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ABSTRACT

Human hair experience tensile forces during combing, bleaching and permanent dyeing processes. We have used rheo-
meter to characterize bleached hair tensile response. Also, we investigated to morphological changes after tensile test of

virgin hair and bleached hair using scanning electron microscopy. In tensile test, the tensile strength of virgin hair was
14.66 g/em”. They were measured as 12.95 g/em?, 12.61 g/icm? and 11.43 g/em? for after the first, the second and the third
trials of bleaching were done, respectively. Virgin hair had a higher tensile force than bleached hair. Tensile strength got

lowered as more bleaching trials were done. In the observation of scanning electron microscopy, the fracture and lift-off

of the cuticle outer layer were shown in virgin hair and bleached hair. The bleached hair were more lifted off at the outer

cuticle layer than virgin hair. Consequently, chemical damage of bleaching agent caused weakening of the outer cuticle in

the hair.
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o2zt Ale]d] viAHE FoFE S 3} (Draclos,
1991; Bolduc & Shapiro, 2001; Chang, 2003).

FE S Al zpole UAIRE oF 5~107H9] e
ZA) % (cuticle cell 2 FAH] ¢lonm mylel A28 ol
W2 ey gt 74zke] FE|EM 2 B FEE (epi-
cuticle), AZ (A layer), 2] 7FE]Z (exocuticle), W57 2 (en-
docuticle), Y2 (inner layer) 2.2 FAH 22 T2 E
ot givh. 2UFE|FL FEISA LY AEgoza o
of ®&g A|Ate] ®ite] §7|8 2 dAFEH. o]H FE
= CYStme 2] Zol7t o} A Yehdcl At AF
E]Z-& cystineo] FHSHA £k 3 ¥ IAATe
2 Ee|Hos A Felolnt el EL cystine Fgo]
won 7)Aoz o3l 3 o|t}(Wolfram, 2003).

£zl AR d4&Kow x FU&HoR
Easle £Ae] gl ALE Sl g 2 AEA
% 755 A3 2A AR 23 Z (comified cell)
o) A2 3zl gl AT BRYES} 2L ¢
sroz A FFe9 A2 olF Wasel glow o|F A
P LR LDETPER EE RECERER
Sick AR 1 Ak S ol make] Age 5170
31 el 78 (melanin granule)?] ZA)-§-Fo oe} Yet
o} (Wall & Hunter, 1974; Wilk et al., 1995; Hearle, 2000).

WA= AL 2o ZAxg SAFozy ke 7]
esh £4% B ohiz wikel Feldel WYz B
g ARE AFshe d F23 4%E I diFez F
A DR e 2R At es) A Jepdo E
g Ferd] A =8 277 2de vHed 2l #
o 2AAALE ] w2 HRAA FelA]7)
ol 18mz ARkEni 2k meld 7RI e
Ax, 2 F7)8 A= 2 &4 Axd v g4
3t x}o]7} g} (Kamath et al., 1984; Syed et al., 1995; Fran-
bourg et al., 2003).
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Fig. 1. Stress strain curves of virgin hair. The result of tension tests
obtained using 10 measurements of virgin hair samples.

Table 1. Mechanical properties of virgin hair and bleached hairs

Peak Sample . Tensile Tensile

Name stress height Distance energy strength

@  om T egent)  (gomd)
Virgin 146.64 1.00 12.29 108.00 14.66
Bleachl 129.50 1.00 11.48 84.02 12.95
Bleach2 126,10 1.00 11.66 81.53 12.61
Bleach3  114.33 1.00 11.50 79.22 11.43
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Fig. 2. Stress strain curves of 1 time bleached hair. The result of ten-
sion tests obtained using 10 measurements of bleached hair samples.
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Fig. 3. Stress strain curves of 2 times bleached hair. The result of ten-
sion tests obtained using 10 measurements of bleached hair samples.
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Fig. 4. Stress strain curves of 3 times bleached hair. The result of ten-
sion tests obtained using 10 measurements of bleached hair samples.
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Fig. 5. Average tensile strength after three trials of bleaching. O:
virgin hair, @: the first bleached hair, m: the second bleached hair,
A the third bleached hair.
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Fig. 6. Scanning electron micrographs show virgin hair after tention test. 6a: Low magnification scanning electron micrograph of fractured vir-
gin hair. 6b: The cuticle and cortex are exposed. 6¢: The cuticle lift off is sudden. 6d: High magnification scanning electron micrograph of sepa-
rated cuticle cell of figure 6¢c. 6e: Lift off of the macrofibrils in the cortex is seen.

7 2495, v AEgel waA 94 13 23 dazEst 171
94 13 20el QAT 24 Tz 1049 B glom? 24T, AL 17145 skl on, 947

A2 AR 18l RE 28g9] Yol 7L W =k 081mm F4% AL FAT 5 ek

A7 epdeh(Fig 2. 94 18] 2l Q4AE S 9 23w QAzke AW A% 93 29e 2

11.48 mmo|gie}. A7} =L 1295 g/em’E velta 23 A 13 3kt 2 Aol glo] AAF ST (Fig. 3). B4 2

S22 l4664goe ST (Table 1). o)} & A3 3] wolA ABAE 3T 1166mmelRn dAes
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Fig. 7. Scanning electron micrographs show bleached hair after tensile test. 7a: Low magnification scanning electron micrograph of fractured
bleached hair. 7b: Both lift-off and cuticle fracture are noticed. 7c: The cross fractured surface by tensile strength. 7d: High magnification scan-
ning electron micrograph of figure 7c shows respectively separated cuticule cells and exposed cortex.

1261 gem’3 vepdon 37832 126.10g02 FAH
i} (Table 1). o] ¢} & A A7dwlst 94 13) =
o nE|A & 23] mare} QA7}=rb zbzh 2.05 glem?,
0.34 glem® ZFAstola, #3188 47 20.54¢g,340¢g 7
astgich 23y dAARE A7sdd wjste 0.63 mm
ZAastg ot g4 13 2gEd 0.18mm £71E S &
& 4 sich

Fig. 3& 24 33 29 JAR=E 248 Tehzelct
AGERIE DY 139 2318 AT BT f4 m A
g velich 24 33 mea dgARE FF 1150

mme]gly QA7 EE 1143 g/em’2 viepton 5]_1_—;—1
< 11433 ge s ZAEYTH(Table ). o] 22 A3 2
sk} ebl 3], G4 23] meibef wisiA &4 33]
A7} w s} 247t 3.23 glem?, 1.52 glem®, 1,18 g/lem? ZhAs
A1, FHuoswe 7zt 3231, 1517 g, 11.77 g 7243k
w3}, QAARE ZA7tmte) wlsle] 0.79mm FrAEke

—ﬂé"-bl&o}i

o gA 13 id) ¥ @ElgE 9 0.02mm F7HEG,
ehd 23] wbo)) misiAE 0.16mm ZHAE A& ¥ &
3]sl (Fig. 4, Table 1).

Fig. 54 7A7}mnte] QA7te: daiwdtun w2 7
oz Jelgy @A 347t a5 QA Zex Fo
=9tk 2 3eE SRS St AN EE FE5He
2 3l M3y sFAe 18 AT Y=14.417-1.003XE A
?—lﬂ‘ﬁ‘:} Z, &b 34 1356l oF 1.00398] AATRET} £

= Ayl g} p-value: 0.029%2 5% §-2] $3llA

?MM fosiga, ARAPE 94%2A g 3FA
2 A% A AEEE & 4 Ul (Fig. ).

A7 ze A7t ez S F Hdd EAs Y
dg FAPAARW Ao AAsteT) (Fig 6). A= Al
829 AghH e mAlo] FARGI} F HEo= ZAepAdA
#dzko] ZANX A2} 2 mofE kA glolen BEe] A
E oA xZE 3 Zol: o 25mmzE FAH



256 Korean J. Microscopy Vol. 38, No. 3, 2008

ok (Fig. 6a, b). At H-9jolA] dB Fe|F3o] LA3F
ol Azt s]Ae] upgde] wEHe] It} (Fig. 6a). T
do] AAHHA FE]EE FE|EAZEL Fejrt HY
A ko] wpgEgmoz Felx glglen, Hejx x&H
FEEFL 50 FEBAZER oIFlA Ul (Fig. 6¢).
Fig. 6c& 1il&2 3 JoA Fejd Felg Az
AL} A el A7 TSR oA U A
JUT 4 AUHFig. 60). 59 Reld] xEERA 743}
Aze] MEAY &Rk AP (microfibril) o] 3
gs 2w $ERe 240 JPHE A w35
A3l (Fig. Ge).

Adu| Aoz A3} (Fig. 7). g =
1A S 71 F s A ReA Uz B9l i
2o FEIFE FASE FEEAM T A £y
o} £ Uo (Fig. 7a, b), TA-L AAXHAM AHLAH
Lo] BeEe] xEH Qe AL FJF 4 34l (Fig.

[3

7a). 3L 1912 Q) 3ol A Ak =rbe] el
AL w472 A=k A% 22 2gE i slslx
IAE AT e FEHERS 449 FEFHEE

1

2elsle] BB Fig. To). FE1FA 2 2ol 7e)2
HEDH shate] B3R o] e peEger 7
gz Az S i o) B4de BN
sbsieh (Fig. 7d).
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K

ddidef 2wl w3y 8l F3) wpaba] g}
2 AR A3} B, 9, GAT 2L e e
ol o3y Febgzlx el AFsHA Pt (Hong et al,
2000; Chang, 2003; Chang & Lee, 2006; Chang et al., 2006).

2 =T AFel wel zhelr} o A=
239 F7 Ao e meokst milA el whel Aol
7b ek EF 2] £95) AAHE wWlgeld 3}l
F9 = B} vk 5Q1F3e] ko] ATt} A2 A
< 2] VA BA, & i) &S wet AsA
med gl mofolvd =it mwe] wAgt #d F BAA
93 Aoz Wyt (Franbourg et al., 2003).

e Aoz Fold A HH AFFHL Fs)
A 3 B9, & A, Felun), Adnz el
ot 559 (pre-yield region)ell A §#H3} AA4H L A
HlF| st Z-geh=d], o] H9jellx] Aotz et i
2he (o-keratin) T Ale] dAgt whgo] epdr) A
<+ A Azt Ade) s Fzr) AR 9
X padde] s Fe] W= AlA AlelelM ekt

o} o] EE9] (yield region) Yu}Alzlel chde] o
27t Melrzz WalA Ha delres oA gtelw
7ol 2 8}gic}.

FERA A $HE mibo] FolA dirkx] A=
A 9A F7HE Al Aol dmrzelA] weT
229 Wshe 2] A AYeM fdsA ebdo
Aoz HIFL 5% AdFHe| 24 wf A=z
FalEo ok 159%2] JAH A vehdo) (Seshadri & Bhu-
shan, 2008).

E dAFelA A7k eute] H3FERAE Seshadri & Bhu-
shan (2008)2] ®.31¢} zbo] Qlde o] o 4¢ 2h4-8 o e}
BWI AR A o] 2.8¢ A4 W Yepgr) o)
A2 A 2be] AAEY} Ae] AFEW WAt
B2 ok 4 s Hade] JAeEe onjsl=d g
Trbo] AZRMHG HE 12909 AR} 12 A%
Hag AL gzt

Azg Aol e JAEAL wAld] o)A s
¥} Robbins (2002)¢] 1 ol o)spH =2 diperisoph-
thalic acid 2 AFEHA| 7| 2ge] Fe|S30] ¢bAs] A A
o At G Aol AAEutzle) JdAEAL wlw
HEotE o st Wste FAG £ gt 2o ¥
E3o F2 EasP= Al sl A cystineo] cysteric
acid 217]2 Ab3}7} defuta o) 8slAgle] Foi|A gt
o] AL ko] Zxd AeolA AR G
u] 2|2 F3he

 ATelM Qg oA Ao Ageds gan
e FAPAE o2 AT A3 2 279 FEFE
Z2 FeEHxEe] RElse] 9 glE Ag alsisict

FEIEA e FAE . e ok we) ez T
+ 0.5ume]x Aol 50 ume|™ A =T Z (lamellar
structure) 2. Ho i} FE|EAH 2] 3 &EE-E cystine A
2] Rl Aolr} g, oS wue] oA 7ol
e 77 W) TR AT cystine H¥-&
gl 74 Slold AmekAE, Wire 2 A xuiatel 3
g4 (cell membrane complex)E cystine?] ¢fo] HojA] v]x
A A Ao

FEIE2 7H FE B9 = FEISHEE I
HAasHA BAFe] 9lx vpgE: 3919 FE|SAE dn
¥ ZRb AEdeko s EEFe] glth(Lee & Chang,
2005). el EH EEo] R Eilo] EEHo ATsA &
of Sl AL 2is dF R HoldAE W AN F
B 27t 3 AT 98¢ stn BAA 4
Fe|EH 2 5] w2E ysko 2 Foj|A o)

€ d7e dARE APAT W FAEARER A
Fol| M eml mwo] Fe|ENEE ey FeE
Hxrct o o] npgZ oz RaEo] Fojx i) ¢
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