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Abstract 
Cashmere/down production of 118 Maraz goats (36 males and 82 females)   aged one to five years 

and older was investigated. Evaluation was based on the down percentage in undercoat. The overall 
mean of live weight, fleece weight,  down percentage, fiber diameter and fiber length were 26.8 kg, 699.7 
g, 27.7 %, 22.5 µm and 57.7 mm, respectively. 

Live weight, fleece weight and down percentage were significantly heavier in males than in 
females. Age affects significantly all studied traits except the fiber length. The effect of interaction 
between age and sex was significant on most of the studied traits. Correlations among traits were also 
studied. Possibilities of increasing the cashmere production of Maraz goats in Iraqi-Kurdistan by genetic 
improvement through selection and improved management are considered. 
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Introduction 
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Maraz (Kurdi) goats are raised at 
high altitudes in the mountains of Iraqi 
Kurdistan. They belong to the Cashmere 
bearing goat breeds [1-4]. The main 
purpose of raising Maraz goats is to utilize 
their outercoat fibers in the manufacture of 
Kurdish national costume while their 
undercoat fibers are ignored due to the 
unfamiliarity of the breeders with the 
importance of cashmere and the possibility 
of processing it. Consequently, the 
breeders’ tendency was imposed on 
increasing the rate of outercoat and 
decreasing the rate of undercoat. In this 
respect, it should be mentioned that there 
was not any importance towards the 
improvement of animal resources, in 
particular Maraz goats, in the region, due 

to the historical background of political crises 
in this part of the world. Therefore, so far no 
data have been published concerning the 
properties of undercoat of Maraz goats. 

Base line production data for Maraz 
down-bearing goats should be established in 
order to plan for genetic improvement. This 
research is aimed to describe the undercoat 
production of these goats quantitatively and 
qualitatively, together to investigate the effect 
of sex and age on studied traits. 

 
Materials and Methods 

One hundred and eighteen fleece goats 
(36 males and 82 females) of different ages (1, 
2, 3, 4, 5 and over years) were obtained 
randomly from a private migrating flock in Dol 
Naran (latitude 36o16´ N, longitude 44o50´ E, 
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elevation 1557 m) in Rania District/ 
Sulaimani Governorate, Iraqi Kurdistan 
region. 

All the animals were kept together 
during the previous twelve months on 
pastures, supplemented with hay, wheat 
straw and black barley grain mixtures 
when necessary. In the late of March 2002, 
the goats were hand shorn (prior to 
initiation of Shedding) and subsequently 
weighed. Whole raw fleeces were weighed 
too and packaged individually and sent to 
the skilled combers for dehairing 
procedure by traditional combs. Weights of 
the outercoat and undercoat were recorded. 
A representative sample was randomly 
drawn from each undercoat, rinsed in non-
ionic detergent and air dried. Then the 
weights of the different fiber types (down, 
guard hair & kemp fibers) were determined 
by visual separation in reference to the 
method of Doney and Smith [5]. Weights 
of the down fibers produced per fleece 
could be expressed as down fibers 
percentage multiplied by total weight of 
greasy undercoat. 

Average fiber length was calculated 
by measuring 50 clean fibers randomly by 
the ruler from each down sample. 
Diameters of 200 fibers were measured by 
the projection microscope (Lanameter) 
from each sample in accordance to the 
ASMTT  [6]. 

Statistical analysis was carried out 
using the SAS [7] program to determine 
the effect of age, sex and their interaction 
on studied traits and correlations among 
them. Mean differences were tested using 
Duncan's Multiple Range Test using GLM 
of SAS [7]. Data in the form of percentage 
were converted to arcsine. 

 
Results  
Live Body Weight 

 Table (1) shows that, the overall 
mean of body weight was 26.8 kg, ranged 
from 12.5 to 47.0 kg. The effect of age, sex 
and their interaction on body weight was 

highly significant (p≤0.01, Table 2). Body 
weight increased from 19.0 kg in the group of 1 
year old to 36.1 kg in the group of ≥5 years old. 
Males were heavier than females (31.2 Vs. 24.9 
kg, Table 1). 

 
Fleece Weight  

The overall mean of greasy fleece and 
their components, outercoat and undercoat 
weights were 699.7, 563.4 & 136.3 g 
respectively (Table 1). The effect of age, sex 
and the interaction between age and sex on the 
above traits was highly significant (p≤0.01, 
Table 2). In general, the weight of fibers tends 
to increase with age and the peak was attained 
from three and four years old and thereafter 
declined. Males produced heavier fleeces on 
average by 35% than females.  

  
Undercoat Constituents 

 The average percentages of undercoat 
constituents were 27.7, 51.8 & 20.5% for 
down, guard hair and kemp fibers, respectively 
(Table 1). This means that the traditional 
combing is not applicable for separating down 
fibers due to the higher contamination of guard 
hair and kemp fibers left with down fibers. The 
effect of age, sex and their interaction was 
significant on undercoat constituents (Table 2). 

The highest percentage (41.3 %) of down 
fibers was recorded from the goat aged one 
year and then it declined with the advancing 
age reaching 17.2 % at the age of five years. 
Males exhibited higher percentage of cashmere 
than females (35.7 Vs. 24.2%, p≤0.05). 

 
Down Properties 

 It can be seen from Table 1 that the 
overall mean of fiber diameter and standard 
deviation of fiber diameter for Maraz goats 
were 22.5 & 4.3 µm,      respectively, ranging 
from 15.9 to 28.8 µm for fiber diameter and 
from 2.2 to 6.4 µm for standard deviation of 
fiber diameter. Average fiber length was found 
to be 58 mm (Table 1). The age showed highly 
significant effect (p≤0.01) on fiber diameter 
and standard deviation of fiber diameter. Goats 
aged one year old produced finner fibers 
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compared with older animals, whereas the 
sex of animals does not appear to have a 
significant effect. However, the effect of 
interaction of age and sex on fiber diameter 
was significant (p≤0.05, Table 2). 

 
Correlation Analysis 

 The simple correlation coefficients 
among live weight and studied fleece 
characteristics are illustrated in Table 3. 
There were significant positive correlations 
among each of live weight, greasy fleece 
weight, guard percentage, fiber diameter 
and standard deviation of fiber diameter. In 
addition, there were also significant 
positive correlations between fiber length 
and each of undercoat weight, fiber 
diameter and standard deviation of fiber 
diameter. On the other hand, there were 
negative and significant relationships 
between the down fiber percentages with 
most studied properties. Down weight 
correlated significantly and positively with 
each of undercoat (0.626) and down fiber 
percentage (0.685) but negatively with 
each of guard percentage (0.350) and kemp 
percentage (0.454). 

 
Discussion 

The body weight of Maraz goats is 
within the range reported by Millar [3] that 
large animals of cashmere goat weighing 
up to 70 kg, and small animals were less 
than 11 kg. Earlier work [4] for the same 
breed obtained similar results of live 
weight, while observed higher values of 
greasy fleece weight, which were 1200 & 
900 g for males and females, respectively. 
This difference could be due to the 
environmental conditions as well as the 
variability in genetic make up of 
individuals. The significant effect of age, 
sex and the interaction between them on 
fleece weight traits might be explained by 
differences in body size and level of 
management. A similar pattern was 
observed by Restall and Pattie [8] of 
cashmere in Australian goats concerning 

the increase of fleece weight with the 
advancing age up to four years and fleece 
weight obtained from males were heavier than 
females. 

In the present work, the unselected Maraz 
goats averaged 38 g of cashmere, with a range 
of zero g to 157 g. This large variability in 
down weight suggests considerable scope for 
selection. Millar [3] reported that the 
production of undercoat/cashmere per animal 
varies from a few grams to around 1 kg 
annually. The low values of cashmere 
production of Maraz goats may be related to 
the poor management as farmers are not 
familiar with the scientific way of breeding 
goats. The current result indicates that younger 
goats produced more down fibers than older 
ones. Conversely, Cochman and McGregor [9] 
and James et al. [10] observed that cashmere 
production for adult goats was higher than 
yearling goats and males produced more 
cashmere than females. 

The wide variability of fiber diameter 
among goats would assist in reducing this 
character by breeding program. In the review 
by Miller [3] for various breeds and types of 
goats, the undrecoat fiber diameter ranged from 
11.0 to 20.6 µm for Asian goats, from 11.0 to 
30.4 µm for Soviet breeds and their crossbreds, 
and from 13.4 to 19.0 µm for Feral and 
domestic goats. Later, Lupton [11] stated that 
the average fiber diameter of Cashmere ranged 
from 11 to 19 µm and the range of individual 
fiber diameter was 5 to 30 µm. Fiber length of 
Maraz goat is within the range of the cashmere 
fiber length. Undercoat fiber length varies 
considerably among Cashmere bearing goats 
and the most frequently quoted measurements 
range from 25 to 166 mm [3], whereas Lupton 
[11, 12] indicated that Cashmere from different 
sources varies in length from 12 to 90 mm. 
Concerning the effect of age and sex on down 
properties, it has been found   [9] that the down 
of adult bucks was significantly coarser by 2 
µm than that of yearling bucks. It has also been 
mentioned that Cashmere goats produce coarser 
fibers with increasing age [8,11,13]. The 
absence of a difference in fiber diameter and 
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fiber length between sexes in the present 
study is similar to the results obtained by 
Restall and Pattie [8] but it is in contrast to 
the commonly held belief that males fibers 
are coarser and longer than those of 
females [9, 14-16]. 

The significant positive correlations 
among each of live weight, greasy fleece 
weight, guard percentage, fiber diameter 
and standard deviation of fiber diameter 
and between fiber length and each of 
undercoat weight, fiber diameter and 
standard deviation of fiber diameter in the 
present study were expected [17,18]. It is 
worthwhile to pay great attention to the 
significant and negative correlations 
emerged between down weight with each 
of guard percentage and kemp percentage, 
which could suggest that selecting goats 
for higher down weight will lead to 
improve the quality of produced down 
through low kemp contamination in the 
undercoat of Maraz goat fleeces. In 
addition, the negative correlations between 

the kemp fiber percentage and all the studied 
properties may possibly increase the efficiency 
of selecting Maraz goat. 
Conclusions 

While the undercoat/cashmere percentage 
of Maraz goats was lower compared to those of 
cashmere bearing goats, due to that Maraz 
goats were not selected for their cashmere 
production as the breeders were unfamiliar with 
the importance of cashmere and the possibility 
of processing it, there was evidence from the 
results of correlations among traits that 
selection for higher down weight will lead to 
improve the quality of produced down. Since 
the individuals varied in all studied traits, this 
will make the selection easier. 
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Table (1): Means + S.E. for Live Weight, Greasy Fleece Weight, Undercoat Constituents and Down Properties of Maraz goats. 
 

Age (Year) Sex Character Overall 
Mean 1 2 3 4 ≥5 Male Female 

No.of Animals 118 35 23 22 18 20 36 82 
Live Weight (kg) 0.75+.826 e.530+.019 d.231+.625 c.251+.428 b.671+.431 a.361+.136 a.701+.231 b.680+.924 
Fleece Weight (g) 35.42+.7699 b.6722+.8402 a.6575+.1726 a.9570+.1877 a.09105+.9869 a.6893+.6840 a.4582+.1944 b.3329+.4592 
Outercoat Weight (g) 32.16+.4563 c.5620+.5308 b.6371+.8569 ab.2359+.9696 a.4498+.3736 ab.0789+.8699 a.0774+.9772 b.6827+.4471 
Undercoat Weight (g) 6.24+.3136 c.117+.394 ab.7410+.3156 a.9217+.3180 b.9514+.6133 b.2815+.8140 a.2113+.2171 b.206+.0121 

Down 
Fibers 1.65+.727 a.373+.341 b.543+.826 b.462+.620 b.143+.822 b.102+.217 a.353+.735 b.741+.224 

Guard 
Fibers 1.76+.851 b.662+.136 a.853+.953 a.403+.762 a.723+.559 a.203+.557 a.493+.648 a.002+.153 

Undercoat 
Constituents 
(%) Kemp 

Fibers 1.15+.520 ab.322+.622 ab.122+.319 b.942+.516 b.312+.517 a.682+.225 b.981+.715 a.341+.622 

Mean 0.24+.522 b.330+.220 a.380+.423 a.540+.623 a.520+.623 a.460+.223 a.330+.422 a.310+.522 Down Fiber 
Diameter 
(µm) SD¶ 0.06+.34 b.110+.04 b.090+.93 a.120+.74 a.170+.74 ab.120+.34 a.100+.24 a.080+.34 

Down Fiber Length 
(mm) 1.16+.757 a.741+.955 a.222+.357 a.872+.359 a.992+.858 a.893+.758 a.012+.257 a.421+.957 

 
Values within the same row with different superscripts are significantly different (P<0.05). 
 SD = Standard deviation of fiber diameter within down/cashmere samples as a separate character. 
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Table (2): Mean Squares for Live Weight, Fleece Weight, Undercoat Constituents and Down Properties of Maraz goats. 
 

Down fiber 
Diameter  

Variance D.F. Live 
Weight  

Fleece 
Weight            

Outercoat 
Weight          

Undercoat 
Weight       

Down 
Fibers   

Guard 
Fibers    

Kemp 
Fibers  

Mean SD¶ 

Down 
Fiber 
Length  

Age 4 1349.54** 1925450.53 ** 1447825.29 ** 42662.39** 1043.54** 1271.71** 371.58** 51.07** 2.07** 92.46 

Sex 1 2306.02** 6047775.52** 4564464.52** 108790.31** 393.05* 17.41 813.79** 0.34 0.10 10.95 

Age X Sex 4 117.27 ** 401784.64 ** 342060.61** 10533.83** 295.46* 231.23* 227.88* 12.77* 0.09 329.75 

Residual 108 9.37 56993.51 52968.08 2705.48 105.71 93.27 69.78 4.04 0.37 157.92 

  

**P < 0.01                                   * P< 0.05 
SD = Standard deviation of fiber diameter within down/cashmere samples as a separate character. 
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Table (3): Correlation Coefficients for Live Weight and studied Fleece Characteristics of Maraz goats. 
 

Down Fiber 
diameter Character Fleece 

Weight 
Outercoat 
Weight 

Undercoat 
Weight 

Down 
Fibers 

Guard 
Fibers 

Kemp 
Fibers 

Down 
Weight Mean SD¶ 

Down Fiber 
Length 

Live Weight .711** .694** .457**   -.335**  .396**     -.128  .029   .348**  .201*   .026 
Fleece Weight  .987** .579**   -.345**  .476**     -.233*  .100   .378**  .321**   .026 
Outercoat Weight   .442**   -.372**  .455**     -.162 -.011   .366**  .307**  -.014 
Undercoat Weight      -.032  .348**     -.488**  .626**   .249**  .222*   .212* 
Down Fibers     -.777**     -.253 **  .685**  -.356** -.182*  -.063 
Guard Fibers          -.413** -.350**   .418**  .232*   .177 
Kemp Fibers       -.454**  -.128 -.096  -.179 

Down Weight         -.059  .072   .086 

Mean          .467**   .384** Down 
fiber 
Diameter SD¶            .200* 
 

** P < 0.01     * P < 0.05 
SD = Standard deviation of fiber diameter within down/cashmere samples as a separate character. 
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  انتاج الكشمیر من الماعز المرعز
  قاسم عمر عزیز

  . العراق /  اقلیم كوردستاناربیل،-قسم الثروة الحیوانیة، كلیة الزراعة، جامعة صلاح الدین
  الخلاصة

 سنة واكثر والمربى لدى 5-1باعمار تراوحت بین )  انثى82 ذكرا و 36( جزة كاملة لماعز المرعز 118استخدم 
اعتمѧد التقیѧیم علѧى . محافظة الѧسلیمانیة وذلѧك للتعѧرف علѧى كمیѧة ونوعیѧة الكѧشمیر فѧي الجѧزة/یع اھلي في منطقة رانیةقط

  .اساس نسبة الكشمیر في الغطاء الداخلي للجزة
  كغم26.8بلغ قیم المتوسطات لكل من  وزن الجسم،  وزن الجزة،  نسبة الكشمیر،  قطرلیفة الكشمیر و طول لیفة الكشمیر 

 (p≤0.01) تبین بان الذكور اثقل وزنا للجسم وللجزة .   ملم على التوالي57.7 مایكرون و 22.5، %27.7 غم،  699.7، 
عدا    (p≤0.01)للعمر تاثیر معنوي على جمیع الصفات المدروسة .  بالمقارنة مع الأناث(p≤0.05)واعلى نسبة للكشمیر 

أظھرت النتائج الى . عمر والجنس كانت معنویة على معظم الصفات المدروسةكما وان تاثیر التداخل بین ال.  طول اللیفة
العراق عن طریق الأنتخاب والتحسین - امكانیة زیادة انتاج الكشمیر وتحسین نوعیتھ من الماعز المرعزفي كوردستان

 الوراثي والبیئي
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