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Abstract: Aim of this study was to comparatively investigate the wool characteristics of Central Anatolian Merino, Karacabey Merino
and Ramlig sheep, which are common crossbred sheep breeds in Turkey. A total of 360 wool samples were equally collected from the
shoulder, rib, and rump of each lamb (3-6 months-age), yearlings (1-1.5-year age), primiparous ewes (2-2.5-year age) and multiparous
ewes (3-3.5-year age) were used for analysis. Each sample was analyzed to determine fibre diameter, length, clean fleece yield, elasticity,
and strength. Also, live weight after shearing and greasy fleece weights were recorded for each animal. Statistical analysis of this study
was performed using SPSS software. Normality hypothesis tested using the Shapiro-Wilk test. Homogeneity of the variance for each
trait was tested with the Levene’s test. Descriptive statistics of the traits were given as mean + standard error. Observed means for greasy
fleece weight were 3.6 + 0.09 kg, 2.5 + 0.09 kg, and 2.2 + 0.08 kg for Karacabey Merino, Central Anatolian Merino and Ramlig sheep,
respectively. Average diameter, length, clean fleece yield, elasticity, and strength measurements of Karacabey Merino were 23.9 + 0.11 y,
59.2 £ 0.64 mm, 56.2 + 0.35%, 20.2 + 0.23 cN / tex, and 12.6 + 0.09 cN / tex, whereas 24.7 + 0.12 y, 50.6 + 0.71 mm, 55.2 + 0.60%, 21.6
+0.23 cN/ tex, 13.8 £ 0.14 cN / tex in Central Anatolian Merino and 24.1 + 0.12 y, 53.2 + 1.05 mm, 62.9 + 0.53%, 22.3 + 0.26 cN / tex,
13.4 £ 0.12 cN / tex were observed in Ramlig sheep, respectively. This study suggests that observed wool characteristics for each of three
crossbreds were within the standard range of the textile industry. Therefore, all three crossbreds were suggested to be considered for
the development of new agricultural policies and increasing breeder’s awareness to reintroduce these crossbreds in the textile industry.
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1. Introduction

Even though sheep farming has been popular for also
wool production in many countries, it has been carried
out mostly for the purpose of meat and milk production
in Turkey. Australia and China are two leading countries
that control industrialized wool production in the world
with 24% and 15% of the total production, respectively.
Those countries are followed by New Zealand with 10%,
South Africa with 2.6%, Argentina, and England with 2%
[1]. Merino sheep, which is best known for their fine and
high-quality fleece, have a special place in sheep breeding.
The indigenous sheep breeds that are raised in Turkey have
coarse and mixed fleece. The quality of the fleece produced
from these sheep is mostly suitable for use in the blanket,
quilt, and carpet industry [2], but unfortunately not for
apparel and high-quality textile products. Production
preferences moved towards the use of synthetic fabrics
instead of wool fibres within the last half-century. As
a result, wool production gradually lost its importance
for breeding programs conducted in Turkey. Merino
crossbreeding studies were carried out in order to provide
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high-quality fleece needed by the Turkish textile industry
during the 1950s. Initially, these studies partially fulfilled
their goals. However, it has deviated from its main goal due
to the changes in the requirements of modern industry,
nowadays. The breeds used for wool production back then,
such as Karacabey Merino, Central Anatolian Merino, and
Ramlig sheep, were started to be bred for meat production
rather than wool production. Although it is underrated,
the production of wool for textile purposes still continues
with a small number of volumes.

Data presented by TUIK (Turkish Statistical Institute)
in 2019 showed that there were 34.199.467 heads of native
and 3.076.583 heads of Merino sheep and its crossbreds in
Turkey. The annual wool production from native sheep and
Merino, together with its crossbreds, were 61.134 tons and
9.453 tons, respectively [3]. To date, various studies have
been conducted to determine the fleece characteristics of
native and crossbred sheep produced in Turkey [4-13].
In recent years, the National Community-based Small
Ruminant Breeding Programme provoked awareness
about the potential importance of fleece production of
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Merino crossbreds in Turkey. However, up-to-date studies
investigating the effects of certain environmental factors
comparatively among different Merino crossbreds are
quite scarce in the literature.

The most important fleece quality traits in sheep
are being greasy, having clean yield in addition to fibre
diameter, length, strength, and elasticity. These traits were
suggested to show variation regarding breed, the age of the
animal, and body region of sampling [13-18].

Therefore, the present study aimed to determine
characteristics of wool collected from Central Anatolian
Merino, Karacabey Merino, and Ramlig sheep, as well as
investigate the effects of age and body region of sampling
on these properties.

2. Materials and methods

2.1. Material

Animal materials used in the study were Central Anatolian
Merino (CAM) (85% German Meat Merino and 15%
Akkaraman) raised in Ankara, Ramli¢ Sheep (R) (65-70%
Rambouillet and 30-35% Daglic) raised in Eskisehir and
Karacabey Merino (KM) (95% German Meat Merino
and 5% Kuvircik) raised in Balikesir province. Four trial
groups of 30 animals each were formed including female
lambs (3-6 months old), yearling sheep (1-1.5 years old),
primiparous (2-2.5 years) and secundiparous sheep (3-3.5
years and over) for the present study. Wool samples of all
animals were taken from the three different regions (i.e.,
shoulder, rib, and rump). This study was approved by Hatay
Mustafa Kemal University Animal Ethics Committee with
an application batch number of HMKU - HADYEK -
2018/ 3-4.

2.2. Method

In this study, randomly selected animals from three
different crossbreds were sheared for wool between May
and June. The shearing process of the animals was carried
out on clean, shadowed, and flat ground with sufficient
light by experienced staff with an automatic shearing
machine. The wool weighing was carried out with a 10 g
sensitive balance. Following weighing, approximately 100
g of wool samples were taken from 3 different body regions
of each animal, namely shoulder, rib, and rump. These
samples were packed in plastic bags and labelled so that
all information (i.e., age, breed, and body region) of each
sample could be seen clearly. The packed samples were
kept in a suitable environment until the day of analysis.
For all experimental animals, body weight was measured
right after shearing with a 100 g sensitive balance.

In the study, the effects of breed and age group on
greasy wool weight and body weight after shearing were
investigated in respect to the breed and age groups.
Furthermore, efficiency for animals was estimated and,
fibre diameter, length, elasticity, and strength analyses were
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performed on samples taken from each of shoulder, rump
and rib areas. For those analyses, a small amount of sample
was taken from the greasy wool after shearing and weighed
on a sensitive scale. This wool was then washed with 3
units of powder soap, 0.5 units of powder soda in warm
water, and rinsed to remove the foreign material, grease,
and dirt. Later, the wool samples were left to be dried in
the oven (i.e., in Immersion Conditioning Oven) at 105
°C for 6 h. Efficiency (%) was then calculated by using the
weights of the samples weighed in sensitive scales with aid
of the following formula.

Efficiency% = (weight of clean wool + 0.14 * weight of
clean wool / weight of greasy wool) * 100

For the analysis of fibre length, the fibres were first
aligned and straightened from the one end and placed
into the OFDA 2000 device (i.e., optical fibre diameter
analyser) for measuring. The fibre samples placed in the
OFDA 2000 were automatically measured by the optical
measuring tool of the instrument in millimetres (mm).

Fibre Diameter was determined by the USTER OFDA
100 (i.e., optical fibre diameter analyser) device, which can
measure 4,000-5,000 fibres at a time. Clean fibre samples
were chopped at a certain rate and placed on a lamella
in the measurement unit of the device for measuring
according to optical principles and giving the resulting
fibre diameter measurements in micron.

Fibre elasticity and strength analyses were performed
in the Fleece Mohair Laboratory of the International
Centre for Livestock Research and Training in Turkey by
the FAFEGRAPH M ‘Single Fibre Tensile Tester’ device.
A single fibre that is attached to the arms moving by the
air pressure from a compressor was pulled gradually. The
fibre can stretch and resist to rupture until some point,
where the amount of elongation at the moment of rupture
is named as “elasticity”, and how much force it resisted was
expressed as the “strength” as cN / tex.

2.3. Statistical analyses

SPSS v21.0 software for Windows was used for the
statistical analyses in the present study. Normality
assumption was tested by Kolmogorov-Smirnov and
Shapiro-Wilk test. Homogeneity of variances was tested
with Levene’s test. DUNCAN multiple comparison tests
were used to compare the groups with the statistical
difference between them as a result of variance analysis.
The relationships between the variables were determined
according to Pearson correlation analysis. In all statistical
analyses, p < 0.05 values were considered statistically
significant. Finally, means of the observations were given
with their relevant mean + standard errors [19].

3. Results
The results for live weights and greasy fleece weights of
Merino crossbreds are presented in Table 1.
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The results clearly indicate that means for live weight
and raw fleece weight were increased in merino crossbreds,
as the animals get older (p < 0.01).

Table 2 shows the least square means (LS) according to
the breed, age, and body region of the sheep.

When the results examined for the fleece properties
based on breed (Table 2), the finest fleece was in KMs, and
the thickest in CAM (p < 0.01). The average diameter value
(24.1 £ 0.12 p) in Ramli¢ sheep was found to be similar to
KM (23.9+£0.11 p) (p > 0.05), while a significant difference
was recorded in CAMs (24.7 + 0.12 ) (p < 0.01).

While the longest fleece length (59.2 + 0.64 mm) was
in KM, the shortest fleece length (50.6 + 0.71 mm) was
in CAMs, among which the difference was found to be
statistically significant (p < 0.01). The fleece in Ramli¢
sheep was classified as medium length. A statistical
difference in terms of medium fleece length was found
between Ramli¢ sheep and other breeds (p < 0.01). The
physical properties of fleece were affected by the breeds as
is the case for the other traits (p < 0.01).

The highest rate in terms of fleece yield was in Ramlig
sheep. While KM and CAM sheep showed similar results
(56.2 £ 0.35% vs 55.2 £ 0.60%; p > 0.05) in terms of fleece
yield, there was a significant difference between these
two breeds and Ramlig sheep (p < 0.01). Elasticity values
showed differences between the three breeds (p < 0.01).
The highest value (%) was in Ramli¢ sheep (22.3 £ 0.26)
and the lowest value (%) was in KM (20.2 + 0.23) in terms
of elasticity.

Despite the fact that CAM and Ramli¢ are similar to
each other in terms of strength properties (i.e., 13.8 + 0.14
cN / tex vs 13.4 + 0.12 cN / tex, respectively), a statistical
difference has been found (p < 0.01). The fleece strength
in KM merino was statistically lower than those other
two breeds (p < 0.01). Fleece with a diameter of 10-30 p
is mostly preferred in the textile industry. The diameter

values of samples got thicker as the animal got older, which
was statistically significant (p < 0.01). Fleece length also
differed depending on age (p < 0.01). While the shortest
fleece length was in the lamb group (37.4 £ 0.62 mm), the
longest fleece was measured in the yearling sheep (65.4
+ 0.90 mm). These differences between age groups were
also statistically significant (p < 0.01). The reason why the
fleece is long in the yearling is that the animals were not
sheared during the lambing period. The fleece yield value
was the highest in lambs, and there was no effect of age
among other age groups (p > 0.05). Fleece elasticity value
changed as the age got older in sheep (p < 0.01). If the sheep
that have given birth once are not taken into account, the
elasticity changes depending on the age. Among the age
groups, the strength also differed depending on the age,
as is the case for elasticity, and the differences between the
groups were statistically significant (p < 0.01).

In this study, it was determined that the examined
parameters of fleece were affected by the sampling region
on the animal body (p < 0.01). Fibre diameter value was
very similar in the shoulder and rib area of the body (p >
0.05), and a higher value was obtained in the thigh region
(p < 0.01). The length was similar in all three regions, and
no statistical difference was found between the groups (p >
0.01). While the fleece yield is similar between rump and
rib (p > 0.05), the difference between these two regions and
the shoulder area was significant (p < 0.01). While there
was a similarity between the shoulder and rump region in
terms of elasticity (p > 0.05), the rib region was higher than
the other regions (p < 0.01). The strength value of fleece
was different in all 3 regions, and a statistical difference
was also found between all body parts (p < 0.01).

On the other hand, Table 3 shows the LS means
according to the age and body region of the KM.

As shown in Table 3, fleece characteristics in KM are
different in terms of the age and body parts where they are

Table 1. Live weight after shearing and greasy fleece weight (kg) of Merino crossbreds.

Traits Age groups KM CAM Ramlig p
Lamb 43.5 +3.88¢ 37.1£3.75" 30.8 £ 3.05° 0.000
) . Yearling 65.8 +7.75 65.5 + 6.30° 45.5+4.61° 0.000
Live weight —
Primiparous 63.7 £5.11° 69.6 £ 5.23¢ 50.0 + 7.50° 0.000
Multiparous (2 =) 71.5+6.31° 78.1 +6.19° 50.4 + 4.74° 0.000
Lamb 2.3+0.52¢ 1.2 +£0.26° 0.9 +0.12¢ 0.000
. Yearling 4.0 +0.71° 2.9 +0.62° 2.9 +0.55 0.000
Greasy wool yield —
Primiparous 4.1 +0.65¢ 3.0 £0.55° 2.5+ 0.50* 0.000
Multiparous (2 =) 3.7 +0.63¢ 2.9 +£0.58" 2.4 +0.52° 0.000
General 3.6 £0.09° 2.5+0.09 2.2£0.08 0.000

* Letters on the same line shows statistical differences.
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Table 2. LS means and standard errors of Merino crossbred wool quality traits by breed, age, and body region.

Breeds Diameter () Length (mm) Efficiency (%) Elasticity (%) gfll\;a/cig’()
KM 239+0.11* 59.2 + 0.64¢ 56.2 £ 0.35* 20.2 £0.23* 12.6 £ 0.09*
CAM 24.7 £0.12° 50.6 £ 0.71* 55.2 £ 0.60* 21.6 £0.23° 13.8 £ 0.14¢
Ramli¢ 24.1 £0.12* 53.2 + 1.05° 62.9 +0.53° 22.3 £0.26° 13.4 +0.12°
P 0.000 0.000 0.000 0.000 0.000
Age
Lamb 23.8+0.13* 37.4 +£0.62* 62.2 +£0.52° 19.8 £ 0.28* 129+£0.11*
Yearling 24.2 +0.14® 65.4 + 0.90¢ 57.8 £ 0.52* 21.8 £0.27° 12.8 £0.13*
Primiparous 24.4 +0.14% 55.4 + 0.62" 56.2 + 0.67* 21.2+£0.29° 13.4+ 0.14°
Multiparous (2 =) |24.6 + 0.14° 58.1 £ 0.80° 56.5 + 0.69° 22.7 £0.26° 13.9 £ 0.15¢
P 0.000 0.000 0.000 0.000 0.000
Body region
Shoulder 23.6£0.11* 54.3 £ 0.86 59.6 + 0.51° 20.9 £0.25* 126 £0.11*
Ribs 23.8+£0.11* 54.2 £ 083 56.7 £ 0.52° 22.2 +0.25° 13.0 £0.11°
Rump 25.3 +0.12% 54.4 +£0.85 58.1 £0.58 21.1 £0.222 142 £0.13¢
P 0.000 0.988 0.001 0.000 0.000
* Letters on the same column shows statistical differences.
Table 3. LS means and standard errors of wool quality traits by age and body region of KM.
Karacabey Merino
Groups Eli)a meter Length (mm) Efficiency (%) Elasticity (%) '(I;elga/cig)
Lamb 23.8+0.19° 47.3 £0.87* 59.6 £ 0.67¢ 18.8 £ 0.43* 12.9 +0.15°
Yearling 23.9+0.22° 65.2 + 1.04¢ 56.7 + 0.55" 21.3 £ 0.50° 124 £0.16*
Primiparous 23.2+£0.21* 56.4 + 0.80° 52.0 £ 0.64° 19.3 £0.43* 122 +£0.17*
Multiparous (2 =) 24.7 £0.22° 66.1 £1.21¢ 57.0 + 0.68" 21.2 £0.43° 13.1+0.21°
p 0.000 0.000 0.000 0.000 0.000
Shoulder 23.4+0.16° 59.6 £1.19 58.4 + 0.63" 19.2 £0.43* 12.0 £ 0.14*
Ribs 23.5+0.18 59.5+1.09 54.6 £ 0.57° 21.4 +0.41° 12.4 +0.12°
Rump 24.8 +0.20° 58.6 £1.05 55.6 £ 0.56° 20.0 £0.33* 13.5+£0.17¢
P 0.000 0.762 0.000 0.000 0.000
Overall 23.9+0.11 59.2 £ 0.64 56.2 £ 0.35 20.2+£0.23 12.6 £ 0.09

* Letters on the same column shows statistical differences.

collected, and these differences are statistically significant
(p < 0.01). Within the age groups, the finest fleece was
in primiparous sheep, and the longest fleece was in
multiparous (i.e., 2 and more lambing) (p < 0.01).

Table 4 shows the LS means according to the age and
body region of the CAM.
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Table 4 indicates that the means of the diameter, length,
yield, and strength in the Central Anatolian Merino are
not affected by age except for the lambs (p > 0.05). In
terms of these characteristics, the results were statistically
significant between lambs and other ages (p < 0.01). There
were, however, no statistical differences in terms of the
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means of the elasticity among the levels of age (p > 0.05).

Table 5 shows the means of LS according to the age and
body region of the Ramlig.

The mean fleece characteristics of Ramli¢ Sheep were
statistically different between different age groups as in the
other two breeds (p < 0.01).

Correlations between the observations in Karacabey
Merino were given in Table 6.

Accordingly, a significant positive correlation was
found between age and live weight, greasy fleece weight,
length, and elasticity values in Karacabey merino (p <0.01).
The weight of the greasy fleece changed depending on the

live weight, as expected (r = 0.638), and the length and
elasticity values exhibited a positive correlation depending
on the live weight (p < 0.01). A positive relationship was
found between fibre diameter, strength, and yield. (p <
0.01). The correlation between fleece length and elasticity
was obtained as r = 0.253, and a positive correlation (r =
0.241) was found between fleece elasticity and strength (p
<0.01).

The correlations between wool properties in CAM
sheep are given in Table 7.

Correlation between age and live weight in the CAM
was determined as r = 0.549, with greasy fleece r = 0.265,

Table 4. LS means and standard errors of wool quality traits by age and body region of CAM.

Central Anatolian Merino (CAM)
Groups Diameter Length Efficiency Elasticity Tenacity
() (mm) (%) (%) (cN / tex)

Lamb 23.8£0.26* 35.4+£0.87* 60.5 + 1.04° 199+ 0.41* 13.0 £ 0.24*
Yearling 25.1 £0.22° 56.3 + 1.10° 53.5+1.08 22.8 + 0.44° 13.9 £ 0.26°
Primiparous 24.9 +0.25" 55.8 + 1.06" 52.8 £ 1.04° 21.1 £0.49* 13.8 +£0.29°
Multiparous (2 =) 25.0 +0.23" 55.0 + 1.21° 54.0 £ 1.43° 22.6 + 0.46° 14.4 +0.29°
P 0.000 0.000 0.000 0.000 0.005
Shoulder 24.2 £0.19° 49.1 £ 1.15 55.7 £ 0.99 21.3+£0.40 13.2 £0.22°
Ribs 24.1 £0.20* 51.6 £1.25 54.0 £ 1.05 22.1£0.44 13.4 £ 0.20*
Rump 25.8 £0.22° 51.2+1.27 56.0 + 1.07 21.3+£0.37 14.8 +0.26°
p 0.000 0.294 0.351 0.231 0.000
Overall 24.7 £0.12 50.6 £ 0.71 55.2+£0.60 21.6+0.23 13.8 £0.14

* Letters on the same column shows statistical differences.

Table 5. LS means and standard errors of wool quality traits by age and body region of Ramlig.

Ramli¢

Groups Diameter (1) Length (mm) Efficiency (%) Elasticity (%) ;I;:e;lliciz}),()
Lamb 23.8 £0.20® 31.1 £ 0.65* 66.1 +0.74° 20.5 + 0.56* 129+ 0.18*
Yearling 23.4+£0.23* 74.5 £ 1.78¢ 63.2 +0.68° 21.3 £0.46* 122 £0.21*
Primiparous 25.0 £0.23¢ 54.1 +1.28° 63.8+1.27° 23.3+0.51° 14.2 +£0.23°
Multiparous (2 =) 24.1 +0.25" 54.1 +1.28° 58.6 £ 1.29° 24.2 +0.42° 14.1 £0.26°
P 0.000 0.000 0.000 0.000 0.000
Shoulder 23.3+£0.19* 544+ 1.84 64.8 +0.76° 22.0+0.44 12.6 £0.18*
Ribs 23.7£0.18 51.7+1.74 61.4 +£0.85* 23.0 £ 0.45 13.1 £0.20*
Rump 25.3 +£0.20° 53.6 + 1.86 62.6 + 1.11® 22.0 +£0.43 144 +0.21°
P 0.000 0.555 0.032 0.209 0.000
General 24.1 £0.12 53.2+1.05 62.9£0.53 22.3+£0.26 13.4+£0.12

* Letters on the same column shows statistical differences.
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Table 6. Correlations between body weight and some fleece characteristics in Karacabey Merino

Crossbred.

Traits LW GW Ef D L El T

Age 0.486" 0.239° -0.199" |0.103 0.417" 0.130° 0.046

Lw 0.638" -0.160 0.160 0.339" 0.250™ 0.134

BR 0.239" 0.022 -0.003 0.214" 0.105

GW -0.213"  |0.086 0.171 0.147 0.139

Ef 0.167" -0.016 0.094 0.178"
-0.025 0.036 0.596™

L 0.253" -0.077

El 0.241"

LW, Live Weight; BR, Body Region; GW, Greasy Weight, Ef, Efficiency; D, Diameter; L, Length;

El, Elasticity, T, Tenacity; *p < 0.05; **p < 0.001.

Table 7. Correlations between body weight and some fleece characteristics in CAM.

Traits w GW Ef D L El T
Age 0.549** 0.265** -0.197* | 0.162** 0.487** 0.164** 0.173**
w 0.763** -0.213 0.145 0.456** 0.053 0.039
BR -0.060 -0.012 0.078 0.077 0.033
GW -0.222* |0.106 0.237** -0.018 0.143
Ef 0.247** 0.003 0.135* 0.270**
0.329** 0.118* 0.582**
L 0.339** 0.335%*
El 0.427**

LW, Live Weight; BR, Body Region; GW, Greasy Weight, Ef, Efficiency; D, Diameter; L, Length;

El, Elasticity, T, Tenacity; *p < 0.05; **p < 0.001.

with fibre diameter r = 0.162, fleece length as r = 0.487, with
elasticity as 0.164, with strength as r = 0.173. A negative
value (r = -0.197) was found between age and fleece yield
(p < 0.01). It was determined, that there was a positive
correlation between age and live weight (r = 0.549), greasy
fleece (r = 0.265), diameter (r = 0.162) length (r = 0.487),
elasticity (0.164), strength (r = 0.173) (p < 0.01), while a
negative correlation (r = -0.197) was found between age
and fleece yield (p < 0.01) of Central Anatolian Merino.
A positive correlation was found between body weight
and greasy fleece weight as well as fleece length (p < 0.01),
and no significant correlation was observed between
body area and fleece properties (p > 0.05). There was a
negative correlation (r = 0.222) between greasy fleece yield
and efficiency, and a positive correlation between fleece
length and efficiency (p < 0.01). A positive correlation was
found between fleece yield and diameter, elasticity and
strength (p < 0.01). In this study, it is seen that there is a
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significant positive correlation between fibre diameter and
length, elasticity, and strength (p < 0.01), between length,
elasticity and strength (p < 0.01), and between elasticity
and strength in CAM (p < 0.01).

Correlation values were determined for all fleece
characteristics obtained from Ramli¢ sheep are given in
Table 8.

Asindicated in the table (Table 8), a negative correlation
was found between body regions and fleece yield (p <
0.01). It was calculated that there was a strong positive
correlation (p < 0.01) between fibre diameter obtained
from Ramli¢ sheep and elasticity (r = 0.114) and strength
(r = 0.665). There is also a strong correlation (r = 0.397)
between elasticity value and strength (p < 0.01). It was
determined that there is a positive correlation (r = 0.379)
between age and live weight in Ramli¢ sheep (p < 0.01). In
addition, there is a significant positive correlation between
age and traits that are fleece yield, fibre diameter, length,
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Table 8. Correlations between body weight and some fleece characteristics in Ramlig sheep.

Traits w GW Ef D L El T
Age 0.379" 0.131 -0.239"  |0.134 0.259™ 0.302" 0.286"
LW 0.767" -0.133 0.239" 0.348™ 0.125 0.132
BR -0.136" {0.071 -0.056 0.081 0.093
GW -0.088 0.427" 0.099 0.080 0.297"
Ef 0.129 0.040 0.029 0.078
0.075 0.114 0.665™
L 0.133" 0.042
El 0.397"

LW, Live Weight; BR, Body Region; GW, Greasy Weight, Ef, Efficiency; D, Diameter; L, Length;

El, Elasticity, T, Tenacity; *p < 0.05; **p < 0.001.

elasticity, and strength (p < 0.01). Correlation values were
observed as r = 0.767 between live weight and greasy fleece
weight, r = 0.239 between diameter and r = 0.348 between
length in Ramlig sheep (p < 0.01). The correlation value
between body weight and elasticity as well as strength was
found to be statistically non-significant (p > 0.05).

4. Discussion

In the present study, live weight after shearing, greasy
fleece weight and some fleece quality parameters such as
fineness, length, efficiency, elasticity, and tenacity were
investigated in CAM, KM and Ramli¢ breeds, which are
merino crosses. In addition, greasy fleece weight and fleece
quality parameters were evaluated according to body
regions (shoulder, ribs, and rump) and age (lamb, yearling,
primiparous and multiparous) for each breed.

The live weights after shearing were statistically
different (p < 0.01) between breeds and between age
groups. Although average live weights were found to be
close in CAM and KM, this value was found to be relatively
lower in Ramlig. Similar to the literature reviews, the live
weights after shearing were found to be different between
the breeds [8-13,20-30]. This difference is thought to be
due to the genetic background of different breeds and also
different environmental conditions in which the breeds
are located. The difference in the average greasy fleece
weight among age groups was statistically significant
in KM and CAM sheep, while the difference in Ramli¢
sheep was insignificant in the current study. The greasy
fleece weight in KM and CAM sheep was found to be no
different in primiparous and multiparous groups. Also, the
general averages of greasy fleece weight were 3.6 + 0.09,
2.5+ 0.09 and 2.2 + 0.08 in KM, CAM and Ramlig sheep,
respectively. As in our current study, it has been reported
that age and breed factors are effective on greasy fleece
weight in several research [8-13, 20-30]. In the study

carried out by Hatcher et al. [24] on merino sheep, it was
reported that the best yield in greasy fleece weight was
obtained from sheep up to 3 years old. In another study
by Sahoo and Soren [31], it was reported that the increase
in sheep age had a negative effect on the greasy fleece yield
due to the difficulties in meeting the basic needs such as
nutrition in elders. Similarly, Khan et al. [32] reported that
feeding had a direct effect on fleece amount, morphology
and chemical structure. Considering that the animals in
the lamb group were not given enough time until shearing
in our current study, it seems that the highest yield was
obtained in the groups (yearling and primiparous) up to
3 years of age. Therefore, age is an important parameter
to consider in terms of fleece quality in sheep breeding
for wool production. These results support that the greasy
fleece yield after shearing is in parallel with the results
reported by other researchers.

The fibre diameter analyses were evaluated in terms of
breed, age groups, and body regions; it was observed that
the thinnest fibre was in KM sheep, lamb, and shoulder
region, respectively (Table 2). In the evaluation of fibre
length in terms of these three factors, there was a statistical
difference among breed and age groups (p < 0.01), but
no difference was found among body regions (p > 0.05).
The longest fibre was found in KM breed sheep and in the
yearling. Here, the main reason for this difference in the
yearling is that the shearing period is 12 months in the
primiparous and multiparous animals, while it is 18 months
in the yearling. Therefore, for a meaningful evaluation in
age groups in terms of fibre length, the difference between
primiparous and multiparous animals in equal conditions
was taken into account. It is seen that the fibre length is
longer in multiparous animals. In the evaluation made in
terms of wool efficiency, the factors of breed, age groups,
and body regions were found to be statistically significant
and Ramli¢ sheep’s lamb and shoulder region were found
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to be the highest. In the elasticity analysis, Ramli¢ sheep,
multiparous animals, and rib region elasticity were found
to be the highest. Lastly, CAM, multiparous animals, and
rump region were found to be the highest in the evaluation
of breed, age and body regions in terms of tenacity.

As can be understood from the paragraph summarized
above, fleece quality parameters vary considerably
according to the breed, age, and body region of the
animals. In the literature studies carried out, it has been
reported that there are differences in terms of quality
in fleeces taken from different body parts of animals in
different breeds and ages, which are similar to the results
in our study [7,15-17,24,32-38].

The breed is an important factor for wool quality
parameters. In our study, the fibre diameters of KM,
CAM and Ramli¢ were found to be 23.9 p, 24.7 p, and
24.1 y, respectively. The textile industry needs fleece
with a diameter of 18-23 W, and merino sheep provide
this fineness [39-42]. In the same breed, several research
were conducted, and the fibre diameter was found to be
28.67 y, 23.5-20.6 y, 20.6-26.4 u and 22.88 p by Atav et
al. [43], Sonmez [44], Harmancioglu [45] and Erdem [46],
respectively.

The fleece length is the second most important factor
in the textile industry after fineness. This feature changes
depending on the shear number, genetics, and nutrition,
and it is desired that the most suitable fleece for the textile
industry should be below 150 mm [38]. The fleece length
in KM, CAM, and Ramli¢ was found to be 59.2 mm, 50.6
mm, and 53.2 mm, respectively in the current study. The
length of fleece in Karacabey merinos was determined as
8.9 cm by Atav et al. [43] and in the range of 9-12 cm by
Erdem [47].

Mean fibre parameters are influenced by the primary
(P) follicle ratio to secondary (S). The P:S ratio is genetically
and nutritionally controlled and varies between sheep
breeds [48]. Different breeds have adapted to different
geographical regions with different climatic conditions
and have survived by providing the most appropriate
gene-environment interaction. This gene-environment
interaction is expressed differently in each breed, and
ultimately there are morphological differences between
breeds. Ansari-Renani et al. [33] reported that different
photoperiod has the potential to change neuro-secretory
rhythms through the pineal gland and affects the initiation
of hair growth, follicle activity and eventually the quality
such as fibre, length, tenacity, and elasticity. Additionally,
Champion, and Robards [34] reported that primary and
secondary follicles, which directly affect fleece quality,
are directly effective on the amount and quality of feed
consumption, and this creates significant differences in
the quality of fleece among breeds. As a result, it can be
said that the reason for the wool quality differences among
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the breeds are that each breed was raised in a different
geographical region and was subjected to different
conditions as well as feeding strategies.

The age factor has an important effect on the wool
characteristics. It had a statistically significant effect on the
fleece quality parameters (p < 0.01). Previous studies and
our current study have revealed that the quality of fleece
depends on age [7,15-17,24,32-38]. Yiiceer et al. [49]
found that the length of the fleece was significantly affected
by age in Acipayam sheep. In addition, Zinalabidin [50] in
Karadi sheep found that age affects the length, elasticity,
strength, diameter, and yield of fleece. Moreover, Aziz
and Al-Omary [51] found that age has an effect on fibre
diameter in Hamadani sheep. Usually, the fibre diameter
of the fleece quality features is fine until the age of 3 to 4
years, while the quality features decrease at later ages. The
main factor that affects the quality of the fibre structure
is the physical situation of the sheep. Primary follicle and
seconder follicle formation in the skin directly dominate
the features that determine the quality of fibre structure.
These follicles change depending on metabolism with age
and may reduce the quality of the fleece [32-38]. These
changes result in differences in the amount and the quality
characteristics of the fleece. The quality of the fleece tends
to deteriorate gradually depending on age.

The body region of the merino crossbred where the
wool sample is taken from the animal is also an important
factor that affects some characteristics of the fleece (p <
0.01). As can be seen from Table 2, the thinnest fibre is
obtained from the shoulder area and the thickest fibre is
obtained from the rump area. There was no difference in
length between the body regions (p > 0.05), but statistical
importance was determined in terms of yield, elasticity and
strength values (p < 0.01; 0.05). Sonmez [44], Henderson
et al. [52]; Sumner et al. [53], Tuncer [54] and Boztepe
[55] reported that the fleece gets thicker as it goes from
the shoulder to the rump area. In the present study, the
fibre diameters were found to be 23.6 1, 23.8 pand 25.3 p
for shoulder, rib, and rump, respectively. Uzun Kara [10]
found a fibre diameter of 23.86 y in the shoulder area, 24.31
pin the rib area, and 24.75 pin the rump area in Karacabey
Merino; Tuncer and Cengiz [56] found the fibre diameter
as 25.16 p in Anatolian merino and 30.99 pu in Akkaraman
sheep; Arik et al. [57] reported the diameter values of
Anatolian merino as 23.19 p in the shoulder, 23.07 pin the
ribs, and 23.46 p in the rump region. In addition, Yilmaz
and Denk [22] suggested fleece length to be not generally
affected by body regions Harmancioglu [45] and Lupton et
al. [58] reported that the longer the fleece used in weaving,
the higher the quality. It has been stated in the studies of
different researchers that the characteristics of the fleece
can vary according to different parts of the body, as well
as the structure of the skin [37,45,53-63]. The findings
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we found and obtained by different researchers support
each other. Champion and Robards [34] suggested that
the primary and secondary follicles in the skin of the
sheep create differences in terms of the number of the
hair follicles and volume of the different body regions
and this situation can affect the quality characteristics of
the wool. Coarse fibres grow from primary follicles, while
fine fibres grow from secondary follicles. The number of
primary and secondary follicles, as well as secondary to
primary (S/P) follicle ratio as an indicator of fibre quality,
may vary between body regions and breeds. In the studies
investigating the fleece properties, Kazmi et al. [64] found
that the number of primary and secondary follicles and
S/P follicles rates were low in the hind body regions.
The differences between the body regions in our study
can be attributed to the fact that our study population is
composed of three different merino crossbreds and that
the care supply during the period of follicle formation is
highly variable [64,65].

Champion and Robards [34], Ast1 et al. [66], Ozfiliz et
al. [67] and Tuncer and Cengiz [68] conducted studies on
different genotypes, reported that primary and secondary
follicles numbers and volumes in the skin can vary
depending on body regions, age, and breed, and this can
affect fleece characteristics. However, it is seen that the
characteristics of wool obtained from every breed, age
and body region are suitable for evaluation by the textile
industry. Our results are in agreement with the findings
of other researchers in terms of age [24,38,56,63,69] and
body region [10,11,34,55,61,70,71].

Correlations between the age, live weight and fleece
characteristics of sheep are given in Tables 6-8. As
indicated in Table 6, there were positive and negative
correlations among the observations of the Karacabey
merino sheep in terms of live weight, fleece yield, and the
morphological and physical characteristics of the fleece (p
< 0.01; 0.05). An interaction for fleece properties was also
detected in Karacabey Merinos (p < 0.01; 0.05).

The present study determined that there was a
relationship between some of the morphological and
physical characteristics of the fleece with age, body weight
and body region among the fleece characteristics in CAM
sheep (p < 0.01; 0.05). The relationship between age
and all other characteristics except raw fleece yield were
found to be statistically significant in Ramli¢ sheep (p <
0.01; 0.05). The highest correlation coefficient was found
between live weight and dirty fleece weight for the fleece
properties (r = 0.767; p < 0.01). It has been reported that
age has a very important effect on fleece characteristics in
sheep [11,13,24,31,35,71,72]. Sumner and Bigham [53]
stated that the correlations were varied between 0.3-0.5;
Safari et al. [73] found correlations for fleece diameter and
length in Merino sheep is in the range of 0.01-0.37; Tuncer

et al. [12] found correlations between fleece length and
diameter in the range r = 0.53-0.71, between elasticity r =
0.27-0.55, between strength r = 0.58-0.81, between fleece
diameter and elasticity r =0.25-0.45, between strength r =
-0.07-0.59; between elasticity and strength r = 0.27-0.61
in Norduz sheep. Also, Safari et al. [73], Hynd et al. [74],
Purvis and Swan [75], Holman et al. [76], Malau-Aduli
et al. [77] reported that there may be different levels of
correlations between phenotypic characteristics of fleece
in their studies on different breeds. The reports of the
researchers and the results of our study are almost similar,
and it can be said that the differences may have been
caused by genetic and environmental factors.

5. Conclusion

In this study, which examined some factors (breed, age,
and body region) that were influential on the quality of the
fleece in merino crossbreed sheep, it was determined that
environmental factors on the diameter of the structure
were statistically effective. Accordingly, the greasy wool
weight varies depending on age and breed. The finest fleece
among the breeds was detected in KM, followed by Ramli¢
sheep and CAM. It Cn be said that the fleece to be used in
the textile industry can be obtained from lambs, yearlings,
and primiparous animals in KM and Ramli¢ sheep and
lambs in CAMs.

The fibre lengths were not statistically affected by body
regions but varied depending on age. The longest fibres
were obtained from the yearling in all three breeds. There
was no significant change in the length of the structure as
the age progressed from the age of 2 years in the sheep
included in the study. However, in all three breeds, the
structure obtained from animals of all ages were in line
with the criteria of the textile industry in terms of fibre
length. The fleece elasticity and tenacity values among
breeds showed significant variation. The fibre tenacity,
which is an important parameter in terms of yarn quality,
is determined as the highest in CAM and the lowest in
KM. Moreover, Ramli¢ sheep has the softest fibre. Our
results showed that KM sheep has the most suitable fibre
of length, elasticity, and tenacity in terms of the use of the
textile industry.

In terms of age, the suitable fleece was obtained from
lambs in KM and Ramli¢ sheep, in the yearling and
primiparous, and from lambs in CAM. When the breeds
are evaluated in terms of body regions, it is seen that the
structure obtained from the shoulder and rib areas of KM
and Ramli¢ sheep easily meets the criteria of the textile
industry. Therefore, the fibres should be collected from
the shoulder of animals to use in the high-quality textile.
Although significant variations in age were identified
between the breeds age and body region, no systematic or
common groupings were made.
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Generally, it can be said that the results obtained from
this study are promising in terms of meeting Turkey’s
demand for high-quality wool in the textile industry with
merino crossbreed. It should be remembered that Merino
sheep, which are bred in our country, have high meat and
wool production. It has been determined that these breeds
produce fine and uniform fleece as well as other favourable
fleece characteristics. It is seen that there is variation in
terms of fleece yield among breeds. Considering this
variation, it is necessary to carry out selection studies for
the production of the fleece of the desired quality. At the
same time, it is important to carry out genetic studies on
the quality characteristics of wool in terms of increasing
the quality in production. Finally, it will be beneficial for
both the textile industry and farmers to pay attention to
studies that can systematically classify the quality of the
fleece based on breed and age. It is essential to develop the
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