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ABSTRACT

We investigated the morphological differences of the ethnic hairs using scanning electron microscopy and transmission
electron microscopy, sampled from African, Asian and Caucasian women. Transverse section of African hair had a highly
elliptical type whereas those of Asian and Caucasian hairs had circular and elliptical types, respectively. The diameter of
African hair showed wide variations from 90 to 115 um. The diameter of Asian hair was 100 utm and Caucasian hair had
a lesser diameter of 80 um on average. African hair were much more damaged in cuticle layer compared with Asian or
Caucasian hairs. In particular, endocuticle of cuticle cell had a lot of holes in it, which resulted that it tends to be easily
broken. Phacomelanin in the cortex of Caucasian hair had a concentrically helical structure in it.
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= 11} (Caucasian hair), 3-¢1% =¥ (African hair)®] 3

Wzg FBE ) (Franbourg et al., 2003).

= o] e, A3y lole] fAste] 2I7HA|
e a7} Ao Sk zho] mite] whiAlst )
gelg FASE ol Ak BKdte] i Fad g3
o)L glon, BQF, AE WelFe] miklA FYT
Aetd A Fxrl HaEgy, YA Aol de
Aoz #elEg)v} (Dekio & Jidoi, 1988; Nappe & Kermici,
1989; Franbourg et al., 2003).
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23} Franbourg et al. (2003)-2 #iQl%, 3912, 31Q1£9]
b Ags EE AolAe YA el whel ik
FeA, 714 BT SEEP o e HE A®

7F Mz etzd s By

ZolE muhd wielZ mulur} g}

7 %5, b Alapl ;e QU] gl BAsIsE

3] o]™v}(Kamath et al., 1984). =3, —'_5‘—.?1% FHe el
2R Bggo] wd ofle B
F4 AR Aol A|UTE Aoz wasizc
(Syed et al., 1995).

A% e SRes 7] 9 4= 5o B2 Aol
7RI glek 3elF 2 WelE whEy 3 et
zc} Q% w2 mUdncfor WAk mo 3l (Ka-
math et al., 1984; Khumalo et al., 2000).

olsh e o)l WEd] FUAMNE wde)AEEe)
Az ARl oleld AEL) 2 B4 olsfstn =
el B4e] P 23 AF Ae) Bese

FUolA mxte) Eeslebd wsle] Hat AF % Hefs
A o= o] X85 e] ¢ATk(Hong et al., 2000; Chang,
2003; Chang et al., 2005; Chang & Lee, 2006; Chang et al.,
2006) QF Fojo] whe T Bxe| Y A& v|EFY
Aeloleh £ Q7 WM AR #HAF FUA5 Y
Az =l 93 Pehst W AT 598 AR
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1. A8 Y2

Aol A" 2E
oA 20 Zube] Fel, Wl

el AT Qe 109 F

LBl g} mda g%
g4 e A8 IA e AT A8E 47 AH e
A4 Ee AYE T91E AHsted R3lelM 2~3
em Fojzl ¥4lolA ehhslem. AN Melhee] Lol
= ¢ 7~15cmeo|gltt

2. M3 w

1) EAEAIH0IZ BHE

A5 w0 AA T 2epAA 2 AT O ALY
Az 2 AMsigel Zh7ke] A 8% 2.5% paraformaldehyde-
glutaraldehyde (4°C, phosphate buffer, pH 7.4)2 147} 54t
A A S o]e]r] QlAlelZ=8-o8 (4°C, 0.4 M phosphate buf-
fer, pH 7.4) 2.2 1584 23] M3 oL, 1% 0s0,(4°C,
phosphate buffer)2 1A|7F £34 sjgdeh 24 o] B A&
L 39 QANHE89(4°C, 0.4 M phosphate buffer, pH 7.4)
o7 158 A 23] A8 o, ethanol x5 AAs$o= g
—.—6]—04 isoamyl acetate 2 X|3kstgith M2 Az JAA

7 27) (critical point dryer, Hitachi SCP-1Del} A ZAZAIZ]
% o)A #&7| (IB-5 ion coater, Eiko)ZE AR&-3}+d 20nm ¥
Az MF =F(platinum coating)dt o FAPHAEAA
(S-4700, Hitachi, Japan) 2.2 15kVellA 323}t

2) SNMALs0IE 2E

Q)& mHMS 2.5% paraformaldehyde-glutaraldehyde (4°C,
phosphate buffer, pH 7.4)¢l] 1|7} A& 83, 1% O0sO, (4
C, phosphate buffer)2 1417t &34 slgdvl. wAl o]
Aar Y 53890z 23] A A ¥ dIT5= A
220 2 B3}, propylene oxide 2 X]3}5}¢] Epon-Aral-
dite &3tlel] =of3} o}&, 60°C vacuum drying oven (Ya-
mato, Japan)ol| 4] 36417t $qF 3k Al EolE =
ZJ 21814 3 7] (ultramicrotome, LKB-2088)2 ZF&utd#H
o Ajakslel}. ofeA], =utA B¢ A atsle] copper gridel
#A)7] oS, uranyl acetate?} lead citrate2 o] % A3}

=314 218 v) A (H-7500, Hitachi, Japan). 2.2 100 kVel| A
s

rLBAMH

2 =

Qo) mat 27t AT 2t $¢ ArM = w2t
ge) e Az A7 59 xolg BT £ s &
ol& wrbo] FALAzIEn| A A Bk B EiAHA F
oA Qe (Fig. 1a), & 79| 2lbellM FAE GAHA &
T 90 umell A RE] 115 um7AA] F7)e 2pe)7} At (Fig.
1b). =3 2ute] e =2 o] v (scale)E AT 7
€] 24 Z (cuticle cel)Eo] Eelse] BAMA Sl ez &
A gle}. 2k oA 397 FE|ZA 27} Beix 7k
By FeE|SMEY Bl FAE glelA amlE-9
FAA AR A A A A &5 #2E 9l (Fig. 1o).
29l wrbo] 2ome absim A AR e
el g sk slslem 44 (medulla)s} 93 (cortex) ¥ F
ElZ20] A FEHAU (Fig. 1d). Fe|E52 5749
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FEIEAEEE FAE Slslen Zzte] FE|EA 29
A AN B 79 (hole)Ee] FAH it (Fig. le).
FAA AN A EelE 2ie] FE|EAZELS A
2223 (cell membrane complex)?t HE]F o] HoiA 9]
glor] o whebyl A HEgdfe] £ sl
FeiE 2 A vpgEoz Hze wet 9
g FA 2 FF3T 9l A (Alayer)o] EA13l3 gl
ol B9x AAH=Es A FA=HH =3, WFEIF
(endocuticle)ol= B> FHEo] PA= o 9T o]E F
o Fo] dRE AxEEr) B2 BAdE A9A Sisds
(Fig. 1f}.
2qlz o] mAlo= Wehd ¥ (melanin granule)E
| AFEe] 2o IAY HAe] 24 AR s Ao
o] Fohd g wEl vh2 AYd Als 2feA deid
] AR} 27 vepden #e] g Fue

Hlgzhe] PAEe Hely Qlsich 2ejx s3] 7
13 (cornified celh)®] =hat I4E Mxad =7 22
o] FAFe] il (Fig. 1g).

FAbAR S ] A A o A ol 2 mHke A o] oF 0umE
259, 2h1-e FeEM 2l EuAY S48 BE
gle] wlmA e iz FEAFHUS(Fig 22). 2H2
FE|E5o| FAH] AR vl AT 4E A3}
o BRIl wvwA 518 mokE FA3ka A% (Fig
2b). o] Fehd- eIy Yeg ot glsler FE
223 5o FE3A BEFHUG (Fig. 20). HAF ¢
oA FE|FEE TR FEIFAZER TAE FEESe
#4& EHRI UsicHFig. 2d).

S5 A0 A A A H Ao gl dehd g 27 o
ok 0.3 um= 2R ¥ 9] o, tyrosinase cored 402 54
4ol VAEE 33 glsid(Fig. 2e). #Ale] Sl ol &
FEe AAgErt 2 8 e ehd (phacomelanin) 3+
3 AAEEE & fdebd (eumelanin) F7Eo] EAlH
o] #&= ) (Fig. 2e,f).

Q1% vk A7o] 100um=e FAHYS 9 HYe=
FEIZA ZE] SA T A% 7oA &2 F25 3
T olglen &4k 29 slo] FAE T (Fig. 3a). 3l
ko] o e 3o Y E 3 ldled, FElESH
A 9 Aol &3 TEEHKTHFig 3b). 2 2]
X3Y HEEE EREe vEd FI 9HE gdz
vhepste} (Fig. 3c).

ERAAHN AL FEHESFE AR FEEANE
A 2u7zEA AR Roud F2A Ao 9
A & FEEGC FelEA 2] Az Axde 3}
olefl oA WiFelEH #]FE]F(exocuticle)o] FH A
FEHE W& AAbd e} ¥ 242 TAH
adslar ohpd] =k Fulge] FAFE o] EA o 9

o

r oKt

>

FelgL AR st B2 24z 7A4d ¥ioz FEE
Aze] g rg-g A ok =3 IFElEgd AAE
o]F FE HFNE AZo] Ak o 3 AFEHE
2t A=t 2 A2 7AEY oM FEEHA
FA= U (Fig. 3d). 22 FE|SHZ} AT Aeldle
AHE AzE AZAAFE 9L e Azt
30~50nm¥] 5oz AAF YA MEGEFAE 3
e Feoz ST f9f AR =rt e BE(Blay-
e 7HEdl AR Est $-& 6% (B-layer) F ol AA
eyt g fRo] s AR (Fig. 3d). Z3pH =
2] A YA H-(macrofibril) Ateld] EAjstn e Pehd
33 E AL =7} A vepsten] H7e] ¢ 0.3~0.5um
2 FA= 3l (Fig. 3e).

&

K

Abge]l muke mure] m A % (follicle trichocyte) 2.5-E]
BtEo] A= ZhatEl whake] A4A %2 (laminar fibrous tis-
sue)olct. ¢ mAo] of 80%E Al x IAS
ERMe FEEE0 & 15%F AAEI glon Fodo
ko] A2 aiet AlEEo] A3 Hol wlFHE YA
3}31 Q)= 4l eo] ERE) (Scanavez et al., 2004).

eSS 7ske HY Tz FE|EA EIF FAHE
o] qloiA =te] AL YA FE|SHZY 14~ 152
2Hoz EEFe] vl B4 3} 9o, 34~45 F
Hee] 2] HE 21 o=k FEIFHZE FA7E 03
~0.5umo] 2 ZAoj7} ¢ 5~10um & =ojr}(Chang, 2003).

B A7 HelFd} HelFe i U veE
Ad-gt AL fAS z=A S8 e A o
23 ot FeF e v EojAwA AAsr] Wi
of mxt mwo] s Aol ZHA ol B A sA widE ] 3l
et o} e F2A FAoz A FF el o
2 JdFwdindg werg ulAdn Eelskabs Az o
A A &AMS WA Fok(Kamath et al., 1984; Lindenlof
etal., 1988).

245 2de el Wad ell¥d AL 2+
o] o] 34 (heterogenous)ol L W] Y4 T2 o
o} Q3 YR AR Ao)7} Q17] wFelnt EIF B
ko] FAbgE Pl A2 el el e)r] gl A
o] epx mdel A e 3fa gl7] wFeld
(Khumalo et al., 2000; McMichael, 2003). ¢]A-& Zito] o
Aoz Fonl ey dHg A1 oy mibelet
= YRR AFE $ Sivke A& ¢v]§e (Lindentof
et al., 1988).
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wike _‘?_a‘ o] 2o 7} A3 Bl wikE 27}
o} &4 o =g R’M A BRI o] Fa 9l
Al A A o] ol B pAEHA xfelr} glom, Wil mib
< F AR AAE /A3 . 2asledeh B 97
ol Al % Menkart et al. (1996)2] X318} v} o] el =
kL o 00 um= 2AF Y, ¥elE: e 0umz &
HElen, 23 22 Aol 0~115umz T 79

M= R9juie A Aol dAA] Yok

FEEH Z cystine®] 4§} F23 %"éﬂl et EHF
ﬂa(epicuticle) AZ, I FEE WFEE Sor TR
o] FE-L cystine JE-29| Fo]7} ofF It mHFE|ES
Fe|EH 28 AEgtosa mhe] RAY XA ik
°ﬂ #7158 24 Ed FEE ALY HJEEE A=

3 fEE 2 WFEFE cystine FEo] 47 30%,
15%, 3% Z28 31 ¢} (Seshadri & Bhushan, 2008).

E dFelA AF Aol HAIY ] FEISAH E2] w4+
e Y3 -‘4‘7‘%51?\1‘4 BE AdFoA F(sulfur) AJF-o]
°} 238 o FE &L WFElE 2o AL} 3

25 9lom LH%‘E]&@]“ A= e o8 33 3
FEe] PAF sl

FEESE Ak e FEIEA Y] el 9
Aol Frjohd F(cavity)e] HAEHEH o AL At A
Ho] 9t R oA bAE T (Scanavez et al., 2003). Sca-
navez et al. (2004)= &o] 24 AdgAA 2 s Axd
A Aow mol gl Aol £&5 Ve, HFElF
of 7ol "5711‘:}5’- B3]t 0|8} o] Frle] A7l

fl° rL 52 i‘

AL AFE 3 B¢ A Rt doiupr] wE<d
Aoz FE3Yt =T e E2 M2 e Didss

TAE HHEAM MErt A= e de Aol sle
Azl glodw #3} nEZrejel §o MEA7H Y A
ARE 53 2 AEZAR-EEC] WFEFY o 50% o]
& A3 B, 45 79 A3 Az
A A M RHEf AT T F2319t,
-?rﬁlili]iﬂ A zAbolol = HZIEGA L E2) 51T
AxAbolE FAAAM FE|FAZE] FeFHA
% 2 I?SHT"P Az EgA e wpgEe] B3 7Hd 8
g qtzo] 2oz FAY Zu|FFojc}(Seshadri &
Bhushan, 2008). §2&-2 Ao ghiizlal ddge AF o]
Sl BE2 A4 AB o2 18-methyleicosanoic acidz} )
A Aot FHET R dAFA glen off AAAEY
gFe o] FE|ZE uPg EH = Yo glojA] =] &
44 (hydrophobic) 243} nfd¥ & a7l S ¥
o Bk} (Wolfram, 2003).
B d7elA gelE o] FE|EH EA oY AMlEabs
FAE AYAHd F2E 32 ok EF TielMe
HZzE53A: 7 A shese] FelEEEe] o9 A

ob« :@ £

Bz B o)9 2 AR FAF 2R F2A
243} AR 26 A A e4Ee Ao v
e,

Khumalo et al. (2000)= Z¢1% 288 2 7} (hair shaft) ¢
55 gt ZeA dAY % 1 HAH sded oA
HAF 2 QlF BiedM s SAEA deva Bu
et =3 O REe] 3<E e rErle vA 5
o )l Jgkel] el mibo] <j7n moN wiEE
HFAgoka iﬁf}‘}i‘:} Je)3 Qi w9 slAF Fad)
542 2] ERYo] Wal gl HA —r"ﬂ
A lekx iz—?ﬂ?&r ), o] A H%ﬂ UL 3 9
ol BlAE 31 F4E oS HolA HI B 3&4%‘

71 el A A e ‘{}7] o F-olo}

SRS 7‘741 W3 238 A zg ANA
o A4t 3 o Yoz 9 71
€4 7IA (marix)2 TS glen] 71 Atelele
Aehd#A o] A=) 9ok AdUDAdFE o] ZAAA ¥
E}H 1A A (microfibri) E2 A Y2 o5 Abold]

FA¥ 7]4 (amorphous matrix) e} | ‘ﬂ—r_T’_ A=

X-ray 314 Aoz »e) 3x8] 725 BAI A
QA4S wet 5.15A 149 s YA —":L-n—v} At
2} HH"é"l £03 Bofor FU|AH R Ui o]Fe
2 7o e uEY FA: T 98AdH e F 5}
o Atele g4 FEAAQ AlE /A8 3o (Busson &
Doucet, 1999). o}5 Te|2AE2 viAAA Az =)4Y
A48 A g} (Fraser et al., 1976).

£ A7 BE UF BilM A3tz AudAdFE
o] AWslA widsEe] gl olE Alelel bl 1
AR Qe 2t EqlE medelA A xe %
AT Bl & AR 22 FHEe] FAFH U
I el A o) AFHor T e HHME I
A} A QDA Abelell Eol FA=] etk

Webd #8-e 23 (hair bulbyel] 9A)3F el M ZE (mela-
nocyte)22E] QAL Mokl e gaehdst s ool
o 5 2F7h A shdl Aol m} SRl 2
Aol ol 271717 Hhebat AlabE vhebdleh Qi oz Hy
o] AAEEE flehde Ao 7T Sled oA
& AN AHANAY o5 AzE Wk 3 eWehd
& 243} 74, A9 428 Ve Bolduck & Sha-
piro, 2001). §ehdt seeide] 2oz Ageh of
FE Az 2 A deh b 3 2 A e
o) #719) oMt e W& AaaRe 2
718} ool SJsiM AA =,

B dFelA W 2] depdage gE IF B
ot AxAExst g Fgos HAEEd o] HFPEL
A Y F2E elllol

Zo
<
2
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FIGURE LEGENDS

Fig. 1. SEM and TEM images of African hair. a: Low power SEM micrograph of African hair shaft shows tightly curled shape. b: SEM image
of hair surface shows rough shape. c: Magnification image surface of hair shows lifte-off and fissured scales. d: The elliptic cross sectional shape
is observed. e: Magnification image of cuticle layer showing composed of 5 cuticle cells. f: TEM image of the cuticle layer shows lift-off of the
cuticle cell. Note that the holes (Asterisks)in the cuticle cells. CMC: cell membrane complex. g: TEM image of cortex shows melanin granules.
Fig. 2. SEM and TEM images of Caucasian hair. a: SEM image of hair surface shows smooth shape. b: Magnification image of hair surface
shows regularly arranged scales. c: Cross sectioned appearance of hair show oval shape. d: Portion of a cross sectioned hair shaft shows well
organized cuticle layer and fully developed cortex. e: TEM image of cortex shows eumelanin and phaeomelanin. f: The phaeomelanin have con-
centrically helical structure.

Fig. 3. SEM and TEM images of Asian hair. a: SEM of the Asian hair shaft shows cylindrical shape. b: Ascian hair are seen circular shape. c:
SEM image of the edge of hair surface scales appear round border. d: TEM image of cuticle cells shows cell membrane complex (CMC), A-layer
(A), exocuticle (Exo0), and endocuticle (Endo). The holes (asterisk) are seen in the endocuticle of cuticle cell. e: The cortex shows macrofibrils
(Ma) and melanin granule.
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