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Volume measurement of wool samples

N.C. MERRICK AND D.R. SCOBIE

AgResearch, PO Box 60, Lincoln, Canterbury, New Zealand.

ABSTRACT

A rapid procedure for measuring the volume of wool samples was developed, using a gas pycnometer. Volume was measured on
midside wool samples, harvested monthly, from thirteen sheep breeds representing a range of wool medullation categories. Clean
sample weights between two and ten grams and the fourth sequential volume measurement are recommended. Volume was also
calculated, using the sample mass and the theoretical density of wool. Measured and calculated volumes were the same for non-
medullated wools (p=0.20), but not for highly medullated wools, the measured volume was 25% greater than the calculated volume
(p<0.001).

Keywords: medullation; wool mass; wool volume; gas pycnometer.

INTRODUCTION overnight and conditioned for twenty four hours at 65%

. relative humidity and 20°C. Mass was recorded on each
The volume of a wool sample can be estimated froghmpje prior to five sequential measurements of volume in

sample mass, using the specific gravity of wool keratifhe nelium pycnometer.

(1.305 g/cr, King, 1926). Previously,.sp.ecifiC_graVity has  The ability of the five sequential measurements to
been measured by dlsplalcement of liquid, using a benzefi@ yict volume was investigated using regression analysis
pycnometer (King, 1926; Van Wyk and Nel, 1940) andceNSTATS, Rothamsted Agricultural Research Station).
density gradient columns (Connell and Andrews, 1974) bifgjvidual volume measurements, the average of the first
these methods are slow, taking in excess of sixteen hoys, three, four or five measurements, a ratio between the
for sample measurement. Inaccuracies in calculated Vet ang fifth, second and fifth, third and fifth or fourth and
ume can arise if the density of the keratin varies from 1.3Gn measurements, and prediction of actual volume using
g/en? or non-keratin components, with a different densityay exponential curve were considered. To establish when
form a significant portion of the fibre. This is likely to beine volume measurement reached a plateau, a rate of decay
the case for medullated fibres, which have a central core(p{) was calculated by fitting an exponential functigh (

vacuolated cells (Auber, 1950). between the first and fifth sequential measurements, ac-
A gas displacement method can measure volume Qﬂ()rding to the equation:

rectly and should be quicker than established liquid dis- _ *m-RE
. . V. = Ve+(Vo-Ve)*e
placement methods. The following experiments were

designed to develop a procedure, using the gas pycnomefdpere: Vs = predicted volume

to directly measure the volume of a wool sample. The Vo & Ve = firstand fifth volume measurements,
method was then used to test the hypothesis that measured respectively

volume will be less than the calculated volume when t= sequential measurement number

medullation is present.
Effect of mass

MATERIALS AND METHODS :E the seiﬁcf)ndf exper?melnt% fleece sr]arr;?rllgi of tvx;]elve
. months growth for four animals from each of thirteen sheep
Effect of sequentlal measurement _breeds (Halfbred, English Leicester, Merino, Poll Dorset,
The helium pycnometer can be set to make up 10 fivg, oy prysdale, Suffolk, Lincoln, Polwarth, Shrop-
sequential measurements on one sample. Intheﬁrstexpg ire, Wiltshire, Cheviot and feral Merino (Arapawa))
ment, sixty four midside wool samples were harvest ere,measured,over a range of nine masses (0.2, 0.4, 0.6
from eight sheep breeds (Halfbred (English Leicester *8. 1.2 3 6and 10 9). The volume of the clean V\;OO| \;vas '
Merino), English Leicester, Merino, Poll Dorset, Romneyme;\s[”éd ’at 65% relative humidity and 20°C using the
Drysdale, Suffolk and Lincoln) after four weeks growth i%urth sequential value. The ten gram sample was meas-
winter. The breeds, and individual animals within the breeda,red first, a six gram subsample of the ten grams was
were chosen to represgnt a range of wool types Varyingr%asurea next, then a three gram subsample of the six
medulla content and fibre growth rate. Greasy samplg:;ams and so on. At each mass, the relative variability was

were scoured using a three minute wash in a warm aque Ukculated from the standard deviation of the mean of all

. X 0 i S
solution of Teric GN9 (0.15%), then rinsed tW|ce. in war mples, and expressed as the coefficient of variation.
water. The scoured wool samples were oven dried (45° ?
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Analysis of variance and regression, usingment was used in subsequent experiments as it was the
GENSTATS5, were used to determine the effect of mass.most stable measurement and a compromise on the length
of measurement time. The rate of decay in volume
Volume measurement and medullation between the first and fifth measurements was similar
In the third experiment, midside wool samples were(p=0.07) for wools with high, low or no medullation. The
harvested monthly through winter, spring and summerJlength of time to make five measurements was eight and a
from the same area, of approximately one hundred squarealf minutes, individual measurements taking ninety nine
centimetres, over two years. At each sampling, betweeseconds.
two and ten animals represented each of ten of the breeds
used in the second experiment. A total of one hundred anBffect of mass
twenty one animals were sampled, each having a clean There was a linear relationship between mass and
sample weight greater than two grams. Volume was measrolume for masses greater than one gram (Figure 2). The
ured at 65% relative humidity and 20°C, using the fourthoverall slope of the line was 0.80 + 0.01, representing a
sequential value. Volume was also calculated, using thelensity of 1.248 g/cin The relative variability of meas-
sample mass and the specific gravity of wool. ured volume decreased exponentially as mass increased.
A two and a half gram sample from a twelve month The coefficient of variation reduced from 180% at 0.2
fleece was measured for medullation (% medullation bygrams to 19% at ten grams (p<0.001), (Figure 3).
fibre volume) for four animals from each breed, using the
WRONZ Medullameter (Lappage and Bedford, 1983).
From these resu“:sy the breeds were divided into the f0|F|GURE 2. Increase in volume with increasing mass, measured on
lowing categories - no medullation (<2%; Merino, Polwarth twelve month fleece samples (n=420) from thirteen sheep breeds.
and Halfbred), low medullation (2-10%; Romney, Poll
Dorset, Lincoln, English Leicester and Shropshire) and

10 -

high medullation (>10%; Drysdale and Cheviot). 8
RESULTS 5 61

Sequential measurement g
Volume declined exponentially with sequential meas- 24

urement (p<0.001) and had reached a plateau by the fourt
measurement, at which point there was a 20% reduction in
volume from the first measurement (Figure 1).

FIGURE 1. Decline in mean volume of sixty four midside wool
samples over five sequential measurements (error bars indicate the 95%
confidence interval)
FIGURE 3: Decrease in relative variability of volume measurement as
2.00 - mass increases, measured on twelve month fleece samples (n=420) from
thirteen sheep breeds.
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Volume measurements obtained from individual se-
guential measurements and combined values were highly
correlated with predicted volume estimate$=Qr94 Measured volume, calculated volume and
to 1.00). The third, fourth and fifth individual sequential medullation
measurements were all very good predictors1(00 for Measured and calculated volume was comparable for
each). The residual variances for the individual measurenon-medullated wool (2.43 and 2.44 Tmespectively
ments were: first 0.0090, second 0.0015, third 0.0006(p=0.20)) but for highly medullated wool, the measured
fourth 0.0003 and fifth 0.0005 ¢émrhe fourth measure- volume (3.05 crf) was 25% greater than the calculated
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volume (2.45 crf), (p<0.001). There was also a 25% the reduction in volume estimates during sequential meas-
increase (p<0.001) in the measured volume of medullatedrement was not affected by the presence or degree of
wool over the measured volume of non-medullated woolmedullation.

with only a 1% difference in weight (p=0.16). Calculated Mass constraints are recommended when using the
volume was similar for all medullation categories (p=0.16).helium pycnometer to measure the volume of wool sam-
Average mass of the samples was 3.19 g for highly medulples. The non-linear relationship between mass and vol-
lated wool and 3.17 g for non-medullated wool. Theume, when mass is less than one gram indicates
change in measured volume in the different medullatiormeasurement error. This, and the high coefficient of vari-
categories was reflected in the different slopes of regresation at low masses, leads to the recommendation to use
sion lines fitted to mass and measured volume (Figure 4sample masses between two and ten grams. Measurement
The slopes were 0.77+ 0.01 for non-medullated wool,of masses greater than ten grams is physically limited by
0.81+ 0.01 for wool with a low degree of medullation and the size of the measurement chamber, although midside
0.97+ 0.03 for highly medullated wool. This translated to patch samples with a mass greater than ten grams could be
densities of 1.307 g/cirfor non-medullated wool and measured in two or more portions.

1.035 g/crifor highly medullated wool (p<0.001), while Considerable differences in the degree of medulla-
the density of wool with a low degree of medullation wastion can occur between seasons of the year, between
intermediate (1.241 g/cin individuals within a breed, and between the breeds studied

(Sk&rman and Némmera, 1954; Story and Ross, 1960;

Scobieet al.,1993). The recorded variations in medulla-
FIGURE 4: Regression lines fitted to mass and measured volumes fotion highlight potential inaccuracies created by broadly
monthly midside wool samples (n=1067) with high, low or no medullation. dividing wool samples into medullation categories on the
basis of breed alone. Such broad division allows only

10 . .
gross effects of medullation to be examined. However, the

8 difference between calculated and measured volume for
: High medullation Low medullation wools with a high degree of medullation reflects the effect
6 of medullation on fibre volume. The vacuolated cells of

the medullae are not filled with keratin so they contribute
less mass per unit volume than cells in other parts of the
fibres. The results show that calculated volume will be
21 underestimated when a wool sample is medullated.

] Similarly, density calculated from measured volume
will be lower for medullated wools than non-medullated
wools. The density of non-medullated wools, calculated
using volume measured by the gas pycnometer (1.307 g/
cnr), was comparable with specific gravities measured
using a benzene pycnometer (1.305 g)divian Wyk and
DISCUSSION Nel, 1940) and density gradient column (1.304 §Jcm

The helium pycnometer provides a rapid method to(ConneII and Andrews, 1974). The density of wools with

measure the volume of wool samples. Several sequentig\'gh medullation was much lower at 1.035 gicm

measurements are required to obtain an accurate estimate Potential sources of error in measurements of density

of the volume of a sample. The automated calibrationo_rvOlume by displacement methods are absorption of the

sequence of the pycnometer ignores the first measuremeFﬂSpl,"’lcer,nent medium by the f|b_re .and pengtraﬂon of the
and averages the second, third and fourth measuremenfg'.em“m into the medulla. The §|m|lar dgnsﬁy values for

From this investigation, the fourth volume measurement igwon-medulla(;ed ,WOOIS& obtalrlled using a benzene
recommended for use, as it was the least variable measurgycnomet.er,' ensity gradient co umn or gas pycn.omlete:-r
ment for wool samples. The variability in the first meas- SU99est similar degrees of absorption of gas and liquid, if

urements could be due to the presence of moisture in th%bsorpngn :S occudrrmlg. ITh?j d||\/erggndge betvr\]/eeﬂ
samples, which are conditioned at 65% relative humiditymeaSure volume and calculated volume indicates that the

and moisture in the air, which enters the pycnometer whe§@S Was not fully occupying the medulla, although the

the measurement chamber is loaded. As the dry helium gd?SSiPility of some penetration of the medulla by the gas

is pumped into and flushed from the measurement chameannot be ru_Ied ou_t. _
Further investigation could lead to the development

ber during the measurement sequence, moisture would be . .
removed from between and within the fibres. Therefore 0 @ method for the measurement of medullation, derived

several measurement cycles would be required for thd/om differences between volume measured using the
g;llum pycnometer and that calculated from mass. The

helium to displace the air and moisture in the chambers. By =" ‘ . id i
the fourth sequential measurement, the volume had reach&¢Ptical Fibre Diameter Analyser (OFDA) provides rapi

a plateau. Use of this value avoids the need to adjust tH@"d inéxpensive measurements of fibre diameter (IWTO,

measured value to actual volume. The similar decay ratd9°) and offers the potential for measurement of medul-

(R) for the different medullation categories indicates that'2tion at the same time, but the Airflow method of meas-
uring fibre diameter (IWTO, 1993) remains the method on

44 No medullation

Volume (cm®)
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which most of the international trading of wool is based.IWTO 1995. IWTO-47-95 Measurement of the mean and distribution of

The helium pycnometer could be used in conjunction with fibre diameter of wool using an optical fibre diameter analyser
(OFDA).

Airflow equipment to provide medullation, density and o 1993, IWTO-28-93 Determination by the Airflow method of the

fibre diameter measurements on the same two and a half  mean fibre diameter of core samples of raw wool.

gram wool sample. King, A.T. 1926. The specific gravity of wool and its relation to swelling
and sorption in water and other liquidkurnal of the Textile
Institute18: T53-T67.
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