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CHARACTERISTICS OF MOHAIR

Mohair is the long, lustrous cout of the Angora goat. The coun-
tries which lead in its production are Tutkey, ‘South Afri ica, and the
United States. It is an important testile fiber on account of its
luster, length, fineness, strength, and spinning qualities. Its lack of
{eiting qimhtws males it a particularly valuable fiber. The great
oi)je(tmn munuincturers have to molhair is that it commonly contains
shorter, coarse, undesivable fibers, known as kemp. Besides taking
dye poorly. these fibers often cause a loss in combing of as much as
about 18 per cent of the original weight of the mohair. In addition
to this it is not possible to remove them completely from the good
mohair,

The purpose of the investigntion here reported was to study some
of the cliaracteristics and properties of kemp found in mohair pro-
duced in the United States. South Africa, and Turkey that may be
applied in the production of Letter moliair. In the United States
und South Africa flocks were begun by erossing Angoras. which grow
long. fine fleeces, with the ordinary common goats, which grow a
cout of coarse-hair fihers.  With this as the beginning, large tlocks
have been established. and the mohair from these two countries to- day

ranks well with that grown in kae‘,’ This has been accomphehed

T welter extendy thanks te J. T Teanyson, junior sclent!fie ald of the Anlmal
Hastsekley THvision, for asslstones ln the mensireneny of the mobatr tHers.
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throngh long periods of carefnl, selective hreeding. A\ better under-
standing of this accomplishment may be obtained when the ancestors
of these common goats are considered. They probably had fleeces
very similar to the wild Astatic or Rocky Mountnin goats {6, p. 162}
The wool and hair covering on poats i some of the foreign coun-
tries, where they have been aliowed to run in a semiwild cendition.
seems to be but a step toward the high development of the Heeces
found on our improved Angora goats. In the yenr 1555 a type of
goat corresporuding to the Angora was reported in Asia Minor (4.
P 402y, Just how it was developed and established is not definitely
known. Wucherer (70, p. 142} suggests that the Angoras orig-
nated by way of mutation. The prepotency of the Angora gout is
clearty shown when it is recalled how great a part the first importa-
tion (&, p. 20) from Turkey to South Africa played in their de-
velopment in that country.  In this first importation of 13 Angoras
onty 2 of the animals were potent.  South Africa now contains more
than 2000000 Angora goats, and produces Tully 12,000,000 pounds
of mehair aunually. In spite of the great improvements made in
the quality of mohair in the United States and other countries, there
are still possibilities for further improvements.

Twi KINDS OF HAIR COVERING OF ANIMALS

Most animals which grow wool, hair, or fur have two coats, an
outer or so-called protective covering. and an undercoat which pro-
vides warmth, The development of these two coats varies with the
climate in which the animals Jive. and it has also been greatly modi-
fied under conditions of domestication where protection has been
provided and special attention has been given to their breeding. 1In
the case of the fur-bearing anunals the fine undercoat is the true fur.

The wild goat has these two kinds of hair. The outer cout of coarse
hatrs constitutes the great bulk of covering on these animals. The
hairs are very coarse and brittle and have large, meduliary canals
which are filied for the most part with thin-walled partitions con-
taining air.  The cuticular scales are observable with difficulty.
They survound the cortex. which constitutes only a small portion of
the fiber. These coarse hairs have a close resemblance to the kempy
and caarse. medullated fibers of unimpreved Angoras.

The fine, downlike fibers which constitute the undercoat are very
fine and delicate and bear resemblance to the improved wohair of
today.  They have a well-defined cuticuiar seale development with
a well-developed cortex, but entirvely tuck the wmeduilary development
found in the larme fibers. These finer fibers appear like very fine
mohair fibers. The two kinds of fibers are shown in Figure 4.

EXPERIMENTAL PROCELURE

PREPARATION OF FIBERS

The samples of fibers were first cleaned by moistening in as much
95 per cent aleohnl as they wonld abzorb, Thizs was followed by
squeezing out the excess between pieces of clean blotting paper. Each
sample was then similarly treated in chloreform.  For a guick ex-
wnination the sumples were stained in alcoholie pierie seid solution

*fteference i made By Halle numbers to ' Liternture cited,” po 106,
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and examined microscopically after having been mounted in water,
glycerin, or diaphane under a 100 diameters’ magnification. Fibers
dyed a light shade of red were found to photograph satisfactorily.
When this coloy was desired the small locks were tied with a fine,
colton thread at both ends and in the muddle. The lock was then
slaced in about 100 ¢. c. of warm water made alkaline with two
drops of concentrated caustic soda and heated to 180° T. This solu-
tion was then poured off, and the lock was rinsed with warm water.
The fibers were boiled in o water solution of safranin until siained to
a pale reddish color. The sumple was then rinsed in warm water
repeatedly, and dried between pieces of blotting paper atter having
been moistened in alcoliol solution unti! the excess of water was re-
moved from the fibers. By being moistened in absolute aleohol nud
dried Letween pieces of blotting paper the sumples were satisfacto-

1M1, L —%ome equipiaent used fo o atadies of mohalr fibers showing, in the foreground,
froezing microtome elamped to desk. The herizonfal tank coutiing carbon dioxide
usel for freezing the speeimens to be cross sectioned

rily dried for mounting in diaphane. Egnipment used in the work
is shown in Ifigures 1, 2, and 3.

SECTIONING OF FIHERS

Cross sections and longitudinal sections of fibers were prepared
from stained fibers and were obtained through the use of a freezing
mirrotome, The fibers were thoroughly moistened with water and
frozen in ice in u vertical position for cross sections, and in a hori-
zontal position for lengitndinal sections.  As the sections were eut
by (he microtome knife they accumulated in one little droplet on the
edee of the knife. This was best transferred to a slide by bringing
the slide close to the edge of the knife, when the droplet was readily
blown by means of o glass tube to the stide. When sections of indi-
vidual fibers weee made they were wiped off the knife with a piece
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of smooth. bard-surfaced filter paper, and removed fism the paper by
means of o sharp needle under the Jow power of the 11Croscope.

DESCRIPTION OF SAMPLES

Lacks of hair from the skins of wilkl goufs were obtained from
the Nutional Muscuni. The commereial samples of mohair originated
m various seetions of the United States. Sonth Africa, and Turkey
and were obtained
from one of the largest
manufacturers of mo-
hair  plush.  Samples
of mohair plush were
also obtained from a
large domestic manu-
fucturer. Twenty-
seven samples of mo-
hair of known breeding
were  obtained from
J. M. Jones and J. L.
Lash, of the 'Texas
Agricultural Experi-
ment Station, who have
been making an  ex-
caustive study of the
diameter measurement
of wool and wmohair
fibers since 1923.

The commercial
samples of mohair in-
cluded the more com-
mon eommerciul grades
of Texas, Oregon,
Middle West, Turkish.
“White Cape,” and

“Basuto Cape” mo-

FiG, L—Iguipment for mersnring mohnic Shers micro- 1 ; " -
=tapkenlly,  The appee portlon of the wlernscope con- hall". The plus}l sam

t?!ns ;:rulumi-giitssm!‘ncusinﬂ equlpment I!'orl ;ls{' In p}es were all of gOOd
itopraniing the Abers. The Tamn at the jeft ja- H . .

vides uniform ilumluation of proper inteusity quality and from the

same manufacturer.

Twelve of the plush samples were manufactured in 1926, Twelve

other samples were manufactured about 1916,

EXAMINATION OF BAMPLES

The plush samples were examined for kemp both with the naled
eye and under a binocular with 7.5 dinmeters’ magnification. The
cleaned and dyed locks of mohair were also examined for the pres-
ence of kemp under the binocular with 7.5 dinmeters’ magnification.
For the examination of the cuticle, cortex, and medulln of fibers,
magnification on the micrascope of 100 and 250 diameters was nsed.
For examination purposes the fibers were held in place on glass
slides by means of strips of adbesive tape and then mounted in water.
alycerin, or dinphane, as desived. When long fibers were examined
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from base to tip they were mounted on slides which were especially
prepared from cleared photographic piates.

AMEASUREMESRT OF SAMPLES

The length of the locks of mohair and of the kemp were meas-
ured in millimeters. The length of a representative Jock was meas-
mred before cleaning, and after cleaning and dyeing the average
length of five kemp fibers was taken as the length of the kemp.
The diameter of all the mohair and kemp fibers was measured with
a ratehet-stop micrometer caliper having an enlarged barrel gradu-
ated in four-hundredths of a millimeter.  All the kemp fibers were
measured at the sanie point microscopically by means of a graduated

Frg., f—2Mierometer cnlipor used o measuring  diameter of moehair fihers. The
micromiler diffors from others principaily 1n the Iaege basrel. cach division rep-
resenting one four-undeedlt of o millimeter, The rarehet-stop adjuslinent pro-
vides uniformy euitect ror (he Hlers mensured, The lens facilitntes reading the
graduntions

evepicee.  The mohair fibers were measured ahout one-fourth of
the distance from the base end to the tip end of the fibers. The
lemp fibers were measured onc-half centimeter from their base end.
An average of 20 measurements was made for the diameter of the
mohair fibers. The measurements on the fibers were made at a
teniperature of about 75° F. and at a relative humidity of about 30
wr cent.

I DISCUSSION OF RESULTS

KEMP IN MOHAIR PLUSH

"The mohair fibers in 12 different samples of mohair plush were
examined both with and without magnification. In these fabrics
komp or coarse, stilf, bristlelike fibers may be fountd readily, with
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the naked eye, scattered through the fabric. These fibers show up
as whitish {ibers, rarely if ever taking the dye to the same degree as
the other mohair fibers. With a low-power binccular {about 7.5
diameters magnifieation) they show up very prominentty.

Figure 5 shows kemp in a piece of mohair plush photographed
seven times actual size. Similar fabries were examined which were
manufaclured by the same concern more than 10 years ago. Some
kemp was found in all samples examined, bul there was more
kemp in the older sumples than was found in those made in 1996
or abonut 10 years luter. This would indicate that in the last deeade
growers made progress in decreasing the quantity of kemp through
their breeding operalions.

I, b - Thair flhees from Ashitie gont showing the twi klnds of hair covering
on wild gonis,  The Lirge fers, of whick enly one i3 shown, canstifute the
euEer covering ; the smnli fibers are the undereoat, Muagaified 250 dizmeters

Y¥XAMINATION OF COMMERCIAL MOHAIR

Forty-seven samples of mohair were seleeled according to grade
by an expert mohair grader at the sorting room of a large plush
manufacturer.  Thirty-five of these samples were main sorts and 12
were oft sorfs. Iiach sample was examined for the presence or
absence ot kemp and meduilated fibers. The samples of Texas 3's
and Cape Low matchings were the only commercial samples con-
taining only one kind of fibers which were found free from kemp.
‘Three of the samples of beards contained coarse, mohair fibers, some
of which were medullated and some were underfibers. These fine
underfibers were very much Jike those found on the wild goat. A
representative lock of each of these sumples was measured for length.
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Table 1 shows the results obtained from these measurements on 35
samples of the main sorts together with average lengths and diam-
cterg of kemp and mohuic fibers.

The length of the locks of mohair ranged from 85 to 280 milli-
meters. ‘The length of the kemp fibers ranged from 15 to 73 milli-
meters.  The dinneter of the kemp fibers ranged from 0.016 to 0.044
millimeter.

Measurements on samples in each grade for the lengths and diam-
eters of kemp and mohair fibers arve shown in the line of averages.
These averages show thut the diameter of kempy fibers shows @
tendency to increase with the length of kemp and with the diameter
of mohaiv fibeys. The avernge diameter of all the kemp fibers at
theic base, rs found with the micrometor caliper, is only 0.0602 milh-
meter greater than that of the mohniv fibers. The examination of

M G- -Mohaie pusi shewling kemp fibers ot removed by combing and appearing
wadyed i e Mnlslied clobh, Maguifted 7 dinmeters

a large number of fibers with the microscope showed that the kemp
fibers were somewhad larger than the surronnding mohair fibors and
that they increase in diameter as measnved at different points from
the base toward the tip of the fiber. At the tip end these fibers
taper down to a sharp point.  The average of five fibers, which were
{yvpical kemp fibers, measured at five different points along their
length from the base end to the tip end, was vecorded. At these
five points beginning at the base end, the kemp fibers measured
0.083, 0.043, 0.063, 0.085, and 0.01 millimeter. The diameter of the
kemyp fibers from this same lock from which these kemp fibors were
taken, when measured with the micrometer caliper at their base end,
was found fo average 0.029 millimeter. This result is 0.01 milli-
moter less than that obtained with the microscope. “This led fo a
comparison in results obtained by the use of the microscope and
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micrometer caliper.  Iifty mohair fibers and 50 kemp fibers were
measnred ot the same point microzcopicenlly and with the micrometer
caliper.  The results obtained are shown in Table 2. Bach observa-
tion represents the average reading for a group of five fbers.

TanLe L—omparison of tengths and dicmeters af mnhaiv and Femp fibers in
45 semplex of commereiol mohair, arrdanged according to nnufoacturer s
grodes
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These results show that the measurements obtained with the
micrometer caliper are uniformly less than the results obtained by
the wse of the microscope. This is probably explained partially
by a slight squeczing of the fibers in the micrometer caliper. It i3
also doe partially to ibe tendency of the microwmeter caliper to
measure through the shortest dinmeter when the fibers are not exuetly
cirendar. With the microscope the increased diameter duse to its
being fiattenced out by the cover glass is very slight.  With the micvo-
seope there is a tendency to measuve through the longest diameter
when the fibers are not ctreular. Table 2 also shows the dismeter of
kemyp fibers menasured «t the same point on their diameter at which
they were measured with the micrometer caliper. The inerwased
dinmeter when measured by the microscope clearly shows that the
kemp fibers are oval in cross section even at their base.

EXAMINATION OF IMPROVED MOHAIR FROM FLEECES

Twenty-reven samples from mohair fleeces were given exactly
the siime examination as the 47 commercial samples of mohair.
These flecees were from well-bred animals, 18 of which were registered
Angoras, Six of these sanples were found entively free from kemp.
The average length of the sumples was 228 millimeters, and the
average length of the kemp was 26 millimeters. The average di-
aneter of the mohair fibers, as measured with the micrometer ealiper,
was 0.033 millimeter, while the diameter of the kemp at its buse
was 0.027 millineter.  As has alveady been pointed out, the kemp
fibers are squeczed together more thun thé mehair fibers. This
means that the kemp fibers are actually somewhat larger than the
figure given above. All these kemp fibers were measured micro-
scopically and showed an average diameter of 0.046 millimeter.
This is only 0.013 millimeter more than the diameter of the mohair
fiber when measured with the micrometer caliper. In the well-brod
animal longer mohair and shorter kemp of & smaller diameter were
found.

MOHNAJR FIBERS UNDER THE MICROSCOPE

The generul appearance of mohair fibers under the microscope is
very much like that of wool fibers of the same diameter if compared
at the same relative position on their length. There is much vavia-
tion in the pattern which the cuticular seales make on both mohair
atd wool fibers. Sowme molair fibers have a very prominent scale
formation, although there appears to be a wmaller number than on
wool fibers of the same diameter.

Mohair fibers have a gencral appearance of greater smoothness
than is possessed by wool fibers even where the seale formations of
bolh are rather prominent. A comparisen is shown in Figures 6
and 7.

When mobair and wool fibers are examined throughout their entire
length it 1s found that the scale development at the tip end of the
fibers is more readily seen than at the base end.  The difference in
scale development at the base and tip ends of the fibers is shown
Jn Figure 8 Here one can see the scale development at the base
and tip ends of the sume fibers,




10 TROHNICAL BULLETIN 35, U. 8, DEPT. OF AGRICULTULE

G, $.—A compmrisen of senle fornwitlon, 'The filer in the eenby is n wool fihetr
the 1w on Uhe culside ore mohalr bers,  Muagnified 230 diameters
._Iﬁhd

= Y e

s, 7, Phe upper two Hbers ave mohaic and the Jewer (wo are wool, Note the
f}m le formatien and the smoothnesy of the two kKinds of fers. Magnitted 2390
iayeters
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MEDULLAE DEVELOPMENT IN HAIR FIBERS

Hansman (3, p. 57) classified medullae of hair info five classes
which he designates as nbsent, discontinuous, intermediate, continu-
ous, and fragmental. Tach of these terms is self-explanatory as they
refor directly to medullae development in hair fibers. Irom the
standpeint of the presence or absence of medullae we may divide mo-
hair fibers roughly into three classes. In the first would come the
absent, or fibers entively free from medullae; then the fragmental,
in which fragments of medulac occur along the length of some of
the fibers: amd finally, those with continnous medullae. in which the

N e,

R
L T R TR W
= . “—'ﬁd

Fia, R—Fighi mohalr @hevs, shawing their seale development.  Base partions of the
Bluers nee shown on the left; (ip pordions of the same Hbers are sbhown oo the
right.  Magpilled 230 dinmeiers

medulln presents an unbroken appearance throughout nearly the
entire length of the fibers.

COMPARIBON OF MEDNULLAE IN MOITAIR

A ficece of mohair may be considered ideal if it is made up entirely
of a long, dense growth of bright. lustrous fibers free from any medul-
lated fibers. Such mohair fleeces are not frequently found. In wool
sneh fleeces are most often found in well-bred Merino sheep (2, p.
376). Tn mohair it is found that as the fibers become coarser theve

is u more frequent occurrence of the medullated fibers. Similarly
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wools have varying amounts of fibers with a discontinuons and a
continuous medula. As wool fibers become conrser the presence of
medullae is more frequent. This is in agreement with the findings of
Huusman {J, p. 963} in his examination of the medullne of the hajr
of 200 specics of mammals, From the standpoint of the mohair
growers these facts should have considerable significance. This
would tead to the belief that breeding for courser fibers i the fleeces
of mohair would bring with it a tendency of these fleeces townard an
mnereased number of medullated fibers. With the increased tendency
of bucks toward medullated fbers there would be a sacrifice of the
luster of the fleece. Breeding for coarser mohair, according to Rose
(8 p. 227) lowers its desivableness and puts it in competition with
crossbred wools. The maximum luster should be maintained in the
mohair flecce, Luster carries with it other desirable qualities; such
as uniformity of fiber and lnck of medullation. Duerden and Ritchic
(2, p. 376) state, “Where kempy fibres occur in the Merino they may
be looked npon as the retention of an ancestral, hereditary character
which has not yet been bred out.”

It seems reasonable to behieve that the elimination of kemp can be
asccomplished by following a careful plan of breeding. This woukl
be a great accomplishment on the part of mohair breeders. With the
elimination of kemp there would probably be a reduction of medul-
tated fibers in the conrser fleecees and a general increase of luster in all
these fleeces.

Kemp. which is the extreme type of medutlated mohair fiber, is
very objectionable to the mobhnir manufucturer. It is easily recog-
nized by an experienced eye, being so much coarser than. the sur-
rounding fibers.  In both wool and mohair these kempy fibers nre
as a general rule short, very coarse at the base, and come to a sharp
point at the tip. In wool the kempy fibers are generally said to
resist dye (77 4, p. 419; 7, p. 99: 9, p. 788) or to dye less readily
than the other fibers, aud show up as uneven places in the finished
goods, although Duerden and Ritehie (2, p. 374) state, ® Despite
all the opinions quoted, our experiments prove that kemp fibers dye
Just as veadily as those of true wool” All the mohair plush samples
examined Ly the writer showed that mohair kemp under practical
mill conditions failed to take the dye as readily as other mohair
fibers.  The short tip of the kemp fiber, which is not medullated.
dyes readily. whereas the heavily medullated portion is not dyed.
The rate of dyeing for the finer fibers is so much greater than for
the kemp that in the dyeing of light shades there is very little dye
{aken up by the kempy fibers in the time vequired for the desired
shade. Toven in the darker shades the difference in color of the
kempy fibers may be readily seen, as shown in Figure 9. The kemp
in this sample is very long: it falled to take the dye and showed up
as the darker-colored fibers.

MICROPHOTOGRAPHS OF MOHAIR KEMP

A better understanding of mohair kemp is obtained frem micro-
photographs,  Some of the same fibers shown in Figure 9 were
photographed nnder the microscope and are shown in Fieure 10.
These fibers show different degrecs of medullation frem good mohair
fibers to kemp. When the medulla is filled with air it shows wp in
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the microphotograph as black. TFiber I (fig. 10) is a kempy fiber
with a portion of the medulla without air. This part of the fiber
is nearly transparent. The two smallest fibers ave without medullae.

Figure 11 shows cross secfions and a longitudinal section of a
kemp fiber. "These were made from fibers similar to those used for
Tignres 9 and 10,

The good mohair is cireular in form, while the kempy fibers vary
in form from sections with flattened sides to those which ave civeular.
The longitudinal seetion clearly shows the spongy, cell-like nature
of the medulla of a mohair fiber. Alir lodged in thess spaces gives
a kemyp fiber its snow-white appearance.

OBSERVATIONS ON ATR IN KEMP

Kempy fibers were mounted on a slide in a thin solution of dia-
phane and were watched for their behavior under the microscope.

16, 0.—Showing alout ene-half of a small lock of mehuir with kemp. The course,
shorter fibers gre kemp. Actunl size

Wherever there happened to be a slight break in the fiber the dia-
phane worked slowly into the medulla of the fiber. The air was
seen bubbling out at the breaks in the fiber as the diaphane worked
its way in. The interchange of diaphane for air under these condi-
tions was a very slow process. The cover glass was slightly de-
pressed while the fibers were under observation, and the air could be
seen as it worked its way move rapidly out of the fibers in the form
of small bubbles. This air held in the medully probably increases
the difficulty of the dye penetrating the fibers and partially accounts
for their decreased rate of dyeing. The effect of this air on the
passage of light is readily seen in the same manner. When kempy
fibers have had their air removed in this manner they become
transparent.

TFigure 12 shows four microphotographs of mohair kemp shich
were taken while they were being cleared with warm sulphuric acid.
The fibers were mounted on a slide in water and covered with a
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cover glass, The acid was drepped on the slide and worked under
the cover glass.

Fia. 10.—Gond mehair without medulln, aad different degrees of medullation. A,
ool ki s 15, partlally medullaied mohairv; £, mohair with conlihuous medulla-
tions ; D, ceirse, kempy nohule,  Magniffed 250 diamoeters

SUBMMARY

Of 47 commercial mohair samples examined, of which 35 repre-
sented main sorts, three showed entire freedom from kemp. Two
of these samples contained fine underfibers, which were objectionable
from the standpoint of uniformity.
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Of 27 samples from improved Angora gouts 6 were free from

kemp. 'T'wo of these sumples had many medullated fibers, also objec-
tionable because of their close vesesblance to kemp.

e, == Bections of mehair fibers, A, cross seetion of poad mobznic: B
Lidinal seetion of mehair &emp; ;‘

. longl-
] 3 0, cross sectlon of moha
diuueters

Remp.  Mapnifed 00

The average length of the commercial mohair samples examined
was 180 millimeters and that of the i mmproved mohair 228 millimeters.
The average length of kemp from these two groups of samples was

36 and 26 millimeters., respectively. ‘The improved Angoras, there-
fore, had the shorter kemp and the longer mohair.

L

Fre, 12, —Mohaic kewp belove and after remnoval of air.
air ;

|‘}1r\nt Hhwrg after alr 14 removed.

A, flers Lefore removal of
15 oawd ¢ the glr ds parrly eemoved 3 aie Jalblles may Le seen in B traus-

D,
Alngnified S0 dinmeters

With the micrometer caliper the dinmeter of the commercial mo-
hair was 0.029 millimeter. and that of the improved mohair was 0.033

millimeter, while the diameter of kem for the same groups of fibers
wis .030 and 0,027 millimeter, respectively.
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The average dinmeter of the kemp measured microscopieally was
0.032, whereas that of the improved mohair was only 0.046 millimeter,

The difficuity encountered in finding kemp in each of the samples
of improved mohair indicated that there was less of it than in the
commercial mohair.

The samples of mehair which were very lustrous weve free from
medullated fibers.  As the fibers became conrser there was a greater
tendency toward meduliated fibes,

Judeing from the quality of the mohair samples from the improved
Angoras, it should he possible through svstematic breeding for
animals Tree fram kemp to extablish flacks of Angoras entirely free
from kemp, and in this manner greatly to improve the quulity of
mehair grown in the Tnited States.
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