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STUDIES ON THE DIFFERENT PARTS OF THE FLEECE OF HASHTNAGRI SHEEP

Part III. Nonuniformity in Dyeing of Root, Middle and Tip Portion of Wool Fibres
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Samples of the five different parts of Hashtnagri fleece were collected from the autumn
clip and the fibre samples were prepared by cutting equal segments of root, middle and tip
portion. The damage to the samples was determined by the alkali solubility method. Tip,
middle and root portions were dyed by using acid, reactive and basic dyes. The results on the
variations in dye uptake of the three segments in the various parts of the fleece have been
discussed.

INTRODUCTION

Loebner in 1890 associated yellowing and harshen-
ing of certain portions of the fibre on the sheep's
back with exposure to sunlight [1]. It was, however,
about thirty years later that the important part played
by climatic factors in affecting the properties and
processing behaviour of wool was realised, when
differences between normal and sufficiently weathered
wool were methodically studied. This pioneer work
was carried out with particular reference to what is now
known as "tippy" dyeing.

There are a number of reasons for nonuniformity
in dyeing of carpet wool. One of the reasons is that
the tip of the staple behaves differently to that of
the rest of the fibre as regards absorption of the
dye. It has been found that tippiness is also caused
by the damage due to weathering [2]. It has been
observed recently that more tippiness is obtained
in the autumn clip than in the spring clip [3]. This
may be due to the fact that the autumn clip was sub-
jected to more severe climatic conditions, i.e. increased
exposure to sunlight, etc.

Weathered and sound wool differ in many of their
physical and chemical aspects [2l This study is
specifically aimed at the damaged and dye absorp-
tion of tip, middle and root end of the fibre, and was
carried out to establish the extent of nonuniformity
in dyeing between the different parts of Hashtnagri
fleece as well as between the root, middle and tip
portions of the fibre.

MATERIALS AND METHODS

The wool samples were collected from the Hasht-
nagri breed kept on the sheep farm at the PCSIR
Laboratories Campus. The samples were collected
in October 1970 from the autumn clip. The samples
were sheared from the following parts of 10 of the
randomly selected sheep: (i) back, (ii) body, (iii) belly,
(iv) neck, and (v) britch wool.

The above samples were purified by Soxhlet ex-

traction with ethyl ether followed by soaking in
ethanol and finally washed with distilled water [6J.
The staples from each of the five parts of the sheep were
cut into three equal parts i.e. tip, middle and root
portion, and subjected to the following investigations.

Medullation. Medullated and true fibres were
separated as described elsewhere [7], after cutting
the fibres into the segments as described above.

Alkali Solubility. The damage to all the samples
was determined by the alkali solubility method [8].

Dyeing. (a) Acid dye bath consisted of 2 % dye
(Croceine Scarlet 3RS), 4% sulphuric acid (coned)
and 10% sodium sulphate based on the weight of
fibre [9]. In order to avoid unevenness in dyeing,
the temperature of the bath was raised slowly and
boiling was done for 1 hr.

(b) Reactive dye bath consisted of 2 % dye (Cibalan
Brilliant Yellow), 1 % acetic acid which ensures the
maintenance of pH 6 (approx) [IO}, The bath was
heated to about 50° and the material was treated for
10 min. The temperature was raised to the boil with-
in 15-45 min and dyeing continued at this temperature
for 30 min.

(c) Basic dye bath consisted of 2% dye (Methylene
Blue) 0.5 % acetic acid [11]. The bath was heated
to 50°, the well-dissolved dyestuff was added, and
dyeing continued at 90° for 30 min.

Determination of Dye Uptake. The dye uptake of
the tip, middle and root portions were determined
with a leukometer (Dr. Burno Lange GmbH, Berlin)
using red, green and blue filters [12]. The dye
uptake was calculated from the percentage reflectance
of the dyed fibre. Normally, measurements were
made by comparing a known percentage of Standard
White for which the reflection of the measuring ins-
trument was adjusted to the nominal value of the
standard. The intensity of colour of the specimen
under test was read off as a percentage of the whiteness
of the standard.

Spectrophotometric Determination of Dye Uptake.
The dye uptake of the tip, middle and root portions
were determined by spectophotometer, Spectronic 20.
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The dye uptake was calculated with the help of
standard curves obtained from the transmittance of
the known concentration of Cibalan Yellow Brilliant
and Crocein Scarlet 3RS using constant frequencies
of 580 and 610 nm respectively.

RESULTS AND DISCUSSION

Table 1 shows that, in general, the tip portion
contains a larger medullated portion than do the
middle and root ends. This is because coarse (me-
dullated) fibres grow more rapidly in comparison
with the fine (true) fibres [131 However, in the belly
and britch wool the percentage of medullation in the
three portions is approximately the same. It con-
firms the earlier work [14] that wool from belly and
britch is inferior compared to that from other parts
and is also contaminated with urine, dung etc.

Table 2 shows that the tip portion is generally
more damaged as compared to the middle and root
portion of the same fleece. This is in accordance
with the German Industry Standard (DIN) using
alkali solubility method.

There are a number of causes for tippiness. It
has been reported that lack of uniformity in length is
often manifested as tippiness, one cause of which is
the more rapid growth of the coarse or hairy fibres,
which results in the staple having a pointed tip. Tip-
-piness can also be caused by damage due to weathering
and a "wispy' tip in the Merino is caused by thin
fibres [7] resulting from poor nutrition [13]. In
the case of carpet wool it has been observed [5] that
the staples of the autumn clip have more tip portion,
whereas the majority of the staples of spring clip do
not have as large a tip portion. The probable cause
of this may be attributed to the fact that the exposed
part of the fibre are easily eroded by contact and

Table 1. True and medullated fibre in various parts ofHashtnagri fleece.

rubbing with hot bodies during the hottest period
of the year. From this it appears that the problem
of nonuniformity in dyeing due to tip portion will
occur largely in the autumn clip. The tip portion of
Hashtnagri wool is quite prominent. During growth,
the tips of the fleece, particularly back, belly and shoul-
der wool are exposed to weathering (sunlight, excessive
moisture etc.) and suffer degradation. The damaged tips
show a deficiency or total loss of scales and they are
more readily wetted out and swell to a greater degree
in the dye bath than does the undamaged portion of
the fibre. Through the weathering on the sheep's
back, the disulphide bonds in the wool fibre are broken
[161 As a result of this rupture, higher rates of
dye absorption and higher alkali solubility are ob-
served.

Table 3 shows that the tip portion is heavily dyed
as compared to the middle and root end. Reactive
dye (Table 4) and basic dye (Table 5) behave in the
same manner as the acid dye. The acid dyes (levell-
ing) were found to have a tendency towards 'negative'
tippy dyeing as in the case of other dyes (Tables 6
and 7). It is due to the good migration power of
levelling dyes. In the case of fine wool (Merino),
the difference in % dye absorption in tip, root, and
middle portion is greater as compared to the carpet
wool under study. It appears that fine wool suffers
more through expsoure to sunlight than does the
coarse fibre. This can be explained on the basis of
the greater fibre sufrace per unit weight exposed.

The graphs for Cibalan Yellow Brilliant and Cro-
ceine Scarlet 3RS obtained by spectrophotometric
determination of known dye concentration and
unknown dye liquor also show that the tips portions
are dyed heavily as compared to the middle and
root portions, which is in conformity with the dye
Table 3. Mean percentage reflectance of Hashtnagri samples dyed

with acid dye (Groceine Scarlet 3RS) I.

Tip Middle Root Part
Reflectance%

Part rr: ....".., r- -.,---- .....• Tip Middle Root
True Medullar- Ture Medullar- True Medullat- Back 69·8 72·8 72'3

% ed% % ed% % ed%------------------------- Body 57'5 59·0 59·5Back 44·2 55'8 70'7 29·5 79·2 20·8

Body 57·9 42·1 66·3 33·7 76'9 23·1
Belly 62·5 66'0 66'9

Belly 38·7 61·3 42·5 57·5
Neck 55·5 56·5 56'236-4 63'6

Neck 36·3 63'7 66'2 33'8 77-0
Britch 62·3 67·7 67'033'0

Britch 44·8 55·2 57·2 42·8 42·3 57'7 Table 4. Mean percentage reflectance of Hashtnagri wool samples
dyed with reactive dye (Cibalan Yellow Brilliant).

Table 2. Alkali solubility of various parts of Hashtngari fleece. Reflectance%
Part

Part r ..,
Tip % Middle% Root% Tip Middle Root

Back 20'0 10'9 10·8 Back 83'8 86'6 84·0
Body 19·7 8·0 9·3 Body 81·4 83'7 82'5
Belly 26·2 9·2 8'0 Belly 82·1 84·7 83'6
Neck 8'3 9·2 8·1 Neck 83·4 81·8 83·9
Britch 17'3 12'0 14'5 Britch 82·7 81·7 77·4
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Table 5. Mean percentage reflectance of samples from various parts
of Hashtnagri wool dyed with basic dye (Methylene Blue).

Reflectance %
Part ,- ,

Tip Middle Root

Back 17'3 23·2 24·5
Body 22·5 27·6 28·3
Belly 30·5 32·1 34·4
Neck 30·1 32·4 31·7
Britch 8·1 10·2 11·5

Table 6. Spectrophotometric determination of unknown dye
(Cibalan Yellow Brilliant) concentration.

Part
Reflectance %

,----------- ....•.•
Tip Middle Root

Back 72
72
85
82
75

70
69
72
71
64

Body

Belly

Neck

Britch

Table 7. Spectrophotometric determination of unknown dye (Cro-
ceine Scarlet 3RS) concentration.

Reflectance %
Part ,...------------..,

Tip Middle Root

Back 70 66 67
Body 76 74 74
Belly 79 77 77
Neck 83 81 81
Brith 72 61 60

uptake determination using the leukometer. How-
ever, the spectrophotometric determination covers
some of the anomalies which exist in the leukometer
method of the dye uptake determination.

The tip portion of the staple is harsh, yellow and
weak. The wool buyer pays less for a tippy wool
than sound wool. But this applies to fine wool,
as in the fine wool there is a greater difference in the
properties of the tip and the rest of the fibre. More-
over, the dye absorption is also greater in fine wool
as compared to carpet wool. Furthermore, the per-
centage of noils also increase in fine wool as the tip
portions break in processing, especially in carding.

In a carpet wool, this does not have much effect as
the fibres are much stronger.

In part I of the present series [4], it was concluded
that little difference occur in felting behaviour of
various parts except belly wool which shows least
felting. This minimum felting appeared to be due to
an excess of medullated fibres in this part. Part II
[5] showed that genera1Jyfibre and medulla diameter
decrease from root to tip end. However, in the wool
from the back, the middle segments of some of the
fibres have greater fibre and medulla diameters but
others have lower. There was no variation in dia-
meter of the three segments in the case of true wool
fibres. In the present study it has been concluded
that, in general, the dye uptake of tip portion is higher
as compared to middle and root end of the wool fibre
by applying acid, reactive and basic dyes. However,
by applying reactive dye, the uptake of britch portion
is abnormal which may be due to contamination with
urine, dung etc.
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