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Optimising of the challenge test for the susceptibility of wool to yellow discolouration

J.L. ALIAGA, R.H. SANDERSON, A.P. MAHER AND T.C. REID1

Department of Wool Science and Technology, Lincoln University, P.O. Box 84, Canterbury, New Zealand.

ABSTRACT

The ‘challenge colour test’ to differentiate wools on the basis of propensity to develop yellow discolouration was conceived to
assist in the selection of sheep for whiter wool. This paper reports studies carried out to develop an accelerated challenge test. Wool
samples from Corriedale and Merino sheep were used to standardise and verify methodology for a challenge incubation procedure. The
effects examined included sample presentation, water addition (frequency, volume and method), incubation temperature, incubation
time, position and number of samples in the incubator. The variability and precision of the challenge colour test were determined.

Incubation of wool samples in jars rather than petri dishes was the most significant change which resulted in an accelerated test
with more consistent results. The optimum incubation time using jars was found to be 6 days, a marked reduction from the 14 day period
previously used with petri dishes. An incubation temperature of 40°C resulted in higher yellowness and allowed better differentiation
of samples than 45°C, 50°C and 55°C. Development and differentiation of yellowness were optimum when 6.2 ml of thymol saturated
water was added to the sample. A single application of water by spray, at the beginning of incubation resulted in higher yellowness and
greater differentiation of wools than repeated applications.

The ‘modified challenge test’ was faster, more efficient and had lower variability and higher precision than the original method.
The proposed procedure is a reliable method suitable for fleece testing and genetic studies.

Keywords: Wool; yellow discolouration; propensity; predictive test; challenge test; incubation.

INTRODUCTION

There are three main types of yellow discolouration in
fleeces: diffuse yellow, canary yellow and banding or
fleece rot (Henderson, 1968; Thompson, 1989). Wool col-
our can also be classified as scourable and non-scourable
(Clark and Whiteley, 1977). Non-scourable yellow
discolouration in wool occurs during wool growth, storage
and processing (Reid, 1995). The cause of discolouration in
fleeces is partly due to a genetic predisposition, while
environmental factors, including warmth, dampness and
humidity promote yellowing in genetically susceptible sheep
(Wilkinson, 1982). It has been shown that under laboratory
conditions temperature and humidity are important factors
in the development of yellow discolouration in wool (Cottle
et al., 1992; Reid and Botica, 1994a). The following paper
reports on the development of a test to determine the
propensity of greasy wool to develop non-scourable yellow
discolouration.

Two methods have been developed in the laboratory
to differentiate wool on the basis of propensity to develop
yellow discolouration: the ‘predictive’ and the ‘challenge’
colour tests. In both tests, samples of greasy wool are
incubated at 40°C and 100% relative humidity. In the
predictive test, wool is incubated for 5 days and the colour
of the supernatent extracted from the yolk is estimated or
measured (Wilkinson, 1981; Raadsma and Wilkinson,
1990). In the challenge test, wool is incubated for 14
days and yellowness of the clean fibre is measured (Reid
1992; 1993).

The predictive test can be used to predict yellow
discolouration and has been found useful as an indirect

selection method (Wilkinson and Aitken, 1985). The chal-
lenge test has been developed more recently and is poten-
tially a more direct method. This paper reports on
developments to standardise and verify the challenge test
as a suitable method for fleece measurement and genetic
studies. The test is considered potentially useful for selec-
tion of sheep to reduce the degree of discolouration evident
in the New Zealand clip.

MATERIALS AND METHODS

Experimental wool
Ten Corriedale and 4 Merino fleeces were categorised

to make 4 types of wool (A, B, C, and D) according to their
challenge colour as determined by the method of Reid and
Botica (1994b). Type A represented wool susceptible to
yellow discolouration (range 13-14 Y-Z), B medium (range
10-11 Y-Z), C resistant to yellow discolouration (range 7-
8 Y-Z) and D highly resistant (range 2-3 Y-Z). Types A, B
and C were blends of Corriedale fleeces, while type D was
blended from Merino fleeces. These blends were used in
the development trials to study modifications to the proce-
dure of the challenge colour test. Subsamples of mid-side
samples from a single Corriedale flock, selected to provide
a representative range of susceptibility to yellow
discolouration, were used to determine the variability and
precision of the modified challenge test.

Sample preparation and measurement
Staples from each fleece were selected at random

positions on a sampling grid placed over the wool. The
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greasy tip of each staple was removed to avoid dust
contamination and weathering effects, and the remaining
staple was cut into 1-2 cm snippets. Snippets of each type
were thoroughly blended prior to subsampling and incuba-
tion. Following incubation, yellowness was measured on
clean scoured wool fibre as the subtraction of Z from Y
tristimulus values as per the NZS 8707:1984 method.

Experimental design
Several factors associated with incubation and drying

were identified as having significant influences on yellow
discolouration in the challenge test. Table 1 is a summary
of these factors and the levels evaluated.

It was believed that the enclosed environment of jars
would regulate the humidity more evenly in the proximity
of the samples and therefore provide less variable results
than the open petri dishes. A range of frequency and
volumes of water application were evaluated to determine
the optimum regime for addition of water. Similarly, dif-
ferent methods of water application were tested. Four
incubation temperatures were examined. The incubator
could not be controlled at temperatures lower than 40°C.
To determine the optimum period of incubation the time
course of yellow colour development was monitored.

A series of factorial experiments were conducted to
determine the optimum level of these factors. A series of
identical trials were carried out to determine the variability
and precision of the original and modified challenge tests.

Data analysis
The analysis of variance of the data were carried out

using the Statistical Analysis System (SAS/STAT) soft-
ware. The variability of the wool yellowness for both
challenge tests was calculated by estimating the variance
components of the sources of variation, using variance
partitioning techniques. The precision of the challenge test
was calculated using 95% confidence intervals, according
to the method IWTO-27-78 (E).

RESULTS AND DISCUSSION

Sample presentation and rate of colour
development

In the original method for the challenge test, wool
samples were incubated on open plastic petri-dishes with
a 110 mm diameter and a height of 20 mm. Glass jars with
a 60 mm diameter and a height of 95 mm were introduced.
The use of jars resulted in a number of improvements to
the challenge test. The rate of colour development during
incubation increased (Figures 1 and 2). The mean yellow-
ness of all wools incubated in jars for 6 days was 10.21 Y-
Z which was 82.7% of the colour at 14 days (12.35 Y-Z)
while the mean yellowness of wools incubated on petri
dishes for 6 days was 6.46 Y-Z, only 53.7% of the colour
at 14 days (12.02 Y-Z).

Incubation in jars also resulted in better and faster
differentiation between wools of differing susceptibility.
At 6 days, the difference in mean yellowness between the
highly resistant and susceptible wool types incubated in
jars was 10.12 Y-Z compared to 7.79 Y-Z for incubation
on petri dishes. The use of jars allowed the incubation time
of the challenge test to be reduced to 6 days.

When wool samples were incubated in jars the opti-
mum regime of water application for the development of
challenge yellowness and sample differentiation also
changed. Repeated applications of water gave in higher
yellowness and better differentiation for samples incu-
bated on petri dishes while a single preliminary applica-
tion gave the best result for samples incubated in jars. The
use of a single application in the modified method simpli-
fied the procedure and reduced the potential errors associ-
ated with repeated sprays during incubation.

Volume and method of water application
The hand sprayer, drench gun and syringe were evalu-

ated as potential methods of water application. The mean
yellowness of the sprayer method (9.11 Y-Z ± 0.61 Y-Z)
was higher and significantly different (P<0.01) from the
drench gun (8.10 Y-Z ± 0.64 Y-Z) and syringe methods
(6.46 Y-Z ± 0.77 Y-Z). Yellowness was also less variable
when the sprayer was used.

TABLE 1:  Factors and levels of those factors tested to develop the
modified challenge

Factors levels

Sample presentation Petri dishes, jars

Frequency of water applcation 1, 2, 3, 4, 7 applications

Volume of water application 2 (1.5ml), 4 (3.1ml), 6 (4.6ml),

7 (5.4ml), 8 (6.2ml), 10 (7.7ml),

12 sprays (9.2 ml)

Method of water application Sprayer, Drench gun, Syringe

Temperature of incubation 40°C, 45°C, 50°C, 55°C

Time course of colour development 1, 2, 3, 4, 5, 6, 7, 9, 10, 12,
14, 15 days

FIGURE 1:  Time course of colour development using the original test.
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variability of yellowness after challenge was also lowest
when 6.2 ml was added. As a result, this volume of water
was recommended for application in the modified chal-
lenge colour test.

Temperature of incubation
The effect of the temperature of incubation on the

yellowness of wool is reported in Table 2. Wool incubated
at 55°C developed the highest mean yellowness (11.44 Y-
Z ± 0.41 Y-Z) and wool incubated at 45°C the lowest (8.84
Y-Z ± 0.32 Y-Z). There was a significant statistical differ-
ence (P<0.01) between mean yellowness of each of the
temperatures evaluated. However, an incubation tempera-
ture of 40°C resulted in better differentiation between
resistant and susceptible wools. In particular, the more
resistant wools became more yellow when challenged at
higher temperatures. For these reasons, 40°C was chosen
as the most suitable temperature to differentiate wool on
the basis of propensity to develop yellow discolouration.

Variability and precision of challenge colour
The results of the variability trials using the develop-

mental blends A, B, C and D, are reported in Table 3. Of
the total variance, the percentage of variance between
trials for the original test was higher (1.80%) than for the
modified test (0.27%). The variance between subsamples
as a percentage of the total variance was also higher in the
original challenge test (2.18%) than in the modified test
(0.67%). These results indicate that both methods had low
variability and that the modified test had the lowest vari-
ability, despite a shorter incubation time.

The precision (95% CI) of the original and modified
challenge methods, for one and two subsamples of mid-
side samples from a single flock, are also presented in
Table 3. The precision of both tests using one or two
subsamples was less than one unit (Y-Z), which is satisfac-
tory for a fleece measurement test.

The modified challenge test
The sample treatment after incubation, conditioning

of incubated wool before and after scouring, scouring,
drying, teasing and colour measurement procedures rec-
ommended for use in the modified challenge test remain
the same as those used in the original challenge test. The
temperature and relative humidity of incubation were also

FIGURE 3:  Effect of water volume on the yellowness of wool at 40°C.

FIGURE 2: Time course of colour development using the modified test.

The effects of different volumes of water added, on
the yellowness of challenged wool are reported in Figure
3. There was no significant statistical difference (P >0.05)
between the mean yellowness of wool samples sprayed
with 4.6 ml, 6.2 ml and 7.7 ml of water. However, the
development and differentiation of yellowness between
wool types were optimum when 6.2 ml (8 sprays) of
thymol saturated water was added to the sample. The

TABLE 2:  Comparison of the mean and standard deviation of yellowness (Y-Z) of wool incubated in jars for 6 days at different temperatures and
100% relative humidity.

Type of Temperature

wool n 40°C 45°C 50°C 55°C

Mean SD Mean SD Mean SD Mean SD

Susceptible 3 13.87 0.22 10.47 0.34 12.41 0.23 12.41 0.20

Medium 3 11.32 0.28 9.08 0.08 11.30 0.15 12.21 0.10
Resistant Corried. 3 7.33 0.50 7.87 0.29 9.47 0.24 11.30 0.16
Resistant Merino 3 2.85 0.15 4.71 0.21 7.13 0.20 9.85 0.78

Mean 8.84a 0.32 8.03b 0.25 10.08c 0.21 11.44d 0.41

means with differing alpha superscripts were significantly different (P<0.05)
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TABLE 3:  Comparison of the variability and precision of challenge
colour using the original and modified challenge tests.

Variance Oringinal challenge test Modified challenge test
between Variance % of total Variance % of total

Component Variance Component Variance

Trials 0.51770 1.80 0.06489 0.27
Types of wool 27.57592 95.90 23.43556 98.85
Trials* types of wool 0.03566 0.12 0.05030 0.21
Subsamples 0.62674 2.18 0.15780 0.67
Total 28.75602 100.00 23.70855 100.00

Precision (95% CI)
One subsample ± 0.80 Y-Z ± 0.69 Y-Z
Two subsamples ± 0.73 Y-Z ± 0.68 Y-Z

TABLE 4:  Comparison between the original and the modified challenge tests

Factors Original challenge test Modified challenge test

Unchanged
Temperature 40°C 40°C
Relative humidity 100% 100%
Method of water application Sprayer Sprayer
Colour measurement NZS 8707:1984 NZS 8707:1984

Changed
period of incubation 14 days 6 days
Mass of wool 8-10g 7g
Sample presentation Petri dish Jar
Capacity of the incubator 176 petri dishes 350 jars
Rotation of samples and trays Necessary Not Necessary
Frequency of water 6 applications 1 application
Volume of water 5.4ml (7 sprays) of water in each application 6.2ml (8 sprays) of water prior to the incubation

tion in incubation time from 14 days to 6 days with an
improvement in test precision and greater differentiation
of wool types.

The precision of the challenge test method was found
to be adequate for use in fleece testing. Further studies are
required to establish the genetic and phenotypic param-
eters of challenge colour in various sheep breeds, and to
show that the challenge test colour is correlated with the
clean scoured colour of the fleece under predisposing
environmental conditions.

ACKNOWLEDGMENTS

The authors acknowledge the Department of Wool
Science and Technology at Lincoln University for
financial support and use of facilities. The work of Barry
Wilkinson, Fraser Aitken, Terry Reid and Kirsty Botica,
supported by Wools of New Zealand, contributed to develop-
ment of the challenge test. Thanks to Chris Frampton for
statistical advice and Fraser Aitken for technical assistance.

REFERENCES

Aliaga, J. L. 1996. Development of the challenge test for the suscepti-
bility of wool to yellow discolouration. M. Agr. Sc. Thesis.
Lincoln University.(In preparation)

Clark, M.J.; Whiteley, K.J. 1977. Some observations on the colour of
Australian wool. Wool Technology and Sheep Breeding. March/
April 15 (1): 5-9.

Cottle, D.J.; Zhao, W.; Jones, J.C. 1992. Experiments to promote colour
changes in wool. Journal of Chemical Technology and
Biotechnology. 55(44):351-354.

Henderson, A.E. 1968. Growing Better Wool. A.H. and A.W. Reed,
Wellington, pp 55-62.

IWTO-27-78(E). 1974. Guide for the presentation of IWTO specifica-
tions of test methods and test methods under examination. Adopted
by the IWTO Technical Committee, Melbourne, April.

NZS 8707:1984. 1984. Method for the measurement of the colour of
wool. Standards Association of New Zealand.

Raadsma, H.W.; Wilkinson, B.R. 1990. Fleece rot and body strike in
Merino sheep IV. Experimental evaluation of traits relating to
greasy wool colour for indirect selection against fleece rot. Aus-
tralian Journal of Agricultural Research. 41:139-153.

Reid, T.C. 1992. Procedures for identifying resistant or susceptible
wools. Report to New Zealand Wool Board. May. 9 pp.

Reid, T.C. 1993. Variability in the susceptibility of wool to yellowing.
Proceedings of the New Zealand Society of Animal Production.
53: 315-318.

unchanged. The main differences between the two meth-
ods lie in the sample preparation before incubation, sam-
ple presentation, amount of wool incubated, volume of
water applied, frequency of water application and the
period of incubation.

The recommended sample preparation for the modi-
fied challenge test is to place 7 g of greasy wool snippets
inside an empty 2 litre glass bowl (153 mm diameter and
150 mm height) for spraying. A single application of 8
sprays (4 per side) of thymol saturated water immediately
prior to incubation using a hand pump sprayer (Proclean
Products Ltd) is proposed. Each sample of wet wool
should then be placed in a 200 ml glass jar for incubation
over 6 days. The measurement of colour of the incubated
wool should remain in accordance with the New Zealand
Standard method (NZS 8707:1984).

The recommended procedure for the modified test is
summarised in Table 4. The original challenge test method
is included in that table for ease of comparison.

CONCLUSIONS

The development of the challenge test resulted in
several recommended changes to the method. These in-
cluded sample presentation, period of incubation, mass of
wool, rotation of samples, frequency and volume of water
addition. The most important single modification was the
use of jars instead of petri dishes, which allowed a reduc-



Proceedings of the New Zealand Society of Animal Production 1996, Vol 56 323

Reid, T.C.; Botica, K.J. 1994a. The biology of wool yellowing. Report
to New Zealand Wool Board. August. 22 pp.

Reid, T.C.; Botica, K.J. 1994b. Challenge procedure for estimating
effective colour of wool. A Milestone Report prepared for Wools
of New Zealand. 16pp.

 Reid, T.C. 1995. Wool yellowing. The final report of the Wool Yellow-
ing Project prepared for Wools of New Zealand. Department of
Wool Science-Lincoln University, New Zealand. January. 25 pp.

Thompson, B. 1989. Colour in Wool: The Measurement of average
yellowness and its implications. Wool Technology and Sheep
Breeding. 36 (4): 96-103.

Wilkinson, B.R. 1981. Studies on fleece yellowing. Part 1: Prediction of
susceptibility to yellow discolouration in greasy fleeces. Wool
Technology and Sheep Breeding. 29 (4): 169-174.

Wilkinson, B.R. 1982. Yellowing in Wool. Wool 7 (4): 9-12.
Wilkinson, B.R.; Aitken, F.J. 1985. Resistance and susceptibility to fleece

yellowing and relationships with scoured colour. Proceedings of the
New Zealand Society of Animal Production. 45: 209-911.


