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ABSTRACT - The objective of this study was to evaluate the characteristics of wool produced by ewes of different
genetic groups, ages, and reproductive statuses. A total of 115 ewes, of the following genetic groups, were used: 10 Corriedale,
37 Hampshire Down, 26 "2 Hampshire Down + '2 Corriedale, 24 ' Ile de France + 'z Corriedale, and 18 '4 Suffolk + }2 Corriedale.
Age was determined by the number of permanent incisors, ranging from four teeth to eight teeth. Ewes were further classified
by their reproductive status into: lambed, having reared one lamb; and not-lambed. Hampshire and half-blood Suffolk ewes
were heavier (53.2 and 52.7 kg, respectively), while Corriedale animals were lighter (40.1 kg). Older ewes and not-lambed
ewes were heavier as well. Fleece weight was higher for the Corriedale and its crossbred ewes (average of 2.9 kg). Genetic group
did not affect yield after scouring (61.6%). Ewe age, reproductive status, and year of evaluation did not affect greasy fleece weight
or yield. Fiber diameter and number of crimps were not affected by any tested variables, with mean values of 29.8 um and
5.8 crimps per centimeter, respectively. Staple length was influenced only by genetic group, in which the Hampshire ewes
showed the shortest staple (6.2 cm). In general, the character was classified as good to regular, and the worst was found in
the Hampshire. That genetic group grew rough wool, while the others were rated as slightly soft to rough. All genetic groups
presented wools with some medullation. The majority of the samples were classified from “Cruza 1” to “Cruza 3” in all five
groups and, for quality, the majority of the samples were rated as Good. Wool produced by meat breeds presents variations of
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quantity and quality that should be considered by producers and industry.

Key Words: crossbreeding, fiber, Ovis aries, sheep

Introduction

During the last two decades, the number of sheep has
been increasing in Brazil, after a period of severe reduction
in population size due to an international crisis in the wool
production chain. This fact dramatically reduced the prices
paid for wool. Consequently, sheep producers changed
their attention to meat production (Viana and Waquil, 2013;
Gonzaga et al., 2014).

Some producers are still raising fine wool breeds,
but in order to improve their income, part of the females
are bred to meat rams. In some cases, all lambs, males
and females, are destined to be slaughtered. However,
in other cases, the half-blood ewes are kept as breeding
females. Greater responses in weights and in daily weight
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gains for crossbred animals are presented in the literature
(Cunha et al., 2000).

However, as pointed out by Ribeiro et al. (1997), to
improve the efficiency of the sheep husbandry, it is necessary
that all products be accounted. Despite the poor quality of
the wool produced by meat breeds, the utilization of the
wool by the textile industry is still possible. Moreover, in
order to better classify and remunerate this kind of wool,
it is necessary to understand its characteristics, including
defects.

Factors affecting the production and the quality of the
wool from sheep breeds selected for meat production, or
crossbred animals from these breeds, are not well defined
or even studied. Therefore, the objective of this study was
to evaluate the effects of genetic group, reproductive status,
and age on wool production and quality.

Material and Methods

The sheep utilized in this experiment belonged to
the flock of the School Farm of Universidade Estadual
de Londrina, in Londrina - PR, Brazil. The property is
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located approximately at 23°23' S latitude and 51°11' W
longitude. A total of 115 ewes, of the following genetic
groups, were used: 10 Corriedale, 37 Hampshire Down,
26 "> Hampshire Down + '; Corriedale, 24 ' Ile de France
+ Y Corriedale, and 18 % Suffolk + % Corriedale. It was
not possible to determine their age at the time in years and
months, so the animals were classified by the number
of permanent incisors, ranging from four to eight teeth.
Ewes were further classified by their reproductive status
into: lambed, having reared one lamb (99 ewes); and not
lambed (16 ewes). Data originated from two production
years: 2001 (57 ewes) and 2002 (58 ewes).

The flock was kept all year round on a Coast-cross
pasture (Cynodon dactylon (L.) Pers). However, during the
winter (dry season), sorghum silage was also supplied as
supplement to the animals. Water and mineralized salt were
also permanently available.

Shearing was performed in December, after weaning
and after a growth period of 12 months. Fleece was weighed
immediately after shearing, and one sample of around 100 g
was taken from the right side of the animal. The fleece was
weighed after skirting, i.c., after the removal of the belly
and leg wool, which was weighed separately. Samples
were put in plastic bags and sent to the laboratory of wool
analysis for subsequent analyses. Ewes were also weighed
just after being shorn.

The objective measurements analyzed in the wool
samples were: yield after scouring (or percentage of
clean wool fibers present in the greasy sample); average
fiber diameter (in micrometers); staple length; and
crimps per centimeter. And the subjective measurements
were: character, defined as the distinctness and depth
and evenness of the waves in the staple (classified as
great, good, regular, or weak/absent); color after washing
(classified as normal/white, cream, yellow, or canary yellow);
softness to touch (classified as soft, slightly soft, rough,
or very rough); medullation (classified as absent, slightly
medullated, medullated, and strongly medullated); quality
(classified as “super” = the best, “special”, “good”, or
“current” = the worst); and grade (classified as “merina” =
the best, “amerinada”, “prima a”, “prima b”, “cruza 17,
“cruza 2”, “cruza 37, “cruza 4”, or “cruza 5” = the worst).
Classifications for quality and grade followed the Brazilian
commercial standards.

The response variables that showed homogeneity of
variances and normal distribution for the errors were
subjected to analysis of variance according to the following
statistical model: Yium = BTG +A +R +Y +GA, +GR,
+GY, JrARjk +AY_,-1 +RY +E_ . inwhichY_ isthe value

ijklm® ijklm
observed for the response variable; p is the overall mean;

G, is the effect of genetic group i; A, is the effect of age j;
R, is the effect of reproductive status k; Y, is the effect of
year I; GA, is the genetic group x age interaction; GR, is the
genetic group x reproductive status interaction; GY, is the
genetic group X year interaction; ARjk isthe age x reproductive
status interaction; AY, is the age x year interaction; RY , is
the reproductive status x year interaction; and E, - is the
random error associated with each observation. As the
interactions between effects were not significant (P>0.05),
they were removed from the final statistical model. For these
analyses, the GLM procedure of SAS (Statistical Analysis
System, version 9.2) was used.

The variables character, color after washing, softness
to touch, medullation, and grade and quality of wool are
qualitative variables and do not present homogeneity
of variances and normality of residues. For this reason,
descriptive statistical analyses and the Kruskal-Wallis and
Mann-Whitney tests were performed. The variables were
compared among genetic groups, ages, reproductive statuses,
and years. Analyses were performed using the NPARIWAY
procedure of SAS (Statistical Analysis System, version 9.2).

Results

Body weight was affected (P<0.05) by genetic group,
ewe age, reproductive status, and year (Table 1). The
heaviest weight was found in Hampshire and half-blood
Suffolk ewes, and the lighest were the Corriedale. The
crossbred Y2 Hampshire Down + 2 Corriedale and Y5 Ile
de France + 2 Corriedale ewes had intermediate weight
compared with the purebred ewes.

Age also affected (P<0.05) body weight, in which the
younger females were lighter than the older ones (Table 1).
The reproductive status affected (P>0.05) body weight,
in which the ewes that lambed and reared one lamb were
9.7% lighter than the ones that did not lamb. Year was an
important source of variation (P<0.05) on ewes weight.

For wool production traits, the results show that genetic
group affected (P<0.05) the greasy fleece and skirted wool
(from belly and legs) weights; however, it did not affect
yield after scouring (Table 1). Corriedale and crossbred
Corriedale ewes had similar fleece weights and produced
more than Hampshire Down ewes.

Ewe age, reproductive status, and year of evaluation
did not affect (P>0.05) greasy fleece weight or yield. These
results are quite surprising, especially the reproductive
status on fleece weight. In the present study, the only
difference (P<0.05) was found for skirted wool weight.

The objective characteristics of the wool, measured
by its fiber diameter and crimps per centimeter, were not
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affected (P>0.05) by genetic group (Table 2). The only
difference observed (P<0.05) was for staple length, in
which the purebred Hampshire ewes presented the shortest
staple; there were no differences among the other genetic
groups.

Ewe age, reproductive status, and year did not affect
(P>0.05) fiber diameter, staple length, or crimps per
centimeter (Table 2).

For the subjective measurements of the wool, genetic
group only did not affect (P>0.05) color after washing
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(Table 3). In general, the character was classified as good
to regular, and the worst result was found in the Hampshire
wool. All genetic groups presented wool with some
medullation.

Ewe age and reproductive status did not affect (P>0.05)
the subjective measurements of the wool (Table 3). On the
other hand, year was an important source of variation for
character and medullation.

There were no differences (P>0.05) among the five
genetic groups for grade and quality classifications (Table 4).

Table 1 - Means and standard errors for body weight (kg), wool production (kg), and yield after scouring (%)

Variable Body weight (kg) Greasy fleece weight (kg) Skirted wool weight (kg) Yield (%)
Genetic group

Corriedale (C) 40.06+2.56¢ 3.02+0.24a 0.49+0.07a 59.89+1.76

Hampshire Down (H) 53.25+1.54a 2.29+0.15b 0.31£0.04bc 61.76+1.05

“H+%C 45.94+1.60b 2.9440.15a 0.38+0.04ab 62.26+1.10

Bl+%C 47.33£1.85b 2.84+0.18a 0.31+0.05bc 61.85+£1.27

%BS+1%C 52.74+1.81a 2.78+0.17a 0.25+0.05¢ 62.32+1.24
Age!

04 42.95+1.53¢ 2.77+0.15 0.31+0.04 61.98+1.05

06 47.83+1.74b 2.94+0.17 0.38+0.05 62.35+1.19

08 52.81+1.42a 2.62+0.14 0.36+0.04 60.52+0.97
Reproductive status?

Lambed 45.4240.96b 2.76+0.09 0.24+0.03b 60.96+0.66

Not-lambed 50.3142.02a 2.79+0.19 0.45+0.06a 62.27+1.39
Year

2001 44.80+1.32b 2.86+0.13 0.41+0.04a 62.11+£0.91

2002 50.93+1.23a 2.70+0.12 0.29+0.03b 61.1340.85
Overall mean 47.86 2.78 0.35 61.62

a, b, c =P<0.05.

I - Ile de France; S - Suffolk.

! Number of permanent incisors.

2 Lambed - ewes that lambed and reared one lamb.

Table 2 - Means and standard errors for objective measurements of wool

Variable Fiber diameter (um)

Staple length (cm) Crimps per centimeter

Genetic group

Corriedale (C) 30.33+0.99 7.96+0.46a 5.50+0.42
Hampshire Down (H) 29.36+0.59 6.21+0.29b 5.53+0.26
BH+%C 29.62+0.62 7.40+0.30a 5.59+0.27
Bl+%C 29.96+0.71 7.72+0.33a 6.05+0.30
%S+ C 29.7540.70 7.59+0.32a 6.05+0.29
Age'
04 29.01+0.59 7.50+0.28 5.75+0.26
06 30.55+0.67 7.63+0.32 5.77+0.29
08 29.86+0.55 7.00£0.26 5.71+£0.24
Reproductive status?
Lambed 29.74+0.37 7.29+0.19 5.57+0.16
Not-lambed 29.87+0.78 7.47+0.37 5.92+0.33
Year
2001 29.74+0.51 7.15+0.24 5.71£0.22
2002 29.86+0.48 7.61+0.23 5.78+0.21
Overall mean 29.80 7.38 5.75
a, b=P<0.05.

1 - Ile de France; S - Suffolk.
! Number of permanent incisors.
% Lambed - ewes that lambed and reared one lamb.
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The great majority of the samples were classified from
“Cruza 1” to “Cruza 3” in all five groups. The sum of these
three grades (Cruza | + Cruza 2 + Cruza 3) for the samples
were 70.0, 67.5, 88.4, 75.1, and 94.4% for the Corriedale,
Hampshire Down, > Hampshire Down + '4 Corriedale,
1 Ile de France + % Corriedale, and Y4 Suffolk + %4 Corriedale

genetics groups, respectively.

For quality, the majority of the samples were classified as

Good. The mean percentage across all genetic groups was 73.9.

Ribeiro et al.

There were no differences (P>0.05) in the grades and
qualities according to age and reproductive status of the
ewes (Table 5). Following the results for genetic group, the
majority of the samples were classified between “Cruza 1”
and “Cruza 3” and as Good. The same occurred according to
year (P>0.05, means not presented in Tables), in which 73.7
and 82.6% of the samples were classified into the three cited
grades, and 61.4 and 82.4% were classified as Good, for the
years 2001 and 2002, respectively.

Table 3 - Means and standard errors for subjective measurements of wool

Variable Character? Color after washing? Softness to touch? Medullation®
Genetic group

Corriedale (C) 2.64+0.23b 2.5340.18 2.48+0.20b 2.21+0.31ab

Hampshire Down (H) 3.46+0.15a 2.36+0.11 2.95+0.13a 1.73+£0.19b

“LH+%C 3.05+0.15ab 2.31x0.12 2.64+0.13b 2.34+0.20a

wB1+%C 2.94+0.17b 2.43+0.13 2.57+0.14b 2.65+0.22a

“BS+%hC 2.98+0.16b 2.28+0.13 2.44+0.14b 2.53£0.22a
Age!

04 2.88+0.14 2.50+0.11 2.63+0.12 2.13+0.19

06 2.92+0.16 2.3540.13 2.7840.14 2.18+0.21

08 3.24+0.13 2.2940.10 2.45+0.11 2.56+0.17
Reproductive status?

Lambed 2.974+0.09 2.31+0.07 2.62+0.08 2.12+0.12

Not-lambed 3.05+0.18 2.45+0.15 2.61+0.16 2.46+0.25
Year

2001 3.15+0.12a 2.38+0.09 2.58+0.10 2.85+0.16a

2002 2.87+0.12b 2.38+0.09 2.66+0.10 1.734£0.15b
Overall mean 3.01 2.38 2.62 2.29

a, b=P<0.05.
I - Ile de France; S - Suffolk.

! Number of permanent incisors.

2Lambed - ewes that lambed and reared one lamb.
3 Character (1 = great, 2 = good, 3 = regular, 4 = weak/absent); Color after washing (1 = normal/white, 2 = cream, yellow, 3 = canary yellow); Softness to touch (1 = soft, 2 = slightly
soft, 3 = rough, 4 = very rough); Medullation (1 = absent, 2 = slightly medullated, 3 = medullated, 4 = strong medullated).

Table 4 - Percentages (and numbers) of samples of wools classified by grade and quality according to genetic group

Genetic group

Variable
Corriedale (C) Hampshire Down (H) “"H+%C “nl+%C “S+%LC
Grade
Merino 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
Amerinada 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
Prima A 10.00 (1) 541 (2) 11.54 (3) 8.33(2) 0.00 (0)
Prima B 10.00 (1) 21.62 (8) 0.00 (0) 4.17 (1) 5.56 (1)
Cruza 1 20.00 (2) 27.03 (10) 34.62 (9) 29.17 (7) 44.44 (8)
Cruza 2 20.00 (2) 29.73 (11) 34.62 (9) 29.17 (7) 27.78 (5)
Cruza 3 30.00 (3) 10.81 (4) 19.23 (5) 16.67 (4) 22.22 (4)
Cruza 4 10.00 (1) 5.41(2) 0.00 (0) 12.50 (3) 0.00 (0)
Cruza 5 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
Total 100 (10) 100 (37) 100 (26) 100 (24) 100 (18)
Quality
Super 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
Special 10.00 (1) 0.00 (0) 4.00 (1) 4.17 (1) 0.00 (0)
Good 80.00 (8) 58.06 (18) 76.00 (19) 66.67 (16) 88.89 (16)
Current 10.00 (1) 41.94 (13) 20.00 (5) 29.17 (7) 11.11 (2)
Total 100 (10) 100 (31) 100 (25) 100 (24) 100 (18)

1 - Ile de France; S - Suffolk.

P>0.05.

R. Bras. Zootec., 44(11):405-411, 2015
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Table 5 - Percentages (and numbers) of samples of wools classified by grade and quality according to age and reproductive status

Age Reproductive status
Variable
4 teeth 6 teeth 8 teeth Lambed Not-lambed
Grade
Merino 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
Amerinada 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
Prima A 7.41(2) 0.00 (0) 10.00 (6) 7.07 (7) 6.25 (1)
Prima B 3.70 (1) 7.14 (2) 13.33 (8) 11.11 (11) 0.00 (0)
Cruza 1 55.56 (15) 28.57 (8) 21.67 (13) 27.27 (27) 56.25 (9)
Cruza 2 25.93 (7) 35.71 (10) 28.33 (17) 32.32 (32) 12.50 (2)
Cruza 3 3.70 (1) 25.00 (7) 20.00 (12) 18.18 (18) 12.50 (2)
Cruza 4 3.70 (1) 3.57 (1) 6.67 (4) 4.04 (4) 12.50 (2)
Cruza 5 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
Total 100 (27) 100 (28) 100 (60) 100 (99) 100 (16)
Quality
Super 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0) 0.00 (0)
Special 8.00 (2) 0.00 (0) 1.75 (1) 3.23(3) 0.00 (0)
Good 64.00 (16) 69.23 (18) 75.44 (43) 68.82 (64) 86.67 (13)
Current 28.00 (7) 30.77 (8) 22.81 (13) 27.96 (26) 13.33(2)
Total 100 (25) 100 (26) 100 (57) 100 (93) 100 (15)
P>0.05.

Discussion

Differences in body weight were expected because
the Hampshire Down, as a meat-type breed, was selected
for weight gain and or body weight, while the Corriedale
was formed to be a double-purpose breed, wool and meat.
Consequently, selection for body size was not the first goal
in this breed. In the same way, Suffolk is known as one
of the largest breeds raised in Brazil (Cunha et al., 2000;
ARCO, 2013). The average weight of the Hampshire Down
ewes in this study (53.2 kg) is slightly lower than the weight
observed (54.8 kg) by Ribeiro et al. (1997) for ewes of the
same breed.

The intermediate weights presented by the crossbred
Hampshire Down and Ile de France ewes probably indicate
that there was no heterosis for body weight. However,
crossing ewes of a double-purpose breed, as Corriedale,
with meat-type breeds, as Ile de France, Hampshire Down,
and Suffolk, can be practiced to improve meat production.
On the other hand, it is important to stay alert because
when these half-blood females are incorporated at the
flock, as reproductive ewes, the feed requirements will also
increase, mainly for maintenance. This happens because of
the heavier weights of these animals.

Regarding the lower weights of younger ewes, it can
be considered that the four-teethed ewes were still growing,
and when the nutrition is not optimum, the development
of the body structure is somehow decreased (Castro et al.,
2012a). In this situation, the adult weights can also be lower.

In the same way, lactation is a period with great
energy demand, and ewes usually lose condition score and

weight, during this phase (Castro et al., 2012b). Studying
a purebred Hampshire Down flock, Ribeiro et al. (1997)
observed that dry ewes were 10.6% heavier (P<0.05) than
those that reared lambs.

Environmental aspects, such as precipitation and
temperature, can affect pasture production and quality, as
well as the health condition of the animals (Ramos et al.,
2004; Ribeiro et al., 2008).

For wool-production traits, as pointed out before, the
Corriedale breed was formed as a double-purpose breed, in
which fleece production was, and still is, an important trait
considered.

Differences for wool production traits among ages in
Hampshire ewes were not observed by Ribeiro et al. (1997);
however, they observed that dry ewes (not-lambed) produced
19% more wool than the ewes that reared one lamb.

Summer and McCall (1989) observed that ewes rearing
lambs, single or twins, produced less wool than ewes that
did not rear lambs. The authors also concluded that despite
the apparent advantage of dry ewes for wool production,
the sum of wool and lamb would be more profitable for the
entire system. However, this may vary, depending on the
prices paid in a particular year.

In the study of Ribeiro et al. (1997), the average staple
length for Hampshire ewes was 7.5 cm, close to the overall
mean at the present study, but much longer than the average
observed for the Hampshire (6.2 cm).

The lack of differences for age, reproductive status,
and year on fiber diameter, staple length, and crimps per
centimeter are in accordance with Ribeiro et al. (1997).
However, these authors observed smaller fiber diameter for

R. Bras. Zootec., 44(11):405-411, 2015
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two-teethed ewes. The authors also observed greater staple
length in younger ewes. Minola and Goyenechea (1975)
stated that the fiber diameter increases up to the second
or third fleeces of an animal, and after the third fleece it
decreases again. Likewise, Minola and Goyenechea (1975)
stated that at the first fleece the staple is the longest, and
afterwards it decreases linearly.

Fiber diameter means are in accordance with the
standard patterns for these breeds raised in Brazil.
According to ARCO (2013), the fiber diameters ranges from
26.5 t0 30.9 um in Corriedale wool, from 27.0 to 31.0 pm
in Hampshire Down wool, from 23.0 to 27.0 pm in Ile de
France wool, and from 25.0 to 29.0 um in Suffolk wool.

According to Minola and Goyenechea (1975), lactation is
an important factor negatively affecting the characteristics
of the wool. However, the authors pointed out that this
happens when the nutrition of the ewe is not sufficient
to meet its requirements during this stage. In this case,
ewes lose body weight and body condition score (Sezenler
et al., 2011). In the present study, there was no difference
in body weight between lambed and not-lambed ewes.

After washed, the wool should be as white as possible,
in order to be better utilized by the industry, mainly
concerning the dying processes (Rey, 1977). Because
wools were classified as cream to yellow, prices paid by the
industry probably would be negatively affected. This trait
is dependent on the environment, with high precipitations
resulting in wool tending to be more yellow than with
normal or desirable color, i.e., white (Ribeiro et al., 1997).

The wool character is more evident in breeds with high
selection for wool quality, as the Australian Merino breed
(ARCO, 2013). The same can be said for softness to touch,
in which high-quality wools are known to present great
softness (ARCO, 2013). In this way, wool from meat-type
breeds is expected to present the poorest scores for these
traits, as observed for Hampshire Down (Table 3).

The presence of medullation is an important negative
aspect of the wool for the industry, because medullated
wools are usually less soft and more difficult to be dyed.
According to Minola and Goyenechea (1975), medullation
also causes a greater refraction of the light, which causes
the dyed fibers to appear lighter, resulting in devaluation of
the produced fabric.

There is no clear reason for the effect of year on
character and medullation, since it has an environmental
influence, and according to Resende and Rosa-Perez (2002),
medullation presents a moderate to high heritability, varying
from 0.34 to 0.80.

The results for wool grade agree with the standards
cited by ARCO (2013). Ribeiro et al. (1997) cited a value of

88.9% for the sum of “Cruza 17, “Cruza 2”, and “Cruza 3”
grades, for wool samples from Hampshire Down ewes.

For quality, Ribeiro et al. (1997), in wool samples
from Hampshire Down ewes, found that 57.1% were
classified as Good and 33.3% were classified as Current.
In the present study, the Current classification varied from
10.0 to 41.9% of the samples. These results showed that
these wools lacked quality for a better utilization by the
industry.

Conclusions

Age and reproductive status are not important sources
of variation on wool characteristics; however, wool
produced by meat breeds presents variations of quantity
and quality that should be considered by producers and
industry.
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