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Pigmentation in Bristle and Horsehair
Sanford B. Newman

Briatlea for use in brushes are normally mporied it large quantitias for domestic con-
sumption. Horasheir ia alpe commonly weed in brushea, oftean blended with bristle {n paint
brushes, Ts determine compliance with material specificetions and to enforee lnb-elinF
law= it is necesasty to e able o distinguish between the two ibere.  The oeed of & reliable
methoed for identifying the two fibers became more oritical after the stert of hostllities in
Korea, which iner the difficulty of obtaining bristle from Chinese sources,

The use of pigment distribution In bristle and horeshair has beeo recommended for
thefr diferentiation. However, the wse of this rharacteriatic haa been challenged on the
grounds of technical difficulty in the preparation of mictoscopic specimens and the possibility
of variations in plgmentation at different levels in the fiber, in animals from different geo-
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graphical Iccations, and io different types of hairs from the seme animai.
Ag little previous attention has baen glven thess points, a series of obeervations was
mada that show slearly that pigment distribution in fiber erods sestinns permits the detection

of horsehiir in bristle and bristle

produets.  The test s, of nourse, applicable only to ghers
that centain sufficient natural pigroent to catablish a distribution patiern.

In mdditicn,

the medullation i the two fibera is auffiviently distinctive 1o conatitute snother aid in

identifleation.

1. Introduction

The term “bristle’” a2 vsed in the brush industry
refers to the hair of swine exclusively 111 Refer-
enees to the vse of bristles in brushes can bs found
in the literature as early as the fifteenth century [2],
and even today synthetics like nylon and neoceis
haveo only begun to be substituted for bristle in paint
and varnish brushez, Despite the large amounts
. of hristle consumed snnually in this gountry, tha
greater part is still received from foreign sources,
aver 7,000,000 1ba. having been imported in 1950 [3].
Swine cannot be maintained profitably in the United
Statea for the 1 h of tiine neceszary to develop
Jong flexible bristles. A plentiful supply of cheap
labor would slso be required for the initial cleaning,
sorting, and packaging if the domestic product were
to compete with foreign bristle.

Bacause of this reliance on foreign supplies, the
bristle trade haz been subject to tErr; exigencies of
twentieth-century history. Before 1918 the Siberian
snd Russian bristles dominated the trade, but sub-
sequently tha Chinese product gained preference,
especially in the premium types. The change was
due, at least partially, to detcripration in the quality
of preparation and dressing of the fiber for market,
When the United Nationg pelice action was instituted
in Korea in 1950, Chinesc bristle was abundant at
ropsanable prices, but soon after supplies dwindled
and prices rose.

The failing supply of bristle was soon reflected in
the number of ‘adulterpted brushez submittied for
test to the Bureau. Brushes containing mixtures
of bristle and horschair, properly marked as to
fiber content, sre standard items usually aveilable
st lower prices than comparable brushes of pure
hristle, ore and more often it was {found that
brushes labeled pure bristle contained considerable
auantities of horsehair. That thiz waz a phenome-
non of widespread oecurrence was ovidenced by the

! Figuted In bradliets Indicste ths Titoreburs refivsmces st #at ood of this caper.

number of queriss on testing procedure that reached
the Burcéau from other Government agencies, from
private testing laboratories, local purchasing organi-
eatione, and from individuals,

At the National Burean of Stendards, pipmenta-
tion pattern in the cross scetion of fibars is the chief
criterion uzed in differentisting bristle from horse-
hair. This test is based on the originel obgervations
attributed 10 B, Weirick by Voo Bergen and Krauss
[4]. -According to Krauss [5], Weirick observed the
pigment distribution in fihera treated with a 10-par-
cent sodium hydroxide solution. However, a number
of guestions were raized concorning the validity of the
test by people in the brush a,ncF bristle irade and
their consulting technical experts. These questions
involved eectioning techniques and the possibility
of variatigns in plgmentation at different levels in
the fiber, in animals from different geographical
locations, snd in differsnt types of hair from the
same shimel. For this reszon the Boresn undertook
to study these guestions to determine the validity
of the test method.

2. Muterials and Methods

An attemnpt was made $o secure samples of bristle
and horsehair from as many representative solrees
a3 possible. Commercial bristle and horschair were
obtained from brosh menufacturers and hristle
suppliers. Other specimens from the files of the
microbiological laborstory of the Buresu, mainly
obtained from the larger manufacturers of brushes
wera included in the study., Inm addition, a amall
amount of fiber was secured from animals in the
sutrolinding area. Through the courtesy of the
Nutional Musewmn’z Division of Mammels bristle
and hair from hides of specimens of the families
Buidae, Tayaseuidae, and Equidae were made avail-
sble. Tables 1, 2, and 3, list the horsehair, bristle,
and mizcellanecus bair samples used in this work,

Tha Hardy mierotome {fig. 1}, & device used
routinely in textile microscopy, was the menns for
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sectioning all the samplea, which sontained 300 ar
more fiberz. Because of the touphness of both
bristle and horsehair it was necessary to soften the
sampleg before they were out.  Although saveral
organic plasticizers wera tried, both hot and cold,
none of them was as cffective as a 10- or 15-min
irnmergion in boiling watar.  After hoiling the fibers
they were placed in & micretoms and sectioned in
the ususl fashion. The screw was advanced a 25
increment for esch section, but because the cui is
mede by hand the actual section thickness would be
expected to wvary to some extent from this .
Bections wera mounted on slides in Canada balsnm.

Bingle hristles or hairs were orienied in pelsiin

capsules, ns shown in figure 2. The top and bottom
of a No. 00 cepsule was perforsted with a hot needle
and the fiber to be zectioned threaded through the
two holes, A plug of gelatin or sodium carboxym-
ethyleelnlose way fortned arpund the fibar whera it
passed through the botiom of the capsule in order
to prevent leaknge of the embedding materinl, If
possible, the fiber was of such length that the cap
could be withdrawvn from the body of the capsule
withput unthresding the fiber from the eap.

The body of the capsule was filled with s mixture
of monomers (& parts of n-butyl methacrylate and
2 parts of methyl methacrylate) plus .5 percent of
a catalyst, 24-dichlorobenzoyl peroxide.  Polymer-
ization wae accomplished in an air-circulating oven
held at 50° O

When polymerization wae complete the gelatin
containers were removed by =zoeking them in warm
water. Mounting of the cmbedded fiber in the
microtome waz essentially hy the method recom-
mended for the ultramicrotomy of fibers [6], as shown
in figure 3. Sections were cut at 10 or 15 x in the
Spencer microtome. Tha methacrylate malrixwas
removed with toluol and the sections mounted in
Canoda balsam.

3. Observations

Typical croes sections of hog bristles (Sus sorofa)
from vatious sources are shown in figure 4. Bristle
pigment n%pears concentrated or mora dense in the
center of the croes section and becomes more dilute
a2 the periphery ia approached. (ertaip fibera in
any semple of bristle exhibif cross seetions with more
or less jagged frecturcs, ususlly throush the center
of the section. It iz a common observation that
many bristles have hollow centers, apd these hollows
or fragmentation medulla probably sceount for most
of the gaps poted in the cross sections. Occamonslly
thesa openings will practically divide the sections
into two halves, and in thess cases it s suspected
that the sectioning procedure iz responsible for, at
least, enlarging these fragmentation medollas. * In

enoral, the bristle medulla iz totelly devoid of

brous matsrial but, mors rarely, fragments of the
surrounding cortical cella can be found in the open-
mg. Where Iragmentation medullas are present, the
Pigment will appear more eoncentrated around the
edges of the veid and will diminish toward the
periphoral cuticla,

Centrel coneentration of pigment was found in all
bristles, regardless of their geographical origin.
Barcly, = radiata variation o t.%m pigmentation
patiern con ba found.  In this, the pigment is [imited
to hands that in general are thick at the center and
narrow toward the border of the section, sa shown
in figure 5.

The genus Sus consists of numergus closely allied
and slightly differcntiated forms. Transportation
by munn has further confused the taxenomy. How-
aver, it appears that there are at least thrae groups
of wild hogs of more than subspecific rank [7].
Several dozen bristles, representing ell these groups,
as well a8 widaly saparsted geographic races of one




of them, were teken from hides 1o the Smithaonian
Inetitution and were seclioned and examined (=ee
table 1}. The pigmentation pattern was fonnd to
bz the same in sll specimens, &8 noted in commereial
bristla from domestic hoga.

Hiyflochoerus meinerfzhageni (African Forest hog) a
member of the Suidge, or Plp family, exhibita the
oormal briatle pigmentation pattern (fg. 6). Cross
sections of the hair of the percary (Pecari angulatus
crusniger) wero examined and found fo have a much
different and distinetive pattern (fig. 7). The
medulla is much more diffuse, and the medullary
eell gutlines are essily distinguished. Pecari a.
erusniger ia included in the Tayaesuidas, a family
closely related to the Suidae.

Pigmentation at various levels in a bristle appearad
1 [JE subject {0 some variation in density, but the
basic pattern did not ¢ . Sections through the
part of the bristle enclosed in the root shanth“ﬁ?g, 3
ghowed the same patiern found at other levels in the
fiber. When sections were taken through the
branching flagzed portions of the brstles the pig-
mentation pattern was more diffieult to detect.
Crosz sections of flags appeared as fragmenta or

ents of the entire bristle section. The opacity
of sections through the flagged area is often com-
paratively lugh,

Hog wool is the curly, rather fine Aber usually found
growing on the belly aren of the hide. Hog hair iz
the name applied to the poorly defined fiber that is
intermediate hetwesn hristle and wool. Wool is
rarely found in brushes, being a waste product
destined mainly for upholstery wse, hut hair is

Iy blended with tbe brush bristle. When exam-
ined in eross section, however, both wopl and hoir
were found to have the pigmentation found in bristle,
#& ehown in figures 9 and 10.

Mane hair and tail hair of the domestic horss
{FEquus eaballus) are widely used in many brushes.
The bady hair iz generally toe short for this type of
application. Tail%m'u* ig thicker in cross section than
mengs hair, and the Fedoral Specification [8] arhi-
trarily defines any sample having an average dismeter
of not less than G.0045 in. as tail heair. In cross sec-
tione, howewer, both tail and mane heir revealed the
same pigmeniation pattern. It differed from hristle
in poazesing a cellular madulla, with little or no pig-
ment, which occupied the center portion of the Ea.ir
cross section. The pigment granules were in a ring
arcund this colorless aren. he medulla was only
mu.ggg circuler; fingerlike diffuse projections of pig-
Tneh cella into the colorless arcas were common,
and colorless projections info pigmented areas were
often seen. Typical cross sections through samples
of horsehair are shown in figure 11,

Agp in bristle, the sections of horsehair revenled
minor variations in denzity and distribution of pig-
ment granules at different levels, but the basic pat-
tern was cohstant. In firures 12, 13, and 14 are
views of sections cut from different locations on the
esme hair,

Oiher members of the horse genus appeared to
have esgentially the same pigmnt%iiatrihut.mn. Hairs

from CGirevy’s zebra (Eguus greoyd), the Asiatic wild
horse (E. przewaelskv), and Asiatic wild ass (E.
hewionus) all show periphera] concentration of pig-
ment granules in cross section (figs. 15, 16, 17).

Pigment was not seen in sections of the cuticle, or
Beale, structure in either bristle or horse hair, The
cuticle of hristle sppearad much thicker than that of
horschair and formed » refractive ring around the
entire section. The pirmentation did not come
quite to the outer edge of the cortex in all fibers, and
b croas section such fibers hed the superfieiad
appearance of possessing an extremely thick cuticle,

owever, the true cuticle could be easily distin-
gmshed by the difference in its index of refraction.

The dyeing of bhght-colored, or unpigmented,
bristle and horsehair is & common practice in the
manufactura of brushea. The presenca of dye in the
fibers could be easily detected in cross section and
prosented no obstacla to the determination of pig-
mentation pattern. Natural pigment was always

resent in the form of discrete melanin granules.

¥e, on the other hand, could always be seen in
cross section 2% & banhd of amn?hous color of rorying
width. Tn many ceses the band appeared to be
loealized and diserete, forming & ring concentric with
the section putline, In other cases, however, there
would be almost complete penetration of dye
throughout the section. Sactions of dyed horsehair
are shown in figure 18,

Tho ertificial flagging of hersehair appears te be s
fairly common practice in tho brush industry.
]i'l.a%gad horsehair 13 sometimes found in brushes
Jabaled bristle and, more often, in brushes containing
mixtures of horsehair and bristle. Synthetic flags,
as would he axpected, were found on fiberz with litele
or no taper. All the branches of the flag at the tip of
the hair wppear to spring from practically one point
on the length of the fiber and many branches, often
a dozen or more, were found in a fag. At the point
where the fiber is breken up into these branches the
hair appears’to ingrease in diameter. Natural flags
eontained fewer branches, and these divided at
different levels from the mein trunk. Examples of
these (lags are rhown in figure 19, .

The outline of the cross sections of hath bristle
and horsehair ranged from roughly ciccular te
elliptical and ineluded meny irregular shapes.

4. Discusgion

Microseepic eaxapunation of fiber is apperently
rarely resorted to in the brush and bristle trade.
Great reliance 1s placed on the so-palled ‘‘eye and
feel test”, which some use not only to identify bristle
but also to determine its geographic origin. Other
individuals using this test are more moderate in their
claims. Visual examination and manipuleiion of tha
fibarsa is the basia of this test method., ]

Several men with 20 or more years of experience
in tha brush and bristle trade consentad to apply the
eve and feel test to a brush shown to be adulterated
by cross-scctional examination (fig. 20). Many of
tffe samples extracted from the brush, which were
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identified by the experts as representing fibers from
a specific geographic source, were extremely amall,
hut in almost all ¢rses zectioming revesled the horse-
heir pigmentation pattern in some of the fbers
chogen,  In one cage two fibera were selected fo rep-
reaeril Tientsin bristle, atd one of the ibers showsd
the horsehair pattern. It 18 diffienlt to define the
criteria used im such & nonmicroscopic test. Flex-
itsliLy and surface appearance ars often mentionad,
bt it is interesting to note that most errors in judg-
ment are made on the Goer and untapered fibers that
are in the problem %rrnup. Evidently laper, fiber
dinmeter, and probably flagring must be elements in
the precizion of this test,

The microseopic observations previously describwed
indicate that the centric pigmentation pattern s
charactenstic of bristle, whereas the concentric pat-
tern is characteristic of horschair. Centric pirmen-
tation appears not to be pestricted to the domestic
Sus acrofe but i= probebly common to all of the
Suidae.  Bimilarly, the concentric pattern of pigmen-
tation was found in the hair of all members of the
genus aws that were studied. In view of this
taxonomic diztribution, it is hardly conccivabla that
gmgmphin origin would affact the pattern.

Von Bergen and Krauss [4] found that all bristle
fibera have o medullary channel.  Although medul-
lnted fibers were not uncommon m the samples
examined, they were not as numeroua as the non-
medullated, and most of the medullas were of the
frapmentation type. In unpigmented, or colorless,
briatle, however, medullation appaars more common.

The sectioning of bristle and horeehsir presents no
ﬁift problems i technigque,  In sectioning with the

dy microtome, a fresh single-edge razor blade is
used for cutting each section.  Drying out of the wet
fibers causes & pradual return to geir normal tongh-
ness, 40 that sectioming should be performed as
cxpediently az possible.  With methacrylic embed-
ding ond ihe Spencer microtome, § to 12 fibers can
be cut at 10 o o lees if desived, .

Briatle and horsehoir are too opeque to permit mi-
croscopic exnmination without sectioning. Welrick's
meathod of treating fibers with & 10-pereent solution
of sodivm hydroxide enabled her o detect the pig-
mentation  puattern  through the fiber diameter.
Treatment with nlkali, however, leads to the degrada-
tion of the fiber and dees not permit critical observa-
tion of detail. Moreover, it gives no mfortation on
the presence or sbacnee of dye.

rdy end Hardy [9] have tabulated some trade
categories of commercial paint-brush fibers, giving
their most notable charaeteristios. 4 typieal g;‘iﬂt-]&
has a definite taper, being thicker at the hutt, or rool,
end and becoming graduelly thinner toward the tip.
Near the tip end the bristle becomes furcated, often
dividing into several bhranches, to form the ﬂ_alf
Bristle= that approximate this description sre easily
distinpuiahed from horsebair by their pross sspect.

Horsehair has no definite taper, t,hnuﬁh it may vary
in diameter aover its leogth, and it has no natural
. The averape diameter of bristle at the base is
greater than the average dinmeter of horsehair [3].
In all groups of bristles, selected st random, how-
cver, there are fibers showing little ar no taper, &
complete lack of fag, or hoth. Flags may fail to
form, be worn off whale =till on the animsl, or be
removed in processing, [t is these bristles, often
making up & considerable part of the whole, which
redent s problem in fiber identification. These can
e definitely identificd by their pigment distribution.
Az pienometer messuremnents indicate that the den-
git¥ of both horscheir snd bristle is approximately
1.29 [10], quankitative dats on the amount of cach
fiber in & mixture can be obtained by merely inte-
grating the eross-sectionsl sreas in photomicrograph.
Crogs-sections]l cxnminetion s, unfortunately, not
& Elicnble to white or very slightly pigmented fibers.
ere only emall samounte of pigment are present it
it usually desirable to inerease &ne section thickness
to reaolve the pigmentetion patiern.  The amount of
light bristle or Lair used in brushes, however, is not.
lare. Thees observations indicate that whera ap-
plicable the microscopic examination of cross sections
1= an aecurgte and replid means of differentisting
briztle and hersebair. MMozeover, the techniques in-
volved present no unusual difficulty, and the pigment
distribution is 3 charnoteristic ot the family level and
not subject to significant change beeaunge of geo-
grnﬁplc location, {ype of hair, or location in the hair
iksell.

The anthor expresses his apprecietion to Charles
&, Cox of the Federal Trade Commizssion, John L
Hardy of ihe United States Depariment of Agricul-
ture, and (! (0. Handley, Jr. of the Smitheonian
Inztitution for cooperation in the course of this work.
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