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RDG5350062
Innovative sericin film as skin care facial paper mask: Utilization of natural rubber as a film binder

and chitin whiskers as nanoscopic fillers

ABSTRACT

An innovative skin care facial paper mask composing of silk sericin (SRC), natural rubber (NR), and chitin
whisker (CTW) was developed. SRC — a glue-like protein found in silk cocoons — has several beneficial properties for
the treatment of skin as well as wound care, such as good skin moisturizing ability, antioxidant, and antimicrobial
properties. However, pure SRC is generally difficult to be fabricated due to its weak structural properties. This limitation
of SRC was overcome by using NR as a binder because of its excellent ability to form film, good adhesiveness, and
flexibility, which are suitable for using as the facial paper mask. CTW was chosen as other component due to its ability to
promote tissue repair of wound, thus, could improve the wound healing ability of the products. Importantly, protein in the
natural rubber latex (NRL) was removed by centrifugation and enzymatic treatment before the film formation in order to
avoid allergic reactions and cytotoxic problems which can be caused by these proteins. By using these techniques, protein
content in the NRL could be reduced up to 95% and the obtained NR was called Enzyme-Treated Natural Rubber
(ETNR). Consequently, SRC/ETNR blend films were fabricated by solution casting technique. It was observed that
maximum amount of SRC contained in the SRC/ETNR films was 30% (%w/w, based on the weight of ETNR). In order to
investigate the effect of the SRC content in the blend and the composite films, two conditions of the SRC/ETNR films, i.e.
20% and 30%, were selected for further experiments. After that, SRC/ETNR/CTW films containing 20% or 30% SRC and
different contents of CTW (1-15%) were fabricated. The effect of the blend compositions on the surface morphology,
chemical structure, mechanical property, and water sorption capacity of the films were determined. The potential for use
of the SRC/ETNR/CTW films as skin care facial paper mask was assessed by investigating the cytotoxicity of these
materials against human dermal fibroblast cells using MTT assay. In addition, release profiles of the SRC from the
SRC/ETNR films and the SRC/ETNR/CTW films containing different contents of the CTW were investigated in order to

confirm that the SRC can be released out from the blend and the composite films during use.

Keywords: Facial paper mask; Sericin; Natural rubber; Chitin whiskers
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. Y o o S A ) o A aa ! A
Gl,uﬁlﬁl’iWﬁ’J‘L!‘U@\‘IL!”I‘ViuﬂﬂJEN'5th‘]/iMﬁ@ﬂiNWI‘iéllf‘Nu”lﬂﬂu!,ﬂWﬂU 1 NTU QD 30 Yaaansd Glﬁmm%’auﬁqmﬁgu 121 °C

Y A I =3 Y =K J ~ A 9 a
A81AT 04 autoclave 11U 30 UIN LAIINTDILYNNINOONIINAITAZ DY ﬁlu‘lJENﬂTﬂ‘Vl!Lﬂﬂ@ﬂﬂﬂﬂlﬁuﬂlﬂq‘vn‘lﬁﬂ1!
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= o ] 4 a L4 [ 4 a an A 4 o o aa
M3 eudlIntuiodns1zienanyalmuniveudIFualIens o1 FTIR v1a lagrhasazatossdu 'y
g; o o = 1 o o 4 g I T ) 4
pulfuts nimiutai lduadums Tnuna@ouTus lud kB Aourh ldaieiugihiluuduing i liiduaieq
FTIR (Thermo Nicolet Nexus 670 spectrophotometer) 1a8158951015a11AY (scan rate) 64 FUAUNTINAVAAU 4000 D4

400 cm”'

o & £ g
aalurans
A v v
FuarmvesTelnuvinannunielszanas 0.5 cm

Yy oy ¥
ANAIYU

AQ“ J v a2 Y
mumummiﬂﬁumme

a2 O
uxluinay

. e L2y
(Bns1amszrase Inuaeiinau =
1g:30mL)

a

= S
Autoclave NQaHAN 121 °C 1 ual

g

30 W

NIDILYNNIN

ialallusdu TsazUYIFY

an
LHFIBULIDA

= o H = aan A Ao
3‘1]‘1] 6 L!WHNQ!LﬁﬂQﬂIu@fJUﬂﬁW]iEJiJﬁﬁazﬂ'lﬁl!%i%u%iﬁuiﬂiﬁﬂﬁ’mﬂ

Ed
1.2. N8 FITUA
a a H a o Fa an = < . . . <
myaatsaTdsanuluhensssumnan1a lae 5 nyumisannu5aga (high speed centrifugation) 7
< ' ] oA = J S o U Y =

A7157 12,000 soUADMIH Tual 10 Wi weuneno1 1A lud B e NINAINVBIBYNIALIT VINUUTILEN
IaIUYBIEYNINENAILIUYDIana lUiTe a1 Iea s azatonen Tudle 0.6% nowii T fasernuen lai Ty
a a a [ X 4 A < {
51D 0.04% lug shaking incubator Ngmngil 37 °C TagihmstluldesazareindouaaeanainienuizIngd

u

] A & d = ) A o ¥ ¥ =2 o v
(100 ifJU@]ﬂuTﬂ) Lﬂunm 4 GIf’JIlNiN 39U m'lﬂ‘m;umtlmaﬂﬂﬁﬂ ﬁnﬂuuﬁNu1ﬁi]mlE]Q’f)igmﬂﬂwmuuu‘lﬂazma
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MEFIINHA

{ 3
mg‘um%mmwmnqa

#HANNI57 12,000 591/
i una 10 wi)

,

AUNANY (dauumlmwmaﬂ)

FIUNANAZNOU

A Y
RDINAWAITAZAY

=\
wou Tantle 0.6%

o aan [ 4
walgnsenuen la
Tilsaioe 0.04% (lug
shaking incubator

< A A
A2WI57 100 5OU/UIN N
Y qamgi 37°0)

= <
NYUIHILIANNTIGY

#HAMU57 12,000 501/

A d =1
v 1 Wuna 10 win)

| |

=)
=4

AUMAYUN (dquuummwaam

A Y
[ADINAIYF1TALAY

won TuiHe 0.6%

H as (LA o
H1¥J]\1ﬁ§§3~l‘lﬂﬂiﬂiﬂuﬂ1

1 2 =S 90’ d‘ a o
51U 7 unudaasiuaeumsaatSunaldsauluhesildluTas i

a a 4
1.3. la@wdmnes
ladulanesasonldninmaniladunanaldvinalaends (Penaeus merguiensis) uviilinsendessie

A

. . a ) a ) 3
n39 (acid hydrolysis) Tumsazatensalalasnassn (HCI) ANmdudu 3M Ngaiigil 104 °C neldan1az reflux i
na16 $lus @Basnaauszuinladuaensalelasnaesnminy 1 nfu e 30 Taaans) ATNABNITHIUINIG
2 . . . d' 3 ' P A A
A159g4 (high speed centrifugation) 1A1W153 10,000 seUABUITA 1TlUrIa 10 Wil ileusneIasazatensalalas
a a a 14 a a [ 2=} 1 A ld‘9/ g/ = o a a 4 o 1
Aaesnoenan lnaudamnes (laAuddinesAediuianazneusginurasa) ntudailaduidinesukinisuns
] 4 %,’ & A %’ oA [ 4 [ a I 1 o @
Aude (dialysis) lwinauTasulasuminaunlamniu edsvanimvesianes hiilunaranewilu 1y umura

9 H 9 '
uaasvuaoumaason lnauismnein1¥luTasamsisoiluaaslugilin g
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= @ ] A a 4 o o = a a d Y 2 [ Y- o 4
MIsendlIeaiin NIz onanraimanlve lndudanesaianTed FTIR ¥ ld lasiinoaassdved
a a ¢ H o o P ' o o A X & '
laaudanes lleuliuds mminiah luanums Inuna@eon Tus lud KB newth ldametugihilunruuia
11l)iaTe9 FTIR (Thermo Nicolet Nexus 670 spectrophotometer) Tasldoasimsannu (scan rate) 64 AUAUNFI

A = 1
vnan 4000 949 400 cm

Wiljiiedessonia laels

a1302018 3M HCl Ngauvigil 104 °C
< o

Meldan1g reflux a6 321w

o U ' < a '
(@@31ﬁ')uﬁ$ﬂ31ﬂlﬂﬂﬂ]‘lﬂﬁu@]ﬂ

y a1 HCl=1g:30 mL)

a a d
Ulﬂﬂuilmﬂﬂiﬂl‘l-!ﬁ1§ﬁ$ﬁ1ﬂﬂ§ﬂ

{ 2
wguzﬂmmmmge

{ < g
(RnM57 10,000 590/1719 1Wluan

|

a a d
lafdanes

10 17)

au supernatant

' 4 A Y
(dunanaznauegNnuyiaea)

4 v
dialysis Tuinau
a a ¢ |
Tafvdanesntiammiunana
d‘ Y 3’, G a a P av
51N 8 unudsaastuaeumses ouladuiamesnldlulnsimsive

Aafd aAa a afd a aAa a a a d
2. MIIATYNUAUT AN T /eNI555111A tazurviannenInansFweasssuya/lafvdamnes
) v 3
MINAABUNDHIBAT T IMINUNZ ANV UL FUADENETINIIA TuMsTugUHaY vh ] Tasmsthai Suna
{ 4 o o 3 2
aesen 13 azaelasnslianusoudieaaululasnn diaall 330 ad $umar 7 1 Mniudawayasazaty
aa o ' o 3 a < { . . . > aa
I FUAINAINUINB195TTUNAMSIATN1ITMINMIUAIBANNZ IAINAIBATOL magnetic stirrer 1ABTUTIBuATFY
" A d = = @ %’ o a o .1 ar d = Y
Tunduddn 0% 09 100% (%wiw,  tHounuiIMiinuee9s3sua) instugliduTaomarsazaronaui la
31105 20 fiadans aslu Petri dish 1A vinadurIugUaNas 15 wuAas udreuiigungil 60 °C 1unar 24
& o Yo VoA aAa 1 a Ed Ald Y = a a @
#2114 naann lasandiuiimuz auvouss suase 1955 509a TumsvugUddunds Jawean ladudmnes lulsum
1 aa a <3 { 4
A199 (0-30%) adluasazaeIFW/e9555uNA Meldan1IzMInIUAIIANNEININAIBATOY magnetic stirrer

d J ]

Y XK i ) asy = v k1 a a o aa a
uaevugUauTae s msmernumsvug Uianvewnuiauess Fu/e19sssuma

] Q
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3. mﬁmiwﬁauﬂ’ﬁmamﬂmw 1ndl uaz’%amwmmuw'u?lﬁu

o £ o " oA e
3.1. ANHULNUAIVD IR UNAY

1 9 i
MIH3 BRI UNBUATIZH AN UL TUAIVOUHUTANAI81AT 09 Scanning Electron Microscope (SEM) ¥

Y

o 1 ad a a A o A o 4
1&Taevhuruiavdaasuuniluegiiiioundni liindeuunwaniiudaeis 09 Ton Sputter (Hitachi E-1010 Ton Sputter)
d 1 ag a

Y = o y A . . Yo % o
mﬂuummllﬂmmmm SEM (Hitachi S-4800 SEM) Taelgdnagisavanaseuviia 2 nlalias uagnmadvensy 50 1ag

200 1111

[ o Y IS} "oad
3.2. wnanyal Inssadumaniivesnuian

a 4 o o a "o ad Y A o Y o & v U 9 A
MIANTIZHeNdNHAIMUATVoIuHUTaNAI81ATea FTIR 11 1a Tasrhilaudsnann liduaSes FTIR
(Thermo Nicolet Nexus 670 spectrophotometer) latat Tag148n51m5enU (scan rate) 64 auAUNFINAVAAY 4000 D4

400 cm’’

3.3, AuaNI luAIINULIIRIE

anuasalumsnuussdadavewruiduanson 1d 1aal4HiaTe4 Universal Testing Machine (Lloyd,
LRX) 5’Nﬁmmmmgm ASTM D 6746 — 08 (Standard Test Method for Determination of Green Strength of Raw
Rubber or Unvulcanized Compounds) (82 ASTM D 412 — 06a (Standard Test Method for Vulcanized Rubber and

o 4

o £ I Aa
Thermoplastic Elastomers—Tension) Tﬂﬂm%mmmugﬂﬂmuaa (dumbbell shape) anaNun eIV
9
spacer 5 mm L 10 mm MUAIAY mmwuwmuwuﬂa”uﬁmmgm 0.1 mm ﬁ\i 0.15 mm SEHINNTNATOU ANNYI
7 o 5 4 {
YDITLYENATDU (gauge length) A9 10 mm VAUl Inaasad (load cell) HAZOATUTIVOINTIAADUN (displacement

. o W ¥ 2.4 Y I 1 { o £ o 2
rate) ﬁf) 5 kN 1ag 50 mm/min AINAAU Nl ﬂ']‘ﬁllﬂi]']ﬂﬂ1i‘ﬂﬂa'E]\Hijuﬂ'll,ﬂaElinﬂﬂ']i‘ﬂﬂﬁ'f)ﬂﬂﬂ‘]fuﬂ']u"ﬂ']u?u 5 YU

Y
3.4. msvawaaluih
o ¥ A o 3 LN o Y o oA g

ﬂTi1/]ﬂﬁ'é]‘]JﬂTi°]J'lel¢l'ﬂu1!11’73f‘)ﬂ'ﬂllfﬁllWif]lluﬂWiﬂﬂ‘;]ﬁJu"I"Uﬂ\1lLWNV\IaNﬂWqﬂTﬂﬂﬁﬂLLNuWﬁﬂlﬂugﬂ
Aa Y 1 s 3’4 =2 4 3 @ Y " oa 1 o "oad ' ] ] H
NWNANNVUYHIAUTURIUFUINAN 1 cm MNUUIIFINHUNUAIVO UH U AN ﬂﬂuu'llmu‘ﬂﬂlllmﬁ$1!WUU11JI,LGI§GL°L!°L!']
Y =~ a A o 1Ay Al o H o a 4 ¥ a
nawsu1as 10 mL quﬁgﬂﬁlﬂﬁ udJunm 30 UIN muwuﬂﬁnwam’Jﬁ"mumwuﬁ}wﬂimm‘ﬂ%mﬁmmmmumu
¥ 2 & ¥ o VA g A P o 2 A o 3 " Ao
000 MNUUIIFIMIPVe KU audlen 5E]Elﬁgsllﬂx‘lﬂ15“]J'JiJG]'ﬂHuTVT5E]‘ﬂ'J13J'ﬁ11ﬂiﬂiuﬂ?i@ﬂ%ﬂuﬂ]@ﬂlmuﬂﬁu

s ldnnaNmsh 1

a
aumInl

; - bwndndlenvearhelid —dwidaud ol
sunzveimaviuitlnh = 0 » 100
dnridnut susauruTidy

9
[

Y Ay v I ' { o 2 ° Py
VNﬁ ﬂﬂ?l]lﬂ"l]’]ﬂfni‘ﬂﬂaENL“]JUT"I“Q%ﬂﬂ1ﬂﬂ15ﬂﬂﬁ@uﬂu%uﬂ’]uﬂ’]uju 5 ¥U



RDG5350062 W16

< a ' Ia @ 4
3.5. ﬂﬂ?ulﬂuWHﬁﬂl“ﬁaaN?ﬂuﬁNu‘Hﬂ

a VoAl I a 1 4 .. 9
MINAAdUTVTANWNFINNVoHUHdNAA N UNEABITAA (cytotoxicity test) 1535 MTT assay U1
. o 9 @ Ia o J
direct contact test IAgnsnaaonluioInaad (in viro) NUIFAANINUINYLE (human dermal fibroblast) N1

£ i1 v i
NABDIIIE19BIINNIATFIM BS-EN30993-5 1ag 1S010993-5 ie1lsziliunsaeuaussvousaduypdnodenana a

]
@

ay 4 a o o asy [ st =)
MNFUNUINAdOY TAgia15n19INNTYNTIAeYDUTAd 35 MTT assay AHANNITAD 1ad N 1% 1UN1TNAADING]

e

a

a ) 4 o £y o Qy g a a g
%magwmmsﬁwmu%mm %88Qflﬂ§$ﬂ’3ﬂﬂ1§m@nﬂﬂaﬁu (metabolism)  INAVU NTLUIUNTINAIUDATUY

a1301a8uas MTT  (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bromide) ~ Fanamanal¥iduans

4
v A o

éddy tvgl/ 9 Y dd'ada! I = I o AA n 9
formazan ¥l @1 Aty ensaldanuduvesdninatuiudmyialfsnawaandilitineg1d minaaeuaiy
A s ' v H A
Wudivaemadausoutamsnaasdldilu 2 duaeu Ao
v
= o
3.5.1. MIWI@eFaa (Cell Culture)
i~ 2 7 o o ¢ . & A Ao g
Wumspeeawaa luvasanaasd 1ago 1A IMITTUATIZH (medium) Fala1501115N 110
AomInI Ay Inveuraded AT uRIU TINTINIAIVANAN1ILAI (incubation) NINAADNITOYTOAVBIHAT 1111
Fa Y Y
anuingay lumsneassiilfigadiviiauyud (human dermal fibroblast cell line) Taiwn@sslusimisiaes
188 Dulbecco’s Modified Eagle’s Medium (DMEM) ANAY fetal bovine serum (10%) L-glutamine (2 mL) ttazen
a a = a [
UfFauz 2 %iia Ao penicillin (100 unit/mL) 1Az streptomycin (100 pg/mL) Nguwgil 37 °C elduna
I'd I'4
mSueulaoeon lud 5%

3.5.2. MTT Assay

L Lo

o 2 ' @ < Y 4 ' 3 4
HIBUNUUAQAS T UBIN ﬂymmﬂuaaﬂammmaumug{uﬂnmd1 cm mia“lummwmﬁmmaa

¢ = o o

H v 9 T
YUIA 12 399 (12-well plate) 31NHUI suspension Vouaaniass ¥eduinreaasuuiIvInve ¥ ununaNY

a

4 ° ' { < o ' ° o
Wyt uveuwad 1,000 cellwel/mL 11111y (incubate) Ngauvigh 37 °Ciiluna1 24 1Tus newthliasavia
anuaminlumsiFinveuwad (% cell viability) 1as35 MTT assay 339118 Iagiduaisazats MTT Haazavoglu
v v
asazanefrlnles PBS (Anudutu 5 mgmL) Y3113 200 pL asluudazyedued 12-well plate NRFUNULAL
o oA a I < 1 ' ]
suspension VBUHATT AU IMsLuNguugil 37 °C ilunan 4 $11u neugamsazaroninluudazosvenuiie
919879 isopropanol 1311815 200 pL 1hasazateh 1@ lldasinmsganaunasdienses UV-visible 111 microplate
. A A =2 o A a sy
reader (Molecular Device) NAMUY1IAAU 570 nm Ui wan 1a 113ns1zvale SoftMax Program (Molecular

. A 1 I a 1 P 9 3 U ~ 19 ay o QSI
Device) wermanuilunyasag ﬂm"lﬂmﬂmﬂmaauﬂummaﬂmﬂmimﬁaunu%mmmmu 3 ¥U

1 Aaa " A d
3.6. M3tantlasas FueannuRUNa

A 3 A Y] ' aa " a s aa a A " oa o a aa
ot umssuduNas T U I uuA U NS U a LIS FU/E1955501A HIouRuNaunoy TNEALYTFU/819
a a Aa 4 U " oA d d' vas g Eal @ A
s3sua/laandanes ansogniandaseeenuininuriuilauionaasanianiluilse TeminonsSnuuwanso
A Y Ao 2 o ' aa Ao
msquarmanauihvueg1ilulasimsite Sohminaassanuansalumsianilaeoss Fusenvinunuilay
ToouruAauna s H1/01953 5030 ¥souruTaunon TnaaaSFweasssud/laauianes nlFlumsnagdey U
o < Y 7 ' Y 1 oA 2 o 4 3 o '
anvazitlusnavvinaduriugudnais 1 cm Tunaazgamsnaassldunuilay 2 sulaoh lvaihmminneunsylu
9
asazarerililed Tris-HCL (AMududu 0.1 M, pH 7.4) 51035 mL nniudatlarh ud1ir1y1a1y shaking

a

. A% Yol < A o < @ sg vy 12 A
incubator ‘nmqmﬁnu"lm 37 °C AN532501 100 oU/UN Mimsinudisazaretiviwes i lsusruaungiwia

U

' g‘/ ' [ o @ ' o 2 4 I = a A Y
A9 aaua 10 wiine 2 Juhasazateasnanuiadsualdsau eneuniemiludsunaassu) Tasldye
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3.6.1. M3A38Y Calibration Curve
4 @ 4 1 1 = a 1Y 1
BLAAIANUFNNUT TR NI T UYD9T1/5AUS1994 (bovine serum albumin, BSA) AuA
M3IANAULEINAINYIIATY 562 nm
3.6.2. MIIATOY Working Reagent
L working reagent Tagndy BCA reagent A 151195 50 mL N1 BCA reagent B 151185 1 mL
{ o 3
working reagent ey landnvasiiuaela
' £
3.6.3. mymaAnunTuves Tulsaungni/antdeseonu1onsuaiu
o o sa & o & ' ' a a a
ihasazaedwilesnnurawssuaulusisnaiang  wmageumlsnallsau Taaawy
. o 7 (a o \ - . )
Working reagent 1511035400 pL asluaisazaieiiosdSunes 20 pL (Basdiulasl5u1a535241219 working

a

reagent AoensfideaManaron = 20 : 1) wihlfidrunouir g1y water bath figaingd 60 °C iflunat 30 nd
%ml%u%dﬁﬁﬂiaz’meh],ﬂ’ifﬂﬁ”lﬂﬁﬂﬂﬂﬁuuﬁﬁﬁ}?mﬂém UV-visible 41U microplate reader (TECAN, Infinite M200) 17]
AMWEIAAY 562 nm mmaganauuasi Idindnnunduiudanududuauaunian calibration curve 1o
wm’numsfwffumaﬂﬂﬁﬁuﬁgﬂﬂaﬂﬂa'aa@aﬂmmﬂﬁﬁmmsluussiaz@ﬁ’;mawmmiwﬁémm nmiseiuumies
azvesmsilanildesTilsau (93 5u) :Inaua (% protein release) auaumsi 2 i ldnnmsnaasuiludunao

Y v
NNNMINATBUNUTUNIUTIUIU 3 FU

a
auNIIN 2

areuters 1 T Fu FTT;:‘“_:*'@&@ PR

i L - =y Fi
araethdwve il nmaluderm

"

P
fsumvstralnmldse i =

% 100

v v ¢
ﬂ’JWL“fljiJ"’lallusllENTﬂi@luﬂﬂﬁuﬂiu‘vuﬂu a’nﬂim/i11ﬁﬂ1ﬂﬂ1ﬁﬁ1ﬁﬁﬁzaWEJLGIfSGIfu“IJiQWI‘ﬁ]lﬂ
v 1 A A any 9 T 2 o 1 Ay Y ° ~ v 3 o 2 A A
ﬂi3%3@?]11.]3”]@”11]5@“@1“?5%]\1@” El]’]ﬂuuﬁ]\ju’]ﬂ’]tﬂ.‘lﬂlnﬂ’]ujmllﬁEJULV]EJTJﬂuu1wuﬂm9@%“@1”%5\37}1%’1uﬂ’]i

naaedluudazyanisnaaea
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a a J
HaN1INaol i’)ﬂﬂi1ﬂ!!ﬁ$’3‘iﬂimwaf’ﬂ‘i‘ﬂﬂﬁ@\‘i (Results and Discussion)

[

1. paEnliaveanedes Ingau
1.1, (3%
o aa ci & A = [ av 1 9}:3‘
FTIR ailnasuveasiduuaaslugdn o suienfeumeunuauisenouniiil (Sarovart et al, 2003)

A w1 A YA aa
ﬂuﬂu’l']ﬁ'li‘ﬂhlﬂﬂﬂl“]ﬁcﬁu

31U 9 FTIR anlnasuveusiau

Ed
1.2. 181953 5UNA
o 2t = 3 ad o o Y 7o 1 ' o
HansNAaeINstnia laeds nyulesnnuisiguaz s tniadeeu lminnaiaie wun aunsoana
- 2 - o . ; 2 . - 4
uenTisAueenniniensssuand ldawiSunadwandlugdi 10 Ml aansaadauenTis@ueenainiiens
a 4 = 3 o g < '
53500 sz 95% e 1935 HyumIssnnuisrgeaalsmshiiaseou laalilunar 48 2 Tus faudiinms
A o w o ° I A 2
mszozna lumathdadoeu lsiilu 72 ¥ T i ldawnsnanFinameu lesliuiu 188 milualszana 96%
1 A 2 o 1o v o o g ] 3 < 4
uatesninmamunananailfeynagiudnuiudeuniniuluduaeumsnyumlsuiiensnsynine1a
o v o ~ v Y (= & v
99N INT5TN azdeusaInaaIsaazatelumsazarononTuile 0.6% laernuaz IduSuailosaiosas
@ g’.d =2 A

y ¥ 4 ~ F a Aw
1y Fudenszeznal 48 ¥ 119 TumsantSuaTdsauluihesiieldlumses suienasssumnalulasansive

3 ¥ a o A I3 H g =
% 1he1953501a Tsaudnes s lands naveawdialuinenananua (solid content) Tagmasilszunal 36%



RDGS53

W

0062 W19

3 ad o an = 2
HNBHA : Centrifuged NR = “L!1ﬂ1ﬁﬁ§§M‘H1ﬂﬂW1uﬂﬁ‘]J1Uﬂ1ﬂﬂ?‘ﬁﬂ1§uﬂ’i’mﬁﬂ’ﬂmi?gx‘i
H ad Y { 3 ax o o
ETNR (Enzyme Treated Natural Rubber) = LﬂEJN‘ﬁiiiJ“ISWWIWﬂ!ﬂﬁ‘lﬂ‘uﬂIﬂEJ”T‘EWigumaflﬂﬂ'ﬂﬂﬁ’)i;fﬂﬁﬂJﬁl'JEJ'J‘ﬁ‘LIT]Jﬂﬁ"JEJ

sou T

an v 9

a = 3 ' [ o o any = < o s
iﬂ‘n 10 “]E’llTEL!T“]JSﬁualu"lﬂﬂNﬂ@ulm%‘ﬂﬁ\iﬂﬁiﬂ'ﬂﬂiﬂEJ’J‘ﬁ‘HL!HL‘H’JENﬂ’JHJLﬁ’J’gQLLﬂg'f]‘ﬁUW ﬂmﬂmullcmm’gm

L)

A9

a a 14
1.3. ln@dudannes
A a s A Y o 3 o ? A y 9 a o K v 1 A
Taavudanesnesonlandnvazitiuneaaosd 1w Tanududuveadamnss lasiminaslsuasves
ADARDEAINAYTZUIN 4.5% HANITAATIZHANHUZNINIBNTHYBIADARBIAAINGT1IAIEIATEY TEM (U7 11) Ny
szapudraduleniivinaszauunu Ao TaNue1ILazANA ARG 307 £ 100 nm L 27 + 12 nm MUFIA LAy

o [

=1 [ 1 9 . a I o a a I4 d'
UOATITIUTEHINANVYIINDAINNIN (aspect ratio) Aoty 11.37 FTIR ﬁﬁ_]ﬂi"liN%@QqﬂQUJﬁLﬂﬂﬁllﬁﬂﬂiugﬂﬂ 12
=

@

x Yy o av Aa ' v X . A o o = o %
HATDANADINUVIIUINVNUIND U UIU (Watthanaphanlt et al., 2008) uazuamelmzmmmﬂﬂmmtﬁmmmﬂaﬂyf,u

mandvealaau
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A, .H_-ﬂ\b

1000 nm 10,000x

']Jﬁ 11 7MW TEM Laadanbie T]NﬂWEJﬂWW"U’ENVlﬂﬁu’JﬁLﬂE’J‘J

514 12 FTIR e fuvedlnduianes

[y J ~ G 1" ad aa a vV ard a aa a a
2. 99]51@"311!7]!113»113ﬁ?ﬂuﬂ1i!ﬂiﬂulmuwﬂ?»l!“lﬁ“li‘i—!/ﬁﬂﬂﬁiiu‘lﬂﬂ !!ﬂz!mu‘ﬂﬂNﬂi’)NIWﬁﬂ!‘ﬁi‘ﬁu/ﬂ]ﬂﬁiiuﬁ]ﬂﬂﬂﬂu
a d
Ja1NvI

o 1 1 aa 1 ad o A v d' & 1

amwmuszw’mmsmumfmﬁiiwwmﬂmm‘mﬂamuazwamsmaaw”lmmﬂﬂuminn1 ANV

g a a A a 4 =y = a Aa ) a Ta aAa 1

asavugAsunanai Fueesssuanad IdietiUSuanad Fuluuriuildy livu 30% mnSusmadFuuinai
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Sample Absorbance Protein concentration (Llg/mL) Average SD

Raw NR 0.86237 391.9863636 406.7969697 14.85244806
0.92772 421.6909091
0.89477 406.7136364

Centrifuged NR 0.20775 9443181818 110.6742424 18.8541473
0.23373 106.2409091
0.28897 131.3500000

ETNR - 4h 0.04692 21.32727273 31.3030303 13.93346522
0.05579 25.35909091
0.10389 47.22272727

ETNR - 12h 0.04523 20.55909091 26.18787879 5.5003049

0.0582 26.45454545
0.06941 31.55000000

ETNR - 24h 0.04673 21.24090909 29.51969697 8.192323222
0.06533 29.69545455
0.08277 37.62272727

ETNR - 48h 0.02907 13.21363636 19.46515152 6.02973406
0.05554 25.24545455
0.04386 19.93636364

ETNR - 72h 0.05574 25.33636364 15.90757576 9.317960456
0.0345 15.68181818
0.01475 6.704545455
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Stress at break (MPa)
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20% Src/NR

N=S5§

Average

SD

0% CTW

1.252395156
1.247639389
1.163862725
1.270165997

1.305247943

1.247862242

0.052122673

1% CTW

1.006976587
1.017558742
1.182307508
1.207461248

1.247074995

1.132275816

0.112020952

2% CTW

1.00060989
1.085608101
1.147954132
1.164829464
1.171745051

1.114149328

0.071997073

5% CTW

1.126156805
1.104421971
1.132926057
1.097097132
1.073277198

1.106775833

0.023879033

10% CTW

1.017827465
1.154364072
1.068568897
1.05899539
1.073668506

1.074684866

0.049664217

15% CTW

0.847858018
0.829275237
0.923456702
0.887088424
0.88915872

0.87536742

0.03715312




Stress at break (MPa)
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30% Src/NR

N=5§

Average

SD

0% CTW

1.399058813
1.232597556
1.501541576
1.347498846

1.45156702

1.386452762

0.10348073

1% CTW

1.33441196
1.413533768
1.263998452
1.400002786

1.334104457

1.349210285

0.060053354

2% CTW

1.332297187
1.245940921
1.349619531
1.371792525

1.378596169

1.335649267

0.053396544

5% CTW

1.174276233
1.324793524
1.26531272
1.339801476

1.410728697

1.30298253

0.088635371

10% CTW

1.267486841
1.296339697
1.254856586
1.363826357

1.362980588

1.309098014

0.05180473

15% CTW

1.050294881
1.133483183
1.086302812
1.074821751
1.139528336

1.096886193

0.038494447




Percentage strain at break (%)
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20% Src¢/NR

N=5

Average

SD

0% CTW

609.4047405
494.1783532
605.9351406
548.2115827
513.0418152

554.1543264

52.57502524

1% CTW

336.23757
391.3807563
373.6196811
390.9222431
347.5304054

367.9381312

25.1570414

2% CTW

283.1891838
225.6389826
273.4973609
286.5663929
268.8979629

267.5579766

24.49453222

5% CTW

204.4830803
169.6837454
200.8978751
193.1886388
176.7200161

188.9946711

15.18836279

10% CTW

197.1542915
192.9865067
176.5383042
128.6614576

155.8454031

170.2371926

28.36120088

15% CTW

179.0853078
136.9418395
142.6236909
201.8953504

128.5856402

157.8263657

31.29026531




Percentage strain at break (%)
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30% Src/NR

N=5

Average

SD

0% CTW

475.6881891
342.7351348
520.4903664
425.3253086
486.2657483

450.1009494

69.02629946

1% CTW

260.9183453
329.302774
322.3269347
236.880517
354.8695637

300.8596269

49.68793535

2% CTW

243.9689714
221.6717102
202.6128302
256.4906452
229.5678309

230.8623976

20.69282511

5% CTW

225.6787595
165.0887836
146.0050606
99.05714109
177.6095506

162.6878591

46.1612903

10% CTW

106.9045671
136.8685797
132.0447872
69.13661545

68.04171258

102.5992524

33.06786083

15% CTW

67.61826996
59.48197869
61.89700897
32.18526823

34.6264826

51.16180169

16.49856788




Average values of stress at break and percentage strain at break

W |40

Sample Stress at Break (MPa) Percentage Strain at Break
Average SD Average SD
20% Src¢/NR ‘ ‘
0% CTW 1.247862242 0.052122673 554.1543264 52.57502524
1% CTW 1.132275816 0.112020952 367.9381312 25.1570414
2% CTW 1.114149328 0.071997073 267.5579766 24.49453222
5% CTW 1.106775833 0.023879033 188.9946711 15.18836279
10% CTW 1.074684866 0.049664217 170.2371926 28.36120088
15% CTW 0.87536742 0.03715312 157.8263657 31.29026531
30% Src/NR ‘ ‘
0% CTW 1.386452762 0.10348073 450.1009494 69.02629946
1% CTW 1.349210285 0.060053354 300.8596269 49.68793535
2% CTW 1.335649267 0.053396544 230.8623976 20.69282511
5% CTW 1.30298253 0.088635371 162.6878591 46.1612903
10% CTW 1.309098014 0.05180473 102.5992524 33.06786083
15% CTW 1.096886193 0.038494447 51.16180169 16.49856788
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Innovative Sericin Film as Skin Care Facial Paper Mask: Utilization
of Natural Rubber as a Film Binder and Chitin Whiskers as

Nanoscopic Fillers

Anyarat Watthanaphanit® and Ratana Rujiravanit™*

The Petroleum and Petrochemical College, Chulalongkorn University, Bangkok 10330, Thailand
“Center for Petroleum, Petrochemicals, and Advanced Materials, Chulalongkorn University, Bangkok

10330, Thailand

Abstract

An innovative skin care facial paper mask composing of silk sericin (SRC), natural rubber
(NR), and chitin whisker (CTW) was developed. SRC — a glue-like protein found in silk cocoons —
has several beneficial properties for the treatment of skin as well as wound care, such as good skin
moisturizing ability, antioxidant, and antimicrobial properties. However, pure SRC is generally difficult
to be fabricated due to its weak structural properties. This limitation of SRC was overcome by using
NR as a binder because of its excellent ability to form film, good adhesiveness, and flexibility. In
addition, CTW was chosen as another component due to its ability to promote tissue repair of wound.
Before the film formation, protein in the natural rubber latex (NRL) was removed by centrifugation and
enzymatic treatment in order to avoid allergic reactions and cytotoxicity problems. The ETNR/SRC
sponges having different blend compositions were fabricated by solution casting technique and then
the compositions having high SRC content which the film could be formed was selected, i.e., 20% and
30% SRC. After that, ETNR/SRC/CTW containing 20% or 30% SRC and different contents of CTW
were fabricated. The effect of the blend compositions on the surface morphology, chemical structure,
mechanical property, and water sorption capacity of the films was determined. In addition, release
profiles of the SRC from the ETNR/SRC films and the ETNR/SRC/CTW films containing different

content of the CTW were investigated.

Keywords: Facial paper mask; Sericin; Natural rubber; Chitin whiskers
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1. Introduction

The face is the central point of the physical features of the human being. It transmits
expressions and emotions, communicates feelings and allows for individual identity. Cosmetic medical
treatments of face therefore have become increasingly popular over the past decade. The treatments
are important not only for beauty but also for facial problem such as facial burns and facial scar. In
order to mature the scar and redistribute the structure of the collagen fibers, the option of pressure
garment fitting and facial mask fitting are available. The most likely mechanism of actions for facial
treatment is hydration, thus skin moisturizing agent is important (Villapalos et al., 2008). Presently,
most of cosmetic medical treatments used in Thailand are imported from foreign countries resulting in
a high cost of materials. Therefore, it is unaffordable for poor even some moderate people. This
project thus aims to develop the novel skin care facial paper mask by utilizing the waste products as
well as an abundant resource found in Thailand.

Silk, a natural macromolecular protein produced by Lepidopteron insects of the family
Bombycidae and Saturniidae, has been widely used in textile industries because of its glossy surface
and desirable mechanical properties. The silk fiber is mainly composed of a fibrous protein (fibroin)
core, with a glue protein (sericin) surrounding it (Dash et al., 2006). Fibroin is the protein that forms the
filament of silkworm and gives its unique physical and chemical properties while most of sericin much
be removed as a waste during the degumming process of silk manufacturing (Vaithanomsat and
Kitpreechavanich, 2008). Over 30 countries produce silk. The cocoon production is about 1 million
tons (fresh weight) worldwide and this is equivalent to 400,000 ton of dry cocoon which produces
about 50,000 tons of sericin. In Thailand, the silk production is originated in northeastern and the
production is about 5,000 tons in 2005. Therefore, if sericin can be utilized to make a value-added
product developed from the waste, it will represent a significant source of profit as well as diminish the
pollution problem.

Sericin (SRC) is hydrophilic in nature. It contains 18 amino acids including essential amino
acids and 30% is serine which is the main amino acid of natural moisture factor (NMF) in human skin
(Padamwar et al., 2005). SRC is thus an excellent moisturizing agent. The small SRC peptides are
soluble in cold water while the larger ones are soluble in hot water. It has sol-gel property as it easily
dissolves in hot water and again returns to gel on cooling. SRC is well-recognized as an antioxidant

(Fan et al., 2009), It has a strong affinity to keratin and forms a moisturizing, semiocclusive, protective,
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anti-wrinkle film on the skin surface, imparting an immediate, long lasting, smooth, silky feeling. Some
reports suggest that SRC enhances attachment and growth of human skin fibroblast cells (Terada et
al., 2005; Tsubouchi et al., 2005). Furthermore, in vivo experiments showed that the SRC peptides
have no immunogenicity and can be used effectively in biomedical applications (Zhang et al., 2006).
Because of the aforementioned unique properties of SRC, SRC containing products are available as
cream (e.g., Yuzu Tsuyaya, Dermaxime) and liquid (e.g., Pentapharm) for facial treatment.

However, SRC has been always neglected in the field of tissue engineering due to its weak
structural properties and high water solubility. SRC are known to form fragile films and scaffolds that
are difficult to fabricate because SRC is amorphous by nature owing to its wide range of molecular
weights, ranging from 10 to over 300 kDa (Marcelino et al., 2007). As a result, researchers have
blended SRC with other natural or synthetic polymers such as polyvinyl alcohol, polyoxyethylene-
polyoxypropylene block copolymer, and glycerine to fabricate 2D and 3D matrices (Maikrang et al.,
2009). Mandal et al. (2009) reported the fabrication of 3D sericin/gelatin scaffolds and 2D films using
non-mulberry Antheraea mylitta silk cocoon SRC protein. Both scaffold and film formation is feasible
using glutaraldehyde and 12 N HCI as crosslinking and group-activating agents, respectively. Although
the crosslinking agent is present, the researchers mentioned that, caution was exercised in handling
pure SRC films as they could break easily. Work related to an attempt on fabrication of SRC film by
avoiding the usage of toxic chemicals for both extraction and crosslinking was done. Dash et al.
(2009) reported that silk gland SRC protein has a potential as a SRC source for the film formation
without the crosslinking agent but specification of the material’s part means limitation on its quantity.

Natural rubber (NR) is an elastic hydrocarbon polymer usually described as poly(cis-1,4-
isoprene), and is found in the sap of certain plants. The most commonly known source of natural
rubber is the rubber tree (Hevea brasiliensis), which originated in Brazil and now grows in East Asia
and tropical Africa. During the present time, Thailand is a major world supplier of natural rubber latex
(NRL), i.e. in 2007-2009, the top three natural rubber producing countries are Thailand, Indonesia,
and Malaysia. (Review of NR market Q3, 2009). Nevertheless, the NRL price is low compared with the
other commercial products derived from the latex. Thus it is important to encourage the production of
NR into the other value-added product form.

NRL is a cloudy white liquid, similar in appearance to milk. It exhibits colloidal behavior having

rubber particles suspended in water. The rubber particle diameter is between 5 and 3,000 nm, and
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they are surrounded by a complex mixture of proteins, lipids, and long-chain fatty acids, which impart
negatively charge (Rippel and Galembeck, 2009). Most of the protein (75%) in the NRL is freely
dissolved in the serum fraction while a minor fraction (25%) is bound to the surface of the rubber

particles (Yip et al., 1995). Figure 1 shows schematic drawing of the NR suspension.

Figure 1 Schematic drawing of the natural rubber suspension.

This latex will turn into a rubbery mass within 12 hours after it is exposed to the air and the obtained
rubbery mass has excellent mechanical properties, outstanding elasticity, resilience, flexibility at low
temperature, facile adhesion, ability to disperse heat, as well as relatively high water resistance
(Rippel and Galembeck, 2009). As a consequence, it is possible to mix NRL with SRC aqueous
solution and produce flexible SRC films having desirable mechanical and adhesion properties as well
as avoiding dissolution of the film in water. Concisely, rubber particles can disperse in the SRC
aqueous solution matrix and thus act as a binder of SRC film. Figure 2 shows chemical structures of
SRC and NR. According to the chemical structure of SRC, it should be hypothesized that rubber
particles could disperse well in the SRC matrix because of the repulsion force between negatively

charges surrounding the rubber particle and OH group of SRC, leading to homogeneous blending.

fe) CH, /H
\C —C
/ N
H CH, CH,
n m
HO
Sericin Natural rubber (polyisoprene)

Figure 2 Chemical structures of sericin and natural rubber.
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It is well known in the literature that NRL can give allergic reactions and has cytotoxicity
problems (Turjanmaa, 1997; Woods et al., 1997), which is of great concern especially on this
application where the natural rubber containing film is used on the human body. There are two types
of allergy related to natural rubber latex, one caused by the natural proteins and the other by
chemicals that are used to convert the natural rubber latex to a usable item. They are respectively
called Type | and Type IV allergy (Health and Safety Executive, 2008). Latex allergy normally attacks
individuals who are habitually introduced to rubber materials such as rubber manufacture workers, and
individuals who have had several operations or several medical procedures where latex materials
were employed. Patients who get allergic reactions to foods, like kiwifruit, chestnuts, bananas,
avocados, and tomatoes, have a greater chance of acquiring latex allergic reactions since the protein
in these items is basically similar to the protein contained in NR. Therefore, the majority of the
population is not a clinical risk (Health and Safety Executive, 2008). Several new biomedical
applications for NRL have been proposed using a process without the use of chemicals (Balabanian et
al., 2006; Paulo et al., 2005; Herculano et al., 2007) in order to depart from Type IV allergy. Reduction
of protein from NRL to avoid Type | allergy also could be done. It is generally believed that the
potentially allergenic protein components are those associated with the aqueous soluble serum
fraction of natural rubber latex, therefore, centrifugation is one of the method used to reduce the total
protein content. In addition, Perrella and Gaspari (2002) reported that the treatment of NRL with
proteolytic enzymes significantly reduces the antigenicity of the rubber containing materials.

Generally, most structural biological materials (such as wood, arthropod exoskeletons, and
skeletal elements of vertebrates and other invertebrates) are multiphase biological composite
materials. They differ fundamentally from most man-made structural materials since they have been
optimized in their functions in the long selection and adaptation process during evolution; thus their
natural constructions give the impression to exploit in a more efficient and well-designed way. Chitin
polymer is known to form microfibrillar arrangements. These fibrils are usually embedded in a protein
matrix, and their diameters usually range from 2.5 to 2.8 nm, with the chitin microfibrils (referred to as
“chitin whiskers”, CTW) from the cuticles of crustaceans being found to be as large as 25 nm (Revol
and Marchessault, 1993). Chitin is well-recognized as a biocompatible material because of its low

antigenicity, low toxicity, and biodegradability (Krajewska, 1991). It is a substrate for lysozyme
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digestion and, therefore, several research studies have reported on its use in medicine. Because of
their high degree of crystallinity, chitin whiskers are useful to improve the mechanical integrities of
several types of materials. They also find applications in medical areas, principally for the regeneration
of wound tissues and as dermal fillers. An enormous surface area is their main advantage over the
original chitin flake and powder. This property enables chitin nanofibrils to interact effectively with
compounds existing in living tissues. Thus, the wound recovery ability and the ability to induce the
formation of granulation tissues are obtained. The use of CTW in cosmetics was reported. The CTWs
are suspended in saline and injected under the wrinkle skin with the aid of a G30 needle. The
whiskers can restore the skin’s normal look. They last longer than hyaluronic acid (a non-
sulfated glycosaminoglycan distributed widely in connective, epithelial, and neural tissues) and do not
give rise to any allergic reaction. Dibutyryl chitin containing CTWs was also manufactured for facial
mask (Morganti et al., 2006). As a consequence, in order to acquire a more efficient facial paper
mask, CTWs was addition be added in the SRC containing NR film. Fortunately, shrimp shells, an
important source of chitin, are currently a waste product from sea food industry found originally in
Thailand.

In this project, possible SRC films containing NR and CTW were developed. Inclusion of the
NR in the film is done in order to assist a film forming ability of SRC as well as improve the film
adhesiveness, while CTWs help to improve mechanical integrity and treatment properties of the
materials. As distinguished from other previous fabrications, the preparation of film described here has
the advantage of using the target substances with the exclusion of crosslinking as well as group-
activating agents. In order to stay clear of allergy, the NRL was centrifuged and treated with proteolytic
enzyme before mixing. Specifically, this study aims to develop the novel skin care facial paper mask
by utilizing waste products (i.e., SRC and chitin) as well as value adding an abundant resource (i.e.,

NR) found in Thailand.

2. Experimental Section

2.1. Materials
Bombyx mori silk cocoons and Penaeus merguiensis shrimp shells were supplied by Queen
Sirikit Sericulture Center (Nakorn Ratchasima, Thailand) and Surapon Food Co. Ltd. (Samut Prakarn,

Thailand), respectively. Natural rubber latex of Hevea Brasiliensis tree cultivated from Phatthalung
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(Thailand) was used. Hydrochloric acid (HCI; 37%) was purchased from RCI labscan (Thailand). Tris-
HCI (molecular biology grade) was purchased from Scharlau Chemie (Barcelona, Spain). All other

chemicals were used as received.

2.2. Preparation of Raw Materials
2.2.1. Preparation of Enzyme-Treated Natural Rubber Latex (ET-NRL)

The raw NRL was centrifuged at a speed of 12,000 rpm for 10 s in order to remove freely
dissolved protein in the serum fraction. The rubber particles appeared on the top part of the centrifuge
tube were picked up from the tube and diluted with 4% NH4OH aqueous solution. Centrifuged
ammoniated NRL was then treated with a protease enzyme (0.4%) for several periods of time, i.e., 4,
12, 24, 48, and 72 h, in a shaking incubator at a speed of 150 rpm, 37°C. The enzyme-treated NRL
(ET-NRL) was centrifuged (12,000 rpm, 10 s) to separate the protein supernatant (serum) from the
rubber particles. After that, protein content remaining in the ET-NRL was determine by using Modified
Lowry Protein Assay Kit (Thermo Scientific, Product No. 23240) and the test was done according to

ASTM D 5712-99 standard test method.

2.2.2. Preparation of Sericin (SRC) Solution

Bombyx mori silk cocoons were washed with distilled water and dried in an oven at a
temperature of 60°C prior to cut into thin strips (around 0.5 cm wide). Sericin was extracted from the
cocoons by immersing the cocoon pieces in distilled water and autoclaving at 121°C for 30 min. Ratio
of the cocoon weight in its dry state to the water volume was 1 g : 30 mL. After that, the aqueous
solution was filtered to remove insoluble materials. A sericin solution will turn into a gel state after a

period of time and can return to a solution upon heating. It was stored in a refrigerator before use.

2.2.3. Preparation of Chitin Whisker (CTW) Suspension

Decalcification and deproteinization of shrimp shells to obtain chitin were carried out according
to the procedure described by Shimahara and Takigushi (1988). Chitin whiskers were prepared from
the as-prepared chitin based on the method described by Paillet and Dufresne (2001). The whisker
suspension was obtained by hydrolyzing chitin sample with 3N HCI at 104°C for 6 h under vigorous

stirring. The ratio of the 3N HCI solution to chitin was 30 cm®/g. After acid hydrolysis, the suspension
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was immediately diluted with distilled water, followed by centrifugation to separate the chitin whisker
solid residues from the aqueous medium and, because of the nanocrystalline nature of the as-
prepared whiskers; the centrifugation could be achieved at 10,000 rpm for 10 min. This process was
repeated three times. To remove HCI that could be remained in the suspension, the suspension was
further dialyzed in distilled water at room temperature for 3 days until pH=6. Homogeneity of the
suspension was further achieved by sonication for 5 min and the suspension was subsequently filtered
to remove residual aggregates and was kept in a refrigerator prior to further use. Morphology of the
as-prepared CTW was observed by a JEOL model JEM 2100 transmission electron microscopic
(TEM) using an operating voltage of 200 kV. Samples for TEM observations were prepared by
dropping a diluted whisker suspension on a carbon-coated copper grid and air-dried before TEM

observation.

2.3. Fabrication of ETNR/SRC Films and ETNR/SRC/CTW Nanocomposite Films

The ETNR/SRC films and ETNR/SRC/CTW nanocomposite films were fabricated by the
solution-casting technique. For preparing the ETNR/SRC films, the SRC content was varied to be 0,
10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 %w/w (based on the weight of ETNR). The suspension (20
mL) was then poured into a glass Petri-dish (15 cm in diameter) and dried in an oven at a control
temperature of 60°C for 24 h. Since the neat SRC is known to form fragile films, the higher the SRC
content leads to the weaker the film forming ability. In this study, the composition having the highest
SRC content was chosen before preparing the ETNR/SRC/CTW nanocomposite films since beneficial
properties of the SRC were required. After that, the ETNR/SRC/CTW nanocomposite films were
prepared by blending various compositions of the CTW, i.e., 0, 1, 2, 5, 10, and 15 %w/w (based on the
weight of ETNR) to investigate the effect of individual constituents on the properties of the films.

Preparation of films was done by the same method as described for the ETNR/SRC films.

2.4. Characterizations of ETNR/SRC Films and ETNR/SRC/CTW Nanocomposite Films
2.4.1. Surface Morphology
Surface morphology of the ETNR/SRC films and ETNR/SRC/CTW nanocomposite films were

observed by scanning electron microscope (SEM), using a Hitachi S-4800 SEM at an operating
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voltage of 2 kV to obtain a magnification of 50x and 200x. The specimens were coated with platinum

in ion sputter equipment (Hitachi E-1010 lon Sputter) before the SEM observation.

2.4.2. Chemical Structure

FTIR spectra of the pure components (SRC powder, CTW powder, and ETNR film),
ETNR/SRC films, and ETNR/SRC/CTW nanocomposite films were characterized by a Thermo Nicolet
Nexus 670 spectrophotometer. The observation for the SRC and the CTW powder was done using
KBr method while samples in the form of film could be used directly for the observation. The test was

done with a total 64 scans at a resolution of 4 cm™ and frequency range of 4000400 cm™.

2.4.3. Mechanical Property

Stress at break and percentage strain at break of the ETNR/SRC films and the
ETNR/SRC/CTW nanocomposite films were measured according to ASTM D 6746 — 08 (Standard
Test Method for Determination of Green Strength of Raw Rubber or Unvulcanized Compounds) and
ASTM D 412 — 06a (Standard Test Method for Vulcanized Rubber and Thermoplastic Elastomers—
Tension) using a universal testing machine (Lloyd, LRX). The load cell, the gauge length, and the
displacement rate used were 500 N, 10 mm, and 50 mm/min, respectively. The film samples were first
cut into a dumbbell shape with a length and a width of spacer equal to 5 mm and 10 mm, respectively,
before drying in an oven at 40°C for 2 h. During the measurements, both the temperature and the
relative humidity were 25°C + 2°C and 55% + 2%, respectively. The stress at break and the

percentage strain at break were average values of 5 specimens.

2.4.4. Water Sorption Capacity

The ETNR/SRC films and the ETNR/SRC/CTW nanocomposite films were cut into spherical
shape with a diameter of 1 cm. The films were accurately weighed in the dry state and then
submersed in 10 mL of purified water. After 1 h of submersion, the films were removed and weighed in
their wet state to determine the amount of water contained in the films. The experiment was performed
five times under the same condition. The percentage swelling of the films was calculated using the

following equation:
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Water sorption capacity (%) = (W, — Wy)/Wy) x 100

where W, is the weight of each sample in its dry state and W, is the weight of the sample after

submersion in distilled water for 1 h.

2.5. Release of Protein from ETNR/SRC Films and ETNR/SRC/CTW Nanocomposite Films
Release characteristic of the SRC from the neat ETNR film, the ETNR/SRC films, and the
ETNR/SRC/CTW nanocomposite films with different concentrations of CTW was investigated by total
immersion method. Two samples having spherical shape with a diameter of 1 cm was immersed in 5
mL of the 0.1 M Tris-HCI buffer solution (pH 7.4). The test was performed in a shaking incubator (100
rpm) at the physiological temperature of 37°C. At a specified immersion period ranging between 0 and
48 h (2880 min), 20 uL of a sample solution was withdrawn. The amount of protein (referring to the
SRC) in the sample solutions was determined using a BCA protein assay kit (Pierce®, Thermo
Scientific, product number 23225). The method is a colorimetric determination method where the
concentration of protein is measured using UV-vis spectrophotometer at the wavelength of 562 nm.
The obtained data were calculated to determine the amount of protein released from the samples at

each immersion time point using the following equation:

Protein release (%) = (C/C,) x 100

where C, is the amount of protein in a sample solution at each immersion time and C, is the actual
amount of protein in the sample. The actual amount of protein in the ETNR/SRC films and the
ETNR/SRC/CTW nanocomposite films was determined from calculation. The experiments were

carried out in triplicate and the results were reported as average values.

3. Results and Discussion

3.1. Protein Content in Enzyme-Treated Natural Rubber Latex (ET-NRL)
The protein content in the NRL after treating with different methods of treatment is shown in
Figure 3. It was found that, protein content in the centrifuged NRL decreased from that of the raw NRL

as much as 72.79%. After the centrifuged NRL was further treated with protease enzyme for 4, 12, 24,
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48, and 72 h, protein reductions were 92.31, 93.56, 92.74, 95.22, and 96.09%, respectively. Since the
longer enzyme treatment time led the NRL to exhibit unacceptable coagulation. Therefore, the enzyme

treatment time of 48 h was chosen for the preparation of ET-NRL in this study.

Figure 3 Protein content in the NRL after treating with different methods of treatment.

3.2. Morphology and sizes of chitin whiskers

The as-prepared chitin whisker suspensions from hydrolyzed shrimp shells displayed colloidal
behavior because of the presence of the positive charges induced on the surface of the crystallites by
the protonation of the amino groups (-NH3;") (Marchessault et al., 1959). The degree of deacetylation
of these chitin whiskers was 20.4% and the solid fraction of these colloidal suspensions was 4.45%
wiv. A selected TEM image illustrating the as-prepared chitin whiskers from a colloidal suspension is
shown in Figure 4. The suspension consisted of slender rods of crystalline fragments of chitin, which
are present both in their individual and aggregated forms. These individual crystalline fragments of
chitin exhibited a broad distribution in both of their width (d) and length (L). Specifically, the average
width of these whiskers was 27412 nm, whereas the average length was 307+100 nm. The aspect
ratio (L/d) of these whiskers was around 11.37. These dimensions are different from what was

reported for chitin whiskers obtained from crab shells (Revol and Marchessault, 1993) and squid pens
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(Paillet and Dufresne, 2001) in which the average width, the average length, and the aspect ratio were

10 nm, 150 nm, and 15, respectively.

10,000

Figure 4 TEM image of chitin whisker suspension.

3.3. Film Forming Ability of ETNR/SRC Films and ETNR/SRC/CTW Nanocomposite Films

After the fabrication of films, the neat SRC films could not be prepared. The SRC films were
fragile and could not be removed out from the glass mould, while the ETNR/SRC films could be
prepared without cross-linking. The higher the SRC content led to the weaker the film forming ability.
In this study, the highest content of SRC that could be blended with the ETNR was 30 %w/w (based
on the weight of ETNR). As a result, the composition of the ETNR/SRC at 30 %w/w of the SRC was
chosen for preparing the ETNR/SRC/CTW nanocomposite films. In addition, in order to compare the
properties of films having different contents of the SRC, the composition of ETNR/SRC at 20 %w/w of
the SRC was additionally chosen. Appearance of ETNR/SRC film containing 30% SRC and
ETNR/SRC/CTW nanocomposite film containing 30% SRC and 15% CTW (%w/w, based on the
weight of ETNR) are shown in Table 1. According to Table 1, both the ETNR/SRC film containing 30%
SRC and the ETNR/SRC/CTW nanocomposite film containing 30% SRC and 15% CTW in their dry
state were transparent and flexible while the films in their wet state were soft and could conform to

skin.
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Table 1 Appearance of ETNR/SRC film containing 30% SRC and ETNR/SRC/CTW nanocomposite

film containing 30% SRC and 15% CTW (%wi/w, based on the weight of ETNR)

Dry state Wet state

ETNR/SRC film

containing 30% SRC

ETNR/SRC/CTW
nanocomposite film
containing 30% SRC

and 15% CTW

3.4. Characterizations of ETNR/SRC Films and ETNR/SRC/CTW Nanocomposite Films
3.4.1. Surface Morphology of Neat ETNR Film, ETNR/SRC Films and ETNR/SRC/CTW
Nanocomposite Films

Surface morphology of the neat ETNR film, the ETNR/SRC film containing 30% SRC, and the
ETNR/SRC/CTW nanocomposite films containing 30% SRC and different contents of CTW are shown
in Table 2. It was found that, while the ETNR/SRC film surface was rough, the neat ETNR film surface
was smooth. The one reason which can be explained this point is the difference in polarity of the
rubber particles and the SRC molecules which are hydrophobic and hydrophilic, respectively.
Therefore, after the ETNR suspension and the SRC aqueous solution were mixed and dried in an
oven during the fabrication of films, self-assembly of both the NR particles and the SRC molecules
could occur when the medium, i.e. water, was evaporated from the environment. Comparison between
surface morphology of the ETNR/SRC film and the ETNR/SRC/CTW nanocomposite films containing
different contents of CTW revealed that when the CTW content increased small protrusions appeared
on the film surface tended to become a hill-like structure. Furthermore, the hill-like structure on the film
surface was broader when the CTW content was further increased (> 5%). These results could be
caused by a coalescence of the CTW nanofibers which led to an agglomeration of the CTW, having

NR particles as a film binder (Kohjiya et al., 2006; Kohjiya et al., 2008). Similar results were observed
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for the ETNR/SRC film containing 20% SRC, and the ETNR/SRC/CTW nanocomposite films

containing 20% SRC and different contents of CTW. Therefore, the data are not shown.

Table 2 Selected SEM images of the neat ETNR film, the ETNR/SRC film containing 30% SRC and

the ETNR/SRC/CTW nanocomposite film containing 30% SRC and different contents of CTW

CTW content in Magnification

ETNR/SRC/CTW

nanocomposite film 50x 200x

Control

(neat ETNR film)

200 pm

200 pm

200 pm
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15

200 um

3.4.2. Chemical Structure

FTIR spectra of the SRC powder and the CTW powder are shown in Figure 5. FTIR spectrum
of the SRC (Figure 5A) was in accordance with the work reported by Sarovart et al. (2003) while
spectrum of the CTW (Figure 5B) was in accordance with the work reported by Watthanaphanit et al.

(2008) confirming characteristic absorption bands of SRC and chitin, respectively.

Figure 5 FTIR spectra of (A) SRC powder and (B) CTW powder.

FTIR spectra of the neat ETNR film, the ETNR/SRC film containing 20% SRC, and the
ETNR/SRC/CTW nanocomposite films containing 20% SRC and different contents of CTW are shown
in Figure 6. The results showed that characteristic absorption peaks of SRC were observed in the
spectrum of the ETNR/SRC film and the ETNR/SRC/CTW nanocomposite films at 3250, 1640, 1610,
and 1510 cm™ corresponding to N—H stretching, C=0, and N-H bending in amine and amide II,

respectively (Sarovart et al., 2003; Watthanaphanit et al., 2008; Watthanaphanit et al., 2010). It was
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found that all characteristic absorption peaks of SRC in the ETNR/SRC film and the ETNR/SRC/CTW
nanocomposite films shifted to the lower wavenumber compared with the peaks in the neat SRC
powder (see Figure 5). However, since the SRC and the CTW exhibited characteristic absorption
peaks at the near region, it is difficult to determine the type of interactions between the polymers.
Besides, intensity of a peak at 3430 cm™ corresponding to N-H and O—H stretching increased with the

increase in the CTW content. The results confirmed the increment of the CTW content in the films.

Figure 6 FTIR spectra of (a) neat ETNR film, (b) ETNR/SRC film containing 20% SRC, and
ETNR/SRC/CTW nanocomposite films containing 30% SRC and (c) 1%, (d) 2%, (d) 3%, (e) 5%, (f)

10%, (g) 15%, and (h) 20% CTW (%w/w, based on the weight of ETNR).

3.4.3. Mechanical Property

The stress at break and the percentage strain at break of ETNR/SRC/CTW nanocomposite
films containing 20% or 30% SRC with various amount of CTW are shown in Figures 7A and 7B,
respectively. The stress at break of the nanocomposite films decreased slightly from that of the

ETNR/SRC film with initial increase in the whisker content, until a whisker content of 15% was
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reached, the property value significantly decreased. A similar trend was observed on the elongation at
break of these films, but in a more remarkable value. Comparison between the films containing
different content of SRC revealed that, the films with higher SRC content exhibited better stress at
break and percentage strain at break properties. Mechanical properties of nanocomposites do not
depend only on the amount, the size, the shape, and the alignment of the fillers, but also on the ability
of the matrix to transfer the stress to the fillers (Sretenovic et al., 2006). The latter depends solely on
the affinity between the matrix and the fillers. The decrease in both the stress at break and the
elongation at break of the nanocomposite films should be due to self-assembly of the polymers that
hinder the stress transfer between the matrix and the fillers. In addition, aggregation of the whiskers
caused significant disruption to the continuity of the matrix and was a reason for the decrease in the

elongation at break.
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Figure 7 (A) Stress at break and (B) percentage strain at break of ETNR/SRC/CTW nanocomposite

films containing 20% or 30% SRC and different contents of CTW.

3.4.4. Water Sorption Capacity

Water sorption capacity of the ETNR/SRC/CTW nanocomposite films containing 20% and
30% SRC and different contents of CTW are shown in Figure 8. Comparison between the
nanocomposite films containing different contents of SRC, the water sorption capacity of the films
containing 30% SRC was significantly higher than that of 20% SRC. While that of the films with the
same SRC content did not exhibit remarkable change in the water sorption capacity. These findings
confirmed that SRC played an important role in holding water and thus could function as a
moisturizing agent when the materials are used. On the other hand, CTW content in the

nanocomposite films did not significantly influent to the water sorption capacity of the films.
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Figure 8 Water sorption capacity of the ETNR/SRC/CTW nanocomposite films containing 20% or 30%

SRC and different contents of CTW.

3.5. Release of Protein from ETNR/SRC Films and ETNR/SRC/CTW Nanocomposite Films

Release of protein (SRC) from the ETNR/SRC films and the ETNR/SRC/CTW nanocomposite
films was evaluated in terms of: (1) effect of the SRC content and (2) effect of the CTW content. The
calculation was done in terms of concentration of released protein and percentage of the protein
released from the materials. Results are shown in Figures 9, where Figure 9A shows effect of the SRC
content and Figure 9B shows effect of the CTW content.

According to Figure 9A, no protein was released from the neat ETNR film and the
concentration of protein released from the ETNR/SRC films containing 30% SRC was higher than that
of containing 20% SRC. However, calculation in term of percentage of the protein released showed
that ETNR/SRC films containing 20% SRC exhibited higher percentage of the released protein than
that of the one containing 30% SRC. In case of ETNR/SRC/CTW nanocomposite films containing
different concentration of CTW (see Figure 9B), it was found that small amount of CTW (i.e. 2% CTW)
helped to enhance the release amount of the SRC from the nanocomposite films but when the CTW
content was higher than this composition (i.e. >5%) release ability of the SRC from the films tended to
decrease. The reason which was suitable for describing these results should be the distribution of the

CTW in the nanocomposite films. The even distribution of the CTW in the ETNR/SRC/CTW
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nanocomposite films containing low CTW content (i.e. 2% CTW) helps to disrupted the interactions
between the SRC itself, while at high CTW content (i.e. >5%) agglomeration of the CTW nanofibers

occurred and the SRC tends to agglomerate and could be released from the films with a smaller

amount.
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Figure 9 Release profile of protein (SRC) from the neat ETNR films, the ETNR/SRC films, and the
ETNR/SRC/CTW nanocomposite films containing different concentration of CTW. The study was

evaluated in terms of (A) effect of the SRC content and (B) effect of the CTW content.
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4. Conclusions

The neat ETNR film, the ETNR/SRC film, and the ETNR/SRC/CTW nanocomposite films
containing different contents of CTW were fabricated by solution casting technique. NRL functioned to
be a binder for SRC because of its excellent mechanical properties, outstanding elasticity, flexibility,
and adhesion property, while the SRC showed a benefit to improve water sorption capacity of the
films. The ETNR/SRC film and the ETNR/SRC/CTW nanocomposite films were strong and flexible.
Apart from their ability to accelerate wound healing, CTWs in the ETNR/SRC/CTW nanocomposite
films dispersed evenly in the film when the CTW content was low (i.e. <2% CTW). Sufficient amount of
the SRC both in the ETNR/SRC film and the ETNR/SRC/CTW nanocomposite films could be released
out form the films. Therefore, it was expected that the released SRC could function to protect a skin or
wound from infection, to prevent damage from oxidation to cells, and eventually to promote wound
healing. Although the complete releasing of SRC from the films could not be achieved, it was expected
that the remaining portion of SRC in the film could help to provide moisturizing effect to the skin as

well as wound.
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5%, (f) 10%, (g) 15%, and (h) 20% CTW (%w/w, based on the weight of ETNR).

Figure 7 (A) Stress at break and (B) percentage strain at break of ETNR/SRC/CTW nhanocomposite
films containing 20% or 30% SRC and different contents of CTW.

Figure 8 Water sorption capacity of the ETNR/SRC/CTW nanocomposite films containing 20% or 30%
SRC and different contents of CTW.

Figure 9 Release profile of protein (SRC) from the neat ETNR films, the ETNR/SRC films, and the
ETNR/SRC/CTW nanocomposite films containing different concentration of CTW. The study

was evaluated in terms of (A) effect of the SRC content and (B) effect of the CTW content.
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Table 1 Appearance of ETNR/SRC film containing 30% SRC and ETNR/SRC/CTW nanocomposite
film containing 30% SRC and 15% CTW (%w/w, based on the weight of ETNR)
Table 2 Selected SEM images of the neat ETNR film, the ETNR/SRC film containing 30% SRC and

the ETNR/SRC/CTW nanocomposite film containing 30% SRC and different contents of CTW
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