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Differences in propensity of wool to develop yellow discolouration in flocks of 
Perendale sheep selected for and against loose wool bulk 

T.C. REID’, K.J. BOTICA' AND R.M.W. SUMNER* 

* Department of Wool Science, P.O. Box 84, Lincoln University, New Zealand. 

ABSTRACT 

Samples of wool from Perendale hoggets horn at Whatawhata Research Centre in 1989 from ewes selected for and against loose wool 
bulk weretestedforpropensity toyellow.Afterstorageiualaboratoryfortwoyears, wool from thehighbulkline was significantly more yellow 
than wool from low bulk line. 

When the greasy wool was incubated at 40’ and 100% relative humidity, differences in all three tristimulus values between high and 
low bulk wool were significant. 

Tristimulus Y and Z decreased and Y minus Z increased when clean wool samples were subjected to more extreme challenges similar 
to those which may occur during processing. These changes did not affect the differences in colour between the selection lines. 

These results suggest that management changes may be required to restrict yellowing of high bulk wool during growth and storage. 
Simultaneous selection for reduced propensity to yellow and increased bulk may reduce the genetic progress attainable in either characteristic. 
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INTRODUCTION 

Increasing wool bulk and decreasing wool yellowness 
are both high priority objectives for the wool industry. Wool 
bulk is strongly inherited (Sumner et al., 1989) and wool 
yellowness expressed at shearing is weakly inherited (Bigham 
et al., 1983). It has been suggested (Reid, 1993; Wilkinson, 
1981; Wilkinson and Aitken, 1985) that selection and breed- 
ing for lower propensity to develop yellow discolouration, 
rather than the colour expressed at shearing, may enable 
reduction in the incidence of yellow discolouration in wool. 
Values for the heritability of propensity to yellow vary widely 
(Raadsmaand Wilkinson, 1990; Wilkinson and A&en, 1985). 

The yellowness apparent after shearing was similar in 
wool from flocks of Perendale sheep at Whatawhata Research 
Centre selected for and against loose wool bulk (Sumner et&., 
1991). However, changes in bulk possibly reflect changes in 
fibre structure and chemistry with associated differences in 
fleece architecture. These could affect other wool properties 
such as propensity to yellow. Two laboratory incubation 
techniques for this property have been described (A&en &al., 
1994; Reid, 1993; Wilkinson and A&en, 1985). One of these 
incubation systems (Reid, 1993) was used in this trial. 

‘The colour of wool after dyeing is highly correlated with 
its base colour (Marler and Samuelsdorff, 1987; Whiteley et 

al., 1987), which is in turn affected by its propensity to yellow 
and the environmental challenges to which it is exposed 
during growth and storage prior to processing. In addition, 
further challenges during processing, may also affect the final 
expression of colour (Breuers, 1986; Lewis, 1989). 

This trial was established to determine whether wool 
from high and 16~ wool bulk lines of the same breed differ in 
propensity to yellow. The effect was investigated in terms of 
the state of the wool during incubation and the severity of 
incubation challenge. 

MATERIALS AND METHODS 

Mid-side wool samples were taken from 55 Perendale 
ewes hoggets, all the surviving ewe hoggets born in 1989 
within the lines of Perendale ewes selected for and against 
loose wool bulk at Whatawhata Research Centre (Sumner et 
al., 1991). Following investigation of the interrelationships 
between loose wool bulk and some follicle and fibre charac- 
teristics (Sumner et al., 1993), the surplus wool was stored 
greasy in plastic bags in the laboratory for two years prior to 
their being measured in this trial. The effects of incubation in 
the greasy or clean state on the propensity of the wool to 
yellow were examined by measuring the colour of the clean 
wool after incubation. In addition, the effect of the varying 
severity of processing challenge was examined after incubat- 
ing wool samples in an autoclave. 
The treatments imposed after two years storage were:- 

Treatment 1. 

Treatment 2. 

Treatment 3. 

Wool colour measured after incubating a sam- 
ple of the greasy wool at 40°C and 100% 
relative humidity for 14 days. The wool was 
sprayed with water initially and then on alter- 
nate days (Reid, 1993). 
Wool colour measured after incubating a sam- 
ple of clean wool at 40°C and 100% relative 
humidity for 21 days. The wool was sprayed 
with water initially and then on alternate days. 
Preliminary experiments had indicated that 
development of colour was virtually complete 
after this time. 
Wool colour measured after incubating a sam- 
ple of clean wool in an autoclave at 10.5” for 30 
minutes. These incubation conditions were 
chosen to be similar to those used during dye- 
ing (Lewis, 1989). 
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Treatment 4. Wool colour measured after incubating a sam- 
ple of clean wool in an autoclave at 120” for 60 
minutes. These conditions represent a more 
extreme challenge than those used in normal 
processing. Colour changes observed in this 
treatment are likely to be greater than those 
observed in Treatment 3. 

Experimental studies had shown that incubating clean 
wool as in Treatment 2 resulted in relatively small changes in 
colour (T.C. Reid, Unpublished Observations). To maximise 
the possible colour differences detected with the clean incu- 
bation (Treatment 2) and autoclave treatments (Treatments 3 
and 4) only the the 11 samples with the highest wool bulk 
from the high selection line and the 12 samples with the 
lowest wool bulk from the low selection line were tested. 
Where there was sufficient greasy wool remaining after these 
treatment, the samples were included with the remaining 
samples for incubating as greasy wool (Treatment 1). There 
were thus 17 samples of high bulk wool and 20 of low bulk 
wool available for incubation as Treatment 1. 

The wool samples were prepared for incubation by 
removing the weathered tips and cutting the remainder into 2 
cm snippets. The colour of the samples was measured before 
and after the challenge on an ACS CS-3 spectrophotometer 
following washing in a Waring Blendor, according to the 
New Zealand Standard method for measuring the colour of 
wool (NZS8707: 1984). 

RESULTS 

Mean values for dimensional characteristics of these 
wools measured following shearing were reported by (Sum- 
ner et al., 199 1; 1993). There was insufficient sample remain- 
ing for three of the samples from the high bulk line examined 
by Sumner et al. (1991;1993) for inclusion in this study. 

Selection of the sires and dams for and against loose wool 
bulk resulted in a highly significant (10 cm3/g) difference 
(P-=0.001) in loose wool bulk in their offspring (Table 1). Wool 
fmm the high and low bulk lines also diffenzd significantly 
(P&001) in yield, clean fleece weight, crimp frequency and 
staple length (Sumner et al., 1991;1993). After two years storage 
the difference in tristimulus Y-Z was significant (P-&OS), with 
the high bulk wool being more yellow, while that in histimulus 
Z appmached significance (p-0.052), with the high bulk wool 
having the lower value (Table 1). 

The colour of the wool after incubating in the greasy or 
clean state at 40°C and 100% relative humidity for 2 or 3 
weeks respectively are given in Table 2. The effects of 
autoclave challenge are given in Table 3 as changes in colour. 
All the challenges resulted in changes in colour (Tables 2 and 
3). The changes in brightness (tristimulus Y) with challenge 
were in all cases less than those in tristimulus Z with the result 
that tristimulus Y-Z increased and the wool appeared visibly 
to be more yellow. 

The changes in the colour of wool resulting from incu- 
bating clean wool at 40°C and 100% relative humidity were 
considerably less than those resulting from incubation of 
greasy wool, in spite of the longer incubation time involved 
for the former (Table 2). This finding is similar to that 

observed with wider ranges of samples (TX. Reid, Unpub- 
lished Observations). After incubating the clean wool, the 
samples from the high and low bulk lines did not differ 
significantly in histimulus Y or Y-Z, but the difference in 
tristimulus Z approached significance (P==O.O76). The colour 
of the wool after greasy incubation differed significantly 
between the bulk selection lines for all three tristimulus 

TABLE 1: Effect of selection for and against loose wool bulk on fleece 
characteristics of Perendale ewe hoggets. Colour measurements made on 
freshly cleaned wool after storage in the greasy state for two years. 

Parameter 

Numbers of samples 

Loose wool bulk cm3/g 

Tristimulus Y 

Tristimulus Z 

Tristimulus Y-Z 

Selection lime 
High bulk Low bulk SED Sig. 

27 28 

30.8 20.9 0.7 *** 

62.8 63.4 0.5 NS 

52.3 54.0 0.9 t 
10.5 9.4 0.5 * 

TABLE 2: Effect of the state of wool during incubation in a 
challenging environment on the colour of wool from Perendale ewes 
selected for and against loose wool bulk. Greasy wool incubated at 40°C 
and 100% relative humidity for 14 d and clean wool incubated at 40°C 
and 100% relative humidity for 21 d. 

Parameter Incubation Selection line 
state High Low SED Significance 

Numbers of samples 
Clean 11 12 
Greasy 17 20 

Tristimulus Y 

Clean 60.1 62.7 1.0 NS 
G==Y 52.4 54.4 0.9 * 

Tristimulus Z 
ClGUl 50.0 52.9 1.6 t 
GmaSy 38.2 41.2 1.2 * 

Tristimulus Y-Z 
Clean 11.0 9.8 0.8 NS 

G=SY 14.2 13.2 0.4 * 

values (PcO.05). No analyses of the combined effects of the 
state of the wool (greasy or clean) and selection for or against 
bulk were possible because of the differences in numbers of 
samples used. 

It was only when clean wool was challenged under 
extreme conditions at 120°C for 60 minutes (Table 3) that the 
changes in yellowness were similar to those resulting from 
the greasy wool incubation. The effects of this extreme 
autoclave challenge on tristimulus Y and histimulus Z were 
greater than the effects of greasy incubation. Thus after the 
extreme autoclave challenge the wool was less bright and 
lower in the blue component of the reflectance spectrum than 
after the greasy challenge, while similar in yellowness. 

Changes in colour increased with increasing incubation 
temperature. ?he changes observed at 120°C were significantly 
(PcO.001)greaterthanat105”C(Tab1e3),whichwere1argerthan 
those occurring when clean wool was incubated at 40°C (Table 
2).Theeffectoftheautoclavechallengesonthec&urofthewool 
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did not differ between selection lines. Thus the challenges in- 
volved in processing am unlikely to cause f&her differentiation 
in colour between high and low bulk wools. 

DISCUSSION 

The values of tristimulus Y and Y-Z reported here were 

TABLE 3: Effect of severity of challenge on the change in colour of 
wool from Perendale ewe hoggets selected for and against loose wool 
bulk. Clean wool challenged in an autoclave at 105°C for 30 minutes or 
at 120°C for 60 minutes. 

Selection line Effects 
Parameter Incubation High Low SED Severity Bulk 

Numbers of 
samples 11 12 

Tristimulus Y 
105°/30 min. -4.2 -4.1 0.4 *** NS 
120%0 min. -11.5 -11.2 

Tristimulus Z 
105”/30 min. -5.8 -5.9 0.5 *** NS 
120”/60 min. -16.2 -16.0 

Tristimulus Y-Z 
105/3Omin. 1.6 1.7 0.3 *** NS 
120”/60 min. 4.6 4.8 

markedly higher than those reported earlier when the samples 
were tested after shearing when the selection lines did not 
differ in yellowness (Sumner et al., 1991). These different 
findings may have resulted from either differences in the 
method used to wash the samples as part of the colour 
measurement procedure, or from the effects of storage in the 
greasy state in plastic bags. It was not possible to differentiate 
between these two effects. 

The wool samples compared in this trial were obtained 
from sheep of the same breed run together throughout their 
lives and differing only in loose wool bulk. The propensity of 
the greasy wool to yellow was positively correlated with bulk. 
The difference between the selection lines increased when 
subjected to an environment challenge. Thus, sheep selected 
to produce high bulk wool are likely to grow wool which is 
less bright and more yellow by the time it reaches the proc- 
essor than those producing low bulk wool. This may be 
further confounded when the sheep are subjected to environ- 
mental challenges which maximise the expression of this 
propensity to develop yellow discolouration (Reid, 1993). 

Other studies using a different technique to that used in 
this trial (Aitken et al., 1994; Wilkinson and Aitken, 1985) 
have demonstrated negative correlations between yield and 
propensity to yellow, although this finding is not supported 
by another study (Raadsma and Wilkinson, 1985). In this 
experiment, them was also a negative correlation between 
propensity to yellow and yield, with the high wool bulk sheep 
with the higher propensity to yellow having a lower yield 
(Stunner et al., 1991). 

In several steps during processing such as dyeing, set- 
ting, finishing and printing, wool is exposed to high tempera- 
tures. These processes have been shown to cause yellowing 
(Bell and Lewis, 1983; Breuers, 1986; D&rich et al., 1983). 
The changes in colour depend on the temperature involved 
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and the time the wool remains at an elevated temperature 
(Doughty, 1986; Thomas et al., 1986). For example, dyeing 
may be carried out in boiling water for extended times 
(Lewis, 1989). Wool/Polyester mixtures are dyed at tempera- 
tures of up to 130°C (Doughty, 1986). Although wool will 
change colour when it is processed under extreme conditions, 
these experiments indicate that there should be no differences 
between high and low bulk wools in the changes in colour 
during processing. 

As the colour of wool is a key indicator of its dyeing 
performance (Whiteley et al., 1987), these data indicate a 
need to change management practices to restrict the degree of 
environmental challenge to which high bulk wool is exposed 
during growth and storage. Such changes may include alter- 
ing shearing times to benefit from seasonal differences in 
colour, such as those described by Reid (1993). 

This paper describes a correlated response arising from 
selection for wool bulk. These findings suggest that selection 
for increased loose wool bulk conflicts with an industry 
requirement for white wool. If these two characteristics are 
linked genetically, selection for both traits will reduce the rate 
of genetic progress achievable from direct selection for either 
characteristic individually. Resolution of these conflicting 
selection aims will reduce the rate of progress for either or 
both characteristics. 
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