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ABSTRACT

Biochemical treatments for prevention of damaged perm

hair

Min, Myung-Ja

Advisor: Prof. Shin, Hyun-Jae, Ph.D.
Major in Cosmetic Engineering
Department of Chemical Engineering
Graduate School of Chosun University

Wishes for personal beauty has developed a perm style of hair. General perm
agent is divided into a reductant (reducing agent) and an oxidant (oxidizing
agent). By the action of a reducing agent, the structure of the hair is inflated,
causing the breaking of sulfur bonds. Oxidizing agent, while, induces the
recombination of the broken sulfur bond (disulfide bond). For this reason, the
use of frequent perm products will ultimately make hair damaged. Most
previous studies so far were of the reducing agent. Sometimes there is a
study of adding natural products oxidizing agent, but the study of natural
product materials that can replace the existing oxidizing agent is almost
sparse.  Purpose of this study is to prevent damaged hair and increase high
efficiency of perm by using a natural substances of perm agent that is based
on the enzyme and related materials. Commercial protease (Alcalase),
Sparassis latifolia enzyme, fermentation broth of S. latifolia, and biochemical
buffers were used as a perm agent. Hair perm has been completed for
efficiency evaluation during 4 weeks, repeated daily shampoo, after drying in
the direction of gravity, to measure the length of the hair. Length-measuring
hair, the initial shrinkage (S), retention ratio (Sc & Sp), calculated at the
recovery rate of the linear and (Sd)%. Because of damage prevention effect,
the comparison of morphology using an electron microscope (x 2000), tensile

strength and tensile congregation measurement, the thickness of the hair, of
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porosity measurements were carried out. In addition, the enzymatic activity
and antioxidant capacity of S. latifolia were measured.

Results of applying the test samples have been able to obtain a high
effectiveness of perm as those compared to classical oxidizing agent. On
the perm efficiency rating, initial shrinkage (S) was higher by (-)13.6 ~
(-)20% when the protease was applied heat perm process on 160°C and 20
0°C. Also after four weeks, the Higher retention rate of wave because
stretched degree (Sd) was (-)8.7 ~ (-)16.8% lower than using conventional
oxidizing agent (p<.05). On the application of oxidizing agent S. latifolia
enzyme, S was significantly higher in (-)36.4% in the time of use with
glycine buffer. Moreover, Sd appears (-)28,5% so it was confirmed high
wave-perm retention rate. However, S. latifolia fermentation broth, it did not
confirm significant differences that S was (-)12.2% and Sd was (-)6%, but it
verified the possibility of the oxidizing agent functions. Moreover it
confirmed a high activities of antioxidant and protease. In the application of
two types of buffers (glycine and borax buffer), glycine buffer showed a high
efficiency of perm than the conventional oxidizer. It confirmed the possibility
of the buffer can be used for function of the oxidizing agent alone. In
application of protease, in the evaluation of hair damage prevention section,
high temperature treatment (200°C) is confirmed loss of cuticle. Therefore
40~160°C treatment was identified as stable. In the measurement of tensile
strength, protease 0.01% dilution by applying an oxidizing agent was
confirmed that prevent damage to the hair that express increase 17.7% at 8
0°C and 9.7% at 160°C. These results confirmed the reduction of the damage
in the process of the glycine buffer. These results S. latifolia extract
containing the enzyme and the enzyme was avoid damage to the hair caused
by the perm as well as increasing efficiency of the perm. Meanwhile, most of
the previous studies have been focus on the reducing agent. Sometimes there
was a study of adding an the natural oxidizing agent, but research of the
natural material that can replace the existing oxidant is little. Therefore,
environmentally friendly perm agent, S. latifolia extract and enzyme is
considered to be developed to use an oxidizing agent for style of consumers
and health of their hair.
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CAMe] Tl EAjstE Be] = oF 109 Ao
ZA Aol 1 47} oln] AAEY. Eid(hair follicle)< E|A7] 9
o =4 s, "HellA AFsowm 77l AlFtsta, e 7919 B

= Al A YE7] AlAbske] 225 A o= b3 RS o] A

_

ki

ﬂOL::u

o mde) AN ZPE AS Hole W3k 7] (placode)o] 70l
Uﬂ

e
oft

g

=

_p rtLu

ZAu(€A g4, primary hair germ), = (E 3, hair peg),
I bulbous hair peg) 2= F o] $+Hs mFS o] 7
Be ool mols WAL, mEe Eae 7145

=
2006). o2l % P WA G4 L 2 Y 7R ey,

B B (hair

follicles)> X.7H(hair shaft) 2 ¢HJE=E dAA3le] 71+<]

d ol Al EA G (mesenchymal cells)oll oS 5 Z|X oA A3 dAE
7

(intermediary cel)?} L3S 7| ZFAo] vt AIAFAEE AA F3F

9 AEe] AMATIS EM L B F(hair papilla)s FEAHAS xAs)
v 2% E AT Aoz AZE THOliver & Jahoda, 1988).
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mabe] AU FYek F 2] duggow 4] 57

5 RSt A7l (anagen stage)oll = EEe] AFu b

ERFE SURL ERTFESY S A8 AR #oste B4 ¥

wol d&sto] dirpEEe]l AEI SA o] UrkFig 1). HAVIEA

(catagen stage)s= 2 F 5 A &HH, o] WA E YAIZFo] F3}E
A

ZAAGHALY AL A

ke
%
e}

N

A 71 Al (telogen stage) =g H F7Fo

v ol ®mu) 7he] HEo] AgE o] Aol

A7) GAE EE 7]l (exogen stage)BFilE Sh=d] RRho] x| 7]l A
2l S o B o AA7INA Bl e Al F7)olth o

1
A mEe 259 F/2 AU gom ARdHom WS )

o]

=1 s

Z13olth, el A fEe ofe 7HA el o 1 Tl et
=

=
%3] @l olA] ¥ (melanoblasts)= A7 A E| A W] FEE 31, dEjdolAl
¥ 2w ALo] E(melanocytes) 2HFe] A <F *
(keratinocyte) IHA 2213} F 2o Fofdtt} Hi= A2}
2 M fFolA 3 A2l A(basic fibroblast growth factor, BFGF)2} % ¥ ¥
U}(Hirobe & Abe, 1999).

ko] e Q1F, A, AR Aol7t o, FH Ao R 3~510]

W, AFEEE 5HF 035 mm 7€) 1.2~15 n AE Ao} g2
= S|

dwbd oz muto] Hul ZolE 90 em FER AFASHAINE 7HE 150

cm o] ol Ty 7= st} ol A2 1:d9 15 em o] A

ey =4 A

BA7INAM FAA GAA AZF71E Aojsks 3 3229 7]

Fo) S kel AR G VHew BuHTh B R Euy on
79 o] Hx=g F

Aol ofyzl o3ld] HAZEE HAEAHEZEY A

Aoz ko]l A 7] 7L thksltH(Robbins, 2012).
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Catagen
Transition Stage

Anagen \ Telogen
Growing Stage Resting Stage

\ o \
\ Hair growth cycle

g

Early Anagen Return to Anagen
New hair Stage

-

Fig. 1. Schematic illustrating the stages of hair growth: anagen, catagen, and

telogen.
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%f‘au}(ﬂ# et al., 2005 ; Price, 1975). o]&|3F HL F3]9
OFE HE dARsbAe] AR Qlste] Fyd ¢F
(Seo et al., 2012), W] AA7S @olx A dfo] mute] Al Eo
daE Wk oplel x7] vy WA 5§ FErha HilETHWood
et al., 2009). webA] T e} Bako] S f)te] HAdo] e A3}
ARJAAF] AHES AlQkET}

=
it

=% gejg 72

1:]

,4
rlo
i

EfRRre] A3 Y ZhslE AuAEs o]Folx Agtd

4 = = sl
gudR PR RRARE obvlnte] el A olste] vt

A T Z(a-helix) 2 B2 A 35} (Gillespie, 1980), 7|2 o2 7] AL
B T slefokEel oste] B-@¥r & (B-sheet)® HBEH 7| gt

B-
(Wagner et al., 2007). 222 Hejx o2 TR I|(FEZ, cuticle), =32
(ZH 2, cortex), ZTA(WEZE medulla)?] 3502 o|Fojz UATH
X

A3 f(cylindrica fiber)® 2o £ %S Fsto] n]d = o] tH(Dawber,

1996).

EEY = B2 10-15%F AAsk, AFAdeR 7P vl fA st
o HlEEGe] 2Ade]l HAAA SlolA o] A=omiYH Ui-E
FelFal FEA FEs A4S w3 38 A’ o] Ash A
A7) E= kel okl BAAAY e, vhEkel] ofeith. RE Y=
FHe7te] o3 FFE| S (epicuticle), 51FEY MA FFE S (exocuticle), U4
o] <M%: FFE]Z(endocuticle)® o] Fo|A Qtt. o3 FEE] FA= 10
m Helelar AF I AA"S et I AR pAguo] ofsRol gk
AL sk A el 2Hgel stk A4 FEES F7= 100~300
m Heolar 2|53 UFo® o] 95 Alxd o] YSEG

50~300 nn MEIE &5 A4 FE I FaAA L WES AxY K
FAleh Ael Ak = FEHIS A=W §heFo]l Aa AR opn At
714 opreAbs wol FHste] =l Wi W&o woh

Eyld 2 muke] 80-90%S AbAetH, Mg om mube] I PR
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A9 E3HA|(cell membrane complex, CMC)E X 3$H$HC(Fig. 2). ©]
P N

H
Ao Aued e A, @, A3, Y T3 ddo] v Ry

Aol ME §3-2 orthocortex, paracortex, mesocortex = 32| F&Fo] 3~5%
A omaEel Azmel gEel b mAMEe o Rels

macrofibrils©] Y}A13 X <F(spindle-shaped, helical structures)S.= =% Fi=
21 E0] 0.1~0.4 m2] ZHE (filaments)d -7 2 3 Ll EAG(F7HA
+, VAl fr(intermediate filament, microfibrils, IF)Z -/ = o] QI th(Fig. 3)
(Marshall RC, 1983). Pauling & Corey(1954)= IF W§-2] Z ] Elo]= A
015 x-ray diffraction +210] 29J3] a-LpATF A5 W= ¢F 9.8A0°]
v Ud e ofmAt 7)o mHEAR S oF 51A 92 B3 thFig 4)

TG ES] A9 Al vl EE X (matrix) Al Z2®l(cystine) &
ol Fal A Ao m o]Folx vt wjER x| "y Tk
AgA 2Fel kel A (keratin-associated proteins) S YA o] AgElA

(interfibrillar-associated proteins, IFAP)Z AFH i F7|Y Eo 33s}7]
LLHv‘j:oﬂ Interchain bonds }.T}= Intrachain bonds 2} F74 HILHETKO] et
. 2015). B Bk 7hk FAINe] A ehm, Rke] F7lel uhet

H Ao §R7h GenR FR By £x @] § T4 99

ol Ak Abghe] R A e AR HE Tk Rl EAJsEHA
grom AR #HE& Ebotk EA%. B4 yWiEE AR F
= W}E}H A &% BAEH o Wmeke] vy M7t EAfEH,
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Macrofibril

Medulla (243)
Endocuticle
Exocuticle

A—layer

FAEIZ
Cuticle
(2ED)

Fig. 2. Stereogram of the hair fiber structure, illustrating sub-structures of the
cuticle and cortex. Proposed by Robbins (1994).
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Cuticle

Cortex

Medulla

Maximum Swelling

Minimum Swelling

Fi
b | r

Fig. 3. Directional swelling of human hair. Proposed by Robbins (1994).
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e
§< =Y
82 9.8A Spacing
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e
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27

Z
5.1 and 1.5A
Spacings

Diameter of a Helix

Fig. 4. Structure of an alpha-helix. Proposed by Pauling & Corey (1953).
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1 3. 2 gujEe 34

1. 3. 1. 884 Z“J(chemical composition)

=

=]

iy

ko] A QAE W E80~90%), ebd A (3%), A E(1~9%), T
2, FE(12~13%) so2 FA"ET. RS o]Fa e i
C(45.2%), H(6.6%), 0(27.9%), N(15.1%), S(5.2%)S Edati glch mube
2009 F9] ofmjgto 2 FAEo] Qo I(S)S T3k Al 2~El(cystine)©]
14~16% AEZ 7} HTtHTable 1). o] A]2=E olu|w=Ake 3K(S)
s ot o] Aol v©EAdS ATl opn| ke FETRE
Ze]gQl ol Y|(NHy) ¢F AHdQl 72 5247](COOH) 18]a F-4(H),
H7](residue) s°l™ -R YA FAMHYF AFstH =] Al(glycine),
CH,-OH”7} Z&3hH A ™(serin), CH;7} A%3shH <2l (alanine), CH,-SH

7} Agshd Al 2~H|Q(cysteine)©] HTHFig. 5) (Alpert et al.,, 2008). ©] &+
muko]l oA 3 o] B HA A ] @ =2 FAHthioglycolic acid) # ]
o} Ikt dol] oA Al A®lO] 2~14% A A A FFASFIL cysteic acid
I} cysteine> < 7}SHCH(Table 2).

A2 oy 7R vE FHE 7 o, tekd AESHA 7
e /A St &R i Agd, W AvEee JEe
(fibroin), “ZE]aL RIFFe] & <gtollA Agjetzs Zv] 4TS sh= &
(enzyme) HE3F dHFolt} o] 3 Thuld e ofw]igto] AddE Y
Aot opm:Abe 7] obY|(-NHp)SF AME Sl JHE A
(-COOH)7} M2 Wi o= A-hso] 1 Afelo] AZe] FAH= &
S FE= ZF(peptide bond linkage)ol2til L=t} 5070 <38t of
Haite] AAAE WE E(peptide)h BhaL, ofvleabzlE] HEE Adhs
PAstH st 1 AES ol T s EZYHEH=g v oy E o
Mo e = gidgels A9, 4 29, o2 A% Sl 935 o
& HAgEA  EA Alo]=rE & dwid=R uf7Fe 28-S gt

(Mormann et al., 2008).

o o

&

o

My N R R
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1
1} 1 tH(Robbins & Crawford, 1991).

s

i<

A3t =7t

tﬂ—(_NH3 .

= H

= ol27]

9373
8ol %o 35%
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. ol

1. 3. 2. Xk Z4)
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s
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3+ (peptide  polymer)2Fal

==
=

%= E3tH(London et al., 2010).

o} AlEl AEH(-CH,S-SCH,-), 3 2 ¥(disulfide bond)
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=
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=

3%

e

4] 37, 4
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WAAsl W27e 1Fol
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A THRobbins & Crawford, 1991).

Table 1. Overall composition of human hair

Approx. concent in weight % dry hair

Whit hair Asian hair
Component Evans & Wickett
eI K (2004)
(2012)
Protein 91 80~90
Lipid 4 1~9
Sugars 1.0 -
Protein-bound sulphur 4.7 -
Ash 0.5 -
Melanin pigment - 3~4
Mineral - 0.55~0.94
Zinc 200ppm -
Water - 10~15
— 2 1 —
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Coo — ? —CH,—( )—OH
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Tyrosine (Tyr, Y)

H
|

L+
H.N

Aspartic acid (Asp, D)

H
| NH
COO— C— CH:— c\/ \FH
[, \ 7
H.N HC—H'N

Histidine (His, H)

Polar

CO0 — C—CH,—c0o0

H OH
CoO0—C—~C—CH,
HN" H

Threonine (Thr, T)

[efe]e}

Acidic amino acid

H
|

H

H H
_C _CH, .
COO—C—CH.—CH_ ~ COO™~C-—CH_ coo ¢ —CH.—)
HN' H.N' — H.N'
Leucine (Leu, L) Valine (Val, V) Phenylalanine (Phe, F)
H o o H H
2 % - ) =
coo—C° CH: COO—C—H CoOo C‘) CH,— C—CH
" / " # — NH
HN'—H.C HN H:N 2\ D
Proline (Pro, P) Glycine (Gly, G) Trytophan (Trp, W)
H H 7o
CO0—C—CH, coO—C—CH,—CH,—S—C COO (‘3 ﬂl CH,—CH,
H,N' HN H.N' H,C
Alanine (Ala, A) Methionine (Met, M) Isoleucine (lle, 1)
Hydrophobic amino acid
H H H
o | _NH, | _NH,
COO—C—CH,—OH CO0O— C—CH,—CH,—C CO0—C—CH,—C
h s ~o \ ~o
H.N H.N H.N'
Serine (Ser, S) Glutamine (GIn, Q) Asparagine (Asn, N)

H
COO—C—CH,—SH
H,N'

Cysteine (Cys, C)

amino acid, uncharge

i
C—CH,

H.N'

Glutamic acid (Glu, E)

CH,—C00

€00 —C_—~CH,—CH,— CH,— CH, — NH,"

[ @
H.N

H
|

CO0—C—CH,—CH,—CH,—NH—-C

"
H.N

Basic amino acid

¥ 8 €
Lysine (Lys, K)
_NH,

SHIN

Arginine (Arg, R)

Fig. 5. Structures of the amino acids in human hair.
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Table 2. Amino acid composition of different human hair (%).

3t & 7 Kon et Robins Robins

) ) (2008) al(1998) (2012) (2012)
Amino acid

permed permed  bleache permed

hair hair, d hair hair,
Aspartic acid 4.12 8.3 4.32 4.37
Threonine 5.87 6.9 5.88 6.16
Serine 8.83 8.0 9.73 10.85
Glutamic acid 12.5 17.2 9.99 10.3
Proline 4.38 5.1 5.82 6.39
Glycine 3.22 5.2 4.15 4.5
Alanine 2.88 6.3 3.57 3.7
1/2-Cystine 13.7 9.0 7.31 15.09
Valine 4.33 6.0 4.64 4.87
Methionine 0.39 1.1 0.38 0.5
Isoleucine 2.14 3.6 2.2 2.27
Leucine 2.87 9.2 4.85 5.09
Tyrosine 1.3 2.5 1.46 1.83
Phenylalanine 1.7 2.0 1.29 1.39
Cysteic acid - - 6.55 0.27
Lysine 0.54 3.5 1.8 1.98
Histidine 0.56 0.7 0.55 0.65
Arginine 6.99 5.4 4.86 5.11
Cysteine - - - -
Tryptophan - - - -
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Table 3. Reducing agent composition for perm waving

Ingredient Percent(%)
Thioglycolic acid 6.0
Steareth-20 2.5
Frangrance 0.5
Ethylene diamine tetraacetic acid 0.2
Colors As required
Water g.s.”
Ammonium hydroxide To pH 9.3

‘g.s., add water to 100%. Evans & Wickett (2012).
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Table 4. Oxidizing agent composition for perm wave product

Ingredient Percent(%)
Hydrogen peroxide (30%) 7.0
Polysorbate-40 2.5
Phenacetin 0.5
Water q.s.b
Phosphoric acid (85%) To pH 4

For making the oxidizing agent (Table 4), heat the water to 75C and melt
the Polysorbate-40 and slowly add it to the water with stirring. Cool to
room temperature and then add the peroxide, the phosphoric acid and

preservative °q.s., add water to 100%. Evans & Wickett (2012).
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gg-e 3 s FAF stvE =94 -

oA §-F=gto] F2lEQtH(Das & Ramaswam, 2006). ©]# 3+ &
2 oA EaEs Aiteted 1 5 4l IR
HolAle] 7 AL 50~55C, pH 8~9W oA 30E7+S Yepict
(Varela et al, 1997). E#o] Hell Algsl FUA= 44 AFS=Z pH
6~11 H9lolH, A & oA A2 ¥ th(Krulwich, 1995 ; Yumoto, 2002).
olgfgt olfE Lz oA HIPE ke mAh HA ALE 7hsE 7
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dlelre] FQFEN A& Tk B glor(e]l & 72011), AR
ars o83 APo] ArHEal=S FH Al Aste €
A8 tHKwon et al., 2013). L2y &4 EE EE
YA AEstA Aol ﬂﬂ"ﬂ A7 o=

2

m

= O_>E,
o,

N

—_

—_4
P

_43_

Collection @ chosun



1. 1. A 229 A%
Aol AgE A

2

"5 ) %
b oo T
%M‘Mﬂm
Eox
o o
i -
273
-
Dow g
A
Mm&ﬁ?ﬁ
oiinkm
2y Moo
oF .
o XN o
HoWocmom
CRC
DG
_SLHTEL\n__/N_
ﬂOT,AI,.mﬂ
T
N
71_5131%1
o T
° )
— . X
e T =
B
mw g oo 2
T e W W
T o &
ol T
ﬂﬁufﬂ_z
CEC I

],

A<
T

°

7}

J

Pz
“

e 2
3}ks

=

=

-

Fo] pH 9.22 %=

oA A

7}

“
981 ml®] €NS IL volum flaskel] %732 DWE IL7} HE=Z =

=]

45 mLel 0.1%

}-

o
=

ol

Al 2~ €| €1 (Cysteine) 2

(Monoethanolamine)©] 0.2 pH 9.042] /o, 298 ksl

R

At
- 44 -

Z~(Alcalase 2.4L FG, Novozymes)= %724
[e;

}32 0.1 mol/L HCI

5t

[€)

3

1o} 2kl A

A el
bl A

ul z)
°

2(APE)Z 0.05 mol/L HEoE ¢4

"

f

itk BYolE 592 DW(distilled water) 1Loll borax(Na, By Oy,

o

=

°

45
o}
4CE Y4 By

-

Ao AHgE o

L 3. H AF

ul z)
|
Els

2

o

g

Sigma Aidrich) 10 g
Z

o] ARE
Collection @ chosun



Zx(Hydrogen peroxide, Hy 0. )& T OS2 3} pH 342 A&t 2=
APEAES 2drg: BEN Speed Multi Perm, & 313bE2] A <
stAlolth, @ H AL IAUAE A =2 F4HThioglycolate Ammonium, Cs
H;NO, S)°] F/d+o]al pH 9.329] A H oM, AtsiAl= st as 7]
Hto 2 k= pH 3.71 AlEolth. d H AFSAES EdW: Repit U,
PK-RESTORE S1, (CREATE ION®, Korea) 3149} Repit U, PK-RESTORE
N2 (CREATE ION®, Korea) AFBHAlZ 1]-&A] & npAl o ZHE F-¢late] ALg
Eass

()

1. 4. 8 A&

Zo FH AN&Ee FAAS =¥sta AE 13 cme FEZ o] &35ko] 9oy
% 7} (45C) 10 min, AFAH=A] (22°C) 15 min At AlF F g-S=g}o]
st th AFEkAlE 10 min $9F A@lEtal &4 0.1% W A 2Ee 50T
A 30 min Asilth ZH2be] F= 3 AP AAFES Fig 791 F= H A
T2 Fig. 8o YERA S o] EFE Table 5 ©f ¥%7]
sholth. A9} AbstAol] ot muko] go]H WIS Fig. 11 ~ Fig. 12
o} Fig. 149 YERA ST
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e
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Pre-conditioning agents

preteatment Reducing
agents Perin wrap
and processing
times Rinse with
water
[\m e ﬁAﬁ - & I — 2
-
Stylin i
tyling Rod off and Rinse Towdl
Apply neutralize Dry
New method,
enzyme treatment &Q
#i
~— — —

Fig. 7. Procedure of cold perm wave.
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Classification of cold permanent wave

Sample 1. Conventional cold Sample 2. Ernzyme permanernt
—- |
permanent wave | wave
|
|
Sample 3. Ice water | Sameple 4. Enzyme
permanent wawve : pretreatment
|
Sample 5. Enzyme mixed :
with reduring agent |
|
|
|
|
Mixtrue of 4 Prefeated
permanernt . . - with Enzyme
Reducing agent applied - %
agent and at 50°C
Enzyme : for 30 mins
! :
¥ ¥

The winding on the rods.
The sample needs thormostat
for 10~156 ming at 55°C

or ig placed at room temperature

I}

HRinse with water

Treated with
Enzyme
at 50°C

for 30 ming

Oxidizing agent with
hydrogen pernxide at room

temperature for 10 mins

h 4 ¥ I'

Styling

Fig. 8. Classification of cold perm wave.

_47_

Collection @ chosun



.‘E of

Table 5. Classification list of samples

E¥3FaL 50Col Al 10 min, AFAHEX
2 AlHsle] 71%3lal Heating ©o}o]&
mmE ©]-&3le] ~ufo]d A (spiral curling) Al
= F21E 80T ~200C 7HA] 22k =2 A A
AA & 2 fJo|B e FAE flste] Ak Al
ME ZE 18 mm= Al Q1Y ste] AbshAlE =EEHGITE 4EshAl= 10 min
Sob AYsta &4 0.1% 95 Ay ke 50Tl 30 min B¢t AR
71zvel A 3 AP BA-L Fig 9ol Yehdlen, 4 A A ¥4 Fig
10 o YJeRiAch 8 25327 Als 75 Table 591 %7130t

Name
Explain Cold perm Heat perm

40C 80C 160C  200C
Virgin hair Con Con Con Con
Perm wave trea.ted w1.th. conventional El cl Al o1
hydrogen peroxide oxidizer
Perm wave treated for oxidizer by protease E2 C2 A2 02
Perm wave treated in water E3 C3 A3 03
Perm.wave pre-treated with protease in 4 ca Ad 04
reducing agent
Perm wave treated mixture by protease with Es s AS 05

reducing agent
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Pre-canditioning agems

: I i
s Reducing agents Ralasaxion of hair o
Processing times R e et Q
d T )
—_— — 1:— }_ —
perming solution
Frocessing times vanies l
aczarcingta the porm solution Pein wiag

and hair tyne

Apply neutralize
Styling L
Hew methed, | ¥ \
eneyme treatment ’ =
L=
il Rods off and rinse r\

Ralling hair 20 the rads ar cusars

Fig. 9. Procedure of heat perm wave.
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Fig. 10.

Classification of Heat Permanent Wave

Sample 1. Cenventional heat Sample 2. Enzyme permanont

F—= =

Permaners wave wave

Sample 3. Iee water Sample 4. Enzyme

permanert wave pratreatment

Sample 5 Enzyme rmixed with

reducing agent

I
I
I
I
I
I
I
I
I
I
I

v

Reducing agent applied .

el

Hair softening fime for 10~15 mins

Micdure of

permanent

Preteated

with Enzyme
at 50°C

apent and

for 30 muns

Enzymu EEE s = = Z
= at 55C or is placed at room temperature

I :
Vel
Softening test and rinse with water
v il
¥ l ¥
The winding on the rods or curlers
TR E
¥ v

Frocesusng times for 10~15 mmir

I

I .
| ;
L 4 k4

Treated with

In ire Ondizing agent with

Enzyme

water for

hydrogen percogde at room St
;i ; f G : at 50°C for
30 minsg temperature for 10 ming

30 rrans

|
l T

| i
v Yy ¥

Rodsz off and shampoo

Sarnple

Sarmple
Sample
Sarmple
Sarnple

Stvhng

G B3

(1

Classification of heat perm wave.
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> Reduction -
— ,
Keratin -S-S- Keratin | -SHHS-

Oxidation

Cystine Cysteine

Fig. 11. Reduction and oxidation of hair with sulfite bond.
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-5 _ H H _ s\r‘ﬁe ¢ I ,6’6"
ol ™ 3 e ?-SH ] }-S-

-5 H H ‘[SHHS \ ‘}‘S‘S“
Original Reduced hair Rod-winding Oxidized ha

Fig. 12. Reducing agent and oxidizing agent for wave change by rod-winding.

- 52 -

/Collection @ chosun



o At

Ny

rg
o

N
¢

B

1]

M E(S)e AAAT ofZdole] &

T

Z(Jl}\

(Sc, Sp)a

o)
=

yS|
=i

}9 th(Hatch, 1993). €]

A5

Ar

ol

x
N

g
0

2ol

ol
ol

o] g3l 574

=
=

TAH300 mm Samil, Korea)
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S
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Hatch

%100

Hatch (1993)

Final measurement-Initial measurement
Initial measurement

Dimensional change (%)

(1) S (%) = [(Li-Lo)/LoJ x100
(2) Se (%) = [(L-Li)/Li] x100
(3) S, (%) = [(Ls-L))/L,] x100
4) Sq (%) = [(Ls-Lo)/Lo] x100
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O—

, 53|

Fig. 13. Hair shrinkage calculation of dimensional change. L.: length of initial

measurement, L;: length of after measurement in perm formation, L,: after 24 h
measurement, Ls: after 4 week measurement, S: Initial shrinkage, S.: after 24 h
shrinkage or increase, S,: after 4 week shrinkage or increase. Sq: the straightness

degree of after 4 week in Lo and Ls.
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(scanning electron microscope) 2.2 Z7d3l= WHo] Stk o
WHe R DME o]&35te] Bardrk(o]l & ¥, 2010). 12 DME ©] &3}
A R R S48k Ao vAgE ke Qg exrh wHAE
Qomz (xFHoew 10 7lHS DMOE A3 3T SEM, JSM-7500F
made in japanS.Z A FHA3IGY. FEREHLS IS =
Cressington Sputter Coater 108autos A}F83}l% 20 nm=zZ o+
coating)ﬁ}ﬁifl‘l] Condition 5 kv, WD (working distance) 10.4
800~1000 ¥l&= Z743th. SEMS dwrH oz muke] ¥ dsle] g
Begozw EAsk= de] AR flow o] Ve e A BES
A& 3ch(Velasco et al., 2009). Z1ze] 2wk F 10 WY SAH & H239 F
ks Aol Bt FEAAE TFelen, SAAHEE HAHdETE ¢

BH BRI RE 5 ecm AF Ale] &2 3kt

R

AlgEgke wt ko w FASHA Y QW EF(Rheometer, CR-300, Sun
Scientific, Co, Japan)E Al-&3te] FHAsIsith SA#Y AFAHS At 7
A& 10 7F=HS Digital micrometerS ©]-83}] 8~9 mm= AW 3slo] At}

Habs Faiglvh JAFF =} AFES =it AR I =
R A=l AW (KS K0323)dl FEsho] Aty g2 5
mm, Speed 20 mm/min = E AASITE ARA e 22Tow FEe

65% %3 T},

W

3
AN H
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o} Eabe A wHb7|(Thermo Micromixer Mxidt Fineper Co)Z  Tachometer
1600 rpm, =%=%71 50T, 50% F<F AR AAS At AR
dho FztHl MB £9d9S F=5tuxl ke Fo] 2}o]¥(Kimtech science
% 15 mL conical tubeo] Yil 100% ethanol 49%,
glacial acetic acid 1%, 50% <%= 5% NR desorb solution 5 mLS 4
o} 5 min ¢ F=3th FEE MB &4 w27 Ratiolaboll 1000 pL
A dolx  EF-3F33 % Al (spectrophotometer, Ultrospec 3100 pro, Biochrom,
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12
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i
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Alm B el FeA wsts fEeby] ffste] wd
(scanning electron microscopy, SEM, JSM-7500F, Japan)o.2 ¥#zHe}ic), -z
e BUE AFH F dxstd 2y 3Ws ¥ o] &FY7I(E-130
Hitahico, Japan)E A}-&3l4] 20 nm= 9+ ¥ (platinum coating)d}3 o™ 7}
2 7%+1.5 kv, Working Distance 8.00 mmo. 2 x2000 v]& =73} t}.
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YERRSITE 80T & H S C2) C3) C5) C4) Cl, 160T & FH S A2) A3
=A4) A5) Al, 200C 4 F SE& 02) 05 03) O1) 04= ESTE 80T,
160C, 200Co A S AR GAE AstA] dj&o= gk ZHd 7]E9]
Hikstras e AsAE AR 2 2-748%0°  Hlste]  E&
13.61~20%°] THES Wbl do]B e FAY mgk -Fsirial 3
th ol g A o] et al(2009)2] ATolA FAA L AL AERETt E
obflell wet fojH FAYo] st Baer fAkg AR 160T 9k 20
0Ce] aeoA F7hd dolB FFES YeEpATh 18y 160 200T
oA TMARINEALE APIAE & B H9E 1.33~6.67%Y W FE
5 YEylh o d xHEAE AAYARE AFETORE 9
: Z7WNA 4 Adoka Baskgth ey 2 AT
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A &S YERdo] dlolH FFEo] ¥ Eio]l §A&S WA yeidn=

o o

=5 Ho FAE FTFS A Erhs o] et al(2009)9] Harel fAF

ol

(=)

B o
ukich

_59_

Collection @ chosun



S

olH. E&E ¢

VNEoR AHS
7batdth. % (2015) SR 9o

o2 WL

ko3
T

oj¢t A<=

jus)

:;I
o o —D'
IR
o o

jus)

_

o 1

O

1%
ECRD)

M
- z o o

iy,
-
1%

El

Collection @ chosun

Rl

Al

Fahginh
274stel el

3]

L
S e e

offt w o Sk
M

O

_

_60_



1. 4.4 e A 355

A P 47 T 27 F A4 A 2] ZolE Hug AA IE&S
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Before perm Formation perm wave After 4 week
(@ Cold perm wave styles by 40C, E1~E5

WA S Y

Before perm Formation perm wave After 4 week
(b Heat perm wave styles by 80°C, C1~C5.

Before perm Formation perm wave After 4 week
(©) Heat perm wave styles by 160°C, Al~A5.

U0

Before perm Formation perm wave After 4 week
(@ Heat perm wave styles by 200C. O1~O5

Fig. 14. Perm wave styles by @, (®), (© and @. Con: virgin hair. Treated with
H,0, oxidizer: E1, C1, Al, Ol. Treated with protease: E2, C2, A2, O2. Treated
in water: E3, C3, A3, O3. Pre-treated with protease: E4, C4, A4, O4. Reducing
agent mixture with protease: ES5, C5, AS, OS.
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Table 6. Wave forming, maintenance ability and straightness degree of hair wave

by cold perm (407C)

Length (cm) Shrinkage (%)
Samples
Lo L, L, L; S Sc Se Sa
145 93 11.5 11.7 35.86"  23.66° 2581  19.31°
Fl +0.10 +0.4 +0.26 +0.29 ) ) ) e
145 10 10.5 11 31.03° 5 10° 24.14°
k2 +0.11 +0.4 +0.30 +0.41 ) ) ) e
145 9.5 11.7 11.7 34.48° 2316 23.16°  1931°
B3 +0.24 +0.52 +0.24 +0.21 ) ) ) e
14.6 10 12 13 31.51™ 20° 30° 10.96
B +0.23 +0.35 +0.45 +0.2 ) ) ) e
14.6 103 12.4 123 29.45° 2039 19.42°  15.75°
= +0.35 +0.18 +0.24 +0.2 () ) ) e

(+): length increase, (-): length decrease. L,: length of initial measurement, L;:
length of after measurement in perm formation, L,: after 24 h measurement, Ls:
after 4 week measurement, S: Initial shrinkage, S.: after 24 h shrinkage or
increase, Sp: after 4 week shrinkage or increase. Sq: straightness degree of after 4
week in Lo and Ls El: treated with H,O, oxidizer, E2: treated with protease, E3:
Treated in water, E4: pre-treated with protease, E5: reducing agent mixture with
protease. MeantSD (n=6). a-d Values with different Ietters are significantly

different (p<.05) by ANOVA and Duncan’s multiple range tests.
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Table 7. Wave forming, maintenance ability and straightness degree of hair

waving by heat perm (807)

Length (cm) Shrinkage (%)
Samples
Lo L, L, Ls S Sc Se Sa
14.7 13.6 13.6 13.7 7.48° . 0.74° 6.8"
“l +0.22 +0.16 +0.22 +0.19 ) 0 ) )
147 127 12 135 13.61°  551° 630 8.16"
© +0.21 +0.14 +0.43 £0.17 ) ) ) )
147 12.9 133 13.6 1224 3.10° 543 748
© +0.23 +0.20 +0.24 +0.13 ) ) ) )
14.7 135 13.7 142 8.16° 148 519" 34°
“ +0.15 +0.08 +0.14 +0.22 ) ) ) )
147 132 13.5 135 1020° 227 227 8.16"
© +0.16 +0.15 +0.14 +0.29 ) ) ) )

(+): length increase, (-): length decrease. L,: length of initial measurement, L;:
length of after measurement in perm formation, L,: after 24 h measurement, Ls:
after 4 week measurement, S: Initial shrinkage, S.: after 24 h shrinkage or
increase, Sp: after 4 week shrinkage or increase. Sq: straightness degree of after 4
week in Lo and L; Cl: treated with H,O, oxidizer, C2: treated with protease,
C3: Treated in water, C4: pre-treated with protease, C5: reducing agent mixture
with protease. MeantSD (n=6). a-d Values with different letters are significantly

different (p<.05) by ANOVA and Duncan’s multiple range tests.
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Table 8. Wave forming, maintenance ability and of straightness degree of hair

waving by heat perm (1607C)

Length (cm) Shrinkage (%)
Samples
Lo L1 Lz L3 S SC SP Sd
15 143 13.5 13.8 4.67° 5.59° 3.50° 8¢
Al
£0.32 +0.18 £0.15 £0.25 ) O] - O]
15 12 122 12.5 20° 1.66° 417 16.67°
A2
£0.15 £0.24 £0.09 £0.14 ) ) ) )
15 14 13 13 6.67° 7.14° 7.14" 13.33°
A3
£0.55 £0.19 £0.14 £0.17 ) ®) ®) ®)
15 14 14 14 6.67" . 6.67°
Ad 0 0°
£0.15 £0.16 £0.09 £0.12 ) )
15 14.2 14.4 14.5 533° 1.41% 2.11¢ 3.33¢
A5
£0.15 £0.14 £0.14 £0.15 () ) ) )

(+): length increase, (-): length decrease. L,: length of initial measurement, L;:
length of after measurement in perm formation, L,: after 24 h measurement, Ls:
after 4 week measurement, S: Initial shrinkage, S.: after 24 h shrinkage or
increase, Sp: after 4 week shrinkage or increase. Sq: straightness degree of after 4
week in Lo and L; Al: treated with H,O, oxidizer, A2: treated with protease,
A3: Treated in water, A4: pre-treated with protease, AS: reducing agent mixture
with protease. MeantSD (n=6). a-d Values with different letters are significantly

different (p<.05) by ANOVA and Duncan’s multiple range tests.
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Table 9. Wave forming, maintenance ability and straightness degree of hair

waving by heat perm (2007C)

Length (cm) Shrinkage (%)
Samples
Lo L1 Lz L3 S SC SP Sd
15 14.7 142 15 2 3.40° 2.04% .
ol 0
+0.05 £0.17 +0.15 +0.18 ) 8! )
15 12 133 13.7 20° 10.83°  14.17° 8.67"
02
+0.12 +0.14 +0.39 +0.21 ) ) ) )
15 14.6 15.1 15 266" 342° 274" .
03 0
+0.15 +0.22 +0.20 +0.25 ) ) )
15 14.8 15 15.5 133" 1.35° 473" 3.33¢
04
+0.22 +0.18 +0.30 +0.27 O] (+) ) )
15 14 14.4 152 6.67° 2.86" 8.57° 133"
05
£0.11 £0.21 +0.14 +0.24 ) ) (&) )

(+): length increase, (-): length decrease. L,: length of initial measurement, L;:
length of after measurement in perm formation, L,: after 24 h measurement, Ls:
after 4 week measurement, S: Initial shrinkage, S.: after 24 h shrinkage or
increase, Sp: after 4 week shrinkage or increase. Sq: straightness degree of after 4
week in Lo and L; OIl: treated with H,O, oxidizer, O2: treated with protease,
O3: Treated in water, O4: pre-treated with protease, O5: reducing agent mixture
with protease. MeantSD (n=6). a-d Values with different letters are significantly

different (p<.05) by ANOVA and Duncan’s multiple range tests.

_66_

Collection @ chosun



of mte] HV|E A A% s dEhow, 1 s =2gsigltt
(Table 10) (Fig. 15). 3 A l¥ =S SEMS o|&3lo] Fstrtor wubol
#7185 S 4% 2= 3 AHoz G4E A gz A E2v
El°l H]3led 2.18% 57k 160CeA & H AHegld

The dEgt ey 4 A FAHoR 80T EAE AsA dgow
AgE & Clol H3ke] 10.95%, 200ColA Hg® 02% Ol H]s}
1.37% #AE Yelgth ol#dt Ax= Aol 2bshAl Azl Glycerind}
Hyaluronic acid 2%E *W3sle] Az H A= Alsd 2ol #7717 F7Fsh
of L7 AAHATE A2 TeE FARE e (o] & 3 2014), AP o]
A7HEE =S A mike] #7177 FUkste] REdS Atk Bl

o} FAFSF THKwon et al.,, 2013). AFAF Aol ot §3HA AlES B
o]l H7IE A e Yo =) ojglg o fE FH Ale T Huayer B
Aol AT AR ez Ha "Hrke] & &, 2010). o3 A= A

hEl =
Al BN B F719] SUbe 4RV dad Aow ddd S Q)
Ay or gas A gow A == 3 A4 E29F € F 160T

N=
E
o A2t me] £AEE 7AAY S s Aow ARH
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Table 10. The thickness change of perm treated hair by Alcalase

Type Cold perm (um) Heat perm (um)

Temp 40°C 80C 160C 200°C
Samples Con El E2 Cl C2 Al A2 01 02
Aver 120.12 80.76 82.52 110.75 98.62 108.12 114 98.52 97.17
Stdev +16.93 +10.11 +14.29 +5.65 +5.66 +8.01 +8.43 +11.9 +3.86

Con: virgin hair, E1, C1, Al, Ol:Treated with H,O, oxidizer, E2, C2, A2, O2:
Treated with protease. MeantSD (n=8). a-d Values with different letters are

significantly different (p<.05) by ANOVA and Duncan’s multiple range tests.
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Table 11. Mechanical properties of perm treated hair by Alcalase

Cold perm Heat perm
Type
(zam) ()
Temp 40C 80C 160°C 200C
Samples Con El E2 Cl C2 Al A2 01 02
Tensile
" 15725 13400 13863 13525 15925 13988 15200 14188 14313
strengt
+1828 2125 2275 +1386 +1478 +1612 +3048 +1576 +1928
(g/cr)
Elongation 25 1991 2197 211 2148 22.80 2298 21.44 20.53
(%) +2.83 +2.85 +1.77 +2.82 +3.49 +2.30 +3.33 +2.56 +2.61

Con: virgin hair, E1, Cl1, Al, Ol: Teated with H,O, oxidizer, E2, C2, A2, O2:
Treated with protease. MeantSD (n=8). a-d Values with different letters are

significantly different (p<.05) by ANOVA and Duncan’s multiple range tests.
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Fig. 16. The tensile strength change of perm treated hair. Con: virgin hair.
Treated with H,O, oxidizer: E1 (40C), C1 (807C), Al (160T), O1 (2007T).
Teated with protease: E2 (40C), C2 (80TC), A2 (160TC), O2 (200C).
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W Control B Conventional methods B Alcalase enzyme methods

Elongations (%)
=
G

c1c2 A1 A2 0102

Fig. 17. The elongation change of perm treated hair. Con: virgin hair. Treated
with H,O, oxidizer: E1 (40C), C1 (80TC), Al (160T) and O1 (200C). Treated
with protease: E2 (407C), C2 (80TC), A2 (160C) and O2 (2007C).
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Fig. 18. SEM images of the hair cuticle with treated protease (cold perm). Con:
virgin hair, El: Treated with H,O, oxidizer (40C), E2: Treated with protease (4
07C).
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Fig. 19. SEM images of the hair cuticle with treated protease (heat perm). Con:
virgin hair. 80C: C1, C2. 160TC: Al, A2. 200C: Ol, O2. Treated with H,O»
oxidizer: C1, Al, Ol. Treated with protease: C2, A2, O2.
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Aglgk A AZF o] EFE 3R mA e IS dotry] 98 H
Aegd 2aS MB fMste] F3 % A @S dEhSla aegEE =248
St tH(Table 12), (Fig. 20). A2y} iz A4S F3=
0211420012 nm= F AZd ZE
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oA thedel S7HE As et AF 2 T P FER gkl
SVt thadoel F7F | B dH 160To A 7|Ee] ks aT) 3
FE ABHAE A23k 2ErE 0.423440.03 nm #S YERRoH, 7P e &
FE ez muk Eao] Ao e Fe 3 AN 45 AEAE %
2 et B 0.2216+0.04 nmE YERNATE ZH7be] H A BAA F= 3
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160C A2 2649% 74, € FH A 200C A B 2544% 74
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M Control  EConventional methods B Alcalase enzyme methods
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Fig. 20. Absorbance changes of the perm treated hair. Con: virgin hair. Treated
with H,O, oxidizer: E1 (40TC), C1 (807C), Al (160TC), O1 (200C). Treated with
protease: E2 (407C), C2 (80TC), A2 (160TC), O2 (2007C).
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Table 12. Absorbance changes of the perm treated hair.

Type Cold perm (nm) Heat perm (nm)
Temp 40C 80C 160C 200C
Sample

Con El E2 Cl C2 Al A2 (01 (0]

s
Aver 02114 02344 0.2216 0.3942 03155 0.4234 0.3112 0.3963 0.2955
Stdev +0.01 0.02 +0.04 +0.03 +0.04 +0.03 +0.07 +0.06 .06

Con: virgin hair, E1, C1, Al, Ol: Treated with H,O, oxidizer, E2, C2, A2, O2:
Treated with protease. MeantSD (n=5). a-d Values with different letters are

significantly different (p<.05) by ANOVA and Duncan’s multiple range tests.
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1. 2. 1. @AESH a4 S84 A (SAP)

_
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oA Aojz Z 2] SAP (Spectrophotometric acid protease units) TH =
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224 93=4= 1.5 L Bottleo]l DW 1 L} Z2]Al(Sigma Aidrich) 15.01 g2
o] wykelal 0.2 mol/Le] NaOHE ©]-83to] pH 922 ZAsta W w3t
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Shd A, AbskAl, A=A Aol -8t

Table 13. Classification list of samples by Sparassis latifolia enzyme

o]

AR

Name Explain
Con Treated with H,O, oxidizer H,O,
S. latifolia enzyme extracted with borax buffer for added to
RSEB
Added the reductant
reductant S. latifolia enzyme extracted with glycin buffer for added to
RSEG
the reductant
Applied OSEB S. latifolia enzyme extracted with borax buffer for the oxidant
oxidant s . . .
OSEG . latifolia enzyme extracted with glycin buffer for the oxidant
S. latifolia enzyme extracted with borax buffer for treated to
PSEB
Appied pretreatment
pretreatment S. latifolia enzyme extracted with glycin buffer for treated to
PSEG

pretreatment

Collection @ chosun
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SAPHE o] &3t ZZHolAl a4 54 A3 25 mg/ml FEolA tx
T 748 HE A (Happy enzyme, B 2~%Ivfo] @ 8= OD #t 1.0330]™ &A%
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=
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OD k< 0.59980]M GATAL 3041 unit/minl.2 2Tt HUTHE o]&
Sk X 2HolA aAgAd SAHAFA gl ZFolHA FUHT
g4S yeRth a8y dizat vlste] w2 A4S YERITE 50 mg/ml

ol 6 unit/mino.Z 1%}
289001 &AL 66.00 unit/minl. = 3

0 O i ol
3@
i
wn
(U'8]
o,
@)
)
=
rlo
(U'%]
o
N
o,

)
fol

b

o

oX
rlo

2
LW

zﬂMq.ﬁAHOE.mgﬁA Gagye] oWl Buo] wste]
degth ey $E7 B25S BABYE ¥ SEns vEg 24

Collection @ chosun



sto] 3 A=A S8 7hsettkal & = v

PlantH] S ©|&3lo] 2okl &S SHg 23} 25 mg/ml F=olA U
Z OD #2 1.8361°]™ &2 9420 unit/minS 2 FHQAE ST S39]
OD & 2813300 EAFAL 14457 unit/min® 2 Q1 v} Lo Al
2ol OD 2 2404301 FAFALS 123.4%unit/minS 2 I EATE 50
mg/ml 5% ZANA 2T 0D #2 23770011 G472 122.08 unit/min
oz gxQrl S32] OD #e 3.7403°0]™ FAZAL 192.36 unit/minC 2
golg et LFolwAl Eel oD e 1312101 E4AFAALS 6719
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g o] WA F1E A
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Fig. 21. L-tyrosine standard curve.
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Concentration : 50 mg/ml
. HUT

Sparassis crispa enzyme activity
= SAP
| 1 Plant

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

w

"~

O. D. (285 nm)

-
L

=

Sample No.
Fig. 22. The result of protease activity (respectively experiment method and 50

mg/ml concentration).
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Sparassis crispa enzyme activity

]
Concentration : 25 mg/ml
. HUT
I SAP
4 | =0 Plant
-
g
s 3
&
8 /3
1
4 | Il [
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Sample No.
Fig. 23. The result of protease activity (respectively experiment method and 25

mg/ml concentration).
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Table 14. Classification list of samples by Sparassis latifolia enzyme activity

No Meaning Inoculum type of bacillus

| PO 5%(w/v) Sparassis latifolia powder, MRS broth 100 ml
+ (DLP3105

2 PO 5%(w/v) Sparassis latifolia powder, MRS broth 100 ml
+ (QLA3140

3 PO 5%(w/v)Sparassis latifolia powder, MRS broth 100 ml
+ (QLH3545

4 P@ 5%(w/v) Sparassis latifolia powder, MRS broth 100 ml
+ @LB3635

5 S 150 g dried Sparassis latifolia, 0.4% yeast extract 1.47L
+ (DLP3105

6 @ 150 g dried Sparassis latifolia, 0.4% yeast extract 1.47L
+ (QLA3140

7 N6 150 g dried Sparassis latifolia, 0.4% yeast extract 1.47L
+ (QLH3545

] S@ 150 g dried Sparassis latifolia, 0.4% yeast extract 1.47L
+ @LB3635

9 FPQD Sparassis latifolia + (DLP3105 + Filtration

10 FP® Sparassis latifolia + @LA3140 + Filtration

11 FP® Sparassis latifolia + (QLH3545 + Filtration

12 FP@ Sparassis latifolia + @LB3635 + Filtration

13 S.latifolia powder No inoclum Sparassis latifolia powder

14 c@ Only (DLP3105

15 cC® Only @LA3140

16 c® Only (3LH3545

17 C® Only @LB3635

18 MRS MRS broth

19 Yeast Yeast extract

20  Positive control Commercial enzyme

(DLP3105: Lactobacillus plantarum sub. Plantarum, (2LA3140: Lactobacillus
acidophlus, (QLH3545: Lactobacillus  helveticus @LB3635; Lactobacillus

delbrueckii subsp. bulgaricus.
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Table 15. O.D. and L-tyrosine content (HUT, SAP, Plant)

O.D. O.D. 0O.D. L-tyrosine | L-tyrosine | L-tyrosine

No. Meaning
(HUT) (SAP) (Plant) (HUT) (SAP) (Plant)
1 PO 2.1523 2.3188 3.6955 110.50 119.08 190.05
2 P® 1.9149 2.2465 3.8291 98.26 115.36 196.93
3 P® 2.1542 2.3774 3.5023 110.60 122.10 180.09
4 P@ 1.7340 2.2814 3.0177 88.94 117.15 155.11
5 N 3.3333 3.3267 3.4335 171.38 171.04 176.54
6 S@ 3.4486 3.5006 3.6898 177.32 180.00 189.75
7 S® 3.1196 3.8013 3.7403 160.36 195.50 192.36
8 S@ 3.5529 3.0959 3.6882 182.70 159.14 189.67
9 FPOD 1.5262 1.0940 1.1484 78.23 55.95 58.75
10 FPQ 0.5895 1.2724 1.1829 29.94 65.14 60.53
11 FP® 0.6182 1.1312 1.2094 31.42 57.87 61.90
12 FP@ 0.2058 0.6917 0.5820 10.16 35.21 29.56
13 S. latifolia powder 1.2890 1.8658 1.3121 66.00 95.73 67.19
14 c@® 2.4893 2.5006 3.4673 127.87 128.45 178.28
15 c® 2.1488 2.1800 3.6898 110.32 111.93 189.75
16 c® 2.0910 2.4867 3.6936 107.34 127.74 189.95
17 c@® 2.3003 2.3779 3.7028 118.13 122.13 190.42
18 MRS 3.4478 3.7045 2.1898 177.28 190.51 112.43
19 Y east 3.4478 3.7547 3.6898 177.28 193.10 189.75
20 Positive control 1.9562 1.1879 2.3770 100.39 60.79 122.08

Samples conc 50 mg/ml, unit/min., Abbreviations were the same as Table 14.

Collection @ chosun

- 100 -



Table 16. O.D. and L-tyrosine content (HUT, SAP, Plant)

oD. oD. oD. L-tyrosin L-tyrosin L-tyrosin
No. Meaning e e e
(HUT) (SAP) | (Plant) HUD | AP | (lany
1 PO 1.1593 1.6063 1.8372 59.31 82.36 94.26
2 P®@ 1.1926 1.6173 1.8657 61.03 82.92 95.73
3 PR 1.1888 1.6462 1.8370 60.84 84.41 94.25
4 P@® 1.2383 1.6323 1.8685 63.39 83.70 95.87
5 S@© 1.3824 1.8034 1.8752 70.81 92.52 96.22
6 S@ 2.2466 2.2359 3.1517 115.36 114.81 162.02
7 S® 2.1254 2.2984 2.8133 109.11 118.03 144.57
8 S@ 2.1259 2.1954 3.0425 109.14 112.72 156.39
9 FPO 0.2532 0.6977 0.6157 12.61 35.52 31.29
10 FP® 0.2658 0.7284 0.6726 13.26 37.10 34.23
11 FP® 0.2455 0.7244 0.6901 12.21 36.90 35.13
12 FP@ 0.0580 0.3219 0.3311 2.55 16.15 16.62
13 S. latifolia powder 0.5998 1.4163 2.4043 30.47 72.56 123.49
14 c® 1.3705 1.2513 2.6698 70.20 64.06 137.18
15 c®@ 1.2463 1.1893 2.4256 63.80 60.86 124.59
16 c® 1.1502 1.2319 2.3289 58.85 63.06 119.60
17 c@® 1.2633 1.5724 2.6724 64.68 80.61 137.31
18 MRS 2.5356 2.6127 3.6904 130.26 134.23 189.78
19 Yeast 3.4997 3.1290 3.6899 179.95 160.85 189.76
20 Positive control 1.3747 1.0332 1.8361 70.42 52.81 94.20

Samples conc.: 25 mg/ml, unit/min, Abbreviations were the same as Table 14.
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Table 17. Wave forming, maintenance ability and straightness degree of hair

waving by Sparassis latifolia enzyme

Length (cm) Shrinkage (%)
samples
Lo L L, Ls S Sc Sp Sq
c b de b
con 19.83 1435 15.32 15.85 27.63 6.76 10.45 20.07
+0.149 #0126 10177 £0.095 @) +) (+) “)
19.88 15.28 15.96 17.35 23.14 4.45® 13.55°  12.73%
RSEB
£0.134  +£0247 +0.189  £0.15 ¢) ) ) ©)
19.97 13.9 16.3 19.67 30.4° 17.27°  41.51° 1.50°
RSEG
£0.205 +0.545 +0.182 +0.134 ¢) ) ) ©)
19.88 15.95 16.08 17.13 19.77° 0.82° 7.40° 13.83°
OSEB
£0.134  £0.138 £0.177  +0.111 ¢) ) - )
19.85 1262  13.13 14.2 36.42° 4.04™ 12.52°  28.46°
OSEG
£0.126  +0211 =+0.111  +0.545 ¢) ) ) ©)
S 19.95 15.73 16.45 17.72  21.15% 458" 12.65° 11.18¢
PSEB
+£0.138  +0.602 +0.362  0.422 ¢) ) ) ©)
19.95 15.77 16.88 17.55 20.95% 7.04° 11.29°  12.03%
PSEG
£0.152 +0.388 +0.248  +0.105 ©) ) ) )

(-): length decrease, (+): length increase. L,: length of initial measurement, Li:
length of after measurement in perm formation, L,: after 24 h measurement, Li:
after 4 week measurement, S: Initial shrinkage, S.: after 24 h shrinkage or
increase, Sp: after 4 week shrinkage or increase. Sq: straightness degree of after 4
week in Lo and Ls;. Con: treated with H,O, Oxidizer, RSEB: S. latifolia enzyme
extracted with borax buffer for added to the reductant, RSEG: S. latifolia enzyme
extracted with glycin buffer for added to the reductant, OSEB: S. latifolia
enzyme extracted with borax buffer for the oxidant, OSEG: S. latifolia enzyme
extracted with glycin buffer for the oxidant, PSEB: S. latifolia enzyme extracted
with borax buffer for treated to pretreatment, PSEG: S. latifolia enzyme extracted
with glycin buffer for treated to pretreatment. Mean+SD (n=6). a-d Values with
different letters are significantly different (p<.05) by ANOVA and Duncan’s

multiple range tests.
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Initial virgin

er 24 h Final wave

Fig .24. Perm wave images by Sparassis latifolia enzyme. Con: treated with
H,O, Oxidizer, RSEB: S. latifolia enzyme extracted with borax buffer for added
to the reductant, RSEG: S. latifolia enzyme extracted with glycin buffer for
added to the reductant, OSEB: S. latifolia enzyme extracted with borax buffer for
the oxidant, OSEG: S. latifolia enzyme extracted with glycin buffer for the
oxidant, PSEB: S. latifolia enzyme extracted with borax buffer for treated to
pretreatment, PSEG: S. latifolia enzyme extracted with glycin buffer for treated to

pretreatment.
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H /\1@]]]& i=d) Hﬁ]

I AFE Slste] AVIA R R8-S A ¥ AT 204 A9
naks 3% B 5 cm o] %A 20 cmE HWEtal 2 g A g
_]

AxE ZFoHA 100 g TaITE  [fAb(Lactobacillus  Helveticus
KCTC 3545) 3%E A&stch. Ha3d2> DW 250 mlol| yeast (Bacto TM
Yeast Extract MD 21152, USA) 1 g (0.4% w/v)= 2°] Auto Clave DS-80A
(Dasol Sclentific Co)oll4] 121°C 15 min &<t B33ty B A= Clean
Bench (HB-402V Hanback CO.)Z ©]&3led 5 h &<t Wzhslal Uv A
o} wl e fabet ek MRS HiA| 37C oﬂH wjFatdon, 247k 10.5

ml S H#H Yeast Extract S0 HF3 & AxH LEFolHA 100 g=
dolth o AFE oA AEEt~A 1,000 mio] HEske] danjek

7] (shaking incubator, JSR JSSI-300CL)°| A 37T, 48 h & (fermentation) & 24
h &2 (22C)lA 5 sA434e A3k Easd 59 pHe= pHSA7I(pH
meter, Thermo Scientific)® 43 A3 Z7] pH 6.049]4 pH 3.24% W3}y
Atk FFEE o]&g OD # 600 nm oA F7] 02532014 HE *
0.92240] At
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L3 EgolMA §4F 2R B3

ZEoluA Akt L EY 240 mlS AEPAEE]7](Mega 17R, Hanil
Science Industrial, Korea)E ©]-&3}%] 10,000 rpm ©lA] 20°C, 30 min U4 &7
T ATAS AUk dAEYE AEde 500 ml T ETHACAA 99%
ethanol 120 ml ¥} &35l ¥ FH5IES AFL TFH A5 DWE
5l % conical tube (15 mhel HAA FF DA 7](Modulspin 31,
Centrifuge for Vocum Concentrator, Hanil Science Industrial, Co., Ltd. Korea)=
olgate] MNAE UEAX F HF FFAIE 1134 g & AAh Hde] AA

A AEE de7tE 9o 709 nustel g AldE Dwel g8 F 314

A3k
1. 4. EFoHA HF A 335 5% (DPPH, ABTS)

1. 4. 1. DPPH radical scavenging activity

A, L 9gEs FAAXT ol A dAE FE vYS dYold shar o
o] S5 A FAsAE e ole Y-S SA/T £ e
W o2 DPPH @ttt Al ARl WA AMEF L gtk DPPH &= AHile] 7t
A= & AR "ol 517 nm oA 52 FF spectrum S 7HA =T 0]
Aol 4 AAE AT F= AR FAAL} WHS-SPA hydrogen U S
Hhol phenoxy #HHZ-S AASHAl ¥tk DPPH & 2tz dEjolA] HepAls
war, o] wHw =gkl o] 2 2-diphenyl-1-picrylhydrazine (DPPH-H)o. = W&}
wrh oM e | ZQl DPPH & AspAEAZRYH HAa 52 45 AT
wow w girjZdE d3kEnh DPPH HS A& 84 52 f7]84 F
=59 kst g4 SANoR de AREste WHolthH & 4l 2015).
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ABTS radical scavenging= 574 A5} A4 A5 U &2A 24
= BEF 53 o] A8 W Hvke AHS 7HA A dvk 2 Aol
A= Jeong et al.(2009)%9] MRS W slo] =AU H(Fig 25). =750 &
sk 7 mM2] ABTS potassium persulfate 2.45 mM= 1112 Yo 3T 3ol
0.70£0.02 ¥ == PBS (pH 7.4)% 3|A 830tk 12-1647F &<t Shaell A8t

3L o2 stock solutione 341 % 89 800 plo] FEHE AXEH AR 1
WM& 7hste] 157 &9t WA T FHEE SASAT R oEE
gallic acid (Sigma, USA)E AF&31%3, =891+ 0.1 mg/ml~0.025 mg/ml=
=4 a3tk FEE9 ABTS o e 275 (ICs)2 &miwhs AMES dix
O FFEE 50% A7 2ash
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_aborbance of sample — absorbance of control

Antioxidant Uit =1 x 1
nttoridant activt y(%) absorbance of control 0o
Anthsdant
14 a0
121 n'-b—«o +40=H —> O + A0+
oN ‘ o3
1.0 - | |
g 08 / | l
g 06 |
04
|
02+ ‘
|
0.0+ ' ' . , - N ——p—
300 0 380 420 460 500 540 580 620 660

Wellenlinge (nm)

Fig. 25. Principle reaction of ABTS.
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1. 4. 3. Superoxide dismutase(SOD) activity

AN FAS Abd, e gAATE A W Ase] 71ds St
stzldoeletar st olel gk ksl Wl dS Fdstr] 9% 558 Vs
S 7 BHAE 7 AR A =42l Superoxide dismutase (SOD),

an

catalase, gluatathione peroxidase, Axi-AF Ay A|EZ Vitamin E, B-carotene, uric
acid, glutathione 5©°] ATk 53] SOD+= A oA A== 73 =
Farst 2Ags 7 aaRA Boaanrt b w2 dez A vk
SOD radical scavenging activity:= xanthine-xanthine oxidase system< nitroblue
tetrazolium (NBT)Z A7l SOD KitZ o|&3le] =4 &}=t], SOD Kit ¢
2]+ xanthine ©l| Xanthine-oxidase7]' ZLg-5hH 0, 7F AAEHT AAE O+
S8 NBTE $HAA EAhES YepliA B4 E 0, AATE 7t
 EAR Ql5te] walo] A== Y] o] t(Fukai & Ushio-Fukai, 2011).

-2 712 Buffer solution 19 mlo] WST solution 1 mlS =3}sk o}
Dilution buffer 25 mlol| enzyme solution (xanthine) 15 ulS &3slo] Ak
solutions FH|3FR o™, WS 7S (Fig. 26), (Table 18)el YEFH2ITE SOD
activity (Inhibition rate %)& A4t 322 b2 2ot

oo dlo

(Abl(mkl B Abl(mkii) B (Asample B Abl(me)

SOD activity(Inhibition rate %) = x 100

Abl(mkl - Abl(mkii

Table 18. SOD activity conditions

Sample | Blankl | Blank2 | Blank3
Sample solution 20 pl 20 pl
20 pl 20ul
WST working soultion 200ul 200ul 200ul 200pl
Enzyme working solution 20ul 20ul
Dilution buffer 20ul 20l
- 117 -
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MNanthine

0, Y 210, WST-1 formazan

]
H,0, 20, WST-1
uric acid
=S0D
0, + H,0,

Fig. 26. Principle reaction of SOD.
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1. 4. 4. Hydroxyl radical 27 &3} =3
Hydroxyl radical> €74
A AssLE A8kl DNAEAS S 57
ar, A Al I ol A
Fe’'t Cu™" o]&9] &4 3lolA
(Fig. 27).

£

H,0,+ /v — 2*OH

Primary quantum yield: 0.5

H,0,+hv < [HO*+°*OH] — 2:0OH

Solvent cage

Subsequent reactions *OH + H,0, - HO,* +H,0

2HO,» — H,0, + O,

2+0H - H,0,

Fig. 27. Principle reaction of hydroxyl radical.
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1. 4. 5. 2%} HEE9 A3} &4

B Ao M ZgolmAl 22k WEE A5 DPPH radical 7% ¥
Q1st7l 9%t Lactobacillus  plantarum  subsp.  Plantarum (KCTC 3105),
Lactobacillus acidophilus (KCTC 3140), Lactobacillus helveticus (KCTC 3545),
Lactobacillus delbrueckii subsp. Bulgaricus (KCTC 3635) 4&2] a2 5535}t
LA EFoIMA MaEl] ks A4S &9l siglth & A3 A}
&3 Al=5E 12 AF "¢} o 24 AEE sonication SFA] @il ZEFo|HAS
450 w52 FEekal waAA sAAx T FH 12,000 pmelA 5T S

5 =
centrifuge Sl A NS FHsl] AEsAtt
1. 4. 6. 2%} HEE ZHE FHF =4

Ao e EFoAl Hade T & 2
BAZAC Jhsde PE g Bt F Ee
18 A3 A+ Van der Sluis et al.(2001)2] WHS WPste] ALE sF o,
F Zods IS S48 A8l L plantarum (KCTC 3105), L. acidophilus
(KCTC 3140), L. helveticus (KCTC 3545), L. bulgaricus (KCTC 3635) 4% 2]
T2 AT EFoal IHEES 2M  Folin-ciocalteu  phenol A ¢}
(Sigma-aldrich, USA)<S 108} 34 3}o] 2% Na,CO; F=89(2:98, wiv)S z+zt
1:1:1 BE2 4ojA dAoA] 50 &<t HES-S AlF T UV-spectrometers
o]-&3te] 750 nm H}FN A FFEE FSAHSAULE VI EZE Gallic acidet

Querceting AHE-3}A T

alds Sers BAEn Mol o

||\

i}
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uicct

A d FH Tl gsto] Alsstglon, HHUE fojB WL T}
< ¥ W E7]FBSK Hally’s, CREATE ION® Made in Korea) 13 F=(rod)
A5 12 em & 80C = 7h&ske] o419 &F3ict. A= Thioglycolate
Ammonium (C2H7NO2S)S i3t & B -8 CREATE Co AlF pH 9.32%
AbEERG o) SAAE 2 ml A =X I=w o] (end paper)® L T
a2 (tailcoms) S AbE-sto] AR 7]E 9419 (croquignole wrap)shil ILFHAE
(replacement ruber)@® ILGEFATE o H wHre ulo] @ FW(bio wrap) o=
R 5 & F(fuzzy control, WiseBath® DAHAN Scientific co., Ltd. Korea)©l|
A 45CellA] 10 min 7F238F3L 20 min AFAWA] § AFshA] 2908 2 ml A

Eato] 10 min ADLA F REE AZSAL AsAE 5 THE A5AQ

!

—

SFses GRS pH 296, BEAAF ASA pH 5.0, EEoIMA ¥
£ 20%E F7F EE BEROR ARgstel mwstrh zizel mu RHE

Table .2} £t} H A7} 9 23 FA 325 Eof| 73stA Al st
o] <}o]¥(Kimtech science wiper)E ©]&3le] E7]& AAS T g2

A48z .

Rl

x
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Egolusl Wae F dolne] WaAe Friste] 47 @ doln &
X

gate] Pl FHE, FAE 2 AMHLEL WuHAT ALY

Table 19. Classification list of samples by fermented Sparassis latifolia

Name Explain

Con  Virgin hair
F1 Oxidizing process treated by hydrogen peroxide (H.O,)

F3 Oxidizing process treated by sodium bromate (NaBrO;)

Oxidizing process treated by hydrogen peroxide with fermented solution of

Ml
F Sparasis Latifollia (HO> + SPF)

FM2  Oxidizing process treated by fermented solution of Sparasis Latifollia (SPF)

Oxidizing process treated by sodium bromate with fermented solution of

FM3
Sparasis Latifollia (NaBrO; + SPF)
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2.2. 8 &

A 38 54 A 2% 12 Alcalase A8 54 WHI A5

2 #7) 54 S AL 23T, FE 50~55%2] S0l AAHAz A
71 2 87PN S FH3Ele] Vernier calipers micrometer(SF2000, Guang Lu
China)%® Z743to] Hyr ety x93 st SAAHL A Aed

2 ggon ngste] wiAlEAd]
(Texture Analyser, Lloyd TA- PLUS, Instruments an Ametek Company, USA)E
AgEtel AE W 8 AFEA ZAskgith A #v]e] muke AWy 9
3 Vernier calipers micrometerS A}-&3}3 T SA ke H @y E=AAE
Tkt A 20 mmin®] HREE AAlste] AR oW, G-
of Aol AJFHH (KS K0323)°l +38kith A 2% 22T, S5
65%31 Tt

L4 ARET A B2

argwe] By e &S vlatsty] flske] FARA A W 7 (Scanning
Electron Microscope, S-4800, Hitachi, Japan)S ©]-&3lo] Tt WS F-F 9]
25 Y 7](E-130 Hitahico, Japan)E AF&3F] 20 nm=zZ W& FH(platinum
coating) 3} TF. 7152 9-2-1.5 kV, Working Distance 8.00 mm= 2000 #]& &
SECErE,
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EE = 6]
ol2fgh kst }o] %F/VG 54 W3tE 27 }04 ANGHEE oFshA
712 A% 2HkS whETK(Santos & Joekes, 2004). Althrf mdbe] Abste= w

al R

g Ay R Ao EAS doy|7|E d(Gao & Bedell,
16} 22 AtstE BASH7] flete] Rkl diksteo] e =E Y A

= o] AN FHAS Hast @ 5 Qi EYAR] E4ES
21 TH(Dario et al., 2013). A E9] i3l =
MAap ZFE7b S74eE AddTs Bola d& A AbshiA|
A (artichoke) ZH-E] F=49 43P x| A| 5©] S TtH(Fernandez et al, 2012). =4
o] de]+= Fig. 28 o YERSIL

H shehARl H A9 ARRo] Frheko] R &4 wgk JhEEal vk
olgfgt o= HAE oA =k
HoskeE AlE A=A 7}%*3%

L. plantarum (KCTC 3105), L. acidophilus(KCTC 3140), L. helveticus(KCTC
3545), L. bulgaricus(KCTC 3635) % 452 Lactobacilluse Yeast extract broth
2} MRS brothol] 4 53FSITF Yeast extract broth 750 mlol] Z5o] ¥E&E 250 g
S Yol 59 FoF A AlFon, E o2 AT OR MRS brotho] Zolw
A T9H 5% 2o T4 WHoR Ia AlA A Gtk 78 JEe
oAl wgals 747 50 mg/ml, 25 mg/ml, 5 mgmle] FEE 32X 3]
AHE ST oA tIERT S ZE MRS broth ©F Yeast extract broth, 432
LactobacillusE MRS broth 9} Yeast extract broth °l =3l broths A3
t}. 95% ethanol ©] £3lA]Zl 0.1 mM DPPH (2,2-diphenyl-1-picrylhydrazyl,
Sigma, USA) 800 pl¢} 7z} A& 200 plS E.P tube o] Y3l 333t voltexing
ato] hdelA 303t Wk AR ol $h= radical®] EX=E UV-Visible
spectrophotometer (SCINCO, Seoul, Korea)E AF&3}o] 517 nmol A 431312
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G 2T O EE gallic acid (Sigma, USA)E AF&33a, sE=HYE 0.1
mg/ml~0.4 mg/ml = =4 33Tt FE=°] DPPHOl gk 275 (ICs)> &
kS ARESE dlZ2Te] FEEE 50% HAA7IEE 8% wEE UER
AT
g s AAddgoa Fadaz s oW (Capilce & Fitzgerald, 1999),
= AbsE S o]&st7] skl HAE oA
o2 Hrtste MAES oudtth oygt T dadEY wE A
E {3t TS WigEte] A H S A H fﬂ'E}(Holzapfel 2002).
FEoMA A& FFoHAl WEE9 DPPH radical 27155 &R1% 23
L. plantarum (KCTC 3105), L. acidophilus (KCTC 3140), L. helveticus (KCTC
3545), L. bulgaricus (KCTC 3635) 452 =2 HEste] Ddar7l ZF5olH
A g E0] Akt ddo] EFolwAl & Fibst SR EA YER

F

o, #FE ARESHA ¥ AES ol &l LaAr ] EFolHA YEaES
kel Aol wig- WAl FQlE ATHTable 20 & 21). ZFo|mAlS ¥x &
i gFE A AHEe Adare] kst S E=g 7TE ESolm Al
AEste] das EFo] Hade] Agarnn kst @4do] v oz g
Q How, dgor MgAFl EFo] daEy S FHETe wA AA 9
ksl A E WA BHelE A tkFig. 30-37). AA] AET T LEolmAlS L
helveticus (KCTC 3545)d+= F &kl LaA7l s3] &itst &Ado] 714

H

=2 oz 9 HAon, ICoite 1040 mgml ©]Th 18 BZ 2o
A

g ol A8 L helveticus (KCTC 3545)0.2 g Aj7l @rg s 3 A
J
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*ﬁ% 2MUi%iul

CHOSUN UNIVERSITY

Fig. 28. Principle of DPPH reaction.
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Antiozidant activity(%) = 1

Conc. O. D.
0 0.01

0.016 0.102
0.033 0.278
0.05 0.429
0.066 0.654
0.083 0.802

0.1 0.978

Absorbance (750 nm)

aborbance of sample — absorbance of control

<100
absorbance of control
Gallic acid standard curve
Lo Y
0.8 -
L)
0.6 +
L ]
0.4 <
0.2
L

0.0 T T T

0.00 0.02 004 0.06 0.08 0.10

Concentration (mg/ml)

Fig. 29. Galic acid standard curve (DPPH).
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Galic acid Control

Fig. 30. Changing color samples of reaction for DPPH. All samples measured (D:
0.1 mg/ml, @: 0.2 mg/ml, @: 0.3 mg/ml, @: 0.4 mg/ml each concentration.
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@ sco
= @ sce
é 80 - - Galic acid
=
-
=
o
= 60
- i
=
co
=
=
= 40
o
=
=
=
= A
= 20
=4

L] T T T T
0 50 100 150 200 250

Concentration (mg/ml)

Fig. 31. Sparassis latifolia fruit body and Sparassis latifolia dry powder of
DPPH activity. SCO: Sparassis latifolia original samples, SCP: Sparassis latifolia

5% powder samples, Galic acid.
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Sparassis crispa fementation DPPH asaay
100

80

40

M0

...............
P % . S . .. . . . . e . U

Radical scavenging activity (%)
]

Fig. 32. Sparassis latifolia fruit body and Sparassis latifolia dry powder of
DPPH activity result. Abbreviations were the same as Table 14.
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Table 20. Result of DPPH activity for Sparassis latifolia fermentation

Sample 0.D. Conc. (mg/ml)  Activity (%)
S1 0.45 200 66.14
S2 0.44 200 66.84
S3 0.42 200 68.24
S4 0.47 200 64.28

S13 0.57 50 56.77
S14 0.68 50 48.49
S15 0.52 50 61.05
S16 0.63 50 52.53
S25 1.24 - 6.2
Cl 1.15 - 13.13
C2 1.17 - 11.43
C3 1.18 - 11.2
C4 1.18 - 11.07
Gl 0.44 0.4 66.76
M 1.15 - 13.36
Y 1.27 - 448
D 1.32 - 0

Abbreviations were the same as Table 14.
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DPPH radical scavenging activity
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Fig. 33. DPPH radical scavenging activity concentration (50 mg/ml).

Abbreviations were the same as Table 14.
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DPPH radicdal scavenging (S. C. O.)
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Fig. 34. DPPH radical scavenging result of samples concentration (S. C. O.).

Abbreviations were the same as Table 14.
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DPPH radical scavenging (Lactobacillus spp.)
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Fig. 35. DPPH radical scavenging result of samples concentration (Lactobacillus

spp.). Abbreviations were the same as Table 14.

- 134 -

Collection @ chosun



DPPH radical scavenging (Broth)
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Fig. 36. DPPH radical scavenging result of samples concentration (Broth).

Abbreviations were the same as Table 14.
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DPPH radical scavenging (S. C. P.)
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Fig. 37. DPPH radical scavenging result of samples concentration(SCP).

Abbreviations were the same as Table 14.
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Table 21. ICso of DPPH radical scavenging activity

Samples IC50(mg/ml) Samples IC50(mg/ml)
S1 19.99 M.B. 21.41
S2 12.99 Y.B. 23.29
S3 8.4 M.P.B. 75.1
S4 10.82 Y.S.B. 66.32
S5 46.37 Cl 118.3
S6 79.2 C2 179.51
S7 59.94 C3 146.37
S8 54.37 Cc4 109.23
S9 1482.93 Gal. 0.07
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1. 2. ABTS radical scavenging activity 2 3}

FEEoIMA AE Lol WEE ABTS radical 2755 e 2
I} L. plantarum (KCTC 3105), L. acidophilus (KCTC 3140), L. helveticus
(KCTC 3545), L. bulgaricus (KCTC 3635) 4&°] T2 HEste] darzl £
SolWAl TaEe] Fatst FAdo] EFo] A& ISt AR FA e
wow, #FE ARESHA @i ATE ol &diA TEAX EFo] TaES
kst ggo] wlg- vl SQlE Yy EFolmAls ¥ Ein
of AFe Awre] st G 5 AR ALY AL kst

)

UTH 47HA] dFE TEAT & ICs2 15.67 mg/ml=
el Holow, a7k dFE HEete] HaAl %%01 A8+l s394 §79
A ABTS Ao =4 e, ICs#kS 2H2) 5.14mg/ml, 21.70 mg/mlo] it}
o] ¢} & Ay DPPH "HolA S39] dAbst o] 71 =kd Ads

A28k, 450 #F FoNA L helveticus. (KCTC 3545) #F2 HFslo] %
FolMAlE TaANFAS W Fakst BAge] wopAE RS A T 4 U
olefet Adp= Ao oste] Zelvlze] Trksta MRS HE SEE
o] BrEolAs APow fikite] wal S59 A% B4 wsor I
A 2aE AT dvkar SATHY et al, 2012). AIH oz FFo|H
Ao frabt das ksl @43 RS kel oste AEa HEE=E
TS Ao® ofuiite] EAol BE A HIEAE 1Y F US
Ao At ojye dgde Ty AT Hastd 5 glon AFE
o =29] kA gk HIEE AL Q) O B2 (Huynh et al., 2014), F A=A 2 8-0]
b 4 Atk AlsEt
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Conc. O. D. L
Gallic acid standard curve
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Fig. 38. Galic acid standard curve (ABTS).
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Sparassis latifolia original Sparassis latifolia powder

Galic acid Control

Fig. 39. Changing color samples of reaction for ABTS. All samples measured (D:
0.1 mg/ml, @: 0.2 mg/ml, @: 0.3 mg/ml, @: 0.4 mg/ml each concentration.
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ABTS radical scavenging activity

W

Concentration (2% mg/ml)
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Fig. 40. ABTS radical scavenging activity of concentration 25 mg/ml

Abbreviations were the same as Table 14.
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ABTS radical scavenging (Lactobacillus spp.)
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Fig. 41. ABTS radical scavenging result of samples concentration 25 mg/ml

(Lactobacillus spp.). Abbreviations were the same as Table 14.
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ABTS radicdal scavenging (S. C. O.)
100

80 4

60

40

Activity (Yo)

20 4

0 5 10 15 20

Concentration (mg/ml)

Fig. 42. ABTS radical scavenging result of samples concentration 25 mg/ml (S.

C. O.). Abbreviations were the same as Table 14.
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ABTS radical scavenging (S. C. P.)
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Fig. 43. ABTS radical scavenging result of samples concentration 25 mg/ml (S.

C. P.). Abbreviations were the same as Table 14.
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ABTS radical scavenging (Broth)
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Fig. 44. ABTS radical scavenging result of samples concentration 25 mg/ml

(Broth). Abbreviations were the same as Table 14.
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Table 22. ICso of ABTS radical scavenging activity

Samples 1C50(mg/mi) Samples 1C50(mg/ml)
S1 7.31 M.B. 6.1
S2 5.56 Y.B. 438
S3 5.14 M.P.B. 17.64
S4 2.94 Y.S.B. 17.86
S5 22.81 Cl 142.45
S6 35.33 C2 177.81
S7 21.7 C3 108.3
S8 24.57 C4 90.02
S9 307.01 Gal. 0.03
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1. 3. SOD activity 23}

il

b

ZEolHA dEF ZFoHA HaES] SOD radical 2A TS
I} L. plantarum (KCTC 3105), L. acidophilus (KCTC 3140), L. helveticus
(KCTC 3545), L. bulgaricus (KCTC 3635) 4&°] =2 HEste] darzl £
SolWAl TaEe] Fatst FAdo] EFo] A& st AAPRY FA e

o, dFE AREsHA &L *é%*—% ojgalM &
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helveticus (KCTC 3545) o2 T @gA[Zl ZF5o] dade [Cse 0.73 mg/ml

o2 ikl Aol 7 =A A4 HAY olet 22 Ade vE ks

Aol dAsi, EFo] g 757 x2S FEsked vg Fa%
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—ro]
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SOD activity
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Fig. 45. SOD activity. Abbreviations were the same as Table 14.
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Fig. 46. SOD radical scavenging result of samples concentration. Abbreviations

were the same as Table 14.
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Table 23. ICsp of SOD activity

Samples Activity (%)  ICsp (mg/ml)

S1 95.11 1.83
S2 95.11 5.87
S3 96.56 0.73
S4 96.24 1.29
P1 89.29 1.12
P2 87.17 1.41
P3 89.4 0.99
P4 85.76 1.12
S.S. F 32.99 250.41
Con. 1 43.1 9.01
Con. 2 44.47 6.3
Con. 3 47.22 39.42
Con. 4 49.71 20.22
S. M. 45.41 18.84
S. Y. 55.77 15.75
MRS 31.61 20.02
Yeast 18.65 22.8
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Hydroxyl radical scavenging activity
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Fig. 47. Hydroxyl radical scavenging result of samples. Abbreviations were the

same as Table 14.
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1. 4. Hydroxyl Radical 2A &3 =3 ZA3}

Hydroxyl Radical A &3 542 oA AW th& kst AdE59 4
o} ulRTIAE 47}F] oF 5k Z25o] Wa Ao Hydroxyl radical 47
sol thE Aol vla ks o] = FAoE YERT 47HA] o+ F
Foll A L. helveticus (KCTC 3545)2 TEAIZl 2ol gl ($3)9 4lks)

=
gAgo]l 7Hd =4 574 HAeH, ICs#k2 0.3 mg/ml oA}

fru
i)
o\
¢
>l|

Table 24. ICso of Hydroxyl radical scavenging activity

Samples Activity (%) 1Cso(mg/ml)
S1 87.8 1.81
S2 86.71 1.22
S3 89.71 0.39
S4 85.85 0.93
P1 90.4 2.54
P2 90.72 3.86
P3 92.11 0.47
P4 90.5 4.08
S5 37.95 215.64
C1 66.49 1.96
C2 62.72 6.63
C3 64.52 3.14
C4 66.82 2.61

M.B. 88.28 6.1

Y.B. 17.87 414
M.P.B. 53.81 27.35
Y.S.B. 13.87 414.64

Abbreviations were the same as Table 14.
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& Y et al, 2012). FAkeo]l Arteks thAREE]] Ak pHE
w$3ol f3l mAE FAS AAE AZE sivF il RS SXIAA
GRAS #F&Ho 2 WolsoXa 9t} Lactobaciliuse Mt S 2 phateurdl] <]
SEO Aol AAste dow AF

ARG, A A, WA}, vEw 44, deFdsHE Asta

d Akt 2] Hydrophobicity 542 &< U] F-3F
B 37} Qo] gkth(Schillinger et al, 2005) Z<+ &9 2k,

Els

MARS olgw WEE Fd WAR Ih

R84

ZEolA 2z HaE AENY DPPH radical 2745 &Qldr] ¢35y
L. plantarum (KCTC 3105), L. acidophilus (KCTC 3140), L. helveticus (KCTC
3545), L. bulgaricus (KCTC 3635) 4%2 ¥5= HEste] warzl oy
A daEe kst @48 E1g A 1&F EFoHA BaEe] Ak &
A AdET 23 EFoIMA g Eo] kst ddo] =2 FoE ] HIU
i1, 37}FX|(DPPH, ABTS, Hydroxyl radical scavenging)@Atsl &4 23 W &
ABTS radical scavenging ©] 7} ¥ Zoz ZHT) 459 #5 FolA
L. helveticus (KCTC 3545) ¢ @Akst &do] 71 A 54 Hslewn, o &
& Ade EFol 12 HaEo ks g4 AdAHe dA s A
L. plantarum 2] DPPH radical scavenging ICsp%t< 59.38 pg/ml o= 2kl
Ao, L acidophilus 5% 6226 ug/ml L. helveticus 49.96 pg/ml L.
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bulgaricus 51.64 pgml o2 FRJAEJTE L. plantarum 52 ABTS radical
scavenging ICso@t= 51.26 ng/ml, L. acidophilus 5+ 5822 ugml, L.
helveticus 28.09 yug/ml, L. bulgaricus 6221 ng/mlo= IAEJQoH, L
plantarum 2] Hydroxyl radical scavenging ICsoat< 64.46 npg/ml L.
acidophilus 58.82 ng/ml, L. helveticus 28.09 pg/ml, L. bulgaricus 31.21 ug/ml &
2 gl AT

A0t 8A eestE 7his] @49l a-amylase, B-amyloglucosidase
Btk olug} cellulosedl] teh 7hi-38eS YEI = B-glucosidase, 53 <

FRE AT F AT a-galactosidase TS AAdettal dElAd oH, o
WA Bl a4 protease & A3 RSl ES el Wtk & 93?4

-
12 wE AgelA EEolmAl WEEC protease o TS

= ’—T
21 oka) A 37FA(HUT, SAP, Plant)3H EFolA #& a4 Zjﬂ%
UER T 22F 2E AN 1A taddng & Jﬁ} ol A 544 °
o bt da el 84 Aol dRTE o A mas
ofsl Zhial Hal Aol frastel daksbeo] molilE THeAdel e

w2 2z Ao e 12 Fa AT gl cell & I5HA] &AL filtration
T

of Al stajEo] upo] LAz A

Aoleh #5¢ such m@ 24 WaelA:

filtration®} 4 & AX| A &7] wWlFol hydrophobicd AdHE9°] &7 detection

=

Hof gikslso] =A 4 Aot AZE o] )
8] A5 Fraga et al(2010)°1A4 TEA owld 2 A5 dWAds gii
fato] Aojxl FMEpo|=o A Akl Aol YElYE Ao® HIFEY e

dl o] pesinol] 9|3 FHA|Q] TR E
dete] 47 #4E UEtia sgon, 2 gy

=
|
24 /)50 msw e L?ﬂ o]2o1A 3 glon} Aate] A, ALE
A A =
e}
o)
-
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Table 25. ICso of radical scavenging activity (unit: ug/ml)

L Plantarum L acidophilus L. helveticus L. bulgaricus  No inoculum  Gallic acid

DPPH 59.38 62.26 49.96 51.64 186.24 5.58
ABTS 51.26 58.22 28.09 62.21 269.57 4.54
Hydroxyl
64.46 58.82 28.09 31.21 186.24 2.46
radical
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2-nd fermentation of S. latifolia DPPH radical scavenging
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Fig. 48. Concentration dependence of anti-oxidant activity of 2" fermentation

sample (DPPH radical scavenging).
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2-nd fermentation of S. latifolia ABTS radical scavenging
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Fig. 49. Concentration dependence of anti-oxidant activity of 2" fermentation

sample (ABTS radical scavenging).
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2-nd fermentation of S. latifolia Hydroxyl radical scavenging
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Fig. 50. Concentration dependence of anti-oxidant activity of 2" fermentation

sample (Hydroxyl radical scavenging).
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&2 9= (polyphenol)> A& ol EAshe ¥= 3o
o] ket o] 7HA] fref A S mFE AAS KBS S

2010). =2 stetx o= WAl aig]ol] slo] =52 7] (Hydroxyl group)
= S e 1 olds il sHEEA, AQ)H ke 54 Wl oS

wolste WAYUS #Hogth. 218 polyphenol A EoA HAEZA] b

1ﬂ15"~

SHA B3 Hojglow, dAA7EA] 800070 ©]<] polyphenol *+E7F 4l A <)
ThJeong et al, 2012). Z2]FES &g 18 2 02 7324 249 75
wEl ofg MR Ym e g4 =20 we} flavonoid, phenolic acid,
stilbene, lignin &2 U FoZt tﬂ-lﬂ =

TEA B SYan o T
o] ¥=d] o] W] Flavonoid®] 2 1™ e+
tannin(proanthocyanidins ¥+= procyanidins)?} 7}3l] 7153k tannin®
HTHChoi et al., 2006).

7+E Adol = e st A gEo] o 7HA Al ARE
A=Yl 53] 7tREExolE B ZEHol=8 e HEsgEs oF

‘tannin’ ©|&t1 HFE1 =
o

5}
H
.

Zg3lar THChoi et al., 2014). |3 ARELS Atsld] REg o] 234
DR = AAGH AEe o, e 9o Eexdy dedy, o, A

i
4A% 9 4% Hay Agse] ol gl

71o @thar ®Bal Hol gk
A7 v Eg BE AEAES AAE o] &5t AW o oA
& At oA HAskE AT Aol tidEEAl Al W
o7|9-5 7L Stk FrEfjakAaAR dex] @A TP b8 e FEQl
N A2 B0y)7F U= WA, superoxide radical(0,), HHAFSTA, ol ==

A 7]1(-0H), A&, I2F3LE(ROOH), <7]olA  A7|=  F27](free  radical;
ROO-, RO-) =9 J—r,]_/\]@].x]gg/q’ o]a]z:sl- z‘zl-/ﬂ/\].i_q J—r,]_/\]@].x]z] o] XJAL;GQ

= /\745]1] Se W, fevle A% st 2EH27E A dol ZhelA]
A ools AN AE AETE AEES AA, @A, F, DNA Sol thsho]

IR EE RN TS

EH A Q
| 1 —1 O
HEF, FUEAE 5o HAS AAS, Y, sHAsh, viEd, 45,
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butylated hydroxy anisol (BHA) 2 butylated hydroxy toluene (BHT)S %73
AbstAlZE el AR HAL vk WA FabshAl = vlaE] kst o] vhal
A FakstAleE 2o aaer A 2Elal /b wiiel] Bol ARgE o] $hA
g A EAY Al gk Welgdd B S o= Q] s §IE ¢ 9
= Ao deAAA M2 AZE Y el a7tEa 9l

22 HEEe] EYdE FRF SHEY 459 EFoIHA TaEE FolA
L. helveticus (KCTC 3545)@F2 AEsto] Tarzl Golmal
gom o] 7P =4 54 HAoHW, EFoIMA Hg N (5%) 25 mg/ml
+ Gallic acid 100 pg/mlell 3]93F31 3L, Quercetin 110 pg/mlol] 3| sFATH
(Table 26). °o]¢t 22 A= AAE 7Tez Bs W vf¢ =2 Zgss
e U = S gyste] el dES
& 918 =71 A7 Bastuar Az o] )k Fernandez et al(2012)2 3+
gm0 o]l i dkslkso] & HAANEY Aot =@Rlibo] 3HiH
ARRE AEete] B B gaE EIsGlth ofld 27 HAdEY] &

| sheFe mubA|Ete] Aol lttal & 4= )

é
i
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o
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Table 26. Total polyphenol contents of 2nd-fermented Sparasis latifolia

Conc. Contents Contents
Sample
(mg/ml) (GAE ug/ml) (QUE ug/ml)
KCTC3105 5% 25 81.670 85.249
10 43.454 33.448
5 22.500 5.045
KCTC3140 5% 25 87.657 93.365
10 45.749 36.559
5 27.490 11.808
KCTC3545 5% 25 100.429 110.677
10 51.537 44.403
5 26.791 10.861
KCTC3635 5% 25 93.345 101.074
10 48.543 40.346
5 26.093 9.914
No Inoculum 5% 25 58.621 54.006
10 27.789 12.213
5 22.500 5.045
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——bﬁl%o]ﬂ%/}—l %E_Qﬂg %ﬂ@%aﬁﬁi %7\3% /;]]Q_}:ié _]“_y_}\] 37]'X](SAP,
HUT, Plantyd el oate] daol F%99] 20 mgml? 50 mg/mlollA =743t

Ak W& A2id EFolwA a4gd 54 Aol MEsklth

d F TR A7 mIEd ASMAE vE2A AP ste] do] £5E,
FAE 2 A 5SS S5 th(Table 27 & Fig. 51).82 Abstabgdo] =
bAstAY ALAQ AR, =eo], AEe] A el oato] A x7] 9o
dojup] A& Ao Fejol ol Hrt F 9
Earo]l 3 o] o H]gte] Zol7l WtE FHE(S)9] ztol= FM2
> FMl > F3 = FM3 > FIo® ﬂiow” H‘:é;ﬂ—% gEoR e &
HHFM2)2] B FEHEC] 7MY A SAEJeH, A A gats At
shah dE AbsAlE A RukFEDe]l 7 ‘%741 %—Xéﬂi’iu}. e

hrete]l TEWEFo R uAste] 24 AR XA ¥

e o EFRAGS vlusty] flete] mike] sold W3t ks vk 9
FAE (Sc)el HlE Fl1 ) FM3 > F3 > FMI1 = FM22 32F3}4=40]
SPFE F7Fste] Aeg E(FMD ZFoIHA Fads dHoR A3

_

HHHEM2)S dlo]Be] Edo]l FrtEAew, Akstra Sy AbskAl A e
FHHF)S] ol Edo] Mg WA S8 fAEo]l Ehth g 4 F
e il AR AxAIR = A3 P 27IREe Aot WEtEE {4
H(Sp)= F1 > FM3 > FM2 > F3 > FMIZ #3340 SPFE F713}¢]
Ak EEHEMDS] flolB Edo] 7P wob fAlEo] wekow, datst
A 3T AREAl Ae] REhFEDY A gl M =4 SA8EJT A 3E
& (Soo H7Fh= A FA4E dolBrt E8iA A do 7] B Hol® HE
ol S The RS AFES #olth H A 2riedols) miA v 45 &
o] mutdolE Hlwd A 3&5E(Sd)> F3 > Fl = FM3 > FM1 > FM2
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il
b

s

FolMA Tade gEoR A &
Fo] S ol FA HHFo] S-Faklon, E%*&%E% AbsRA] A
2] EMNF3)S A4 sEEo] 7 EA SAEY dleln d4 fAEe] 7
¥ ANE U ER ZFolwA wad ds AHERu(FM2)S 7] H
gojr. FAHE Ilste B FHFEY wpHv Jojn ¥4 FAHS &
T e A 35S SAdA A AT dyAFNA A & 7(2013)
v dulEsEe] duld Ayt 3 Ay 2o el FAAES FUMIAT
R _

I X8 o™, Huynh et al.(2014)9] A ollA] g ygde uAEol g4
=

el zhgol oste] nEAEde] ARAEAR BaE] HE = IqfF F7t

7F Bagth olgg o2 B Aol AlgE EFowmAl e Hay

g Foll EEouAle] v FiE dwdo] &R Fabo] goldtEs

AR}t go] HY &S F7HANZ Az AlRETh 3 Istrate (2013)2]
%

dow WstEta B
4o 2 pHE WA =435
HH el folH jg_%O] s7Ha F dvkes 7heAde] gkldth 1R E
Heo ARAste F3o] goldd
H 3.24)5H7 sty o] 7]E9]
AbstAle] (pH 3.71~pH 5.4) F7FetAY =02 ARES Al mite] Fd
shdAle] G Al FE I tEe] Ao A IFES HolA A st 4
ojHol ¥ A7l FAHUY. Ao w Filstso] Fil, W pHY
SPFo| A= H a&S THAAT H H4L &2 Az A1§O11H+ a-
WA z27E ofgh ZHadn o]gf gt olfr= B9 Ak ddlow w4
frol AR yehdtia Baxoe] & fHo| g§e EUe oAl FRE
Hop tgA o= WA 7Hs/do] A TH(Nishikawa et al., 1998).
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Table 27. Wave forming, maintenance ability and straightness degree of hair

waving by fermented Sparassis latifolia

Length (cm) Shrinkage (%)
samples
Lo L1 Lz L3 S SC SP Sd
Con 20 20 20 20 - - - -
3¢ 1.6% 1.0% 2.5
F1 20 19.4 19.7 19.6
) ) ) )
5 42" 40 1.0™
F3 20 19 19.8 19.8
) ) ) -
g° 5.4° 4.9 3.5%
FM1 20 18.4 19.4 19.3
- ) ) -
12.5° 5.4 2.7 6.0°
FM2 20 17.5 18.2 18.8
) ) ) )
54 3.2 2.6%° 2.5
FM3 20 19 19.6 19.5

) *) *) )

(-): length decrease, (+): length increase. L,: length of initial measurement, L;:
length of after measurement in perm formation, L,: after 24 h measurement, Li:
after 4 week measurement, S: Initial shrinkage, S.: after 24 h shrinkage or
increase, Sp: after 4 week shrinkage or increase. Sq: straightness degree of after 4
week in Lo and Lj;. SPF: fermented Sparassis latifolia solution. Con: Virgin hair,
F1: treated with H,O, oxidizer, F3: treated with NaBrO; oxidizer, FMI1: treated
with H,O, oxidizer + SPF, FM2: treated with SPF, FM3: treated with NaBrO;
oxidizer + SPF. MeantSD (n=6). a-d Values with different letters are

significantly different (p<.05) by ANOVA and Duncan’s multiple range tests.
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nnnnnn

After 24 h Final wave

Initial virgin Initial wave

Fig. 51. Perm images of fermented Sparassis latifolia. SPF: fermented Sparassis
latifolia solution. Con: Virgin hair, F1: treated with H,O, oxidizer, F3: treated
with NaBrO; oxidizer, FM1: treated with H,O, oxidizer + SPF, FM2: treated
with SPF, FM3: treated with NaBrO; oxidizer + SPF.
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WA Bg s AbstAlR At Bke] SR mAe TS
of o] #71E FAste] A ks WElth (Table 28).
who] #7]E FM2) FM3 > Fl = FMI1 > F3 2 ZAHAY. =4
o] ZLEolWA wEHS =0 AHesh RUHFEM2)Y] #7]E 7
st AbsHAl A REHFDO Hlete] 5.45% 7, BEAUER A
g BEEHFE3)l vlete] 16% F7HE @S WERNATE olel gk A 3= Kwon et
al.(2013)2] A &gAol A A Fo] AMEsE] @S H HAd At
kel #7117 ek Rk WA avE gsiglvhe A3k fARE
o, F&A4UNAS A A AEdy 2o H|7F T HAve E
It FARSR el & 3, 2014). F A= RS BEbo] HU|E S =
= Yo o] et al(2010) To Haro] o3pH RS AAFRHlo] H] o]

#H717F 7haolXlt o] g o ]
= Qlsfe] kel FH77F #ad Adet &
7

:TO
rlr
o
i)
i)
ol
2
>~

=
21 tH(Robbins, 2012). 53
tH(# et al., 2005). L2}t H

g =de] b B w7lE S 7 stk ol
g ool frE EFoAY FATS HFstel wastE HAAAN VAdE 5as
of efste] EFolwAle NEAEHS AZAR T FEHE 9 FFE
golatA St Z(Huynh et al, 2014) AZH o2 F oA Firo] #7]7}
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Table 28. The thickness change of perm treated hair by fermented Sparassis

latifolia
Samples Con F1 F3 FM1 FM2 FM3
Aver(mm) 0.066 0.055 0.05 0.055 0.058 0.057
Stdev +0.005  +0.008  +0.008  +0.005 +0.01 +0.005
Decrease rate(%) - -16.67 -24.24 -16.67 -12.12 -13.64

SPF: fermented Sparassis latifolia solution. Con: Virgin hair, F1: treated with
H,O, oxidizer, F3: treated with NaBrO; oxidizer, FMI1: treated with H,O,
oxidizer + SPF, FM2: treated with SPF, FM3: treated with NaBrO; oxidizer +
SPF. Mean+SD (n=10). a-d Values with different letters are significantly different
(p<.05) by ANOVA and Duncan’s multiple range tests.
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e
AR pS A

o8 A7t AGHES FoYdls u Avu= 4"41 Elacss ZH o] T A

O 2 Usir g& WS} Stress at maximum (Mpa)< Eel steS 7S o

A=

AFE o Z77] AA7A ] AL 4 e THoRE FHY §H(stress)
= AFAE oz HEwkel i, F/ 3l A
Wit ARAEE A3 S71E QoA S4/E dole) Wit ekl
CUh(Hatch, 1993). Percentage strain at maximum (%)< =39 QA E=E el
W gte s AAl(strain)®] BI7F A BlEsE ke 71e71E SAAAT
dE=Z YEePHATE Young's module> EWre]l A2 214 8-S oW AT
stressF W@ Atolo] BAE Aol Aow uAEH] e HIEolth X
FolwA Mg Aeld P wwe AR
AT
1. 2] Q7= Stress at maximum (Mpa) =7d°l4 F3 ) F1 )
FM3 > FM2 > FMI o2 7]¥E9] HEANEF 2HshA] A2 Ek(F3)
o] 7} S7Fe WERAAL Aakstaae] SPFE H7EeE REH(FMI)O

2. AFAE ZAHS Percentage strain at maximum® A3} FM2 > F3 )
FM3) FM1 ) F1o& ZFoHAS dxon Adh Ru(FM2)o] 7}
4 Z7he WS Yehlen, sabelea Abskal AR mukEne] g

3. 2o A4 HEE FH3 Young's module 23 F3 > FM3 > FMI
HEAGEF He] mIFE) ghe] 7HE wa 2%

o2 A ®uiEM2)9] ghol 7HE vhAl vehd
Stress at maximum®] A3} ARSI T

alo {E/\O]-o] =" E AT} XiO}Q_L 72A7}3 maky

=TT 1_ &

=

= [e]

}3HeHOR et al., 2007). 3 & 1(2012)= HAERE FAalslso] =& A
j

Fob 9 AR Aled mie] Qg3Est Q%A

;,:Fﬂilﬂ

2
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Table 29. Mechanical properties of perm treated hair by fermented Sparassis

latifolia

Samples Con Fl1 F3 FM1 FM2 FM3
Stress at maximum 59,537 55,369 56.524 47,621 50,178 52,131
(Mpa) +4491 +7584 £5709 £7408 £9604 18315
Percentage strain at 25.8742.3 2299 2525 2336 26.71 24.94
maximum (%) 67 2773 +2.128 2410 +5.064 2.798

3841400+ 4196738+ 53872004552 3558575 5493738+48

, 5642538

Young's module +4068775

351164 554214 9943 +356760 28232

SPF: fermented Sparassis latifolia solution. Con: Virgin hair, F1: treated with
H>O, oxidizer, F3: treated with NaBrOs; oxidizer, FMI1: treated with H,O,
oxidizer + SPF, FM2: treated with SPF, FM3: treated with NaBrO; oxidizer +
SPF. MeantSD (n=8). a-d Values with different letters are significantly different
(p<.05) by ANOVA and Duncan’s multiple range tests.
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Con F1 F3

Fig. 52. SEM images of the hair cuticle with treated fermented Sparassis
latifolia. SPF: fermented Sparassis latifolia solution. Con: Virgin hair, F1: treated
with H»O, oxidizer, F3: treated with NaBrO; oxidizer, FM1: treated with H,O,
oxidizer + SPF, FM2: treated with SPF, FM3: treated with NaBrO; oxidizer +
SPF.
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BpolMAS fatdl HED BEAL W AYIGA ol gl sloly
A B S0P ZdE SASArh ZeoluA WEAE P 249 A
B9 BaskE FHAAC] FIAY BEIVEF s 7 =
E uEoR A8 ten ge AuE Ak

Lospolulslel 4%e] fabE #RE HEAN Wz sy 54 4

3} L. helveticus (KCTC 3545) 52 % F3}o]

=
radical scavenging activityoll Al &ikst&Ad o] 714 =

e poz eI
], ABTS radical scavenging activity Z2Z}¢} X}l ow, 1Csak2 2+

2)
5.14 mg/ml, 21.70 mg/ml°] At} SOD radical 22455 &1t Ao A=
SOD7} & Ao FelFglon, Waho] ICso 0.73 mg/mlo=E &4t

= o

]9 FE FHEFS e U%‘O | XM ﬁ%t‘fbiﬁk
2. EZFoAl rmole] g ARas &4 ad =M 20 mg/ml}
50 mg/mlol A A3 TE SAPHOZE 20 mg/ml F=l4 118.03 unit/min,
HUTH OS2 20 mg/ml &5%=o4 109.11 unit/min, Plant5 20 mg/mlE &= o A]
144.57 unit/min= g4go] A= th SAPH 50 mg/ml = AE 195.50
unit/min, HUTY 50 mg/ml &% 4= 160.36 unit/min, Plant® 50 mg/ml
S oA 19236 unitmin® ZEFO|HA Y] GG o] FAE U
3.8 58 54 9% dlojn F48L
ok FM2+ -122% 538t 7FE =& 9
Flo] 3% FTF3to] 71 W dojn JAES AU 244] H
A E(Sc)= FM13 FM2& +5.4% Hol7} F7kete] P45 fojHe] =4
Axow 714 F7belH A, FIL +1.6% dolE7l= dAd ¢ Z

rlo

) | o] H.€]
d@ o] ol 7hd w& HX&S e 47 F9 F FAE(Sp)
< FMI19] +4.9% Zo] F7t= 4% dlojBne EHAME Frtste] 7t
A e FAES e, F1S +1% Zdole] ¢olB EYd o] el
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FolAaL glemw F2 7470‘3%01] s T L e e S I R R L
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Aol AbshA *dz‘zFJ} Eﬂ %E}ﬂ g 9}5}(7& et al., 2014).
ek AFATAA FA AsA dAgts IF A5 HSAH 9Ed
(Gottldber et al., 2001), AFSFA] Ao 2 Q1 AP FF-A(H et al, 1998 ;
HF, 2006), AFSEAIS] AREAIRE, 2=, Aol ofdk kel B & A,
2005), AFSHA] HE-F (] et al, 1998) S AEAAEY] T, 257 R 2
AA Aol Be FHES et al, 1999) 5o A7 thkatA KLy
Aot AdapHor old AyEd Jﬁ‘rﬂH 289 9GS YER L Qv
71 AdsAlE 2 GAAe F ddAE ARSHE SR ]
e e e e ) o7 Al 4 sz OWHOJ 1o thek o
A o S gAlES Y HE A8l AEdte] k(A et al,
2014). ik ae A, FAA ] AR A R AREE AL 9lom Rhg
o] &xy} A& R oHUE AR F2 ARSI v ey 7
ot EX 7} BIE oW (Seo et al, 2012), AP FHA9 F
dolo A5 k(R et al, 1998). BEAHF AHgAE A% HEo] o)
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T7F 48.7%, H 719t s fA dHEE AFE 282% = HILHETHA, 2014)
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e Q% AF FwEo] o7 A J2 oF 18em(17.97 £ 0.29 ~ 18.02
+ 029)% AE3ZIY AGURE AgFor uAgste] AMEET AR 2
Z A

AR A A A2A 14 Alcalase 8 A ¥ 535

=24 ¢FA= 02M  Glycin  (C2 HsNO,  HO, CCH, NH. , Sigma
Aidrich)oll 0.2M NaOH=Z pH 9.2% ZA3lo] 4TC= Y% HHste] AL
t}.

1. 2. 2. B O|E &ZFA A=

By o]lE ¢Z4|& 0.05 mol/L Borax Anhydrous (Nay By O Sigma Aidrich)
° 0.1 mol/L HCIE F7Fsted pH 92= 2743 b 981 mlE 14 volum flask
o %7]3 DW= IL7} 552 243590}

1. 3. 3 Al WY
B e 9 @ TR el Asglen, 49 uge A2E1d
= 0]

A 5lt}h, 3 A| = Thioglycolate Ammonium (C2H7NO2S)
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3 & B -8 CREATE Co9l A%< pH 9.325 Al&3slo] Eube] =
W, ALslA B BF 6 TFE A8

"
ot
re

o

k3

s

lo ®

1. 4. H ARy EF

RBESHA A S AspA R Agste] ¥ Alsd o] EHE Table 30
o] ®7)atgith AkskAle] M7 L% Fl, F2, F3, F4= 7] A|E9 A&y
Hol| whebr] Lo A Aglstd o™, F5, For= A2412 Alcalase 3 47}
=35l 50CoAA stk 1 9l YAl M BAEE A28 1A Alcalase

Table 30. Classification list of applied to buffer oxidation.

Name Explain

\% Control virgin hair

Oxidizing process treated by hydrogen peroxide

Fl1
(H, O, , pH #£3.5, Fine Cosmetics Co, Korer)

F2 Treated by distilled water(DW, pH 6.8)

Oxidizing process treated by sodium bromate

k3 (NaBrOs , pH 5.0, Create. co)

4 Oxidizing process treated by sodium bromate
(NaBrOs , pH 4.5, Amoshair. co )

Fs Oxidizing process treated by borax buffer solution
(pH 9.2, Sigma)

6 Oxidizing process treated by glycin buffer solution

(pH 9.2, Sigma)
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Table 31. Applied solutions used in this study

Conventionnal solution Applied solution
Hydr d H H Distilled water O
ydrogen peroxide
\ / (H20) /7 \
(H20,) 0—0 H H
+ O .l
Sodium bromide Na B// Borax Anhydrous N O\B\\ng\\to
(NaBrO;,) \\r (NazB407) © \\\B
O o
Glycine H H O
N 1 7
(C2H5N02) /hl—cl —C\
H H O—H
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Table 32. Wave forming, maintenance ability and straightness degree of hair

waving by 6 type solution

Length (cm) Shrinkage (%)
samples
Lo L, L, Ls S Sc Sp Sda
17.98 154 16 17 1435 390"  1039*  5.45°
Fl
+0.27 +0.68 +0.56 +0.26 ) ) ) )
18 12.22 16.23 14.47 32° 32828 1841°  19.61°
F2
+0.26 4031 +0.34 +0.15 ¢ ) ) Q)
18.02 16.5 17.18 17.02 8.44° 4.12° 3.15° 5.55°
F3
+0.21 +0.23 +0.37 +0.33 @) ) (+) )
18.02 15.53 172 17.05 1382 10.75*  9.79° 538°
F4
+0.29 +0.42 +0.4 +0.36 ) ) ) )
17.97 14.53 17.28 15.93 19.14° 1893  9.64° 11.35°
Fs
+0.33 +0.10 +0.17 +0.18 ) ) (+) )
18 15.03 15.92 17.02 5.44" 5920 1324° 544
F6
+0.23 +0.16 +0.48 +0.12 ) ) ) )

Lo: Untreated hair length, L;: The hair after permanent, L,: After 24 h, Lj: After 48
hours, S: Formative rate, S.: maintenance rate of the after 24 h, S;: maintenance
rate of the 48 h. Treated by F1: H,O, (pH +£3.5), F2: DW (pH 6.8), F3: NaBrO
3 (pH 5.0), F4: borax buffer solution (pH 9.2), F5: glycin buffer solution (pH
9.2). MeantSD (n=6). a-d Values with different letters are significantly different
(p<.05) by ANOVA and Duncan’s multiple range tests.
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Initial wave  After 24h -_ . Final wave

Fig 53. Comparison of images of the heating perm wave styles by 6 type
solution. Treated by F1: H,O, (pH #3.5), F2: DW (pH 6.8), F3: NaBrOs (pH
5.0), F4: borax buffer solution (pH 9.2), F5: glycin buffer solution (pH 9.2).
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Table 33. Thickness change of perm-treated hair by 6 type solution

Samples Treated solution Ave (mm) Stdev Decreaserate

(%)

\% virgin hair 0.055 + 0.008 -

F1 H202 (pH 3.5) 0.042 + 0.007 23.64

F2 D-W (pH 6.8) 0.052 + 0.006 5.45

F3 NaBrOs (pH 5.0) 0.052 +0.013 5.45

F4 NaBrOs (pH 4.5) 0.052 + 0.010 5.45

F5 Borax buffer (pH 9.2) 0.051 + 0.008 7.27

F6 Glycine buffer (pH 9.2) 0.053 + 0.010 3.064

MeantSD (n=18). a-d Values with different letters are significantly different

(p<.05) by ANOVA and Duncan’s multiple range tests.
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A GA 2Ee] A& AstE doA o] FHAYRE HFste] 5454
Was YEhr] w&Eolth(d et al, 2006). Lt E Aol dZE]Al <]
AFAE ALt AFAEI SUME Ays 6 E 4 dAgE &4
& WreAl kel Wt opyel H AA I GRACNA AEE= AbskA e
FFor Eo] F7HE Thedol Avtal Alrdn o] gk olf= IAtstka
A ZE AbstAle o)e wEe AEEEFAC 4TS Fa o FEAEl A
oA EAJo] WM3lE 7] wli-o|th(Robins, 2012). A¥}Z o7 H oA pH
7b wbe ks A S AFSEAl Flo) IAIETE THE Bl S s &4
o] gelEglom, AFARES] pH 929 HHE dExAs FE dFAE
NG} AT 5 Frbste] ] AT vhe Ao R gl
Aot wEbA pH7E =2 ALY A SAlE o]8e H AHe midENdd 5
HeA FFS FA e AL AT 5 ATk

Table 34. Mechanical properties of perm treated hair by 6 type solution

Sampls Treated solution 5;;1%% Perceniage sein
\% virgin hair 47459+6300 21.073+1.88
Fl H202 (pH 3.5) 43035+5376 21.68148.75
F2 DW (pH 6.8) 4402945747 23.564+3.02
F3 NaBrOs (pH 5.0) 41397+3460 24.365+2.49
F4 NaBrOs (pH 4.5) 44999+5312 22.969+2.61
F5 Borax buffer (pH 9.2) 52243+1066 24.710+£3.08
F6 Glycine buffer (pH 9.2) 52890+6068 24.743+£2.65

MeantSD (n=8). a-d Values with different letters are significantly different
(p<.05) by ANOVA and Duncan’s multiple range tests.
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Table 35. Absorbance changes of perm-treated hair by 6 type solution

Samples Treated solution Ave Stdev Rate(%)
A% virgin hair 0.492 + 0.127 -
F1 H202(pH 3.5) 0.589 + 0.082 + 19.72
F2 D-W(pH 6.8) 0.522 +0.175 + 6.10
F3 NaBrOs(pH 5.0) 0.52 +0.12 + 5.69
F4 NaBrOs(pH 4.5) 0.548 +0.103 + 11.38
F5 Borax buffer(pH 9.2) 0.534 + 0.084 + 8.54
F6 Glycine buffer(pH 9.2) 0.401 + 0.059 - 187

MeantSD (n=5). a-d Values with different letters are significantly different
(p<.05) by ANOVA and Duncan’s multiple range tests.
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Pretreated agent processing —l
! Reducing agent applied
Hair softening time for 10 ~ 15 mins

Uity B>
e . at 55°C or is placed at room temperature
Softening test and rinse with water

‘ . The winding on the rods or curlers
Processing times for 10 ~ 15 mins

F1 l F2
H:0; z
i p!; Iﬁ:";,i;u =5 DW= 68 ™

F3 i

NaBrO; Neutralization Oxidation agent Borax buffer pH + 9.2
| pH£50 EI } <E I

~

uonnjos Jayng palddy

01 _-“M“J;:(wﬂ

NaB gH + 4.5

UDINOS [BUCIUSALG?Y
A

Fé6
Iycine buffer iy & 93] J

Fig. 54. Perm processing of buffer solution.
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mCon @FL oF2 BF3 BF4 Bfs  &ff

) ' ‘
0
Con Fl F2

Fig. 55. Changes of hair absorbance in permanent hair by 6 types of solution.

Absorbance (660nm )

Neutralization solution type

Treated by F1: H,O, (pH =£3.5), F2: DW (pH 6.8), F3: NaBrOs; (pH 5.0), F4:
borax buffer solution (pH 9.2), F5: glycin buffer solution (pH 9.2).
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Thickess (mm)

Neutralization solution type

Fig. 56. Change of hair thickness in permanent hair by 6 types of solution.
Treated by F1: H,O, (pH =£3.5), F2: DW (pH 6.8), F3: NaBrOs; (pH 5.0), F4:
borax buffer solution (pH 9.2), F5: glycin buffer solution (pH 9.2).
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2. EFoWA Y aAgAS HAEsH7] 98kl SAPH S ]88 50 mg/ml ¥
To A& 66.00 unit/min, HUTH 50 mg/ml &Xo|A1% 95.73 unit/min,
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