining chemical 

parameters being non-significantly different in this 

regard. 

fried and Cooked Buffalo Milk Paneer: The 

moisture, fat and protein contents of fried and cooked 

buffalo milk paneer has been depicted in Table 4.36 • .P..s 



• 

Table 4.35 Composition of buffalo milk panear 

Constituent 

Moisture, % 

fat, % 

fat in dry 
matter, % 

Protein, % 

Protein in 
dry matter, ~ 

~sh, % 

Cal cium, % 

Phos pho rus, % 

pH of paneer 

5.am plea 

-----------------------
:'oBP 

47.77 

29.09 

55.70 

19.12 

36.60 

1.63 

0.69 

0.32 

5.66 

BBP 

47.93 

29.20 

55.99 

18.99 

36.39 

1 .31 

0.68 

0.32 

5.87 

RBP 

46.~1 

29.25 

54.67 

20.09 

37.55 

1.64 

0.65 

0.32 

5.92 

f.ratio co 

1 .23 

0.04 

11.52*" 0.61 

4.94* 0.62 

13.45~* 0.~1 

0.28 

3.62 

0.71 

2.62 

--------------,---- -------------------
~verage of eight replicates 

a Refers to the method of manufacture vide fig. 3.4 

.. pLO.05, HpLO.01 

~ 

eN 
co 



• 
Table 4.36 Composition of fried and cooked buffalo milk paneer 

-----------.--------.--------------~:::~~----------.--------------------
Sample

8 
Canst ituent f. ratio CD 

~8Pf BSPf RBPf -----------------._-_._-----------
Moisture, % 

fat, % 

fat in dry 
matter, % 

Prate in, ~ 

Prate in in 
dry matter,jb 

% moisture of 
raw paneer 

68.18 

17.45 

54. a:-l 

11 .40 

35.83 

141 .91 

Io\veraga of eight replicates 

68.38 

17 .43 

55.13 

11.32 

35.77 

143.33 

68.33 

17 .16 

54.18 

11 .63 

36.88 

147.77 

a Refers to the 

p L 0.05, 

method of manufacture vide fig_ 3.4 

" *" ,p L_ 0.01 

0.07 

0.43 

5.82* 

1 .37 

9.87** 

0.62 

0.63 

~ 

'" " 
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seen from table, there wBre no significant compositional 

differences due to methods. However, as in the case of 

market panseI', appreciable increase in moisture and 

simultaneous decline in fat and protein contents were 

noticeable as a result of frying and cooking, although 

on dry matter basis, the fat and protein contents remaine .. 

more 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 paneer in spite of the differences in the 

moisture contents of raw panser. ThiS again substantiated 

that the water holding capacity of fried and cooked paneer 

remained almost unchanged in spite of variations in 

protein content of raw panser (market paneer, 39-42% as 

against buffalo milk paneer, 36-38%, on dry matter basis). 

4.2.2.2 Textural Properties: 

4.2.2.2.A Raw Paneer: The data on the subjective and 

objective textural properties of raw buffalo milk paneer 

have been given in Table 4.37 and 4.38, respectively. It 

can be observed that as compared to S.SP and RSP, SSP paneer 

had a Significantly lower (p L 0.01) firmness, other 

sensory attributes including overall textural quality 

being alike for all types of paneer. very little difference 

was observed between the sensory textural attributes of 

buffalo milk raw paneer and market raw paneer, except for 

smoothness which was more in the laboratory made paneer, 

contributing to its higher overall textural quality score. 

,",s revealed from Tabla 4.38 all lnstran parameters 

except cohesiveness, significantly differed among the types 



Tabla 37: :iensory textural propsrtitils (max.seor-s, 100) 
of buffalo milk paneer 

t'lttribute Samples 

5GP B BP RBP 

Elasticity 61. 99 62.37 63.38 

f irmnsss 65.25 57.30 64.30 

Crumbl iness 39.35 42.99 38.16 

S.tickiness 17.05 16.03 15.10 

5moothness 62.15 62.31 62.01 

Chewiness 53.75 51 .61 55.87 

overall textural 
quality 72.22 72.'/5 72.73 

kverage of eight rdplicat~s 

a Refers to the method of manufacture vide Fig. 3.4 

b Based on arc-sins values vide Appendix X 

" P L 0.05, "" p L 0.01 

0.45 

9.41** 

1 • 1 0 

0.66 

0.89 

1.34 

0.05 

2.25 

~ 

'" '" 



Table 4.3-9 Instron-texture profile analysis for buffalo 
milk paneer 

---, 
Attribute S,ample 

a 
F. rat io 

5.BP BSP RBP 

Hardness, mN 40.72 33 .1 8 43.39 6.95** 

Cohes iveness 0.64 0.55 0.63 2.08 

::ipringiness, mm 7.70 6.95 7.22 4.33 ** 

Gumminess, mN 25.19 21.17 26.59 9.99** 

Chswin ass , mN .mm 206.36 151. 95 199.85 8.;33** 

---
~verage of ei§ht repl ieates 
a 

Re fe rs to the method of manufacture v ide Fig. 3.4 

" P L 0.05, ** P L 0.01 

CO 

5.75 

0.52 

2.69 

28.93 

-GO ..., 
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of buffalo milk paneer. I'jore precisely, these objective 

textural parameters showed lower values for BSP than for 

SSP and RBP. Since only the difference in hardness was 

sensorily parceived, differences in the other parameters 

weI'S presumably not within limits of sensory perception. 

fried and Cooked Buffalo Milk Paneer: It can - -
be noticed from Tables 4.39 and 4.40 that the differences 

in subjective and objective textural attributes of fried 

and cooked panaer made by different methods weI'S much 

narrower as compared to the differences observed in the 

case of raw paneer. All sensory parameters and all 

instrumental measurements except cohesiveness did not 

differ significantly. 

In comparison to raw paneer, fried and cooked 

panssr was found to be mora elastic and chewy, but not 

as firm or smooth. These observations were substantiated 

by instrumental analysis; hardness of fried and cooked 

paneer was markedly lower and higher springiness. However, 

objective measurement and sensory perception of chewiness 

showed opPOSite effects of frying and cooking, as also 

noted for market paneer (vide 4.2.1.2). 

It can thus be inferred that with res pect to the 

texture of fried and cooked paneer, methods SBP, SSP and 

RBP CQuld be regarded more or lass same, although certain 

textural differences were noticeable in these paneers 

before they were fried and cooked (i.a. raw). S.imilar 

observations were also made by Chawla ~ &. (1985) and 



Table 4.39 Sensory textural properties (max.score, 100) 
of fried and cooked buffalo milk paneer 

I1ttribute S.ample 
a 

5BPF BBPF RBPF 

E.lasticity 68.06 70.81 72 .12 

Firmness 45.42 44.9.3 45.35 

Crumbliness 44.01 42.25 42.23 

Smoothness 50.17 47.45 47.63 

Juiciness 65.90 68.36 69.94 

Chewiness 59.01 63.48 62.17 

Overall textural 
quality 71.S7 71.79 70.45 

,-----, 
Average of Bight repl icates 

a Refers to the method of manufacture vide fig. 3./,,­

b Based on arc-sine values vide Appendix XI 

f. ratioE- Cfib-

2.29 

0.09 

0.29 

0.93 

2.47 

2.34 

0.30 

~ 

'" '" 



TablS 4.40 lnstron textural attributes of friad and 
Gooked buffalo milk paneer 

---
attribute ~ample 

a 
F. ratio 

S8PF B BPF RBPF 

Hardness, mN 9.31 7.67 7.11 2.00 

Cohes iveness 0.70 0.70 0.67 4.81'* 

Springinass , mm 9.59 10.00 9.31 1 .36 

Gumminess, mN 6.46 5.J 0 4.77 2.64 

Chewinsss, mN.mm 63.32 53. Q3 44.42 2.96 

-- ---, 
Average of eight repl icates 
a 

Re fars to the method of manufacture vide Fig. 3.4 .. P L 0.05 

-CD 

O. 02 

~ 

" o 
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Sachdeva and ~ingh (1988) in relation to overall sensory 

textural quality of panser. 

4.2 • .3 .£9...!LMilk and Low fat Buffalo Milk Panser 

Miccording to modifiad manufacturing methods, 

pantH,r of satisfactory quality from cow milk can be 

effected by employing higher coagulation temperature or 

by adding calcium chloride to milk prior to coagulation 

(5achdeva at al., 1985). Paneer has also been prepared 

from low-fat (3.5%) fat buffalo milk (Chawla, 1981) 

and compositionally such a low fat product would be 

similar to cow milk paneer. Results',.on the composition 

and textural properties of paneer made from cow milk 

(SoCCI' and SCP) and low fat buffalo milk (CLFP) have been 

dis cussed in this section. 

4.2.3.1 Composition; 

4.2.3 .1.A ~.J:.<:~: The chemical composition of panser 

SCCP, CLfP and 5CP has been Shown in Tabla 4.41. It is 

evident from the table that the moisture content of these 

paneers was more or less similar. Howevar, the fat 

content of CLfP was significantly lower (P L 0.01) than 

that of Stcep 0 r S. CP. The protein content of seep was 

slightly but significantly (P L 0.05) lower than that 

of CLfP 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) were generally higher as compared to SCCP 

and 5CP. 



Table 4.41 Composition of cow milk and low fat 
buffalo milk paneer 

---
Constituent ' 1 a !:)amp e f. ratio CO --

~CCP CLFP 5CP ---
Moisture, % 51 .23 52.04 50.29 2.94 

fat, % 23.93 21 .18 24.67 53.99*" 0.76 

Fat in dry 4 9. 06 44.15 49.61 33 0.70*" 0.50 
mat te r, % 

Prote in, ;b 20.65 21. 98 21.17 5.71* 0.85 

protein in 42.35 45.80 42.57 72.96** 0.69 
dry matter, % 

Ash, ;b 1.39 2.04 1 .71 12.08 0.15 

Calcium, % 0.75 0.81 0.52 64.71" D. OS 

Phosphorus, fo 0.30 CJ.34 0.28 11 .02"" 0.03 

pH of panear 5.93 5.84 5.90 12.00** 0.04 

._-' 
~verage of eight replicates 
a Refers to the method of manufacture vide fig. 3.§. 

" P L 0.05, ...... P L 0.01 ~ 

~ 
N 
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It snould be noted that addition of calcium 

chloride at the rate of 19/1itre of milk caused coagula­

tion of the milk many a times before it reached the final 

heating temperature (90°C). 

Thus IJhile the modified coagulation processes of 

scep 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 of calcium chloride for SCCP unlike for SCP. 

fried and Cooked Cow ~1ilk and Low fat 

Buffalo Milk Paneers: The effects of fryin~ 

and subsequent cooking of paneer made from cow or low fat 

buffalo milks on the moisture content was nearly same as 

the onB observed for market paneer and laboratory made 

buffalo milk paneer (Table 4.42). The final moisture 

content was in the usual range of 65-68fo. SCP sholJing 

slightly but signiFicantly lower (p L- 0.01) value than 

seep or CLFP. The slight increase in fat content and 

decrease in protein content (on dry matter basis) as 

compared to the raw paneer was similar to the observation made 

in ma'Iks,t _ paneer, whose fat content was also similar 

(48-51%. vide Table 4.29), as against a distinctly higher 

fat content of the buffalo milk panear (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 



Tabla 4.42 Composition of fried and cooked cow milk and 
low fat buffalo milk paneer 

-- ----
Constituent 5ample 6 F. rat io CO --

SCCPf CLfPf SCPf -- ------, 
Mo is tu ra, J. 67.50 67.15 65.19 6.47ih+ 1.53 

Fat, % 16.81 15.31 1 B. 20 22.77-* 0.92 

Fat in dry 51.37 46.58 52.26 143.91** 0.80 mat ter, % 

Protein, % 13.50 14.34 14.64 11 .95** 0.64 

Prate in in 41.67 45.18 42.08 63.35** 0.73 dry matter, % 

j{, moisture of 
129.78 128.99 129.73 raw paneer 

~verage of eight replicates 

a Refers to the method of manufacture vida fig. 3.5 

• pLO.05, ** P L 0.01 

~ 

'" '" 
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of the type of milk useD, it tended to take up (i.t3. 

absorb) fat/oil during deep-fat frying resulting in an 

increase in fat in dry matter (fOM), whereas with a 

higher fat content i.a. around 55%, it presumably tended 

to lose soma fat while absorbing soma oil during deep-fat 

frying with the net result that there was no perceptible 

change in fOM. Bhattacharya at !!,. (1971) also made 

similar observations. 

Regarding the effect of method of manufacture, 

all three methods resulting in significantly (P L 0.01) 

different fat content in the fried and cooked panssr 

(Tabla 4.42), a..fP showing the lower value and Step the 

highest. The protein contents of CLfP and sep were 

similar but significantly higher (P L 0.01) than that 

of SCCP. 

4.2.3.2 Textural Properties; 

4.2.3.2.A ~Paneer: The subjective and rheological 

properties of cow milk paneer (Sec:.p and 5ep) and low fat 

buffalo milk (CLFP) panser have been presented in Tables 

4.43 and 4.44, respectively. SC'':P paneer was found to be 

equally elastic, firm and chewy but more crumbly and less 

smooth as compared to Step. Thus due to crumbliness and 

coarseness, it was rated signiFicantly (P L 0.01) less 

desirable than both SCP and CLflP from the overall sensory 

texture point of view. The signiFicant difference betlol6en 

latter two panaers may be associated with the difference 

in thelr elasticity, firmness and chewiness, CLFP with its 

higher values for these parameters being rather 10\oler. 



Table 4.43 Sensory textural assessment (max.scors, 100) 
"of cow milk and cow fat buffalo milk pan6t;lr 

"'-ttribute Sample
8 

F.ratiob 

5CCP CLFP ~CP 

Elasticity 57.75 66.81 57.44 7.42** 

Firmness 58.41 71.81 55.64 35.91"· 

crumbl iness 63.28 45.62 46.96 16.91'** 

!:it ickiness 22.59 18.52 28.65 10.471t* 

::.omoothness 48.83 49.70 63.13 19.92** 

Chewiness 56.a7 68.63 52.91 13.91** 

liverall textural 
quality 60.45 67.44 71.29 17.19*"* 

/'Iverage of eight repl icates 
a 

Re fars to the method of manufact.ure vide Fig. 3.5 

b Based on arc-s ina values vide Appendix XII 

• P L 0.05, *" P L 0.01 

COb 

3.24 

3.43 

3.87 

2.99 

2.91 

3.63 

2.24 

~ 

" '" 



Tabla 4.44 Instrumental textural propartiss of cow 
milk and low fat buffalo milk paneer 

'-ttribute ~ample 
a 

F.ratio 

~CCP CLfP :iCP 
--

Hardness, mN 25.59 34.12 21.43 19.21"" 

Cohss iveness 0.67 0.71 0.65 19.23*" 

Spring inass, mm 7.50 7.56 6.97 7. 87"1t* 

Gumminess, mN 17.04 24.31 14.12 25.33** 

Chewiness, mN.mm 131.27 185.49 99.58 23.94** 

--, 
kverage Df aight replicates 

a Refers to the f];ethod of manu factu re vide f i9. 3.5 .. I' L 0.05, .. " p L_ 0.01 

CD 

4.22 

0.82 

0.33 

2.98 

25.40 

~ ..,. .., 
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rl~thod-lJi~tI variation!:> in the ~ensory textural 

attributes werB also reflected in the instrumental para­

meter particularly hardness and springiness, CLfP being 

significantly harder (P L 0.01) than both seep and SCP, 

and more springy than SCP (Table 4.44). ~lSOt CLfP was 

mora cohesive (p L 0.01) than the other two products. 

Gumminess and chewiness showed similar trends as hardness. 

fried and Cooked Cow Milk and Lou fat 

Buffalo Milk Paneer; The textural differences 

among 5CCP, CLFP and SCP paneer wBrB considerably reduced 

upon frying and cooking as determined objectively and 

sensorily (Tables 4.45 and 4.46). 

Method-wise variation (P L 0.01) persisted 

only in sensory firmness, smoothness and chslJiness, and 

in a none of the Instron parameters. The highest overall 

sensory texture score for 5CP was significantly higher 

than that for scep but similar to that for CLFP. Thus 

the relative rating of the three type of paneer remained 

unchanged after frying and cooking. CLFP paneer was found 

to be more elastic, firm, chewy and less smooth attributin!J 

to low overall textural quality scorB compared to buffalo 

milk (6% fat) paneer (vide Table 4.:l7). 

4.2.4 Comparison between Market PanBer and Laborato.E1 

~ PanBar 

In order to elucidate the textural differences, 

if any, between market paneer and laboratory panear, the 

market paneer found to be most acceptable with respect to 



Table 4.45 ~~nsory textural properties (max.score, 100) of 
fried and cookeD cow milk and low fat buffalo 
milk paneer 

---_. 
.... ttribute S,ample a 

F. ratio b COb 

5CCPF CLPPF 5CFF 

E.lastiCity 67.&4 68.21 66."/9 0.33 

F irmnBss 43.73 51.15 44.06 7.72.** 2.31 

Crumbl iness 47.1C 42.20 45.10 2.51 

Smoothness 43.53 42. 2~, 48.41 6.U7 2.13 

Juiciness 61.5 G 57.67 60.29 1.1:32 

ChBwiness 62.7G 71.45 60.62 29.7GU 1.89 

Overall textural 
qual ity 62.47 65.45 62.82 4.80** 2.U6 

MveragB of eight replicates 
a 

Refers to the method of manufacture vide Fig. 3.5 
b Based on arc-sine values vide Appendix XIII 

" P L 0.05, *". p L 0.01 

.<> 

'" 



Tabla 4.46 Instrumental textural properties of fried and 
cooked cow milk as well as low fat buffallJ 
milk paneer 

,---- --
Mot t rib ute ~amplea F.ratio --

:>ccpr CL FPF ;'CPF 

ro 

----- --
Hardness, mN 8.66 9.36 9.3S 0.35 

Cohesiveness 0.70 0.66 G.G5 2.07 

::lpr inginess, mm 9.38 0.S6 8.75 2.31 

Gumminess, mN 6.12 5.97 6.12 0.04 

Chewiness, mN.rr.m 54.3 G 56.62 53.84 0.12 

-- --- ---,---.-
Average of eight replicates 

a Re fers to the method of manufacture vide Fig. 3.5 

~ 

to 
o 
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overall textural quality (considering both raw and fried 

and cooked paneer)was selectad for comparison. The 

composition and subjective as wel'l as objective textural 

properties of buffalo milk panaer and cow milk and IOIJ 

fat buffalo milk paneer were compared in two separate 

9 raups. 

It can be seen from Table 4.31 that market 

panaer MP-2 was rated to be desirably firm, elastic and 

chewy, and moderately crumbly in addition to being fairly 

smooth. Thus its overall textural quality was rated bast 

among all the market samples. Similarly even when fried 

and cooked this paneer was found to be the most acceptable 

(Table 4.37) and hence, it (MP-2 and MPF-2) was considered 

appropriate market product required for relative assess­

ment of laboratory made paneer. 

4.2.4.1 Buffalo Milk Paneer Vs Market Paneer: 

4.2.4.1.1 Composition: The average moisture, fat and 

protein contents (on dry baSiS) of ra\J as well as fried 

and cooked panesr MP-2, SBP, SSP and RBP have been 

presented in Table 4.47. Fat contents (rOM) of laboratory 

paneer \Jas significantly (p L 0.01) higher than that of 

market paneer, ",hile the protein content (on dry basis) 

significantly (p L 0.01) lower in SoSP, SSP and RSP as 

compared to MP-2. This could obviously be attributed to 

quality of milk used in relation to its fat and 5Nr 

contents. 
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Ccnst ituent 

~Ioisturet % 

Fat in dry 
matter, % 

Table 4.47 t:.fftOl·cts of fry.lng and cooking on moisture, fat and protein 
(on dry basis) of market as wall as buffalo milk paneer 

,---
MP2 581' B Bil RBP Methods 
-~.- f. ratio 
R fC R fC R fC R fC 

(C~_ 

5 D. 97 6B.06 48.51 68.71 49.01 68.04 47.99 68.37 1.41 
(-) 

50.97 51.46 55.75 54. S2 56.11 55.20 54.57 54.05 95.90** 
(0.59) 

Protein in dry 41.07 40.67 36.57 35.76 36.25 35.60 3? .57 36.84 207.81** 
(0.46 ) matter, % 

---_. 

.--
frying 

f. rat io 
.. (CD) 

1685.07-
(0.96) 

4.55" 
(0.42 ) 

16.68** 
(0.32) 

Average of six replicates (selected randomly from total 8 for SSP, 6SP and RBP vide Tables 4.35 
and 4.36 

* pL 0.05 • *" I'L 0.01 

~ 

co 
N 
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It is further revealed that frying and cooking 

processes significantly (p L 0.01) increased the moisture 

content, but slightly, though, significantly decreased 

fat (P L 0.05) and protein (P L 0.01) contents. It has 

been discussed earlier (vide 4.2.3.1.8) that such changes 

followed definite but different trends in panser contai­

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

4.2.4.1.2 Texture of Market Paneer Vs Buffalo Milk 

paneer: The results on sensory textural 

properties (Table 4.48) of market paneer as compared to 

buffalo milk paneer (SSP, SBP and RBP) revealed that 

market paneer was significantly (P L 0.01) harder, more 

sticky and less smooth. However, elasticity, crumbliness, 

juiciness and overall textural quality of these products 

did not differ Significantly. further, it was noticed 

that frying and cooking significantly (p L 0.01) 

enhanced the elasticity and chewiness of panser, but 

decreased the firmness and smoothness. Further, it is 

important to note that with respect to the overall sensory 

textural quality, neither the difference between market 

paneer and buffalo milk paneer was significant nor the 

effect of frying and cooking (Table 4.48). Thus slight 

differences noted in the raw paneer texture disappeared 

upon frying and cooking. 

h\ comparison of objective textural attributes 

(Table 4.49) revealed that hardness, gumminess and chewi­

ness of market and laboratory made panse! ware similar. 



Table 4.48 Comparison of sensory textural properties (max.score, 100) between 
raw ana fried and cooked, market as wsll as buffalo milk panser 

• 

Attribute MPIl 58P 
R IT R IT 

Elasticity 60.28 67.79 62.36 67.36 

firmness 68.41 52.30 63.09 43.63 

Crumbl iness 40.39 45.62 39.58 44.01 

stickiness 22.71 17.78 

Smoothness 51.1 G 50.59 61.29 50.45 

Chewiness 62.70 57.22 51.64 56.S8 

Juiciness 69.31 67.51 

Uverall tex- 66.23 74.70 71 .81 71 • 71 
tural quality 

88P RBP 
R FC R ---rc 

60.54 70.56 63.33 71.59 

53. ~7 43.08 61.82 44.62 

42.79 40.29 36.91 41.67 

16.54 15.98 

63.51 46.30 62.98 47.16 

48. ",3 63.41 53.02 61.47 

68.50 69.96 

73.25 70.6~ 74.21 69.46 

Methods FryinfJ r. rat io~ -r. rat:La b 
(C~) (C~_ 

1.36 
H 

14.54** 
(2.07) 

0.86 
(-) 

4.69 ..... 
(2. 8 9) 

2.69* 
(2.21) 

2.09 
(-) 

? 

(-) 

0.37 
H 

32.13-
(1.55) 

152.52**" 
(1.46) 

3.18 
(-) 

65.58** 
(1 ~57) 

12.15** 
(1.67 ) 

2 ... 07 
(-) 

0.05 
( -) 

--------------
Mverage of six replicates (sel<.::cted randomly from total 8 for S,SP, Bi:iP and R.ap vide Tables 4.37 
and 4.39) 

b Based on arc-sine values vide hppendix XIV 

.. P L o. OS, .... p L 0.01 ~ 

en 
~ 



Teble 4.49 Comparison .of Instron textural properties of raw and fried 
and cooked paneer from market and buffalo milk 

---_.---_._- --.-----------
Attribute MP'2 S8P 88P 

R Fe-- R FC 
R8P 

R FC R Fe--

--------.--------------------------_.-----
Hardness, mN 31.27 10.19 27.46 7.07 24.69 6.84 33.39 6.48 

Cohesiveness 0.67 0.72 0.66 0.71 0.66 0.70 0.64 0.68 

Springiness, mm B.71 9. ::12 7.19 9.58 6.77 9.88 6.96 9.G8 

Gumminess, mN 20.63 7.27 18.33 5.81 16.32 4.8G 20.78 4.42 

Chawinass, mN.mm 181.43 74.08 135.78 48.70 112.89 47.23 148.94 40.61 

Methods Fryin51 
F.ratio f.ratlo 

(CD) (CD-.J -
0.94 
(-) 

3.87* 
(0.([3) 

2.96* 
(0.93) 

0.99 
(-) 

2.37 
(-) 

81 .37** 
(4.85 ) 

41.62** 
(0.02 ) 

46.32-
(0.66 ) 

89.29** 
(2.93) 

48.29** 
(26.91) 

Average of six replicates (selected randomly from total B for S.SP, SSP and RSP vide 
Tables 4.38 and 4.40) 

.. I'L 0.05, "* pL 0.01 

-'" '" 
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Cohesiveness and springiness however, were observed to 

be more in market panear. Cohesiveness and 5 prifl!liness 

of paneer have been reported by Kulshreshtha ~ a1. (1987) 

to be related to pressing conditions during paneer making. 

Thus, such differences between market and laboratory 

made panesr could be attributed to different press In!J 

conditions. 

frying and cooking significantly reduced the 

hardness, gumminess and chewiness and increased the 

cohesiveness and springiness of the product. This could 

be attributed to structural changes in paneer upon fry lng 

and cooking. Kalab at &. (1988) observed that raw paneer 

had a 9 ranul ar 5 true ture cons is t lng of p rotain pa rt ieles 

having a core-snd-lining ultrastructure which was compactSG 

upon deep frying and partially restored upon cooking in 

saline Llater. 

4.2.4.2 I'larket Paneer vs Cow Milk and Low fat 

Buffalo Milk Pan~~: 

4.2.4.2.1 Composition; The data presented in Table 4.50 

indicate that the moisture content of Sec.p, a..rp and SCP 

paneer was similar to that of NP-2, although the moisture 

content of CP1 and LfP was Significantly higher (P L 0.01) 

than that of CP3. The fat content (on dry basis) of scep 

and CLFP was significantly (P L 0.01) lower to that of 

market paneer, whereas of SCP had a similar fat content. 

The fat content-an-dry matter of all paneer samples was 



Cons t ituent 

1'10 istu re, ~ 

Fat in dry 
matter, % 

Protein in 
dry matter,,, 

Table 4.50 E.ffects o'f frying and cooking on major compositional attributes 
of market as well as cow and low fat buffalo milk paneer 

rlP2 sCCP CL FP SCP i\lethods 

R Fe R fe R fe R Fe F.ratio 

--- _(~ll ) 

50.97 68.G6 52.G7 68.27 52.86 67.37 50.94 65.32 3.42" 
(1 .48) 

50.97 51.46 49. GO 51.85 44.19 46.67 49.59 52.24 137.47-
(0.67) 

41.C7 40.67 42.41 41.71 45.71 45.C7 42.5" 42.06 135.92** 
(0.48) 

Average of six replicates lselected randomly from total 8 for S.CCP, CLfP and S.CP vide 
Tables 4.41 and 4.42) 

.. P L 0.G5. .... p L 0.01 

fr~inL 

F. ratio 
( CD) 

916.08 .... 
(1. G4) 

82.75-
(0.47) 

11.18** 
(0.34) 

~ 

'" -.J 
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on boarder-line of legal requirement, whereas that of 

CLfP was lower. The protein content of laboratory paneer 

\oI8S significantly higher in comparison to market paneer. 

This indicated that the market panset was made from milk 

containing much lower fat/SNf than laboratory made 

samples. 

During sensory evaluation of fried and cooked 

paneer it was noticed that when the paneer samples ware 

pressed to determine crumblin~ss/firmness, there was 

sudden expulsion of free moisture from inside the paneer 

cube. This indicated that during cooking paneer cubes 

had a tendency to imbibe free water which came out on 

mastication. Thus there was a significant (p L 0.01) 

increase in moisture content of panaer upon frying and 

cooking. t\ 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 sarliar in high fat paneer 

but took mor~ time in low fat onst hence highar absorption 

of fat in latter. The protein content reduced by approxi­

mately 1fo during frying and cooking apparently as a result 

of changes during processing. 

4.2.4.2.2 Texture of Market Pane8r vs Cow Milk and 

It can visualized 

from Table 4.~1 that S.CCP paneer was significantly less 

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



Table 4.51 Compa~ison of sensory textural properties (max.score, 100) between raw 
• and fried and booked market, cow milk and low fat buFfalo milk paneer 

--____________ ~ ___________ o __________ ,o 

rl.ttribute ~IP2 sccp 
R FC --.r Fe 

Q.FP 
R FC-

~CP 
R --IT 

jjethods fryin9 
f.ratiob f.rat10b 

(CD) (CO) ,-------------------------------
£lasticity 60.28 

r irmness 68.41 

Crumbl iness 40.39 

st i ckiness 22.71 

Smoothness 51.10 

Chewiness 62.70 

Juiciness 

Overall text- 66.23 
ural quality 

67.79 

52.30 

45.62 

50.59 

57.22 

69.31 

74.70 

57. C3 66.89 66.16 

57.22 43. C8 72.58 

65.56 4.7.77 44.13 

22.92 18.28 

48.16 43.30 50.00 

55.94 62.44 69.66 

62. C8 

59.32 62.29 66.80 

68.05 56.57 66.66 

51.74 56.04 44.71 

42.50 46.84 45.38 

28.45 

43.36 61.27 49.25 

71.90 53.72 60.10 

56.41 60.86 

65.28 70.73 69.40 

2.95* 
(2.41 ) 

24.1 C"* 
(2.13 ) 

13.01** 
(2.86 ) 

4.87** 

25.09-
(1. 71 ) 

41.37** 
(1.51 ) 

4.84*)(;-
(2002 ) 

(3.60) (-) 

10.98** 
(2.15) 

15.96;"* 
(2.58) 

(-) 

16.87** 
(1.85 ) 

20.73** 
(1.52) 

2.36 
( -) 

4.21** 
(3.00) 

4. G2* 
(1. 03 ) 

-------------------_------0------'--------------------flvarage of six replicates lsel~cted randomly from total 8 For 5CCP, CLfP and Step vide 
Tables 4.43 and 4.45) 

b Based on arc-sine values vide Kppendix xv 
* p / 0.05, * .. P / 0.01 - -

~ 

cc 
<D 
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crumbly (P L 0.01) than other samples. Its overall 

textural quality was also significantly (P L 0.01) less 

desirable compared to that of market paneer, 5CP paneer 

was however similar to market paneer in this regard. 

Con comitant ob je ct iva t extu ral e valuat ion (T able 4.52) 

revealed that seep was significantly less hard (P L 0.05), 

gummy and chewy (P L- 0.01) than market paneer. 5CP 

having similar hardness as ~CCP was rated better for its 

overall sensory textural quality presumably due to its 

low springiness (Table 4.52) and/or high smoothness 

score (Table 4.51). However, 5CP was also less elastic 

(P L- 0.05). less firm (1' L 0.01). more crumbly 

(P L 0.01) and less chewy than market paneer (Table 4.51). 

Low fat buffalo milk paneer (CLfP) was OlDIe 

elastic (P L 0.05), almost similar in firmness and 

crumbliness and more chewy (P L_ 0.01) and less smooth 

(P L 0.U1) as compared to market paneer, was significantly 

(P L 0.G1) less desirable than market pane8r 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 

textu ral characteristics of cow milk and low fat buffalo 

milk paneer as observed in the case of buffalo milk panBer 

(Tables 4.48 and 4.49). The acceptability of fried and 

cooked paneer improved slightly but significantly (P L 0.05) 

perhaps due to the structural changes effected by fryin, 

and cooking as also observed in the case of buffalo milk 

paneer • 



Table 4.52 
• 

Comparison of ~nstrumental textural properties of raw and fried and 
cooked paneer frbm market and cow as well as low fat buffalo milk 

------------.--------------.--------------
Ff r I.. 

seeP CLF P S CP 
.~ n rc-- R 

Attribute MP2 
R FC 

Hardness, mN 31.'27 10.19 22.46 7.58 30.81 8.31 1 9.66 

Cohes iveness 0.67 0.72 0.66 0.69 0.72 0.63 0.66 

~pringiness, mm 8.71 9.92 7.42 9.71 7.46 9.79 6. 56 

Gumn-,iness, mN 20.63 7.'L7 14.92 5.30 22.01 5.22 12.97 

Chewiness,mN.mm 191.43 74.08 114.11 48.U1 165.51 5 O. 96 90.64 

FC 

9.16 

0.65 

8.88 

5.93 

Methods 
T."ratio 

( CD) 

4.03* 
(4.63) 

1.23 
(- ) 

2.42 
H 

5.27*it 
(2.92) 

52.67 6.61 
(28.57) 

j;verage of six replicates (selClcted randomly from total 8 for 5CLP, CLFP and 5CP vide 
laDles 4.44 anG 4.46) 

.. p L 0.05, .... P L 0.01 

112.46** 
(3.28) 

0.07 
(-) 

27. 87**' 
(0.75 ) 

132.63-
(2.06) 

66.99*" 
(20.20) 

~ 

'" ~ 
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Relationships between Inst~mental and sensory 

Textural flttributes and Chemical Constituents 

of Paneer 

Relationships between sensory textural 

attributes and instrumental measurements, and between 

these attributes and the chemical constituents of the 

product can be of great practical utility as stated 

earlier (vide 4.1.6). The texture of raw paneer has 

been Shown to be in fluenced by the fat content of milk, 

processing parameters of milk, and conditions of COBgu-

latian and pressing (BhattaCharya ~ !!,._, 1971; "'rora 

and Gupta, 1980; Chawla, 1981; 5achdeva ~ &., 1985; 

Kulshreshta ~ &., 1987; Sachdeva and Singh, 1988). 

The role of frying and cooking on the texture of paneer 

has also been found to be equally important (Arora and 

Gupta, 1980; Chawla!!. al., 1985; 5achdeva and Singh, 

1988 and Kalab ~ &., 1988). However, no systematic 

attempts have bean 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 sensory textural properties, 

and compos itional data of raw paneer and fried and cooked 

paneer were separately subjected to correlation and regre­

ssion analyses to derive possible relationships among them. 

4.2.5.1 Relationships between Inst~ental~,Sensor~ 

Textur:al Propertie~ Paneer: The coefficients 

of linear correlations between the rnstron measurements 



and sensory attributes of raw, and fried and cooked 

paneer have been presented in Table 4.5~ and 4.58, 

res pe ct ival y. 
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The rnstran hardness of raw panasr showed Signi­

ficant correlation (P L 0.01) with sensory elasticity, 

firmness, stickiness and chewinass and to a lesser but 

significant extent (p L 0.05) with crumbliness (Table 

4.53.). However, hardness did not show any relationship 

with smoothness and overall sensory textural quality_ 

Thus, as the instrumental hardness of paneer increased, 

its sensorily pB rceived f':'rmness, elasticity and chewiness 

also increased, while crumbliness 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 

rnstron 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 L 0.01) and chewiness (P L 0.05) 

and lower the elasticity, smoothness and juiciness (P L 0.01). 

Moreover, the instrumental hardness showed significant 

(P L 0.05) negative correlation with the overall texture 

score, thereby indicating that hardness was a better 

parameter for fried and cooked paneer than for raw paneer. 

Cohesiveness of raw paneer showed significant 

correlation (P L- 0.01) with smoothness, but such a rela­

tionShip was not evident in fried and cooked paneer. 

However, cohesiveness of fried and cooked paneer Showed 



Table 4.53 Cos'fficients' of correlation
8 

(simple) between sensory and 
instrumental textural properties ~f paneer 

httribute Hardness Cohesiveness Springiness Gumminess Chewiness 
(H) (Co) (5p) (Gu) (Ch) 

£lasticity 0.30*'* -0.02 0.03 0.34** 0.31** 
(SE) 

firmness 0.64** -0.09 0.32** 0.70 ..... 0.69** 
(SF) 

Crumbl iness -0.23* 0.08 -0.03 -0.22"- -0.19 
(5 CR) 

~tickiness -0.55** 0.11 -0.07 -0.58*'* -0.b2,*-ll-
(5ST) 

Smoothn ass -0.02 -0.31** -0.29*"- -0.08 -0. '12 
(S51'1) 

Chewiness 0.49*'" 0.09 0,,23* 0.56** 0.55-.... 
(SCH) 

overall textural -0.05 -0.04 -0.36'** -0.09 -0.14 quality (SOTQ) 

a Based on D4 observations 

* p L 0.05, npLO.Ol 
~ 

'" " 



Tabla 4 .. 54 . Coe.fficients of correlationa (simple) between instrumental 
and sensory textural properties of fried and cooked paneer 

Attribute Har dn ess Cohes iveness ~pringiness Gumminess Chewiness 
( H) (Co ) (~p) (Gu) ( Ch) 

Elasticity -0.39*1t -0.26* 0.C1 -(j.42** -0.36** 
(5q 

Firmness 0.61** 0.21* D. C4 0.61" 0.54** 
(Sf) 

CrLimbl iness 0.03 D. D4 0.05 D.01 D.04 
(SCli) 

Smoothness -0.32 .... -D.09 -D.l 9 -0.32'1t.;t -0.31*· 
(5"fl) 

Juictnas3 -0.4 B.'" D.Ol -D.Ol -0.44** -O.37iHt 

(5JU) 

Chew in ess 0.20 -0.13 0.;]8 0.16 0.15 
(5 CH) 

Overall textu-
ral qual it y 

(SOT Q) 
-0.26* -0.11 -0.10 -0.27* -0.26* 

,_._, 
a Based on 84 obsarvations .. p La.05, *' p L 0.01 

~ 

'" "' 
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6ignif~cant relationship (P L 0.05) with the product's 

sensory elasticity and firmness. Thus while more cohesi­

veness in raw paneer meant less smoothness, for fried 

and cooked panasr higher cohesiveness was indicative of 

lower elasticity and more firmness. However, the level 

of relationships observed was considerably low. 

Springiness of fried and cooked pan6er did not 

show any significant relationship with its sensory 

attributes, however, that for raw paneer more significant 

correlation with firmness (P L 0.(J1), smoothness 

(P L 0.01). chewiness (P L 0.05) and overall textural 

quality (p L 0.01). Thus OV8 raIl textu ral quality of 

raw panser could be appreciably decided by its springi­

nSss. Mos the spongines5 (i.e. springiness) increased in 

raw paneer, it became more firm and chewy but less smooth 

and desirable from the point of view of its overall 

texture. 

Sin ce gumminess and chewiness are cal culated from 

hardness these parameters exhibited almost similar rela­

tionships with the sensory attributes of raw as well as 

fried and cooked paneers as that shown by Instron hardness. 

However, instrumental chewiness of fried and cooked paneer 

did not show any significant correlation with the sensory 

chewiness of the product. This could be attributed to the 

fact that the chs\aliness of fried and cooked paneer perceived 

through mastication, was obviously different from the 

chewiness determined by Instron, the latter being a product 

of hardness (lIJhich was very low in this panaer) cohes iveness 

and springiness. 
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Thus, significant correlations were observed 

between sensory firmness and rnstran hardness, gumminess 

and chewiness, hardness being most important in this 

regard (Table 4.53. and 4.54). The predictability of 

sensory firmness of raw panaer could be enhanced if 

Instran hardness, was coupled with 5 pringiness and 

cohesiveness employing a logarithmic scale as is evident 

from the following regression equation which explained 

52% variation in the sensory firmness: 

1n SF = 3.42 .... 0.25 1n H ... 0.40 1n Co ... 0.01 

J.n ~p (R2 = 0.52) 

4.2.5.2. Relationship between rnstra" Texture Measurements 

and Chemical Constituents of Pane~: Sign if i.oant 

correlations (iP L 0.01) were observed between instrumental 

hardness, gumminess and chewiness ana moisture, fat, protein 

and calcium contents of raw paneer (Table 4.56). All 

correlations ware positive except those with moisture. 

Thus as the fat, protein, calcium and total solids content 

of paneer increased so also the hardness, gumminess and 

chewiness. Harder paneer naturally had higher calcium 

content. and lower pH caused the product to be more springy. 

Cohesiveness exhibited significant (P L 0.01) correlation 

with moisture, fat, fat and protein on dry matter basis. 

apringiness on the other hand, showed significant correla­

tion only with calcium and pH. the relationship with the 

latter being negative. 



Tabla 4._:55 C08ffi~ients of correlation
8 

(simplld) between instrumental 
t'extura measurements and compositional characteristic of 
panesr 

Attribute Hardness Cohas iveness Springiness Gumminess ChewinBss 
(H) (Co) (S>p) (Gu) ( Ch) 

l'iO is tu re, % -0.:59** 0.42"** 0.11 -0.6o**' -0.02"** 
(Mo) 

fat, ib 0.48** -0.52** -0.16 0.45*'* 0.J9*~ 
(F) 

Fat in dry 
matter, % 0.19 -0. 4 S-..-It' -0.1 B 0.13 0.08 

(Fu!'l) 

Protein, % 0.40** -0. Q4 0.00 0.47*Yt;;- D.42;t-ito 
(PR) 

Protein in dry 
matter, % -0.15 0.44** 0.12 -0.08 -U.05 
(PRu~l) 

Cal cium, % 0.45** 0.03 0.21* 0.48** U.47*-;+ 
(Ca) 

pH -0.i8 -0.04 -0.25" -O.221t -D.261t 

a Based on 84 obseIvat ions 

* pL O. iJ5, ** P L 0.01 
~ 

rn 
CD 
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It can be seen from the interrelationship 

amongst the different chemical constituents (Table 4.56) 

that fat and protein contents were significantly (P L 0.01) 

correlated with the moisture content of raw paneer. The 

moisture content, showing a higher correlation coefficient 

with hardness as compared to fat and protein (Tabla 4.56), 

was considered to be the most important compositional 

attribute. The mUltiple-leg-linear regression aquation 

given below clearly inuicates that the moisture content 

together with calcium and pH could substantially (59%) 

predict the hardness of the product: 

1n H = 28.47-2.99 In Mo + 1.08 1n ca - 7.32 1n pH (R 2 = 0.59) 

fls can be visualized from Table 4.511, Significant 

correlation was found between moisture, fat and protein 

content and Instron hardness, gumminess and chewiness. 

5pringine s s showed significant correlation (P L 0.05) 

only \.lith moisture, whereas cohesiveness did not correlate 

significantly with any of the constituents. Hence as the 

sol ids content increased the fried and cooked paneer tended 

to be harder, springier and more chewy. The same 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 it ion of both raw and fried and cooked paneer. Its 

correlations with different compOSitional constituents was 

smaller and not high enough to permit regression analysis. 

The moisture content alone seemed to exhibit significant 



Table 4.56 .Coefficients of correlation a 
(simple) among 

compositional paramaters of raw paneer 

--- --
l1ttribute ~10 F fulll PR PROM Ca 

~'Ioisture, 

'" (mo) 

fat, fo -0. 39*.t-
\F) 

Fat in dry 
matter, jI, -0.:50** 0.34 

(FDM ) 

Protein, % -0.67<+-* 0.26 -0.29** 
(PRJ 

P rot sin in dry 
matter, % 0.30** -0.69*'* -0.96*- 0.51*"* 

(PRD~I ) 

Cal cium, jI, -0.13 -0.04 -0.26-- 0.24* 0.21 it 

( Cal 

pH 0.02 0.06 0.12 -0.12 0.18 0.06 

a Based on 84 observations .. p L 0.05, H P L 0.01 

pH 

~ ..., 
co 



Tabla 4.07 COiifficients of correlation
8 

(simple) between instrumental 
textu re measurements and compos itional characteristic3 of 
fried and cooked paneer 

tIot tribute 

iYloisture, % 
(m~) 

Fat, % (n 
fat in dry 
matter, 1~ 

(FDI'I) 

Prate in, % 
(PR) 

Protein in dry 
matter, " 

(PROfl) 

Hardness 
(H) 

-0.~1** 

0.26 1t 

-0.30-lf.1I' 

0.47*'* 

0.25'* 

a 8 ' Basad on 4 abse rva t loons 

Cohes iveness 
(Co) 

0.12 

-0.12 

-0.03 

-0.12 

-0.07 

* pLO.05, ** P L 0.01 

t»pring iness 
(5p) 

-0.21" 

0.89 

-0.14 

0.16 

0.04 

Gumminess 
(Gu) 

-0.49*-* 

0.26"* 

-0.28"** 

0.44"** 

0.12** 

Chawin8ss 
(Ch) 

-0.51** 

0.27" 

-0.29** 

0.44** 

0.20 

..., 
~ 
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(P L 0.01) correlation with in fat and protsin and, 

therefore could be considered as the most important consti­

tuent in fried and cooked panse! as far as instrumental 

texture was concerned (Table 4.58). 

4.3.5.3 Relationships between Sensory Texture and 

Chemical Constituents of Paneer: As revealed 

from Table 4.58, moisture content of raw paneer showed 

significant correlation with all the sensory textural 

properties, implying that higher the moisture content 

lower would be the elasticity, firmness, smoothness and 

chewiness (~L 0.01) and higher would be the crumbliness 

(P L 0.05) and stickiness (P L 0.01). The moisture 

content showed an inverse relation with the overall 

textural quality (P L O. G1). The fat content also 

exhibited significant correlation with almost all sensory 

textural properties except firmness and chewiness, the 

relationship with the overall textural quality being 

direct. Thus, besides the moisture content, the fat 

content also had a definite effect on the textural accep­

tability of raw paneer. Chawla at &. (1985) ~bserved a 

similar effect of fat content of panssr on its body and 

texture quality. ~n increase in protein content in raw 

paneer seemed to significantly increase the elasticity, 

firmness and chewiness (P L D. G1),. and decrease stickiness 

(p L 0.05) (Table 4.5~). The calcium content of raw paneer 

positively correlated with its elasticity (P L 0.05), 

firmness and chewiness (P L 0.01) and negatively correlated 



Table 4.58' Coefficients of correlation
8 

(simple) among 
compositional parameters of fried and cooked 
paneer 

--
l'ittribute ~Io F FD~I PR PRD~I 

Mo is tu re, ;ib 
(Mo) 

fat, % -0.78** 
(F) 

Fat in dry 
matter, % 0.15 O.:j 0*11' 

(FDM) 

Protein, io -0.78" .... o ?~* ._0 -0.67"* 
(PR) 

Protein in dry 
matter, % -0.27« -0.32** -0.39** 0.31*>+ 

(PRD~l ) 

-- --
a Based on B4 obse rvat ions 

.. p L 0.05, "* P L 0.01 

~ 

-' 
eN 



Table 4.S9 Coefficients of correlation
a 

(simplt3) between sensory 
textural attributes and compositional parameters 
of panCler 

6666 
~~-----------------.--------------------
Attribute 5£ 5F " CR 55T SSM 5CH 50rD ------.-------------------------------------
Mo -0.35** -0.41** 0.22* 0.48-1t'* -0.37** -0.28~ -0.26'* 

F 0.22* 0.1 9 -0.31it* -0.46** 0.50** 0.01 0.351t'1t 

FuM -0.01 -0.15 -0.32** -0.28*1to -.0.50** -0.34*"* 0.36** 

PH 0.35"it* 0.51** 0.87 -0.22" 0.00 0.55** 0.00 

PRD~I 0.06 0.20 0.33** 0.25it -a.43ft* 0.41'** -0.30** 

Ca 0.27-11 0.39** 0.16 -0.38** -0.16 0.:31 ** -0.14 

pH -0.13 -0.35** -0.03 0.08 0.32** -0.16 0.23 

----------------------------------
a Based on 84 observations 

.. p L o. OS, "" P L 0.01 

~ ..., .... 
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with stickiness (p L 0.01) but its correlation with 

other properties and the overall sensory textural quality 

was non-significant. The pH of raw panser directly 

affected its smoothness (P L 0.01) and overall textural 

quality (P L 0.05). but was inversely related to its 

firmness (P L 0.01). Because of the interrelationship 

amongst fat, protein and moisture (Table 4.56), and the 

last baing related to all the sensory textural properties, 

moisture alone could be considered as the Single most 

important constituent. Thus the log-linear regression 

analysis brought out the following prediction equation 

explaining 50% variation in sensory firmness of raw 

paneer: (R2 = 0.50) 

In S,F = 3.32 + In 1'10 

The fat content of fried and cooked paneer did 

not seem to be correlated (Table 4.£0) with any of the 

sensory textural properties. This was not so with raw 

panaer. Apparently level of fat content waS not important 

in fried and cooked paneer. fVioisture content of paneer 

(fried and cooked) was obviously V!Hy important as it 

significantly correlated with elasticity, firmness, 

juiciness and overall textural quality, although protein 

content correlated with all the sensory textural attributes 

except crumbliness. Thus moisture and protein content were 

a very important in fried and cooked panssr as far as their 

textural attributes were concerned. The significant 

(P L 0.01) correlation between protein and juiciness 



Table 4.60 Coefficients of correlationa (simple) between 
sensory textural attributes and compositional 
parameters of fried and cooked paneer 

kttributB 5.£ 5.r 5. CR 5.5.~1 SJU 5CH 50TQ 

~lo 0.23 it -0.3.3** -0.17 0.1 8 0.41** -0.20 0.27~ 

F -0.08 0.09 0.07 0.09 -0.12 -0.02 -0.04 

F (x', 0.1 9 -0.33* .... -0.09 0.39** 0.38*'* -0.30** 0.31 

PR -0.25* 0.36** 0.12 -0.29"'''' -0.64*'* o. 2~" -0.34 .... 

PROM -0.18 0.25* 0.05 -0.30 .... * -0.46** 0.27" -0.28*'" 

a Based on 84 observations 

* p L 0.05, *'" p L 0.01 

~ 

-J 

'" 
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implied that the textural changes upon frying and subse­

quent cooking were related to unexplored qualitative 

changes in the protein which resulted in its increased 

ju iciness. 

In general, moisture and protein contents wers 

related to sensory textural properties in oPPosite 

manners and the degree of their correlation was signifi­

cant but rather low, hence no reg reSB ion analys is was 

attempted .. 

4.2.5.4 Relationships among Instron Parameters of 

Paneer: As shown in Table 4.6.1, the highly signi­

ficant (p L 0.01) correlations between hardness and 

cohesiveness, and hardness and springiness of raw paneer 

indicate that the structural properties of the product 

determining the hardness had cons iderable influence on the 

cohesiveness and springiness. These correlations also 

imply that the factors affecting the hardness of raw 

paneer also influenced the cohesiveness (inversely) and 

springiness (directly). However, correlation coefficients 

were not higtl enough to permit adequate predictions. As 

mentioned earlier (vide 4.1.6.4), gumminess and chewiness 

being derived properties, their correlations with hardness, 

cohesiveness and springiness wBre only expected. 

,"",5 shown in Table 4.52, the correlation betwean 

hardness and cohesiveness observed for raw paneer disapp­

eared upon frying and cooking, but springiness showed 

Significant correlation with (p L 0.01) with hardness. 



• 

TobIe 4.(.1 coefficients of correlationS (simple) 
among rheological propertios of paneer 

Attribute_ H Co Sp Gu 

Hardness 

Cohes ivenass -0.43** 

:;iptinginess 0.39- -0.05 

Gumminess 0.97** -0.33** O.39**" 

Chswiness 0.95** -0 • .32** O.Se-** 0.97** 

a Based on 84 observations 

.. p L 0.05, ** p L 0.01 

Tabla 4.62 Coefficients of correlationa (simple) 
among rheological properties of fried 
and coo ked panee r 

tiittribute H Co 5p Gu 
---

Hardness 

Cohes iveness O. :J3 

S\-lt lng lness 0.29** -0.13 

Gumminess 0.95** 0.23" 0.27* 

Chawiness 0.92** 0.20* 0.52** 0.94*'* 

a 
Based on 84 observations 

p L 0.05, *" p L 0.01 

Ch 

178 

Ch 
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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 hardness. While 

cohesiveness and springiness were not correlated with 

each other, gumminess and chawiness of fried and cooked 

paneer wars signiFicantly correlated with its hardness, 

cohesiveness and springiness as was the case with raw 

paneer. However, the quantum of relationship was not 

adequate enough to enable prediction of one property 

from others. 

4.2.0.!::i Interralationships~ong Sensory Textural 

Properties of panser; It can be visualized from 

Table 4.63 that sensory elasticity was significantly 

correlated with all other sensory properties except smooth 

ness and ovarall textural quality. Sansory firmness waS 

also highly correlated with stickiness and che..,iness. 

The overall sens Dry textural quality of raw paneer was 

inversely correlated (P L 0.01) \Jith crumbliness and 

chewiness but directly with smoothness, indicating thereby 

that smoothness \Jas the most important sensory attribute. 

rhe higher correlation coefficient (r = 0.73) was observed 

between chewiness and firmness, two of the most important 

attributes of paneer texture, the relationship being 

expressad as a linear regression aquation stated below: 

5.CH = 11.;;5 + 0.72 SF 2 \R = 0.54) 



• Table 4.63 ,Coefficients of correlation
8 

(simple) among sensory 
textural characteristics of raw paneer 

Attribute 

£lasticity 
(5£) 

Firmness 
(:; F) 

Crumbl iness 
(S CR) 

Stickiness 
(:;,;T) 

Smoothness 
(SSM) 

Chewinass 
(3)CH) 

overall textu­
ral quality 

(50T Q) 

5£ 

D.!) 0** 

-0.24* 

-0.28** 

0.17 

0.28** 

0.12 

SF SCR 55T 5sr~ 5CH 

-0.18 

-;].63** 0.23* 

-0.28"''' -0.24-1t 0.11 

0.73*-'* -0.013 -0.47** -0.40** 

-0.16 -o.s 8** -0.07 0.54** -0.29** 

SOTQ 

---------------------------------------------------
a Based on 84 observations 

* pLO.05, **pLO.Ol 
~ 

'" o 
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However, individual contribution of each sensory 

textural property to its oveI'all textural quality seemed 

to be very small, as the multiple linear regression 

equation between overall sensory texture score of raw 

paneer and all the sensory textural attributes could 

explain only 48% variation. 

sor Q = 63.12 - 0.04 5£ - 0.01 s£ - O. I 9 5 CR - 0.175 5T + 

. 2 ) 0.47 SSM - 0.13 5CH •••••••• \R = 0.48 

This indicated that besides smoothness (43%), crumbliness, 

stickiness and chewiness were important textural aspect 

of raw paneer affecting its overall textural quality_ 

The extent of interrelationship among the SUbjBC-

t iva textural aspects of fried and cooked paneer could be 

seen from Table 4.G~. Llasticity was significantly 

correlated (P L 0.01) with all attributes except crumbli-

ness and chewiness, juiciness showing the highest coeffi-

cient of correlation. Stensory firmness showed significant, 

but inverse, correlation with smoothness and juiciness and 

was directly corralated with chewiness. Among important 

correlations was that between smoothness and juiciness. 

lJith regard to overall sensory textural quality, juicinBSs 

appeared to be the most important determinant, followed 

by smoothness, crumbliness and elasticity, all showing 

significant (P L 0.01) correlations although these were 

not high enough to permit effective prediction. Nevertheless, 

a multiple regression analysis between overall textural 

quality and different sensory attributes yield the following 



• 
Table 4.64 Coefficients of correlationS (simple) among sensory 

tfjxtur:al cnaracLsristics of fried and cooked paneer 

i\ttribute "E 5F ;; CR 55M 5JU 5 CH 

----, 
Elast icity 

(5E) 

r irmness -O.34~ 

(5 F) 

crumbl iness -0.16 0.06 
(SoCR) 

Smoothness 0.32** -0.26-- 0.04 
(55M) 

Juiciness O.ti3..toit -0 • .3 6"*'" -0.16 0.43'** 
(2.JU) 

Chewiness 0.07 0.37.".... -O • .32~ -O.J 6*'* -0.28 ..... 
(5CH) 

Overall textu-
ral quality 0.34** -0.02 -0 • .5 8it-* O.:il** O.:i5*·lt -0.06 

(50T ~) 

---, 
a Based on 84 observations .. p L 0.05, ;0* P L 0.01 

50TO 

~ 

00 
N 
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linear equation, which CQuid explain 57% variation in 

the overall sensory textural quality: 

S01Q = 16.94 + 0.02 5£ + 0.22 :>F - 0.30 SCR + 0.53 :>SM 

+ 0.44 SJU - 0.0007 SCH 

It could thus be seen that smoothness, crumbliness 

and chewinass were obser-vad to be important sensory 

criteria in deciding overall texture of raw panear, whereas 

ju iciness, smoothness, crumbl in ass and Blast lei ty were so 

for fried and cooked paneer. 

4.3.1 Rasogolla 

4 • .3.1.1 Composition; The composition of three different 

varieties 5L, NL and 5G (Stmall, normal and sponge, resp8c­

tivaly) obtained from the renowned shops (8 and K) has 

been given in Table 4.Gl:i. The moisture (p L 0.01), 

protein (p L 0.05) and carbohydrate (P L 0.01) contents 

varied Significantly between the shops. The moisture 

(PLO.01). ash (PLO.05) and carbohydrate (PLO.01) 

contents of varieties SL and NL wera significantly higher 

and the fat and protein contents were significantly 

(P L 0.01) lower than the corresponding values for SG. 

Thus while varieties SoL and NL differed only in size and 

not in composition, both were significantly different from 

::iG in composition. Variety-wise variations in the compo-

sition of market Aasogolla were also observed by Mitra ~.!1. . 

(1967). 



Table 4.65 ~verage composition of market Rasogolla 

-- --_. 
Constituent B5L K5L BNL KNL SSG K5G Variety 

----
f. rat io CD 

... _---
[iloisture, % 44.00 37.90 43.'16 33.25 53.84 50.42 35.03** 3.21 

fat, % 4.15 4.1 9 4.05 4.23 5.70 5.11 11.65H 0.53 

Prot e in, ~ 5.71 5.26 5.76 5.2B 7. 1 2 6.28 14.00'ltA> 0.54 ,. 
As h, % 0.54 lI. 6 9 0.68 0.68 0.60 0.G1 4.99" 0.05 

Carbohydrate, % 
(by diff) 

45.49 51.96 45.75 51. 56 32.'13 37.59 55.68** 3.09 

--
Average of five replicates 

SL, NL, 5G repres snts variety of Rasogolla 

B, K represents the vendor 

" p L 0.05, ""pL_D.01 

Van do r 

f. ratio CD 

15.94** 2.62 

0.26 

7.69* 0.44 

0.62 

22.34**' 2.52 

~ 

ro 
~ 
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The mean compos ition of sponge Rasogolla 

(52.12;6 moisture, 5.41)~ fat, 6.70% protein and 35.16% 

carbohydrate) observed in this study was similar to that 

reported by Mitra !!:. a1. (1967) (50% moisture, 5.3% fat, 

6.4;.b protein and 37.0% sucrose) except for the protein 

content. The average composition of varieties Sl and NL 

(39.73% moisture, 4.16% fat, 5.50% protein and 48.69% 

carbohydrate) was in the range reported for the market 

product by ~harma and Zariwala (1975) and (except for 

moisture) by ~en and Rajorhia (1987). 

4 • .3.1.::2 Textural Properties: Rasogolla should desirably 

have round shape, smooth body and spongy texture (Soni 

~ !:.l., 1980). The texture of Rasogolla is monitored by 

the Same factors affecting its composition. The objective 

as well as sensory textural properties of market RaSogolla 

of the present study have been presented in Table 4.66 

and 4.67, respectively. 

It can be visualized from Table 4.67 that the 

variety 5G (sponge) had Significantly (P L 0.01) lower 

hardness and gumminess and higher cohesiveness, springiness 

and greater expressible syrup as compared to varieties SL 

and NL. However, SL and NL did not differ significantly 

in their objectively measured physical properties. 

A similar picture evolved in relation to sensory 

percaption of texture of Rasogolla (TablCl 4.66). The 

variety SG was found to be more elastic, more juicy and 

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



Table 4.66 S~nsory textural properties (max.score, 100) 
of market Rasogolla 

Attribute B5L K5L BNL KNL BS,G K5G Variety 

f. ratio6 

Elasticity 47.14 43.08 47.42 44.55 71.75 72.65 63.74** 

r irmness 52.55 54.91 49.3B 61. 93 41.35 42.09 14.94** 

Crumbliness 55.28 5[).31 58.48 50.24 57.60 37.09 1 .75 

Stickiness 27 .35 J 1 .90 27.28 32.47 19.34 1 B. 1 0 6. 91 ** 
Juiciness 58.18 61.34 61.20 63.01 65.20 69.73 4.30* 

Smoothness 5 D. 49 57.63 46.81 52.22 41.37 3 B. 70 11.47*" 

Chewiness 46.79 42.39 47.39 45.D5 5 B. 34 68.78 37.201t* 

Overall textu-
ral qual ity 68.50 75.02 69.05 72 .34 67.26 69.42 3.00 

I4.veraga of five replicates 

b Based on arc-sine values vide Appendix XVI 

" P L D.05, *"pL 0.01 

Vendor 

-cob f.ratio6 [iF 

3.16 D.75 

3.16 4.91* 2.58 

1 2.1 0** 3.65 

4.51 0.85 

3.15 2.10 

3.3 B 1 .79 

2.78 0.:)6 

11.62""* 1.45 

co 

"' 
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Table 4.67 Instrumental textural properties of market Rasogolla 

---, 
httribute 85L K:iL BNL KNL 8:jG K5.G Variety vendor 

--- ---, 
F.ratio CD F.ratio CD ,---, 

HardnBss, mN 8.12 7,57 7.84 B,G2 4,67 4.tl1 15.:J5*'* 1.47 0.00 

Cohosiveness 0.58 0.:39 O.S6 0.54 O,7D D.59 3 D. 93** 0.04 0.01 

~pring iness, mm 8.65 8.20 8.90 9.05 9.90 9.78 5.20** O.a9 0.15 

Gumminess, mN 4.65 4.29 4.13 4.69 3.25 2.98 6.42 .... * 0.86 0.01 

Chewiness, mN.mm 40.23 35.53 36.46 43.52 31.39 28.64 3.83 0.01 

Juiciness, /0 9ms 29.81 25.08 27.39 21 .11 37.59 39.08 48.02"* 3.83 6.65* 2.48 
(exp ress ible 
syrup) 

MV8:rage of five repl i cates .. I'L 0.05, it. j.l L D. :::\1 

~ 

CD .., 
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comparison to SL and NL. Thase variety oriented textural 

differences, however, were not reflected in the overall 

texture score, all three varieties differing non-signifi­

cantly from onB another in th is regard. Shop-wise 

variations in the sensory textural quality was highly 

significant (P L 0.01) indicating thereby the differences 

in the commercial manufacturing practices. further the 

significant differences in the product firmness (P L 0.05) 

and crumbliness (P L 0.01) ware indicative of the possible 

role of these parameters in deciding the overall textural 

quality, a less crumbly and mora firm product baing rated 

higher (Table 4.6ri). J.\lso, no objective parameter (Table 

4.66) seemed to be able to explain the variation in the 

overall sensory texture of Rasogolla obtained from 

different shops. 

Texture Studies on Sandesh 

'"' preliminary market survey revealed that the 

size and shape of ~andesh varied widely. Moreover, it was 

not possible to draw a cylindrical sample for texture 

assessment using Instron, owing to the too soft or too hard 

and crumbly nature of Sandesh. Thus the results of only 

the preliminary studies involving hardness measurement by 

means of a cone penetrometer in addition sensory evaluation 

have baen discussed here. Compos ition of fou r varieties 

or types of 5andesh available in Delhi market was also 

determined. 

It can be noted from Table 4.6S that the moisture 

content of 5andesh varied greatly among the different 



TatJ18 4.6U Com~osition of marh,t .:l2neJssh 

-~a-----

Type 
-----_. 

Constituent, j{. 
._-----

--_.- MoisTure Fat _-.r.4~ __ -·-P"rC;:o"'t"e"i'"nc-----

A v Range .____ ,., v __ .. __ R§!:lg9 ~v Range --------

Narampak (2) 17.81 17.29-18.32 15.4G 13.82-16.96 28.34 16.39-24.28 

Kharapak (1) 1 D. 20 19.00 15.25 

Ka cchagulla (4) 38.10 31.23-44.96 16.37 11.34-20.139 14.55 11.02-18.08 

Khoa-Sanuesh (1) 27.;5 17.n 15.07 

------
a figures in parentheses in·Jicate the number of sanples analysed 

~ 

'" l.G 
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varieties, ranging from 10.20;& to 44.96%. Tha overall 

variation of fat and protein in Sandesh, irrespective of 

variety, ranged from 11.34% to 20.39% and 11.02% to 24.28%, 

respectively. The moisture contents of Narampak and Khara-

pak WBX:8 similar to those reported by 5arkar ~ a1. (1975) 

for soft grade and hardgrade Sandesh, respectively. 

However, fat and protein contents observed in the present 

study wers somewhat lower as compared to the values 

(23.1% and 21.8" fat, and 26.1% and 20.5% protein, for 

soft grade and hard grade SandesM, respectively) reported 

by these workers, which may be attributed to variations 

in composition of chhena used, level of sugar addition 

etc. In absence of any available information, the compo-

sition of Kacchagulla and Khoa-Sandesh could not be 

compared. However, the overall composition of Sandesh waS 

found to be in the range reported by Sen and Rajorhia (1987). 

Marked variation in the firmness were observed 

among the varieties of ~andesh as revealed by the results 

presented in Table 4.6.9. It can be seen (from the table) 

that the firmness of Kherapak was greatest followed by 

Narampak, Kacchagulla and Khoa-Sandesh. Objectively 

2 determined hardness (kg/em) of the product was in the same 

order, the highest value for Kharapak (23.9), being followed 

by Narampak (2. B8). Observations on other sensory textural 

properties revealed that Narampak and Kharapak were lass 

elastic than the other two varieties, all the Sandesh 

samples wera highly crumbly. The Narampak and Kharapak 



Table 4.tS1 ,Sensory score (max.100) for textural attributes 
of Sandesh 

!-It tr ibu te Typ~ of :J.andesh 

Na rampak Kharapak Ka cchagulla Khoa-5.andesh 
~---~. 

£1 est icity 13.0 14.U 32.0 24.0 
(12.0-1".0) (26.U-38.0) 

firmness 57.5 78.0 50.5 43.0 
(52.0-63.0) (35.0-66.0) 

Crumbl iness 75.5 66.0 68.0 63.0 
(74.0-77.0) (56.0-70.0) 

St ick iness 16.5 16.0 37.5 32.0 
(16.0-17.0) (32.0-43.0) 

5moothness 55.5 49.0 34.5 35.0 
(51.0-60.0) (20.0-49.0) 

Chewiness 42.0 4 0.0 57.0 60.lJ 
(41.0-43.0) (43.0-71.U) 

Overall textural 58.5 44.0 59. [, 65.0 
quality (57.0-60.0) (49.0-69.0) 

f i9 u res in parentheses inuicate th.:. range for sensory attributes 

~ 

'" ~ 
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varieties were less sticky and more smooth than Kacchagulla 

and Khoa-5andash. Khoa-5andesh was found to be highly 

chewy, followed by Kacchagulla, Narampak and Kharapak. 

These textural observations can be regarded as charac­

teristic of the variety. yet from the overall textural 

quality point of view Khoa-Sandesh was rated the best. 



SUMMARY 

AND 

CONCLU SIONS 
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5. ::.Ui"lI'li'I HY d.r~ t.l CON CLUS. Iur~ 

Texture is an important fundamental sensory 

property of all foods. Its objective measuremunt 

belongs to thcl area of rheology_ The knowledge of 

rheological properties of a food may give important 

cll:.l8S to its acceptability_ Instrumental measurement 

of texture is not a novel approach with regard to 

western milk products like ch~eso:;l, butter, yoghurt etc. 

However, no systematic attempts have been made to 

evaluate textural properties of Indian indigenous milk 

products. In spite of considerable teChnological 

developments during the last three decadas, in response 

to the emphasized need for uniform quality production 

of indigenous dairy products, little is known about 

the desirabl8 sensory properti8s of these products. 

With this backfjround, the pras8nt study was planned to 

evaluate the objectivQ and sensory textural properties 

of' hl:lat-and-acid coagulated Indian milk products such 

as chhana, pan8ar and chhana basad sweets like Rasogolla 

anu ,jandesh 8vailabls in popular markets. In cass of 

chhana and paneer samples were prepared in the laboratory 

using different methods reported in the litereture. 

The textural properties of the most desirable market 

chhana and paneer samples and laboratory made products 

ware compared. In order to arrive at possible relation­

ships among the compositional and instrumantal (Instron) 

Gnu sensory textural attributes. The results obtained 
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during this investigation have been summarizad in 

this chapter. 

5. 1 CHHANA 

5. 1 .1 Based on sensory analysis market chhana was 

observed to be relatively less firm, less elastic, 

185s crumbly and 188!:- chewy • It had moderata stickines~ 

.snd was very smooth. :l.ucl-l chnano was rdted most desi­

rabla with reSpbct to the overall textural quality. 

~. 1 .2 Sensory and LnstrumuntEl textural attributes, 

except sensory elasticity and stickiness, and Instran 

springiness, of market chhana showed significant 

variations among different samples. 

5 • '1 .:'l In gene ral, cow mil k chhane was abse rued to be 

appreciably harder as compared to market chhan8, mors 

cohesive and more springy as revealed by rnstran measu­

rements. 

Also, average cow milk chhana was rated to be 

sensorily more: elastic, firm, crumbly and chewy, but 

less sticky as compared to market chhana (f'lCS). However, 

its smoothness and overall tt:;xtural quality were similar 

to market chhana. 

Buffalo milk chhana (laboratory made) was also 

gener2l1y much harder, more springy· and more chewy as 

compared to market or cow milk chhana. However, 

coagulation conditions and delayed straining technique 

as suggested by Soni at al. (1980) resulted in a product 
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that waS texturally most desirable among all laboratory 

made buffalo milk chhanas. This product was highly 

acceptable and fairly close to mark8t chhana. other 

process modifications studied were only partially or 

not at all tlYlpful in obtaining the desirable textural 

proptHtles in buffalo milk chhsna as indicated by 

instrumental as well sensory texture evaluations. 

5.1 .6 The instruman"cal and sensory textural properties 

of mixed milk chhana were generally very close! to cow 

milk chhana, and showed more or less similar variations 

from markat chhana as in the case of cow milk chhana. 

5.1 .7 Based on Dvarall sensory textural fjuality, cow, 

buffalo and mixed milk chhana obtained by the method of 

Son l Elt ~. (1980) was rated th~ best anu was even 

better than markat chhana. 

5.1.8 Irstrumental hardness of chhana showed signifi-

cant correlations with all the sensory textural propBrties. 

Its highly significant negativCl correlation with overall 

textwral quality suggested that softness was the most 

desirable sensory attributes of chhana. Instron hardness 

was also significantly correlated with othBr objective 

textural properties of chhana. 

j~oisture content of chhana appeared to be the 

most important compos itional factor affecting instrumental 

as well as sensory textural properties. It could explain 

most of variation in the instrumental hardness l85~), 

sensory elasticity (66~) and firmness (74/;'). 
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5.1.10 Like instrureental hardness, sensory firmness 

appeared to be the rr.Dst important textural attribute. 

It could explain 67'/0 and 82% variation in elasticity 

and chewiness, respectively. However, with respect 

to the overall sensory textural quality of the product, 

smoothness was most predictive (79~) followed by 

chswinoo5 (68~) and firmness (59)Z}. 

5.1.11 Un the bais of Significant correlation cosffi-

ciants, linear regression coefficients were calculated 

for some of the textural attributes. The overall 

sensory quality of chhana could be predicted on the 

basis of chemical p€rameters or instrumental mBasure-

mants by means of the following regression 6quations~ 

i) 50T~ = -29.85 .. 0.22 1',0 - 65.0 Ca .. 18.66 pil 

R2 = O. '/U 

ii) :'OTQ = 54.15 - 0.74 H + 3.10 Co + 2.47 5p 

R2 = 0.55 

whe ra, 

SOT,Q = S.core for sensory overall textural quality 

of chhana 

~10 

Ca 

pH 

H 

Co 

"P 

= 

= 

= 

= 

= 

= 

% moisture content of chhana 

% calcium content of chhana 

pH 0 f chhana 

Instran hardness (mN) of chhana 

CohesilJsness of chhana 

~pringiness (mm) of chhana 
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5.2.1 .hlmost all the market paneers (obtained from 

different suppliers) WeI'S moderately elastic, firm, 

crumbly, smooth and chewy, and shol.Jed significant 

variations among themr:>slves and also among batches 

(replications), however their overall taxture CQuid be 

regarded as fairly desirable. 

5.2.2 Instrumentally determined hardness, cohesiveness 

and chswinas5 of market panaer also exhibited similar 

differences as observed in the sensory attributes. 

5.2.3 In general, laboratory made buffalo milk paneer 

was harder, more gum~ly and mors chewy but slightly less 

cohesive and leSt> springy as compared to average market 

paneer. 

5.2.4 ~8nsorily, buffalo milk paneer was rated almost 

equal to market paneGr for firmness, elasticity and 

chewiness. Owinr;] to its luwer crumbliness, stickiness 

and higher smoothness, this panasr waS obser\Jsd to be 

better than olark8t paneer from the overall textural 

quality view point. 

~ddition of calcium chloride to cow milk resulted 

in a paneer with poor overall texture. Paneer made from 

cow milk without added calcium chloride was observed to 

be as good in its overall textural quality as market 

panear Dr buffalo milk pans!;)!, except that it was less 

hard, cfHCiWY and cGhasfve compared to the latter. 
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5.2.6 Low fat paneer resembled buffalo milk paneer 

in its rheology, although it was rated to be mors 

elastic, firm, chewy and less smooth as compared to 

cow: or buffalo milk panser and market pans cr. 

5.2."1 In general, frying and cooking of market, 

buffalo milk, cow milk or low fat buffalo milk paneer 

resulted in considerably decreased instrumental hardness 

and ch~winess, slightly increased cohesiveness, and 

appreciably increased springiness. 

frying and cooking of penseI:' changed the sensory 

textural perception more or It:lss in the same way as 

observed instrumentally. HowBver, sensory chswin9s8 

increased while Instron chewiness decreased, it thus 

indicating the difference between sensory percBption 

and Instron measurement of this attribute. r":o reave r, 

overall sensory texture was almost similar fer all 

panE:8r samples, in, spite of the textural differeneeo 

obS!::l rved in raw panee r. 

5.2.9 frying and cooking of paneer result8d in 5igni-

ficantly increased moisture content, and slightly but 

5ignif~cantly decreased protein (in elM) content. rOM 

tended to increase when thi::l initial FWI content was 

about 50/~, but a revers03 trend was noticed for raw 

pan ear having about 55~ FUM. This was thus suggestive 

of a probable equilibrium fO~1 content which was presumably 

hi9(ler than thft of low fat panBer but lower than 55i~ rDr~ 

paneD r. 



5.2..10 frying and cooking of paneer enhanced the 

elasticity and chewiness of paneer, and naturally 

decreased the firmness and smoothness. 
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5.2.11 With respect to the overall textural quality, 

tha differenc6 between market or buffalo milk paneer 

was not Significant and there was no efFect of frying 

and cooking. 

5.2.12 In general, a low level of correlation was 

observed bdtween sensory and instrumen&al textural 

properti8b, except between sensory firmness and Instron 

hardness, gumminess and chewiness. 

5.2.13 Owing to its high correlations with Instron and 

sensory textural properties of raw and fried and cooked 

paneer, moisture content could be regarded as the most 

important compositional attribute, followed by calcium 

and pH 0 f raw panee r. 

5.2.14 Instrumental hardness of raw, and fried and 

cooked paneer could be regarded DB the most important 

objective textural parameter. 

S.2.15 Sensory smooth~ess, crumbliness, firmness and 

chewiness were the determinants of overall texture of 

raw panaer, whereas for fried and cooked paneer juiciness, 

smoothness, crumbliness and elasticity were important 

factors affecting its overall sensory texture. 

5.3 

5.3.1 Sponge Rasogolla had Significantly lower hardness, 

gumminess, and higher springinso:s and cohesiveness, and 
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greater expressible syrup as compared to normal and 

small Rasogolla. 

5.3.2 5ensorily also sponge Rasogolla was found to 

be mora elastic, mor8 juicy and mOl'S 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 Rasogolla obtained from different vendors or among 

varietil3s. 

5.3.4 ~Iarkeo variations in the objective hardness and 

sensory textural properties wars noticed among the 

diFferent Sandesh varieties. All the Sandesh samples 

were characterizea by high crumbliness. Khoa-:;"andesh 

was rated to be most desirable. 



MPPENOIX - II 

Sansory texture score (arc-sine values) of cow milk chhana 

---- --
."Ittribute Sample 

::;C 3uc ORC K~C 50C I C 

Elasticity 38.73 52.78 55 • 8:5 56.83 56.42 53.07 

Firmness 33.50 48.40 5 D.h 55.66 53.73 45.18 

Crumbl iness 47.25 48.95 47.20 42.52 43.36 47.30 

Sot i ck inss s 42.91 37.42 36.17 35.87 .3 7 .£1.9 35.67 

j,mo othn ess 62.43 54.52 47.60 53.12 44.56 48.33 

Chewin ass 29.23 44.14 46.75 45.79 48.01 40.86 

50T Q 62.52 52.07 47.39 49.lla 47.52 50.16 

'--' 



APPENDIX - III 

Sensory texture score (arc-sine values) of buffalo 
milk chhana 

Attribute 5.ample 

Oi-<:i C K::iGC I CB C Ia C ';is c 

Elastlcity 49.00 53. 'i5 51.46 52.29 47.91 

Firmness 61.80 56.16 53.28 56.58 37.31 

Crumbl inass 42.68 44.47 43.68 43.98 39.20 

Stickiness 29.27 29.17 29.28 3 1 .~.5 39.49 

5moothness 44.85 43.02 47.45 45.44 59.7d 

Chewiness 54.19 52.60 47." 8 48.93 32. '/5 

;;OT Q 42.14 44.08 50.19 49.iJ3 62.04 

--
KOBe 

45.14 

59.:32 

54.09 

27.26 

34.16 

54.64 

35.77 



AI'Pt:NDIX - IV 

Sensory texture score (arc-sine values) of mixed 
milk chllBna 

Ir1.ttribut9 Sample 

1M C ,,~] C ORr'] C 

Elasticity 52.42 42.85 55.34 

Firmness 53.58 35.99 56.:;3 

Crumbl in~ss 44.08 38.95 44.37 

~tickiness 31.92 43.42 31.46 

:::imoothness 44.99 60.13 44.30 

Chewiness 48.27 33.17 5 0.74 

50T Q 46.32 62. J 8 46.80 



I Attribute 

Elasticity 

Firmness 

Crumbl ines8 

:It ickiness 

Smoothness 

Chewinsss 

50T Q 

APPE:NDIX - v 

Comparison of sansory texture scorB (arc-sine values) 
of market chhana and cow milk chhana 

Sample 

[-1 C5 :'C BOC ORC K;> C !>OC Ie 

35.45 3 B. 70 52.7B 55.85 56.3.3 56.42 53 • el7 

33.12 33.50 4B.40 50.15 55.65 53.73 45.19 

37.95 47.25 4B.95 47.20 42.51 43.;)6 47.50 

4B.41 42.91 37.42 36.17 35.87 37.49 35.67 

55.56 62.43 54.52 47.6U 53.12 44.56 48.:J3 

32.12 29.23 44.14 46.75 45.79 48.02 40. d6 

55.57 62.S2 52.07 47.:59 49.08 47.52 50.16 

--



APP£rWIX - VI 

Comparison of sensory texture score (arc-sins vOlues) , of market chhana and buffalo milk chhana 

--. 
t\ttributa Sample 

[·tiCS DR8C K'i8 C I C6 C 18 C SBC KOBC 

Elasticity 35.46 45.00 53.15 51.46 52.29 47.91 45.14 

firmness 33.12 t 1 .80 56.16 53.28 56.58 37.31 59.32 

Crumbl iness 37.95 42.68 44.47 43.6 B 43.98 39.25 54.09 

5ti ckiness 48.41 29.27 29.17 29.20 31.53 39.49 27.26 

Smoothness 55.56 44.35 43.:52 49.45 45.44 59.78 34.16 

Chawiness 32.12 54.19 52.60 47.38 48.93 32.75 54.64 

;;OT Q 55.57 42.1'~ 44.08 50.19 49.03 62.04 35.77 



APR:N 0 IX - V I I 

Comparison of sensory texture score (arc-sine values) 
of market and mixed milk chhana 

--_ .. _-
Attribute 5ample 

"',C5 1M C SoM C ORfil C --
(last ieity 35.46 53.36 44.19 55.77 

r irmness 33.12 53.24 34.82 54.03 

Crumbl iness 37.95 43.21 35.52 42.39 

5t ickinass 4d.41 32.43 43.15 31.27 

Smoothnass 55.58 45.49 68.01 45. '/3 

Chewiness 32.12 45.44 33.49 48.:5 2 

o.OT Q 55.57 46.33 62.47 47.89 



APPENDIX - VIII 

• 
:iensory tex.turE! score (arc-sine values) of market pan",er 

~ttribute 5amplCi 

flP1 MP2 riP3 f1P4 r'iP5 rlP6 

Elasticity 51.42 50.93 49.85 49.21 51.36 46.07 

Firmness 50.46 55.30 51.96 49.56 55.98 44.09 

Crumbliness 42.27 39.45 42.71 43.35 43.04 42.71 

;it ickiness 29.70 28.46 30.22 30.46 26.34 33.43 

S,moothness 44.:;6 45.63 44.94 45.95 40.59 48.53 

Chewiness 47.00 52.35 48.46 46.43 50.57 42.17 

,OT Q 52.G9 54.47 49.93 52.94 48.01 53.47 



~ 

.... ttribute 

Elasticity 

Firmness 

CruU!bl iness 

St ickiness 

~moothnass 

Chewiness 

Juiciness 

50T~ 

APP~~JJ IX - IX 

Sansory textur~ score (arc-sine values) of fried and 
cooked market paneer 

::..ampls 
----

I'IP F1 MPF2 Vi P F3 l,01PF4 MPF5 

54.64 55.42 50.99 53.23 53.49 

47.28 46.32 50.02 47.91 52.73 

43.56 42.49 45.06 46.33 44.95 

29.85 3 O. 05 30.54 29.72 28. 1 9 

42.42 45.34 40.89 42.44 38.97 

52.28 49.15 51 .01 51 .S 7 53.93 

53.98 56.36 50.32 50. d4 49.88 

55.64 59.80 53.05 54.94 52.68 

MPF6 

54.12 

41.27 

46.08 

30.58 

41.15 

46.84 

52.33 

51 .73 

----



• APPENDIX - X 

s,ensory texture score (arc-sine values) of 
buffalo milk panaer 

At t r ibu ta ~ample 

:>8 P BSP R8 P 

Elasticity 51.34 52.16 53. u5 

Firmness 53.99 49.49 53.51 

Crumbl iness 38.35 40.97 3 B.15 

Stickinass 24.39 23.60 22.37 

~mDot hnass 52.03 52.48 51.35 

Chewinass 47.15 45.92 48.37 

50T Q 5 B.l 9 58.53 58.52 



APPENDIX - XI 

~ensory texture score (arc-sine values) of friad and 
cooked buffalo milk paneer 

kttribute Sample 

5aPF 8SPF RBPF 

Elasticity 55.39 57.30 58.13 

firmness 42.37 42.09 42.62 

Crumbl iness 41 .56 40.54 40.00 

::"!1loothnass 45.10 43.04 43.64 

Ju icinGS;3 54.27 55.'77 56.69 

Chewines~ 50.19 52.82 52.40 

"OT " 57.73 57.92 57.07 



APPENLlIX - XII 

~ensory texture scors (arc-sins values) of cow milk 
and low fat buFfalo milk panesr 

Attribute 5ample 

~CCF CLPP ~CP 

-----
£lasticity 49.45 54.82 49.28 

F lrmn ass 49.34 57.93 48.24 

crumbl iness 52.70 42.49 43.26 

;it ickiness 28.38 25.q.9 32.37 

Smoothness 44.33 44.B3 52.61 

Chewin8ss 48.95 55.95 46.67 

50T Q 51 .03 55.21 57.60 



~PPci'uIX - XIII 

Sensory textur~ scorB (arc-sine values) of fried and 
cookcld cow milk and low fat buffalo milk 

paneer 

----
httribute :i.ample 

SCCPF CLFPF 5CPF ,---
Elasticity 55.33 5.].68 54.81 

f irmndsS 41.40 45.66 42.05 

Crumbl iness 43.34 40.51 42.19 

Smoothness 41.'28 40.54 44.89 

Juiciness 51 .G5 49.41 5 D. 94 

Chewiness 52.36 57.'10 51 .13 

SouT Q 52.2:2 53.99 55.44 

-- --- ----



~PP£NJIX - XIV 

Comparison of sensory textura s cora (arc-sine values) 
b at wean raw and fried and cooked market 

as well as buffalo milk panB~r 

--
Arriibute ['1 P2 ::ioBP SSP RSP ---- R FC R Fe R -rc-R FC 

--
t:lasticity 50.33 55.42 52.16 55.15 51.80 57.14 52.73 57.79 

Firmness 55.30 46.32 52.59 41.34 47.28 41.02 51.33 41.91 

Crumbl inE::lss 39.46 42.47 38.98 41.56 40.85 39.40 37.41 4 O. 21 

Smoothness 45.63 45.34 51.:"52 45.26 52.84 42.88 52.52 43.37 

Chew ina 55 52.36 49.17 45. ')4 49.01 44.27 52.76 46.73 .51.63 

5011Q 54.47 59.80 57.')3 57.87 58.85 57.19 59.48 56.45 

stickiness 28.46 24.94 24."0 23.56 

Ju 1ciness 53.98 55.29 55.31 56.76 

-- -~--- .. -.-.------~----



httribute 

E.lasticity 

F irmnBss 

Crumbl insss 

~mDothness 

Chewiness 

SOT ~ 

st-ickiness 

Juiciness 

APPcNOIX - xv 

Com,.:'srison of sensory texture SCOr8 (arc-sine values) 
between rsw and fried and cooked market, 

cow milk ana low fat buffalo milk 
panesr 

------
MP2 50 CCP CLFP S.CP 

R---FC l! - --rc 

5 O. 93 55.42 49.04 54.87 

55.80 46.32 49.15 41 .02 

39.46 42.49 54.07 43.72 

45.63 45.32 43.94 41 .15 

52.36 49. 'I( 48.41 52.20 

54.47 59.80 5 U.2l 7 52.11 

20.46 28.6U 

53.98 51. 99 

it F C- -ii-'-rc-

54.43 55.58 

58.42 45.99 

41.63 40.71 

45. U(J 41 .18 

56.58 57.99 

54.81 53.90 

25.31 

48.68 

48.77 

48.47 

43.19 

51.75 

47.13 

57.24 

32.23 

--.---
54.73 

41.90 

42.35 

44.57 

5 O. 82 

56.42 

51.27 

------



APPENDIX - XVI 

Sensory texture score (arc-sine values) of market 
Rasogolla 

,-. __ .. _c _____ " _________ , __ ·~·_, ______ , _______ . __ ._ 
F.ttribute 

SStL K"L 8NL Kr'll B;;G K5G 

-~--- --
Elasticity 43.36 41.02 43.52 41.87 57.89 50.47 

Firmness 46.46 47. a2 44.93 51.90 4 0.02 40.45 

Crumbl int:lss 48.U3 45.18 49.88 45.14 49.37 :3 7 .~~ 

:,t ickinlilss 31 .53 34.39 J 1.49 34.74 26.u9 25.1 S 

Juiciness 49.71 51 .58 51 .47 52.54 53.85 56.62 

::imoothnsss 45.28 • 49.3 S. 43 .17 46.27 40.00 ::1 3.47 

Chewinass 43.16 40.91 43.79 42.16 5 D. OS 56.03 

SOT Q 55.66 6 L. 01 56.20 58 0 27 55.10 56.43 


