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1. INTRODUCTION

No two objects in nature are exactly similar in all respects. All
continencies, forms and created beings, are not only different from each other

in their classes, races and kinds but are also individually distinct. This truth

also applies to the dairy animals in general and the complex features of their
muzzle in particular.

There are several methods in vegue to identify the dairy animals. But
none of them is full proof as there is scope for tgmpering and misuse.
Moreover, their application is limited to organised farms. It is very difficult
for the dairyman and farmers to adopt such methods because of ' certain
limitations. Various banks and cattlel insurance companies have come forward for
the socio-economic upliftment of the poorer section, through District Rural
Development Agencies, Naticnal Bank for Agricultural and Rural Development and

Integrated Rural Development Programmes. The implementation of these
programmes have one of constraints, i.e., lack of suitable method of
identification of cattle. Therefore, to overcome these limitations, study of the
characteristic feature of the muzzle can be used as a pe_rmanerit method of
identification of individuals in a specigs. _

In mammals, skin is covered with hair except limited parts of the body
such as ﬁalm, sole and lips in human and muzzie in case of hovines. These void.
regions, however, have linear features with some specific patterns. In human
being this characteristic was identified cquite earlier. For the first time the
hand and finger prints were successfully employed in legal institution for

personal identification by the people of scotland (Chatterji, 1967). The thumb

impression were also used as seals for the authenticity of documents. The



science of theée characteristic pattern on the skin is called Dermatoglyphics.
Due to variability among individuals and unchanging nature of dermatoglyph the
subject has been put into wvarious uses such as personal identification, racial
diagnosis, study of genetical syndromes and inheritance in human beings
(Chatterji, 1963)., However, very less effort has been made to use this subject
in the field of animal science. The réason may be due to unawareness of the
areas where such pattern exist. Recently, some researcher have reported the
existences of pattern in the muzzle and its possible use In animal identification
{Miliar and West, 1872; Sisson and Grossman, 1975; Dellaman and Brown, 1976).
However, these reports were unable to provide basic information about muzzle
pattern; characteristics and individual identification criterion. The persistency
of various characteristics on the muzzie and thé enormous variety in different
individﬁals are two special features required for the purpose of identification,
Persisfency of the muzzle can be observed principally in the details of different
characteristics and in general character of the pattern, not in the measured
dimension of any portion of the pattern. In animals the gyration pattern on the
muzzie is specific to particular individuals.

The outer surface of the planum nasclabial of ruminants. is covered with
a special kind of skin. The skin peculiarity consists of its being formed of
different characteristics which are raised lines and rounded structures having
the mechanical function of hel;‘)ing during jrazing. The numerous elevated lines
and rounded structures on the muzzle that bear superficial resemblance are
ridges and beads. |

The practice to descript’ different body parts in breed characterisation
of animals is not very reliabie due to changes and wide variation in physical

parameters influenced by wvarious factors. Hence the different characteristics of

muzzie may help in characterisation and identification of breeds of cattle.



The researchers are still trying to establish some definite association

of muzzle dermatoglyph with inheritance, productive and reproductive traits of

the animal. There are reports available in literature regarding the significant

association between dermatoglyph pattern of the muzzle and milk yield of the

cows. If such association could be established then one can easily go for
selectien ¢f animals by visual examination of muzzle in early stage of life in

cattle as well as economise the selection procedure. Dentition and cornual ring

countings are generally used for the determination of age in cattle and other

species of animals. These“ methods have their own limitations. The examination

of molar teeth in living animals is also not easy. The cornual ring method
provides a rough estimation of age in years. Attempts have been made by some
workers -for determination. of age on the basis of muzzle dermatoglyph.

The dermatogl yphics of m_uzzle thus have tremendous practical importance

in the field of animal husbandry. Thg present 1i‘nvesti'ga_tior_1} therefore, becomes

necessary to investigate the areas about which little information is available

with the following specific objectives:

1. To study the different methodologies of muzzle dermatogi yphics.

2. To evolve an easy and quick technique for identification of individual
cattle and if possible of buffalo on the basis of muzzle dermatoglyphics.,

3. To  suggest suitable nomenclature and classification of muzzle
dermatoglyphics in cattle.

L To determine the age of growing animals at which the muzzle
dermatoglyph become permanent.

5. To find out relationship (if any) of muzzie print characteristics with

certain productive and reproductive traits among dairy cattle.
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2. REVIEW OF LITERATURE

The word "dermatoglyphics* is consisted of two parts: Dermato (English)
means skin and Giyph (Creek} means arch or channél or groove. As like other
sciences, it has its own history and mode of development. Though it is well
developed in human being, in animals it has not yet attracted much attention of
the researchers. Little information is available in literature regarding "Studies
on the characteristics of muzzie dermatoglyphics in dairy cattie and buffaio”,
Therefore, with a view to funnel existing information, the review has been
classified as below:

2.1 Techniques.

2.2 Anato‘my of the muzzle.

2.3 Structural characteristics on muzzie.

2.4 Animal identification on the basis of muzzle dermatoglyph.

2.5 Classification of c'he_lracteristics of muzzle.

2.6 Age determination on the basis of muzzle dermlatoglyphics.

2.7 Breed difference and intrabreed genetic variability.

2.8 ' Inheritance of dermatoglyphics of the muzzle.

2.9 Relationship with milk yield. |

2.10 Milk proteinr genotypes and dermatoglyphics of cattle muzzle.

2.1 TECHNIQUES

Photography and printing techniques have been reported to study the
muzzle. Trofimenko (1988) used zenith camera and photographed the muzzle by

keeping 15 cm distance between muzzle and camera. Baranov (1993) analysed

muzzle by taking photograph.



The muzzle printing techniques were reported by Pandey (1979) and

Mishra and Dave (1989). The technique using eyetex to obtain the muzzle print
is called eyetex method {Pandey, 1879} and when a cyclostyle ink is applied
on the muzzle to obtain the muzzle print, the procedure is called cyclostyle
method {Mishra, 1988). Iﬁ this procedure some instruments were developed in

order to increase clarity of the muzzie impression. This technique is quite

similar to the finger printing technique.

2.2 ANATOMY OF THE MUZZLE

The muzzle contains keratinized epithelium which has ceils on the
surface layer that have lost their nuclei and are filled with Keratine, a water
résistant proteih that forms a protective barrier against the destructive forces
of the environment. The epidermis of the muzzle contains stratum cornium. A

fifth layer, the stratum lucidum is found only in the planum nasale of the

muzzle (Dellaman and Brown, 1976) (Figure 1).

2.3 STRUCTURAL CHARACTERISTICS ON MUZZLE

The distinct elevation and grooves on the muzzle are the characteristic
features for the identification (Sisson and Gressman, 1975; Dellaman and B:-'own-,
1976). The oval, rounded or irregular structures over the print were "beads".
The structures which were elongated, straight or curved and arranged in specific
manner to form a "ridge" which may or may not be branched. The "valley" is
a clear space originating centrally at the base of the print and extending upward
to a varying extent. The valley is a guide to determine the base of the print
(Pandey, 1979). Cenerally, the examination of muzzle prints were done by
dividing it into six sectors, namely, right and left base sectors, right and left
middle and right and left top sectors (Pandey, 1979; Mishra and Dave, 1989).

Some other characteristic features have raised some controversy among workers



(Pandey, 1979; Mishra, 1988). According to Pandey (1981) some beads weére

clustered at the base sector [(CBS) and others distributed at the base sector
(DBS). Whereas, Mishra. and Dave (1989} are of the opinion that more than two
beads arranged to form a bunched structure of beads were clustered beads which

were available in the right and left middle and upper sectors, respectively.

Trofimenko (1989} reported different shape of beads and ridges (Figure 2).

2.4 ANIMAL IDENTIFICATION ON THE BASIS OF MUZZL E DERMATOGLYPH

The features on the muzzle form wvarious Ypatterns® which can be
classified into warious classes. Whenever an interspace Is left between the
boundaries of a different system of certain characteristics (beads and ridges),
it is fitted by a small system of its own, which will have some specific shape
and is called‘ pattern (Chatterji, 1967). The peculiar characteristics on the
muzzle were used for animal identification and their age determination (Mishra,
1988}.

The skin surface of planum nasolabial of ruminants planum rostrale of
pigs and planum nasale of dog is subdivided by small grooves into areas {Sisson
.and Grossman, 1975). They further suggesied the surface relief is characteristics
feature for individual animals and remain constant with age thus, can be used
for identification purpose. The pﬁanum nas_ale of dog and cat is composed of
thick keratinized epidermis with distinct elevation and grooves that provide the
basis for identification of nose printing similar to finger printing (Dellaman and
Brown, 1976),

Pandey (1979) and Trofimenko (1989) observed that the various
characteristics features of the muzzle differ from animal to animal and can be

utilised to jdentify the eanimals. Pandey (1979) further suggested that the

dermatoglyph of muzzle in animals over two years of age did not undergoe major

structural changes with the lapse of time. The ridges in muzzle prints are
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important characteristics for the purpose of identification of irdividuals. Pandey

(1984) studied proximal end point (PEP) and distal end point (DEP) of two

types of ridges belonging to right and left halves of the muzzle prints,

respectively., The PEP and DEP of 2!l selected ridges on all the muzzle prints

were marked by a dot with a ball pen. The location of both ends of a riddge
in relation to the base and perpendicular line was called locus standi of that

ridge (Pandey, 1982). The locus standi was determined with the help of a

"xx" and "yy" axes were drawn on

transparent graph paper. Iln this procedure,

a small transparent graph paper. The "xx" axis was coincided with the base

line of muzzle print while "yy" axis was drawn alongwith the perpendicular line
in the middie of the base line. The graph paper with two axis marked on it
was laid on each muzzle print and locus standi was recorded. The comparative
study of the ridges of both sides, reveazled that two ends (DEP ar_id PEP) of
any two ridges were non-identical with the minimum variation of 5 small squares
before the use of this method in identification of muzzle

in 94% cases. However,

prints, determination of variation due to human and instrumental error was
essential (Pandey, 1982). The error may be determined by selecting the same’

ridge of the muzzle prints obtained from the same source on different occasions

and ascertaining the locus standi of their DEP and PEP. The arrangement of
beads on ridges also varies from ridge to ridge (Pandey, 1981; Mishra and
Dave, 1989). Thus, the Ilocus standi and bead arrangement on rid(;]es of two

corresponding ridges belonging to twe separate muzzle prints can be dependably

used for identification of individuals (Pandey, 1981).

2.5 CLASSIFICATION QF CHARACTERISTICS OF MUZZLE

The classification of characteristics of muzzle for identification of

individuals are very important, The analysis of muzzle print and grouping of

animals can only be possible after suitable classification of muzzle features. A



little effort has been made in this direction by Pandey (1987). He ciassified
the muzzle into two main groups, viz., grooved and non-grooved category. These
categories were further sub-divided through their characteristics, i.e, simple
and compound ricdges followed by prominent and flat ridges. Trofimenko (1989}
classified the muzzle into branched, perailel and granular patterns, depending

on the arrangement and branching system of the characteristics of the muzzie,

2.6 AGE DETERMINATION ON THE BASIS OF MUZILE DERMATOCGLYPHICS

For the first time, the possible use of muzzie for the age determination
of cattle upto 3 years was suggested by Pandey (1982}. The distance measured
centrally between the two nostrils and zlso the measurement of the [ine drawn
parallel to the base line along the middle points of the second vertical curve
is the "muzzle span", which can be used as the index of age. The muzzle span‘
is measured {in mm) either directly from the muzzle or from a full clear muzzle
print of the animals at birth, and 1, 2 and 3 years of age {Table 1). This is
denoted by "x%. The difference of "x" and "i" was marked as "r*. Where, "i*
‘the average muzzie span of the animal at the time of birth. By applying certain

constants, the age of an animal can be determined with the help of the foilowing

formula (Pandey, 1982):

M, D) r < ki
age = (r*1,20) months.
{ii) r = K1:
age = 12 months.

{iil) r > k1 ¢ (k1 + K2):
age = 12 + (r-ki1) * 1.70 months.

(iv) r = (k1 + k2):
age = {12 + 12) months.

(v} r> (ki + k2) and ¢ {k1 + k2 + k3):
age = (12 + 12 + (r-{k1 + k2) * 1,60 months.



{vi) r = (ki + k2 + k3):
age = {12 + 12 + 12 months).

Tabkle 1. Muzzle span (M5} (mm} of ali the animals recorded age-wise.,

Average of Age groups
animals No. A* B* C* D=
from i MS M3s MS
i-5 22.80 33.50 40,00 44,25
& - 1o 23.050 33.00 51.00 4y 50
i1 - 15 23,00 33.25 40.00 44,50
16 - 20 26,00 . 32.75 39.80 85.00
21 - 25 23.00 . 33.00 40.00 14,59
26 - 30 22,50 33.00 40.00 4,25
3t - 35 23.00 33.60 46.25 44,350
36 - 40 23.00 32.50 40.00 44,50
B - 45 22.54 33,00 4p.00 . 43,00
46 - 50 23.00 33,00 53,50 44.50
51 - 55 23,00 33.25 BG.Q0 45,59
56 - &0 22.50 33.80 40.00 - 85,50
61 ~ 65 . 23.00 33.00 40.00 45,25
66 - 70 22.00 3%.25 38.80 B4, 50
71 = 75 23.00 | 33.00 40.00 44.50
76 - 8o 22.80 33.00 46,00 g§3.80 -
81 - BS 23.00 33.400 39,50 4,50
86 - 90 23.00 32.50 40.00 4,50
91 - 85 23.06 33.00 40.00 44,00
96 ~ 100 22.80 33.00 40.00 44,50
Average of 100 animals 22.94% 32,94 40,40 84,42
or or or or
23.00 33.00 46.00 iy .50

(Pandey, 1982)

* A, B, € and D are average muzzle span at birth, 1, 2 and 3 years of age,
respectively. : - :

Mishra and Dave (1989) studied the muzzle prints to determine the age
of crossbred cattle. They analyséd the oval and rounded beads present in a
square of 2.5 cm * 2,5 cm dimension across the muzzle print area of each
animals separately. The Imaginary square was further subdivided into 4 equal
sectors designated as A1 and A2 i;': the upper and Bl and Bl in the lower parts.
The animals were assigned to age groups wfth & months class interval each. The

total pumber of beads in each sector varies in each age groups eof animais,
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indicating presence of wvarying number of beads in different age'group of

animals. It is interesting to note that in all sectors the number of beads

decrease with advancing age. The reduction is most remarkable upto 18 months
of age {Table 2}. The overall average of bead numbers suggested that after the
age of 24 months, the number of beads did not decline. The analysis of variance

indicated that there were significant differences in the number of beads between

groups of animal in all the sectors.

Average number of beads in different sectors of the muzzle prints of

Table 2.
the crossbred animals.
Age group Sectors Average
{months) N AT A2 B1 B2 number
of beads
1. 06 - 12 10 58.50 53.00 54.80 55.20 55,37
2. 12 - 18 11 39.73 36.28 35.28 36.46 36.93
3. 18 - 24 . 14 30.65 30.22 32.15 32.74 31.43
4, 24 - 30 : 14 22.08 24.29 24 .57 27.00 24,71
5. 30 - 36 16 22.63 24,87 23.75 24.00 23,61
6. 36 - 42 06 20.17 21.67 21.17 21.50 22.12
Total 71 32.20

(Mishra and Dave, 1989)

The difference of age in the above two studies could be attributed to

the rate of growth in animals. The findings of Pandey (1982} were based on
non—déscript animals (from Bihar), while Mishra and Dave (1989) used crossbred
(Gir*Holstein Friesian*Jersey) animals. These two types of animals have apparent

differences in their growth rates and could be a reason of difference in age.

Mishra and Dave (1993) further analysed the beaded ridge and clustered

beads in order to determine the age of crossbred cattle. They indicated that

the number of beaded ridges upto 24 months of age in cattle could be used to

determine the age (Table 3). However, they did not find any definite
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association of clustered -beads with the age of animal. Rather, a possible use

of clustered beads for the identification of animal was suggested.

Table 3. Average number of beaded ridge in the muzzle prints.

Age group Sectors Average
{months} M Al Az B1 B2 number

of beads
1. 06 - iZ 16 3.60 .00 5.60 6.30 4.87
2. 12 - 18 11 3.54 3.00 .36 4,72 3,90
3. 18 - 24 14 2.57 2.14 3.78 3.78 3.06
4y, 24 - 30 1L} 2.50 3.07 3.42 3.78 3.19
5. 30 - 36 15 2.81 2.75 3.43 3.18 3.04
6., 35 - 42 06 2.16 2.16 2.50 2,66 2.37
Total 71 3.40

(Mishra and Dave, 1993)

2.7 BREED DIFFERENCE AND INTRABREED GENETIC VARIABILITY

The muzzle characteristics belonging to different region of muzzie- differ

significantly between breeds (Baranov et al., 1993). The number of ridges,

granula and vibrissae of various specified regions of the muzzie of different

breed were observed in relation to study breed difference among them. The

surface of the muzzle was divided into seven segments (Figure 3} in which 5

different traits were measured - number of ridges in segments A, B and G;
number of ridges In segments C, D and E, respectiveiy, and granulae in all
segments, number of vibrissae are counted in regions BCD a_nd EFG' since in
segment A‘no vibrissae occur. All these characteristics differ significantly
between breeds (Table 4). It was observed that the European bison clearly lies
outside the range of cattle breeds, due to less structuring., Further, the BCD
vibrissae is higher in European bison but surpassed by Friesian cattle. Breed
differences remain highly significant when bison is negiected (Baranov et al.,

1983). The regression of muzzie structure on percentage of Holstein genes has

been estimated. The number of granula and number of vibrissae increased with



{Baranov et.al. 1993)

Figure -3: Sectorial division of the muzzle
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Propartion qf Holstein genes {%)

A-ABG y = 25.4 - 0.0173x + 0.00048x*x; RA-CDE y = 20.5 + 0.0690x - 0.00009x*x;
Gran. y = 73.2 + 0.4960x - 0.00230x*x; V-8CD y = 0.5 - 0.0047X + 0.00046x"x;
V.EFG y = 3B.5 + 0.2790x - 0.00203x*x;

(Baranov. et.al. 1993}

Figure -4. Regression curve
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proportion of Holstein genes (Figure 4). The linear regression coefficients of

number of granula and vibrissae were statistically significant.

Breed effects as deviations from simmental, on muzzle dermatoglyphics

Table 4,
{sum of left and right halves).
Ridges Vibrissae
Breeds n ABG _ cDE °cranula o pepT Tepg
Bavarian Simmental 209 0 0 0 0 0
Bavarian Brown 22 2,4c¢ -4.8c ~0.,6 ~1.3 2.3
Murnau~-Werdenfelser 6 1.2 ~3.4a 1.5 1.9 10.2a
Tyrolean Grey 66 1.3¢  -3.9b 10.4c 1.0 10.7¢
Yellow Tranconia 8 0.1 ~1.6 D.6 ~0.8 6.7
GCerman Black & White L6 1.7¢ 2.1c 12,9¢c 3.8¢c 8.3c
Simmental*Red Holstein 59 -0.8 -0.5 4.1 0.6 9,0c
Blonde d'Aduitaine 6 2.7a -2,3 -3.3 ~0.5 2.7
Chianina ' 10 1.6 ~3.6b -4.9 -1.0 =-4.1
Jakutian 15 1.8a -3.0¢ -2.7 -0.8 -4,3
Kalmvkian 18 2.4¢c ~B.6c ~11.0b ~0.6 -3.2
European bison 25 ~4.9¢c =7.9¢ =26.9¢c 3.5¢ ~15.1c

{(Baranov et al., 1993)

a 5%, b 10%, c 0.1% significance of difference to Simmentals.’

2.8 INHERITANCE OF DERMATOGLYPHICS OF THE MUZZLE

The dermatoglyph of the naso-labial plate of cattle has shown a

remarkable inheritance of pattern. If the parents had a particular pattern, It
is transmitted to moré. than 75% of their brogeny. A genetic corrélation of ¢.84

and 0.62 between the muzzle patterns in sire-son and dam-daughter palr

respectively is reported (Trofimenko, 1988).

2.9 RELATIONSHIP- WITH MILK YIELD

A significant correlation between phenotypic dermatoglyph patterns and

variation in milk vyield in Russian Black P_ied {RBP)} cows are observed. The

cows with a dense dermatoglyph pattern have higher milk yield (Trofimenko,

1988).
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2.10 MILK PROTEIN GENOTYPES AND DERMATOGLYPHICS OF CATTLE MUZZLE

Craml et al. (1993} studied association of the milk protein genotypes
‘with the number of ridges and granulae. The casein genotype account for nearly
208 of the phenotypic variance of muzzle traits which exceeds their influence
on casein content of milk (Graml et al., 1985}. The additive-genetic effects of
the casein genes account for about 80 to 90% of the genotypic variance due to
the milk protein genes for number of ridges ABG and for zbout 60 to 703 for

number of granulae. These high values suggests the importance of additive gene

effects (Table 5).

Table 5. Proportion of additive agenetic wvariance ascribed to milk protein
loci (%)*.

Locus Ridges ABG Granulae
B -CN 81.1 75.0
k-CN - 82.1 60.0

(Graml et al., 1993)

* Subset of data from Bavarian Brown, Simmental and Tyrolean Grey.

The review of 'literature Iindicated the importance of muzzle
characteristics for individual identification of cattle. The experimental details
with procedure of indivi_dual identification through muzzle is however scanty.
However, the work reported was baséd on _d_ifferent techniques to be used to
Istudy the muzzle. Unfortunately, ‘none of them were able to define’ flawlessly the
dermatoglyph ﬁattern of the rﬁuzzle. The various characteristics distributed on
the muzzle were also not fully exploited for the dermatoglyphics studies of the
muzzle, On the other hand., most of the findings were handicapped by undue
biasness to certain characteristics when total area of the muzzle is not

considered. Three major characteristics of the muzzle n'amely, beads, ridges and
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vibrissae are reported. These characteristics are independently distributed on
the muzzle, The quantitative analysis of these characteristics éuggest high

These findings may pave the way when structure
L ]

of such characteristics are studied in detail to develeop

variability amang individuals.

and arrangement

identification system through it. A reliable result can only be obtained by

applying accurate technique. Since no technique can claim 100% accuracy in the
results, the technique for the dermatographics study for muzzle prints should

be selected by considering the cost, applicability and perfection or accuracy

of the technique.



CHAPTER - 3

MATERIALS AND METHODS




3. MATERIALS AND METHODS

The muzzie prints of Tharparkar, Sshiwal, Karan 5wiss, Karan Fries
cattle and M;.:rrah buffalc were collected from the Cattle Yard of the National
Dairy Research Institute, Karnal, India and the muzzle prints of German Black
& 'White and Cerman Red 3% White cattie were collected from the Karkendam
Resecarch Farm of the Institute of Animal Breeding and Animal Husbandry,
Christian-Albrechts  University of Kiel, Germany. The distribution of

experimental animals are detailed in Table 6.

Table 6. Distribution of animais.

No. Breed/species | Nec. of animails
1. Tharparkar 41 |
2. Sahiwal 74
3. Karan Swiss 134
4. Karan Fries 253
5. Cerman Black & White 50
6. German Red & White - 50
7. Murrah buffale 65
Total ‘ 667

3.1 DERMATOGLYPH TECHNIQUES

The techniques generally applied for collecting the muzzle prints

are:
a} Eysetex method.
b} Cyciosty!é ink procedure.

c} Photography.

3.1.1 EYETEX METHOD

Ir this method, the surface of the muzzle was first washed with soap

and water, and socaked with a piece of clean towel. A thin film domestic
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kazal (eyetex) was applied uniformly to the clean day surface of the muzzie.

A piece of plain paper, of 12,5 cm * 10 cm size, was then brought into the

contact of this surface and gently pressed with the palm. The print obtained

was then zllowed to dry for 2 few minutes (Pandey, 1979) (Figure 5},

3.1.2 CYCLOSTYLE INK PROCEDURE

This technique is quite similar to finrger printing technique, used in

obtaining finger prints of human beings. In this methoed the printing ink was

used for obtaining the muzzle prints. The following items, constitutes the

printometry box:
i) 1Ink pad: Having equal homogeneous surface area.

ii) Roller: Metal roller was used for dispersing the ink on the ink pad, to

make an equal homogeneous film on the pad.
iii) Printing ink.

iv) Metal pad: Metal pad is like absorbing pad, generally used in offices for

blotting paper. On the pad, a plain paper of 15 c¢cm * 12 cm size was fixed to

obtain prints.
v) Plain paper: The paper may be either smooth .bloiting paper -or rough
normal plain paper of the size of metal pad.

vi} Clean towel.

The muzzie of healthy animal is always moist which can disturb the
quality of print. The muzzle was, therefore, washed and soaked with a clean
dried cotton towel. In this method, a printing ink, insoluble in the muzzle
moisture, was used so that it remain dispersed on the muzzle for few seconds.
The ink pad impregnated with printing ink was applied on the clean and dry
muzzle. A uniform dispersion of printing ink on the'muzzle surface was to bé
macle. The metal pad with attached paper was then applied on the muzzle. The

muzzle print which appears on the paper is then allowed to dry for few

minutes (Figure 6).



Fig. 5. Muzzle print obtained
by eyetex methed.

Fig. 6. Muzzle print obtained by
unimproved cyclostyle
ink procedure
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3.1.3 PHOTOGRAPHY

The muzzle of animals were photographed using an ordinary photo

camera: The muzzle of an animal was first washed and then photographed

covering the whole area of the muzzle (Figure 7).

All these techniques were tried in order to know their applicability

and accuracy in obtaining the clear muzzle impression by covering the whole

area of the muzzle.

3.2 TRIALS WITH EXISTING TECHNIQUES

A total of 60 animals (20 for each techniques) were used to study

three different techniques. The muzzle impression obtained from all the above

described techniques were assgssed visually for clarity. and sharpness of the
.impression and ease of the technique as well as ability to cover whole area of
‘the muzzle. The problems associated with these techniques, however, were the

blurred impression due to profuse sweating. The appearance of hazy and

complete black impression were quite often in such techniques. In cyclostyle
ink procedure, it was.poséible to covef the whole muzzle area by driving
metal pad but sometimes uniformliy of muzz.le impression did ﬁot exist due to
pressure differential while driving the metal pad. .

In all techniques, the sharpness of the muzzle impression was greatly
affected by profuse swéating from the muzzle. The muzzle prints obtained from
the cyclostyle ink procedure were better than the other techniques, due to use
of blotting paper, wﬁich absorbs the sweat during printing. In cyclostyle ink

procedure, the problem of blurred and complete black impression was reduced

a2 lot by applying homogeneous thin film of ink through ink pad.

in  photography the muzzle characteristics were sharp only on the

focused area of the muzzle. Other area of the muzzle, however, did not appear

sharply due to curvedsurface of the muzzle.
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The cyclostyle ink procedure was thus selected for present
investigation with certain modification in order to increase clarity of the

muzzle impression and the accuracy of the procedure.

3.3 MODIFIED CYCLOSTYLE INK PROCEDURE

The cyclostyle ink procedure .was not very handy. Further, the printing
ink was not examined for the consistency. The blotting paper used though
effective in soaking the sweat was. not condusive to improved sharpness of the
‘characteristics also, metal pad used for taking muzzle print did not contain
paper attachment device because of which the printing paper got disturbed wvery
often thereby giving blurred impression of the muzzle. No arrangement was made
to control the pressure differential sc as to avoid missing areas on the muzzie
prinis. In order to overcome these limitations.the existing cyclostyle ink

procedure was modified which has ‘been described as under:

3.3.1 QUALITY PRINTERS INK

The black printing ink of smooth texture and free from lumps was used
for taking the prints. The ink used was of consistency suitable for rolling into

a thin film and quickly drying when transferred to paper.

3.3.2 ROLLER
A roller, generally used by printers for taking prints, was found
suitable for muzzle printing work. Soft vroller of 15 to IIB ecm long

(preferably not less than 10 cm) was used. The handle of the roller should

have supporting peg to suspend the rubber roller in air when not in use (Figure

8).

3.3.3 SLAB

A piece of few inches thick aluminium plate, with a smooth edges and

scratchless surface was used to provide most satisfactory surface for preparing

homogeneous thin film of ink (Figure 8).



Figure 7. Photograph of the muzzle.

Figure 8. Instruments used for modified cyclostyle ink procedure.
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3.3.4 METAL PAD

The metal pad was improved by giving an appropriate curve, i.e.,
18 cm radius. The appropriate curve (18 cm] to the metal pad provides smooth
driving on the muzzle while covering.whole area of the muzzle. The concept of
giving curve was quite similar to the finger printing technique wherein finger
is rolled completely to obtain full clear finger print. A metal pad of 30 cm
lang, 15 em wide with 18 cm curve enabled to obtain more than one muzzle print
at a time,

In order to obtain an uniform muzzle impression, a hard and good
quality foam, of the same size of the metal pad, was adhered on the metal pad
which eliminates the problem of pressure differential. To fix the paper or the
metal pad, it was further improved by providing printing paper attachment

devices on both the ends of the metal pad {Figure 8).

3.3.5 PRINTING PAPER

Normally a plain paper was used to obtain muzzle print. But in the

present study, a quality bond paper of the size 45 cm long and 15 cm wide

was used.

3.3.6 ANTI-PERSPIRANT

It was observed that the quality of muzzle impression improved to
great extent by using anti-perspirant. Since, profuse 'swéating of the muzzle
resulted in great difficulty to distribute ink uniformly on the muzzle. Thus,'l it
was not possible to get a good quality muzzle impression without checking
sweating.

The sweating was controlied by applying laboratory alcohol or market
anti-perspirant. Both reagents were used and it was possible to check sweating

for few seconds. The anti-perspirants were used immediately after cleaning and

washing the muzzle.
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3.4 PROTOCOL

A thin homogeneous film of ink was prepared on the cleaned and smooth
surface of the slab with the help of cleaned roller. The metal pad was kept
ready by fixing printing paper on it. The muzzle was then washed and soaked
with clean dried cotton towel. Anti-perspirant was then spread to check
sweating. Few minutes later, the muzzle was again scaked with clean towel to
~ remove rest of sweats and excessive anti-perspirant adhered on the muzzle. The
slab Impregnated with printing ink was applied on the muzzle by holding firmly
the head of an animal. Uniform d-istribution of printing ink on the muzzle surface
was made. The metal pad with paper attached was then driven from base to top
of the muzzle c_:overing the whole area of the muzzie. The muzzle print abpeared,

on the paper was removed from the metal pad and allowed to dry for few

minutes. The muzzle print obtained in this way ‘was the complete muzzle print

(Figures 9 to 18).

3.5 PRECAUTIONS

1. The slab and the roller were kept free from dirt and dust.

2. The siab and the roller were cleaned daily and the leftover ink of the
previous day was removed using laboratory aicohol,

3. Care was taken to avoid excessive use of ink.

4, The roller was driven each time on the siab to prepare new film for
every muzzle print.

5. Only a small quantity of ink was used to prepare a homogeneous thin
film/layer of ink.

6. The muzzle was thoroughly cleaned before taking impression.

7. The nostrils were plugged by cotton while applying anti-perspirant in
order to avoid inhalation.

8. The ink film was controlled very satisfactorily by cross rolling.



Figure 9. Mounting of printing paper on the ink pad.

Figure 10. Spreading printing ink on the siab hiomogenousiy.



Figure 11. Cleaning and wiping of muzzle.




Figure 13. Final cleaning of muzzle.

Figure 14. Applying of ink uniformly on the muzzle.



Figure 15. Driving metal pad on the muzzle.

Figure 16. Muzzle print finally obtained.
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3.6 MUZILE PRINT ANALYSIS

The problem to differentiate the muzzle characteristics from sweat pores
enforced to efiminate the buffalo muzzle print in subsequent study. In cattie,
the muzzle print of each individual has been analysed separately. The first and
foremost task of the study was to quantify the each muzzle print so that it can
be used for further analysis. The muzzle print of each animal was divided into
three standard sectors. This division was made by dividing the total area of
the muzzie inte 2:1:2 ratio to base, mi_ddle and upper sector, respectively. The
area of the muzzle was the ifength * width of the muzzle. Where length was the
distance between the base (bottom) line and the peak curve of the upper (top)
The distance between the nostrils was considered as the width of the

line,
muzzle. The width of the muzzle remdined constant from top to bottom of the
muzzle. The sectorial division was thus the function of the length of the muzzle.
From the centre, the entire length of the muzzle was divided allocating 40% area
to base, 20% area to middle and 40% area to upper sector. The sectorial division

of each muzzle print remained constant throughout the analysis. The diagrammatic

representation of sectorial division of muzzle print is shown in Figure 17.

3.6.1 RECORDING MID' MEASUREMENT OF DIFFERENT CHARACTERISTICS

The number of beads and ridges available on each sector of the muzzle
prints were counted and recorded separately. It was observed that a few ridges
originate oftenly either from the central valley or same point located at the
centre of the base line of the muzzle. Each ridge had different place of origin
and arrangement but all such ridges has common point of origin. These ridges
were called pattern ridges. The muzzle was divided into right and left halves
when pattern ridges were a.r'ranged around central wvalley. Division of muzzle
print into right and left halves was not possible when the pattern ridges were

located &around "same point" at the centre of the base line of the muzzie. Each
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Figure 17. Sectorial Division of Muzzle Prints.
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pattern ridge had their own point of origin, shape, length and characteristics

features. The point of origin of each pattern ridge differed from each other by

the degree of angle when they begin to course. Thus, the number o¢f pattern

ridges of each muzzle prints were recorded and subsequently measured for the

shape, length, characteristic features and angle of its origin.

3.6.2 ANGLE MEASUREMENT OF PATTERN RIDGES

The npumber of pattern ridges were traced on the muzzle print and
recorded separately for each muzzle print. The pattern ridges were recorded
separately for right and left halves, when they arranged around central valley.
Wher'eés, if pattern ridges originate from the "same point" the recording starts

from right to left in anti-clockwise direction. First of all, a base line was

drawn on the separate paper. The origin and the point of deviation from their
norma- ‘course were marked on- the same paper. Consequently, all traced pattern.
ridges of the muzzle print were marked and the two marked points of each ridge
were joined by an imaginary line. Thus, the angle of pettern ridge was the

. angle between the imaginary line and a line drawn parallel to the base line

(Figure 18).

3.6.2.1 Rules Adepted to Measure and Record the Pattern Ridges

Rule 1: The pattern ridge originating distinctly from the centre or "same point"
were counted and measured for the angle. The pattern ridge angle was not
measured when some other characteristics present at the pbint of origin
(Figure 19}.

Rule 2: The counting and angie wmeasurement of the pattern ridges when
pnsitio-ned at the top of the centiral valley depends on its course towards right

or left hand side (Figure 19).



Left Pattern Ridge Right Pattern Ridge

Point of
deviation

Base line

Figure 18. Measurement of Angles formed by Pattern Ridges.



RULE 2:

Right side count &

angle measurement

Figure 19. Rules Adopted to Measure and Record the
Pattern Ridge.
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The ridges apart from the battern ridges were called distributed ridges.

These distributed ridges of base and middle sectors were also counted for total

ricdge counting of the muzzle.

3.7 EQUATION USED FOR COUNTING THE CHARACTERISTICS

Total beads count of the muzzle {BTO}:

BTO = BB + BM + BU
Where,
BB = Number of beads at base sector,
BM = Number of beads at middle sector, and
BU = Number of beads =at upper sector.

Total ridge count (RGT):

RGT = RTE + RM

Where,
RTBE = Total number of ridge at the base sector, and
RM =  Total number of ridge at middle sector.

Total ridge at base sector (RTB): .

RTB = RR + RL

Where,
RR = Total number of ridge on right side of the muzzle, and
RL = Total number of ridges on the left side of the quzle.

Ridge right side (RR):
RR = PRR + DRR

Where,

Total pattern ridges on the right side of the muzzle, and

PRR

DRR Total distributed ridges on right side.
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Ridge left side (RL):

RL = PRL + DRL

Where,
PRL. = Total pattern ridges on the left side of the muzzle, and
DRI = Total distributed ridges on the left side.

Ridge in the middle sector {(RM}:

RM = PRM + DRM
Where,
PRM = Total number of extended pattern ridges in the middle
sector, and '
DRM = Total number of distributed ridges in the middle sector.

3.8 OBSERVATIONS ON PATTERN RIDGES

The pattern ridges were also observed for the-shape, length, iype and

characteristic features.

3.8.1 SHAPE

Two different shapes were. observed in the pattern ridges. The pattern
ridge having solid or hollow body with circuiar equal ends and étralght parallel
sides were called cylindrical shaped pattern ridges. Whereas, the pattern ridges
bulbing at their one end were called club shaped pattern ridges. (Flgﬁrg 20).

Both shapes were duly recorded for each pattern ridge.

3.8.2 LENGTH

The pattern ridges also differed from each other in length. Some were
long and others were small. Since, it was difficult to measure the length of
any curved structure directly by using measuring scale, they were measured

visually and classified as follows:
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Pattern ridge length

1 l

Long Medium Small

The number of respective pattern ridges of each muzzle prints were

recorded accordingly.

3.8.3 TYPE

Following four different types were observed in the pattern ridges.

3.8.3.1 Complete Pattern Ridge

The complete pattern ridges were the ridges without any breach in

their course from one end to other eﬁd (Figure 21}.

3.8.3.2 Complete {ntercepted Pattern Ridge

‘A complete pattern ridge with 1intercepts were called complete

interceptedl pattern ridges (Figure 21). It was observed that each sweat pores

on these ridges were surrounded by lnteréepts.

3.8.3.3 Fragmented Pattern Ridges

The complete pattern ridges were sometimes fragmented due to presence

of vibrissae. Such pattern ridges were calied fragmented pattern ridges

(Figure 21). The vibrissae (Baranov et al., 1993) were oftenly observed

between the fragments of the pattern ridge.

3.8.3.4 Fragmented Intercepted Pattern Ridges

When intercepts were presented in the fragmented pattern ridges then

such ridges were called fragmented intercepted pattern ridoes (Figure 21]).



1. Complete pattern ridge

Sweat pores

2. Complete intercepted pattern ridge

Intercepts Sweat pores

3. Fragmented pattern ridge

4. Fragmented intercepted pattern ridge

Intercepts  Sweat pores  Vibrissae

Figure 21. Types of Pattern Ridges.
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3.8.8 PATTERN RIDGE CHARACTERISTICS

The pattern ridge begin to course in various way from the point of

origin in different directions. Such coursing of pattern ridge lead to develop

their own characteristic featyres. The straight, curve and other characteristic

features of the pattern ridges were duly recorded.

3.9 STATISTICAL ANALYSES
The total beads and the beads at base, middle and upper sector of the

muzzle were'si';atistically analysed using means procedure (SAS, 1992). Their
means and standard deviation were determined for each breed of the cattle. Same
statistical analysis was applied also on the number of right and left ridges,
ridges at base and middle sector, right and left pattern ridges, total pattern
ridges, battern ridge characteristics and its shape, length and type for each

breed of the cattle. All above mentioned characteristics were considered to

examine variability among individuals.

3.9.1 GENUSES AND THEIR CROSSBREDS, BREEDS AND CATEGORY DIFFERENCES

The observation of each . characteristics present in each sectors were

examined to study the difference between Bos Indicus, Bos Taurus and crossbred

cattie. Breed and category differences were also studied for each characteristics
sector-wise. Prelirﬁi_nar‘y analysis showed a significant difference between three
groups of the genus. Further, it was also observed that the characteristics
differ -s:'gnificantly between -breeds and between category. Chi-sduare test was
applied to study the difference between grooved and non-grooved category. The
number of observations ‘in special category were less than 1% hence excluded in -

the statistical analysis. The GLM procedure {SAS, 1992) was applied to study

the differences between genuses, breeds and category consequently by using

following model:
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Yijkl = ot Si + Rij + Ck + CRijk +_Eijkl R—
Where,
‘o . - : th - .th

Yijkl = {ndividual observation on the muzzle of k category of j
breed of ith genus,

u = Population mean,

Si = Observation on ith genus (i = 1,2,3),

Rii = (bservation on the jth breed of it" genus,

Ck = (Observation on kth category,

CRijk = [nteraction effect between kth category and jth breed of ith
genus, and

E. = Sample error.

ijkl

Least square means obtained from General Linear Model procedure . {SAS,
1992} were compared to study the significant'differences. In this procedure, all

possible probability wvalues of Ieast-square' means of each characteristics of

every breeds were compared applying Bonferoni-Holm experiment wise error

rate procedure. The Bonferoni-Holm (Alois Essl, 1987) experiment wise error

rate was used because of the unequal number of observation for each breed.

The t-test probabilities of ith and ith mean of each muzzle characteristics of

every breed were compared to declare two means to be significantly different.

3.9.2 CORRELATION STUDIES

3.9.2.1 Association Between Muzzle Characteristics and Between Productive and

‘Reproductive Traits

The association between characteristics of each sectors were calculated
using Pearson correlation procedure. The association between characteristics were

estimated to observe the type and level of relationship to recognise the

distribution of characteristics on the muzzle. Similar procedure was applied to

analyse association of muzzle characteristics with first 305 days

lactation yieid, age at first calving, age at first service and calving interval.
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3.9.2.2 Association Between Muzzle Print. Characteristics and First 305 Days

Lactation Yield

The first lactation yield and various muzzle print characteristics were
analysed for the fixed effects of each trait to obtain the first 305 days
lactation yield and muzzle print characteristics independent from their fixed

effects by using following models:

l. First 305 days lactation yield:

Yijklm = U+ Si + Rii + YSsunik + Afcil + Eijklm -l
Where,
Y.. = Ohservations on first lactation yieid,
ijklm
u "= Population mean,
Si = Fixed effect of ith genus (i = 1,2,3),
ij = Fixed effect of jth breed (j = 1,2,3,4,5,6) of ith genus,
YSson,, = Fixed effect of Kth year season of ith genus, .
Mcil = Lirear and quadratic regression on age at first calving, and
Eijklm = Random residual effect associated with first lactation yield.

ll. Muzzle print characteristics:
Sy H

Yijk = u + 5i + Rij + Eiik
Where,
Yijk = Observation on muzzie print characteristics,
u = Population mean,
Si = Fixed effect of the ith genus (i = 1,2,3)},
Rij = Fixed effect of the jth breed (j = 1,2,3,4,5,6) of ith
genus, and
Eijk = Random residual effect associated with muzzle print

characteristics.

Correlation of the residuals of first lactation records and muzzle print

characteristics were caiculated to obtain correlations which are independent from

their nuisance effects.
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3.9.2.3 Canonical Correlation

This test was applied to study the dependencies between two sets of
variable (Morrison, 1967). Where one set correspond to various traits of the
muzzle and another was the first 305 days lactation vyield. This test was
applicablé when there were many correlated traits within the set of variable.
Independent linear functions were generated for the two sets of wvariable. In

first attempt the two wvariable from two respective sets of wvariables were

choosen so as to have as large a correlation as possible. Then the second
variable were choosen to have as large a correlation as possible subject to
being independent of the first variable, and so on. The canonical correlation was
studied using cancorr procedure (S5AS, 1992). This procedure studied twice by
using two different sets of variable available from-muzzle print. One set
contains the ;bservations of beads at base, middle and upper sectors as well
as total numﬁer of beads in the muzzl-e. The observations on ridges right, left,
total ridges in base and middie sectors, total number of ridges in -muzzle and
right and left pattern ridges were aiso iIncluded. All these variables forms one
set of variable and second, to study canonical correlation, was the first 305
days lactation yield independent from thefr nui'sance effect. Model-llI was applied
to obtain first 305 days lactation yield independent of their nuisance effect. The
second set contains informations of pattern ridgés, viz., numbers of straight,
curved, tented, undulated, bifurcated, long, medium, small, club, cylindrical,
complete, complete intercepted, fragmentgd, fragmented interéepted pattern
ridges. All these information combined to form one set of variable and corrected

305 days lactation yield was used as second set to perform canonical correlation.

3.9.3 DISCRIMINANT ANALYSIS TO DIAGNOSE AND CLASSIFY THE GENUSES AND
BREEDS OF ANIMALS USING MUZZLE CHARACTERISTICS

The morphometric characteristics of the muzzle were used to compare

the Bos Indicus, Bos Taurus and crosshred animals. Ail breeds and genuses were
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discriminated wusing discriminant analysis procedure (SAS, 1992) where it
computes varicus linear discriminant function for classifying observatiolns into
two or more group$S on the basis of one or more aquantitative variables. The
linear discriminant function, also known as classification criterion, was
determined by a measure of generalised squared distance (Mahalanobis distance).
The Mahalanobis distance was based on full covariance matrix. Twenty-four

measurements from each individual muzzle were included for classification

purpose. The measurements were total number of beads ai base, middle and

upper sectors, total number of ridges in middle sector and the muzzle, total
number of pattern ridges in the muzzle, number of straight, curved, tented,
undulated, bifurcated, long, medium, small, complete, complete intercepted,
fragmented, fragmented intercepted, club, cylindrical, and perc.e_nltage of

straight, lon'g, smali, and cylindrical pattern ridges. The discriminant analysis

was carried out separately for genus and breed.

3.9.4 TO DETERMINE AGE WHEN DERMATOGLYPR BECOME PERMANENT

The muzzle characteristics increased in size with advancing age. The
phenomenon of increase in the size‘of characteristics was studied to observe the
age when changes in the size of characteristics were negligible. Since pattern
existed on the surface relief on an individual remain constant with age (Sisson
and Cressman, 1976). Hence, a singie characteristics was chosen to study this
objective. Total number of 469 animals frem Tharparkar, Sahiwal, Karan Swiss,
Karan Fries breed, ageing 0 to 144 months age were selected and ;:Iassified into
12 different classes. The animals ageing 0 to 24 months of age were classified
into 4 classes by giving 6 months -class interval to each. Animals ageing more
than 24 months but less than %6 months were classified with a 12 months class
interval. Whereas, 24 months class interval given to the animals ageing more

than 96 months to 14% months. The muzzle prints of each animal analysed
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separately. A square of 1.5 c¢cm * 1.5 cm dimension was drawn in the centre of

the middle sector of each muzzle print. The size was kept standard to follow

up the progress of morphelogical changes on the animal muzzle with advancing

age in a given area. The total number of beads present in the square was

counted. Following model was used to study the age differences:

Vi = Ut R AT Eg eeedV
Where,
ik = Observation on the beads,
u = Population mean,
R, = Fixed effect of i'" breea (i = 1,2,3,4),
A, = Fixed effect of j'" class of age (j = 1,2,3,....,12), and
-Eijk = Sample error.

General Least Square Means procedure (SAS, 1992) was applied' to study
the general significance of the model effects. least square means were compared

by applying Bonferoni-Holm (Alois Essl, 1987) mean comparison test to study

the difference between each age class.
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k. RESULTS AND DISCUSSION

The modified cyclostyled ink procedure followed in present study

revealed its perfect application on cattle muzzle, whereas, differences were

cbserved when similar techrique was applied on the bueffalc muzzle. The

differences were not directly associated with precedure of improved printing ink
technique rather, a great difference between the muzzle of cattle and buffalo was

observed., The muzzle prints obtained from cattle were better than the buffzlo

muzzle prints when accoracy and clarity of the print is concerned. The

inefficiency to obtain clear buffalo muzzle print was related to the voluntary

nature of the buffaloes muzzle. The buffzloes muzzle were soft and more elastic

in nature than the cattle muzzle. Thus, the buffaloes ‘were able to expand and
shrink their muzzle very often while taking muzzle print. The nature of the
buffaloes muzzle hindered greatly to obtain quality muzzle prints. The buffaloes
became very furious when muzzle prints were taken and thus'the- problem of
profuse sweating exaggerated which could not be cantrolled even after using
anti-perspirants. These problems, however, were not observed in cattle. The
prints obtained from buffalo muzzle were not the quality print (Figure 22),
moreover, the characteristics appeared has not given the reai impression due
to raised sweat pores in the muzzle of .buffaloes which was depressed in cattle, |
as observed. The reason associated with poor quality muzzle print of buffaloes
were the softness and more elastic nature of the muzzle, which in turn disturbed

the pressure differential between muzzle and metal pad when metal pad was

driven on the muzzle. The disturbed pressure differential was thus resulted in

poor quality muzzle prints.



Figure 22. Muzzle print of buffalo.
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k.1 CLASSIFICATION OF MUZZLE PRINT

During muzzle print analysis, it was often observed that some animals

do contain groove at the centre of the muzzle and others do not. The muzzles

based o¢n presence and absence of groove were classified into grooved and

non-grocved categories, respectively {(Figures 24 and 30). This finding is quite
similar to the results reported by Pandey (1979), wherein he observed presence
and absence of groove in the muzzie print of animals and classified the muzzle

into two main categories. Apart from the two main categories, a very unlike

pattern which was neither similar to grooved nor to non-grooved category was
also observed. Such muzzle prints were extremely different from others and were

kept into third category called special category. The muzzle prints of special

categiry were completely different by uncommon distribution of the
characteristics and arrangement of the ridges. Further, the shape and type of
pattern Iridges of the gi—oove_d and non-grooved categor.ies were entirely different.
The distribution of animals based on the categorical classification revealed
maximum occurrence of animals into grooved category than non-grooved and
special categories. Out of 602 éxperimental animals, 351 animals (58.3%) were
directly classified into g.rooved category. 287 (41.0%) and 4 (0.69%) animals
were classified intoc non-grooved and special categories, respectively (Table 7).
Thus, the categorical distribution of the animals indicated presence of very fe“.r

animals in special category. Hence, the animals of this category were not

included in the analysis. Highly significant (P £ 0.01) difference was observed

between grooved and non-grooved categories.

4.1.1 PRIMARY CLASSIFICATION OF MUZZLE PRINTS
The grooved, non-grooved and special categories were further divided

on the basis of the distribution of beads and arrangemenis of pattern ridges

into further sub-classes described under the heading "Pattern of the Muzzle".
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Table 7. Distribution of animals based onr categorical classification of muzzle

print.
Grooved Non-grooved Special
Breeds category cateqory cateqory Total
Tharparkar (TH.) 35 6 ~ 41
Sahiwal (5W.) 71 3 - 74
Karan Swiss (KS.) 72 59 3 134
Karan Fries (KF.) 135 117 1 253
Red & White (RW.) 21 29 - 50
Black & White (BW.) 17 33 - 50
Total 351 287 [ 602

Table 8. Distribution of animals of different breeds into the patterns of three

category.
Breeds :
 _

Category Pattern™ g3~ K. KF. _RW. —Bw, o
1 A 59 60 125 20 17 312
_ 2 - - 1 1 - - 2
3 2 3 2 y 1 - 12
Grooved % 1 2 3 L _ _ 11
5 1 7 4 1 - - 13
6 - - 1 - - - 1
1 - 3 23 59 15 22 122
2 5 - 25 42 8 3 83
Non-grooved 3 - - 2 3 2 1 8
4 1 - ] 9 L] 6 24
5 - - 5 y - 1 10
1 - - 1 i - - 2

Special 2 - - 1 - - -
3 - - 1 - - - 1
Total 14 41 FL 134 253 50 50 602

- * Refer to Table 9 for explanation of the patterns.
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The sub-class of each Category'represent the pattern of the muzzle of an

individual, The distribution of animals of different breads under different

patterns are presented in Table 8.

k.1.2 PATTERN OF THE MUZILE

Beads distribution and pattern ridge arrangements on the muzzle plays
an important reoie in developing pattern op the muzzle. Most of the pattern on
the muzzle were formed due to arrangement of the pattern ridges and around 90%
of the muzzies were directiy c{asﬁified on the basis ‘of pattern ridge
arrangement only. Whereas, the pattern based on distributed ridge and beads
as well as pattern formed only by beads were available in 5.81% and 3,82%,
respgctive!y, on the muzzle of animals. The animals with no specific arrangement
of the characteristics on the muzzle were 2éss than 1 pe;-cent {Table 9}. -Thus,
in 90% cases, the pattern ridge arrangement Qas\stric't!y responéibie for the
deveiopment of the pattern on the muzzie. The grooved, non-grooved and special
categories were further ciassified into 6, 5 and 3 patterns, respectively. Where
4 out of 6 pattern classes of grooved category were perfectly. based on pattern
ridge arrangement. In non—grooved category, only 3 patterns were completely
based on pattern ridge arrangement., The patterﬁs of special category were only
due to unlike arrangement of the ridges. Some animals which do not have common
or specific arrangement of the pattern ridges on the m‘uzz!e due to absence of
it, were classified on the basis of ridge and bead distribution. In compiete
absence of the pattern and distributed ridges, the muzzie was ciassified into
a pattern solely based onr the distribution of beads into three respective
regions of the muzzie. The flow diagram of the muzzle classification has been
presented in Figure 23. Two types of pattern ridges were observed. These were
the simple and compound patters ridges. The compound pattern ridges were more

wider and highly intercepted than the simple cones. This was similar to the



MUZZLE
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Grooved Nen grooved Special
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‘\Alternate L[A_lternute "Cpntaining‘
simple simple simple
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Figure 23. Primary classification of the muzzie
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findings of Pandey {1987) where the muzzle was classified on the basis of

simple and compound ridges. The patterns of each category is discussed

separately under following sub~heads:

%.1.2.1 Patterns of Grooved Category

4.1.2.1.1 Alternate simple pattern ridge arrangement

In this pattern, only simple pattern ridges were observed. All simple
pattern ridges were located exactly adjacent around central valley and arranged
alternatively into right and left halves of the muzzle (Figure 24), The simple
pattern ridge arrangement of this pattern was subjected to the length of the
appeared central valley. The pattern may or may not be extended to the middle
sector and- it depends on the magnitude of the central valley. All the breeds
have showﬁ t_he presence of this pattern (Table B). Around 52% animals were

classified into this pattern which Is wvery high when compared with other

patterns (Table 9}.

4.1.2.1.2 Alternate compound pattern ridge arrangement

The arrangément of the pattern ridge was very similar to the alternate

simple pattern ridge arrangement. This pattern was based completely on the

presence of compound pattern ridges. Simple pattern ridges were completely
absent in this pattern (Figure 25). Only 0.33 percent animals (1 out of 602

-animals each of Karan Swiss and Karan Fries breeds) showed presence of this

pattern which is very infrequent in the population (Table 9).

§.1.2.1.3 Pattern_with_simple and compound pattern ridge arrangement

This pattern consisted of combination of simple and compound pattern

ridge. The simple and compound pattern ridges were located explicitly adjacent

to the central valley (Figure 26}. This pattern was not observed in Black &

White cattle, whereas, only 2, 3, 2, 4 and 1 animal of Tharparkar, Sahiwal,



Fig. 24. Alternate simple
pattern ridge
arrangement of
grooved category.

Fig. 25. Alternate compound
pattern ridge
arrangement of
grooved category.
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Table 9. Percentage of animals [(n = 602) in each pattern.

Si. Pattern Percentage
A. Grooved Category: ’
1.  Alterpate simple pattern ridge arrangement 51.83
2,  Alternate compound pattern ridge arrangement 00.33
3. Pattern with simple & compound pattern ridge arrangement 01.99
4, Ridge distributed without pattern 01.83
5. Beads with no pattern 02.186
6. Pattern ridge arranged on the top of central valley 00.17
B. Non-grooved Category:
1. Alternate simple pattern ridge arrangement 20.26
2. Simple patiern ridge origin from same point 13.79
".3.  Pattern with simple & compound pattern ridge arrangement 01.33
4, Ridge distributed without pattern 03.98
5. Pattern only with beads 01.66
C. Special Category:
1. Containing simple ridge 00.33
2.  Containing compound ridge 00.17
-3. . Containing .simple & compound ridge 00.17




Fig. 26. Pattern with
simple and
compound pattern
ridge arrangement
of grooved
category.

Fig. 27. Ridge disiributed
without pattern of
grooved category.




Fig. 29.

Pattern ridge
arrangement from
the top of central

valley (grooved
category).

Fig. 28.

Beads with no
pattern of
grooved category.
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Karan Swiss, Karan Fries and Red & White breeds, respectivdly, have shown the

appearance of such pattern (Table 8). Overall percentage of each pattern in the

‘population was 1.99 (Table 9).

B.1.2.1.4 Ridge distributed without pattern

Due to complete absence of pattern ridges, no specific arrangement was
observed. The ridges have no explicit origin and are distributed on the surface
relief of the muzzle. These ridges are called "distribute ridges" (Figure 27).
The non-existence of specific pattern is itself a pattern of its own type. Hence,
the pattern of this type was considered as "Ridge distributed without pattern”.
This pattern was not observed in Red -& White and Black & White cattle,
whereas, in Tharparkar, 5ahiwal, Karan Swiss and Karan Fries breeds only 1,
2, 4 and 4 animals, respect'ively, exhibited this pattern (Table 8). Overall 1.83

percent animals have shown the presenée of this pattern (Table 9).

4,1.2.1.5 Beads with no pattern

Complete' absence of pattern ridge and distributed riciges were observed
in this type of pattern. Only beads were available and distr_ibuted on the
r_nuizlé. This pattern was not seen in Red & White and Black & White cattle,
whereas, 1, 7, 4 and 1 animals belonging to Tharparkar, Sahiwal, Karan Swiss
and Karan Fries breeds.‘ respéctivel'y, contained this pattern (Table 8). Only
2.16 percent animals have shown this battérn (Table 9). The central valley was
present and divide the muzzle inte right and left halves (Figure 28). This

pattern was also reported by Trofimenko (1989), where he classified such

pattern as "Granular Pattern".

4.1.2.1.6 Pattern ridge arrangement from the top of central valley

The beads, distributed ridges and pattern ridges were present in the

pattern, but the peculiar arrangement of pattern ridge was entirely different from
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rest of the pattern. Central valley was present where origin and location of

pattern ridges were from either sides and top of the central valley. Only 1
animal was observed to contain such pattern in Karan Swiss breed (Table 8}.
Most of the pattern ridges were arranged on the top or end pecint of the central

valley and few pattern ridges have shown their origin from either side of the

central valley (Figure 29).

3.1.2.2 Patterns of Non-grooved Category

The central valley was completely absent in this category. Thus, it is
a distinguishing feature of the non-grooved category. The pattern ridges originate
very often from the centre of the muzzle. Therefore, centre of the muzzle was
considered as a point of origin of the pattern ridges in this .category. The
muzzlle‘ Is divided into right and left halves due to arrangement and course: of
the pattern ridge to its respective direction. In case of patterns formed by.
distributed ridges as well as those formed by beads alone the muzzle is not

divided into right and left halves. The patterns of non-grooved category are

discussed under fellowing headings:

4.1.2.2.1 Alternate simple pattern ridge arrangement

The simple pattern ridges of different characteristic features, shapes
and types were arranged alternatively. The arrangement of pattern ridges in this
cafegory was c;|uite close to alternate simple pattern ridge arrangements of
grooved category. The major difference between these patterns of grooved and
non-grooved categories wa-s the absence of central wvalley in non-grooved
category. This pattern is observed in all breeds except Tharparkar (Table 8).
Around 20 percent animals exhibited this pattern, which is less than half of

the percentage of animals belonging to the alternate simple pattern ridge

arrangement of grooved category (Table 9). The simple pattern ridges must be
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examined for their lecation and point of origin &t the central area of the muzzie

print to decide whether this pattern actueily belongs to an alternate simple
pattern ridge arrangement of non-grooved category. If such is not the case, the
muzzle can never be classified into this pattern. The pattern ridges of this

pattern originate from centre and course towards lateral aspects of the muzzle,

Such coursing of the pattern ridges caused the division of muzzle into right and

left equal halves {(Figure 30}.

4.1.2.2.2 Simple pattern ridge originating from same point

This is the most peculiar pattern among all patterns of grooved and

non—-grooved category. The arrangement of pattern ridges was not alternate,

‘rather, they were located at the same point and distributed at the centre of
the muzzie. Only simple pattern. ridges were found in t"his pattern, No
demarcation into right and left halves could be made, due to origin of ;:-:atten-;n
ricdges from the same point (Figure 31). The pattern appeared in all the breeds

except Sahiwal (Table 8) and, around 14 percent animals directly classified into

this pattern {Table 8}.

8.1.2.2.3 Pattern with simple and- compound pattern ridye arrangement

| This pattern was similar to one of the patterns of grooved category,
The -similarities were due to the arrangement and presence of both types, i.e.,
simple and compound pattern ridges (Figure 32)}. Absence of cén_trai valley was
the differentiai characteristic to distinguish it from same pattern of grooved

category. Other features were similar in the two patterns. The pattern appeared

in less number of animals of Karan Swiss, Karan Fries, Red & White and Black

& White coattle, whereas, it was not observed in Tharparkar and Sahiwal cattle

(Table 8}. Only 1.33 percent animazls were found to contain this pattern.



Fig. 31.

Simple pattern
ridge criginating
from same point
(non—grooved
category).

Alternate simple
pattern ridge
arrangement of
non-grooved
category.
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5.1.2.2.4 Ridge distributed without pattern

The pattern ridges were completely absent in this category. This pattern

was similar in all respect to the pattern “ridge distributed without pattern" of

grooved category except with the absence of central valley (Figure 33). All

breeds exhibited the presence of this pattern except Sashiwal (Takle 8}. The
animals contributing in the presence of this 'pattern were 3.98 percent. This was

double than the percentage observed in same pattern of grooved category

{Table 9).

£.1.2.2.5 Pattern only with- beads

Only beads were available in this pattern. Complete absence of pattern

ridges, distributed ridges and central valley were the distinguishing features
of this pattern (Figure 34). The pattern was not found in Tharparkar, Sahiwal
and Red & White cattle, whereas, Karan Swi-ss_, Karan Fries and Black & White

breeds ha\;e shown the presence of such pattei’n in 5, &% and 1 animals,

respectively (Table 8). Overall only 1.66 percent animals were found containing

this pattern {Table 9).

4.1.2.3 Patterns of- Special Category

Less than 1 percent animals showed the patterns of special category.

The special category had three main patterns, i.e.. muzzle containing simple

ridge, containing compound ridge and the combination of simple and compound
ridges. All the patterns were found in Karan Swiss breed, though the number

of animals was one ia each pattern. Only one animal was cobserved containing

pattern formed by simple ridge in Karan Fries breed. The patterns of this

category were not found in other breeds (Table 8)}. Only 0.33-, 0.17 and 0.17
percent animal exhibited simple ridge, compound ridge and the combination of
simple and compound ridge patterns, respectively (Table 9). This indicated

presence of such patterns only in crossbred population.



Fig. 32. Pattern with simple
and compound
pattern ridge
arrangement of
non—grooved
category.

Fig. 33. Ridge distributed
without pattern of
non-grooved category.
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The peculiarity of the patterns of special category was distinet and
irreqular arrangement of ridges on the muzzle (Figures 35, 36 and 37). The
ridges had no.specified arrangement as it eccurred in case of ;o'arious patterns
of grooved and non-grooved categories. The special category was divided into
three patterns on the baesis of types of ridges present on the muzzie. Only
simple ridgés were present in "simple ridge pattern' of special category.
Whereas, the patterns "compound ridge" and "combination of simple and compound
ridge" contained only compound ridges and combination of simple and compound

ridges, respectively.

The diagrammatic representation of all patterns under three categories

are presented in Appendix-i.

8.2 THE PATTERN- RIDGE CHARACTERISTICS

Around 90 percent animals were classified only on the basis of‘pattern
ridges and remaining 10 percent animals based on the distributed ridges and
beads {Table 10}. Therefore, pattern ridges were wvery imporiant for the
ciassification of muzzle. Different varieties of the pattern ridges were observed
while classifying muzzle priat. Not only pattern ridges, but distributed ridges
have also exhibited the diversity. But in this study, only pattern ridges were
studied due to their major impact on classification system. The patterr ridges

were observed for the following:

Table 10. Percentage of pattern based on muzzle characteristics.

Cheracteristics Percentage
Pattern based on pattern ridges: 89.70
Pattern based on distributed ridges 05.83
Pattern based on beads £3.82
Others 00.67




Fig. 34. Pattern only with
beads (non-grooved
category).

Fig. 35. Special category
containing simple
ridge.




Fig. 36. Special category
containing compound
ridge.

Fig. 37. Special category
containing simple
and compound ridge.
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4.2.1 CHARACTERISTICS FEATURES
The pattern ridges arranged around the site of eorigin on the muzzle

present different features based on trend of the course. The pattern ridges

develop their own individual structure while coursing from one end to other in

different ways and direction. Such structure formed by the pattern ridge may

or may not be similar to other pattern ridges, but, few patiern ridge may

resemble others. This analegy has made it possible to classify the pattern

ridges inte 6 different classes called "major class" (Figure 38). The idea behind

studying pattern ridges was to expiore the possibility of individual

identification because, the primary classification of muzzle merely indicated the

existence of wvarious patterns on the muzzle. Further, these patterns were not

able to fulfil the requirement of individual identification. Different structures
of the pattern ridges of major class have lead 1o the develo.pment of -the minor
classification which indicated hultiplicity in Fhe pattern ridges of major class.
This multiplicity arouse great variability in all pattern ridges of same muzzle.
The polymorphic nature of the muzzle and pattern ridge characteristics will be

able to give a fillip to the correct individual identification of different

categories of animals and could create new vistas in animal science research.

h.2.2 MAJOR CLASSIFICATION OF PATTERN RIDGES
The diversity on pattern ridges were grouped inte six major classes

namely, curved, bifurcated; straight, tented, un‘_dulated_ and miscellaneous class.

The pattern ridges belonging to curved, bifurcated and tented major class

resulted in development of heterogeneity among thém. Therefore, they were
further classified into minor classes. Each minor class represent the minor
details of the pattern ridges. Miscellaneous class was opened to accommodate
those pattern ridges which had no concordance with any of the other specified

minor and major classes. The minor classes of each major class are discussed

separately under following headings:



PATTERN RIDGE[

]

Curved | [Bifurcated] Straight| [Tented | [Undulated | | Miscell
L-Ednvergen’c UTen‘ted
Y : (compound)
(vergen Tented down
Curving down ~|beginning
rving Tented up
—=ICurving lateral —=|beginning
A—=[Curving medical it Tented up
Curving u | end
g. P Tented
- ——=|down end
Tented down,middle
Tented up, middle - Comma -
Tented medical, middle |- Hook -—
Tented up &down middlej-— {Leaf(compound) -
Tented lateral,middle Knife --——
Segmoid -

Figure 38. Classification of pattern ridge characteristics
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4.2.2.1 Curved Pattern Ridge

The body of the curved pettern ridges were siways bent. Each curved
pattern ridge originates at certain specified angie of its own and extend to

various jengths. The mean, standard deviation and coefficient of variation of
curved pattern ridges are presented in Table 11. The avera;ge of 1.77 curved
pattern ridges per muzzie is higher than the other pattern ridges except
straight pattern ridge. The variability of this pattern ridge was very high. The
minor classification was based on the position or direction of the curve on
pattern ridges. Since 4 different directions were observed, thus, 4§ minor classes
were also made. The minor ciasses were curving down, curving medial, curving
lateral .am:l curving up. Curving down and curving up pattern ridges were due

to the downward and u;ﬁward position of the curve. Whereas, in case of curv'ing

medial and curving lateral pattern ridges the curve was located towards medial

and lateral aspect of the muzzle (Figure 39).

4.2.2.2 Bifurcated Pattern Ridge

Bifurcation is' dividing or forking of single pattern ridge into two or
more branches. Thus, bifurcated pgttern ridges were divided in_’td ftwoe minor
clagses, i.,e., convergent and divergent (Figure 39}, The :onvergei;t type of
bifurcoted pattern ridges were formed by joining two branches of the pattern
ridge, whereas, divergent type was the bifurcation of single pattern ridge after
briginating from_ the point of originl. The average of the bifurc:ated: pattern Eid_ge
was less than one per' muzzle leading to high variability. Only & blfurcated-
pattern ridgés were observed as a maximum value on the muzzle. In convergent
oniy one ‘. branch of the bifurcoted pattern ridge was observed and

type,
measured for angie as a single unit of bifurcated pattern ridge,

4.2.2.3 Straight Pattern Ridge

The pattern ridge coursing in a straight way were considered as

"straight pattern ridge™ {Figure 39). Further classification of this pattern ridge



1. Curved
a. Curving down: 4

b. Curving lateral; ——— g

¢. Curving medial: ———ou— 3 % .
d. Curving up: > SR
2. Bifurcated

a. Convergent: — RS
b. Divergent: > 2,

3. Straight: > CZIZZII

4, Tented
a, Tented (compound): ———————s. %
b. Tented down, begining: —— gz
¢. Tented up, begining:——— 5 a=Svwwery,
d. Tented down, end: ~——wr—o—3 R
e. Tented up, end: > el
f. Teated down, middle:———>  SwmE,
g Tented up, middles————> QT
h. Tented lateral, middie: ey %
i. Tented medial, middle:—— >
j. Tented up & down, middle:~—> az?F>

5. Undulated: > | DigtPedn
6. Miscellaneous
a. Comirna: > ﬁ
b. Hook: - i
c. Leaf (compound ridge): ———s>  <Z2557
d. Knief: >y,

€. Segmoid: > Iy ot

Figure 39. Diagrammatic represeniation of pattern ridge

characteristics.
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Table 11. Means, standard deviation and coefficient of wvariation of pattern
ridges of major ciass, its length, shape and type {n = 539).

charecteristics X sd ev
Major Class:

Curved 1.77 1.42 80.17
Rifurcated 0.16 0.47 296.17
Straight 2.65 ' 1.82 68.66
Tented $.33 0.64 192.17
Undulated 0.81 1.06 130.16
Misceilaneous:

Comma - 0,07 0.30 438.08
Hoolk 0.28 0.57 198.09
Leaf 0.609 .08 1034.40
Knife g.01 ¢.18 943.38
Segmoid 0.38 0.66 173.73
Length:

Long ©Z.83 2.13 75.40
Medium 2.2% .71 76.18
Small 1.55 1.50 86.78
Shape:

Ciub 1.2% 1,22 98. 40
Cylindrical 5.39 2.76 51.33
Type:

Complete 0.75 2,08 271.72
Complete intercepted 5.01 2.9% 58.76
Fragmented 6.14 0.38 #06.87
Fragmented intercepted 0.77 1.51 161.599
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was not possible. The mean value was comparatively higher than the other

pattern ridge. On an average, 2.65 pattern ridges of the type were observed

per muzzle.

h.2.2.% Tented Pattern Ridge

Presence of thrust at the border of pattern ridge was the characteristic

feature of tented pattern ridge, though it is not always necessary that the

thrust will be pointed one. The thrust to form tent may be pointed or rounded

in nature. Presence of thrust was net only limited to particular area of the

pattern ridge, but always tended to wvary. This variation has enabled

classification of the tented pattern ridges into various minor ciasses. The minor
classification was solely based on the position of thrust on the border of the
pattern ridge. These thrusts were observed on three different positions at the
.body of the pattern ridge. These weré beg.inning, middle and end part of the
body. Consequently, two different location were also observed on three

respective positions. The location of the thrust was towards either upward or

downward direction. The combination of the po_sition and direction had resulted

in 10 minor classes, namely, tented (compound), tented dewnward -at the

beginning, tented upward at the beginning, tented upward at the end, tented
downward at the end, -t_ented upward at the -middle, tented downward at the
middle, tented lateral at the middle, tented medial at the middle and tented
upward and tented downward at the middie. The 1st class was observed only
in heavily intercepted compound pattern ridges (Figure 39).

The mean value of 0.33 of tented pattern ridges suggested its less
occurrence than the straight and curved pattern ridges, but, more than

bifurcated pattern ridge. The variability of this pattern ridge was very high

(Table 11).
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4.2.2.5 Undulated Pattern Ridge

This pattern ridge coursed in the form of a wave to which ultimately

developed wundulation (Figure 39). It had no further sub-division inte minor

classes. Presence of undulation is the characteristic feature of it. This
pattern ridge comes to !llrd position, after straight and curved ones in its
occurrence, An average of 0.8! undulated pattern ridge was observed on the

"muzzle (Table 11).

5,2.2.6 Miscellaneous Class

Different wvarieties of pattern ridge were observed during the course

analysis, which did not resemble other pattern ridges of major class. Thus,
miscellaneous class was opened to group such pattern .ridges into one class,
Comma, hook, leaf, .knife and segmoid pattern ridges are- the examples {.Figure
35]. The appearance of theée pattern ridges were similar to the names allocated.
The leaf pattern ridge-sl'were found only in compound ridges. The mean values
ranged between 0.0093 to 0.3840 for all the pattern ridges of this class, which

was less than other pattern ridge and suggested their occasional presence on the

muzzle (Table 11).

4.,2.3 LENGTH OF THE PATTERN RIDGES

The d‘iversiiy in the characteristic feature of pattern ridges can be
attributed to its course, which was either long or small. As it was not possible
to measure the length of pattern i"idge by the use of measurement scale, a
criteria was made -to classify the length of pattern ridges based on visual
observation-. The pattern ridges were considered as "iong pattern ridge" “when
they touch or cross the border of the base sector. But, if they cover more than
or equal to half the érea of the base sector then they were classified as

"medium pattern ridge" and less than half coursed pattern ridges were classified



48

as “"small pattern ridge". The mean values for jeng, medium and small pattern
ridge were 2.83, 2.24 and 1.55, respectively {Tabie 11). This indicated greater

occurrence of long pattern ridge than medium and small ones.

4,2.% SHAPE

Twoe shapes were observed on the pattern ridge. These were club and
cyiindrical shape, The comma pattern ridges always occurred in club shape. The
occurrence of club shape was less frequent than the cylindrical shape. The mean.

values were 1.28 and 5.3% for club and c¢ylindrical shape pettern ridge,

respectively (Tabkle 11).

4.2.5 TYPE OF PATTERN RIDGES

Presence of intercepts and breach in the continuity _represenied the type

of pattern ridge. Four different type of pattern ridges were observed. These

were complete, complete intercepted, fragmented and fragmented intercepted

pattern ridges. The mean values were 0,75, 5.01, 0.1% and 0.77 for complete,

complete intercepted, fragmented and fragmented intercepted pattern ridge,

respectively (Table 11). This indicated greater occurrence of complete

intercepted type of pattern ridge on the muzzie than others. The occurrence of

fragmented pattern ridges was very less.

4.3 SECONDARY CLASSIFICATION

. The secondary classification was developed to seek out the possibility
of individual identifécation of animais. The -pattern ridges, distributed ridges
and beads subsequently, in the base, wmiddle and upper seciors were used as
pedestal for secondary c!a.;ssification. in this classification, an effort was made
to develop a system 10 code individual muzzle by wusing information of
characteristics. As B9.70 percent animais were classified only on the basis of

pattern ridges, the pattern ridges and beads were selected to develop coding
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Syste:;n for 89.70 percent' animals, whereas, the distributed ridge and pattern

formed by beads were the criteria to classify only 5.81 and 3.82 percent

animals, respectively (Table 10) and, therefore, distributed ridges combined
with beads were used to classify 5.81 percent amimals and only beads were used

as a source of information to differentiate 3.82 percent animals from each other.
Thus, in 89.70 percent cases the pattern ridges arranged to form pattern were

numbered according to their position aroend site of origin. The numbers were

used to code such pattern ridges. The right and left pattern ridges were

numbered separately when right and left halves does exist, otherwise numbering

started from right to left direction, i.e., In case of "simple pattern ridge

origin from same point" pattern. The numbering started from bottem to top

direction {in ascending order} in case of zall other patierns based on pattern
ridge arrangement.' Therefore, the pattern ridge situated at the beginning of the
bottem was assigned number 1 and if it beloﬁged to either right or ieft side,
then the alphabet "R" or "L" was combined to develop a code for that paftern
ricge. Wher’e “R" and "L" indicated right and left halves of the muzzle. In case

of "simple pattern ridge origin from same point" pattern the aiphabet "R" was

combined with patiern ridge number. The code thus developed indicated the

position and area of the pettern ridge. Since there were three sectors, aill

sectors were accordingly coded to develop final code of the muzzle,
The basis of secondary classification was the maximum utiiisation of

highly wvariable characteristics from all sectors to develop easy and reliable

identification system. The coefficients of variation of beads at base and middie
sector were 44,80 and 42.66 perceni, respectively {Tables 12 and 13}. Whereas,
the coefficients of variation of beads at upper sector was close to half of the
variability of middle and base sectors, i.e., 22.584% percent {Table 18). Overail,
percent (Table

the coefficients of wvariation of beads in the muzzie was 25.81)

15] which was less than the variation observed for beads at base and middle
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Tabie 12. Overall mean, standard deviation and coefficient of wvaristion
beads in the base sector of the muzzie.

Beads in. ihe base secior
Breed N ® sd oV
Tharparkar 141 54.09 18.98 35.09
Szhiwal 74 58.68 22.19 37.81
Karan Swiss 132 68.28 30. 46 44,60
Karan Fries 253 59.71 23.71 39.71
Red & White 50 36.68 18.30 49,91
‘Black & White 50 51.36 18.92 85.74
Totai 600 . 57.61% 25.82 iy, 80

Table 13. Overal! mean, sitandard deviation and coefficient of wvariation
beads in the middle sector of the muzzle.

Beads _jn the middie, sector
Breed . : N % =sd £y
Tharparkar §1 60.34 12.03 19.85
Sahiwal 78 54,13 13.61 25,15
Karan Swiss 132 87.25 16.94 29,59
Karan Fries 253 g2,.62 17.91 41,05
Red & White 50 23,64 12.65 53.53
Black & White 50 264K 13.65 51.63
Total 600 t15.56 19.61 . 42,66
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Table 14, Overall! mean, standard deviation and coefficient of wvaristion of
beads in the upper sector of the muzzie.
Bezds in the upper sector
Breed N 3 sd =y
Tharparkar &1 126,53 22.01 17.39
Sahiwal 74 119.63 22.23 18.58
Karan Swiss 132 143.01 26.34 18.42
Karan Eries 253 125.43 19.49 15.54
Red & White 50 85.80 18.77 21.87
Black & White 58 $1.56G 19.74 21.58
Total 600 122.53 27.49 22.44
Table 15. Owverall mean, standard deviztion and coefficient of variation of total
beads in the muzzle.
_Breed _ Totai beads in the muzzle
N X sd CV
Tharparkar 41 250,97 33.78 14,02
Sahiwal 74 232,05 42.61 18.36
Karan Swiss 132 267.87 52.5%9 19.63
Karan Fries 253 228.00 46,15 20,21
Red & White 5¢ 145,914 §2.10 28.84
Biack & White 50 158.56 35.54 28.31
Total 600 225.53 58.21 25.81
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sector. Such large variations in the muzzle characteristic of three respective

sectors suggested necessity of sectorial division of muzzle 1o develop

identification system. The coefficients of variation of ridges at base and middle

sector were 45.86 and 77.57 percent (Table 16), respectively. The middle sector
achieved highest variability among all. The coefficients of variation of pattern

ridges was 58.94% percent (Table 17). This analysis indicated that beads were

much variable at base and middle sector and less variable in upper sector. But
ridges. at base and middlé sector and pattern ridges were most variable among
all traits. This analysis paved the way to select the traits of high variability,
Further,lit héd given a clue to combine the beads and ridge information,
together in such way, that final code for the individuals could be developed.
'Thﬁs', ﬁattem ridge was selected to develop code for the base secto.r to classify
89.7¢ percent animals where patterns were formed by pattern ridges. This was

due to greater complexities In the muzzle characteristics of the base sector in

89.70 percent cases. The pattern ridge and number of beads were combined

together, to develop code for middle sector. The information of beads at upper
se_cto-r was used in different way, due to less variébiiity. This was done by
classifying the beads intoe various ranges. By using such information, it thus
became possible to develop a coding system for secondary classification. The

coding system Is discussed separately for each sector.

‘§.3.1 CODING BASE SECTOR

A small block was prepared to code the base, middle and upper
sectors. The block was wused for writing information of the characteristics
present in base sector. The block was divided into two equal halves by drawing
straight line with in it. The straight line was drawn only when central valley
was present. Thus, straight line indicated grooved category of muzzle. Straight

line was not drawn when central valley was absent, which applied to all the
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Table 16. Owverall mean, standard deviation and coefficient of wvariation of total
ridges in the base and middle sector of the muzzle.

Breed Ridges [base sector) Ridges {middle sector)

ree N X sd Vv X sd v
Tharparkar 8T | 13.497 5.0¢% 36.43 2.34 1.68 71.85
Sahiwal 73 8.497 &.50 51.31 3.27 2.51 76.86
Karan Swiss 138§ 12.11 6.36 52,48 3.2y 2.81 89.66
Karan Fries 253 | 13.56 5.67 41,87 4.832 3.68 76.28
Red & White 50 | 14.46 5.11 35.37 6.92 3,28 47.42
Black & White | 50 | 15.48 6.32 40,84 6.30 2,85 15.37
Total 602 | 12,93 5.493 45.86 4,41 3.42 77.57

Table 17. Mean, standard deviation and coefficient of varistion of total pattern
ridge in the muzzle.

Total patiern ricdge in the muzzie
Breed N % sd : v
Tharparkar W 8.02 3.57 44, 54
Sahiwal 74 8,55 3,13 68.78
Karan Swiss 134 5.68 3,50 61.65
Karan Fries 253 6.52 3.50 53.70
Red & White 50 5,66 3,80 60,11
Black & White 50 5.36 2.53 58.20
Total 602 5,94 3.50 58,94
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patterns of non-grooved category. In two equal halves, the coded pattern ridges

of right side were written in numerator position and dencminator position was

used to write the coded pattern ridges of #eft side. This was applicable to

these patterns of grooved category which were formed by pattern ridges.

Whereas, in case of "alternate simple pattern ridge arrangement” of non-grooved
category the straight line was not drawn due to absence of central valley, but

the pattern ridges were still written into numerator and denominator position

without drawing straight line (Figure #0). The right and left arrangement of
pattern ridge was observed in 75.81 percent animals, whereas, 13.79 percent

animais out of 89.70 percent animals with pattern ridge did not foilow this

arrangement, Thus, the code of base sector was written in different way for
13.79 percent animals. Due to right and left arrangement of the pattern ridges,
it become possible to study the right and left pattern ridge combination in 75.91

percent animals. The distribution of animals into the p\ossible combinatioh would

suggest the accuracy of secondary classification.

4.3.2 PATTERN RIDGE COMBINATION

The pattern ridge combination proved an asset to study the wvarious
possible right and left pattern ridge combination which exist. This combination
was denoted by "R/L". The total number of pattern ridges available into right
and left halves were used to develop R/L combination. A table was prepared
after observing the minimum and maximum values of right and left pattern ridge,
to generate the maximum possible combinations that could occﬁr’ on the muzzie.

It was observed that minimum and maximum values for right and left pattern

ridges were ¢ to 10 and 0 to 8 ({Table 18), respectively. Therefore, R/L

combination table contained all pessible combination between 0/0 to 8/10 (Table

19].
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Table 18. Minimum and maximum value of beads at upper sector and right and

left pattern ridge.

Characteristics Minimum Maximum
Beads (upper) i 212
Right pattern ridge 0 10
Left pattern ridge 0 8

4,3.3 CODING MIDDLE SECTOR

During analysis, it was observed very frequently that some pattern ridges
were extended upto middle sector. Such extension was related to their length.
Generally, long pattern ridge or pattern fidge located at the top of. central
valley, were responsible for their presence in the middle sector. Suchl pattern
ricdges were called "extended p;ttern ridge" in middle sector and were
subsequently used to develop a code together with number of beads in middle
sector. System of coding extended b.attern ridges was similar to the base sector.
Thus, no further coding was required. Already coded pattern ridges from base
sector when extended to middle sector were written to numerator and denominator
positions. The straight line. was ‘drawn when it belonged to grooved category.
Therefore, the straight line here again indicated the category. The pattern
ridges originated from right- and left side of the base sector and extended to
middle sector thus, they were designated right extended pattern ridgé and left
extended pattern ridge, respectively. In caée of "simple pattern ridge eorigin
from same point" pattern of non-grooved category, the term left or right wouid
became a misnomer if used because of absence of any demarcation between left

and right halves. Therefore, ail the extended pattern ridges in this category

were called only "extended pattern ridges".



Model for secondary code.

Base sector Middle sector Upper sector

’ Pattern ridge Extended pattern Nomeric value Latin

number ridge number of beads alphabet
Right pattern ridges Right extended pattern ridge
Left pattern ridges Left extended pattern ridges
R4 La:_% é:.Rq 50 B
13 % f a3 _ ﬂ _
2 o
— Rl

R iy

Pattern ridge combination = R/L = 4/3

R1,R2,R3,RE R
50 B

L1,L2,L3 L3

Figure %0. Modei for Secondary Code.
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No coding was required for the number of beads in middle sector. The

system of coding has been explicitly iHustrated in Figure 40,

4.3.4 CODING UPPER SECTOR

The system of coding upper sector was same for all pattern of two

respective categories except for the patterns formed by distributed ridges and

pattern formed by beads. Due to less individual wvariation in this sector, the
number of beads were c¢lassified into different classes. The classification was
made by observing its minimum and maximum number of beads in the upper
sector which ranged from 41 to 212 beads (Table 18}, respectively. This range

was divided into 5 different classes by keeping 40 as a3 cilass interval. Each

class was denoted by using latin alphabets (Table 20}.

k.3.5 FINAL SECONDARY CODE

The fipral secondary code was developed by combining codes of base,
middie and u;ﬁper sectors together {Figure 408}. Thus, the developed final code
was the identification code of en individual animal. The developed final code
was tested against its resemblarce to other developed secondary code.
Therefore, the base sector code was chosen and frequency distribution of the
pattern ridge combination studied to examine their resemblance with each other.
The .frequency distribution of pattern ridge combination (Table 21} revealed
great cencordance when‘ secondary code of base sector was compared. The 2/2
combination exhibited highest proportion of.animais and the combinations 3/2,
3/3 and &/4 were also comparatively higher in proportion of animals (Table
21a). Only one animal was observed indicating 10/8 pattern ridge combination.
Similar finding was also observed in 13.79 percent cases Iin which the
demarcation between left and right halves was npot possible (Table 21b). Such
distribution of animals indicated more fragile, weak and irresolute nature of

secendary code. Therefore, secondary code was not of much help to uniquely
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Table 19. Right and left pattern ridge combination.
Right »
i 0 1 2 3 u 5 6 7 8 9 10
? 0 0/0 0/1 0/2 0/3 0/4 Q/5 0/6 0/7 0/8 0/9 /10
i i 1/0 1/1 1/2 1/3 1/4 1/5 1/6 1/7 1/8 1/9 1/10
J 2 210 211 2/2 243 244 2/5 216 2/7 2/8 2/8 2/10
3 3/0 3N 3/2 3/3 3/4 3/5 3/6 3/7 3/8 379 3/no
I w/o W/ 4/2 43 4f4 4I5S &/6  4/7 /8 4/9 /10
5 5/0 571 5/2 5/3 5/4 5/5 5/6 5/7 5/8 5/9 5/10
6 6/0 6/1 6/2 6/3 6/4 6/5 6/6 6/7 6/8 6/9 6/10
7 70 7N 7/2 73 % M5 76 71T 78 .739 jllO
8 8/0 8/v 8/2 8/3 B8/ 8/5 8/6 8/7 8/8 8/9 8/10
Table 20. Classification and coding of beads at upper sector.
S.No. Range - . Code
1. 40 - 80 (Alpha) &C
2. 81 - 120 (Beta) g
3. 121 - 160 (Gamma) -Y
4, 161 - 200 (Delta) o
5. 201 - 240 (Eata) &
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Table 21a. Distribution of animals (75.91%) based on right and left pattern
ridge combination.

Right — »
0 1 2 3 s s § 7 8 9 10

L .U rﬂ 3 t 2 3 0 ¢ 0 H 0 0
e |11 12 10 9 4 0 0 0 o 0 0
fla2]s 21 30 2¢ 15 5 1 0 0 0 0
t {314 10 18 28 o 18 8 1 0 9 0
i 2 5 18 27 16 6 3 2 1 0

5 |1 2 8 9 15 17§ 2 1 0 0
IRERK: 1 v 2 5 13 8 3 1 0 0
70 0 0 4 2 4 5 2 9 1 0

8 |0 0 0 o 2 0 1 2 2 o 1

Table 2ib. Distribution of animals {13.79%) for the pattern ridges distributed

around same peoint.

Pattern ricge 1 2 3 i 5 6 7 8 $. 10 ?1‘}

number

Frequency 0 3 9 18 25 12 i0 2 B 0 1




59

identify the 89.70 percent animals, To overcome this problem a further

classification called "sub-secondary classification" was developed.

5.4 - SUB-SECONDARY CLASSIFICATION

The sub-secondary classification was based on the angle measurement of

the pattern ridges. Where angies were used (o further differentiste the pattern

ridges of one muzzie from the other. The difference between secondary and
sub-secondary classification existed only with the use of pattern ridges, In

sub-secondary classification, the pattern ridge angles were coded instead of

pattern ridge numbers. Thus, code for base and middle sector were altered,

but, code for middle sector {beads) and upper sector remained the same. The

sa&-secondary ci_assif_ication was developed to give strong and unique system for
indivi_dual identification through muzzle. |

In sub-secondary classification, two types of éngular deviation was
observed due to the difference in the arrangement of pattern ridges. As
mentioned earlier, in 75.81 percent animzals the pattern ridges were distributed
into  right. and left "halves and 13.79 percent animals showed pattérn ridge
distribution at the same point. Thus, the angular devistion in 75,91 percent
cases varied from 0° to 90°, whereas in 13.7% percent cases the angular
deviation ranged beiween 0° to 180° angle. The wider angular deviation resuited
in the pa'ttern ridges origit:tating from same point. Since all pattern ridges in
this pattern were distr.ibuted from right to left hand side, thus, the angle was
téken as 0° to 1B0° in this case. _

While developing sub-secondary code, the angle of the corresponding
patiern ridge was used instead of patiern ridge number. Te avoid any confusion
in the use of angles for reading sub-secondary code in base sector, an

aiphabetic index was prepared indicating aiphabetic code for each degree of

angle,
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4.4.1 ALPHABETIC INDEX

Alphabetic index was prepared to generate _alphabetic cocde for all
possible angular deviations that could exist in pattern ridge. Since, it was
obvious that all pattern ridges were distribu‘ted within 0° to 180° angie, the
alphabetic index also contained codes for all angles lying betweeri 0° to 180°
of deviation. The alphabetic index was prepared by combining small and capital
letters, where capital letters indicated 1 unit changes in the angle and small
letters represented changes after 10 wunits. Therefore, it was possible to
generate an alphabetic code for each deviation which could occur within 0° to

180° angle by combining small and capital letters (Table 22).

Table 22. Alphabetic index for pattern ridge angie.

Angle Q° 1° 2° 3° 4° 5° 6° 7° ge - g°
00° a B C D E F G H | J
10° b bB bC bD BE bF bG bH bl bl
20° C cB cC cD cE cF cC cH cl cJ
30° d dB dC dD dE dF dG dH dl dlJ
40° e eB eC eD eE  eF eG eH el el
50° f B fCc fD fE fF G fH fl fJ
60° g g gC gD gE gF aC gH ol gJ
70° “h hB hC hD hE hF hG hH hi hl
80° - i iB ic iD iE iF iG iH il it
9¢Q° j jB jC iD JE iF jG jH it jJ
i00° k kB kC kD kE kF kG kH kl kJ
110° { B IC (D IE 13 G H 1] 1l
120° m mB mC mD mE mk mG mH ml mJ
130° n nB nC nD nk nk nG nH nl nJ
140° o oB oC oD oE oF oG oH ol ol
150° P pB pC pD pE pF pG pH pl pd
160° L0 qgB qC qD qE qF qG gH ql qd
170° |' r rB rC rD rE rF rG rH i rJ
180° s

4.4.2 CODING BASE SECTOR

The procedure to code base sector was similar to secondary

classification except using alphabetic code instead of writing pattern ridge
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number in secondary code. Thus, the alphabetic code of each pattern ricdge

belonging to right and left side was written in numerator and denominator

positions, respectively.

Straight line was drawn between two respective position when muzzle
represent grooved category. The alphabetic code was written in a straight line

for "pattern ridge origin from same point* pattern of non-grooved category.

4.4.3 CODING MIDDLE AND UPPER EECTOR

The angles for right and left extended pattern ridges were used to
develop middle sector code. The procedure was guite similar to code middle

sector of secondary classification,

The number of beads present in middle sector and. latin alphabets of

upper sector were used in similar manner as done in secondary classification

‘[I.=igure 41}.

4.8.4 FINAL CODES FOR SUB-SECONDARY CLASSIFICATIDN

As it is clear that the patterns _formed by pattern ridges were
available in 89.70 percent and patterns debending on distributed ridge and
beads together were available only in 5.80 percent animals. Whereas, 3.82 and
0.67 percent patterns on the animals were based on distribution of beads and.
sp-ec_ial category, respectively. Thus, the final code for these three systems
- should also differ in line with their style of coding. The final code for these

systems are discussed 2s under. The procedure to develop final code was same

in all cases.

§.3.48.1 Final Code for the Muzzle with Pattern Ridge

The final code for this 'system was a combination of alphabets, numeric
values and latin alphabets representing base, middle and wupper sector,
respectively. The developed final code was unique and distinguished all 89.70

percent animais from each othc_er (Figure 41}.
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4.4.4.2 Final Code for Muzzle containing Distributed Ridge and Beads

The pattern formed by distributed ridge and beads were available in
both categories. The prt;cedure for the final c:-:-dingl was similar to other code.
The coding system for this system differed only}r by using distributed ridge to
code base and middie sector. The number of distributed ridges present in right
and left halves were written in numerator and denominator positions,
respectively, by drawing straight line between them. In non-grooved category,
number of distributed ridges available in base sector were written.

The number of distributed ridge and beads available in middle sector
were written in the specified block, separately after drawing vertical line. No
latin zalphabets were used to specify upper sector. Number_ of beads present in
upper sector were written as such to code upper sector. The final code was
developed by combining base, middle Iand' upper sector codes '(Figure k1). Usi.ng
frequency of occurrence of each characteristic for ever;'. sector resulted in

numeric code. The final code of one muzzle print did not appear to have any

‘concordance with thereof other muzzle prints.

8.9.8.3 Final Code for the Muzzle Pattern formed by Beads only

This pattern was noticed in 3.82 percent animals belonging to grooved
as well as non-grooved categories. The final code for this system was developed
by using total number of beads present In base, middle and cipper sectors to
be written in each specifi-e.d block representing sector. Thus, the final code

 was developed by combining base, middle and upper sector codes together

(Figure u1).

8.8.4.4 Coding System for the Pattern belonging to Special Category

The coding system for the patterns of special category was entirely

different from all other systems. On account of unique distribution and



Model for subsecondary code.

Ezse sector . Middle secter

Upper sector

Alphabetic code for | Extended right [ No. of ; Latin
right & left pattern | & left ridge beads | alphabets
ridge angle ' angles

Final code for the muzzle with pattern ridge:

Alternate simple pattern ridge arrangement.

Grooved categery: {.
II. Alternate compound pattern ridge arrangement.
Il. Pattern with simple and compound pattern ridge
arrangement,
* ok ok REFPRA
8 # & # LEPRA
Non-grooved category:l. Alternate simple pattern ridge arrangement.
Il. Pattern with simple and compound pattern ridge
arrangement. '
LI REPRA™ .
# & & # LEPRA
lil: Simple ridge origin from same point.
R3>33>9»»L| EPRA '
= Central valley.
* = Alphabetic code for right pattern ridges angiles.
# = Alphabetic code for left pattern ridges angles.
REPRA = Right extended pattern ridge angle.
LEPRA = Left extended pattern ridge angle.
R¥»>»L = Alphabetic code for pattern ridges from right to left side.

EPRA = Extended pattern ridge angle.



Final code for the muzzle containing distributed ridges and beads:

CGrooved category: |. Ridge distributed without pattern.

R D R Number of Number of Number of
——— distributed beads in beads in upper
L DR ridge in MS | MS sector

RDR Right distributed ridge.

it

LDR Left distributed ridge.

Non-greoved category: . Ridge distributed without pattern.

Number of © Number of Number of Number of
distributed - distributed beads in beads in
ridge in ridge in M5 upper
hase sector MS secter

Final code for the muzzle pattern formed by beads only:

Number of beads Number of beads Number of beads
in base sector in middie sector in upper sector

Coding system for the patiern belonging to special category:
I. Pattern containing simple ridge:

SSR Serial number of the print

Simple ridge pattern of special category.

SSR

Il.  Patteri containing compound ridge:

SCR Seriai number of the print

SCR = Special category, compound ridge.

1l1l. Pattern containing simple & compound ridge:

55&CR Serial number of the print

55&CR = Special category, simple & compound ridge.

Figui‘e 41. Models for subsecondary code under three systems and patieras

special category.

of



63

arrangement of characteristics, the muzzle pr'int of an animal itself represented
its own identity. Since, less than 1 percent belonged to this category, the
coding system was developed by combining'abbreviation of the pattern and print
number. For example, if 2 muzzle prints were found containing "simple ridge
pattern" then the code for the two prints wouid be S5SR1 and 55R2, respectively.
The abbreviation SSR indicate simple ridge pattern of special category. The
abbreviation for the pattern "containing compound ridge” and "containing the
combination of simple and compound ridges" were "SCR"™ and "SS&CR",
respectively (Figure 41}.

in total,' 14 muzzle patterns were observed in this study. The patterns
of special category were very rare in the population. The reason of its less
occurrence in the population is still not km-:w-n. [t is now possible to‘ngIsUp the
cattle according to the known. muzzle patterns. Moreover, these patterns were
complementary in studying the distribution and arrangement of beads, ridges ‘and
pattern ridges on the muzzle. By virtue of which a systém of secondary
classification, though fragile and weak, was developed. The secondary
classificatibn system has paved the way to generate models of establ-ished
muzzie pattern and which in turn resulted in developing a strong and unique
coding system for Individual identification in sub-secondary system. In the
present study, the code developed by sub-secondary classification -system has‘
uniquely identified each animal. However, this slystem has to be studied on
large scale under field condition, Where the chances of getting fwo similar
codes from different individuals, if occurred, then it is necessary to compare
characteristic features of the coded pattern ridges to solve the dispute.
Therefore, the identified pattern ridge characteristics are also equally important

and their records/information must be stored while giving final identification

code to the owner of the cattie.
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The established system of coding may have an important application in

those areas, where chances of forgery, mischief and false identification of

animals are very common.

k.5 DIFFERENCE BETWEEN BOS TAURUS, BOS INDICUS AND THEIR CROSSBRED

CATTLE
The muzzle characteristics of three respective sectors and pattern ridge

characteristics were studied to examine the difference between Bos Indicus
(zebu), Bos Taurus cattle and their crossbred. Model-1 was applied and the
effects used in the model and a summary of their significance for various traits
are given in Tables 23 and 24. The number of observations used in Nodel-1 were
596 for the beads present in base, middle, upper sectors as well as in the .
muzzle (BTO). Whereas, 598 observations Iw_ere used for rest of the
characteristics presented in Table 23. Similar model was applied to examine the
difference between the two genuses and their crossbreds by pattern ridge
characteristics. The observations on pattern ridge characteristics were taken on

539 animals. The study to distinguish the genuses and crossbred cattle has been

described for muzzle characteristics and pattern ridge characteristics separately.

R.5.1 BASED ON MUZILE CHARACTERISTICS
The two genuses and their crossbreds were found significantly different

(P£0.01) in muzzle characteristics, namely, beads in the base, middle and upper
.sectors, and in the muzzle as well as in the r’idges of the base, middle sectors
and in the muzzle. The difference between genuses as well as érossbred were
also observed (P<0.01) in right and left ridges. The differences were not
significant when -right, left and total pattern ridges were compared {Table 23).
To obtain the magnitude of the difference between zebu, taurus and crossbred

cattle, the least square means of each muzzle characteristics were estimated and

tested by applying Bonferoni-Holm test (experiment wise error rate}. The least
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Table 23. Effects of wmuzzle print characteristics and their level
significance.
Effects

Muzzile Genus Breed Category Category
characteristics Within

bread
Beads basze (BB} wanl *k — -
Beads middie (BM) L *kk * —_—
Beads upper (BU) kel el —— ———
Beads total {BTQ) R *kk —— ———
Right ridge (RR) A% -—- dok *
Left ridge {LR) Fk k% &k *%
Ridge base {RTB) ke * —— -_—
Ridge middle (RM) *xk folald —— —
Ridge muzzie {RCT) EAE * —— —
Right pattern ridge (PRR} —— * AXK *
Left pattern ridge {PRL) -— - bakked ok
Total pattern ridge (PRTO)} —— ke ek —

1; * = P 0.05, ** = P{0.01,  *** = P 0.001 and ——— = NS
and their level of

Table 24. Effects of pattern

ridge characteristics

significance.
Effects

Pattern ridge Genus Breed Category Category
characteristics within
._breed
Straight pattern ridge ***1. - —— o
Curved pattern ridge ——— — —— ——=
Tented pattern ridge ——— — -_— -—
Unduiated pattern ridge ek ——r ** wx
Bifurcated pattern ridge - - _— ———
Long pattern ridge ——— - *% —_—
Medium pattern ridge * - * -
Small pattern ridge ki k% -— -
Civb pattern ridge *kk —— - i
Cylindrical pattern ridge o * i e
Complete pattern ridge - - -—= ———
Complete intercepted *x — el -
Fragmented pattern ridge -—— -— - =
hekk 3 % - i

Fragmented intercepted

1:

* = P{ 005, ** o= P({_I.O‘l,
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square means of the muzzle characteristics beads in the base sector were 57.3,
64.2 and 37.9 for zebu, crossbred and taurus cattle, respectively (Table 25).
When the probability levels of the least square means were compared the taurus
cattle differed from zebu and crossbred cattle significantly, due to less number
of beads present in the base sector. Whereas, the difference between zebu and
crossbred cattle was not significant. But the crossbred surpassed the zebu and
taurus cattie, due to maximum presence of beads in the base sector (Tabie 25).
The beads presenf in middle sector revealed significant (P< 0.05)
difference between zebu, crossbred and taurus ceattle. The least square means
of middle sector beads of zebu, crossbred and taurus cattle were 60.4%, 50.7 and
24.3, respectively ('l;able 25}, The zebu cattle differed significantly (P{0.05)
from crossbred and taurus cattle due to maximum occurrence of beads in the
middle sector. Taurus cattle contained comparatively less beads, therefore,
differed significantly (P{0.05) from crossbred and zebu cattle. The crossbred
lied in between the zebu and taurus cattle. Presence of more beads in the
middle sector than the base sector was observed particularly in zebu cattle.
But, it was always lower thén the base sector of crossbred and taurus cattle.
Least square wmeans of the beads of upper sector were also compared
to study the genuses and crossbred céttle. Thg least square means ‘revealed
presence of 127.2, - 134.1 and 88.5 beads in zebu, crossbred and taurus cattle,
respectively. High and low [east square means were observed in crossbred and
taurus cattle, respectively. Therefore, the taurus cattle differe-d significantly
(P{0.05) from zebu and crossbreds. However, no significant differences were
observed between zebu and crossbred. This indicated the pre-dominance of zebu
inheritance ir crossbred population. In general, it was observed that 40 percent
area of the upper sector contained maximum beads than the base and middle.

On the other hand, a decreasing ttend of beads from upper to middle sector was
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feast square means (LSOM) and standard error (SE} of the muzzle

Table 25.
characteristics of Bos Indicus, Crossbred and Bos Taurus cattle.
Muzzle . Ger;jus B
haracteristics Bos Indicus Crossbred os Taurus
c L.SONM —_SE_ 1.SGM _SE [SoNM__ SE.
1

BE 57.32 5.4 64.27 1.3 37.9° 2.3
BM 60.4% 2.9 50.7° 0.8 24.3% 1.8
BU 127.2% 3.9 135.1% 1.1 88.5° 2.2
ETO 244,82 8.3 248.2° 2.4 150.42 4.7

' RR 5.3 0.6 5.5% 0.1 6.3% 0.3
RL 4,17 0.6 5.0° 0.1 6.2 0.3
RTB 11.4% 1.0 12.7% 0.3 15.06° 0.5
RM 2.7% 0.5 3,97 .1 6.7 0.3
RCT 13.8% 1.2 15.1% 0.3 20.0° 0.7
PRR 2.2% .3 2,52 p.a 2.4% 0.1
PRL 2.29 0.3 2.5%  o.1 2.82 5.1
PRTO 5.82 0.5 §.1% 0.1 5,37 9.3

1: a, b, ¢ = Lsg means with different letter differ significantly (P { 0.05) within

row.
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cbserved in crossbred and taurus cattle. This was different in zebus, where it
started from base to upper sector, Such differences between specified sectors
within each genus and between genuses could be attributed to simultaneous
presence and absence of other rmuzzle characteristics.

The beads in the muzzle were not different betwéen zebu and crossbred,
rather, a significant {P¢0.05) difference was observed when taurus was compared
with zebu and crossbred cattle. Least square means were 284.8, 248.2 and 150.8
beads for zebu, crossbred and taurus cattle, respectively (Table 25)}. The
difference was relatecﬁ to {east difference between [east square means of zebu
and crossbred cattle.

The least square means of 4.3, 4,9 and 6.3 were observed for the right
ridges {(RR} ef zei‘)u. crossbred and taurus cattle, respect'lvely (Table 25). -The
difference between z2ebu and crossbred was not significant. ?Q‘hereas, the taurus
cattle differed significantly {P{8.05} in view of the fact that they contained
maximum ridges in right side. Similar trend of difference was observed in case
of left ridges (RL). The least square means for left side ridges were 4.1, 5.0
-and 6.2 for zebu, crossbred and taurus cattle, respectively. Thus, it wes clear
that the taurus cattle contained maximum ridges in two respective halves. Though
it was not statistically examined, but the observed difference between right and

left ridge of each genus and crossbred cattle be well encugh to indicate

asymmetry in the muzzie.

The ridges in the base sector {RTB) followed similar patiern of
statistical difference where high least square means were observed in taurus
cattle {15.0} and comparatively lower least square means were observed in zebu

(11.4} and crossbred (12.7) cattle.

The two genuses and crossbred cattle differed significantly (P{0.05)

betweer each other when jeast sguare means of the middle sector ridges {RM)
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were compared. The least square means of middle sector ridges were 2.7, 3.9
and 6.7 for zebu, crosshred and taurus cattle, respectively, Taurus cattle

contained three times more ridges than the zebu,’whereas, crossbred contained

only half as many ridges as observed in taurus cattle. Therefere, the ridges

in the middle sector explicitly indicated significant (P{0.05) differences between

the two genuses and crossbred cattle than ridges in the base sector. Overall

S

the ridges in the muzzle (RGT) were Indifferent between zebu and crossbred.

Taurus cattle showed maximum occurrence of the ridges and thus, differed
significantly (P 0.05) from zebu and crossbred population. The zebu (_13.8]
contained less ridges than crossbred (15.1) and taurus (20.0) cattle.

The right and left pattern ridges of zebus, crossbred and taurus cattle
were showing qlifference insignificantly. "Non significant (P {0.05} differences

were observed in case of total pattern ridges (PRTO) of crossbred, zebu and

taurus cattle, with crossbreds (6.1) containing more pattern ridges than the

zebu (5.8) and taurus {5.3) muzzle.

8.5.2 BASED ON PATTEKRN KRIDGE CHARACTERISTICS

The pattern ridge characteristics were studied to examine the difference
between the two genuses and crossbred. Model-l was applied and significant
effect of genus at various level of probabilities found (Table 24). The pattern
ridge characteristics mainly, curved, tented, bifurcated, long pat.tern ridge,
complete and fragmented pattern ridge suggested non-signific_ant difference
between zebu, crossbred and taurus cattie (Table 28). The taurus cattle differed
significantly (P{0,05) from zebu and crossbred cattle by straight and undulated
pattern ridge. The medium length, cylindrical shape and complete intercepted
type pattern ridges of crossbred cattle were different from zebu and taurus

cattle due to the presence of meore such characteristics in their muzzle

(Table 26).
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Table 26. Least square means (LSQM) and standard error (SE) of the pattern
ridge characteristics of Bos Indicus, Crossbred and Bos Taurus cattle

(n=539).
. GCenus

::2,:?;3:;:3?: Bos Indicus Crossbred Bos Taurus

1es LSQM  SE - £LSOM  SE LSQM _ SE_
Major Class: 1

. a : a b

Straight 2.7 0.3 2.7 0.1 1.7 0.2
Curved 2.1 0.2 1.7 0.1 1.6 0.1
Tented 0.4 0.1 0.37 0.0 0.2 0.6
Undulated 0.5 0.2 0.7 0.0 1.3° 0.1
Bifurcated 0.12 . 0.1 0.12 0.0 0.17 0.0
- Length:
Long . 2|3a Uou 2.9a ﬂal 3.-0a 0.2
Medium .82 0.3 2.3° 0.1 .72 0.6
Smal | 2.3 9.2 1.6° 0.1 1.1 0.1
Shape:
Club 2.1% . 0.2 1.2 0. 1.1° 0.1
Cylindrical 8.2 0.5 5.6° 0.1 5.7° 0.3
Type: _
Complete 0.67 0.2 0.8 0. 0.77 0.2
Complete intercepted 4.0° 0.5 5.2° 0.1 5.1 0.3
Fragmented 0.1% 0.1 0.1% . 0.0 0.1 0.
Fragmented intercepted .78 0.2 0.6° 0.1 0.8° 0.1

1: a, b, ¢ = Lsg means with different letter differ significantly (P { 0.05)
within row.
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The club shaped paitern ridges were maximum in zebu as compared to
the ec¢rossbred and taurus muzzle. Therefore, zebu differed significantly from
crossbred and taurus cattle. The zebu, crossbred and taurus cattle were distinct

from each other when small pattern ridges were compared. The zebu contained

maximum amount of small pattern ridges (Table 26). The least square means of

the major class of the pattern ridges indicated prevalence of straight pattern

ridge than the other pattern ridges in each genus and crossbred. The curved

pattern ridge ranked second position in each genus and crossbred. But, the

tented and bifurcated pattern ridges indicated their occasional presence in the

muzzle.

In case of length, the general trend was the prevalence of long

pattern ridge than the medium and small pattern ridges in the muzzle. in zebu,

the small pattern ridges were more than the medium one. in crossbred and

taurus cattle, the medium pattern ridges were always higher than. the small

pattern ridges. The cylindrical pattern ridges were higher thar the club
shaped pattern ridges in each genus and crossbred cattle. Inspite of being

higher in zebu and taurus cattle, the least square means revealed its maximum

occurrence in crossbred cattle. The complete intercepted pattern ridges were

more than other types in general, but exhibited Iits gfeater‘ presence in

croessbred in particular (Table 26). The complete and fragmented pattern ridges

did not appear very frequently in the muzzle. In most of the cases, the
pattern ridges may either be complete intercepted or fragmented intercepted

types in the muzzle.

4.6 BREED DIFFERENCE

Breed is one of the important factors affecting the muzzle and it

affected almost all muzzle characteristics at wvarious levels of probabilities

{Table 23). The breed effects were significant (P 0.05) for the pattern ridge
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characteristics like small length, cylindrical shape and fragmented intercepted

type pattern ridge (Table 24). The muzzie characteristics and pattern ridge
characteristics were compared for the breed effect. The Bonferoni-Holm test

(expertment wise error rate) was applied to compare the least square means.

£.6.1 BASED ON MUZZLE CHARACTERISTICS

Breed Karan Swiss, Red & White and Black & White cattle differed

significantly (P{0.05) when beads of the base sector were examined. The breed
Karan Swiss contained 68.6 beads in the base sector, whereas, 35.% and 40.0
beads were observed in the base sector of Red & White and Elack & White
- cattle (Table 27). The Karan Swiss cattle differed significantly (P<{0.05} from
Red & White and Bilack & White cattle due to more structuring in the base
sector. Non-significant differences between Red & White and Black & White cattle
indicated less occurrence of beads in the base sector when éompa_xred with other
breeds. A significaht (P{0.05) difference was also observed between Tharparkar
and Black & White and between Karan Fries and Karan 5wiss breeds. The base
sec_toi*‘ of Tharparkar breed contaiped 58.9 beads which was more than Red &
White and Black & White cattle. Non-significant difference was observedlbetwee-n
Tharparkar and Sahiwal cattle which indicated resemblance of base sector and
-size of beads. Resemblance similar to that observed in the base sector of
Tharparkar and Sahiwal breeds was also indicated i.n Karan Swi‘ss. Thus,

anaiysis of base sector revealed maximum occurrence of beads in the base

sector of Karan Swiss and its minimum occurrence in Red & White and -Black &

White cattle. The maximum occurrence could be attributed to the smaller size
of beads present in Karan Swiss breed.

Similar findings were also observed for the beads of the middle sector.
Wherein, the averages of 23.1 and 25.7 beads were noticed in the middie sector

of Red & White and Black & White cattie. But, the middle sector of
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Least square means {(LSQM)} and standard error {SE} of the muzzle

Table 27.
characteristics of breeds.
M | 1 Breeds
;zzet e TH. SW. KS. KF. RW. BW.
characteristics L.SQM LSQM LSQM LSOM LSOM LSQM
BB sa.saz 55.6° 68.6° 59.8°  35.9° 40.0°"
(5.3) (7.1) (2.1} {(1.5) (3.4} {(3.5)
BM 66.5° 60.4° 57,42 ag.0®  23.1C 25.7¢
(3.5) {4.6) {1.4) -{1.0) (2.3) (2.3)
8u 127.67 127,07 142.6®  125.62 . B85.0° 92.1°
(%.8) (6.4) (2.0) (1.4) (3.1) (3.2)
BTO 246.8%°  242.9%° 267.97  228.7°  143.8 - 157.2°
{10.0)  {13.%) (3.0} (2.9) (6.5) {6.8)
RR 3.8° 5,032 4,62 5,328 5,92P  4.gP
‘0.-7) {1’1} {013; {0:2‘} ) {0.5) {0.5}
RL 3.4° 5.9%° 457 5.5 5.6 6.9
(0,8) (1.0} (0.3) (0.2} (0.5} (0.5)
RTB 12.9%P s.9° 12.1° 13.4%P " 4457 455D
(1.2) {1.6) {0.5) (0.3} (0.8} (0.8)
RM 2,32 3.3 3,2 y.7° 7.0% 6.5
{0.7) (1.0} {0.3) {0.2} {0.4) {0.5)
RGT 1.7%¢ 3297 wa? 16a® 99 20.5°
(1.5) (2.0} (0.6) (0.4) (1.0} (1.0)
PRR 2.12 2.3° 2.4 2.8% 2.72 2.3°
(0.%) (0.5) (0.2) (0.1).  (0.3) (0.3)
PRL 2.12 2.5% 2,37 2.8% 2.72 2.2
{0.%) {6.5) (0.2} (0.1} (0.3) {0.3)
PRTO 6.97° 5.5 547 - 557 6.0°  g.7°
(0.7} (1.0} (0.3) {0.2) {0.5) (0.5}
TH., SW., KS., KF., RW. & BW. represents Tharparkar, Sahiwal, Karan

Swiss, Karan Fries, Red & White and Bliack & White breeds, respectively.

Standard error within paresthesis.
Lsg means with different letter differ significantly (P < 0.65)

a, b, ¢, d

within row.



74

Tharparkar, Sahiwal, Karan Swiss and Karan Fries cattle contained on an average
of €0.5, 60.4, 57.4 and 44.0 beads, respectively {Table 27). The.middie sector
of Karan Fries breed differed signifi::antiy {(P{0.05) from Tharparkar, Sahiwal,
Karan Swiss, Red & White and Black & White cattle.

It was observed that the 20% area of the middle sector of Karan Swiss,
Karan Fries, Red & White and Black & White cattle contained less pumber of
beads than the base sector. On the contrary, the Tharparkar 59:5 Sahiwal cattle
exhibited more beads in middle sector than the base sector.

Least square means of the upper sector beads weére 127.4, 127.0, 182.6,
125.6, 85.0 and 92.1 beads, respectively, for Tharparkar, Sahiwal, Karan Swiss,
Karan Fries, Red & White and Black & White cattle. The peculiarity of this
characteristics was its maximum occurrence in Karan Swisls which differed
significantly (P{0.05) from tht;. beads pr'esent' in other breeds. Non-significant
differences were observed between Red & White and Black & White. But they
differed significently {P< 0,05} from other breeds due to lesser structuring in
the upper sector. Therefore, the results suggested the résemblance of upper
sector between Tharparkar, Sahiwal and . Karan Fries cattle which was not
observed in Karan Swiss, Red & White and Black & White breeds.

The beads on the muzzle were studied_ by combining all the sectors
together. The resﬁlt reveaied presence of 246.8, 242.%, 267.9, 228.7, 143.8 and
157.2 beads in the specified area of the muzzie of Tharparkar, Sahiwal, Karan
Swiss, Karan Fries, Red & White and Black & White breeds, respectively (Table
27). The Red & White and Black & White cattie differed significantly (P{0.05)
from Tharparkar, Sahiwal, Karan Swiss and Karan Frfes breeds due to lesser

number of beads present in the muzzle. Whereas, Karan Fries suggested its

resemblance to Tharparker and Sahiwal muzzle. It, however, was comparatively

different from Karan Swiss cattie due to lesser structuring. On the contrary, the
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Karan Swiss muzzle revealed similarities to Tharparkar and Sahiwal muzzle. Such

simifarities and dissimilarities of the muzzle related te beads can be atiributed

to the genetic make up of the breeds. The resemblance of the crossbreds to

both indian native breeds might be due to the presence of genetic material from
Tharparkar and Sahiwal breeds. The difference between Karan Swiss and Karan
Fries breeds could be attributed to the presence of either Brown Swiss or
Holstein Friesian inheritance which were two different types of exotic breeds.

The least square means for- the right ridges were 3.8, 5.8, 4.6, 5.3,
5.9 and 6.8 for Tharparkar, Sahiwal, Karan 5Swiss, Karan Fries, Red & White
and Black & White cattle, respectively (Tébie 27)}. The right ridge indicated
its maximum occurrence in Black & White cattle. The right ridges of the Black
& White breed were indif’fer'ent-'from Sahiwal, Karan Fries and Red & White
cattle, but, differed significantly (P <0.05) from Tharparkar and Karan Swiss
breeds. The findings of the left riéges are aimost similar to the right ridges.
Soeme difference was observed betweep the least square meansl of right and tleft
sides which indiceted that there was no complete symmetry between the left and
right halves of the muz-zle.

The total ridges in the base sector of various patterns of the breeds
ranged from 9.9 to 15.5 vridges. Highest and lowest amount was observed
respectively in Black & White and Sahiwal cattle. The Karsn Swiss breed
differed sigmificantly (P{0.05} from Black & White cattle for number of ridges
in the base sector. The difference between Red & Whilte and Black & White cattie
on the other hand was not significant.

The ridges of the middle sector indicated its maximum occurrence in
Red & White and Black & White cattle, i.e., 7.0 and 6.5 ridges, respectively.
Whereas, comparatively less number of ridges, i.e., ‘2.3, 3.2, 3.2 and 4.7

were observed in Tharparkar, Szhiwal, Karan Swiss and Karan Fries breeds,
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respectively {Table 27). No apparent difference was observed between Red &

White and Black & White breeds, but, they differed significantly (P(0.05) from
Tharparkar, Sahiwal, Keran Swiss and Karan Fries breeds. The Karan Fries
cattle, though it resembled Sahiwal buot differed significantly (P{0.05) from

Tharparkar apd Karan Swiss breeds.

The total ridges in the muzzle indicated the presence of 14.7, 12.9,
1.1, 16.1, 19.4% and 28.5 ridges {(Table 27} in Tharparkar, Sahiwai, Karan
Swiss, Karan Fries, Red & White and Black & White catile, respecti‘vely. Also,
the total ridges in the muzzle indicated closeness between Red & White and Biack
&. White cattle. Red & White breed has indicated its closeness to Tharparkar
cattle. The Tharparkar breed suggest its resembiance to Sahiwal, Karan Ss;viss
and HKaran Fries breeds. The Bilack & White caitle were significantiy different
{P{0.05) from -Tharparkar, Sahiwal, Karan Swiss and Karan Fries breeds.
Whereas, Red & White breed suggested its difference with Sahiwai, Karan Swiss
and Karan Fries breeds, respectively (Table 27).

Breed- differences observed in right and left pattern ridges were not
statistically significant. The total ‘pattern ridges of various patterns revealed
significant differences between breeds, whereas, meximum pattern ridges were
observed in Tharparkar (6.8) and minimum in Black & White (4.7} cattle. A

clear difference {P{0.05) in pattern ridges was observed between Black & White

and Karan Fries cattle (Table 27}.

X.6.2 BASED ON PATTERN RIDGE CHARACTERISTICS
The average number  of pattern ridge characteristics, e.g., straight

pattern ridges were 3,3, 2.2, 2.7, 2.8, 2.1 and 1.4 ridges for Tharparkar,

Sahiwal, Karan Swiss, Karan Fries, Red & White and Black & White cattle,

respectively {Table 28). Black & White cattle contained less straight pattern

ridges in their muzzle and thus differed significantly (P{0.05) from Tharparkar,
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Table 28. Least square means {LSQM)} and standard error (SE) of the pattern

ridge characteristics of breeds (n = 539}.

. EBreeds
e ridse W R K W
LSGM LSOM LsoMm LSO/ LSOM Lsom |
Major Class:
Straight 337 2,20 2.7 2,82 2130 b
(6.4 (0.5) (0.2) (0.1} (0.3} {0.3)
Curved 2.2° 2.18 1.52 1.9 1.69 1,72
(0.3) (0.4) (6.1) (6.1) {(0.2) (0.2)
Tented 0.5° 0.3 0.4% 0.3° 0.2° 0.3%
{0.1) (0.2) {0.1) {g.0) {0.1} (6.1)
Undulated 8.2 .27 0.8°" 0.79¢ 1.4 1.20¢
{0.2) {0.3) {(0.1) {0.1) (0.1) {(0.1)
Bifurcated 0.1°2 .22 0.1° 0.2° 0.2° 0.04%
{0.1) (0.1} {0.0) {0.0) {£6.07) (0.07)
Length:
Long 2,52 2.12 2.7° 3.0° 3.3° 2,7°
_ (0.5) (0.6) {0.2} (0.1} . (0.3} {0.3)
Medium 2.7 5% 2% ® 20T 5P
(0.4} {0.5) {c.1) {0.1) {0.2) {0.2)
Small 3.1P 1.530 1.7° i.42 1.28 1.0%
(0.3) {0.4) {0.1) {0.1) (6.2) {0.2)
Shape:
Ciub 2.3° 2.0%° 1.2 148 1.32 1.0°
(0.3) {0.3) €6.1) (0.1} (0.2) (0.2)
Cylindrical 5.5°¢  34P 5.4°9  5,8%C  5.30¢ 4 pbd
{0.6) (0.7) (0.2) (6.2) (0.%) {0.4)
Type: .
Complete 1.17 0.1% 0,72 0.9% 0.72 0.7°
{(0.5) (0.6) 0.2} {0.1) (6.3) (0.3)
Complete 5.8%°  3.0% 483 557 4P 3.5
intercepted (0.7) (0.8) {0.3) (0.2) (0.4) (0.4)
Fragmented 0.15% 0.022  ¢,13° 0.172  0.118  0.06°
(0.1) (0.2) {0.1) (0.0) {0.1) {0.1)
Fragmented 1.62 1.7° 0.93  g.3° 1,220 5P
intercepted (0.2) {0.3) {0.1) (0.1) (0.2} (0.2)

TH., SW., KS., KF., RW. & BW. represents Tharparkar, Sshiwal, Karan Swiss,
. Karan Fries, Red & White and Black & White breeds, respectively.

a, b, ¢, d = Least square means with different letter within a row differ

significantly {P{ 0.05).
1 = Standard error within parenthesis.
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Karan Swiss and Karan Fries cattle. No differences, however, were observed
between Sahiwal and Red & White cattle.

The least ‘square means for the ‘curved pattern ridges were 2.2, 2.1,
1.5, 1.9, 1.6 and 1.7 for Tharparkar, Sahiwal, Karan Swiss, Karan Fries, Red
& White and Black & White cattle, respectively (Table 28). The differences in
curved pattern ridges among breeds were not statistically significant.

The tented pattern ricge indicated its occasional presence in the muzzle
of 21l breeds. Undulated pattern ridges on the other. hand were maximum in Red
& White and Black & White cattle. Its occurrence Iin Sahiwal was rarer than all
other breeds. The Red & White cattle differed significantly .(P(O.US) from
Sahiwal, Karan Swiss and Karan\ Fries cattle. But, no difference was observed
when it was compared with Tharparkar and Black & White cattle. The bifurcated
pattern ridges were 'very rare in the muzzle of all breeds. Their presence was
even [ess than tented and undulated patter;n ridges. Overall, it was observed
that the straight pattern ridges were maximum, the curved pattern ridges were
higher than tented, undulated and bifurcated pattern ridges but lesser than
straight pattern ridges.

The muzzle of Tharparkar, Sahiwal, Karan S5wiss, Karan Fries, Red &
White and Black & White contained on an average 2.5, 2.1, 2.7, 3.0, 3.3 and
2.7 long pattern _ridges in that order. The differences among breeds in long
pattern ridges, however, were non—signfficant stat'isticallf. In general, the Red
& ﬁhite and Karan Fries breeds contained more long pattern ridges in their
muzzle. The pattern ridges of medium {length, though less than long pattern
ridges, suggested significant difference (P(0.05) between Karan Fries and Black

& White cattle, where 2.2, 1.5, 2.2, 2.4, 2.0 and 1.5 medium pattern ridges

were observed in Tharparkar, Sahiwal, Karan Swiss, Karan Fries, Red & White

and Black & White cattie, reépectively {(Takzle 28). The number of small length
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pattern ridges were higher than the long and medium pattern ridges in

Tharparkar cattie. In Sahiwal, Karan Swiss, Karan Fries, Red & White and Black
& White breeds, only 1.5, 1.7, 1.4, 1.2 and 1.0 small liength pattern ridges

were observed, which were less than long and mediom pattern ridges of same

breeds. In Sshiwal, the number of smail pattern ridges was equal to medium but
lesser than long pattern ridges. Such wvariation in the small pattern ridges lead
the Szhiwal breed to differ significantly (P{0.05) from rest of the breeds
(Table 28).

Some of the pattern ridges of Tharparkar cattle were club in shape
which were similar to those from Sshiwal but significantly {P{0.05) different
from the club pattern ridges of Karan Swiss, Karan Fries, Red & White and
Black & White breeds, respectively {Tabie 28). It was observed that the ciui.)
shaped pattern ridges weré lesser than cylindrical shape pattern ridges wefe
5.5, 3.1, 5.4, 5.8, 5.2 and 4.2, respectively for Tharparkar, Sahiwal, Karan
Swiss, Karam Fries, Red & White and Black § White breeds (Table 28). The
Karan Fries differed significantly_ (P£ 0.05) from Black &. White and Sahiwal
cattle due to its maximum accurrénce. A significant (P{0.05} difference was also
observed between Sahiwal and Karan Fries breed ({Table 28},

The types of pattern ridge indicated prevalence of complete intercepted
pattérn ridges on the muzzle. However, the complete, fragmented and fragmented
intercepted types di;:i occur in  the muzzle but Jess often than complete
intercepted type. No breed difference was obserVéd in complete type pattern
ridges. Karan Fries animals contained maximum number of complete intercepted
type of pattern ridges and thus, differed significantly (P{0.95) oniy from Black
& White cattle {Table 28). Breed differences in case of fragmented pattern ridges

were non-significant {Table 28}, whereas, the fragmented intercepted pattern

ridge of Karan Fries and Black & White breeds differed significantly (P{0.05)
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from Tharparkar and Sahiwal cattle. Such differences may be vrelated to

negligible presence of these characteristics in Karanh Fries and Biack & White

breed {Table 28).

k.7 CATEGORY DIFFERENCE

The category effect used in Modei-l, was found significant (P{0.05) for

the muzzie characteristics, namely, beads in middie sector, right and left

ridges, right and left pattern ridges and total pattern, ridges of the muzzle

(Table 23}. The category effect for the undulated pattern ridges, long and
medium length pattern ridges, cylindrical shaped pattern ridges and complete
intercepted type pattern ridges was significant (P {0.05) (Table 24). The

category differences, therefore, are discussed separately for the muzzie

characteristics and pattern ridge characteristics as under:

4.7.1 BASED ON MUZZILE CHARACTERISTICS

As observed the grooved category contained less beads in the base

sector than non—grooved category. The jeast square means were 51.7 and 54.7

beads in the base sector of grooved and non-grooved categories, respectively

{Tabie 28), the differences were, however, non-significant. In case of beads of

the middle sector higher least square means were observed for non-grooved

category .(47.9) than grooved category (42.4). The difference being statistically
significant (P¢ b.05}. The upper sector beads indicate slight differences between
grooved and nmon-grooved cafegories {Table 29}. The differences observed
between categeries when beads of all sectors were combined together were not
statisticaliy significant. IHowever, the non-grooved category contained more
beads than the grooved category {Table 29]. Generally, the beads of all

sectors of non-grooved category were higher than the grooved category.
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Table 29. Least square means (LSQM) and standard error (SE) of the muzzle
characteristics of grooved and non-grooved categories.
Muzzle Cateqories
characteristi Greoved Non-grooved
acteristics LSQM SE LSQM SE

BB 51.7% 1.7 54,7° 3.1
BM 42,47 1.1 47,90 2.0
BU 115.12 1.5 118.2°2 2.3
BTO 208.9° 3.1 220.2% 5.8
RR 6.8° 0.2 3.7P 0.5
RL 6.67 0.2 3,70 0.4
RTB 13.4° 0.4 12.7° 0.7
RM 4.9° 0.2 5.12 0.4
RCT - 16.4° 0.5 16.2° 0.9
PRR 3.42 0.1 1.4° 0.2
PRL 3.4° 0.1 1.8° 0.2
PRTO 6.8° 0.2 1.7P 0.4

a, b = Least square

(P<0.05).

means with different letter within a row differ significantly
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The Ileast square means of right ridges were 6.8 and 3.7 ridges,
respectively, for grooved and non-grooved categories. in case of left ridges,
the grooved and non-—grooved categories contained” 6.6 and 3.7 ridges,
respectively ({Table 29}. The differences between grooved and non-grooved
categories for right and left ridges were significant (P{0.05}. More ridges in

base sector were observed in grooved category than non-grooved category

{Table 29), the category difference, however, was not significant, The

categories revealed closeness between one another with reference to middle

sector ridges. Overall, the ridges of muzzle [(RGT) suggested non-significant-
difference between categories. Such findings pointed towards the necessity éf
sectorial division of the muzzle. The right and left pattern ridges, compared
separately, reveaied significant difference between grooved and non—grooved
categories, their number being ‘higher in gi'uuvéd_ category than that in
nen-grooved one (Table 29), The least square .means corresponding to grooved
and non-grooved categories in total pattern ridges were 6.8 and 4.7 ridges., The
category difference was significant (P ¢ 0.05).

In context with the muzzle characteristics of two categories, a general
trend of more beads in all sectors was observed in non-grooved cateéory,

whereas, number of ridges and pattern ridges tended to be more in case of

grooved category.

4.7.2 BASED ON PATTERN R!ﬁﬁé CHARACTERISTICS

The number of straight pattern ridges were not significantly (P£0.05)
different between grooved and non~grooved categories {Table 30). Similar finding
was also observed in case of curved and tented pattern ridges. The undulatec
pattern ridges were significantly (P 0.05) different between grooved and
non—grooved  categories {Table 340). Bifurcated psattern ridges appeared

occasionally in both categories and no significant difference was observed
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The least square means of right ridges were 6.8 and 3.7 ridges,

respectively, for grooved and non-grooved categories. In case of left ridges,

the grooved and non-grooved categories contained- 6.6 and 3.7 ridges,
respectively {(Table 29}. The differences between grooved and non-grooved
categeries for right and left ridges were significant {P{0.05}. More ridges in

base sector were observed iIn grooved category than non-grooved category

{Table 29), the category difference, however, was not significant, The

categories revealed closeness between one ancther with reference to middle

sector ridges. Overall, the ridges of muzzie (RGT) suggested non-significant-
difference between categories. Such findings pointed towards the necessity of

sectorial division of the muzzie. The right and {eft pattern ridges, compared

separately, revealed significant  difference between grooved and non-grooved

categories, their number being ‘higher in grooved ~ category than that in
nen—grooved one (Table 29), The least square ‘means corresponding to grooved
and non-grooved categories in total pattern ridges were 6.8 and 4.7 ridges. The
category difference was significant (P { 2.05].

in context with the muzzie characteristics of two ;ategories, 2 genreral
trend of more beads in all sectors was observed in non-groov.ed cateéory,

whereas, number of ridges and pattern ridges tended to be more in case of

grooved category.

5.7.2 BASED ON PATTERN RIDGE CHARACTERISTICS

The number of straight pattern ridges were not significantly (P£0.05)
different between grooved and non~grooved categeries {(Table 30). Similar finding

was also observed in case of curved and tented pattern ridges. The undulated

pattern ridges were significantly (P { 0.05) different between grooved and

non-grooved  categories (Yable 30}. Bifurcated pattern ridges appeared

occasionally in both categories and no sigpificant difference was observed
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between them. The long, medium and small length pattern ridges were always
higher in grooved category. Significant (P(0.05) differences were observed in
long and medium pattern ridges of grooved and non-grooved categories
(Table 30j}. In case- of shape, the cylindrical pattern ridges indicated
significant (P{0.05) differences between categories, with an average of 5.8 and
3.9 ridges, respectively, in grooved and non-grooved categories {Table 30).
The fragmented pattern ridge indicated its occasicnal presence in both
categories. The complete intercepted pattern ridges were higher in grooved

category than non-grooved category. The differences were statistically significant

(P{0.05). However, no apparent difference was observed in case of fragmented

intercepted pattern ridges in two categories.

%.8 CATEGORY DIFFERENCE WITHIN BREED

Within breed, thé ridges and pattern ridges of the right and left side
indicated significant (P{0.05) differences between categories (Table 23). In case

of pattern ridge characteristics, the undulated pattern ridge exhibited category

difference within breed (Table 24).

4.8.1 BASED ON MUZZLE CHARACTERISTICS

T_he muzzie char;acteristiqs of Tharparkar and Sahiwal- muzzle were not
significantly different between categoriés (Table 31), A general tendency of more
beads in all sectors of non-grooved category than grooved category was observed
in Tharparkar and Sahiwal muzzle. In case of right and left ridées as well as
pattern ridges zero value was observed in non-grooved category of Tharparkaf
cattle. This indicated complete absence -of those pattern which were governed
by such characteristics. The ridges of base sector, despite being insignificantly
different between categories, were higher in grooved category. The middle sector

ridges between categories were not significant different. Though, the ridges and
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Table 31. Least square means (LSQM)} and standard error (SE) of the muzzle
characteristics of grooved and non-grooved categories of Tharparkar

and Sahiwal breeds.

Breeds
Muzzie Tharparkar Sahiwal
characteristics Grooved Non-grooved Grooved Non-grooved
LSQM LSQM L.SQM LSQM
BB 52.131 65.8° 58,9° 52.32
{4.1) (9.8) (2.9) (13.9)
BM 66.3° 60.7° 53.67 67.32
(2.7) (6.5) (L9 (3.1)
BU 126.22 128.7°2 119.0° 135,02
(3.7) (8.8) (2.5) (12.5)
BTO 238.5° 255,2° 231.1° 254,72
(7.7) (18.5) (5.4) (26.2)
| RR 7.5% 0.0° 4.6° 5.3°
: (0.6) (1.4) (0.4) (2.1)
RL 6.8° 0.0° 4,38 5.7°
(0.86) (1.4) (0.4) (2.0)
RTB 14.42 11.5° 8.92 11.02
| (0.9) (2.3) (0.7) (3.2)
RM 2.4° 2.2° 3.3° 3.3°
) (0.5) {1.3) {0.4) {1.8)
'RGT 15.7° 13.7° 11.5° 14,3°
(1.1) (2.8) (0.8) (3.9)
PRR 4.2 0.0° 2.3 2.3
{0.3) {0.7) (0.2) (1.0)
PRL. 4.2° 0.0" 2.2° 2.72
(0.3) (0.7) (0.2) (1.0)
"PRTO 8.4 5,5° 4,5° 5.0°
(0.5) (1.3) (0.4) [(1.8)

a, b = Least square means with different letter within a row differ significantly
(P <€ 0.05) in the categories of Tharparkar and Sahiwal breeds.

1 = Standard error within parenthesis.
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pattern ridges of the muzzle were higher in grooved category, they did not
differ statistically between categories (Table 31). In Sahiwal, all ridges and

pattern ridges were higher in non-grooved category than grooved category.

The beads of all sectors a2s well as in muzzle of Karan S5Swiss cattle

suggested non-significant difference between calegories though slightly higher in

grooved category. Contrarily, high least square means for the beads of all

sectors as well as in muzzle were observed in non-grooved category of Karan
Fries muzzle. The beads of middle sector differed significantly [P(IU.DS) between
categories in Karan Fries breed (Table 32).

The right and left ridges of Karan Swiss and Karan Fries breed differed
significantly (P< 0.05) be!:ween grooved and non-grooved categories. The ridges
of the base sector of l'<_aran Swiss and Kar_aﬁ Fries. (éa'ttlé'were_simila:f for the
two categories. Similar result was also observed in _case'df middie sector
ridges of Karan Swiss breed. Middle sector ridges of Karan Fries cattle
differed significantly (P ¢ 0.05) b-etwe-en grooved and non-grooved categories
(Table 32). The ridge_s in the muzzie of Karan Swiss and Karan Fries breed

showed non-significant difference between catégories. The right and left pattern

ridges of Karan Swiss and Karan Fries breed were significantly (P< 0.05)

different between categories. But, total pattern ridge_s of Karan Fries muzzle
were significantly (P{0.05} different between grooved and non-grooved ca-tegories.

Thé beads present in all sectors as we!l as in muzzle of Red & White
and Black & White cattle were not significantly different (P {0.05) between
grooved and non-grooved categories, although higher least square means were
observed in non-grooved category of both breeds (Table 33). In case of right

ridges higher least square means were observed in grooved category of Red &

White and Black & White cattle, but, the difference were not significant

statistically. These two breeds differed significantly (P<0.05) when left ridges
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Table 32. Least square means (LSQM) and standard error (SE} of the muzzle
characteristics of grooved and non-grooved categortes of Karan Swiss

and Karan Fries breeds.

Breeds
Mulzzle Karan 5wiss Karan Fries
characteristics Grooved Non-grooved Crooved Non-grooved
LSQM LSQM LSQM L.SQM
BB 71.za1 §6.1° 59,6° 60,12
(2.9) (3.2) (2.1} (2.2)
BM 57.82 56,92 3g.3° 4g.gP
(1.9) (2.1) (1.4) (1.5)
BU 145,72 139.52 124,72 126.5°
(2.5) (2.8) (1.9} (2.0)
BTO 274.8° 260.92 223.1° 234.3%
{5.4}) {5.9) (3.9) {4.2)
RR 6.32 2.9P 6.7° 3.8°
(0.4) {0.5) (0.3) (0.3)
RL ' 6.2 2.8° 7.12 3.9
; (G.4) (0.5) (0.3) {0.3)
RTB 12.7% 11.4°8 13.8° 12,92
(0.7) (0.7) (0.5) (0.5)
RM 3.4° 2.92 5.9° 3.6°
(0.4) (0.4) (0.3) (0.3)
RCT 14,42 13.8° 16.8% 15.4°
(0.8) (0.9} (0.5) (0.6)
PRR 3.1° 1.3P 3.9° 1.7°
(0.2) {0.2) (0.2) (0.2)
PRL 2.3° 1.4° 3.8° 1.7°
(6.2) (0.2) {0.1) (0.2)
PRTO 6.5° 4,9° 7.7° 5.2
(0.4) (0.4) (0.3) {(0.3)

a, b = Least square means with different letter within a row differ significantly
{P L 0.05) in the cotegeries of Karam Swiss and Karan Fries breeds.

1 = Standard error within parenthesis.
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were compared betwszen them (Yable 33). The ridges of the base sector between
the categories of Black & White cattle were not significantly different. Higher
least sguare means were observed for the ridges of middle sector of grooved

category of Red & White and Black & White breeds, but, the differences between

categories were non-significant. The right and left pattern ridges indicated

significant difference between categeries of Red & White cattle which were not

significantly different in both the categories of Black & White breed. The

pattern ridges of Red & White cattle were significantly different (P 0.05)

between categories. in Black & White cattle, the differences were non-significant

though higher least sé;uare means were observed in grooved category.

&.8.2 BASED ON PATTERN RIDGE CHARACTERISTICS
Al pattern - ridge - characteristics of Tharparker aad Sahiwal breed
-expréssed si:_niiérities between categories (Tablé 3%). The major pattern ridge .

characteristics of Tharparkar muzzie indicated higher least square means for

gro;)ve_zd category (Table 3%). The cylindrical shaped pattern ridges of Karan
Swiss breed denoted variation between grooved and non-grooved categories. The
_cqrved pattern ridges, medium length, cylindrical shaped and compléte
intercepted type pattern ridges of grooved category differed significantly
{(PLG,05) from -non-grooved category of Karan Fries breed (Table 35}. The
-undulated pattern ridges, long length and cylindrical shape pattern ‘ridges
suggestéd large wvariation -between categories of Red & White cattle. All pattérn

ridge characteristics revealed non-significant difference between categories of

Black & White breed (Table 38).

8.9 CORRELATIOR STUDIES
R.9.1 ASSOCIATION BETWEEN CHARACTERISTICS OF MUZZLE

The correlation analysis suggest low to moderate association among the

beads of each sector. The correlation analysis revealed highly significant
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Table 33. Least square means (LSQM) and standard error (SE) of the muzzle
characteristics of grooved and non-grooved categories of Red & White
and Black & White breeds. '

Breeds
Muzzle Red & White Black & White
characteristics Grooved Nomr—grooved Crooved Non-grooved
LSOM LSOM L5aM LSOM
BB 37.3" 39.6° 35.8% ay._22
{5.8) f4.4) (5.9} (4,2)
BM 20.2° 25.9% 23,3 28.1°
£3.5} {2.49) [3.8) §2.8}
BU 81.0°% 89,06 93.92 96,3°
(4.8) (3.9) (5.2) (3.8)
BTO 132.9° 154.6° 153.0° 161.3°
(10.1) (8.3) {11.1) {7.9)
RR 7.3 4.5 T g.2° 5.5
(0.8} (0.6} - {0.8) {6.6)
‘RL 7.5° 3.7 - 7.52 §.3°
(¢.8) {0.6) (0.9) (0.6)
RTB 14,82 14,2° 15.7° 15.4°
(1.2} (1.0) (1.4) (1.0)
RM 7.52 .52 7.12 5.9
(o0.7] {0.6) {0.7) {0.5)
RCT 19,18 19.9% 20.8° 20.3%
{1.5) {1.2) {1.5) (1.2}
PRR 3,82 1.6° 3.1° 1,43
(0.4} {0.3}) {0.4) {0.3)
PRL 4.1° 1.2° 2.62 1.7°
PRTO 7.9% 4.2 5,87 3,6°
{0.7} {0.86) {C.8) {0.5)

a, b = Least square means with different letter within a row differ significantly
{(P{ 0.05) in the categories of Red & White and Black & White breeds.

1 = Standard error within parenthesis.
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Least square means (L.SQM) and standard error (SE) of the pattern
categories

of

ridge characteristics of grooved and
Tharparkar and Sahiwal breeds.
Breecs-
Pattern ridge Tharparkar Sahiwal
characteristics Grooved Non-greoved Creooved Non-grooved
LSOM L SOM LSGAM LSQM
Major Class:
Straight 3.8, 2.8° 2.5 2.0°
(0.3) (0.8) (0.2) (1.0)
Curved 2.22 2.2% 1.5% 2.7°
(0.2) (0.6) (0.2) (0.8)
Tented 0.7° 0.42 0.37 0.3%
(0.1) (0.3) (0.1) (0.3)
Undulated 1.0° 0.8° 0.4° 0.02
(0.2) (0.4) {0.1) (0.6)
Bifurcated 0.2° 0.0° 0.3% 0.0°
{0.1) (0.2} (0.1) (0.2)
Length:
Long 3.27 g? 1.8° 2.3%
{0.3) (0.9) (0.2) (0.2)
Medium 3.12 27 1.9° 1.0°
(0.3) (0.7} (0.2} (0.9)
Small 2.7° 3.6° 1.4° - 1.7°
(0.2) (0.6) (0.2} (0.8)
Shape: . ‘
Club 2.0 1.3% 2.72
(0.2) (0.5} (0.1} (0.7)
Cylindrical 7.0% 4.0° 3.9 2.3°
{(0.8) (1.1) (0.3) (1.4)
Type: .
Complete 0.9? 1.47 0.1° - 0.0°
(0.3) (0. (0.2) “{1.1)
Complete 6.3°% a 3.8% 2.7°
intercepted (0.5) ( ) (0.3) (1.8)
Fragmented 0.3° a 0.04° 0.0°
(0.1) ( ) (0.07) {0.3)
Fragmented 1.52 a 1.12 2.32
intercepted (0.2) (0.5) (0.1) (0.6)

in the categories of Tharparkar and Sahiwal breeds.

Standard error within parenthesis.

lfeast square means with different letter within a row differ significantly
P{ 0.05)
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Table 35. Least square means (L.SQM) and standard error (SE)} of the pattera
ridge characteristics of grooved and non-grooved categories of Karan

Swiss and Karan Fries breeds.

Breeds
Pattern ridge Karan Swisg Karan Fries
characteristics Grooved Non-grooved Grooved Non-grooved
LSQM, LSQM LSQM LSQM
Major Class:
Straight 2.8%, 2,62 3.2° 2.4P
(0.2} (0.2} {0.1} (0.2}
Curved 1.8° 1.38 2.3° 1.5D
{0.2) {0.2) {0.1) (0.1)
Tented 0.6° 0.3° 0.3% 0.2°
(0.1) (0.1) (0.05) {0.06)
Undulated 1.0° 0.5% . 0.82 0.7°
(0.1} (0.1) (0.1) (0.1)
Bifurcated 0.1 0.1° 0.2° .12
(0.05) (0.06) (0.04) (0.04)
Length: ’
Long 3.2% 2.2% - 3.52 2.6°
(0.2) (0.3) (0.2) (0.2}
Medium 2.3° 2.2% 2.82 2.0°
(0.2) (8.2) {0.1) (0.2)
Small 1.9° 1.5° 1.7° 1.2°
(0.2) (0.2) (0.1) 0.1}
Shape: )
Club 1.2° 1.27 1.2% i.0°
0.1) (0.2} (0.1) (0.1)
Cylindrical §.2° 4.6° 6.8 4,8°
, {0.3} {0.3} {0.2} {0.2)
Type: - :
Complete 1.0° 0.3° 1.2 0.6”
{0.2) {0.2) (6.2) (0.2}
Complete 5.22 5.6° 6,27 4.9°
intercepted (0.3) (0.u) {0.2) (0.3)
Fragmented 0.1° 0.2% 0.3° 0.04°
{6.67) (0.08) {0.05) {6.06)
Fragmented 1.12 0.7° ¢.3% 6.3°
intercepted (6.1} {0.1) (0.1} . {0.1)

a, b = Least square means with different letter within a row differ significantly
{P{ 0.05} in the categories of Karan Swiss and Karan Fries breeds.

1 = Standard error within parenthesis.
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Least square means (LSQM) and standard error (SE) of the pattern

Table 36.
ridge characteristics of grooved and non-grooved categories of Red

& White and_Black & White breeds.

Breeds
Pattern ridge Red & White Black & White
characteristics Crooved Non-grooved Grooved Non-grooved
LSQM L5QM LSQM LSOM
Major Class:
Straight 2.15'I 2.1° 1.52 1.4
{0.4) (0.3) {0.4) (0.3)
Curved 1.8° 1.3% 2.1 1.32
(0.3) (0.3) (0.3) (0.3)
Tented 0.2° 0.2° 0.4° 0.12
(0.1) {0.1) - (0.1} (0.1)
Undulated 2.1% 0.7° 1.2% 1.2
(0.2) (0.2) {0.2) (0.2)
Bifurcated 0.3° 0.17 0.05° 0.03%
B (0.10) (0.09) (0.1) (0.09)
Length:
Long 4.2 2.2 3.2 2.2°
{0.4) (0.4) (0.5) (0.4)
Medium 2.4° 1.5° 1. 1.52
(0.4) (0.3) (0. (0.3)
Small 1.0? 1.4°2 0.9 1.0°
(0.3} (0.3} {0.3) (0.3)
Shape: :
Club 1.3% 1.3% 1.1° 0.8%
(0.3) (0.2) (0.3) {0.2)
Cylindrical 6.6° 3.7° 4.62 3.8°
(0.6) (0.5) (0.6) (0.5)
Type: _ |
Complete 1.2% 0.22 0.8% 0.6°
{0.2) (D.4) {0.5) . (0.u) -
Complete 5.2° 3.7° 4.2% 3,62
intercepted (0.6) (0.6) (0.7) (0.5)
Fragmented 0.1 0.1° 0.05% 0.07°
(0.1) (0.1) (¢.1) {0.1)
Fragmented 1.4°% 0.9 0.6° 0.4°
intercepted (0.2) {(0.2) {0.2) ({0.2)

a, b = Least square

means with different letter within a row differ significantly

(P { 0.05) in the categories of Red & White and Black & White breeds.

1 =

Standard error within parenthesis.
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{P€0.01}) association between heéds of 8l sectors. The correlfation between

number of beads of base (BB} and middle {BM} sectors was 0.58. A smali
correlation was observed between beads of base and wpper sector. Base sector

beads were positively correlated (r = 0.35). The correlation between beads of

middle and upper sector was 0.51 (Table 37). On the contrary, the beads of

each secior were highly correlated with beads of muzzie (BTO0). The association
between base and middle sector indicated the presence of similar characteristics
in both sectors. It, however, did not indicate similar distribution of
characteristics in concerned sectors. Similar indication was provided by the
correlation betw.een_ beads of middle and upper sectors. The medium level
correlation of base and upper sector beads to the beads of middle sector
indicated that the distribution and arrangement of such characteristics got
altered in middle sector. This hypothesis got strengthened by observance of
low correlstion between bheads of base and upper sector {r = §.35) {‘fable 37}.
The beads of each sector showed dependencies to the beadé of muzzie (BTQ)
due. to their common origin but reveaied difference of distribution in each
sector. _

The number of right (RR) and left (RL) ridges were highly associated
with basé _seciox_* ridges (RTRB) dve to their common origin. Moreover, it
indicated maximum occurrence of ridges in the base sector. Lcw coefficients of
correlation of 0.4 v\ia_s observed for both right and left ridges with middle
séctor ridges (Table 38), The right and left ricges were highiy correlated with

right {PRR) and left {PRL) pattern ridges. The correlation coefficients among

ridges and pattern ridges of respective sides were 0,8 in both the cases

(Table 38). The high correlation among them indicate concordance between
ridges and pattern ridges of both sides. Therefore, the ridges which were

arranged around particular point of the muzzie to form pattern were callied

pattern ridges. This arrangement was thus used as an asset to classify
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sectors and standard

Table 37. Correlation between number of beads of all
deviation of beads of all sectors {n=596).
Sectors sd BM BU BETO
BB 25.8 0.58%%% 0.35%%** 0.79%*+*
BM 19.6 0.51%%% 0.83%%*
BU 27.4 0.77%%%
BTO 58.3
*k* = Sjignificant at P{ 0,007,
Table 38. Correlation between number of ridges of all sectors and standard
deviation of the ridges of all sectors (n=598).
Sectors sd RL RTB RM . RGT PRR PRL PRTO
RR 3.9 Q.8%%% (7KK QRAK  Q GRER  ( GRRK JRAR  Q_gHwk
RL 3.9 0, 7%%% g yx%x @ gX%F  ( TERk p gFk%  (,GF¥*
RTB 3.8 0.5%%% ,0%%%  (,5%%%  ( Gkkx  ,7xxx
RM 3.4 0.7%F%  ( 4*%% g fF¥x g [FE*
RGT 7.2 0,5%%%  (,5k¥% g, Ghkn
PRR 2.1 0.8%%% g gx**
PRL 3.4 0.8*%%
PRTO

#%% = Significant at P { 0.001.
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and icentify the individual muzzle. Otherwise, there was no marked difference

between ridges and pattern ridges of the muzzle.
The base sector ridges were significantly (P<0.01) correlated with
middle sector ridges and the correlation coefficient was 0.5. The observed

medium level correlation was due to the distribution of base sector ridges to

middle sector which is similar to the findings in case of the association between
beads of base and middle sectors. Thu;, middle sector was the common area

affected by the characteristics of base as well as upper sector and, therefore,

most of the patterns were located in the lower half of the muzzle. The

correlation coefficient of 0.9 was observed between ridges of base sector and
ridges of muzzle. The middle sector ridges were also correlated (r = 0.7) with

the ridges of-r.nuzzle. The high correlation between base and middle sector
ridges with muzzle indicated prevélence_ of. ridges in fower half area of the
muzzle. The middle sector ridges were slightly associated with right, left and
total pattern ridges (PRTO) where the correlation coefficients of 0.4 were
observed for. right, left and total p-attern -ridges, respeciively (Table 38). The
lower degree of association was due_ to presence of those pattern ridges which
were long enough to cross the base sector.

The correlation coefficients among beads and ridges of all sectors are
presented in Table 39. The ridges of all sectors .including both sides were
negatively associated with beads of base sector. The correlation wére highly
significant (P{0.01) and ranged from -0.3 to -O.é {Tabie 39). .The right and
left ridges as well as pa_ttern' ridges (righi: anld left) were also slightly
associated with beads of base sector. The correlatio.n coefficients were -0.4 for
both right and left ridges and -0.4 and -0.3 for right and left pattern ridges,

The low correlation indicate minor bead effect on the distribution of ridges and

pattern ridges of both sides. The correlation between total ridges and beads of
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Table 39. Correlation between beads and ridges of all sectors (n = 5396),

Sectors/
sides BB BM BU BTO
RR -0, Hx -0, 3HH 0,020 g, 3r
Rl ~G. y*F% - 3 EE o.oa“s e P Lt
RTB ”GUG*** —ﬂnu*** -Oa002NS "0.4***
RM | -, REx Y hededd -0, 2% aQ Bk
RCT g gra Q. GhR —0.067° —0 5%
ook L3 Ns ik
PRR “0.“* "0.2* * 0-05 "002
k& Ak NS *kk
’PRL "0!3 '!"0.2 0.07 _0-2
PRTO =( G¥EF =0, 3FH* 0.08% =0, 2%%%
* = Significant at P { 0.05.
k= Sign_:ificant at P ( 0.001.
NS = Non-significant.
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base sector was higher {r = 0.8} than that between right and left ridges and
pattern ridges and beads of the base sector. This varistion exhibited .effect of
beads on the ridges quantitatively but distribution of ridges and pattern ridges
remained unaltered. Since most of the ridges on the muzzie were present in
base sector, relatively high correlation {r =-0.6) was observed between ridges
of the muzzle and beads of the base sector (Table 39).

The correlation between beads of middle sector and ridges of alil
sectors including both sides ranged between -8.,2 and -0.7 {Table 39), The
highest correlation {r = -0.7} was observed between ridges and beads of middle
sector (Table 39). The correlation between ridges of the muzzle and beads of
the middie ‘sector was moderate and negative {r =- -0.5). The correlations among
upper sector beads and ridges were largely non-significant and very low. This

indicated that the ridges had little influence on the beads of the upper sector.

In addition, the upper sector was the area where only beads were- disturbed

and no such pattern existed.

8.9.2 ASSOCIATION BETWEEN PATTERN RIDGE CHARACTERISTICS

'i'hé correlation among major class of paittern ridge characteristics are
presented ‘in Table #0. The correlations were generaily low and in most of the
cases non-significant. This suggest that the pattern ridges of major class "were
eﬁtiraly different from each other.

The correlation_s between pattern ridge characteristics and other ridge
characteristics, nomely, length, shape and types are presented in Table 41. A
highly significant correlation of 0.5 wes observed between long and undulated
pattern ridges. Thus, it indicated that the undulated pattern ridges would be
fonger than the other pattern ridges of majorl class. The association of same

magnitude (r = 0.5) was also observed between small and straight pattern ridge,

which points to the fact that most of the small pattern ridges were straight
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Table 46. Correlation between pattern ridge characteristics {6=539).

Pattern !"-idges Undulat ) ir
(major class) Curved ] Tented ulated Bifurcated
Straight 0.007NS G.OZNS -8, ]3%5%% B.GQGNS
Curved 0.067> 0.0006N> 6.0sNS
Tented .0.008N> 0.06N®
Undulated O.DSNS

% = Significant at P £ 0.001. NS = Non-significant.

Table #1. Correlation between patterr ridges of major class and other
characteristics of the pattern ridges (n=539). |

Other | Major_class

| _characteristics - iStraight  Curved  Tented Unduiated  Bifurcated
Length: . |
Long [ R 0.3%% 0. 2%k 0. 5% 0,3%%%
Medium N L W LI Yo UL 005" 6.06N°
small u5rx guarex 0,03 g% ~0,06N°
Shape:
Ciub G, 2%%% @2k g jhe4 6. hwx 0. 1%%
Cylindrical 0,5*%* O, 5k%% 0.2%%% [ I T 2%k
Type: NS
Compiete 0.3 D 2%F% g yRRE 0., 2%4% 0, T%%
Complete intercepted G, G¥F* G, 3%k O, 1H%* 0, 2%E% 0.1%*
Fragmented g, Hx% 8.1* —0.04“5 g, OZNS G.OENS
Fragmented g.1% 0.1% 0.1% 0.07M° 0.04NS
intercepted

* =  Significant at P ¢ 0.05.

** = Significant at P { 0.01.
*¥*% = Significant at P { 0.001.
NS = Non-significant,
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ones. The cylindrical shape was better associated with straight and curved

pattern ridges, The correlation coefficients were 0.5 for both straight and

curved pattern ridges. Overall, the pattern ridges of major class showed greater

affinity towards cyli_ndric.al shape than club shape.

§.5.3 MUZZLE CHARACTERISTICS AND MILK YIiELD

First lactation yield (305 days) was correlated subsequently with all
muzzle characteristics and their correlation coefficients ar;e presented in Table
42, The beads of all sectors as well as muzzle were negatively correlated. with
first lactation vyield. The coefficients of correlation between them were
significantly low and ranged between -0.2 and -0.% (Table 42). On the ceontrary,
the ridges of ba_!se {RTB), middle (RM) and muzzle as a whole {(RCT} were
positively correlated with first {actation (305 days} ‘milk yield, but their
correlations were low. Correlations in case of ridges and pattet;n ridges of beth
sides, were observed to be ﬁon—signiigicant.

in generat, the low correlations between first lactation vield and beads
as well as ridgés can be attributed to the co!iaéari;ty among the characteristics.,
Moreover, the low association suggest phenotypic nature of the clharacteristics _
which may oniy have their bearing on morphological characteristics and little

effect on traits iargely determined by genotype of the animal within an

environment.

n.9,4 PATTERN RIDGE CHARACTERISTICS AND MILK YIELD _

The straight and undulated pattern ridges were significantly associated
with first lactation vyield (Table 43). Stiraight pattern ridges were negatively
(r = -0.2) and unculated pattern ridges were positively {r = 0.3) associasted
with first lactation yield (305 days). The rest of the characteristics were not

associated significantly with first lactation vyield. This result also support
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Table #2. Correlation between first lactation vyield (305 days) and wmuzzle
characteristics (n=251).
Muzzle First lactation vield
characteristics (305 days)
BB =0, 2%%%
BM ~(. Yx*x*
BU _0.3***
BTO =0 g***
RR 0-03NS
RL 0.1N3
RTB 0.2%*
RM 0. 3%%%
RGT 0 2kk%
PRR -O;OHNS
PRL 0.03Ns
PRTO ~0.02N3
*k = Significant at P < 0.01,
*** = Significant at P ¢ 0.001.
NS = Non-significant.
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Correlation between first lactation vyield (305 days) and pattern

ridge characteristics {n=229j.

Table 43.

Pattern ridge

First lactation yieid

characteristics (305 days)
Major Class;

Straight ~0,2%%
Curved —D.DI;NS
Tented 0.017°
Undulated Q. 3%%%
Bifurcated -5.03M°
Length:

Long 0.1 NS
Medium -O.OGNS
Small =0.1 NS
Shape:

Club ~0.1N®
Cylindrical 0.01NS
Type:

Compleate -0 .OOHNS
Compli ete intercepted 0.01 LN_ES
Fragmented ~0.05M5

Fragmented intercepted

*% = Significant at P { 0.01.
**% = Sjignificant at P ¢ 0,001,
NS = Non-significant.
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morphological nature of the pattern ridge characteristics. Similar Indications

were earlier obtained in all comparison of milk yield and muzzle characteristics.

k.9.5 ASSOCIATION BETWEEN RESIDUALS OF FIRST LACTATION YIELD (365 DAYS)
AND MUZZLE AND PATTERN RIDGE CHARACTERISTICS

The residuals, which are independent from their nuisance effects, for
first lactation vyield (305 days) were calculated applying Model-i1, whereas,
Model-11l was wused to calculate the residuais for muzzle and pattern ridge
characteristics. The residuals of muzzie and pattern ridge characteristics were
then correiated with the residuals of first lactation yield. The coefficients of
correlation among the residuals of muzzle characteristics and first lactation yield
are presented in Table 44 which jndicate their extremely low and non-significant
association with first lactation yield. Similar ;resu!ts were alse observed among

various pattern ridge characteristics, where none of the pattern ridge.

cheracieristics were significantly correiated with first lactation yield

{Table 45).

4.9.6 MUZZLE CHARACTERISTICS AND AGE AT FIRSI CALVING

The coefficients of correlation beiween age at first cé(ving and muzzie
characteristics are presented in Table 46. Beads of all the sectors were
positively correlated with age at first calving. The beads of mliddle-(BM] and
upper {BU} as well as total beads on the muzzle (BTO} were significantly
(P {0.05} correlated. The correlation coefficients were 0.2, 0.1 and 0.1,_
respectivety. for the beads of middle and upper sectors as well as muzzie. On
_the contrary, the ridges were negatively correlated with age at first calv.ing,
where significant (P{0.05) correlations were observed for the .ridges of base
(RTB} and middie (RM) sectors as well as muzzle {RCT)}. The pattern ridges
were positively correlated. QOverall, the correlation coefficients were very low

and thus, no proper conclusions can be drawn,
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Teble 44, Correlation between residuals of first lactation yield (305 days} and
muzzle characteristics (n=241}.

Muzzie First lactation yield
characteristics {105 days)

BB ~0.1NS

BM -0, 1%

BY ~0.002™°

BTG L

RR 0.03M>

RL 0.03N3

RTB 0,077

RM : - 0,08

RGT 0.090°

PRR | 0.0uM3

PRL 0.08Ns

PRTO | 0,06 NS |

“.
il

Significant at P ¢ 6.05.

NS Non-significant.
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Tabie 85.. Correlation between residuals of first lactation yield (305 days) and
pettern ridge characteristics (n=216),

Pattern ridge First lactation yield

_ characteristics {305 davys)
Major Class:

Straight g. INS
NS
Curved -0.02
NS
Tented 6.05
Undulated O.ZNS
Bifurcated —0.007NS
Length:
Long O.GBNS
. NS
Medium 0,02
: NS
Smail -0.03
Shape: 1
Club - 0,04
- - NS
Cylindrical 0.05

" Type:

4 Complete -O.OGNS
Complete intercepted 0.07”5
Fragmented ?O.OSNS
Fragmented intercepted <0 N3

NS = Non-significant.
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Table 46, Correlation between age at first calving, age at first service and
muzzle characteristics. '

Muzzie Age zt first calving | Age at first service
characteristics {303 days] n=375 - p=296
BB g.05™° -0.06™°
B 8. 20%%% 8,17
211] §.1% - ‘-"U.-O?NS
BTO 0, 1%% -0.02M3
RR -0, 050 ~0.048°
RL 0,087 -0, 05
RTB '”ﬂ«'l* : "OwQuNS
RM wfy, PHH | ‘“O.INS
RCT -0, 1% 0,045
PRR 6. 01N 0,018
"PRL 09173 ~0.03M°
. PRTO 0. ouNS 0.01N"

* = Significant at P{ 0.05.

ik = Significant at P { 0,01,

*¥% = Sigpificant at P ¢ 0.001.

N3 = Non-significant.
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£.9.7 PATTERN RIDCE CHARACTERISTICS AND AGE AT FIRST CALVING

Ail other pattern ridge characteristics except straight (r = 0.2), small

{r = 0.1}, club shaped {(r = 0.1) and fragmented intercepted type

length

(r = 0.1) pattern ridges (Table 47} were associated non-significantly with age

at first calving. The magnitude of association in general was very small and,

therefore, no conclusion could be drawn.

4.9.8 MUZZLE AND PATTERN RIDCE CHARACTERISTICS AND AGE AT FIRST SERVICE

Various muzzle characteristics were negatively associated with age at
first service. The correlation coefficients were extremely low and have .been
presented in Table #6. In case of pattern ridge characteristics, a significant
association was observed with -small length and fragmented intercepted péttern
ridges. The colrrelation coefficients were‘_ 0.1 _fdr both small length and

fragmented intEI"_CEp'tEd type pattern ridge (Table ui)'. The low association

further strengthen the possibility of the morphclogical nature of the pattern

ridge characteristics.

8.9.9 MUZZLE AND PATTERN RIDCE CHARACTERISTICS AND CALVING INTERVAL
The association of calvirg interval with all muzzle characteristics was
non-significant. However, it was observed that the beads of all sec_tot"s and

muzzle were negetively correlated {Table #8}. In case  of patte.'m ridge

characteristics alse, similar correlations were observed, where straight
(r = «0.08), undufzted (r = =0.03), bifurcated (r = -0.04), long (r = -0.'01],
smaill length (r = -0.02), club shape (r = -0.1), complete intercepted (r = ~0.03)

and fragmented (r = -0.08) type pattern ridges were negatively correiated with

calving interval (Table 49).

4,9.10 ASYMMETRY OF THE MUZZLE

In most of the patterns, the ridges and pattern ridges were distributed

into right and left halves of the muzzle, therefore, asymmetry may be
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Table 47. Correlation between age at first calving, age at first service and

pattern ridge characteristics.

Pattern ridge Age at first calving Age at first service
characteristics (305 days) n=338 n=266
Major Class:

Straight 0.2%* 0.1
Carved 0.001™ ~0.01M®
Tented a.05™° 0.02"®
Undu!ated ~0.08M 0,01
Bifurcated ﬂ.GINS -B.GINS
Length:

L.ong -0.07.”5 -0.1 NS
Med ium d.08N3 0.05M°
Smail 0.1%* 0. 1#%
Shape:

Clab 0.1% 0.
Cylindrical 3.62NS ' -Q.OZNS
Type:

Con;lpiete -O.OBNS _ -—(].09NS
Complete intercepted U-O7ﬂ.s O'.Osﬁs
Fragmented -0.03"" -0.07"°
Fragmented intercepted ' 0, 1% 0. 1%%

* = Significant at P { 0.05.
*k = Significant at P { 0.01.
NS = Non=-significant.
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Table 48. Association between calving interval and muzzie characteristics
{n=217}.

Muzzle characteristics Calving interval
EB -0.1”5
BN *0.09“5
By -0.004™S
BTO -0.08NS
RR 0. 01N
RL 0.03"S
RTB 0.09"S
RM 0.1N®
RGT o.M
PRR ~0.0sNS
PRL 0,02
PRTO 003N

NS = Non-significant. .
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Table 49. . Correlation between calving interval and pattern, ridge
characteristics.
Pattern ridge Calving interval
characteristics n = 185 -
Major Class:
Straight ~0.,08M°
Curved G-GSNS
NS
Tented 0.05
Undulated ‘-O.OBN-S
Bifurcated ~G. 04 NS
Length:
Long - -ﬂ.ﬂi-Ns
Sinall -0.02N°
. . NS
Medium 0.02
Shape:
Club 0,18
Cylindrical 0.03™°
Type:
NS
Complete . 0.3
Complete intercepted -0. UBNS
Fragmented ’ -»D.OBSS
Fragmented intercepted O.DGNS

N5 = Non-significant.
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suspected. The asymmetry can also be suspected between 40 percent area of the
base and upper sectors of the muzzle. This.problem was diagnosed by studying
association between characteristics for right and left halves as well as between
base and upper sectors. Though the correlation between right and left ridges
was 0.8 (Table 38) which was ver;y high and highly significant, but it was not
encugh to prove complete symmetry between right and left halves. In case of
symmetry, the association between them should be unity. Similar results was
also observed in case of right and left pattern ridges’ which further reflected
asymmetry between two res;é:ective halves. The association betwe_en beads of the
upper and base sector was low (r = 0.3, Table 37). This proves marked
difference between 40 percent area of the base‘ and upper sector. These

observations indicated - that the niuzzle exhibited complete symmetry neither

area-wise nor the right and left halves are symmetrical.

4.9.11 CANONICAL CORRELATION

The correlations among wmuzzle characteristics were moderate, the
largest being -0.7 between ridges and beads of tl;ae ‘middle sector (Table 39).
There were within characteristics correlations of the order of 0.8 between
beads of all sectors (BB, BM, BU) and beads of the muzzle (BTO) -(Table 37},
0.8 between right and left ridges, 0.7 between ridgés of base sector and right
as well as left ridges, 0.9 between ridge.s of base sector and ridges of muzzle
(RCT), 0.6 between ridges of muzzle and right and left ridges. The pattern
ridges were also correlated with other ridge characteristics at near same
magnitude except with the ridges of middle sector (Table 38]'. Whereas, the
association between pattern ridges of major class and other pattern ridge
characteristics were low to moderate (Table #1). The correlation coefficients
indicated colinearity among them. Due to dependencies the phenotypic association

between the muzzle as well as pattern ridge characteristics and first lactation



110

yield may be ambiguous. The canonical correlation was, therefore, attempted to
correlate the muzzle and pattern ridge characteristics by reducing dependencies

ariong them with the residuals of first lactation yield (305 days). Model-11 was

applied in order to obtain first lactation free from nuisance effects. The

canonical correlation between muzzle characteristics and first lactation vyield

(residuals} was 0.2 with standard error of 0.06. The likelihood ratioc of 0.96

indicated non-significant canonical correlation (Table 50). The canonical
correlation of 0.3 was observed between pattern ridge characteristics and
residuals of first lactation yield (Table 50). The standard error was 0.06 and

the likelihood ratio of 0.9 indicated non-significant association between them.

.10 - CLASSIFICATION OF GENUSES

The measu:rements from a total of twenty-four characteristics of muzzle
including pattern ridge cha'r;':léteristics were used to classify the zebu, taurus
and their crosses from each other. The least square means and standard errors
of such characteristic, hamely,' total nu‘mber- of beads at base, middile and

upper sectors, total number of ridges in middle sector and muzzie, total number

of pattern ridges in muzzle, number of straight, curved, tented, undulated,

bifurcated, long, medium and small length pattern ridges, complete, complete
intercepted, fragmented, fragmented intercépted types, club and cylindrical

shaped pattern ridges are given in Table 25 and 26. The percentage of

straight, long, smali and cylindrical pattern ridges were calculated and

subsequently included in the observation., A total of 537 observations were

included in this énalysis. The generalized squared distance (Mahalanobis

distance) were calculated and have been presented in Table 51.

It was observed that the Mahalanobis distance between Bos Indicus and

Bos Taurus was very high (7.9). The distance between Bos Taurus and




Table 50. Cancnical correlation between residuals of first lactation vyield

(305 days) and muzzle as well as pattern ridge characteristics.

s Canonical Likeli- | Approx. (Num.* {Den.*
Characteristics correlation SE heod F df. df. F

ratio

_ NS
Muzzle (n=241) 0.2 0.06 0.96 0.82 i1 229 0.6
Pattern (n=216} 0.3 0.06 | 0.91 1.35 14 201 _O.ZNS

NS = Non=-significant.
Num.* = Numerator.
Den.* ‘= Denominator.
Table 51. Mahalanobis distance between genuses (n=537).
Genus!crdssbrec! Generalized squared distance
Bos Indicus - Crossbred 2.8
Bos Indicus - Bos Taurus 7.9
Bos Taurus - Crossbred 7.2
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crossbred was also high (7.2}, On the contrary, the distance between Bos

Indicus and crossbred was less (2.8). The generalized squared distance was

used as classification criterion to classify the genuses and crossbred. The

number of observations and percentage of classification of each genus and

crossbred exactly into their respective classes including number and percentage

of misclassification are presented in Table 52.
The classification result revealed high percentage of exact classification

of Bos Indicus (zebu) into their respective class. The péréentage of

classification was 78.6 (Table 52). Whereas, the percentage of misclassification

of zebu into crossbred and taurus class were 17.5 and 3.9. In ‘case of
crossbred, only 76.3 percent animals were accurafely classified into their class
and 17.3 and 6.4 percent animals  were misclassified into zebu and- taurus
classes. The classification analysis thus indicated around Same per_'ceﬁtage of
misclassification of zebu Iinto crossbred -and vice-versa. Comparatively high
percentage (84.1] of animals were classified as taurus cattle where the rate of
misclassification into zebu and crossbred cattle were 6.8 and 9.1 percent. The
analysis indicated maximum percentége of misclassificatiqn of animals into zebu
-and crossbred class which can be attributed to the .similarities of some muzzle
characteristics among theh‘a. Further, it also suggested the influénce. of zebu

inheritance on crossbreds. No proper inference could be drawn in -case of some

percentage of misclassification observed in taurus and zebu except that it might

indicate common ancestry of the cattle.

4.11 CLASSIFICATION OF BREEDS

Similar characteristics were used to classify the breed_s. .The least
square means and standard errors for such characteristics are presented in
Tables 27 and 28. Since the classification criterion was based on generalized
squared distance, the Mahalanobis distance between breeds were calculated and

are presented in Table 53. The generalized sqﬁared distance between Tharparkar
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Table 52. Number and percentage of observation classified and misclassified

into genus/crossbred.

Genus/ Bos Indicus Crossbred Bos Taurus
crossbred n % n

Bos Indicus g1 78.6 17.5 4 3.9
Crossbred 60 17.3 76.3 22 6.4
Bos Taurus 6 6.8 9.1 74 84.1

Table 53. Mahalanobis distance between breeds (n=537).

=

Breeds

Generalized squared animals

Ti'larparkar —- Sahiwal
Tharparkar -~ Karan Swiss
Tharparkar - Karan Fries
Red & White
Black & White
Sahiwal - Karan Swiss

Tharparkar
Tharparkar

Sahiwal - Karan Fries
Sahiwal - Red & White
Sahiwal - Black & White
Karan Swiss - Karan Fries’
Karan Swiss ~ Red & White
Karan Swiss - Black & White
Karan Fries - Red & White
Karan Fries - Black & White
Red & White - Black & White

4.1
3.1
5.2
12.0
14.0
4.0
4.1
7.8
10.1
i.8
11.8
. 12.4
6.9
7.5
2.3
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and Red & White as well as Tharparkar and Black & White breeds were 12 and

14 (Table 53) which are quite high. Therefore, no percentage of the Tharparkar

breed was misclassified into Red & White and Black & White breed. Similarly,

Sahiwal showed high distance with Red & White (7.8} and Biack & White (10,7}
breeds and hence, low percentage of Sahiwal breed was miscliassified into Red
& White and Black & White breeds. The percentage of misclassification inte both
the bréeds were 1.5 (Table 54). Karan Swiss breed have also indicated high
generalized squared distancé ‘with Red & White (11.8) and Black & White (12,4)
breeds thus resulting in 0.9 percent of misclassification into both Red & White
and Black & White breeds. In case of Karan Fries breed, the distance with Red
& White__énd Black & ;&fhite breeds were 6.9 and 7.5, respectively, where 3.8
and 6.8 percent animais. were lmi'sc_:la“_ssified ‘into Red & White and Black & White
breeds, respective{y' {Table 58). The generalized squared distance of 1.8 was
observed between Karan Swiss and Kafan Fries breeds (Table 53). Due to less
generalized squared distance betweer Karan Swiss and Karan .Fries, a high
perceﬁtage of misclassiﬂﬁat'ion of K__a_ran Swiss cattle into different breeds were
hbserv_ed. ”fi_ne percentage of misclassification of Karan Swiss inio Tharparkar,
Sahiwal and Karan Fries breeds  were 18.8, 12.5 and 17.0, respectively
(Table 54). Only 50 percent Karan Swiss animals were accurately classified into
their own «class. In case of: Karan Fries breed, the percentage of
misclassification were 3.8, 7.7, 19.7, 3.8 and 6.8, respectively, into
Tharparkar, Sahiwal, Kara;: Swiss, Red & White angd Black & Whi-te cattle. Only
58.1 % animals were exactly classified into their owe class. The less generalized
squared distance between Red & White and Black & White catt!el (2.3} resulted
in high pefcentage {20) of mi.sclassification of Red & White cattle into Black &
White cattie. Moreover, the Red & White cattle were also misclassified into

Tharparkar, Sahiwal and. Karan Fries breed where the percentage of
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misclassification was 6.7 in Tharparkar and Sahiwal breeds and 8.9 percent

animals were misclassified into Karan Fries breed. Only 57.8 percent animals

were exactly classified as Red & White breed. In case of Black & White breed,

6§0.5 percent animals were exactly classified as Black & White breed. The

classification analysis indicated 23.3 percent Black & White animals were

misclassified as Red & White animals. The percentage of misclassification of

and Karan Fries breeds were U4.6 and 11.6

Black & White breed inte Sahiwal

percent.
Table 54, Number and percentage of observations classified and misclassified
into breeds.
_ TH SW. KS. KE. RW. BW.
Breeds - -
n % n % R % n % n % n %
Tharparkar 26 68.4 7 18.4) 4 10,5 1 2.6 0 0.0 { 0 0.0
Sahiwal 8 12.3|46 70.8| 5 7.7/ 1 1.5( & 6.1 1 1.5
Karan 5wiss 21 18.8 |14 12,5156 50.0( 19 17.0 i 0.9 1 0.9
Karan Fries g 3.8 18 7'.7 46 19.7 {136 5B.1 9 2.8 |16 6.8
Red & White 3 6.7 3 6.7 0 0.0 ] 8.9 |26 57.8 | 89 20.0
Black & White (] 0.0 2 k.6 0 0.0 5 11.6 |10 23.3 |26 60.5

Tharparkar, SW. = Sahiwal, KS. = Karan Swiss, KF. = Karan Fries,’

* Indicate, TH.
Red & White and BW. = Black & White breeds.

m.

The percentage of exact classification of Tharparkar and Sahiwal breeds

were 68.4 and 70.8 (Table 54). Around 18.4, 10.5 and 2.6 percent Tharparkar

animals were misclassified as Sahiwal, Karan Swiss and Karan Fries breeds,

respectively. Similar finding was observed in Sahiwal breed, where 12.3 and

7.7 percent animals were misclassified into Tharparkar and Karan Swiss breeds.

B.12 TO DETERMINE THE AGE WHEN MUZZLE DERMATOGCLYPH BECOME PERMANENT

The least square means for the number of beads in each age group were

calculated applying Model-1V. The least square means for each age group are
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presented in Table 55. The least square means ranged between 45.7 and 13.1
for ¢ to 14 months of age. The result indicated continuous decreasing trend in
number of beads in the middie area of the muzzle of each age class. Thé fegst
square means of the beads revealed that the number of beads were higher in
younger aged &animals as compared to that in the clder animals. The least
square means of the beads in specified area of 1.5 cm? were 45.7 at 0 to 6
months age and 30.9 at 6 to 12 months. The least square means of these two

age classes differed significantly (P{0.05} {(Table 55).

Tabie 55. Least sgquare means {(LSOM) and standard error {SE) of the beads in

specified area of 1.5 cm2 of the muzzle print of animals (n=#69).

sl. Age groups o “Beads
No, {months) : LSom _SE

1 1. 0- 6 49 45.7% 1.1
2. 6 - 12 47 30.9° 1.1
3. .12 - 18 21 24.3° 1.7
§. 18 - 24 35 24 .5 1.3
5. 2% - 36 106 21.8%¢ 0.8
6. 36 - 48 67 18.7%¢ 0.9
7. 48 - 50 4g 17.9%8 1.1
8.  &0.- 72 26 17.559¢f 1.5
9. 72 - 94 26 16,1 1.5
10, 84 - 96 17 TN 1.9
- 11. 96 - 120 17 11.st 1.9
12, 120 - 44 11 13.19f 2.3

* = a, b, ¢, d, e, f feast square means with different letter within column
differ significantiy (P £ 0.05}.

This difference indicated that the number of beads in specified area of
the muzzle declined as the age advanced. A significant reduction was also
chserved at 12 to 18 months of age, where the least square means of the beads
were 24.3. Differences between the least square means of the beads of 12 to 18

months and 18 to 24 months age class were non-significant. The least square
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means of the beads for 18 to 24 months age class was 24.5 (Table 55). Thus,
the reduction was :ﬁore marked till -12 to 18 months of age and very less after
this age. There appears ioc be a cosstant rate of bead development upto a given
age of the animal. In the present study, this critical age appeared to be upto
18 or 245 months of age from where on the change in the number of beads was
negligible, Therefore, the changes between 18 and 24 months, and 24 and 36
months age class were not significant. The least square means of 18.7, 17.9,
17.8, 16.1 and 16.4 beads were observed for-3(_i to 48, llB-to 50, 60 to 72, 72
to 84 and 84 to 96 months age groups, respectively, and the differences among
each other were non-significant {Table 55). After 86 months of age, the
reduction on the pumber of beads were irreguiar ﬁhich may be due to less
number of animais iﬁ that ciass.

The corre-iation coefficient between age and:- number bf beads .was
highly significant- (P{0.01) and indicated moderat-*.e'association between age and
the numbher of beads. !-.Iowev'er,' the correlation coefficient was negative. Thus,
as the animal advanced in age, the tctal. number of beads was reduced
gradualiy (Teble 568}, This confimad ‘the earlier findings that the presence of

beads or the muzzle were age related and got reduced ss the age advanced.

Table 56. Correlation coefficient of  the beads and the
age of the animal. ) :

_ Characteristics Age

_0 .6*** '

~ Beads

¥¥%X = Signiticant at P ¢ §.001.
The result indicated contipuous decreasing trend of number of beads in

the specified area of the muzzie, This decreasing trend suggested the
possibility of age determination. Non-significant difference observed between 12
to 18 and 18 to 24 months age class suggested no change in the size of muzzle

characteristics after this age. Therefore, it is deduced that after 18 to 24
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months of age, the muzzle will have Jlittle c¢hange in the size -of the
characteristics. The muzzle print taken before the recommended age may bring

confusion due to change -in the size of the muzzle characteristics. However, the

muzzie print taken after the recommended age may not be ambiguous,
Thus, the present iovestigation revealed that varicus muzzle and
pattern ridge characteristics were significantly different among ail the breeds

studied In the present study. Most of the muzzle oand pattern ridge

characteristics of Karan Swiss and Karan Fries indicated same concordance with

Sehiwal and Tharparkar breeds. While that of Red & White and Black & White
breads revealed great concerdance among them. These resuits were confirmed by
discriminant anéiysis procedure, where the muzzie and pattern ridge

characteristics ~were studied together. The resuit of discriminant analysis

indicated high pe’rcentage- of misclassification of Karan Swiss and Karan Fries

breeds in Szhiwai and Tharbarkaf‘ cattle. A high percentage of misclassification

was also observed In Red & White into Black & White and vice-versa., Iln Karan

Swiss and Karan Fries 5rieeds, the high bercenzage of misclassificatiqn appeared-
to be related to genetic make up of thesé breeds. The misclassification of Red
& White into Black & White and wvice-versa alsec seemed reisted with genetic
structure of these breeds. Another reason for the breeds exhibiting different
degrees of n&isclassifiéation can be attributed to common ancestry of all cattle
breeds. The .resul_ts obtained in this study thus, indlcated a possibility. of
breed characterisation based on muzzle characteristics. in 6rder to achieve
very high percentage of classification rate, @ further Investigation in this
direction Is required, where the muzzle. and pattern ridge characteristics may

be combined with those most important morphological or anatomical traits of

body confirmation of the animai which are considered for breed characterisation,
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The correlétion between characteristics indicated general distribution of
various characteristics on the muzzie. The association of the muzzle and pattern
ridge characteristics with first [lactation 305 days milk yield, age at first
calving, age at first service and calving interval suggest that there appéars to

be no genetic association between muzzle characteristics and those responsibie

for productive and repreductive performance and these traits only appeared to

determine the phenotype of -the animals.



CHAPTER - 5

SUMMARY AND CONCLUSIGNS




5. SUMMARY AND CONCLUSIONS

The studies on the characteristics of the dermatogiyphics of muzzle in

dairy cattle are very scant. An attempt was, therefore, made to observe various

characteristic features and muzzle patterns on dairy cattle. The identified

characteristics and patterns are helpful in identifying the animal;. These

findings can be of great help in solving the disputes pertaining to correct
jdentification of animals. |

The muzzie prints of "!‘harparkar, Sahiwai,_ Karan Swiss, Karan Fries,
Red & White and Black & White animals were taken by modified cy‘clostyie ink’
procedure of study ‘various charécteristics, pétterﬁs_ and possible use in
-identifying the animéls. The muzzle prints of all the animals ['n = 6'02}' were
divided into three main sectors, namely, base, middle and ﬁpper sector, The
sectorial division was based on the length of muzzle print. The distrébution
and a.r-'rangemant of ridges, patter"n ridges and beads were studied 'in orr:!er to
e;camine patterns on the muzzie. At the beginning, the muzzie prints were
divided into three main categories, namely, grooved, non-grooved' and special
category. These categories were further divided into various cléss-es called
patterns. Out of 14 identified patterns, the grooved category compriSed of 6
patterns. The non-grooved and special categories were classified into 5 and 3
patterns;, respectively. Altegether, around 850% animéls confirmed. to 3 categories
of patterns based on the arrangement of pattern ridges. The animais distributed
into the patterns based on distributed ridges and beads were less, i.e., 5.8
and 3.8 percent, respectively. The percentage (0.67) of animais failing in

special category were wvery less. The criterion for classification followed here

indicate the importance of the pattern ridges in identifying the animals.
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Based on their characteristic features, the paitern ridges ﬁvere
ciassified inte & major classes, namely, straight, curved, tented, undulated,
bifurcated and rﬁiscelianeous class. Eaéh ciass was further ciassified into minor
classes. Moreover, the length, shape and type of pattern ridges were also
recorded and classified. The length of the pattern ridges was classified into
3 groups, i.e., long, small and medium. Two shapes, namely, club and
cylindrical were observed. The pattern ridge types were classified into 5
classes, namely, complete, complete intercepied, fragmented and fragmented
intercepted. |

The classification of pattern ridge characteristics will be of immense
help in solving the disputes arising out of identical nature of the muzzle prints
of whom the angle 'is also the same. |

The secondary classification of muzzle prints was developed for
individual identification of a#ima!s.‘_fhe basis of secondary classification was
the maximum utifisation of !.ﬁghly variable characteristics from all sectors to
develop easy and reiiable identification system. The coefficients of variation for
beads at base and middle, ridges at base and middle as well as pattern ridges
in the muzzle were very high. The pattern ridges were used to code the base
sactors in the secondary classification, The exténded pattern ridges and number
of beads available in middle sector were used for coding the middie sector. in
case of upper sector, the beads were classified iInto five different ranges and
each range was assigned a Latin letter. The patters ridge numbers were used
to code the base sector. The frequency distribution of pattern riqge combination
inclicate great concordance among animals. One animal confound to more than one
class. This indicates fragile and irresolute nature of secondary code. Thus, the
secondary code may not be helpful in uniquely identifying the animal. A system

of sub-seconddary classification was developed to strengthen the coding system.
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in this system, pattern ridge angles were used instead of their numbers. The

concept of using pattern ridge angle was to obtlain a wide diversity on the
pattern ridges for individual identification. Alphabetic codes were used instead
of pattern ridge angles. An alphabetic index was developed where all possible

angles ranging from 0 to 180° were specified by separate alphabetic codes.
Thus, the final code for sub-secondary classification was developed by combining
the alphabetic code of the pattern ridges of base sector. Combination of
extended pattern ridge angle and number of beads present in middle sector and
Latin alphabet for upper sector. The final code so developed was the most
effective of all the codes and thus, it was possible to uniguely identify those
89.70 percent énimals in whom patterns were formed by pattern ridges. The
grooved and non-grooved categories. were distiﬁguished by drawing straight line
between numerator ana . denominator position ilndicatin‘g right and left halves of
the muzzle in case of gro.oved category. The absence of the straight tine in
that position indicated non-grooved category. The pattern based on distributed
ridges as well as beads were coded by writing total number of distributed
';'idges in base sector in non-grooved category. The total number of distributed
ridges present In right and left halves were written and were separated by
drawing straight line between ﬁdmerator and denominator pdsition in grooved
category. Thg code for middle secfor comp;'ised of aumber of distributed ridges
and beads present in middle sector. i‘be number of beads present in upper
sector were noted aﬁd used to code the upper sector., The final code was
developed by combining base, middie and upper sector codes. The finai code
thus developed uniquely identified §.80 percent animals belonging to this

pattern. The pattern formed by beads only were -exhibited” in- 3.8 percent

cases. The final code for such pattern was the combination of the codes of
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base, middle and upper sector, where pumber of beads present in each sector

were written. The developed code have thus uniquely distinguished each anrimal
falling in this c!asé.

The code for the patterns of special calegory were developed by
combining the pattern abbreviation and print pumber. Since, there were very
few animals (0.673) falling in this category, the developed coding system have
perfectly identified each muzzle print of animal belonging to this category.

The sub-seécondary classification has thus resulted in development of a
compact and unique coding system. The final code developed through this
system has no concordance with the codes of other animals and was unique of
each animal. The data was subjected to statistical analysis using least square

analysis of variance by OCeneral Linear Model Procedures. (SAS, 1992}, The

resuits obtained are summarised as under:

The muzzle .characteristics, namely, beads at base (BB), beads at
midd.ie {BM), beads at upper (BU}, beads in muzzle (BTO}, ridges
right side (RR), ridges left side (RL}), ridges at base (RBT), ridge
middie "(RM}, ridge grand- totai (RCT}, pattern ridge right (PRR],
pattern ridge left (PRL} and total pattern ridge {PRTO} were

significantly (P{0.05) different between zebus, taurus and their crosses.

The muzzle characteristics of zebe and crossbred indicated z very

little difference amoeng them. However, beads at middle sector - (BM]},

ridge at middle sector {(RM)} were significantly 69(6.05} different
between zebu and crossbreds. The muzzie characteristics of crossbreds
were mucﬁ closer to the zebus. Most of the muzzie characteristics,
némely, beads at base (BB}, beads at middle (BM), beads at upper
(BU), beads total (BTO), ridge right (RR), ridge left (RL), ridge base

(RTB) and ridge middle (RM) were statistically different (P {0.05)
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between zebu and taurus cattle. Though, the ridge grand total (RGT],
pattern ridge right {PRR), patters ridge left {PRL) and totai pattern

ridge (PRTO} between two genuses and crossbreds were statistically
indifferent.

The major class of pattern ridge characteristics were statisticaily
indifferent. The straight and undulated pattern ridges of zebu and
crossbreds were significantly {P{0.05) different from taurus cattle. The
long length pattern ridges were equally distributed in Botﬁ the genuses
and crossbreds, while the medium length pattern ridges were relatively
higher (P{0.05) in crossbreds than the zebu a&nd taurus cattle. The two
genuses and thelr crossbreds differ -significant!y (PL0.03) for small

fengih pattern ridges.

The differences in muzzle characteristics, namely, beads at base sector -
(BB) and beads at middle sector (BM]"émong' Tharparkar, Sahiwal and
Karan Swiss were non-significant, whereas, Karan Fries- was significantly
{F{0,05) different from Tha;‘parkar, Sahiwal, Karan Swiss, Red & White
and Black & White breeds for these charécteristics. fn generai, it was
observed that breeds Red & White and. Black & White contained less
number of beads in the base a.nd middle sectqrs.l ‘I;hereft':rg, they
differed significantly {(P{0.05) from Tharparkar, Sahiwal, Karan Swiss
and Karan Fries breeds. No differences -were observed _between Red &
White and Black- & White breeds with respect to their muzzle
characteristics. The beads of upper sector of Tharparkar, S5ahiwal 'and
Karan Fries indicated concordance among these tﬁree breeds. Similarly,
the beads of the upper sector of Karan Swiss were sim'iiar to Sahiwal
but were significantly {(P{0.05) different from Tharparkar, Karan Fries,

Red & White and Black & White breeds. Although no significant
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difference was observed between Reﬁ & White and Black & White breeds
but they were significantly {P{0.05) different from Tharparkar, Sahiwal,
Karan Swiss and Ksran Fries breeds; Overzll, it was obsasrved that Red
& White and Black & White breeds contained less number of beads in
the wpper sector than the_ other breeds, The right and left pattern
ridges of Black & White breed were similar to Red & White, Karan
Fries and Sahiwal breeds, but differed significantly from Tharparkar
and Karan Swiss breeds. Similarities is total number of ridges at base
sector {RTB] were observed between Black & White, Red & White, Karan
Fries and Tharparkar breeds. The ridge at base secior of Black &
White cattle differed s.ignificanﬂy from Sahiwal and Karan Swiss breeds.
Red & White and Black & White cattle breeds contained more number of
ridges in the middle s:ector'-wh-ich differed significantly (P£0.05) from
sll other breeds. In general, it was observed that the breeds Red &
White and Black & White contained mére ridges in right and left halves,
base and middie sectors than the other breeds. The number of right
{PRR) 'Qnd left {PRL} pattern ridges 'wgre _non—signiﬁcanﬂy different
‘among all breeds. On the contrary, the number of total pattern ridges

(PRTO) between Karan Fries and Black & White breeds differed
significantly (P{ 0.05).

The pattern ridge characteristics, namely, curved, tented and bifurcated
did not suggest significant breed 'differenceé, whereas,. the straight
pattern ridge of Black & White breed differed significantly (P < 0.05)
from Tharparkar, Karan Swiss and Karan Fries breeds. They were
similar in Black & White, Red & White and Sahiwal breeds. Number of

undulated pattern ridges in Sahiwal, Karan Swiss and Karan Fries breeds

was very less but they were higher in Red & White and Black & White
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breeds. The fong length pattern ridges were almost equally distributed
iﬁ all breeds. Whereas, medium and small pattern ridges were
statistically different (P € 0.05) among breeds. The medium pattern
ridges differed significantly (P{0.05) between Karan Fries and Black &
White breeds. The small pattern ridges of Tharparkar were similar to
Sahiwal breed but differed significantly (P{0.05) from Karan Swiss,

Karan Fries, Red & White and Black & White breeds. The number of

cylindrical shaped pattern 'ridges was higher than the club shaped
pattern ridges. However, they were differing significantly (P< 0.05)
between breeds. The club shaped pattern ridges of Tharparkar which
is closer to Sahiw_al By virtue their common species, were sigrnificantly
{P('O.DS)._dif-fer‘ent from Karan Swiss, Karan Fries, Red & White and
Black & White bre.léds'..- The cylindrical shaped patt.ern ridges were less
in Sahi;jval and.- were in concordance with Tharparkar, Red & White and
Black &IWhite br‘éeds. but were significantly (P<0.05) different from
Karan Swi_sé and Karan Fries breeds. The complete Iand fragmented
pattern ridgés did not indicate any -difference among breeds. The
complete iﬁtercepted pattern ridges, which were higher than the other
types, were slgnificantly different between Karan Fries and Black &
White breeds. The fragmented intercepted pattern ridges were very less
in- Karan Fries and Black & White breeds, and differed significantly

(P ¢ 0.05) from Tharparkar and Sahiwal breeds.

The muzzle characteristics chiefly, beads at middle sector (BM), ridge
right (RR), ridge left (RL), pattern ridae right (PRR), pattern ridge
left (PRL} and ‘total pattern ridge (PRTO) were significantly (P<0.05)
The undulated

different between grooved and non-grooved categories.

pattern ridges, long and medium length of pattern ridges, cylindrical
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-shaped and complete intercepted type pattern ridges were significantly

different (P ¢ 0.05) between greoved and non-grooved categories.

Sahiwal and Tharparkar animals falling in grooved and nan-gréoved
categories did not differ significantly for  ail the muzzle
characteristics. In Tharparkar, the right {RR} and left (RL] rvidges as
weil as right {PRR) and ileft {PRL) pattern ridges indicated significant
{(P{0.05) difference between two categories. This difference was due to
compﬂete absence of those patterns which were formed by the right and
feft arrangement of pattern ridges. The right and left ridges as well
as pattern ridges were significantly different between grooved and
non-grooved categories of Karan Swiss bzl'eed. The beads at the middie_
sector {'BM)-, ridge right {(RR} and ridge left ‘-{RL}. ricges at middie -
sector (RM), pattern ridge right (PRR) and total pattern ridges (PRTO}
-of wuzzle characteristics of Karan Fries breed were significantly
(P{( 0.05) different between grooved and non-grooved categ;orieé. lﬁ case
of '_Red & White breed, the muzzle characteristics, namely, ridge feft
(RL}, pattern ridge right [(PRR}, pattern ridge left (PRL)} and total
pattern ridges (PRTO) were significantly (P£0.05) different between

grooved and non-grooved categories of Black & White breed.

The differences in pattern ridge characteristics were insignificant
.between grooved and non-grooved categories of Thafparkar and Sshiwal
breeds. The cylindrical shaped pattern ridges w;are thé onfy
characteristics which diffored significantiy between grooved and
non—-grooved . categories within Karan Swiss breed. While straight,
curved, medium length, cylindrical shaped and compiete intercepted
pattern ridgess of Karan Fries breed were significantly (P¢ 0.05)

different between grooved and non-grooved categories. In case of Red
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& White breed, the undulated, long length and cylindrical shaped
pattern ridges were significantly (P{ 0.05) different between two
categories. ©On the conirary, the differences in pattern ridge

characteristics of Black & White breed were non-significant respective
of grooved and non-grooved categories,

The varjous muzzle and pattern ridge characteristics which are specific

to a& particular genus, breed or class of animal can be utilised for

their characterisation based on these categories,

The correlation coefficients among beads of all sectors were low to
moderate, The beads of ail the sectors were positively and highly
significantly associated with beads of the muzzle. The correlation
coefficients among the ridges and pattern ridges were moderate to high.
Whereas, the ridges and pattern ridges of all sectt-:ars were negatively
correlated with beads at base (BE) and middle (BM) sectors as weil
as muzzle as a whole (BTO). The coefficients of correlaiio_n of ridges
and patiern ridges with beads of upper sector (BTO} were extremely
low and non-significant in‘ majority of the céses. This. indicated the
absence of ridges and pattern ridges in the upper sector, The
correlation coefficients among pattern ridge characteristics (maidr class)
were non-significant which indicated independent disiribution of the
pattern ridge characteristics. The beads of -all sectors as well as
muzzle (BTO} were negatively associated with 305 days first !actation
milk yield. While the ridges and pattern ridges except pattern ridge
right (PRR} and total pattern ricdge (PRTQ) were positively associated,
the correjation coef.ficients for all the muzzle characteristics were very
low. The rejationships between pattern ridge characteristicsl and 305

days first lactation milk vyieid were aimost non-significant except in
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case of straight and undulated pattern ridges. The straight and
undulated pattern ridges were negatively and positively correlated in
that order and correlation coefficients in both caées were very [low.
The low correlation of all the muzzle and pattern ridge characteristics
with first lactation nmilk yield suggested that there appear 1o be no
genetic association between these characteristics and those responsible

for milk production and these traits simply determine the phenotype of
the respective animals.

The correlation coefficients between residuals of first lactation milk
yield and all muzzle characteristics were non-significant except beads
at middle sector (BM). 'However,‘ it was observed that the beads of all
the sectors- as well as muzzle were ‘negatively _associated and ridges
and pattern ridges wer-e positively - associated 'with first,-lactatim: milk
yield. The degrees of association of residnais, of first lactation vyield
{305 days} with alj the pa'ttem. ridge charécterisﬁcs were
non-significant.

The muzzite characteristics chiefly, beads at middle. (BM) and upper
{BU) sectors as well as beads of the muzzle as » who!e. {BT0) were
significantly (P < (.65} and positively a;ssociated with '‘age &t first
calving but the correlation coefficients for these muzzie characteristics
were very low. The ridges at base {(RTB} and middie (RM) as weli as’
total ridges in muzzie (RGT) were signifiéaﬁtly and negatively associated
with age at first calving. However, the correlation coefficients for
these muzzle characteristics were very smail. The correlation

coefficients for the other muzzle characteristicé were non-significant,

Oniy straight, small length, club shaped and fragmented intercepted

type pattern ridges were significantly ' (P & 0.05) and positively
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associated with age at first calving, though, the correlation coefficients
were very small.

The degrees of association between 2i1 the muzzie characteristics and
age at first service were non-significant. Morecver, the correlation
coefficients between pattern ridge characteristics and age at first
serv‘ice were alse non-significant. Only small and fragmented intercepted
type of pattern ridge, in this particular  case were significantly
{P£ 0.05) asscciated with age at first service but the correlation

coefficients were very smail.

In general, the association between age at first calving and muzzle and
pattern ridge_characte;-istics as well as age at first service and muzzle
andl pattern ridge characteristics in most of the cases were
non-significant. ' However, . some of the muzzle and pattern ridge
characteristics were significant (P<0.05) and positively associated with
age at first calving and age at first service but their correlation
coefficients were wvery small to draw worthg; conclusions. Similar trend
was also observed in case Sf association between 305 days first lactation

vield and muzzie and pattern ridge characteristics.

The correlation among muzzle and pattern ridge characteristics point
towards genéral dependeinc'ies among them. The canonical correlétfon
between 305 days first lactation yield and muzzle as well as pattern
r.idge characteristics were attempted. The' correlation coefficients
obtained from canonical correlation analysis were npon-significant for both
muzzle as well as pattern ridge characteristics. These findings,
therefore, only indicate the phenotypic nature of the muxzie and pattern

ridge characteristics and their possibie application in characterisation

of the _breeds.
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The association between the ridge and pattern ridges of rigt and left

halves were less than unity.  Further, the associations between beads

of the upper and base sector were very low thereby indicating
asymmetry of the muzzle.

A general trend towards reduction in the number of beads in the

specified area of 1.5 cm~ were observed as age advanced. The animals
aged from 0 to 144 months were classified into 12 different age groups.
The correlatibn'mefﬁcient between age and number of beads in specified
area was -0.6. A significant reduction in number of beads was observed
till 18 to 24 months age. After this age, the reduction in number of
beads was .qegl.ig_ib-le and non-significant. Therefore, the muzzle print
taken befdre the_. rec_:orn‘_mended' age may give contrad-ictor'y picture on the
m;lzzle' as well _a‘s beads during growth period will develop in size

therebyl"containing different number of beads per unit area at different

age groups'whicﬁ will to a large extent stabilize by the recommended
age.

The identified muzzie and pattern ridge characteristics were subjected
to discriminant analysis in order to classify/diagnose the genuses and
their ;:rbssbreds as well as breeds, separately. The classification
criterion was based on Mahalanobis distance {generalized squéred
distancé]. Based on this criterion, 78.6 percent animals were exactly
classified as zebus. Whereas, 76.3 and B84.1 percent animals were
exactly classified as crossbreds and taurus cattle. The misclassification
of zebu into crossbred and crossbred into zebu indicate little association
among = them. Sin"lilarly, the muzzle and pattern ridge characteristics

were further analysed to classify the breeds. Based on the classification

criterion 68.4, 70.8, 50.0, 58.5, 57.8 and 60.5 percent animals were
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classified exactly as Tharparkar, Sahiwal, Karan Swiss, Karan Fries,
Red & White and Black & White breeds, respectively., Comparatively
high and low percentage of misclassification was alsc observed in all

the breeds. The high percentage of misclassification was observed in

Karan Swiss, Karan Fries, Red & White and Black & White breeds. In
Karan Swiss and Karan Fries breeds, the bhigh percentage of
misclassification is related to genetic make up of these breeds.
Whereas, the misclassification of Red & White and Black & White breeds
and vice-verss is also relsted with genetic structure of these breeds.

The another reason for the breeds exhibiting different degrees of

misclassification can be sttributed to common gncesiry of the breeds.

To conclu’de. the muzzle and pattem'ri'dge characteristics méy prove
very important in identifying the animals uniquely. The codihg system déveloped'
in the present investigation may have an important application in those areas;
where chances of forgery, mischief and faise identification of animals are very
common. The muzzle and pattern ridge characteristics indicate_possibi’lity of
breed characterisation. 1n order to achieve very high percentage of
classification rate, a further investigation in this direction ‘is required, wﬁere
the ﬁwzzle and pattern ridge characteristics may be co_mbiried with those most .
important _mor;photogical ér apatomical traits of body confirmation of apimals
which are considered for breed characterisation. The correlation betwéen
characteristics indicated general distribution of wvarious characteristics on the
muzzie. The association of muzzle and pattern ridge characteristics with miilk
yield and ‘associated productive and reproductive parameters indicate an absence

of any significant relationship between these traits, thus indicating that muzzle

characteristics are only phenotypic in origin with tittle genetic association with
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economic  traits. Their importance in animal identification and breec
characterisation, however, may be of immense value and may act as a fillip

to plug the gap of information in this direction.
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B. Non grooved category
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