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Summary

Multiple objective fleece and fiber mea-
surements were made on 25 raw cash-
mere samples (5 of each style score [1-5]
from cashmere goats) to establish math-
ematical relationships between the ob-
jectively determined characteristics and
cashmere style score (CSS) subjectively
assessed by an expert cashmere classer.
Measurements included cashmere down
yield (DY), average fiber diameter (AFD),
guard hair and down staple lengths
(GHSL and DSL), and average fiber cur-
vature (AFC) of 2 mm snippets. The AFD
and AFC were measured concurrently
using an Optical Fibre Diameter Analyser.
Cashmere style score was significantly
correlated (in increasing order) with DSL,
GHSL, AFD, and AFC. A second set of
25 raw cashmere samples was measured
in the same manner and AFC was used to
predict CSS. For actual versus predicted
CSS, r*=.63 with a standard error of pre-
diction (SEP) = 1 (cashmere style score
units). Discriminant analysis confirmed
that predicted CSS would invariably be
within £ 1 unit of actual CSS.

Fiber curvature was shown to be the best
single objectively measured trait for pre-
dicting cashmere style score. It should
provide a useful, inexpensive, and po-
tentially more accurate and consistent
alternative for assessing this important
trait.
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Introduction

Cashmere style is an ill-defined but im-
portant characteristic of raw cashmere.
Early attempts to define style invariably
resulted in some objections from one
segment of the industry or another, A
definition of “good style” that has re-
ceived some degree of acceptance in the
U.S. is as follows: cashmere of good
style has irregular crimp of relatively
small magnitude and high frequency that
does not lie in two dimensions but rather
changes directions at irregular intervals
along the length of individual fibers
(Lupton, 1991). Straight fibers or those
containing bold (mohair-like) or two-
dimensional (like some fine wools)
crimp are considered to have poor style.
In an attempt to better describe the spec-
trum of cashmere styles currently being
produced by goats in the U.S., a numeri-
cal scoring system was devised (by A.R.
Dooling) that is being used in conjunc-
tion with subjective assessment.

Cashmere style is considered to be im-
portant by processors for several reasons:
first, it distinguishes cashmere from
other fine fibers; secondly, it affects the
efficiency of the dehairing process and
other mechanical processes up to spin-
ning; and thirdly, it affects the hand
(feel) of the finished fabric. Since cash-
mere goats were introduced into the U.S.
in 1989, assessment of cashmere style
has also been influenced (to varying de-
grees) by amount of luster in the down

fibers, fleece color, down yield, average

-fiber diameter, and length of guard hair

and down fibers. Intensive training is
required for developing the ability to con-
sistently and accurately assess style.
Regular practice using fleeces-of estab-
lished style scores is necessary for the
classer to retain the acquired skill. There
has been a need to develop a method for
objectively measuring cashmere style.

Recently, the manufacturer of the Opti- _
cal Fibre Diameter Analyser (OFDA;
Baxter et al., 1992) introduced a pro-
gram for measuring snippet (a short fi-
ber ~ 2mm in length) curvature (degrees/
mm). This program has been used to
measure curvature of wool snippets, a
characteristic that has been shown to be
highly correlated with fiber crimp and
bulk (Edmunds and Sumner, 1996). The
objective of this study was to compare
objectively measured fiber curvature and
other fiber and fleece characteristics to
subjectively assessed cashmere style.
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Materials and Methods

A set of cashmere fleece samples (25)
representing the broad spectrum of cash-
mere style scores (CSS; 1-5) was ob-
tained from a U.S. cashmere buyer/
manufacturer (Montana Knits, Inc.,
Dillon, MT). Cashmere style score was
assessed for each sample by an expert
cashmere classer. A score of 1 signified
excellent style whereas a score of 5
meant poor style. Subsamples were re-
moved from each raw cashmere sample
and used to determine straightened down
and guard hair staple lengths (DSL and
GHSL, respectively) using a standard
method of the American Society for Test-
ing and Materials (ASTM, 1997). Sub-
sequently, the remainder of each sample
was dehaired using a Shirley Analyzer
(International Wool Textile Organisation
[IWTO], 1992) and the resulting sepa-
rated down was quantified in terms of
average fiber diameter (AFD; IWTO,
1995) and average fiber curvature (AFC;
IWTO, 1997) using an OFDA. After
separation, the guard hair and down
portions from each sample were indi-
vidually weighed, thus permitting calcu-

lation of cashmere down yield (DY).
Stepwise multiple linear regression
analysis was used to establish a linear
relationship between dependant variable
CSS and the objectively measured char-
acteristics. In addition, correlation
analysis was used to establish the linear
relationships among all characteristics
assessed, measured, and derived. A sec-
ond set of 25 raw cashmere samples was
then measured in the same manner as
the first and AFC was used to predict
CSS using the previously established
regression equation. Next, simple linear
regression analysis was used to exam-
ine the relationship between predicted
and actual CSS. Finally, discriminant
analysis was used to classify each sample
of the second set in terms of CSS. All
statistical analyses were conducted us-
ing the CORR, DISCRIM, MEANS, and
REG procedures of SAS (SAS, 1996).

Results and Discussion

The simple statistics for variables esti-
mated, measured, and derived from the
two sets of raw cashmere samples are
summarized in Tables 1 and 2. Mean val-

ues of each variable in the two sets were
not different (P > .05) even though arith-
metically, the first set of samples was
slightly coarser (down AFD) and higher
yielding than the second set. Stepwise
multiple linear regression analysis of the
first data set for dependant variable CSS
resulted in only AFC and SD of AFC en-
tering the model for P <.1 (producing an
r? = .64. This occurred despite the sig-
nificant correlations shown in Table 3
between CSS and down staple length,
guard hair staple length, and down aver-
age fiber diameter, but not down yield).
For this set of samples, CSS is obviously
related to several other variables but most
highly and significantly to average fiber
curvature. The equation relating CSS,
AFC, and SD of FC is:

CSS=6.33-.15x AFC+.10x
SD of AFC.

After the second set of raw cashmere
samples was objectively measured, the
above equation was used to predict CSS.
When predicted CSS were regressed
against actual CSS values, an r? value =

Table 1.-Simple statistics for variables estimated, measured, and derived on the first set of raw cashmere samples.

Variable Mean SD Minimum Maximum
Cashmere style score, 1-5 3.0 1.4 1.0 5.0
Down staple length, in 29 8 1.6 4.8
SD of down staple length, in 4 2 1 .8
Guard hair staple length, in 3.1 1.3 1.7 59
SD of guard hair staple length, in 6 4 2 1.8
Down average fiber diameter, um 18.2 2.5 14.7 24.5
SD of down fiber diameter, pm 4.1 .8 2.9 6.5
Average fiber curvature, degrees/mm 59.4 11.3 35.6 80.2
SD of fiber curvature, degrees/mm 51.7 6.9 35.0 67.0
54.5 18.5 18.8 7 91.5

Down yield, %
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.63 was obtained with a SEP =1 (CSS).
Next, data generated using all 50 raw
cashmere samples were analyzed by the
stepwise multiple regression procedure
for dependant variable CSS. This time
GHSL entered the equation in step 2, in
addition to AFC(step 1) and SD of AFC
(step 3), to produce the following equa-
tion:

CSS=6.90-.26 x GHSL - .12
x AFC + .08 x SD of AFC, hav-
inganr?=.70.

No other variables entered the equation
below the P <.3 level. To further evalu-
ate the accuracy of predicting classifica-
tion variable CSS using objectively mea-
sured data, the DISCRIM procedure of
SAS was used to derive a linear discrimi-
nant function for CSS using the qualita-
tive variables AFC, GHSL, and SDAFC
of the first data set (the calibration data
set). Subsequently, this discriminant
function was used to classify each sample
of the second set in terms of CSS. The

results of this analysis are summarized in
Tables 4 and 5. For the test data, only
one predicted CSS value was more than
one CSS unit greater than the actual value
(a sample scored as a 5 was predicted to
be at 3). All other predictions were within
+ 1 CSS unit (as expected from the SEP
calculated from the earlier regression
analysis). The error rates (probabilities
of misclassification) in the classification
of future observations were .40 and .36
for the calibration and test data, respec-
tively.

Correlation analyses for CSS versus all
the other variables were conducted on
the combined sets of 50 samples, and
showed that CSS is significantly corre-
lated with GHSL (r = -.48, P =.0004),
AFD (r=.37,P=.008), SD of AFD (r=.48,
P=.0004), AFC (r=-.77,P =.0001) and
SD of AFC(r=-.51,P =.0002). In other
words, better cashmere style scores (i.e.,
lower numbers) are associated with
longer guard hair and finer, more uniform
(in terms. of AFD) down having higher
fiber curvature values (i.e., more crimp).
This conclusion would tend to confirm

the “conventional wisdom’ of most cash-
mere breeders. These data indicate that
cashmere style is not associated with
yield (P=.11).

Conclusions

This preliminary study indicates that
average fiber curvature as measured by
the Optical Fibre Diameter Analyser is
significantly correlated with subjectively
assessed cashmere style score. Further
work is required to validate this conclu-
sion for other cashmere classers and for
a greater distribution of cashmere
samples. The repeatability of individual
subjective appraisers and variability
among classers should also be estab-
lished. ’

Implications

If the significant relationship between
cashmere style score and fiber curvature
holds true for other cashmere classers,
then we will have discovered a simple,
objective, potentially inexpensive, and
likely a more consistent way to estimate

Table 2. Simple statistics for variables estimated, measured, and derived on the second set of raw cashmere

samples.

Variable Mean SD Minimum Maximum

Cashmere style score, 1-5 3.1 1.4 1.0 5.0
Down staple length, in 3.1 .8 1.8 4.9
SD of down staple length, in 3 2 1 1.2
Guard hair staple length, in 3.1 1.2 1.4 5.7
SD of guard hair staple length, in 7 5 .1 1.8
Down average fiber diameter, pm 17.0 1.7 14.7 20.6
SD of down fiber diameter, pm 3.7 .6 2.9 5.1
Average fiber curvature, degrees/mm 57.9 11.7 34.5 78.4
SD of fiber curvature, degrees/mm 52.6 6.7 39.0 68.0
Down yield, % 52.6 13.8 36.3 90.9

Sheep & Goat Research Journal, Vol. 15, No. 1: 1999



cashmere style score. The AFC measure-
ment should be inexpensive because it
can be obtained concurrently with the
down AFD measurement using the
OFDA while incurring no extra cost.
Such a measurement would be very use-
ful to the many cashmere breeders who
have not undergone the intensive train-
ing required to become a cashmere classer
or who have undergone the training but
failed to develop or maintain the neces-
sary skill.
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Table 3. Correlation coefficients and probability values for the linear relationships between cashmere style score

(CSS) and the listed variables (first data set).

Variable Correlation coefficient, r Probability -

Down staple length 42 .04
SD of down staple length -.04 .85
Guard hair staple length -42 .04
SD of guard hair staple length -.03 .87
Down average fiber diameter .53 .006
SD of down average fiber diameter .60 .002
Average fiber curvature -.74 .0001
SD of fiber curvature -42 .04
Down yield 23 27
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