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ABSTRACT

This study was performed to evaluate effect of natural compounds that
are exopolysaccharide (EPS) and human hair protein (HHP) on recovering
of damaged hairs. Exopolysaccharide (EPS) was extracted from culture
fluid of Weissella hellenica SKkimchi3. HHP was obtained from human
hair keratin that was chemically extracted and modified to be water-soluble.
Molecular weight of EPS and HHP was approximately 250, 000 and 100,
000, respectively. Normal hairs were obtained from a woman who never
treated her hairs for permanent wave or dyeing. Damaged hairs were
obtained from a woman who treated her hairs for permanent wave two
timesand dyeing onetime. One % of EPS solutionor 1% HHP was sprayed
on surface of damaged hairs. Both EPS and HHP filled gaps between
cuticle scales according to SEM images. However, tensile strength of
HHP-treateddamaged hairs was significantly higher than that of EPS-
treateddamaged hairs. Especially the tensile-strength of HHP-
treateddamaged hairswas very similar to that of normal hairs. Theseresults
are aclue that HHP may connect between fibrous proteins of cuticle and
cortex. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Human hair that isstructuraly composed of cuticle
layer, cortex, and medulla, and chemically congtituted
of lipids, keratin-associated proteins, and melanin has
to benaturally changedand damaged by aging and en-
vironmentd variations. Especidly structureof thehair
cuticles exposed to outside may bemore
largelyinfluenced than inside molecul es (keratin-asso-
ciated protein, intermediatefilamentous proteins, sulfur

proteins, and melanin) by environmenta factorsthat are
temperaturevariation, ultraviolet radiation, moisture
variation, and physical contact(??l. However, beauty
treatmentsthat are bleaching, coloring, and permanent
waving can more strongly damageall of cuticle, kera-
tin-associ ated proteins, and melanin than theenviron-
mentd factorg*¥,. Thedamaged hair can’t be restored
owingtothe natura phenomenathat areirreversible
denaturation of keratin-associated proteins, physica
breaking of cuticlelayers, and the destructive (decol -
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orized) denaturation of melanin®®%2, Accordingly, the
damaged hairsarerequired to betemporarily or par-
tidly recoveredby filling of locd |es onsiteusing chemi-
ca or natura polymers. Chemically synthesized poly-
mers may be another cause to damage hair structure
owing to their different structure and function from
biopolymers.

EPSthat isatypical carbohydrate polymer pro-
duced by diversebacteriais structuralyvarious based
onmolecular weight and congtituent sugar monomert4,
EPS has been applied in food and nonfood industries
asviscosifying, stabilizing, emulsifying, gelling, or wa
ter-binding agents*®.. In particul ar, the EPS produced
by lactic acid bacteriaare generaly recognized as safe
food additivefor human becauselactic acid bacteria
arewidely used for the production of numerousfer-
mented foods'61". Weissella hellenicais one of the
lactic acid bacteriathat are responsiblefor kimchi fer-
mentation produces EPS consisting of glucosg*®. The
EPS produced by theW. hellenica was applied to
evauaerecovery effectof damaged hair. TheEPS may
be effectively attached to surface of damaged hair by
thefunction of viscosfyingand gdation.

Human hair proteins (HHPS) arecomposed of kera-
tin-associated proteins, intermediatefilament proteins,
high-sulfur proteins, high-tyrosineproteins, and highgly-
cine-tyrosine proteing¥. Hair keratin-associated pro-
teinsare major component of the hair structure, and
crudid rolesinformingagtablehar shaft through across-
linked network with keratin intermediate filaments,
which are produced from the hair keratin*%. Hair fi-
bersarekeratinized proteinsthat are elongated struc-
tureand heavily cross-linked. Eachfiber isdividedinto
three componentsfor structure of cuticle, cortex, and
medulla. Cuticlefiberiscomposed primarily of beta-
keratinsthat function to protect the cortex fiber from
physica and chemica damage. Mg or body of thehair
fiber congtitutesthe cortex, whichiscomposed of many
spindle-shaped cdllsthat contain keratin filaments. Oc-
casionaly, medullathat isacentrd part of hair structure
congistsof acolumn of loosdly connected keratinized
cells?Generally, hair proteinsare elongated fibrous
structurethat wasreported to be chemically separated
fromintact hairs by treatment of urea, thiourea, and
mercaptoethanol under akaline (pH 9.5) condition?Y,

Inthisstudy, two-types of biopolymersthat arefi-
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brous carbohydrate (EPS) and fibrous protein (HHP)
were separated from bacteriad culturefluid and human
hairs, respectively. Theculturefluid of W hellenicawas
employed as asource for EPS extraction and virgin
hair of woman was used asasourcefor HHP extrac-
tion. EPSand HHP weredirectly applied to damaged
hair to evaluate effect of the biopolymersfor recovery
of thedamaged hairs.

EXPERIMENTAL

Preparation of EPS

EPSwasisolated from culturefluid of Weissella
hellenica SKkimchi 3that was cultivatedin MRS me-
dium containing sucrose (100g/L) instead of glucoseat
30°Cfor 72 hr. Bacteria cellswereremoved from bac-
terial cultureby centrifugation at 8, 000g for 40 min.
Cdll-freeculturefluid (supernatant) was mixed with
samevolume of 99% cold ethanal (4°C) and thenincu-
bated at 4°C for 24 hr. EPS coagul ated by ethanol was
then separated by centrifugation at 4°C and 5, 000X g
for 20 min and washed twi cewith 99% ethanoland then
suspendedin double-distilled water. Molecular weight
of EPS was determined by gel filtration
chromatographyusing dextran asamolecular massstan-
dard. A standard dextran (Fluka, molecular mass, 25,
000, 50, 000, 150, 000, 410, 000) was used to cali-
brate the rel ationshi p between retention timeand mo-
lecular mass. Concentration of the EPS suspensonwas
determined based on dry weight.

Preparation of HHP

Human hair of a Korean woman was soaked in
99% ethanol for 4 hr to remove contaminants and
soaked againinamixtureof chloroform and methanol
(2:1) for 24 hr to remove externd lipids. Thewashed
and ddipidized hair (3kg) was soaked inasolution com-
posed of 10 L distilled water, 25 mM Tris-HCI buffer
(pH 10), 8 M urea, 1 M thiourea, and 5% 2-
mercaptoethanol at 50°C for 5 days. Liquid part was
separatefrom solid part by filtration and centrifuged at
15, 000x g for 60 min at 4°C. The precipitant was
washed with distilled water twice by centrifugation at
15,000 gfor 60 min at 4°C. Theextracted hair pro-
teinsweretreated with 300mM NaOH indistilled wa-
ter for 24 hr at 60°C under anoxic condition and neu-
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trdized with 300mM HCI using pH meter. Theproteins
solubilized by theadkaineand hegt trestment were sepa-
rated frominsoluble proteinsby centrifugation at 15,
000xgfor 60 minat 4°C. Theinsoluble proteinswere
repeatedly treated under same condition. Protein con-
centration was determined by the col orimetric method
of Bradfordusing the Bio-Radprotein assay (Bio-Rad,
USA). Thesolubilized HHP was separated by differ-
encesof molecular weight usng SDS-PAGE. Molecu-
lar weight of HHP was determined by comparisonwith
molecular weight standard proteins(10, 000~225, 000).

Sour cesof damaged hair

Two K orean women contributed their hairsfor ex-
perimentd purpose. Oneof themtreasted chemically her
hair two timesfor permanent wave and onetimefor
coloring in 6 months, which was used as adamaged
hair group, but other of them never treated chemicalyher
hair for 1 year, whichwasused asanormal hair group.

Treatment of damaged hair with EPSor HHP

EPS and HHP were dissolved in 2% (w/w) glyc-
erol solution. Fina concentration of EPSand HHPwas
commonly adjusted to 0.2%(w/v) based on dry weight.
Fifty strandsof damaged hairs, which wereprevioudy
washed with neutrd detergent and driedintheair, were
immersed in EPS or HHP solution for 30 sec and then
dried separately intheair.

Scanning electron microscopy (SEM)

Completely dried normal hair, damaged hair, and
damaged hair treated with EPS or HHP wereemployed
asasamplefor SEM. Each hair samplesin 4 groups
werevacuuming coatingfor 5minsothet Slverioncould
be attached to surface regularly usingion sputtering
device (SCDO005, BAL-REC, Germany) by fixing
sampletreatment plate (silver fasten). Then, scanning
electron microscope (SUPRA™ 55V P; ZEISS, Ger-
many) was observed by X 5000.

M easur ement of tensile strength

Normal hair, damaged hair, and damaged hair
treated with EPSor HHPwerecommonly dried at 45°C
in adrying oven for 3 hr. The dried hairs were em-
ployed asasamplefor measurement of tensile strength.
Each side of one hair strand was fixed on clamp of
apparatus. Length of hair strand fixed between each

clamp was adjusted to 60+2 mm. The strength was
measured with aforce measurement apparatus (mode,
DS2-500N, IMADA, Japan). Thetensilestrengthwas
determined with force (N=kgmS?) recorded at hair
strand-snapping moment by pulling from both side.

RESULTS

Molecular weight of EPS

Molecular mass of EPS determined by 4 times-
repeated tests was 215, 000-235, 000 as shown in
Figure 1. Approximate molecular weight of EPSis222,
000, which may induce hydrophilicinteraction between
EPS and cuticle protein fiber because number of func-
tional group of EPS acohol residue) isproportional to
themolecular weight.
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Figurel: Relativemolecular weight of EPS deter mined by
gel filtration chromatography.A standard dextran (Fluka,
molecular mass, 25,000, 50,000, 150,000, 410,000) was used
to calibrate the relationship between retention time and
molecular mass (closed symbols). M olecular mass of EPS
wasdeter mined by 4 times-repeated tests (open symbols).

Molecular mass (x1,000)

Molecular weight of HHP

Molecular weight of HHP that wasextracted from
human hair and partidly hydrolyzed by dkaineand heet
treatment was determined by SDS-polyacrylamidegel
electrophoresisas shownin Figure 2. The solubilized
HHP was composed of at least 9 different proteins
based on the number of protein bands separated by
SDS-PAGE. Molecular weight (MW) of major pro-
tein was approximate 100, 000 and that of minor pro-
teinswas higher than 225, 000 or |ower than 100, 000.
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Mixtureof variousMW proteinsmay beuseful toin-
duce molecular interaction between cuticle protein fi-
ber and HHP by hydrogen and ionic bonds.

2,000 1,500 1,000 500 MW 400 200 150 50 (ug/mL)

Figure 2 : SDS-PAGE image of solubilized human hair
proteins (HHP) obtained by heat treatment under alkaline
condition. Protein concentration of samples for
electr ophoresiswasadjusted to 2,000~50 mg/mL tovisualize
bands of minor proteins and obtain clear band of major
proteins. MW indicatesprotein marker sthat ar e separ ated
based on molecular weight of standar d proteins(1, 225,000;
2, 150,000; 3, 100,000; 4, 75,000; 5, 50,000; 6, 35,000; 7,
25,000; 8, 15,000; 9, 10,000)

- -

Figure3: Effect of EPSand HHPon stru

Effect of EPSand HHP on structural recovery of
damaged hair

Structural observation of hair cuticle may beause-
ful indicator to eval uatel es on degreeand recovery state
of damaged hair. SEM image of normd hair, damaged
hair, EPS-treated damaged hair, and HHP-treated dam-
aged hair was structuraly different each other asshown
inFigure 3. Cuticlescalesof normal hair (Figure 3A)
werereaively moreregular than thoseof damaged hair
(Figure 3B). Gaps between cuticlelayersof damaged
hair werecommonly filled by treatment of EPSand HHP
(Figure 3C and 3D). The effect of EPS and HHP on
fillinginthe gap of cuticlelayerswasnot significantly
different based onthe SEM images. Fromthisresult, it
may be supposed that EPS and HHP are enough to be
viscousto attach to gap between cuticlelayersof hu-
man hair biopolymersare structural ly recovered

Effect of EPSand HHP on functional recovery of
damaged hair

Tenslegrength of normal hair, damaged hair, EPS-
treated damaged hair, and HHP-treated damaged hair

may beavaidindicator to eva uatefunctiona recovery
of damaged hair. Tensile strength of damaged hair was

ctural recovery of damaged hair which wasevaluated based on SEM images(x5,000)

of normal hair (A), damaged hair (B), EPS-treated damaged hair (C), and HHP-treated damaged hair (D).
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approximate 1.56, which wasvery similar to that of
EPS-treated damaged hair (1.58). Thisresultisaclue
that the EPSwas not effectiveto recover function of
damaged hair. However, thetensle strength of normal
hair wasvery smilar to that of HHP-treated damaged
hair asshownin TABLE 1. Thisresultisacluethat
EPS may fill in gap between cuticle scal esbut may not
TABLE 1: Effect of EPSand HHPon functional recovery of
damaged hair which wasevaluated based on tensilestrength
(N=kgm$S?) of nor mal hair,damged hair, EPS-treated damaged
hair, and HHP-treated damaged hair.

No. Nor mal Damaged hair

of ﬁra?: Not Treated T:Neiz:thed

Hair treated withEPS | o
1 16 15 17 15
2 18 0.9 16 20
3 19 15 18 18
4 16 15 14 14
5 15 17 14 16
6 15 12 13 18
7 15 13 14 17
8 18 19 12 19
9 16 14 16 21
10 18 18 16 16
11 17 16 19 15
12 2.0 18 18 16
13 16 16 16 19
14 17 2.0 14 19
15 16 14 16 15
16 19 16 18 16
17 19 19 17 14
18 2.0 17 13 17
19 16 15 12 18
20 16 17 14 17
21 18 12 17 15
22 18 15 18 18
23 21 1.7 16 19
24 16 15 14 20
25 19 17 17 20
26 16 18 20 17
27 18 13 13 15
28 13 14 15 17
29 18 19 19 18
30 16 13 17 13

I\iggn 1.72+0.18 1.56+0.25 1.58+0.22 1.71+£0.21

connect fibrous proteins. On the other hand, it ispos-
sblethat HHPmay not onlyfill inthegap but a so chemi-
cally and physically connect between cuticleproteins.

DISCUSSION

Generdly, human being growsphysiologically and
cuts(trims) intentional ly their hair owingto specificrea
sonsthat are beauty treatments, vocations, customs,
and socid activities. Hair islengthened ininversdy pro-
portion to cutting (trimming) frequency and structuraly
changed in proportiona to thehair length. Structure of
human hair hasto be physicaly or chemicallychanged
by variouscausesthat are shampooing, heatdrying, rub-
bing, contacting, and exposing to UV. Meanwhile,
beautytrestmentsfor permanent waving and coloringare
acauseto damagehair structure?*?, In particular, re-
peated beauty treatments may be a cause to harshly
damage not only cuticlelayersbut aso cortex?:2. The
damaged hair isimpossibleto be structurally restored
totheorigina state because grown hair isamixture of
lifelesscompoundslikeacorneoustissue.

The chemical denaturation of hair proteins and
physical breakage of cuticlelayersareamgor causeto
damage hairs. The denatured proteinsand broken cu-
ticlelayerscan’t be chemically or biochemically substi-
tuted by other biologica compounds. Thelocal lesion
site(cuticlelayer) of damaged hairs has been chemi-
cally fixed by treatment of synthesized polymerson
hai %1, The synthesized polymers are copolymer of
vinylacetateand crotonic acid, slicone polymers, poly-
vinylpyrrolidone (PVP), copolymer of PVP-vinylacetae,
octylacrylamideacrylatesbutylaminoethyl methecrylate,
and polyurethane-1. Thesynthetic polymersare effec-
tivefor fixation of damaged hairsbut safety concerns
dueto contamination with monomericimpurity. Mono-
mersare sometimes highly toxic or even carcinogenic
or highlyirritating to skin®. Ontheother hand, biopoly-
mers (carbohydrate and protein) are biologically safe
but arenot verified to be effectivefor recovery of dam-
aged hair.

SEM imageof normal or damaged hair limitedly
shows exocuticle layers, which may be one of the
naturafactorsfor determination of hair texture. Textureof
damaged hair may beworsen in proportionto size of
gaps between cuticlelayersand irregul arity of cuticle
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scal es but gaps between cuticlelayersor scaleswere
filled by treetmentwith the biopolymers (EPSand HHP).
EPS and HHP may commonly beafiller for the gaps
between cuticlelayersbased on the SEM image (Fig-
ure 3); however, HHP may bealinker for connecting
thedamaged fibrous proteins congtituted of cuticlelayer
or cortex based onthetenslestrength (TABLE 1). The
tensle strength wasreported to beinfluenced byfibrous
proteins constituted of cortex but not by those of cu-
ticle layer®-34, Accordingly, it can be supposed that
the HHP may put into cortex and recover the damaged
fibrousproteinsby connecting or ataching but EPS may
not. Most partsof human hair arecomposed of fibrous
and filamentous proteins, which arechemicdlyaffinity
more with HHP than EPS based on the difference of
tenslestrength (TABLE 1). TheHHPisvery possible
to beamixtureof variousfibrousand filamentouspro-
teinsbecauseit was non-sdl ectively extracted fromnor-
ma human hair and converted to solubilized polymers
of which molecular weight is approximate 100, 000
(Figure?2). Viscosity, gdling activity, and molecular at-
traction may be proportional to molecular weight of
polymer under conditionwithout other molecular inter-
actionsthat areionic and hydrogen bonds. Thetensile
strength may be more objective than SEM imageto
eva uate effect of EPS and HHP for damaged hair be-
cause the recovery of damaged hair hasto be deter-
mined by functionrather than structure.

Chemicd interaction betweenfibrousproteinand
HHP may be stronger than that between fibrous pro-
tein and EPS based on thechemicd difference between
protein and carbohydrate. Binding force between struc-
turaly homol ogous proteinsispossibleto be generated
by the hydrogen bond, ionic bond, and hydrophobic
bond but that between protein and carbohydrate may
be generated by only random hydrogen bond. Thefunc-
tional group of EPSisonly alcohol but those of HHP
are carboxy, amine, imine, hydroxide, thiol, and alkyl
group.

Human hairsmay have physiological function that
isprotection of scap from UV-radiation, temperature
variation, and physica impact and culturd functionthat
isbeauty treatment for styling, permanent waving (curl-
ing), coloring, and bleaching. The beauty treatment of
hair may be a cause to damage hair structure; mean-
while, the damage of hair may be acause to deplete

BioTechnology — ammm—

effect of beauty treatmentsand al so to weaken physi-
ologica function. Accordingly, biochemical technique
for recovery of damaged hair isrequired to be devel-
oped using naturd polymers. Variousnaturd polymers
that are produced by plants, animals, fungi, and bacte-
riamay be applicablefor recovery of damaged hair;
however, the protei n extracted from human hair may
be moredtructuraly affinity with human hair cuticlethan
protei nsthat can be produced by other organismsex-
cept human. Conclusively, structurdly and functiondly
damaged human hairsmay be effectively recovered by
using protein extracted from human hair.
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