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Variation in Fleece Characteristics of Tunisian Sheep
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Abstract This experiment was aimed to identify wool quality of Tunisian sheep breeds. Fiber characteristics of different
ages and various sheep breeds were studied. A total of 84 sheep were used in this study. Results show that the factor 'breed'
had a highly significant effect on all controlled parameters accept scoured yield and fibre length. Breed was the most
important factor. By conducting well-planned sorting, “Fine Queue of west” sheep breed can supply the wool needed for
textile industries. The wool of other sheep breeds can be used in handmade carpets.
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1. Introduction

Sheep farming in Tunisia occupies an important place in
the economic and social level, on the one hand, it can cover
41% of the consumption of red meats [1] and secondly, it
contributes at 35-40% of agricultural GDP and 4 to 5% of
global GDP [2].

Meat production is the first priority of sheep breeding in
Tunisia and wool production is second or third purpose. The
sheep population in Tunisia was 7.234 million heads in 2010
[3]. It is mainly constituted by five different breeds; Barbary,
fine Queue Western, Black of Thibar, Sicilo-Sarde and other
breeds or populations representing respectively 60.3; 34.6;
2.1; 0.7 and 2.3% of the total national sheep population [4].

All Tunisian sheep breeds are coated annually. The fleece
of sheep grows from specialized follicles in the skin. While
primary follicles bear medullated outer coat coarse fiber
(hair) and provide mechanical protection, secondary follicles
produce non-medullated inner coat fine fiber or true-wool
which provides thermal protection.

Habitually, Tunisian wool produced by sheep breeds plays
an important role both as an important source of income to
farmers and as a supply of raw material for hand-woven
carpet. In recent years, an important quantity of produced
wool is discarded or burned because the price paid for the
fleeces is very low. Logically, the price paid for the fleeces is
based on fleece characteristics. However, until now, no
technical data is available on Tunisian sheep fiber
characteristics.

Generally, wool and other animal fibres are traded and
priced on the international market according to a number of
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special criteria. These include fibre diameter, fibre length,
luster (’shinyness’), crimp ("wavyness’) and percentage
yield of clean fibre from raw fibre, following scouring
(washing) to remove vegetable and mineral contaminants
and wool grease. In the literature, several researches report
the effect of age, breed, sex... on fleece characteristics.

In order to optimum use of Tunisian sheep wool, it is
necessary to investigate the wool characteristics of the
different Tunisian sheep breeds. Many factors determine the
quality (and value) of wool. These include fiber diameter,
crimp, yield, color, purity, and staple length and strength.

Accordingly this paper studies wool quality and its
variation of different sheep breeds in different regions of
Tunisia in order to determine the scope for improvement and
future utility.

2. Materials and Methods

Analyzed samples are taken from sheep located in the
governorates of Zaghouan, Beja and Kef. Selected sheep are
of different ages and various breeds (Barbary, fine Queue of
West and Black of Thibar). A total of 84 sheep (5 males and
79 females) were used in this study.

Greasy fleece weights were determined by digital balance
at shearing in April. Approximately 100 gram wool samples
were taken from the mid-side of each animal and were put in
plastic sample bags. Wool samples were sent for analyzes to
an Australian Laboratory "Southern Tablelands Fibre
Testing" where staple length (SL), mean fiber diameter
(MFD), coefficient of variation of fiber diameter (FDCV)
and fine fiber contain (FC) were measured using OFDA
2000.

The mechanical properties of simple fibres were
controlled by using a Shirley dynamometer with constant
gradient rate of 20 mm/min and 25-mm test length in
accordance with the standard NF G 07 002.
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To determine the percentage of clean wool weight, net
bags containing samples were weighed immediately,
immersed in three scouring bowls solution containing 0.3%
of Na2CO3 and 0.1% of soap and water and stirred for 15
minutes at a temperature of 52+3°C. This procedure was
repeated once more but only with warm water. Washed
samples were oven-dried and weighed and the percentage of
clean wool weight was calculated.

SY=100*(raw wool weight — scoured wool weight)/raw
wool weight

Data were analyzed using Minitab in a one-way ANOVA
design with breed, sex and age as main effects. Tukey’s test
was used to separate differences in the means.

3. Results and Discussion

3.1. Fleece Weight

The raw fleece weight is a good indicator of total output as
it gathers the combined effect of the fineness, length and
density. Table 1 presents the results of Tunisian wool fleece
weight. The average weight of the raw fleece is 1.296 kg,
which is lower than the world average fleece (2.4 kg / sheep).
This is a lightweight fleece but is still higher than some sheep
breeds such as in Iran where the average fleece weight does
not exceed 0.7 kg [5-7] and less than the others [8, 9]. Also,
the important value of CV% (44%) shows a high variability
of the fleece weight which seems logical since as the samples
are taken from sheep of different breeds, regions and ages.

Table 1. Fleece weight (FW) characteristics of Tunisian sheep breeds and
the effect of different factors (breed, sex and age)
FwW Fact
Factors | Category of factors | N & actor
Mean | CV% | effect
Barbary 42 | 1404 31
Barbary Blackface 11 1227 73
Breeds 0
Fine Queue of west | 26 | 1119 49
Black of Thibar 5 1460 32
F 79 1254 41
Sex XX
M 5 1960 48
2 11 | 1427 33
3 16 1359 43
4 12 | 1370 57
5 20 | 1318 36
Age 0
6 6 1169 33
7 7 1167 58
8 4 979 62
9 8 1192 38
Total 84 | 1296 44

XX = high significance effect; X = significance; and 0 = no significance

Tables 1 showed the wool characteristics of Tunisian
sheep by breed (4 breeds), sex (male and female) and age
(2-9 years). The mean fleece weight of yearling sheep was
1.427,1.359,1.370, 1.318, 1.169, 1.167, 0.979 and 1.192 kg

Variation in Fleece Characteristics of Tunisian Sheep

respectively. There are a decreasing evolution of the
annually greasy fleece weight according to sheep age, we
noted a highly correlation (85%). Karakus et al [10] and
Sidwell et al [11] found increased greasy fleece weights with
age. In contrast, Al-Azzawi [12] reported that fleece weight
decreased with age.

The difference between ewes and rams was statistically
significant (P < 0.01). Because of large body size, males
produced heavier fleece weight than females. The effects of
sex and age on fleece weight were not in agreement with
previous findings [13, 14]. They reported that, in yearling
Romney sheep as well as Awassi sheep, the males were
significantly heavier than females, but females had higher
wool than males, and there was no significant effect of sex on
each wool characteristics. Age had a significant influence on
body weight and greasy fleece weight, but males and females
had similar output.

Considering the breed parameter, the mean greasy fleece
weights were 1.404, 1.227, 1.119 and 1.460 kg for Barbary,
Barbary black face, fine Queue of West and Black of Thibar
respectively. Al-Azzawi [12] reported, for carpet-wool sheep
breeds in the Middle East, average greasy fleece weights of
1.9, 1.2 and 1.5 kg for the Arabi, Karadi and Hamadani breed,
respectively.

3.2. Scoured Yield

Washing wool removes grease, fat and mineral impurities
earth and sand. Yield expressed as a percentage of the
amount remaining after washing wool, compared to the
amount of raw wool (greasy).

Table 2. Scoured yield (SY) characteristics of Tunisian sheep breeds and
the effect of different factors (breed, sex and age)

SY (%) Factor
Factors | Category of factors | N Mean | CV% | effect
Barbary 42 70 11
Barbary Blackface 11 67 12
Breeds XX
Fine Queue of west | 26 56 12
Black of Thibar 5 64 13
F 79 64 15
Sex 0
M 5 70 7
2 11 61 13
3 16 62 13
4 12 66 11
5 20 66 14
Age 0
6 6 72 14
7 68 15
8 4 58 35
9 8 64 19
Total 84 65 15

XX = high significance effect; X = significance; and 0 = no significance

The results presented in Table 2 indicate that the washing
performance varies from 56% to 72% with an average of
65%. Generally, for any type of wool in the world, the
washing performance is between 40% and 70%. These limits
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are rarely exceeded [15]. H. R. Ansari-Renani [16] found an
average yield was 69.3%=0.7% for breeds of Iranian sheep,
with an individual sheep range of 30.9% to 87.4%.

The mean washing yields were 70, 67, 56 and 64% for
Barbary, Barbary black face, fine Queue of West and Black
of Thibar respectively. The lowest average yield (56% for
the breed fine Queue of West) corresponding to the
minimum mean fibre diameter. Usually, the fine wool
fleeces have a lower scoured yield than coarse wool fleeces.

Also, the data analysis (one-way ANOVA) indicates
highly significant effect (p-value <0.001) of the factor 'sex'.
Males had higher percentage of yield than females.

Factors 'age' and 'breed' contribute to the variation in the
weight of the fleece without they have a significant effect.

3.3. Wool Diameter

The fineness is the most important characteristic of wool,
since largely determines its commercial value. The wool
fineness is, generally, expressed in terms of average fibre
diameter and the unit of measurement is the micrometer
(um).

Table 3 presents the results of wool diameter
measurements of different sheep breeds. The average
Tunisian wool diameter is 28.99pm with a FDCV% of
26.15%. The mean FD of Tunisian breeds was 30.1, 32.3,
24.9 and 32.5% for Barbary, Barbary black face, fine Queue
of West and Black of Thibar respectively. Overall fiber
diameter of wool in this study is lower than Middle Eastern
carpet wool sheep breeds, 36.0 um for Awassi [13], 35.4 um
for Ossimi [17], 38.4 um for Barbary [18] and 39.1-40.2 um
for Karakaya [19]. The average percentage of fine fibers

(diameter less than 30 um) in the end product (FC) is 63.75%.

This probably explains the increase in the average fineness
of the Tunisian wool. According to the systems of wool
grading [20], the Tunisian wool is considered as medium
wool. In this grading wool there are four grades; Fine
(diameter lower than 22 pm), Medium (diameter ranged
from 22 to 31 pm), Coarser (diameter ranged from 31 to 36
pm) and very coarser (diameter more than 36 um).

The average wool diameters of sheep breed "Fine Queue
of West" that is 24.96 um, is lowest when compared to the
mean wool diameters from other breeds, the difference
between means was highly significant (p <0.01). Also, the
data analysis (one-way ANOVA) shows a highly significant
effect of the factor 'breed'. Even though not significant,
males had slightly lower fiber diameter than females. Two
years old sheep had lower fiber diameter than older sheep.
Factors 'age' and 'sex' contribute to the variation in the
average wool diameters without they have a significant
effect. Karakus et al. [10] and Civi [21] had not observed a
difference between Karakas and Norduz lamb for wool
diameter. Effect of sex is not important on wool diameter of
Akkaraman sheep [22]. Furthermore, Tabbaa et al. [13]
noted that wool diameter have not importance differences
among Awassi sheep at different sex and ages.

The wool samples have an average diameter ranging from

21.1 pm to 39.3 um and the FDCV ranges from 24.05% to
28.33%. This shows a large dispersion of the wool diameter
which confirming that the standard uniformity [20] of the
Tunisian wool goes from average to poor. Also, we noted
that the percentage of fine fibers (FC) has a highly significant
effect (p <0.001) on the average diameter and FDCV%.
Therefore, a decrease in the percentage of coarse fibers (> 30
um) causes a decrease in the average wool diameter and
FDCV%. This shows the importance of selection against
coarse fibres.

Table 3. Mean fiber diameter (MFD), coefficient of variation of fiber
diameter (FDCV), fine fiber contain (FC) characteristics of Tunisian sheep
breeds and the effect of different factors (breed, sex and age)

Factors Category of N MFD | FDCV | FC | Factor
factors (um) (%) (%) effect
Barbary 42 30,19 26,69 | 58,16
Barbary
Blackface 11 32,34 28,33 49,62
Breeds ; XX
Fine Queue 1 )5 | 5406 | 2405 | 81,73
of west
Black of
Thibar 5 32,54 27,78 | 48,28
F 79 28,86 25,99 | 64,16
Sex 0
M 5 31,08 28,74 57,22
2 11 27,12 25,98 71,70
3 16 29,59 26,94 | 60,09
4 12 29,42 25,80 | 63,13
5 20 29,75 25,62 59,71
Age 0
6 6 28,52 27,05 67,28
7 7 29,50 25,93 60,86
8 4 28,38 26,70 | 66,23
9 8 28,08 2596 | 69,83
Total 84 28,99 26,15 63,75

XX = high significance effect; X = significance; and 0 = no significance

3.4. Wool Length

The fiber length affects how wool can be used. Very short
fibers are used in felting process. In spinning, depending on
fiber length, there are three processes: worsted, semi-worsted
and carded. The length of the wool fiber has a direct
influence on the spinning speed, the yarn title and the yarn
quality.

Table 4 presents the results of wool length measurements
of different sheep breeds.

Average wool staple length was 71.7 mm (Table 4) with
an individual sheep range of 64.6-81 mm. Males had longer
staple length than females and two years old sheep had
longer length than older sheep. There was no significant (p
value < 0.2) difference in the staple length of different breeds.
The breed of fine Queue of West, with an average of 64,6
mm, had the shortest staple length. The staple length of
Tunisian sheep breeds of the present study is lower than that
of Afshari, Zandi, Mehrabani, Lori, and Baluchi sheep in
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Iran [16], Awassi sheep in Jordan 140.0 mm [13] and
Barbary sheep in Libya 120.2 mm [18].

According to the Canadian Sheep Federation [23], for
wool fineness of 26pm to 30.1 um the suggested length is
between 75 and 90 mm. So the Tunisian wool has an average
length relatively lower promoted value.

Table 4. Staple lengt (SL) characteristics of Tunisian sheep breeds and the
effect of different factors (breed, sex and age)

SL (mm
Factors Category of factors N (mm) Factor
Mean | CV% effect

Barbary 42 | 75,48 | 24,52
Barbary Blackface 11 73,64 37,98

Breeds 0
Fine Queue of west 26 64,62 24,65
Black of Thibar 5 73 28,60
F 79 | 71,20 | 26,49

Sex 0
M 5 80,00 | 40,50
2 11 80,91 21,86
3 16 | 68,44 | 32,75
4 12 66,67 39,73
5 20 | 73,25 | 2445

Age 0
6 73,33 16,07
7 75,00 | 23,37
8 61,25 | 37,33
9 8 70,63 | 22,79
Total 84 | 71,73 | 27,94

XX = high significance effect; X = significance; and 0 = no significance

3.5. Wool Mechanical Proprieties

Fibre strength is very important in the spinning step,
because in this procedure wool fibres should be combed and
spun to produce yarn. Thus, fibres should have enough
strength to withstand against various mechanical and
physical tensions. Staple strength is second in importance to
diameter in determining the price of greasy wool in Australia
[24-26].

In the present study, the mean of fiber tenacity and
breaking strength were evaluated to 16,2 cN/tex and 14,4 cN
respectively (table 5) which are very higher than the required
thresholds of the spinning process. In the textile industry,
wool fibres should have at least 6 ¢cN/tex of tenacity to
withstand against physical and mechanical tensions and
breaking [27]. So, it be concluded that Tunisian wool fibres
have a desirable tenacity and breaking strength for using in
textile industry. Also, Tunisian wool have better tenacity
than of same Iranian and Turkish wool, which had a tenacity
estimated to 12,2 cN/tex [30] and 9,5 cN/tex [10]
respectively. But, t is lower than the average staple strength
of Australian wool which is around 35 cN/tex [25] and that
of New Zealand wool which is 41 cN/tex [29].

The mean of elongation of Tunisian wool was estimated to
36,5% (table 5) which is very higher than of same Iranian
and Turkish wool, which had a tenacity estimated to 29% [28]
and 27,2% [10] respectively. Because the desirable
elongation at break for wool fibres is between 40-50% [27],
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it seems that wool fibres of Tunisian sheep breeds (except the
"Barbary" breed) have an adequate but not desirable grade in
this mechanical point of view. The Barbary breed has an
average of fiber tenacity, breaking strength and elongation
equal to 22,5 cN/tex, 24 cN and 44% respectively (table 5).
This indicates good mechanical proprieties like that found
for Australian merino wool [25].

The results of the analyses of variances for mechanicals
proprieties of Tunisian wool are presented in table 5. The
factors “breed” and “sex” had a very significant effect on
breaking strength and elongation parameters (p<0,01).
Nevertheless, “Age” factor was not significant on the cited
parameters (p>0,05).

Table 5. Breaking strength (BS), Elongation (E) and tenacity (T)
characteristics of Tunisian sheep breeds and the effect of different factors
(breed, sex and age)

Rank of BS E T Factor
Factors N

factors (cN) (%) | (cN/tex) | effect

Barbary 42 | 24,15 | 43,97 22,46
Barbary
Blackface 11 | 14,48 | 32,97 15,44
Breeds i XX
Fine Queueof | )i | g4 | 2013 | 14552
west
Black of
Thibar 5 | 17,42 | 36,80 15,99
F 79 13,6 32,67 16,35
Sex XX
M 5 26,7 | 45,69 27,18
2 11 | 14,43 | 35,34 19,08
3 16 | 13,80 | 32,33 15,33
4 12 | 18,28 | 36,85 20,54
5 20 | 13,00 | 31,16 14,28
Age 0

6 6 14,69 | 37,61 17,56
7 14,69 | 36,31 16,41
8 4 | 13,38 | 31,02 16,15
9 8 12,79 | 29,31 15,77
Total 84 | 144 | 26,15 63,75

XX = high significance effect; X = significance; and 0 = no significance

5. Conclusions

This research described the results of experiment for
improving the wool production and quality involving of
Tunisian sheep. Improving wool quality helps sheepmen
earn more income and facilitates the development of textile
industry.

There are differences between Tunisian sheep breeds in
the way the fibers they produce. The factors age, sex and
breed have greater or lesser effects on controlled parameters
(fiber diameter, staple length, breaking strength, elongation,
fleece weight and the scoured yield). Nevertheless, breed is
the most important factor. In fact, the breed ‘Fine Queue of
west’ has ability to produce finer fibres with more uniformity.
So, it can supply the wool needed for textile industries. The
wool of other sheep breeds can be used in handmade carpets.
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