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RESEARCH PAPER
CHARACTERIZATION OF SKELETON PREPARATION IN AVIAN, MAMMALIAN, AND
REPTILE SPECIES WITH EMPIRICAL METHODOLOGY

Archana Mahapatra1, Satish K. Pathak2, Amarpal3, A.M. Pawde4
ABSTRACT
Skeletons serve as didactic equipment in educational institutions and as exhibits in
museums. Modern skeleton preparation is a protracted, tedious and meticulous process
involving several steps out of which maceration reckons exalted time. Several maceration
methods, e.g., burial maceration, cold water maceration, hot water maceration, insect
maceration, chemical maceration, and enzymatic maceration are available with virtues and
vices with each of the methods. At present, veterinary educational institutions do not
undertake skeleton preparation due to procedural complexities. We have made a novice
attempt to articulate the skeleton of two pigeons (Avian species), one squirrel and one
spotted deer (Mammalian
species), and one crocodile
(Reptile
species)
by
empirical method without
compromising the quality
of skeleton involving seven
steps, viz., De-fleshing
and Evisceration of carcass,
Burial
of
carcass,
Collection
of
bones,
Cleaning of bones, Drying of bones, Varnishing of bones, and Articulation of bones. The
entire procedure took 18 days-2 hours (434 h) both in pigeon and squirrel, 5 months-6 days6 hours (3750 h) in deer, and 10 months-11 days-12 hours-30 minutes (7476 h) in crocodile.
The time frame was similar in respect of avian (pigeon) and small mammal (squirrel)
species, while it was longer in deer (large mammal), and the longest in crocodile (reptile)
indicating that it was influenced by mass of the animal rather than the species, and
expressed a gradient behaviour. Maceration was the principal time-devouring component in
skeleton preparation by empirical method. It devoured equal time out of the total time both in
pigeon and in squirrel (360 h), and accounted for 83% of the total time. Maceration time was
higher in deer (3600 h), and the highest in crocodile (7200 h), although the time fraction out
of the total time was similar in both the species (96%). This paper deciphers a detail account
of the protocol.
KEY WORDS
Crocodile, Deer, Pigeon, Maceration, Skeleton Preparation, Squirrel
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INTRODUCTION
Single bones, their sets and entire skeletons serve as didactic equipment in educational
institutions and as exhibits in museums, hunting trophies and scientific research materials
(Kempa, 2016). Skeleton preparation involves
several steps, out of which decomposition
(maceration) of carcass is the most time devouring
step, and is size dependent under empirical method
(Raghavan, 1964).
Many methods of carcass
decomposition (Burns and Meadow, 2013) have
been described for skeleton preparation (Hill, 1975;
Hefti et al., 1980; Davis and Payne, 1992; Sullivan
and Ramney, 1999), viz., burial of the carcass in the
ground or in compost heaps, water maceration,
maceration by detergents and specific enzyme
solutions etc, are delineated below.
Figure-1
Burial maceration: The crudely de-fleshed carcass is usually put in a pit for decomposition
depending on the size of the animal and birds (Raghavan, 1964). Although, it is less
expensive, it is time consuming. Hence, this method is discouraged.
Cold-water maceration: Although, it is less expensive, it is time consuming, and is highly
odiferous. Hence, this method is discouraged.
Hot-water maceration: It is less time-consuming than the cold water maceration. But, it
needs consistent attention to prevent damage to the bones.
Dermestid Beetles: In this method, a colony of dermestid beetles (Fig. 1) is used to feed on
the flesh. It is a time–consuming process. Besides, it needs consistent attention to avoid
overeating of cartilages of the skeleton. Therefore, it is not recommended for preparing the
skeletons of smaller animals. However, it is particularly suitable for larger specimens.
Protein digestive enzymes: Neutrase in hot water solution (45º-50º C) is used for
maceration. It is not suitable for use under field condition for larger and older animals due to
multiple (2-3 times) change of solution and higher temperature (45º C). Instead, Trypsin is
better under field condition, as it is used in dry form, and thus easy to carry, and is stable at
room temperature (35º C).
Chemical maceration: Chemicals, such as Sodium carbonate (Na2Co3) is espoused for
carcass (muscle) decomposition (Gofur and Khan, 2010; Musa et al., 2015) despite the
caveat against the use of corrosive agents like biological washing powder (Proteolytic
detergents) for carcass decomposition (Baker et al., 2003).
Presently, preparation of skeleton is not practised at institute level due to procedural
complexities. Our approach in this paper is to simplify the procedure with the use of
empirical methods for preparation of skeleton without compromising quality attributes in
different species of animals, viz., bird (Pigeon), mammals (Squirrel, Indian Spotted Deer),
and reptile (Crocodile).
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MATERIALS AND METHODS
Specimens: A total of five specimens comprising two pigeons (Fig. 2), one squirrel (Fig. 3),
one spotted deer (Fig. 4), and one crocodile (Fig. 5) were used for skeleton preparation.
Sources: The animals used for skeleton preparation were obtained from different sources.
The dead squirrel and pigeons were salvaged from road side accidents. The dead wild
animals, viz., Indian spotted deer and the crocodile were obtained from post-mortem cases
of Post-Mortem House, Division of Pathology, Indian Veterinary Research Institute,
Izatnagar, Bareilly, Uttar Pradesh, India.
Materials: The materials used for skeleton preparation were: (1) Wires of various gauges.
(2) Drill bits of various thicknesses. (3) Hydrogen Peroxide. (4) Varnish. (5) Wooden
platforms. (6) Iron rods. (7) Good quality sticking materials (Fevibond/ Fevistic/ Flex quick).
Methods: The methods adopted in skeleton preparation were: (1) Skinning, De-fleshing, and
Evisceration of carcass, (2) Burial of carcass, (3) Collection of bones, (4) Cleaning of bones,
(5) Drying of bones, (6) Varnishing of bones, and (7) Articulation of bones.
1. Skinning, De-fleshing and Evisceration: The skin and muscles were removed from the
carcasses manually by scrapping with a knife, and then the viscera (Thoracic, Abdominal,
and Pelvic) were removed by opening the carcass (Fig. 6 & 7).
2. Burial of carcass: Burial pits were dug according to the size of the carcass for
maceration (decomposition) of the soft tissues. First, a layer of common salt was spread in
the burial pit to form a bed. The carcasses were placed on the salt bed. Then, salt (powder)
was sprinkled on the body surface of the carcass (Fig. 8 & 9).
3. Collection of Bones: The bones were collected after complete maceration of the soft
tissues. The bones were picked carefully, because at this stage, they resembled the colour
of soil. A few bones were also collected with the muscular mass, because they stuck with the
muscles (Fig. 10 & 11).
4. Cleaning of bones: The soiled bones were rinsed with clean water repeatedly to get rid
of the adhered soil. Then, they were dipped in boiling water of Sodium hydroxide (NaOH)
solution (125 gm pellet of NaOH dissolved in 50 litre of water) till the bones were free from
muscle tissues. Excess boiling was avoided. The chemical (NaOH) was handled with care
as it is corrosive. After the solution was cooled, the bones were removed, and cleaned again
with water. Muscular tissues attached with some bones were cleaned manually by scraping
with a knife. The bones were washed with 30% solution of hydrogen peroxide (H2O2) to
improve the appearance of bones (Fig. 12 & 13).
5. Drying of Bones: The moist bones were dried under Sun. Air drying was done in cloudy
weather (Fig. 14 & 15).
6. Varnishing of Bones: Varnishing of bone was done to improve appearance of bones
(Fig. 16).
7. Articulation of Bones: The bones were articulated in proper position of the skeleton. For
this, holes of required dimensions were drilled in each of the bones with a ‘Drilling Machine’.
Adhesive gum and iron wires of different diameters were also used to fix the bones at proper
positions in the skeleton. The skeletons were mounted on wooden platforms of required
dimension according to the size of the animal (Fig. 17, 18, 19, 20).
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Image captions
Figure-1: Dermestid Beetles (Photo courtesy: Ken Harsen, Flesh-Eating Beetles.
http://voices. nationalgeographic.org/...).
Figure-2: Pigeon (Columba livia domestica), Courtesy: Wikipedia.
Figure-3: Five-Striped Indian Palm Squirrel (Funambulus pennantii), Courtesy: Wikipedia.
Figure-4: Indian Spotted Deer | Chital (Axis axis). Courtesy: ecoIndia.
Figure-5: Muggar Crocodile (Crocodylus palustris). Courtesy: Odisha Wild Life.
Figure-6: Skinning and Defleshing of carcass.
Figure-7: Evisceration of carcass.
Figure-8: Pit for carcass burial.
Figure-9: Burial of carcass.
Figure-10: Retrieval of bones form burial pit.
Figure-11: Collection of Bones.
Figures 12 & 13: Cleaning of Bones.
Figures 14 & 15: Drying of Bones.
Figure-16: Varnishing of bones.
Figure-17: Articulation of bones.
Figure-18: Pigeon skeleton.
Figure-19: Indian spotted deer skeleton.
Figure-20: Crocodile skeleton.

Figure-2
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Figure-4

Figure-6

Figure-8
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Figure-10

Figure-12

Figure-14
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Figure-16

Figure-17

Figure-18

Figure-19

Figure-19

Figure-20
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RESULTS AND DISCUSSION
The duration for skeleton preparation for different species (Table-1) indicated that the entire
procedure took 18 days-2 hours (434 h) both in pigeon and squirrel, 5 months-6 days-6
hours (3750 h) in deer, and 10 months-11 days-12 hours-30 minutes (7476 h) in crocodile.
Table-1: The duration for skeleton preparation for different species of animals.
S.N.
1
2
3
4
5
6
7
8
9

Steps
Evisceration
Decomposition
Collection of Bones
Cleaning of Bones
Drying of Bones
Varnishing of Bones
Articulation of Bones
Total time
Decomposition time %

Pigeon
15 min
15 days
30 min
1 hour
1 day
15 min
2 days
18d-2h
83%

Time (Months/ Days/ Hours/ Minutes)
Squirrel
Deer
Crocodile
15 min
1 hour
2 hours
15 days
5 months
10 months
30 min
2 hours
3 hours
1 hour
2 hours
5 hours
1 day
2 days
4 days
15 min
1 hour
2 hours, 30 min
2 days
4 days
7 days
18d-2h
5m-6d-6h 10m-11d-12h-30m
83%
96%
96%

It was influenced by the mass of the animal rather than the species, and expressed a
gradient behaviour. The time frame was similar in respect of avian (pigeon) and small
mammal (squirrel) species overriding the species difference, while it was longer in deer
(large mammal), and the longest in crocodile (reptile) exposing difference between the two
species pertaining to the mass.
Maceration was the principal time-devouring component in skeleton preparation. It devoured
equal time out of the total time (360 h) with equal time fraction (83%) both in pigeon and
squirrel. Maceration time was higher in deer (3600 h), and the highest in crocodile (7200 h)
with equal time fraction (96%) in both the species.
Our findings agree with Gofur and Khan (2010), who have observed that the time taken for
skeleton preparation by traditional methods depends upon the size (Small animals vs. Birds)
of the animal, and Musa et al. (2015), who had also observed that time variation is attributed
to method of preparation and size of the animal rather than the species (Rabbit vs. Goose).
CONCLUSION
It is concluded that skeleton preparation time was influenced by mass of the animal rather
than the species, and expressed a gradient behaviour. Maceration was the principal timedevouring component in skeleton preparation by empirical method. It devoured equal time
out of the total time both in pigeon and in squirrel (360 h), and accounted for 83% of the total
time. Maceration time was higher in deer (3600 h), and the highest in crocodile (7200 h),
although the time fraction out of the total time was similar in both the species (96%).
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RESEARCH PAPER
HEMATO-BIOCHEMICAL PROFILE OF BROILER CHICKENS FED ON DIETS
SUPPLEMENTED WITH DRIED TAMARIND PULP AT DIFFERENT INTENSITIES

G.B. Shinde1, A.B. Kanduri2, P.V. Patil3, M.A. Khan4
ABSTRACT
Tamarind pod, harvested from Tamarind (Tamarindus indica) tree, also called ‘Indian Date’
contains high amount of edible pulp (55%) that is commonly used in cuisines around the
world. But, it also possesses antimicrobial, antioxidant, and hypocholesterolemic properties,
which boost growth, feed conversion efficiency, and layer performance in chicks, and lowers
serum cholesterol level. However, there are scant reports on the effect of feeding Tamarind
pods or its constituents on the hemato-biochemical profile of chicks, which could indicate the
nutrient and immune status in chicks. This study was undertaken on 300 healthy day-old
commercial broiler chicks of ‛Vencob’ strain, divided into five groups, with 60 chicks in each
group. Each group was further sub-divided into 3 replicates of 20 chicks. The birds were
reared in deep litter system with similar management practices, except different feeding
treatments containing dried tamarind pulp (DTP) at different intensities. G1 (control) chicks
were fed on standard broiler ration. The diets were supplemented with DTP @ 250 gm to
G2, @ 500 gm to G3, @ 1000 gm to G4, and @ 1500 gm to G5 per 100 kg of broiler ration
for 42 days. The blood samples were collected from brachial vein at the end of this feeding
trial, and hematological (Hb, PCV, TEC, TLC) and serum biochemical (Total Protein, Serum
albumin, Total Cholesterol, LDL, HDL, Triglyceride, ALT, AST, Creatinine) parameters were
estimated. The study indicated significant (≤0.05) differences between groups with respect to
PVC, TLC, Total cholesterol, LDL, HDL, Triglyceride, and AST, and expressed a quadratic
trend. Significant (P≤0.05) increase in TLC in DTP supplemented groups over the control
reflected immune bolstering property, while significant decline in cholesterols indicated its
hypochloesterolemic potentiality. It is concluded that DTP feeding could be economically
alluring to the broiler farmer-producers with healthy chicks in the farm and consumer-friendly
low cholesterol meat in the market.
KEY WORDS
Broiler chicks, Dried Tamarind pulp, Hematological and biochemical parameters
*********************************************************************************************************
Author attribution: 1PG Scholar, 2Assisitant Professor, Department of Animal Nutrition, 3Farm
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INTRODUCTION
Tamarind pods are harvested from Tamarind (Tamarindus indica), also called ‘Indian Date’
is a leguminous tree, bearing pods (fruit) that contain edible pulps (Figure-1) commonly used
in cuisines around the world (Wikipedia). Tamarind pod contains 55% pulp, 34% seed, and
11% shell (Kumar and Bhattacharyya, 2008). Tamarind (oven-dried) supplemented @ 2% in
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diet has been found to manifest significant (P≤0.05) hypocholesterolemic effects with
enhancement of layer production over higher rates (4, 6, or 8%) of supplementation with a
quadratic response (Chowdhury et al., 2005).

Figure-1: Tamarind pods and pulp (Image courtesy: livestrong.com)
The leaf, seed, vein, and skin of Tamarindus indica contained antioxidant phenolics (Razali
et al., 2012; Razali et al., 2015) that possessed strong antibacterial activity against
Escherichia coli, Klebsiella pneumoniae, Salmonella paratyphi A, and Pseudomonas
aeruginosa (Daniyan and Muhammad, 2008), and induced higher body weight gain
analogous to the effect of antibiotic feed additives (Aengwanich et al., 2009), which could be
due to enhancement of immune response resulting in increase in disease resistance
culminating in improvement of production efficiency in chicks (Brennanc et al., 2002). It is
supported by the observations of Shinde et al. (2015), who have observed significant
improvement in body weight, gain in body weight, and feed conversion ratio in broiler chicks
supplemented with dried Tamarind pulp @ 250 gm/100 kg broiler ration, but depression in
these traits when supplemented at higher rates (500, 1000, 1500 g), which could be due to
its high tannin content (Jana et al., 2015).
However, the effect of tamarind pulp on hemato-biochemical parameters have been least
studied. This study was designed to determine the influence of feeding of dried tamarind
pulp on hematological and serum biochemical parameters in broiler chickens.
MATERIALS AND METHODS
For the present study, 300 healthy day old commercial broiler chicks of ‛Vencob’ strain were
selected and divided into five groups of 60 chicks each. Each group was
further sub-divided into 3 replicates of 20 birds in each. The experimental birds were reared
in deep litter system with similar management practices except the feeding treatments for 42
days.
The chicks in control group (G1) were fed the standard broiler ration (Tables- 1&2), whereas
the standard broiler ration was supplemented over and above with dried Tamarind pulp @
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250 gm, 500 gm, 1000 gm and 1500 gm per 100 kg of broiler ration respectively in groups,
G2, G3, G4, and G5, respectively. The tamarind pulp was dried in sunlight. Analysis of
proximate principles in the ration was carried as per A.O.A.C. (2004).
Table-1: Physical composition of ration (%) of different experimental groups.
Ingredient
G1
G2
Maize
Pre-Starter
56.2
56.2
Starter
60
60
Finisher
60
60
Rice (Broken)
Pre-Starter
----Starter
----Finisher
5.5
5.5
Soybean meal
Pre-Starter
34
34
Starter
26
26
Finisher
18
18
Maize gluten 60
Pre-Starter
5
5
Starter
9
9
Finisher
10.8
10.8
Vegetable oil
Pre-Starter
2
2
Starter
2.3
2.3
Finisher
3
3
Common Salt
Pre-Starter
0.40
0.40
Starter
0.40
0.40
Finisher
0.40
0.40
DL-Methionine
Pre-Starter
0.18
0.18
Starter
0.155
0.155
Finisher
0.155
0.155
Di Calcium Phosphate
Pre-Starter
1.5
1.5
Starter
1.4
1.4
Finisher
1.4
1.4
Lime Stone Powder
Pre-Starter
0.5
0.5
Starter
0.5
0.5
Finisher
0.5
0.5
Supplements (Vitamins and Feed additives)
Pre-Starter
0.25
0.25
Starter
0.245
0.245
Finisher
0.245
0.245
Total
100
100
(+) DTP
0
0.25

G3

G4

G5

56.2
60
60

56.2
60
60

56.2
60
60

----5.5

----5.5

----5.5

34
26
18

34
26
18

34
26
18

5
9
10.8

5
9
10.8

5
9
10.8

2
2.3
3

2
2.3
3

2
2.3
3

0.40
0.40
0.40

0.40
0.40
0.40

0.40
0.40
0.40

0.18
0.155
0.155

0.18
0.155
0.155

0.18
0.155
0.155

1.5
1.4
1.4

1.5
1.4
1.4

1.5
1.4
1.4

0.5
0.5
0.5

0.5
0.5
0.5

0.5
0.5
0.5

0.25
0.245
0.245
100
0.5

0.25
0.245
0.245
100
1.0

0.25
0.245
0.245
100
1.5

*DTP = Dried tamarind Pulp
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Table-2: Nutrient composition of ration (%) of different experimental groups.
Component
G1
Pre-Starter ration
DM
91.4
CP
23. 3
ME/Kcal/kg*
2978.10
EE
3.17
CF
3.26
TA
6.33
Ca
1.29
P
0.58
NFE
63.94
Starter Ration
DM
92.4
CP
22.86
ME/Kcal/kg*
3095.9
EE
5.17
CF
3.26
TA
6.33
Ca
1.29
P
0.58
NFE
62.38
Finisher ration
DM
91.98
CP
21.21
ME/Kcal/kg*
3186.2
EE
6. 32
CF
3. 18
TA
6.04
Ca
1.38
P
0.57
NFE
72.75

G2

G3

G4

G5

90.60
22. 86
2987.53
2.60
4.89
6.11
0.9
0.33
63.54

91.4
23.45
2996.95
2.40
4.49
6.93
1.00
0.41
62.73

92.50
23.18
3015.8
2.60
3.29
7.26
1.40
0.52
63.67

91.80
22.80
3034.65
2.80
4.41
7.49
1.00
0.41
62.5

92.60
21.3
3105.33
5.49
2.90
6.11
0.9
0.33
64.2

92.4
21.45
3114.75
5.29
2.90
6. 26
1.00
0.41
70.76

92.00
22.18
3133.6
5.60
4.41
6. 93
1.40
0.52
67.81

92.00
24.80
3152.45
5.80
4.89
6.49
1.00
0.41
58.02

90.42
20.89
3195.63
6. 28
3. 33
6.96
0.98
0.71
72.15

92.02
21.06
3205.05
6.07
3. 24
6.83
1.17
0.56
66.04

91.64
21.18
3223.90
6.85
3.89
6.85
1.17
0.61
61.23

89.9
20.08
3242.75
6.25
4.18
7.98
1.35
0.47
61.51

*Calculated
At the end of experiment, the blood samples were collected directly from the brachial vein
(wing vein) of experimental chicks into sterilized vials containing anticoagulant (EDTA) @1
mg / ml) for all haematological studies. For serum analysis, blood samples were collected in
sterilized tubes without anticoagulant, and stored at -20 ˚C till analyzed.
The serum samples were analyzed for total cholesterol, total protein, albumin, SGOT, SGPT,
creatinine, triglyceride, LDL, and HDL by using different serological kits. The biochemical
estimations were done by using Automatic Biochemical Analyzer ‘3000 revolution’ made by
Tulip’s Diagnostic Pvt. Ltd., Mumbai. The methodology and the set of reagents used in
respect of each parameter were followed as per the recommendations of the manufacturer
of the analyzer system.
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All the results were analyzed statistically by analysis of variance to determine the means and
standard error, and comparison between the means as per the methods described by
Snedecor and Cochran (1994).
RESULTS AND DISCUSSION
The mean values of hematological and biochemical parameters observed in different
treatment groups at the end of study are shown in Table-3 and Table-4 respectively.
Hematological parameters: Our results indicated that PCV (%) was significantly (P≤0.05)
higher in G3 (26.83a±0.68) and G5 (27a±1.17) groups compared to the control (23.86b±1.16),
while G2 and G4 were not different (P≥0.05) from the control. TLC (×106/cu mm) was
significantly (P≤0.05) higher in G3 (27.88a±1.59) and G5 (28.42a±3.12) groups than the
control (25.67b±0.94), while the values of G2 and G4 were no different (P≥0.05) from the
control. All the traits expressed a quadratic trend (Figure-1).
Table-3: Hematological parameters (Mean±SE) of different experimental groups.
Parameter

G1

G2

G3

G4

G5

Hb (g/dl)

9.09 ab
±0.90
23.86 b
±1.16
2.8 a
±0.15
25.67 b
±0.94

8.83 ab
±0.76
24.02 ab
±0.62
2.61 a
±0.19
23.07 b
±2.7

11.56 a
±1.50
26.83 a
±0.68
2.91 a
±0.16
27.88 a
±1.59

8.28 b
±0.45
24.62 ab
±1.11
2.69 a
±0.14
25.24 b
±1.17

9.76 ab
±0.53
27 a
±1.17
2.71 a
±0.16
28.42 a
±3.12

PCV (%)
TEC (×106 /
cumm )
TLC (×106
/cu mm )

Note: Means with different superscripts in a row differ significantly (P≤0.05).
Saleh et al. (2013) had conducted a study on the effects of aqueous extract of tamarind pulp
on blood parameters of broiler chickens under semi-arid environment, and showed
significant (P≤0.05) increase in RBC and WBC and non significant (P≥0.05) effect on Hb,
PCV and MCHC, while Jana et al. (2015) have observed significant (P≤0.05) decline in Hb,
RBC, PCV, and WBC in chicks fed on Tamarind seed
FIG. 1: LEVEL OF TLC
30
supplemented diet.
25

25.6

27.8

28.4

Increase in TLC as obtained in our study is attributable
to the ability of dried tamarind pulp (DTP) to boost
15
macrophase response in the body, which stimulates the
10
lymphocytic system and boosts the production of
5
leukocytes (Sadekar et al., 1998), reflecting the
0
immunopotentiating effect of DTP supplemented @ 500
G1 G2 G3 G4 G5
g and 1500 g. Rise in TLC is supposed to enhance the
immune response with resultant increase in disease
resistance, and hence anticipated improvement in production efficiency in birds (Brennanc et
al., 2002).
20

23

25.2

Biochemical parameters: Total Cholesterol, LDL significantly (P≤0.05) declined in G2, G3,
and G4 groups compared to the control (G1), while HDL significantly (P≤0.05) increased in
G2, G3, and G4 groups compared to the control (G1). Triglyceride significantly (P≤0.05)
increased in G4 as compared to the control (G1). AST significantly (P≤0.05) declined in G2,
G3, G4, and G5, compared to the control (G1). The level of total cholesterol, which is of
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immense significance for human (consumer) health, expressed a quadratic response (Fig.
2).
Table-4: Biochemical parameters (Mean±SE) of different experimental groups.
G1

G2

G3

G4

G5

3.34a
± 0.31
2.27a
±0.02
150.33a
±1.60
76.67a
±1.63

4.03a
± 0.21
2.71a
±0.31
103c
±2.61
34.56c
±1.94

4.10a
± 0.17
2.48a
±0.25
98.44c
±1.02
34.67c
±1.05

3.87a
± 0.18
2.16a
±0.36
139.33b
±1.15
70.78b
±0.72

4.06a
± 0.17
2.2a
± 0.28
147.22a
±1.72
77.22a
±0.74

HDL (mg/dl)

44.56a
±1.19

51.44c
±0.69

48.89d
±0.68

55.44bc
±1.09

47.44ab
±0.63

Triglyceride (mg/dl)

28.33b
±1.58

30.33ab
±0.6

29.44ab
±0.77

32.44a
±0.58

27.44b
±1.44

ALT (IU/L)

21.75a
±0.66

22.32a
±0.88

19.41a
±0.89

20.85a
±7.54

22.11a
±1.03

AST (IU/L)

161.82a
±1.19

154.68b
±3.35

150.20b
±4.01

146.70b
±5.55

152.30b
±3.38

1.33a
±0.01

1.35a
±0.01

1.33a
±0.01

1.34a
±0.02

1.32a
±0.01

Parameter
Total protein (g/dl)
Serum albumin (g/dl)
T. Cholesterol (mg/dl)
LDL (mg/dl)

Creatinine (mg/dl)

Note: Means with different superscripts in a row differ significantly (P≤0.05).
Our results are similar to the findings of Chowdhury et al. (2005) in chicks, Iftekhar et al.
(2005) in human models, Martinello et al. (2006) in Hamster, Ukwuani et al. (2008), and
Khairunnur et al. (2011) in rats. However, it is contrary to the report of Jana et al. (2015),
who have observed significant (P≥0.05) negative effect of Tamarind seed supplemented diet
on Total Protein, Albumin, Globulin, and non-significant
FIG. 2: TOTAL CHOLESTEROLE
(P≥0.05) effect on serum cholesterol in chicken model.
200
150

150

137

147

103

100

98

50
0
G1

G2

G3

G4

G5

The welcome changes in the level of cholesterol and its
components (LDL & HDL) leading to hypocholesterolimia
is a sequel to the hypocholesterolemic effect of Tamarind
fruit pulp (Deng, 2009) due to the presence of
phytosteroles in it (Shina et al., 2016). High cholesterol
(Hypercholesterolimia) is known to be associated with
cardiovascular
disease
(Clarke,
1997).
Hence,
hypocholesterolimia indicated that DTP is beneficial in
enhancing the market meat value due to low cholesterol
concentration.

CONCLUSION
It is concluded that DTP feeding could be economically alluring to the broiler farmerproducers with healthy chicks in the farm and consumer-friendly low cholesterol meat in the
market.
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RESEARCH PAPER
PRODUCTION PERFORMANCE OF BROILER CHICKENS RAISED ON FEEDS
COMPLEMENTED WITH ANTIBIOTIC (AMOXICILLIN) AND CINNAMON AND
B-VITAMINS FORTIFIED PROBIOTIC (YOGHURT POWDER) LOADED ON LENTILS,
YELLOW CORN, AND WHEAT BRAN

Abdullah A. Mohammed1, Rabia J. Abbas2, Mayssam A. Hussan3
ABSTRACT
Antibiotics, randomly and rampantly used as growth promoters in global poultry feed
industries are a cause of concern to consumer-health due to its propensity to development of
antimicrobial resistance, along with other appalling health hazards. Conversely, probiotics
are safe alternatives, but inadequately explored, particularly with respect to its fortification
with herbs and vitamins. The present study was undertaken to evaluate the effect of
antibiotic (Amoxicillin) feed additive compared to natural feed additives comprising probiotic
(yoghurt powder), phytobiotic (cinnamon) and B-vitamins loaded with different feed
materials, e.g., lentil, yellow corn, and wheat bran in 210 day-old broiler (Ross 308) hatching
chicks divided into seven groups, viz., (G1): basal diet (BD), (G2): BD mixed with
Amoxicillin, (G3): BD mixed with yoghurt powder (YP) containing cinnamon (Cinnamomum
verum) and lentil (carrier), (G4): BD mixed with YP containing vitamin B-complex and lentil
(carrier), (G5): BD mixed with YP containing vitamin B-complex and yellow corn (carrier),
(G6): BD mixed with YP containing cinnamon and yellow corn (carrier), and (G7): BD mixed
with YP containing vitamin B complex and wheat bran (carrier) in terms of body weight (g),
body weight gain (g), feed consumption (g), feed conversion ratio (g feed/ g gain), production
index, and survivability up to five weeks. The results indicated that G5 chicks attained the
highest body weight (1896 g), Weekly (1-5 weeks) gain in body weight (1857 g), Feed
conversion (1-5 weeks) ratio (1.73), Production index (309.65), and survivability (98.89%),
which were significantly (p≤0.05) higher than the control (G1) as well as the chicks
supplemented with antibiotic feed additive (G2). It is concluded that the diet complemented
with probiotic YP and B-vitamins delivered through yellow corn (carrier) was the best natural
feed additive for production enhancement and better survivability in broiler chicks.
KEY WORDS
Amoxicillin, B-vitamins, Broiler chicks, Cinnamon, Production index, Yoghurt
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INTRODUCTION
Currently, antibiotic growth promoters (AGP), used in the global poultry feed industry is
denounced, because of development of antimicrobial resistance, besides harmful side
effects (Yeo and Kim, 1997; Tellez et al., 2010). AGPs stimulate the production of
deleterious hydroxyl radicals in Gram-negative and Gram-positive microorganisms, which
ultimately contribute to cell death (Kohanski et al., 2007). Replacement of AGP with natural
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growth promoters (NGP) has been found to be effective (Demir et al., 2005) raising a rays of
hope for the future. These include phytobiotics (Demir et al., 2005), dairy products (Sultan et
al., 2006), and vitamins (Prabhakaran, 2003). NGPs manifest their activities through
activation of feed intake through enhanced secretion of digestive enzymes, immune
stimulation, and anti-microbial and antioxidant properties (Demir et al., 2005).
Many probiotic additives are in use in poultry industry that improves feed intake and
digestibility ensuing better performance in chicks. Yoghurt is a natural probiotic. But probiotic
yoghurts are engineered by addition of Lactobacillus and Bifidobacterium species of
bacteria, which establish colonies of beneficiary bacteria in the intestine (Kahramanet al.,
1996) culminating in improved digestion and feed intake in birds (Aftahi et al., 2006;
Mohammed et al., 2015).
Yogurt is a semisolid fermented milk product that originated centuries ago and has evolved
from many traditional Eastern European products. Previous studies found that yoghurt can
be used effectively as probiotic, as it contains mainly Lactobacilli and other beneficial
bacteria that have powerful positive health effects (Sultan et al., 2006). Additionally, it is a
product of the lactic acid fermentation of milk by addition of starter culture containing
Streptococcus salivarius subsp. thermophilus, Lactobacillus delbrueckii subsp., and
bulgaricus (FAO/WHO, 1977). The benefit of yoghurt depending upon high nutritional and
therapeutic properties is being highly consumed and produced (Karagulet al., 2004). Yoghurt
could inhibit risk of spoilage from yeasts by storing at 2- 4ºC (Tamime et al., 2000), as well
as for preventing further activity by starter culture.
Yogurts vary in appearance, flavor and ingredients. The quality of the yoghurt obtained by
the processes of milk fermentation is affected by the quality and composition of bacterial
cultures in yoghurt (Aftahi et al., 2006). It is supported by the reported symbiotic relationship
between Lactobacillus bulgaricus and Streptococcus thermophilus species culminating in the
development of more rapid acidity than in a single strain of culture (Tamime and Deeth,
1980). Various combinations of starter cultures are selected during manufacturing of yoghurt
to achieve desirable characteristics to provide the consumers with a wide choice of
therapeutic products.
Cinnamon (Cinnamomum verum) is a common spice used by different civilizations around
the world for several centuries. It is obtained from the inner bark of trees from the genus
Cinnamomum. In addition to its culinary uses, in native Ayurvedic medicine, cinnamon is
considered as a remedy for respiratory, digestive and gynaecological ailments (Ranasinghe
et al., 2013). Cinnamon is a phytobiotic. Its bark contains 1-2% volatile oils, with
cinnamaldehyde as the main constituent. It also contains cinnamic acid, coumarin, tannins,
cinncassiols, and melatonin (Abascal and Yarnell, 2010). It has antimicrobial and antioxidant
properties, and has demonstrated positive effect on growth and feed conversion efficiency
by improving digestibility of nutrients (Panda, 2009), when administered in diet in chickens
(Shirzadegan, 2014). Furthermore, cinnamon bark has shown potential hypoglycemic action
(Abascal and Yarnell, 2010). B-vitamins are also NGP, which promote growth in chicks
(Prabhakaran, 2003).
The present study was undertaken to investigate the effect of antibiotic (Amoxicillin) feed
additive compared to natural feed additives comprising probiotic (yoghurt powder),
phytobiotic (cinnamon) and B-vitamins loaded with different feed materials, e.g., lentil, yellow
corn, and wheat bran, to evaluate the production performance of broiler chicken in terms of
growth, feed conversion efficiency, production index, and survivability.
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MATERIALS AND METHODS
Experimental Design: This experiment was conducted at the Poultry Research Unit of the
Animal Production Department, College of Agriculture, University of Basra (Iraq) between 2
January and 8 February 2017. A total of 210 day-old broiler chicks (Ross 308) weighing (40
g/chick) on an average were randomly assigned to seven experimental groups (n=30). Each
group contained three replicates (10 birds / replicate).
Supplements: Probiotic yoghurt powder (YP) used in the current study were prepared in
Microbiology Laboratory, Animal Production Department of the College of Agriculture, and
incorporated into broiler basal diets as in the method previously reported by Naji et al.
(2012).The probiotic yogurt was synthesized by mixing 990 g of carrier material (lentil flour /
ground yellow corn / wheat bran flour) with 8 g yogurt powder and 2 g (cinnamon powder or
B-complex vitamins). Then, 3 g of probiotic yogurt per kg feed was added to the basal diet.
The first group (G1) was fed on basal diet without any supplementation (control). The
second group (G2) was fed on basal diet containing antibiotic (Amoxicillin at2g/kg feed). The
third group (G3) was fed on basal diet supplemented with probiotic YP at 3g/kg feed
containing lentils (Lens culinaris) flour and cinnamon (Cinnamomum verum) powder. The
fourth group (G4) was fed on basal diet supplemented with probiotic YP at 3g/kg feed
containing lentils flour and B-vitamins. The fifth group (G5) was fed on basal diet
supplemented with probiotic YP at 3g/kg feed containing ground yellow corn and B-vitamins.
The sixth group (G6) was fed on basal diet supplemented with probiotic YP at 3g/kg feed
containing ground yellow corn and cinnamon powder. The seventh group (G7) was fed on
basal diet supplemented with probiotic YP at 3g/kg feed containing wheat bran flour and Bvitamins. Feed and water was provided ad libitum, and 24 h of light was provided daily.
Basal diet (Table-1) was formulated and compounded to meet the nutrient requirements of
commercial broilers during the starter stage (1-21 days) and finisher stage (22-35 days) are
shown in Table-1.The inclusion rates of amoxicillin, probiotic YP, lentil flour, ground yellow
corn, wheat bran, cinnamon, and B-vitamins are shown in Table-2.
Observations: Birds were weighted weekly from the beginning of the experiment until fifth
week of age. Feed intake and body weight gain were recorded weekly. Feed conversion
ratio (g feed: g gain) was calculated. During the experimental period, mortality was
calculated from the records of dead chicks against total number of birds and expressed as
percentage. Production Index (PI) was calculated according to the equation of Naji (2006).
Statistical analysis: Analysis of variance was performed on data using Completely
Randomized Design (CRD) according to SPSS Software (2012). Means were compared by
Duncan, s (1955) Multiple Range Test (p≤0.05).
RESULTS AND DISCUSSION
Production performance: The effects of dietary supplementation on weekly body weights
and weekly gains in body weight (Table-3, Figures 1&2), weekly feed consumption and
weekly feed conversion ratio (Table-4, Figures 3&4) revealed that the treatment groups, viz.,
G3, G5, G6, and G7 accrued significantly (p≤0.05) higher body weight (BW), body weight
gain (BWG), and improvement in feed conversion ratio (FCR) without affecting the feed
intake (P≥0.05).
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Table-1: Ingredients and nutrient composition of starter and finisher diets.
Ingredient)%(
yellow corn
wheat
Soybean meal (44%)
Broiler protein concentrate (48%)
Vegetable oil
Premix
limestone
Common salt
Total
Calculated composition
*ME (Kcal /Kg diet)
Crude protein (%)
Calorie: protein ratio
Calcium (%)
Phosphorus available (%)
Lysine (%)
Methionine + Cystine (%)

Starter diet (1-21d)
42.75
15.0
34.0
5.0
0.8
0.2
1.5
0.25
100

Finisher diet (1-21d)
41.75
22.0
27.0
5.0
2.3
1.7
0.25
100
3174
20.14
157.60
0.99
0.51
1.17
0.83

3010
23.10
130.30
0.93
0.42
1.35
0.89
*
ME: Metabolizable energy

Table-2: Inclusion rates of dietary complements of different groups (g/kg).
Gr. Dietary Component
Starter ration (1-21 days)
G1 Basal Diet
G2 Antibiotic (Amoxicillin) 2g/kg
G3 YP + lentil+cinnamon
G4 YP+lentil+B-vitamins
G5 YP+ yellow corn+B-vitamins
G6 YP+ yellow corn+cinnamon
G7 YP+wheat bran+B-vitamins
Finisher ration (22-35 days)
G1 Basal Diet
G2 Antibiotic (Amoxicillin) 2g/kg
G3 YP + lentil+cinnamon
G4 YP+lentil+B-vitamins
G5 YP+ yellow corn+B-vitamins
G6 YP+ yellow corn+cinnamon
G7 YP+wheat bran+B-vitamins

YP (g)

Cinn. (g)

B-vit.(g)

Carrier (g)

8
8
8
8
8

2
2
-

2
2
2

Lentil
Lentil
Y. corn
Y. corn
W. bran

990
990
990
990
990

8
8
8
8
8

2
2
-

2
2
2

Lentil
Lentil
Y. corn
Y. corn
W. bran

990
990
990
990
990

With respect to body weight, body weight gain and feed conversion ratio, our results with YP
inclusion basal diet were similar to those of Sultan et al. (2006), who had observed
significant improvement in BW and FCR when 5 ml/L yoghurt were given to broiler chickens
through drinking water, and also agreed with Seifi et al. (2013), who reported that
supplementing 20g /L of yoghurt in broiler diets improved body weight and feed conversion
ratio. In this respect Mahmmod et al. (2014) had found increase in BW and BWG of broiler
chicks which were fed rations supplemented with yoghurt (1kg/100 kg basal diets) during 2235 days of age.
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The improvement in body weight, weight gain and feed conversion ratio may be due to
increased nutrient digestibility (Panda, 2009) or due to microbial enzymatic activity as
yoghurt constituents exhibit beneficiary effects on the host by enhancing the proliferation of
the indigenous microflora (Aftahi et al. 2006). Mansoub (2011) had reported that the
increase in body weight might be related to higher digestibility of proteins of milk (powder)
and an excellent amino acids balance profile. Moreover, beneficial changes in gut microflora
cause reduction in population of E. coli and increasing lactate production with subsequent
changes in intestinal pH, resulting in improving the production of digestive enzymes (Leeson
and Summers, 2005).
Improvement in BW, BWG, and FCR of birds of both groups (G3 and G5) could be due to
the contribution of cinnamon, which has powerful antimicrobial and antioxidant properties
(Abascal and Yarnell, 2010; Shirzadegan, 2014). Group 4 chicks, supplemented with YP
carried by lentils with B-complex vitamins showed significantly (p≤0.05) lower body weight,
weight gain and lower feed conversion efficiency as compared with the third group (G3)
which have the same carrier material with cinnamon instead of B-complex vitamins. Zare
(2011) reported that yoghurt supplementation with 3% lentil flour enhanced acid production
during fermentation, but the microbial population were in the same range as in lentil flour
supplemented yoghurt. This is probably due to increase in the total solid contents, especially
protein content which resulted in stronger texture and less whey protein separations (Lucey,
2001; Peng et al., 2009).
It has also been reported that bacterial flora of probiotic yoghurt is not influenced by Bvitamins (B1, B2 and B6) in humans, as lactobacilli consume vitamins resulting in decreased
bioavailability of these vitamins in men (Elmadfa et al., 2001). On the other hand, it has been
observed that daily consumption of 200 g of both probiotic yoghurt and conventional yoghurt
for 2 weeks can contribute to the total intake of vitamin B1 and B2 as reflected by increased
levels of plasma thiamine and free riboflavin in healthy women (Fabian et al., 2008). .Behrad
et al. (2009) have concluded from their observation that addition of cinnamon did not change
yoghurt fermentation, but sustained the growth of lactobacillus spp.
Table-3: Body weight and body weight gain in different dietary groups.
Age
(Week)
G1
G2
Body weight (g)
1
134
138
2
320
327
3
624b
613b
4
1214b
1227b
b
5
1721
1703b
Body weight gain (g)
1
94.46
98.50
2
186
190
3
304
286
4
590
614
b
5
508
476b
b
1-5
1682
1664b

DIETARY GROUP
G3
G4
G5

SEM
G6

G7

137
326
718a
1273a
1859a

126
290
633b
1175b
1679b

130
298
720a
1297a
1896a

129
308
720a
1285a
1857a

131
290
763a
1285a
1866a

97.76
189
392
555
585a
1820a

87.13
164
343
542
504b
1640b

90.8
167
423
577
599a
1857a

90.06
179
412
565
572a
1818a

91.63
159
473
523
581a
1827a

1.51
8.18
16.12*
24.42*
22.59*
1.51
7.51
14.52
14.01
24.84*
22.45*

Note: (1) SEM = Standard Error of Means. (2) Means of different dietary groups with
uncommon superscripts differed significantly (p≤0.05).
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Table-4: Feed intake and feed conversion ratio in different dietary groups.
Week

DIETARY GROUP
G3
G4
G5

G1
G2
Feed intake (g)
1
127
139
2
328
383
3
565
504
4
897
846
5
1326
1313
1-5
3244
3185
Feed conversion (g:g)
1
1.34
1.41
2
1.75
2.01
3
1.85
1.75
4
1.52
1.37
5
2.61b
2.75b
1-5
1.92b
1.91b

SEM
G6

G7

152
342
588
840
1406
3328

137
282
562
875
1401
3258

153
221
531
966
1349
3219

154
225
497
981
1416
3272

139
206
576
944
1387
3252

3.85
19.72
15.99
56.37
39.58
104.04

1.55
1.80
1.49
1.51
2.40a
1.82a

1.57
1.71
1.63
1.61
2.77b
1.98b

1.68
1.32
1.25
1.67
2.25a
1.73a

1.70
1.25
1.19
1.73
2.47a
1.79a

1.51
1.29
1.21
1.80
2.38a
1.77a

0.44
0.11
0.07
0.11
0.11*
0.17*

Note: (1) SEM = Standard Error of Means. (2) Means of different dietary groups with
uncommon superscripts differed significantly (p≤0.05).
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3350
3328

3300

3272

3250

3258

3252

3244
3219

3200
3185
3150

3100
G1

G2

G3

G4

G5

G6

G7

2

1.98

1.95
1.9

1.92

1.91

1.85
1.8

1.82
1.79

1.75

1.77

1.73

1.7
1.65
1.6
G1

G2

G3

G4

G5

G6

G7

However, numerous experiments have indicated that supplement of probiotic yoghurt did not
have any effect on feed intake (Sultan et al., 2006; Mohammed et al., 2015).
Production Index and Mortality: The production index (Table-5) was the highest (Rank-1)
in G5 (309.6), which was significantly (p≤0.05) higher than G1 (227.5), G2 (234.9), and G4
235.6), but did not differ (p≥0.05) from G3 (282), G6 (293.1), and G7 (301.2), which could be
attributed to better feed conversion ratio and low mortality in natural feed additive
supplemented group except G4 (YP+lentil+B-vitamins). Our results agreed with Naji, (2006).
The mortality rate (Table-5) was significantly (p≤0.05) low in natural additive supplemented
groups (G3, G5, and G6) compared to the antibiotic supplemented group (G2) and the
control (G1). The reduction in mortality rate in the experimental groups may be due to
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Table-5. Production index and mortality in broiler chickens in different dietary groups.
Dietary Group
G1
G2
G3
G4
G5
G6
G7
SEM

Production Index
227.56b
234.92b
282.06a
235.6b
309.65a
293.17a
301.26a
6.96*

Rank
6
5
4
7
1
3
2
*

Mortality (%)
11.11a
7.77b
3.33c
7.77b
1.11d
1.11d
0.00 e
1.01*

Note: (1) SEM = Standard Error of Means. (2) Means of different dietary groups with
uncommon superscripts differed significantly (p≤0.05).
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Improvement in intestinal and mucosal immune functions. Cano et al. (2002) had observed
that 5 days of yogurt feeding was the optimal condition for improving gut barrier function and
mucosal immune system in a malnutrition model in mice, or may be due to the role of
microorganisms in the yogurt powder. Kalavathy et al. (2008) have inferred that dried
yoghurt probiotic has great potential for beneficial effect on the gut micro-flora and hence
improve gut health in poultry. Their pervious data confirms that adding 1kg of dried yogurt
powder to 100 kg of diet is highly efficient in poultry feeding, because they selectively
stimulate growth and improve performance, and reduce mortality by inhibiting pathogenic
microorganisms such as E. coli and Clostridium spp. which are sensitive to the earlier culture
of beneficial bacteria like lactobacillus existing in probiotic as well as dried yogurt powder.
These findings are in agreement with the results of Mahmmod et al., (2014) who found
significant decrease in total mortalities, when broiler diets were supplemented with dried
yogurt powder. Furthermore, peptidoglycan in the cell wall of bacteria such as lactic acid
bacteria, stimulates macrophage which is needed for activation of T- lymphocytes (Meydani
and Ha, 2000). This has caused to improve body weight, weight gain, feed conversion and
viability percentage.
CONCLUSION
The findings of the current study indicate that supplemented yoghurt powder carriers with
lentils, yellow corn, wheat bran with cinnamon or B-complex vitamin has positive effect and
could have potential benefit for broiler chicks’ performance.
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LEAD PAPER
PASHMINA GOATS OF INDIA: CURRENT RESEARCH SCENARIO ON THEIR
PRODUCTION CHARACTERIZATION AND EXPLORATION OF DEVELOPMENTAL
STRATEGIES WITH FOCUS ON GENETIC IMPROVEMENT
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ABSTRACT
Gaddi
India’s indomitable heritage is possession of a special kind of goat in high altitude Himalayan
Kaghani
cold
arid region that produces pashmina (cashmere), which is fine, tough, warm and soft,
and is known as ‘soft gold’ in the kashmiri lexicon. It is the most of sought after fibre of
Changthangi
animal origin in the world, and is used for fabrication of garments, which are much costlier
than
any other fabric. Its annual production is mere 40 tonnes, which is less than 1% of the
Tibetan
total
world
pashmina
production. But, it is the best in
the world with respect to
quality, judged by its length,
diameter and colour. Its
production is restrained due to its
smaller
body
size,
low
production
potential,
tough
temperature hovering between habitation
with
ambient
400 and 40 0C, sustenance on
lean
forage
coupled
with
wearisome
harvesting,
processing,
and
fabrication
procedures by local artisans,
although it has the potentiality of
transforming the economy of
the rural goat breeders of the
region from penury to prosperity. This paper after assessing the ground realities has
explored different developmental avenues pertaining to breeding, nutrition, pasture, and
health management aspects for improving pashmina yield and quality. The genetic
parameters of pashmina yield and quality traits envisage genetic improvement of
Changthangi goats through selection rather than by crossing with the mohair producing
Angora, which is contemplated as a quick device to improve fibre yield in goats, but will
ultimately decimate the genetic base of Changthangi goats in its habitat. The paper also
delineates multifaceted approach for improvement of pasture land, nutrition and health
management in the breeding tract of pashmina goats in India.
KEYWORDS
Breeding, Changthangi, Chegu, Genetic parameters, Health, Nutrition, Pashmina, Pasture
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INTRODUCTION
Goats, essentially an Asian animal, distributed all over the world and are available in all
ecologies ranging from cold arid to hot humid. It provides multiple products like chevon, milk,
skin, manure, transport and fibre. The fibre of goat origin is classified as mohair, pashmina
and hair, but mohair and pashmina have the commercial importance because of its
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utilization in textile industry. Of the two fibres, world production of mohair is showing decline
in trade and its production has dropped down to 6500 tonnes (2004) from 25000 tonnes
(1996) and to 5,000 tonnes in 2009, while the world pashmina production has doubled, 4500
tonnes/year in 1990 to 8000-10000 tonnes in 2004 and to 20,000 tonnes presently. The
main reason for this increase is more global demand for pashmina products compared to
mohair (Dubeuf et al., 2004).
Two-third of total world cashmere production is contributed by China, 1/4th by Mongolia and
rest by Iran, Afghanistan, Asian Republic of former USSR, India, Turkey and Pakistan. India
produces the best pashmina of the world with an annual production of about 40 tons and the
production is almost static for last few decades. India contributes less than 1% to the world
total pashmina production (Shakyawar et al., 2013).
Pashmina, popularly known as ‘Cashmere’ is originated from the Persian word ‘Pasmina’
meaning wool and the Kashmiri word ‘Pashm’ meaning ‘Soft Gold’ (Shakyawar et al., 2013).
Pashmina fibre has a unique position among fibres of animal origin because of its warmth,
lightness, durability, and its better ability to absorb dyes and moisture compared to mohair
and wool. The cost of the cashmere fibre is the highest among domestic animal fibres and its
cost in international market was 90-180 Euros/ kg in 2004 A.D. The cost determining factors
of the fibre are its fineness, colour, length, and pureness.
Cashmere (also known as Kashmir, pashm, pashmina, tiflit, tiftik, tivit, tibit), which is the
undercoat from the cashmere and related types of goat, is one of the finest natural fibres,
with an average diameter of 15.5µm, and is used in the manufacture of luxury garments. The
cashmere fibres are non-medullated, and lack crimp, which distinguishes it from other animal
fibres.
On an equal weight basis, it has three times the insulating capacity of wool (Von Bergen,
1963) but, because of its ultra structure, it is weaker than wool and is more susceptible to
wetting (Ryder, 1984). The strength of cashmere fibres is about 10% weaker than the finest
sheep wool, and about 40% weaker that for mohair (Von Bergen, 1963). Breaking length (i.e.
the summary length of approximately 100 mg cashmere fibres) was estimated at 6.92 km for
Kazakh goats and 9.36 for crossbreds of Kazakh with Soviet Mohair goats (Dauletbaev and
Aryngaziev, 1980). Breaking length of undercoat fibres of white Don Goats at 2 years of age
ranged from 10.1 to 10.7 km, and was greater for the offspring of parents with finer fibres
than for the offspring of parents with coarser fibres (Zaporozhtsev, 1982).
The name ‘pashm’ was originally given to the undercoat of “down” bearing goats from Asia,
but is now used also to describe fibres of similar character from secondary follicles of other
types of goat found outside Asia, and which comply with trade standards for the cashmere
fibre.
Cashmere is usually removed by combing in late spring, when it becomes loose from the
skin and is held within the coat by the outer fibres. The combing is the major way of
harvesting pashmina in India, However, in some animals and in the areas where the goats
are kept settled in villages; the harvesting is also done by shearing followed by manual
separation. The cashmere obtained by combing contains a considerable amount of the other
(two) types of fibres, and has to be separated from them. Combing and manual separation is
labour intensive, and combing is sometimes replaced by shearing. Shearing, followed by
mechanized dehairing, has become a common practice in Australia and New Zealand
(Aglink, 1984), and this practice, combined with laborious manual dehairing, was always
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used in Iran (Von Bergen, 1963). Shorn fleeces contain a full complement of all types of
fibre, and separation is quite complicated.
Manual dehairing by producers is only partially effective, and dehairing equipment has to be
used by the commercial processor. The effectiveness of the dehairing operation depends on
the differences in diameter of fibre and on the ratio of guard hairs to undercoat: the smaller
the difference and the closer the ratio, the more difficult is the operation.
The percentage of undercoat (body weight) in the coat of cashmere goats varies from 22 to
88% in Chinese breeds (Ying and Zhang, 1982), from 20 to 60% in Indian breeds, from 36 to
96% in Soviet breeds, from 8 to 58% in Australian feral goats (Couchman and McGregor,
1983), and from 13 to 60% in Scottish feral goats (Russel, 1985).
ORIGIN OF PASHMINA GOATS
The origin of cashmere goats has been traced to Capra falconeri by some authors (Harris,
1962; Misharev, 1963; Epstein, 1963; Epstein, 1969; Roberts, 1996) and to Capra hircus
blythi by others (Kiyatkin, 1968), with three main domestication centres: North-East Kirgizia,
South-East Tibet and North-West Mongolia (Fig. 1). This grouping is based on the number of
scales per 100µm length of outer fibres. This parameter of differentiation is also suggesting
these groups as different origins and different species. This, along with considerable
variation in size (large animals weigh up to 70 kg body weight and small animals less than
11 kg and height at withers is around 90 cm for large animals, and 60 cm for small animals)
also fortify the idea of their diverse origins (Mody, 1973; Zaporozhtsev, 1978).
CLASSIFICATION OF PASHMINA GOATS
Based on the various physical parameters, the world pashmina goats can be classified into
four main groups: (1) Western, (2) Eastern, (3) Feral and Northern, and (4) PashminaMohair crossbred goats.
The Western (Kirgiz) type: The principal characteristics are a higher production of
undercoat and coarser undercoat fibres than Mongolian and feral goats and undercoat is
often longer than the outer coat (Zelenskil, 1985). Undercoat weight as a percentage of
fleece weight is 75-80%, but there is some content of intermediate fibres. Undercoat fibre
length is 9-11 cm, fibre diameter 18-20 µm, body weight of adult does 34-36 kg, and body
weight of adult bucks 55-60 kg.
The Eastern (Mongolian) type: The principal characteristics are long outer coat fibres
protecting a fine undercoat, and shorter undercoat fibres (5-6 cm) than in the Kirgiz type.
Undercoat production is up to 350 g for does and 600 g for bucks, but more for the best
animals. The principal aims of selection are a higher undercoat weight and longer undercoat
fibres, but no change in undercoat diameter.
Feral and Northern goats: Re-domesticated feral goats are relative newcomers in
cashmere production, and the population is very heterogeneous and unimproved. Undercoat
percentage and production are often smaller than the economics of single-purpose
production would require, and the role of these goats in the economy should be viewed, at
present at least, from the point of multipurpose production.
Pashmina-Mohair Crossbreds goats: Crossbreeding of cashmere goats with mohair goats
leads to increases in fibre length, fleece weight, and fibre diameter. Over-long undercoat,
resulting from crossbreeding with mohair goats, is prone to weathering, since

www.animalsciencereporter.com

Page 31

Animal Science Reporter (e-edition), Vol. 11, Issue 1, January 2018
Fig. 1: Probable Origin of Asiatic Pashmina Producing Goats (Millar, 1986).
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Mohair fibres are composed for orthocortical keratin as opposed to the outer layer of para
cortical keratin of cashmere fibres, and this, along with occasional incidence of modulation,
may also influence adversely the physical traits expected by trade for cashmere. At present,
however the trade is more concerned with fibre diameter and length than with physical
characters (Ryder, 1984). The use of mohair goats in crossbreeding with local goats with
some cashmere potential may lead to virtual disappearance of non-modulated fibres and the
emergence of intermediate fibres. Early backcrossing to cashmere types, such as practiced
in the USSR, makes it possible to obtain animal producing high yields of undercoat (up to
900 g) with fibres 10-13 cm long, but the fibres are of a coarser type (at best 20-22 µm).
COAT COLOUR
The coat colour of cashmere goats ranges almost across the whole scale of coat colours of
domestic goats. The commonest natural colours of cashmere are grey, brown and black,
white being rarer. White fibres fetch the highest prices because of its rarity (Belleli, 1982)
and suitability for dyeing without bleaching. The Soviet State Standard (GOST 2260-78)
recognizes five colours, viz., white, light grey, dark grey, brown, and mixed. There is a
shortage of consistent and reliable data on genetics of colour in the domestic, feral and wild
goat, in general, and in the Cashmere goat in particular.
Of all cashmere colours, white is commercially the most important one. Lauvergne and
Ricordeau (1971) observed that in crossbreeding of Chamois coloured with Saanen goats,
white colour was inherited in a monofactoral, autosomal dominant fashion with subtotal
penetrance. The autosomal dominant gene was called (an analogue to a gene inhibiting
colouration), and more recently R (to represent the roan pattern). The action of this gene
appears to be the dilution of melanisation of hair. It is epistatic to the expression of other
colours in Asiatic goats. Von Lehmann (1984) studied populations of goats in zoological
park, including Chinese cashmere-bearing goats, and concluded that, apart from the
epistatic white colour, sometimes expressed as cream, there is also a recessive white, due
to successive lightening.
Berge (1966) gave the following order of dominance: white-red-fawn-black. The wild type
(light belly, black-and-tan) appears dominant over the badger-face type, and the badger-face
type (Lauvergne, 1978). Abdullaev and Musalaev (1982) found that the percentage of white
animals in three successive generations of crossbreds of black, grey and white Dagestan
does mated with white Soviet Mohair bucks was 70, 82 and 93 compared to 98 for Soviet
Mohair. When Soviet Mohair bucks were mated with Kazakh does of which 46.3% were
black, 26.6% were cream, 5.4% were grey and 21.6% were of other colours, the percentage
of white offspring was 82.3 (Dauletbaev and Aryngaziev, 1978).
Crossbreeding of grey Altai Mountain does with white Soviet Mohair bucks and with white
crossbred bucks at the next generation, resulted in white colour occurring in 78.8-92.8 % of
progeny in 3rd generation. When Don X (Soviet Mohair X Don) bucks were used, the
percentage of white offspring was 72.3-81.6 (Al'kov and Kraskova, 1981).
Inter se breeding of Soviet Mohair x Don Goats resulted in 100% of progeny being black.
Mating between white parents resulted in 69.2-71.9 % of progeny being white, and 18.9-20.3
% being of other colours.
The demand for white fibres and the premium price paid for them will result in a much more
intensive selection for white colour in future than the current demand.
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Table-1: World Scenario of Pashmina Production Parameters with references.
PASHMINA GOATS

Undercoat diameter (µm)

Undercoat length (cm)

Undercoat weight (g)

Chengtic / Changde (Ying, 1982; Ying and Zhang, 1982)
P15.0
4.5
140-215
Chugwei (Ying, 1982; Ying and Zhang, 1982)
13
6.7
120-140
Chinese (Epstein, 1969)
14.5-15.9
Iranian (Ying, 1982)
15.5-18.6
Jining (Ying, 1982; Ying and Zhang, 1982)
12.7-15.4
3.5
37-100
Kashmiri (Khot and Jalihal, 1963)
14.7-15.4
NR
99-275
Kashmiri-Mongolia (Epstein, (1965)
275
Liaoning (Ying, 1982; Ying and Zhang, 1982; Ying and Zhang, 1983)
15.9-17.1
4.5-6.2
402-491
Mongolia (Chovatel,1979; Ying and Zhang, 1982; Cerensonom, 1967)
15.2-20.6
4.9-5.0
125-290
Tibetan (Ying and Zhang, 1982)
14.2-20.6
4.5
200-300
Wuan (Ying, 1982; Ying and Zhang, 1982)
13.7
5.0
140-215
Xingjiang (Ying, 1982)
14.7
4.5
200-590
Altai Mountain (Al’kov, 1965; Orekhov, 1968; Al’kov and Tadykin, 1974; Al’kov, 1975;
Al’kov and Kraskova, 1981; Al’kov, 1982; Vasil’ev, 1982)
16.2-18.5
5.2-9.0
180-800
Dagestan (Abdullaev and Musalaev, 1982; Mashkov et.al., 1983; Musalaev, 1975)
13.0-17.9
3.0-7.4
24-450
Don (Tatarenko et. al., 1961; Misharev, 1969; Tatarenko et.al., 1970; Zaporozhtsev,
1975; Zaporozhtsev, 1979; Zaporozhtsev, 1980; Malyshev, 1982; Zaporozhtsev, 1983)
16.1-23.7
9.1-13.5
420-1529
Kazakh (Dauletbaev and Aryngaziev, 1978)
15.9
80
Kirgiz (Misharev, 1963; Al’meev, 1973)
11.0-18.6
6.5-9.5
45-600
Orenburg (Shatunov, 1973; Malinovich, 1976; Zelenskil, 1981; Malyshev, 1982)
15.6-17.9
5.3-10.4
134-475
Uzbek (Kuyanova, 1974)
17.5
475
Volgogard (Zaporozhtsev, 1978)
12.8
1050-1310
FERAL GOATS
Australian feral (Rural Res., 1973; Holst et.al., 1982; Couchman & McGregor, 1983)
13.4-19.0
2.5-6.1
117-330
Scottish feral (Russel, 1985)
13.4-14.7
98-143
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PASHMINA GENETIC RESOURCES
World scenario of Pashmina Genetic resources: The world scenario of Pashmina and
Feral Genetic resources along with their pashmina production parameters, viz., undercoat
diameter, undercoat length, and undercoat weight are presented in table-1. The average
production of under coat was the highest (1050-1310 g) in Volgogard goats. The average
length of undercoat was the highest (5.3-10.4 cm) in Orenburg goats. The fibre was the
finest (12.8 µm) in Orenburg goats.
Indian Pashmina Goats: In India only two pashmina breeds viz., Chegu and Changthangi
are recognized.
Habitat: Chegu goat is reared in Lahul, Spiti, Chamoli, and Pithoragarh in an area of 6,700
sq km at 3500-5000 m above mean sea level (-40 to +40 0C) under semi-intensive system.
Changthangi goat is reared in Changthang and adjoining areas of Leh in an area of 20,000
sq km at 3000-6000 m above MSL (-40 to +40 0C) under extensive system (Fig. 2).

Fig. 2: Pashmina goat rearing and pashmina production in breed habitat.
Production & Reproduction Parameters: The production and reproduction parameters of
Indian Pashmina Goats are given in table-2.
The studies revealed that Changthangi goats scored better than Chegu goats with respect to
kidding (%), twinning (%), survivability, pashmina yield, scouring yield (%), and fibre
diameter, while Chegu goats were better than Changthangi with respect to body weight, fibre
length, age at first kidding, and kidding interval, which could be due to differences in rearing
system. Changthangi goats are reared on extensive system, while Chegu goats are reared
in farms under semi-intensive system.
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Table-2: Production Parameters of Indian Pashmina Goats with references.
Trait
Birth weight
Weaning weight
Adult weight (Male)
Adult weight (Female)
Age at 1st kidding (days)
Kidding Interval (days)
Kidding (%)
Twinning (%)
Moratality (%) kids
Moratality (%) adults
Pashmina yield, 1st Yr (M)
Pashmina yield,1st Yr (F)
Pashmina yield, 2nd. Yr (M)
Pashmina yield, 2nd. Yr (F)
Pashmina yield, 3rd Yr (M)
Pashmina yield, 3rd Yr (F)
Overall Pashmina yield
Scouring yield (%)
-doFibre length (cm)
-doFibre diameter
-do-

Chegu
2.10±0.02kg (Acharya, 1982)
8.41±0.19kg (Acharya, 1982)
39.42±1.57kg (Acharya, 1982)
25.71±0.33kg (Acharya, 1982)
620.4±23.0 (Deb, 1998)
271.9±9.2 days (Deb, 1998)
65.4%
38% (Sahni, 1980,1981)
28.4% (Sahni, 1980,1981)
65.1g (Sahni, 1981)
65g (Sahni, 1981)
122.5g (Sahni, 1981)
136.8g (Sahni, 1981)
136.8g (Sahni, 1981)
123.9g (Sahni, 1981)
138.6g (Deb, 1998)
69% (Acharrya, 1982)
5.8±0.1 (Deb, 1998)
13.20±0.20µ (Deb, 1998)
-

Changthangi
1.88±0.01 (Sheikh et.al., 1996)
8.34±0.01kg (Sheikh, 1996)
30kg (Anonymous, 2002)
20kg (Anonymous, 2002)
668±18 (Acharya, 1982)
397±7
72-92% (Sahni, 1981)
1% (Anonymous, 2004)
4% (Anonymous, 2004)
<3% (Anonymous, 2004)
151g (Ganai et al., 1995)
113g (Ganai et al., 1995)
229g (Ganai et al., 1995)
163g (Ganai et al., 1995)
270g (Ganai et al., 1995)
119g (Ganai et al., 1995)
85% (Acharrya, 1982)
65.29±2.08% (Darokhan , 1983)
4.95±0.11 (Darokhan, 1983)
4.86cm (Ganai et.al.,2004)
12.8-12.9µ (Darokhan, 1983)
12.1-12.5µ (Ganai et.al., 2004)

AICRP-Goats (Pashmina): Under all India coordinated research projects (AICRP) on goat,
a component of pashmina production and its improvement was taken up in 4th five year plan.
Though some improvement was registered but the target of attaining more than 200g of
pashmina of less than 14 micron diameter were not achieved in Chegu goats due to
indeterminate constraints.
However, Chegu at IVRI-Mukteshwar (Uttaranchal) unit have successfully adapted to a
relatively lower altitude compared to the altitude of the breed habitat. This has created a lot
of potential for generating local employment through establishment of pashmina industry, but
till date no concerted approaches have been made to rear pashmina goats at lower altitudes
at farmers’ level.
The changthangi unit was established at Upshi, Leh and the unit has presently attained the
targets of producing more than 200g of pashmina of less than 14 micron diameter on an
average. The present status of pashmina production by Changthangi adult male, adult
female, young male, and young female is 326.33, 260.98, 141.49 and 133.30 g respectively
(Anonymous, 2003).
Strength of Indian Pashmina Goats: (1) Finest in the world. (2) Diversity in pashmina
products up to 800 g / year. (3) Fibre length as per the trade requirements. (4) Adapted to
agro-climatic condition where no other breed can survive. (5) Existence of a reasonably
good population of white coloured animals.
Weakness of Indian Pashmina Goats: (1) No systematic breeding. (2) Feed and fodder
shortage. (3) Animal health care primitive. (4) Value addition either very limited or not done.
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Table-3: Phenotypic correlations of undercoat (UC) diameter with other traits in
cashmere goats (*Millar, 1986).
UC wt
0.27
0.48
0.23
0.21
0.22
0.56

UC length
0.60
0.22
0.34
0.30
.32
0.39

UC%
-0.43
-0.38
-0.41
-0.15
0.30
-

Colour
0.16
-

Fleece wt
0.13
-

Body wt
-0.11
0.28
0.04
0.002
0.12
-0.09
0.139

Breed / Type
Volgograd*
Volgograd*
Volgograd kids*
Volgograd kids*
Don kids*
Australian ferals*
Liaoning goat*

Table-4: Phenotypic correlations of undercoat (UC) weight with other traits in male (M)
and female (F) cashmere goats (*Millar, 1986).
UC diameter
0.22
0.14
0.31
0.19
0.13
0.14
0.09
0.62
-0.50
0.56

UC length
0.46
0.29
0.45
0.33
0.58
0.46
0.44
0.25
0.40
0.19
0.41
0.40
0.60
-0.28
0.69

UC%
0.26
0.53
0.30
0.30
0.40
0.36
0.25
0.35
0.27
0.36
0.42
0.68
0.85
-

Colour
0.42
0.15
-0.10
0.17
0.12
0.07
0.02
0.22
-

Fleece wt
0.30
0.92
0.63
-

Body wt
0.24
0.08
0.30
0.06
0.16
0.24
0.04
-0.04
0.18
0.08
0.13
0.22
-0.07
0.62
-0.10

Breed / Type
Don*
Volgograd (F)*
Volgograd (M)*
Volgograd kids (F)*
Volgograd kids (M)
Don kids (F)*
Don (M)*
Don young (M)*
Don (F)*
Don young (M)*
Don kids (F)*
Don kids (M)*
Australian feral (M)*
Australian feral (M)*
Australian feral*

Table-5: Phenotypic correlations of undercoat (UC) percentage with other traits in
male (M) and female (F) cashmere goats (Millar, 1986).
UC wt
0.40
0.25
0.42
-

UC length
0.48
0.19
0.44
0.44
0.66
0.32
0.43
-

Colour
0.42
0.42

Fleece wt
0.37

Body wt
0.05
0.09
0.02
0.16
0.17

Breed / Type
Don*
Don*
Don *
Volgograd (F)*
Volgograd (M)*
Volgograd (F)*
Volgograd kids (M)*
Don kids (F)*

Genetic and Phenotypic parameters of Pashmina Goats: Before initiation of any genetic
improvement programme, it is necessary to know the genetic and phenotypic parameters of
the animals.
Phenotypic correlations: Phenotypic correlations, estimated mostly for Don, Volgograd
and Australian feral goats (tables-3, 4 & 5), demonstrated that under coat (UC) diameter was
positively correlated with UC weight, UC length, colour, fleece weight and body weight, and
negatively correlated with UC percent.
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UC weight is positively correlated with UC diameter, UC length, colour, fleece weight and
body weight. UC (%) is positively correlated with UC weight, UC length, colour, fleece weight
and body weight. In changthangi goats, pashmina yield at 1 ½ year was found to be
positively correlated (0.60±0.02) with birth weight (Darokhan & Tomar, 1983), indicating that
birth weight was the earliest expressible trait that could be used to improve pashmina yield in
a selection program.
Genetic correlations: Genetic correlations among fibre traits in feral goats in Australia
(Restall et.al., 1984) were strong and positive. However, those between fibre traits and
growth or body weight, although strong were negative (table-6).
In changthangi goats, genetic correlation between birth weight and pashmina production at
1½ years of age is 0.68±0.02 (Darokhan and Tomar, 1983). Dam-daughter correlations of
undercoat weight in Don Goats were 0.45 and 0.49 for the offspring of medium and highyielding parents respectively.
Table-6: Genetic correlations among performance traits in Australian goats (Millar,
1986).
Trait
UC diameter
UC length
Growth rate
Body wt at 18 months
Primary follicle density
Sec. follicle density
S/P ratio

UC weight
0.97
(0.16)
0.80
(0.18)
-0.69
(0.48)
-0.57
(0.47)
0
0
-0.11
(0.74)

UC diameter
-

UC length
-

Gr. rate
-

B wt at 18 m
-

0.74
(0.24)
-0.51
(0.44)
-0.94
(0.36)
0
0
0.26
(0.72)

-

-

-

-0.85
(0.4)
-0.55
(0.44)
0
0
-0.07
(0.77)

-

-

0.79
(0.32)
0
0
0.28
(0.76)

0
0
0.28
(0.76)

Note: Standard errors are given in the brackets below figures for genetic correlations.
Table-7: Heritability of various traits in some goat breeds.
Trait
Undercoat weight
Undercoat diameter
Undercoat length
Growth rate
Body weight at 18 months
Primary follicle density
Secondary follicle density
S/P ratio
References

Mongolian
0.76
0.24
0.12
0.07

Zagdsuren
et al.

Australian feral
0.59±0.37
0.77±0.39
0.93±0.41
0.56±0.36
0.68±0.34
0
0
0.17±0.28
Restall et al. 1984
(1984)

Cashmere (UK)
0.53
0.56

Vagenas et al.
(1997)

Heritability: The heritability estimates (tables-7) in cashmere producing goats indicates
medium to high heritability of most of the economic traits. Ning et al. (1995) have reported
the heritability of fibre length (0.263±0.442), adult body weight (0.57±0.18), gross down
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weight (0.357±0.04), clean down weight (0.685±0.136), wool weight (0.337±0.151), fibre
diameter (0.421±0.017), and birth weight (0.674±0.118). Yalcin (1972) have reported the
heritability of number of primary follicles (0.23), number of secondary follicles (0.36), and S/P
ratio (0.49) in Liaoning goats. Darokhan and Tomar (1983) have reported that the heritability
of down weight was 0.2558±0.2496 in Changthangi goats.
Various genetic and phenotypic parameters and heritability estimates herald the possibility of
improving pashmina production of better quality through judicious selection.
STRATEGIES FOR AUGMENTATION OF PASHMINA CHARACTERISTICS
In animal fibre production sectors, the most of sought after fibre of animal origin is pashmina.
The quality of pashmina is determined by its length, diameter and colour. In order to improve
pashmina production qualitatively and quantitatively, multi-pronged strategies, viz., genetic
improvement, feed and fodder improvement, animal health cover and value addition of
primary produce followed by propelling of proper marketing organization is cardinal to
harvest maximum profit from pashmina enterprise.
Genetic improvement through selection: The breeding policy for enhancing pashmina
production in traditional pashmina producing areas should be selective breeding as the
breeds available in India are finest in the world and sufficient diversity occurs in the stock to
have genetic responses for more quality pashmina production.
For the execution of this policy, supply of quality germplasm is required and in certain areas
of Ladakh (Kurzok, Kharnak, Hanley etc) high quality bucks are available with the farmers.
They should be selected and brought to the ‘Nucleus Breeding Complex’ for evaluation and
selection.
However, a smaller amount of serious research has been undertaken in cashmere goats.
There are no published data on selection for fibre traits and undercoat production in the
traditional Asian production areas. The majority of published data come from the USSR, and
usually lack adequate statistical analysis.
It would be advantageous to improve fibre length and the S/P ratio, but it must be borne in
mind that it would be disadvantageous if fibre diameter increased as a correlated response
to improvement of other traits (Ryder, 1984).
The available data suggest that the aims of selection are similar in all production areas and
for all types of cashmere goats. These aims (not in order of importance) are: (1) Increased
undercoat production, (2) Reduced fibre diameter, (3) Increased fibre length, (4) Increased
S/P ratio, and (5), Increase in white colour.
Indian Pashmina Goats, Mountain Altai, Orenburg, Don and Kazakh types meet the required
fibre diameter, but undercoat production, fibre length and body weight require improvement.
Some Soviet types have very good undercoat production; but fibre diameter is often too
great. Body weight is of importance because of its positive effect on body surface area, and
also (goat) meat production. White colour is important because of trade requirements and
the premium on white cashmere in the market.
Ryder (1984) suggested that selection on undercoat weight would result in an increase in
undercoat density through increased S/P ratio. Direct selection on S/P ratio requires trained
technical staff and laboratory back-up, not available to most breeders. Couchman and
McGregor (1983) used visual scoring in predicting undercoat weight in a population of feral

www.animalsciencereporter.com

Page 39

Animal Science Reporter (e-edition), Vol. 11, Issue 1, January 2018
goats in Australia; the correlation of predicted values with objective measurements was 0.56
in does and 0.84 in bucks. The same authors concluded that large variation in undercoat
weight within the feral population offers the possibility of rapid genetic gain through selection.
The rate of genetic gain would be slowed down if selection on undercoat weight is
accompanied by selection for reduced fibre diameter. Pattie and Restall (1984) suggested
that the highest economic gains in short term would be obtained by selecting for increased
undercoat weight. In the long-term, however, this would result in an unacceptable increase in
fibre diameter and reduced body weight.
Selection of Don Goats for increased undercoat weight (Zaporozhtsev and Telegin, 1975)
resulted in increased fibre length, fibre diameter and body weight. Selection for reduced
undercoat fibre diameter resulted in shorter fibres, lower body weight and lower fleece
weight. Selection for increased body weight resulted in small increases in fibre diameter,
fibre length and undercoat percentage. Selection for increased fibre length resulted in
increased fibre diameter and small increases in undercoat weight and body weight.
Indian Pashmina goats, Mountain Altai, Orenburg, Don and Kazakh types meet the required
fibre diameter, but undercoat production, fibre length and body weight require improvement.
Some Soviet types have very good undercoat production; but fibre diameter is often too
great. Body weight is of importance because of its positive effect on body surface area, and
also enhances meat production.
The rate of genetic gain would be slowed down if selection on undercoat weight would have
to be accompanied by selection for reduced fibre diameter. Pattie and Restall (1984)
suggested that the highest economic gains in the short term could be obtained by selecting
for increased undercoat weight. In the long-term, however, this would result in an
unacceptable increase in fibre diameter and reduced body weight.
To get tangible and overall improvement in pashmina (qualitatively as well as quantitatively),
index selection is the only effective method of selection. Selection on an index incorporating
undercoat weight, fibre diameter and body weight has resulted in increased body weight,
reduced fibre diameter, and almost no change in undercoat weight. Selection on an index
incorporating undercoat weight, body weight and colour resulted in increased white colour,
which is important because of trade requirements and premium on white cashmere.
Selection on an index incorporating undercoat weight, body weight and colour resulted in
increased undercoat weight, a small increase in fibre diameter and body weight, and a sharp
reduction in the number of grey animals. This index was highly significantly correlated (0.98)
with economic evaluation of performance (Millar, 1986). However, the weights given to each
index is not reported in the article.
The selection criteria suggested for improvement of cashmere goats by Pattie and Restall
(1987) can be used for improvement under India condition till the selection index on
sufficient data are made available on the local genotype. The objective of the selection is to
evolve a goat with dual utility (chevon and fibre).
The traits included in the index should be easily measurable, and therefore easy to put to
use. The index should be utilized on the animals in which a preliminary and is carried out on
one set of early and cheaply measured traits and final selection is based on full testing of a
smaller numbers.
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The plan followed should be: (1) Select does on an index combining body weight and fibre
length. (2) Select buck individually on an index similar to the doe index and cull 85%. (3)
Finally select buck on full test.
In other words, two stage selection indices should be followed:
Index- I = 0.769 (down diameter deviation) – 0.016 (body weight deviation)
This index should be used for female selection and initial male selection.
Index-II = 0.494 (Down length deviation) + 0.272 (Down weight deviation) – 4.212 (Down
fibre diameter deviation) – 0.089 (body weight deviation)
Index-II is recommended for final selection following additional measurements. These above
two indices are used when 25% bucks are retained for full testing. In areas where fibre
diameter is very fine the fibre diameter shall be held constant and following indices should
be used.
Index-III (Female) = 0.003 (Down length deviation) + 0.151 (Body weight deviation)
Index-IV (Male) = 0.322 (Down length deviation) + 0.101 (Body weight deviation)
Index for final male selection:
Index-V = 0.003 (Down length deviation) + 0.360 (Body weight deviation) + 0.145 (Down
weight deviation) – 9.450 (Down diameter deviation)
Index-VI = 0.386 (Live weight kg) + 0.773 down weight g + Down diameter (mm)
Table-8: Response to selection
Trait
Body weight (kg)
Down weight (g)
Down diameter (mm)
Total

Indices I & II*
Response
Value
-0.65 kg
-$ 0.85
28.40 g
$ 26.13
0.37 µ
-$ 6.39
$ 18.89

Indices III, IV & VI*
Response
Value
0.07 kg
-$ 0.09
13 g
$ 11.96
0
$0
$ 12.05

Index VI**
Response
0.130
40.21
0.044

* Pattie and Restall (1987), ** Zagdsuren et al. (RIH = 0.869)
Crossbreeding: A pilot experiment by Sheep Husbandry Department (J&K), Kargil at
Pashmina goat unit, Khangryal (Kargil) has demonstrated that the local pashmina goats
procured from changthang area and kept in the unit under improved management system
could yield more than 200g of Pashmina (Personal communication, 2004) indicating the
genetic potentiality of the breed. Hence, the policy of upgrading local stock with Angora
goats in Ladakh needs reconsideration.
The upgradation of the local goats with Pashmina goats in non-traditional goat belt with
almost analogous climatic conditions has great scope to increase pashmina production in
India. The major area of similar climatic condition to Changthang lies in Jammu and Kashmir
and comprises of a contiguous area of about 28000 square kilometres area of Leh district
and about 14000 square kilometres of Kargil district. Breeding by upgradation of small sized
local goats with selected Changthangi bucks should be the breeding strategy to be adopted
for increasing body weight and getting more pashmina too. However, before taking
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upgradation at larger scale, the appropriate husbandry practices to be followed in the nontraditional area needs to be worked out.
Upgradation with Pashmina goat could be more rewarding than crossbreeding with Angora.
The reasons are: (1) Falling market prices of angora and increasing demand of pashmina
fibres. (2) Very low economic return from these crosses. (3) Higher susceptibility of the
crosses to various skin and other diseases.
Rangeland and Nutritional Improvement: Pashmina goats are reared extensively and for
most of the year, flocks migrate from pasture to pasture. The winter and summer pasture are
well defined. Due to infertile soil, water shortage in grass growing season, and spare
vegetation growth, natural grasslands have degraded.
Keeping in view the populations of animals and land available, herdsmen have relatively
larger pasture area to graze their animals. But the animals have to waste a lot of their energy
on walking long distances in search of fodder every day. The farmers practice unplanned
and haphazard grazing schedule, and this has deteriorated the excellent pastures in
Changthang region (Sahni, 1990).
The dire need of the day is to investigate scientifically the requirement and availability from
the pastures to the goats and also pin point the deficiencies with regard to nutritive
requirements. So that a comprehensive program for improvement of feed and fodder
availability is made.
During winter, if there is some snowfall, the entire pasture in the area get covered by snow
which turns to ice immediately because of arctic environment of the area, thereby covering
all the pastures with ice. This causes at times great losses to the farmers in the form of high
mortality of the animals. Therefore, to have feed and fodder security to livestock following
points should be taken into consideration: (1) Establishment of effective feed banks. (2)
Identification of potential pasture areas. (3) Development of nutrient rich pastures. (4) Grant
of long term credit facilities in the form of soft loans for procuring balanced feed and stacking
dry fodder for the scarcity period. (5) Educating the farmers regarding balanced feed &
feeding and its benefits.
Goat health improvement: Animal health is essential to exhibit full production potential by
the animals. A variety of helminths and ectoparasites infest pashmina goats. Therefore,
proper drenching and dipping schedules need to be developed for protection against ectoand endo- parasitic infections along with vaccination against infectious diseases.
The important viral diseases which afflict pashmina goats are FMD, Ecthyma, and CCPP.
FMD and CCPP take heavy toll when they strike, therefore, proper vaccination, treatment
and monitoring these disease needs attention. Among bacterial diseases, clostridial infection
create great health hazard. An in-depth study of epidemiology of these diseases is
essentially required to evolve an effective control strategy. In order to curtail the losses,
effective diagnostic centres need to be established for quick identification and control of
these diseases.
Value addition and Marketing: Recently Changthangi pashmina producer cooperative has
been established in J&K, and most of the pashmina produced by the farmers is marketed
through it. But the effectiveness of cooperative depends upon adequate market intelligence
and value addition. A pashmina carding machine has recently been set up in Leh to market
the pashmina after carding, but for better remuneration to the farmers spinning machines for
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making tops needs to be established. Hand spun pashmina shawls (Figs. 4 & 5) are
preferred over power loom pashmina shawls and fetch higher price because of long life, and
lack of pile formation (Nazir, 2010). A hand spun pashmina shawl costs around Rs. 20003000 minimum, and an embroidered pashmina shawl starts with Rs. 6000-10,000) minimum
(Mishra, 2015).

Fig. 4

Fig. 5

CONCLUSION
It is concluded that efforts should be made to improve pashmina yield and quality of
Changthangi goats through selection along with multidimensional approach for pasture
development, nutrition and health cover along with establishment of cooperative societies for
value addition and marketing of pashmina and pashmina-products.
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