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ABSTRACT

This research has studied and developed a scaffold Gelatin/Na,Ti;O; by using
gelatin as the main material and titanate (Na,Ti:O;) as the secondary material,
fabricated by salt leaching and freeze-drying technique. Then applied the
experimental design principle with 3 factors, gelatin, titanate, and deionized water to
study the physical properties, morphological, tensile, compressive, biological
properties, and decomposition swelling test cytotoxicity test assay compared to the
gelatin scaffolds that was the only constituents. The parameters that gave the best
tensile strength response were analyzed. The microstructure was studied by scanning
electron microscope. The results showed that Na,Ti;O; penetrated throughout the
scaffold, causing the tensile strength to be higher than the scaffold made by pure
gelatin and from the results of the mixed experimental technique showed that
gelatin content of 15.10 percent, titanate (Na,TisO;) content of 2 percent, and DI
water content of 82.9 percent were obtained the highest tensile strength; which was
1,508.15 kPa. The porosity of all samples was about 67 percent to 85 percent. The
compression test showed that the 80/20 samples gave the best modulus of 30.57
kPa, which compared with 100/0 pure gelatin scaffold. From the swelling results, the
100/ 0 mixture had a swelling rate of 22.98 percent, a maximum swelling ratio of
85.43 percent, and the degradation of mixtures at 60/40 and 70/30 in 48 h and 80/20

in 54 h. The fibroblast cytotoxicity assay studied of all samples showed the observed



percentage of fibroblast viability of about 98 percent -108 percent, which was 80
percent higher than that of the control g¢roup, indicating that the scaffolds

Gelatin/Na,Ti;O; revealed non cytotoxicity.
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Télyniun (Na,Ti,0,) #sdaeszilmininarsmsaulmiionlaeonlyd(Tio,) Wudansos

1.2.2 Fnwnautiniana M9n1enT wazneanin veddasuasmad
Gelatin/Na,Ti;O;

1.2.3 ﬁﬂmwwmﬁmaﬂumﬁu'gﬂimaLgaaL%aéL%aé Gelatin/Na,Ti;O; 1835015

ONLUUNITNAADIEIUNAN

1.3 auyRgIuvaInIsAne
Tasadsawaaaatfunilnniusidudiulsenavazlvaudinina n1en1enn wag

IS a ! dy (3 a = 1 a
NFININANIATUALUTARIAAULNY 1881 9LAE7

1.4 YBULUAYBINITANEN

1.4.1 Fuasgsilymium (Na,Ti;0,) anansesdulnmiielaoenled (Tio,)

1.4.2 gonuuunIsvaaesdILNaNieTUsn Tl Minitab 9ntiudugudeisnswas
mﬂi’a@ﬁgmawﬁmﬁa wanau lnmiun (Na,Tis0,) waztinuseannlossy (D water) fae

Sasa@uaLATIuARe 100/0, 90/10, 80/20, 70/30, 60/40 AUa1AU



1

1.4.3 [ndonanssmididnasounuudonaiieAnwanuugnyunayiiuin
Tneuveddasadsnead Gelatin/Na,Ti:0; fildundAnuaudimmsnienn

1.4.4 1H\A30IMAEULIING USINA ANYIENYALTINNG FIENITNAAOULIIAINAZLTS
NATaITANANNNINTEIU ASTM D3574 test E

1.4.5 W¥38msnaaounsunvestasiasasad Gelatin/Na,Ti,0,

1.4.6 1¥38msnaaounsdesaaevedasuassead Gelatin/Na,Ti,O;

1.4.7 neasumuduiusowad

1.5 Sunauvasnsine
SrdutuneuveINIAN Y TeTT R
1.5.1 Andoyauastuneulunmadeuianlasaiousad
1.5.2 dwdeuesosdionlilunmases ddegunsaiililunismaes
153 duflunsmaassnulusinnonuinigiu Taes1dainissanssumdnileseds
1.5.4 VIAADUNNNILAN NNNG BaT NITINN
1.5.5 AA518uazUT UIE UNANITNAADY

1.5.6 asunails YSuugwmsenauinuideldainisadlulduse levilaass



uni 2

1 H
= v

NUILUATN U NI

NS lEinsAne et lasuasamad Gelatin/Na,Ti,O; Ineldiaanfiu
Hutagudnuazldlnmiun (Na,Ti;0,) Wuiansesiléifusiiveaiunnuudusdiiulags
Boawad Gelatin/Na,TisO, %ugﬂuuumwzé’wé’ammﬁa (Salt Leaching techniques)uay
AMsTLF I UURELEenuds (Freeze-dried techniques) W¥oustednei §nwaizaudinig
NEAINLAKANIT TAT12ANNFUFIUINGT 1INalaLNNITNAdoUANTR N1TNUNIUABLIIA
L59NA warnsTanw Iduinimaaeunsteraay mavedeumsuivedlasuABYad
wanAufifidnusgnavveslinun (Na,Ti;0,) TnewSeuifieufulasadsaradinafuiiu

Ya o =€

drulsznouigansnuied LilelrussgingUuszasdveiniside fIdedldinisfineienans

Y

au o a Y o =
warWITeANeITeIIne Ul

2.1 lpsadeavas
lassdsagaaiiunldlunisidesgadiienaunaiaenymaluduiilasuinain
gURwnm1 wu v Uhseuadn [17] Fansidesgaausnaiiodeiviell avldlasudes

& & v o

sl U uMUwaaa1NToU UHANIVINNITUUHR AUNTENURNIUNvedlATLaeuYas 99wy

& doioludumauny [18-20] Fmdmntussiianszuiunisgevaaeiulasaaoiad
FI8N19Y30N TAENTLUIUNITAINA192TUNISLE JUMUUANNILVRIANTIAT B ULYAR
(Extracellular metrix , ECM) Iﬂaﬁﬁiuﬁ’ﬁﬁyﬁﬂﬁ

- ADAANLAU Lﬁuﬁauﬁﬁﬂ%uWMMWﬂﬁqmmaamimﬁawnaé (Extracellular metrix ,
ECM) Feazshminfidndey lnoasduilasdiadiudnia wesudsiivsuiuveead

- Ws@lalnawau (Proteoglycans (PG)) %vfmfhﬁﬁ’mumﬂ%mmﬁwﬁwlﬂagﬂu
Tuiana (Hydration) 909@13tadauiead (Extracellular metrix , ECM) uazazidusanivun
AFnnwaLwaa

- lnalalusiu azvimindinasadiluinzfuasaanaufiidudsessueas

- Tnsw urlawmes (Growth factors) 2VMUtTUNTEUIUATISLUYAE Y09a75IAROU
Wwaa (Extracellular metrix , ECM)

gy

2.1.1 auURNApIN15UeY tAsuasYas

v s =& aw

wa aa a P & ¢ &
ﬁlI‘UG]‘VlWVI@@QWR]’]?W"IIUﬂ'ﬁﬁT]\ﬂﬂ?QLafNLaljaa [21] ¥9UR9U

2.1.1.1 ANUNTULATVUININTUTRNLATIALLLAE



wadbluvatadazdainig wasiulaludnuvaenisnszaemlan Jusdivanunguveddas
BeuYad FNNaN1IeaeulATuAENad 14 Tu WuIANlnve IR UN TN ANl
YR 100-200 luasau[21]

2.1.1.2 NN5Y08aaNYVRILASLALLYAR

Tnssifisneadazgndosaansdeeuluiludinssuiumafonead i fadu
svuzanlunsgesdasvesiasuasuyadililinisesldnaduy viesnly Fesvesi
wnzalunisdevaanedesdosaanslaiiu 50% venhuinlasuasusad lusvosian 7 Ju
Tnefiezdesdovaansluluszezingn 14 - 30 Ju wazn1siIMuAsSTEEIAaINISHauda8aY
Juogfumadenleaiusy (Cross linking) Fsamnsautadu 3 33

La1sieulesiusznisnieain laun n1slinaiudou wie
Dehydrothermal treatment (DHT)

271519598 n15h UV-irradiation

3. pstiouleswuszniaadl laua nasiiansiniisananaes Aldehyde
Formaldehyde, Glutaraldehyde, Glyceraldehyde)
nsWeulesiusEv1aall da8 EDC azifinseninssinana1suenda (Carboxyl sroup) 104

[

Ts6u (1) iU EDC (1) nindnaiilaneny O-acylisourea () wagnasaniiuO-acylisourea

s A =

%aaﬂmagﬂugﬂmaaaqﬁuﬁgLiﬂmﬁjﬂﬂasmaﬁﬂé’ (Vi) waglusauaziujasenlungy
S1mnnegiily vadlusiu fdaluandulusiuiignidentositusy (V) wagludiunsidy N-
hydroxysuccinimide (NHS) (V1) @svinliAnnsissufizentunisidonlesiusglag NHS agly
unuiny O-acylisourea (VIl) wazaeonly dsazldlusAunidonlosiusuifissesrafod (Iv)

LERaFagUR 2.1

R
W
&
ol ity
N EDC O-acylisoursa W R
SIFRLT
R A
Q ! 9 MM :
Coll—C-oH + G — Goﬂ—c-g_[_'; ———» Coll —C-0H
o ¥ O W
‘ NHS P
U] o
HO-N Coll—C~nr-Coll
)
LU
A= ~"VeH, o .
o M'f;(gt Coll—G-0-N R,—NH-C=NH-R,
AL {(vin)

Ul 2.1 msBeslosiuszuesaeaaiau fu EDC uay NHS [21]



nsiWeulueiiuseAny Glutaraldehyde (GA) kansiagul 2.2 9inTendngsenInemydnmn

weanlan (Aldehyde) va9 GA (I) fiu ny €-amine vasnsnaziiluladu (Lysine) Tunsaaiau
wilafi 1 (Collagen type I) (1) nMsiioulesiuse sgdsgiulavategueuu taun (V), (V1) uag
(Vi) maideslosiuseienisly GA azasagiinyfignideslosiuszuda Tneviluazded
Funoumstiavguoailedues GA naundelulianalnemsdrdlasaiongadiaglnady
(Glycine) tilalilUdns GA Afmaande uardidoninnsdrslutse wWelruladneslid GA

YAINADLAD

N—Coll
Coll~N -

{IV) NH-Coll
o (v

/ g
0
p © Coll-N, o
Coll—NH; 4 === Coll-N ZBRUNN > OtN N—Coll
(0] 0 T
(V)

) (i (h (Vi

sUN 2.2 Msiweulesiuszasnenaniay AU GA [21]

2.1.2 autRdanavedlasaaeaaag

Tuannzasslunisilasudsneasluldauaznuii 1swasRsadn o ULIINLN
N3z TUTENININTTUIUNITRLUIAAAINUSIUTOUSUDIUNE Aadun15as1lATIAYY 1wad
Fududosadiesessunsinananle eazvinlinszuiunisiassgastuienuaiiaus wag
AT AULESAAUNTZUIUNNS AatuTalimnusndudeadinis@nwiaudinienanaunazinluly
uvedlasuisvgan lnavurlunnasy nadauksing (Tensile test) NAEBULIING
(Compression test) uag ArNaRdav8d9 (Young's modulus) 38 Uagdanludnngy
(Modulus of elasticity)

2.1.2.1 anuduiwraalasidsasadsalvad
TunsEUIUNSALNTRR IASUALNYARUDNINNALADIL NN LYARUITALNILLAD LATHAL
¢ v 1 & a 1 I3 Y Yy 9 (&j Y dy
waanesliiluivnswas wazidiulan lnsausanaseuiuwaaiuelaasil
- MsnegeuAnuluiivrowas (Cytotoxicity) Gsamnsanaadeulasilassassgaanuiwas
ALINNITENYIUINAITUN PNIATUASNTARURYIUWAE WwadtufIenNy wazlIssinan
1 I [ 1 Y- 2 . I yz 1 &

wUseandu 3 wuulauwn n1sdulalnedsy (Indirect contact) LJUNSIEYUNITENTVBINDY

(Diffusion layer) 31W7n 8¥N13 (Agar) TUsERINLATHAYITaaNUWas N1TFURAlAYAT



(Direct contact) lngn1suilassdgagadnaaaulagnseiuiead wagian159gUu (Elution

saaaU o

test) Ingilasuasawadutluemsidsuradfiidsunazinaisazarsiunasumas uas
seRnanAUdITuresEnsaransuaz Ui was a1y
- manpaasuauiufiunisiugnasy (Genotoxicity) Svaiiniutan nielasudsaeadi
dovluldnusuidedo asundansiiviliAnsunmeduaywd
- psVadeuUnIsinuzise (Carcinogenicity) Fudunisnaassiudninaass Tnenisiilas
ApavasanUsnaiiRausa vdmniudunanmsinusSuinusnan
- manaaeuaudufivioszuuduiug (Reproductive Toxicity) Fadunismaassiy
Fninnans Tnomniilasuasuradinusnafiioung M8 NTuduNATNTEUIUNNTIEDA
LARENIINANENUG

Tnanihivedlasuassgadsosdunsaliwasddnnizuasniuln Inomsuvavadiiy

[

Twulis wedlwesnnunainlassdeseadmsedlunguves RGD Feliguvasusniusuves

a o

Bufin3u (Integrin receptor) Werwadundaime lnsufiseidasninainuuresdud
rsufuwas iz lAnmswSaivln uasmsuushvenTad

2.1.3 &nvaiziniilasufoasad

mnTsimAILuduiau1 (Water contact angle) Iagiiasganndnvmuriiui

TAsaasagad F99zvsvandarnudulalasindn wazlalasian Tnenisuininenvediialrasuu

=

NuRIvelATIAswrad Turnenuaadasinisiuinduaniedsulnl nasaintuaziingg
a ¢ o 0 & = iy ¢ A e
nsgvinamelusunsudniazy Fan1svgnrednalvesuulAsIAuTas a ksanfn

[y 1 [y 4’4’ a Q,‘, (3 s PP [
MusgnIluanavesveuvalnuiuiilasufsaeas (Adhesive force) uazusenagaiulu

Y

I
v A 14

L1Lanae3vaumnal (Cohesive force) LASNAINUUATNENTUILLAWIEN UUADN1T4G
an1zauna Geazilun1saunasEniTns e wnaIftueInIa (Y, wasusaieniamiives

Tuanavewvariuiuiilasudensad (,) nedaldanagududa (Contact angle(0)) vos

TULANAYIVBLNAINUNURIFUEE LARIAININA 2.3 TunsinAylduiau1vaINuRlASIABS

9 9

WwadlAllen1 65 991 ENU18ANY NuRdlasudasaradianimnudulalasiid n we

TunsalAunduNad1iinladAesnI1 65 99A7 LUUIYAINIT NURILATIASITAALARNS

3

Anululalasian

st > YS'

5UN 2.3 MyineyuduradLuy Sessile drop [21]



2.2 lwanau

warfu Wulvshuadnldainaeaaiauainsssuyd wazliuialuanay ssuim
100,000 M18AU @1U150@ANAIN NTLUIUNITNTA (Acidic process) Wag NTEUIUNITAY
(Alkaline process)[22-23] wansianind 2.4 ievilidaaududunniulaevinldusans
wazvlsius uazsutuneusndelsn Tnawanfuannsautady 2 wwused
- lwanAuTila B (Type B gelatin %38 Acidic gelatin) @finlnanszuiunsnia Junszuiuns
dovannelaemislith anfnufAsenlslasladainguelus (Amide) luroaaniau
- 19a1fuvin A (Type A gelatin %139 Basic gelatin) @finlasnszuiunisnsa JA1 pH
Uszanas 9.0 Tnsazlndifestuasaanay azmmnsdunisildausudulusiuiifaudidu
n3a wandusinaziluldanulunianisunmd wasnieduadunssy e ineaifudiaany
Uaende uaziduldAtuimevesiyes Snisdsaansndeamannaiinmliisngae 3a

Teudanldidudiulsenaulugn uageiensyaununneg [24-28]

COOH CONH 3
WA, i‘ L0 NN,
collagen
CONH 2
alkaline process (liming) acid process
Ca(OH), at 20°C for 30-100 days diluted acid solution (HCI, H;50,....)
COOH for 10-48 hr
COOH CONH 2
2 OOH CONH 2 CONH 2
2
water washing water washing
extraction by neutral water extraction by slightly
acidic water
acidic gelatin basic gelatin
IEP=5.0 IEP=9.0

sUN 2.4 Juneunisaialeafiu [22]

2.2.1 Usununseeziluluaaifiu
a ao o A & PRy a a = P A
LIANR UL NWUSLANY ummﬂumwmmawiuﬂimmgamﬂizﬂaﬂﬂmaﬂimazuh 19
200 1wy lensendlusau tnadu wazlusau aziulaainlassassvaaaanfulsznauluaie
891 veansnerilluniinsiseaiiuae Gly-X-Y uanweguin 2.5 lnensneziilulunguilay
wanangAnssudulelasilan Fsdwaliaanfuazaisinlas Usunansnezilusianie lua

ANRU



CH, CHOH
/N /N
CH, CH, CII-|2 C||-|2
CH, N—CH NH CH, NH N—CH
SN S N SN SN SN N
CO-NH CO co CIH—CO—NH co C|H—CO ole}
R R

R = glycine-X-Y triplet

X ey Y A9 proline wag hydroxyl proline auasAu

5UN 2.5 Inseassveaaaniiy [23]
2.3 ABARLAU
poaanamdulusiudnduiosas 30 lneUszunawesdusiulusinevomysduas

IS % (%

miaﬁwaﬂumz@ﬂawaq Faunnindesaz 50 luinvilireaanaududiudsenauves ECM
2 A ' & A o v oA & v Yo | ' |
waziluieguosaad Aoaanaulvimiiilulassasiliiudiuniavessams wu nzgn
% @ -:ill d' v v 4:1' 1 d' 3 Y o -:all d{' [y 1
EUPU Lazilolde ABAaNAUTINRUINYIVET oINS lAN VLD wave ez
[29-30] fldndgdwananideIneaaau Feeglunguaziniieginvieuiupe Gly-X-Y
%9 Gly wnulnad@u (Glycine), X unu Tusau (Proline) wag Y unu 4-leasendlusau (4-
Hydroxyproline) kandfegufl 2.6 snaualugag 10 VAK1UNT 1HB991NABARNAUANTTH

Wiulannuead L‘Wi’]“”l’}llﬂﬁil RGD “U’JEJLi@ﬂIUﬂﬂﬁLMUEJUMWL‘?Jﬁﬁ%J’WEJﬂLﬂ’]‘“ EJﬂ‘VNlQJ Wy

$19n18 Janavesaeaaaulsznaulumeaialglndidulvg (Polypeptide Ol-chain) 3 1y
LLamﬁquﬁ 2%

OH

K L'/mﬂ Tr JL E/ -

I_

5UN 2.6 lassasramaniivespeaanausiini 1 [29]
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N-propeptide triple helix C-propaptide

telopeptide telopeptide
{non-helical) {non-helical)

(man)n

N-procollagenase C-procollagenase

U 2.7 Tassasnauuuaneinden 3 asvesneaanautind 1 [29)

2.3.1 NTEUIUNITAUATIZNADAALIU
nsrvIuMsduAIIginoaaaurdad 1 nnglusramenysd Gsagnuannlufivids Bude
wanszgn Usenaulume 4 Tunou LLam@ﬁgUﬁ' 2.8 fail
- NSEUIUNITABNIIE (Transcription) kazn1sdeiAsissiaslusiu (Translation) 1u
nszuIuMsTldRanen$Buathsfa (Messencer RNA (MRNA)) afiasneq Faduiundoaves
SPUU wardaruindu reaaniau
- N3EUAINYSULANA eI 1sdaAT Iz a8l USAY (Post-translational modification) 1Ju
nszuaunsinnelilasasimdulusiu 3 @y fududuaisindes 3 ate Jaivuiu -
propeptide wageidu N-propeptide
- M3asemeaaNan (Secretion of collagen) unseurunisiidaiuasingvesatsinden
lUsiu 3 a1g lay C-propeptide gnanndsiaulesl Clusiiua (Cproteinase) way N-
propeptide gndameleuled N-TUshua (N-proteinase)
- NTEUAUNITAZANYDIANTIATIAT 19N I8 UDMaad (Extracellular processing) wag N9

Wasuwlas (Modification) 1unszuiunisaienaswadldsiu 3 ae waziinnisidioules

NUsTAUWAYNU
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NPV DITNINETNTNL \
/ v gene
o . 1 : l proline
/%”\_Mnscripmn — iysine
exon v O galactose

(alternative) - O glucose
{ spiicing

T T T A mRNA T~

| ©) -

rER/Golgi

N

extracellular space

T,

OH OH

.@? EOBONAOMABANSOADINY)
4 l 7 @

oe OH

OH OH

covalent cross-linking

5UN 2.8 nszuiunsdansisvineaaauyied 1 [29]

2.3.2 Usununseezilulunaaanay

= =

AoaanaulidnunzsiuAe TUSinunsaezilulnadu Wsdu uarlonsendlusau figs Fady
nsnoziilusglungudminiiuansnginssuduuuulelnsindnuasivunamensnoziilulyls
Fu (Tyrosine), n3Ulawvlu (Tryptophan), lalwa@u (Isoleucine), Faiiu (Cystine) wavda
fiflu (Histidine) i uazanunsaaguUTansaesiluriasiieg fogluaariuainndany

LATADARNLAUINNULIUANNINITIN 2.1



M13197 2.1 YSunaunseesiiluviiasiie lunsaaiauainmiUatuaziaaniuainniamy

12

nsnozily Usunadlumeaaiau Usunadluaanfiu
(nS1/ TUsAY 100 n3w) (nS1/ TUsAu 100 nsw)

Tnadu 29.60 30.50
aza1tiu (Alanine) 9.20 9.20
lLolugau 1.70 1.50
a72%U (Leucine) 3.70 3.20
118U (Valine) 2.50 2.70
\wo3U (Serine) 5.90 2.90
v3letlu (Threonine) 3.50 2.20
Inls@u 0.86 0.69
nsulmuu 3 i
wilsletiu (Methionine) 2.30 0.80
Faiu Offr2 0.09
ganau 0.94 0.67
9153%U (Arginine) 9.40 8.80
Tadu (Lysine) 5.60 5.10
nsauaeUI5AA (Aspartic acid) 7.10 6.30
nInngn1dln (Glutamic acid) 11.50 11.70

2.4 v tlsulaeanlas

Tnnudleulasanlaa (Titanium dioxide: TiO2) 1uansUsznausanlasvadlanyinmi

= Ql' ° v 1% l ~ a = L@ a
LUEU Vlgﬂ‘mmWI%MWﬂiuqmaﬂwﬂiiumﬂum’lﬂ6] Lua\ﬁﬂﬂyﬂﬁqmlﬂﬂﬂigﬂ iuLUUWU LLa%ﬁ']ﬂ']Qﬂ

J¥on19n19a1 A W nfleulaeanlan (Titanium dioxide) lmnifinwaulelas (Titanic

anhydride) wagluvifle (Titania) nnufleuduwsngndunuasausndle a.e. 1791 lumiles

A ¢ ¢ Y] Y] aa A - Yo @ ¢ a .
LLILUHBIADTUIDAR UiSLWﬁ@QﬂQ‘U I@I‘EJ‘L!ﬂﬁimrJ‘V]Eﬂ%@ William Gregor IaﬂamaﬂmeLWUQQ Ti

fiaveznou 22 dauauiRuduss nudean ninnIouresnasiy Wnzia wasnsn-ne 1os

Innufleulaeenledlagsssuvidsznutesuin diulvgoglusuvausdawlud (ilmenite)

38 Sladu (leucoxene) tneviliusgmalalaeads rutile beach sand




sUdi 2.9 Tnmudleslasenlast (Titanium dioxide:TiO,) [30]

2.4.1 AuaURRNg
- wialuana 79.9 n¥u/lug
— ANAVULLY 3.84-0.26 NIN/ANUIANIURALLAT
~ ALFIBA 2,500 BIATALTEA
- YAVIARIVAY 1,850 BeFLTaLTed
~ llavaneh

2.4.2 AUENTAMIIMENIN Lazldena
- aonuranduveaudadan
_ i 50 msamns/n3y
- %uwaymma‘ﬁa 20 WULAT
— AUNUILLUY 130 NU/EARST
- ANUENTUNIL 0.7 NFI/nunAnATILNT
— Modulus of Rupture 140 MPa
- MAWIINA 680 MPa
- Poisson’s Ratio 0.27
~ Fracture Toughness 3.2 Mpa.(m)"?
— Shear Modulus 90 GPa
— Modulus of Elasticity 230 GPa
- Microhardness (HV0.5) 880
— AIAUATUNIY (Resistivity, 25°C) 1012 ohm.cm
— AIAUAIUNIY (Resistivity, 700°C) 2.5%10* ohm.cm

— Dielectric Constant (1MHz) 85

13
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- Dissipation factor (IMHz) 5x10™*
- Dielectric strength 4 kVmm'™
- Thermal expansion (RT-1000°C) 9 x 10°®
— Thermal Conductivity (25°C) 11.7 WmK!
2.4.3 pupnUlaensiy
- msAuangtAmg (ingestion) finndudunses
- n3anny (Inhalation) vihlifinensdu uazdunseseszuumadumelaluszezen

— msdudanmda (Skin) Hanududunsiesi a1unsaanaeanta

- Msdudadean (Eyes) finnuidusunsies feanisuau Audntes awisaansesnls

2.4.4 Usglepulnndeulasonlas
Uagdulvmilleulaesnleandiesnihanldusylovdunn dnldluguremdnuuy sinatutile) 7
Nedesiugramnysalumusigg Jamulinlusssud dmviineuma (anatase) Heuly

Tunszurunisldiastugs maunldussleriingitetuniueiieg laun

2.4.4.1 Todwmsuanslva
gnanmnssuafiAadies snldlmieulneenludidudiunaesinithu soanedal
an3AVT EaNsagANAY ezt ARy wdLuiuldgs vuinounaEn dannw
BaneugaitbiunUnsesinn seedmilad wasnudoaninanudunsa-ane nunouas uas
anufeu sudslidudrunauvesddmiveniud sdavy iesnilnuad@liduniaing

2.4.4.2 T Juensindoundnsio
il duansideulugnainnssusige 917 9eaIunIsuNaaRn gnaImnsIULI Nszan
gnamnssunAnnszdes nsnAnguiet nsndaesidn geanunsslanedmiumaniey
flane onawngsunsgawamTUNsiadounsEATHfioannsnEANuTR A FRoAnENTA
fanunsadoine waziadevRaialding daaumumusdenisinniey ubnuaui@fingn
Tuthedu venndu msldlnmdeslpeenleddmsundeuiondnfasiaunsodisanduny
9B wavantwinvemAnSuTlABnTg

2.4.4.3 Huansisnimdnnszualii
mandnwaduaseinddenltlnmidodlaeenledudinuszney vimihiasundsny
waenfindidunasaulni

2.4.4.4 Tlugeawnssudidnnsednd
gavinssudidnnsedindfiieadeatuaesiuignldlnmidenleeenludiduiuivusgg

Tl sheauaudRtidniniglndii wazAnudumuliings
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2.4.4.5 T Judrunanluesosdions
WAIsduNEel st leulneonlamdudrunandnsuvntnilineazBen gy
finuanUATiuLas anunsoagyiou wazinmuadlaas wazasvieussdedlan lidudunsasiens

A
dndainnuldludimaninn Toun asutigsi asuiuwen uissesiiu wazniiu Wusiy

B
2.4.4.6 Tglugunsuinvnuaie
- M duansgadu Ingldnuludmunisiidauaivnieeinia waguaiena intnduans
fnnguNaiy
- M dudssufisendaaszinas
Inmudeulaeanleddialiiuuas wazauiou ssuandlians wazsd@ntauaudivae
Usgnsianunsominveddevseuaniuwlut uage1nid $3ufen1smdn uasiudeqdumsd
Tnedinaln Aedl
— dmdumsanudegdunsd Weuduululvnfeulasanlydlasunasazlandaeslansen
T wshda (OH+) wasgUiUaseenlanlossu (0%) panuideInie LagesneuainaIaLinf
¢ 9 ¢ & a a6 = a SNead 0o g v a a o
arnoulalnsiau WarAISUBNINNNTIYAAYRRYAUNSY SINTvaIsBUNIIMINTAnNEW
TSy uavansuanwiaaasdaly
- dmSunsunUauaienieeinia 1wy n1snidanislulasiaulaesnleq (NO,) daiasie
anlee (SO,) warasauvssied1y (VOCs) mensiuuatgansililaianluyisniu 300-
400 wluins evibiineuniatsdudyufAseivasuaivdaina1vinlvinafedunsa
Tumdn waznsndann duansduvsdssmeigasiinianisudsuwladassasinaneiu
A ada 3 [y v
asoundanududunsieieyal
- dmsuthdauaivlud ensiivasnusuginarululnntleglaeanluanuviuegly
K ~ Yo a | U A ' v Y Y o aaa ) a a ea
11 Waldsuuwasnginnisvanddasseunianeiinaigieduidvinugaseniuansduns 69
go’ < 6V 3 3
wuasglutnanslluigaisusulaoanlen
C.OH + OH + 0% = nCO, + (n-m-1) H,0
2.4.5 sialundonlneenlen wimiulaseadisweswan lown
- 5lnd (rutile) Mpssadrandnuuumsglnia (tetragonal) iluvlinfinusnigalusssuwid
fanuaany uasiafesrensiudsunuaseguugiifige
- 8UWNE (anatase) Alassasnamanuuummselnida (tetragonal) WuvlininulusssumAuiu
1% 1% ' = a o = & I
na1e mnliaufeugandy 915 asrwadua sdsulassainanduiuusing
- ugAlavi (brookkite) Hlassasramdnuuuessinsenin (orthorhombic) Wuwiafinulades
Tusssuwd Ianuadesiegaumgilsn mnlasuanuseuninndy 750 esrwaled awiuaeuy

lassasananiluuwuuging
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I I
puINA 3na uznlan

1
=

JUN 2.10 lassasendnvedlvmnlledlaeenled (Titanium dioxide:TiO,) [30]

2.4.6 Wlulwnideulasonlad
nsUszandlduseleianinnutenlaeenled tieviliAnunuiauuisvedlim
= & Y ada |1 =
Weulneanlwamedsege Ao
ad a A 1< P 16V .0 va
2.4.6.1 FWatamess (sputtering) tunstadngluiiuning Art vinlidesu
Ar Jadhruiuukulnnulley uszpenveslnilungresnlurnu)isendusendiauna
Hafnuuurugusosaudulruiianune
2.0.6.2 Winanaw139 (glow discharge) WWuasmslidnglvdunnarauves
Timitlen vilesnaulnnilleuvgeeaniuinuiseniueandiau wazdudatudumud
FOIN1T
2.4.6.3 Wasanaasuselewnil (chemical vapor deposition: CVD) W3S
anuseusilnmdenawialevedmlisudvinugisedveendaulailulumilela

panlgnTaniAulumuAliReIns
2.5 Msdansizvasiaedslalasimessia (Hydrothermal synthesis)

n1sdauAsigvians laeislalnsimesia (Hydrothermal synthesis) 1u3sns
dupsrzsiansvsem s liAewan luanneiildgumatl uazaudugs Tusvhazaneiidu
1 (hydrothermal) ﬂ’l'ﬁUQﬂNﬁﬂImﬁ%ﬁ%ﬂ%}aﬁUﬂﬁﬂjﬁlﬁ'&mﬁﬁ autocalve or Teflon lined
Hydrothermal Synthesis Autoclave Reactor 1 g911U autoclave ﬁﬁlzﬂ SENOUAIY

nsrvankaziUnega U NYAsdLauLwadana (Stainless steel) FaEANUAILLNAYIVDIH

=

LALNSTUBDNAWMULAZ VI UenrNasuNTndeDneLaznssuanamuad Aglunssuana

waulagzin1vuzAianwusidunszvaniiUauieddu Idausuldansiaiivazdavm

¥
Y s

avangeneg Janildazdeamunin-ae saufauauiounasaudugls deianiazyiun

q

nnasu (Teflon) wazaziliensnnualuiou (O-ring) UsznuszninweUalaznszuonini

aau Wiatasulavesanssieanin



17

=

ToRAYDINITHUATIENATNITBNTUgNNENMILTT AR a1unsadunsIeviasinanludl
@desnIMNAvaeNmal, Kanlaniilausulegelndiuannasumad, a11150AUANTUIA
=2 D] A v v v v ] aa g ! =% av v
wantmanuselngls lnenisusudnandiuresasiadnidudiudsenou wasndniladed
AN AN diuderdy Ae Tdaunsalndisnaigs uaz lanusadunmiunszuiunisiia

NANTUYMZYINNIITNAAILe

2.6 wmallan13vuzUlassaewag

2.6.1 MsywiasluuLtidonuds (Freeze dehydration %38 Lyophilization) et
n15uIAs (Dehydration) Mensutidenuds (Freezing) vinlwiinuasuan usilundniiuds
1 Y = [ P Y = ’; [ a . . @ 4 [
AU kaldianAusuial iAW LTS8 (Sublimation) lWulamienisanminusy
Wimndrusseniaund varasuguligamgiiann (e Twiiiuniesindt 0 ssrwaidea
Pudeseiinnanuauwingu 4.7 Jadwnsusanvsesinia) [41-42]

TUADUNISIAIMUULTLEDNLTT USENOUSIE 3 TUNDY AD

A I \ & a v o ' a <

1) nMsutdonua (Freezing) 1un1sangannivesomsvidiniigadenuas

y . P Y a ~ % < . ) & s I3
(Freezing point) Iialiinndnuaiis (Ice crystal formation) M3 N33U0IN1TUSLEDNUTS
i o Y o <\ M v a L =% o a X P~ <
(Freezing rate) masidun1siatdanudaiuuisiieliminananuasndniiinduagduuinidn
| A 3 2 aa Yo aa 1 | < Y I | .
N5 To N UULS 1N Reuldi Ul nane3ds 1wu n1seatdonkdwuuldaudusn (Air blast
freezing) N3k Banudsuuulaslelau (Cryogenic freezing) Lazn1sudidonuduwuugy
Tureanandudn (Immersion freezing) WuAY
2) nsViuRsIuAY (Primary drying) Wunnsanu3unain (Dehydration) Tnanns
418 < v ) ~ 4 Sl AR & a1 a a
s ddilule lagn1sanAinuduussena ielvindniiudanegneluinn sseiin
I~ a v a [} ' [y} 1 'o 1
Wulesenluainiiniivamdndued seauvesgayinia (Vacuum) A358gA1n11
a = ’o’ @ =2 a dy 2 1 ¢ a 3 ’oj [
132 MPa m3suLitnvesnaniiudlduinduliegsauysal n135eiinuastuudiuda (ice layer)
a & % e a a 1% e a & MORT LN & ) o
LSUINTUUILTIUS NURINTveIRan s unseiabluilule vinlwus natnaneJuduwia
g.; [ a g.; % @ 4:1' 1 a (v ' a 1 5’5 v 1
(Dry layer) Anntiudunisseiinvasiudindaiegnrelundndueissiiinduduinisanlg
RV UBINANA N sruzhaMssviinduegiuuin gﬂi"mLLasiﬂiﬂa%fwumm%mﬁmsmwiaz
FUn
° v & A . d‘l ° v & v & ¢85 &

3) NSYWITUARS (Secondary drying) WaNSYMWRTUAUESNYTAUIMDY 22
avanglunuausiasinnuduraundeny Jeiesdimviuiamenisiitgnmg Tlvigedu e
AaeAnuTuTdeageanfvseAuAuTUTUaeaiEd s unsAuTNY

2.6.2 MIYLANBUNIA
& A A a & I3 \ A o v a | & =
Juanmelianldlunisuanlasudeuvad lagldansiviliingnguu inde waysa w8 3o

[y

o v v 1a e & 1o o d' g 9 voa
Fanniivuanusesnistadrluluudinianiulddihavate Weansuldliiingnsuazany
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nuaLdIRIAngnIUAmvEIea1s bRARgNuTue 35U 0WIsNOsLazauUN 1SHERN

wivtnapulugnguiuauauenn [41-42]

2.7 wadianmadeulesuseareainudou

wmadansdenlowiuszueddasudsusadiuszneuselusiudundnulseendu
3735 fe [43]

1) msilouloaiusznisnionin léun n1sldgumvnil n3e Dehydrothermal
treatment (DHT)

2) N914598 19U UV-irradiation

3) n1nideuloeusyniaad ldun nsldarsiafinguves Aldehyde
(Formaldehyde, Glutaraldehyde, Glyceraldehyde),1-Ethyl-3-(3~-dimethylaminopropyl)
Carbodiimide hydrochloride (EDC), Polyepoxides @2 Isocyanates

[
I |

n15steulesiusenIuaiaie EDC [44] asfinTuseninnguaisuenda (Carboxyl

2 Y A 1

group) ¥oslUsiL () fu EDC (1) wAnfaiaiitladony O-acylisourea (I) 9101w O-

]
s a A

acylisourea AznaneenaglusuvetauiusySefaiuisaasaeila (Vi) uaslusiuilaay

unseiuneriilureddusiusinnlulveglusuvedusiungniveulesiuse (IV) @il

n134AY N-hydroxysuccinimide (NHS) (V1) &3taeifiddnsivesnisiinufisentunsiaeules

v

Wuse lng NHS azdldunuiing O-acylisourea (Vi) wazngneantl virlviiAnn1snsedu

a 1 L4

nnquensvendaliiinisiujisendunyesdluvesusdudidaly Feagladulusiu

q

MaoulgsiusziNgapenames (IV) LEAIRINATNT 2.11

R
b
o
— Ty
LY o O-acylisourea ) R
FIET T )
? i g W 0
Coll-G-OH + € ——» M'C-Q—E — Coll —C-0H
U N N o
R
* NHS -
m o
HO-N Coﬂ—t;ﬂﬂ-cm
v o
R =" q 0
Fe M&':gt Coll—G-0-N R, —NH—C=NH-F,
AL (v

UM 2.11 M5uaauleanusLUeIReaaIau fuU EDC kag NHS[41]

Y

nsifeuloaiusedie Glutaraldehyde (GA) wanwnuguil 2.11 YFATeLAnTY

seninanyieadlan (Aldehyde) 109 GA (II) iU 3] E-amine YoinInoziiluladiu (Lysine)


http://scholar.google.co.th/scholar?q=Dehydrothermal+treatment+(DHT)&hl=th&as_sdt=0&as_vis=1&oi=scholart
http://scholar.google.co.th/scholar?q=Dehydrothermal+treatment+(DHT)&hl=th&as_sdt=0&as_vis=1&oi=scholart
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730 lansendladu (Hydroxylysine) Tupoaatiausfing 1 (Collagen type 1) (I) lanansdeua
Julusiuigeulesiuszdeiainnisdenlesiussoenuilinateguwuu laud (v), (V)

wag (VI Tounnsneseninenisly EDC way GA Aaluianaves EDC aglinnAnsegivyiign

Y Y
=

Fouloawusy (esanuandusindanisieulaiusy Ao syuduesgiSe nio
1-Ethyl-3-(3-Dimethylamino propyl) urea fansardneenldlnenisazaredvinlalid
arsmndndluluiananeaaniau Mmeomeilasuisneadiidoulosiuszde EDC Fediamdy
fiwindn eehslsfinia EDC Adsegluszninanszuiunisiusesnnulasnfsanesdnisg
91msiaze) drunsidenlosiusslagld GA axil GA azasegiinyfignilenlosiusy 3
fnaedinszuumsindavyueatilesves GA fmndsagluluianalnsnsidlasadsagading
lnadu (Glycine) WialWlnaduyufAsertu GA inndrauasdnsdedietndnuatsy sou
win fnueidildainnisdonleeiuszie GA fanumdudodsatugs iosan GA finns
nszaefestussmaaiosradussdovluluanadedmalindn Sty faudinienad
aetu eidluilagiiu 6A 18TusesnulanadeainasdniseInisuase1ainUseine

anigelsni [45]

fo) 0,
] 2 N—Coll T
Tdsan  GA k

{1V} NH-Coll
o (v

/ ; /'
0 0] o]
Coll—N 0
Coll—NH, + === Coll-N _— — Coll=N N—Coll
o 0 T
(V)

) (m (1 v

3UN 2.12 n1sieuleiiuse0ineaniau fiu GA45]

2.8 N1392NkUUNIINAABY (Design of Experiments; DOE)
n15eNLUUN1TNAaBY (Design and Analysis of Experiment ; DOE) 1Jun1s

AATILINIG dDRTUAS NUTLYNALT I UNITUIAINLAUIZAUVDINTZUIUNIT oz 1le

Y 9

Y a ' 1

NANDUANDINIUNADINISG BITVDNULANAIDENTALAU 5L NISNITNWM UAUWATAYDS

A aa A9 Yo o &, a = v
NNI8BNLLUUNITNAABN AD 'JﬁfﬂiwsLsUﬂuwj‘lﬂﬁ]gLﬂUﬂ'ﬁﬂﬂaaﬂLLUUa@QN@a@QQﬂ ‘Vﬁfﬂﬂjﬂqi

= 1

7N9a9USURIANUBINTTUIUNTSTIazAT (One-Factor-at-a-Time, OFAT) @99z loNanauauDs

auiidein1siiegadun Snvisduudeamsnensaingg Mldlumsinse nsinudeyades

LY

Tdteyadudiuiuuin uazddlimunzauiunszuiun1snidunsnsenseninaiiwlsves

NSLUIUNTTAENULBI[45-48]
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2.8.1 TUABUNITBANKUUNTNARDS
AATILANITNAGOIAILNANNITNETRIUNITOBNLUY FaEvin1snaaesdnludeod

(%
[

mnudlaluisnsifuteyaannszuiuns aasasumsihdeyaluvinnisiingest dadunou
YDINT0BNUUUNSINST [49-50]

2.8.1.1 m3flemdeym (Statement of the Problem) 1un13358y31683n153
avlsthalunisudn wazanudesnislunisndndessls Fazlunisionudym tneaziies
lodlufsingUseasd veansvnaes

2.8.1.2 Mmsaendady uagsziuvaslade (Choice of Factors, Levels, and
Ranges) lun1smvdnnsmimguiunld ndeuislszaunisaianauitesisd i esey
Hadeiiuneiinase navaaes uarluudartadeduazinunivissenitdunmasoasiils
(Range)

¥

NSANUATEAUYITATEANLNTALUILS 3 LUUAIH

U

wvuiun (Fixed Effect) v ssiuvestadeiidmunarlduiuoulnegnaas g
nuALes visedTaAIUANLA
-wUUdsl (Random Effect) vanefls seduaestladefimmuarvesiadolilivuou vie Tl
anansnnauaxld Geaslinanimeaesiinsluiunuresiodads Tnglildiduiunures
syiulasydunilslunismaaes
LUK (Mixed Effect) wingfls nsnasunaiusziuvestadoidunisruiu ﬁguwmjm
LAz UUmvLala

1.n5ld8en@uUsneuales (Selection of the Response Variable) wUsnouauesdi

L% = v

inun GIdedududeniendawlsvesdeyafiaulalunisinsisyt uazilurmiinanld

=Y

rfpsdudoyafiauwiug wazgneie

2.715@9NLUUNITNAaBY (Choice of Experimental Design) LioA1RUANINIUUA
(Treatment) waz@aUsnauauod (ResponseVariables) La1@pIvinN1TRaTaINLABITUIUIN
YDINIINAADY FI9ENU18T9 AUMUIzanveIaIdulunis naasstadndnlunisdu
(Randomization) $1u1ug1w0IN15AADS (Replicate) wazni1suden (Blocking) 1
o & Y a v A
Fudusesiasanduyunlslunimeass

3.n13afun1MAaes (Performing the Experiment) §33u310usiosd jUdniu

wannstieenuuuld lunisaiiunsnaaeslideazdedinnuazden wazquaseelnadn
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¥

4.7M5IATIEveLa (Statistical Analysis of Data) ldvdinnisadalunisiiasizvideya

£ '
= 1 = = ¥

wioutiasunasiu fdndunugniosesteyafiintuteufinsfaudeyauas Bnsma
afnlianansavenldintadeing (Effect) winlausiuou uiduifies ndosdioRlvuuimisly
msesgianelivasvesnndediulunisasusa

5.msagunauaztatauaiuy (Conclusions and recommendations) N15agUHaN1s
Ansgi Aeazvinlideyaanunsaitilaldine dndudosuandluzy msns a5l wwugd mae

waglidaiausiuziveazlanuidenvins@nuliinisdesen wazUSuusansezuIuns

HARRTY
2.8.2 d1uUTNAUANLY UBIN1TNAADY

2.8.2.1 F5UUAMIenINmUG (Treatment) An 3571E398v1N15MAaBIA0Y

LY

UfjURsedmaans WilelnsalSeuiisunmuingUseasdveinimmaaed

|

2.8.2.2 a3y (Factor) uuneds WudininasosnUsnavauad kaztiiuie

firsanlunisneaes Jadeanursalulanadenunin viodel3una nquusansviuud

(%
v

P9aneNiA1Y LNevenu (A articular Class of Related Treatment) @uisafaglganin

fulsBassununle neladudwantluguil 2.13 anunsanyseantsilu

]
va v

1.9adeiimuanle (Control lable Factors) nsnefis Yadeieiduanunse
fusAaatatetuls Tunseiiunisnaass

2 Jadeiilaianansaaiunulel (Uncontrol lable Factors) vanedis Yaden

v

Aidulalanansamvuaairestadetiuls e1avzdanvsaunainnsidedaianiiumnalulag

v o ay 9 ' =
wazsuyuadefliausomuauls wiweniy

| Y

- AUUT5UNIU (Noise Variable3® Background Variable) vsne9 fausniinasionays

a o [

novaLad (Response Variable) usililiiladeiifiduidaimsinu dnazldun desile
gunsal wiewan 1usu

- Nuisance Variable fio fuusiinadefulsnovauss wilslinsunnou annsaiida
avanaves Nuisance Variablelalagnisdy

Caontrallabla factars

£ Hroou
|

I

|
Input — —" Cutput
ot

n =,

Uncontrollable factors

5UM 2.13 Uadeuazmnsiinesveansyuiung [49]
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2.8.2.3 fhuvsnevauas (Response Variable) fio ilufudsigidvanla viio
Judrfavesnsnaass wiee1adendnegramdeindwusany Fadudildlunisasiouls
WiutedninavesduUsdasy suaamimaawﬁm FeaunsoTaaswl sauunnnin 1 flg
nsdensudsaudinas anudedold (Reliability) fansanainaaiuls (Sensitivity)
wonanilunmsdonsiudsmuardoiansanit mdunaildain ninaudnisgaisinig
wanuasuuUnflpeusyanadadeauuiludesmnuduunf(Normality) Wudssndulunis
PONULUUNINARDY F9anansaazlinisudasieya(Transformation) Adunaifinisuanuag
laiunAduuwuuunile
Ma‘”ﬂmsﬁugm 3 U581y dmSUNT80NIUUAITAGDY AB
1. A3VAa8Is (Replication) %qﬁamﬁaﬁﬁﬁm 2 Yszn1sfeo Uszn1swsn vin
T¥nsmeassanunsameivesanuiianaialumsmaaesdld uazUseansiiaes fAnadegn
tanldiiievszananaiivinantladenilsnisveasssnanduily Vi RREER N VR IR Th T

£%

gNADIdIUY

=

£%
Y]

2.M3YUUAY (Randomization) Mnefs msviaassiiiivisianiigninanldly
MINPas wazauveinIsuaaeslulsazasaukuugy (Random) 33015 @v@dfivundn

Gi’fama%éfaaLﬂuﬂaﬁaLmua'mﬁﬁmiﬂizmaLL‘UUﬂ'mﬁﬁmimzmaLL‘U‘U%Eﬁz MAEITeduns

Y Y q

naaosiliidoaunsaannavestisdoneueniianmsaiatuldnsmnaedld fnguszacd

[

YBINFAUAT]
2.1 tievdanisilend vseleudeveide wastivavibvikulaladmin

'3 1 a 1 (%} = A A (Y} =3 < aa A o v
g A9 zdaseraduluisasinesdunimmeaaas nsduiadudsnasmiunld Tunis

tasiunisiendilae tinTulunisneaes

[
CY %4

2.2 NISNAFDUNIEDR kA IAIIZI DURDINANUAAIALAZBDY (Error)

'
a

Y a &£ ! @ a v =] o § Yy o A a )
VANILANYU I@aqmmﬂuaaiwaﬂu ﬂ'ﬁqm"\NLUUfﬂiW{LWGﬂ@yjaQﬂﬂﬁ]ﬂﬁi@maﬂﬂﬁ’mmuuﬂi

Ya o

meueniigiseruaulilldliAnTuiunisnass Tonawing fumsvinuugudsanusauys
sonlidu 373 fe
- Msviuuvduanysal (Complete Randomization)
- MU UANE1991Y (Simple Randomization)
- Mavhwuuguwuuanysalnigluudion (Complete Randomization)
I3 . I3 A &g vo YR a A all PxY)
3.n5uden (Blocking) Lluwmaianlddmiudigiiinisesninuiensalviiunis

Nnas Uaaﬂawma’m%vwmam muwuwaq ﬁ °m’1168‘[,uﬂ'15maaaﬁéfaqﬁmﬂmﬁu
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% & o = [ 1 3 :j [ = al A a 1
dunilsduifgniuninnindnvesiaunvesian nsiSeuiisuRaulanuiaulasiieg aely
wiayuaenazintulaainnisvinuden

2.8.3 NM130ONLUULTLHNVOETYA

a a Id Aa [l 1% A a (% (Y

nseanuuudrnnesvalduniouunsvanslaglduinlunisnaassiineaduiade
Aa v oy = = ] Aa ! A a X YY) i
NivaneUadenaesn1sasAnwtinasiuiinanonanouauoINlAnTuAINUaduAInaI A1g

a @ ad aa a a a a

naassuuwNanasralluIsn1snassnduszansnmuin Tun1smsadeudnswauesnany )
U338 (Factor) wieuriu[51-53] dedninuravaisea nunefis n1svaaesiauysalvedusiazass
NIDUAATLITIN1TNAADY HUAD HAn15U1szauvestadenieg sauiulns1e%dsd@uisa
MIvEBUBNDNAR19Y Tun1snaasnswiley lansonnu fwansluning 2.13 wu a1tlade A
1U3de B 1 C 52U udaz1azil AB JUMUUNIMAREA (Treatment Combination) wusld 2
Uszlan A

1.8v5wanan(Main Effect) Aodnsnavostaduniinanafilusnouausinigfiiles
Weatinsildsuulasvosladoinntu

2.3n5wasan(interaction Effect) fa dvisnavestadunilanasiinanuiulsneuauss

Wallnswasuwlasuasatasaunu

(1) BnSnavestadosiulsiiing (2) BVSNAVRIUITYTINLNE

B
»
o B
Y ) » B ¥ v
rd A A
B B B A
" ° _7’_‘ ® B
/ %}
A
B & B @
| | | |
I I I I
Al A2 Al A2

nseeNUUUBMNNVaISEatagmeiuvatauuy laua
(1) MseankuulBawnnnaisua 2 Jade Wunisesnwuuidawrinnesgaluuagiadng
ziitlade 2 Ui 1wy Uade A uaztady B lnutlady A azUsznaumi a seau diutady B
azUsznouda b sz TngluusaznsvaasssueinveassazUsenousienis nnasssiy

AUIUTIVYIVUALINNAY a x b N15NAaDg
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=

(2) N15PRNLUUMILINNDISsaLUU 25 1lWUN1590NLUUNISNAARIN LTI UNSAAL

Uade k Uade lngusazladed 2 seau wavseaumailanuisnazunandeyaidelsunn 1y

a bl £24

ANAY QNN VTOANNITOILLIIINTBYATIAUAIN LU ALY 1ATBIINTWAIY 2 SEhU

Y

rgnunulagseaugaazavasazladenis o

(3) NNSOONLUULATEIUTWNNTBISUE LUU 2 S2AU ®IDN1T08NLUULTNNTIBLSEa

A va o

WUy 2 1unsesnwuun1snnaeInys aawmmamaaé’umﬁ%wﬁxuquﬁﬂﬁ flosn &
nseenuuULTainneduauy 25 wuuduisiuutladeunn safusiuiuniseasienass
dufuanniAuniming nsiis miaammuﬁwﬁﬂﬁﬁmfmnmaaﬁmauﬁaaﬁqmﬁmmia
2e9ld uidanunsdAnendenavestiadorns k vinldeg1snsunsdl

(4) N5RARUULTILNAYBISIALUU 3 SLAU RIDNTROALUULTNANTBLTEA 3K

PUIYDINITIDNLUULTINANTOT8A FakmAazUa898d 3 580U harlubparseAUYDIaanl

'
o

UaduasfiAndusin Urunanauazas Wnevzlddydnwalumuszaunsaudusoee -1,0 uagl

'
v

ANUAINY FILFWNAIINTNABDIIUTILTTEAUNE UL 1L I UN15NAaDe T9vinlar @unse

va o

ARdguARIANdANTUSSEn I IHane uiaula

[

A15NAa9rLA NNV ALY ALAYYLEY Rall

po)}

8

Lifumsnasasdagldniannaniiamiun Woyn15ns19a8UsnINavemIn
wudvananimsug wieutilssaduldnadesasminismseuasias 1 dade

2. M anusa7nN1IRs1adeudvs navesnsensmsernInatladela Fedaelunns
asUnalfedniasaununitnveaesnsiay 1 ad

¥

UBLAE

1.\flesanTisunuunismnass (Treatment Combination) 3s31dusesldniae
yAeIINTY averaidestiniefusaumienaans

2 lunsdiiiiiisensiuiniu aunsarlinisagunaiidladeldon

3 lunsdifidwautidefinnuueesnimmaaesdidnuiiindy dehlmduns
deanlddnglunismaaesgs

(5) 99NUUULTILNANBITIALUUUNNEIU (Fractional Factorial Designs) AINUNUNY

uazvanMseenuUUIBsuNAveSEaLUUUSE LI F3Tdelifenihnmeaediiasun
N13NAa8s 8133 AUMTINIUNINAAeETIwINIINRLIY @eAldingluntsvaaes

Aoudege wistluiosnnuuiudvemanlivintu Full factorialludangug dslaeviall



25

39898Y1N15NAaBIwUU Full factorial wesilaniaiazlananiaiuniuedaenin

ey

Fractional factorial @ wginsigmndnisnaassdivaretade e1aagviliiinnisauaunis
naaesdulusmeanuduin TenafisgiinauRanalnannszuIunnaedigs

AadutnIdegawsng lovinnisAunuindegideailiunsnaasaasiiiiesuls Main

P
v = = ga

effects wWarUY Interaction WNTUNEAUEAY T u1dWUYeS Interaction geunded

o

e

Y

Tomaagiidodngtosas seiuddauiemannisiluldussloviiteandiuiugeinsmaass

BN

A5199 2.2 FRS1AIUVBINARIN Main Effects siadnuau Effects 59u991unlunisnaand

U MUY NUIUTIY DNINT0UALUDY
Main effects Interaction effects effects Main effects
1 0 1 100
2 1 3 66.7
3 4 7 42.9
aq 11 15 26.7
5 26 31 16.1
6 57 63 9.5
7 120 127 5.5
8 247 255 3.1
9 502 511 1.8
10 1013 1023 1

NENTNT 2.2 NUNFNEIUVDS Main Effects #ip Effects ianunaziianasison?)

v

WNSNAaR9UUT U UTITIUINTY 19U HINN1SNAaDINUL 6 U8 dndl uNaNnuIann

Main Effects a¢ilifigaka 9.5% Y0991UUMTU Effects 52uflnaedn 90.5% 1u

s o o

Interaction Effects sdulugdlaifideddaudseinnonisnaasatiunig

757158319 Fractional Factorial tuu 2! Design

a A 2 v o v . .
AUYNIEAE LpRRNLUUIETIILIATIUIUNTAaBLIAY Full Factorial Design

' '
U = =

vaanseaniuuileduutadeiiegtsunitey 1 67 (k-1) visednuiunaasszviniuaamn

'
I a o W

YBIN1T DONUUUNIINARBILUY Full Factorial Design {378301manN15791898UdY

Interaction g4 winlanagldmnud1dnoawinty waziien Main Effects UreddILNud
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Interaction #9na17 $3887199 1 U338 4 Aaf. A, B, C, D aneonkuulagldls 25 Full
Factorial Design 2¥d31UIUTOUNISVNAGBININAUA 16 Run AIn15199 2.3

A1519% 2.3 Full Factorial dwsu 4 93

Run A B ¢ D
1 -1 -1 -1 -1
2 +1 -1 -1 -1
3 -1 +1 -1 -1
4 +1 +1 -1 -1
5 -1 =1 +1 -1
6 +1 -1 +1 =]
7 ! + 1 +1 -1
8 +1 +1 +1 -1
9 1 2 | +1
10 +1 Y A ==
11 -1 + 1 -1 +1
12 o +1 5 S:L1
13 -1 -1 =gl +1
14 +1 v, I o +1
15 4l +1 +1 +1
16 +1 +1 +1 4

W99N1SNAABILUY Fractional Factorial Designlaglwindiadnuiu 8 n1vaasy
WINAUTILIUNITNAABIVBY 3 UITE L5USUAIUNNT bA8Y 3 Main Effects wag Interaction

PIrUAlUANS19T9LS8N 3 Main Effects 3181 in1uiin (Generator) 984 Factor D

A1519% 2.4 Main Effectsway Interaction 989 3 U339y

A B C AB AC BC ABC
-1 -1 -1 +1 +1 +1 -1
+ 1 -1 -1 -1 -1 +1 +1
-1 + 1 -1 -1 + 1 -1 +1
+1 +1 -1 +1 -1 -1 -1
-1 -1 + 1 + 1 -1 -1 +1
+ 1 -1 + 1 -1 + 1 -1 -1
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+1 +1 +1 +1 +1 +1 +1

v Y

waznasaIntulitnA1ve4 Interaction NfidudugeaaluAves Main Effect
v v N

WA991n MN5197 2.4 Interaction NilgusUasanAe ABC dsazinunldiduaives D F3lansna

Y 9

Fractional Factorial Design U84 4 Pademunsnad 2.5

#3197 2.5 Fractional Factorial Designas 4 {Jads

Run A B C D
1 -1 -1 4 ol
2 A\ 71 . +1
3 =1 +1 &l +1
4 1 +1 Al 14
) -1 -1 sl I 11
6 + 1 -1 B 1 ~
A -1 +1 /1. =)
8 +1 44 +1 +-1

1na1597 2.5 eviinisieudisudunised 2.2 Ae waafifiudvdes 35013
0ONWUULUUH a8ldsruiunsnaanasanilsves Full Factorial Design tauenss v
Fraction Factorial Design 6’?3@%L'%EJﬂﬁ%miaamwumimamﬂf 1 Half Factorial Design
vae 25! Factorial Design wiofimsyinnisnaassniufiosnuuuiaasiendt Half Factorial
Experiment

2.8.4 Alias / Confound

Slorifeazvinnsident¥38 Fractional Factorial Design §33uazyinnismaassdie
Snunsnaaesfianadld 1nninedmids F9EnsinanerldaninsanenuesNansENUYeS
Effects 16 8995n351ULE30aUH D=ABC Ao drauufisinuin D 1Wlu Main Effects 713
ffodAgynsadingannnsinszinds asindiaiuegfiindu interaction vesiilade
ABC w3 D fuuy nsdliuilisndendn D 3 Alias Ao ABC videsniemnils ABC Ao Alias w8
D 1¢ wufu nsdluiiisiazidonda D uay ABC in Confound Aushauiy leeeudinnn

° PN v a . a X | @ N e . oA
LIININITNAADINIUAITINN 2.6 LA 24 Alias LﬂﬂaUu‘Via']EJ@j ANRITIN 2.6 UABA Aliasn

Y

WNRYUANwrlazisenIn Aias structure
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A1519% 2.6 Alias structure 204 4 {Jade

Al B C D | AB|AC|AD | BC | BD | CD | AB | AB | AC | BC | AB

-1 -1 1 -1 1 1 1 1 1 1 -1 -1 -1 -1 1

-1 1 1 -1 -1 -1 1 1 -1 -1 -1 1 1 -1 1

1 1 1 1 1 1 1 1 1 1 Y\ 1 1 1 1

Lare1991 WU Alias structurelginail
A=BCD
B=ACD
C=ABD
D=ABC
AB=CD
AC=BD
AD=BC
| = ABCD
2.8.5 Defining Word
enlsiavesusiaz Column Aauiiles (enidsaey) aglasiawiiu (+1) nnda Lae

Feazi3on Column Alalmiiin Identity vi3e |
NANTI97 2.5 1l D = ABC
faru dih D @mﬁ”’qamﬁjq aglallu DD = ABCD
e | = ABCD

wazazi3en 1=ABCD 31 Defining relation Insanunsawiluldlunism Aliasld Tae
11 Effect 5198100910 Alias Qmﬁgﬁamﬁjwaaamms Defining Relation ity dlunseif
9UINVTIUIN AB 919151971 2.6 Alias agiu Effect agls Amlaan

I(AB) = ABCD(AB)

AB = A2B2CD
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AB  =ICD=CD
ffufie A Balias agffu CD tiules
2.8.6 Vertical Balance
Vertical Balance Aan1snagauAINivindiueednulIl Code (+1) waz(-1) volsag
Column ﬁy’waq Main Effects wag Interaction Effectslumns1anasainniseonuuunig
naaes Inetioulvfe nasinvewias Columnasfoavafiu 0 Samuneai1udnsiiing
Wasuulasaaatiadeduliiu High way Low Tustuauadsfivihiu feenuuuassioaiingg
mmaa‘unﬂﬂ%u’a
2.8.7 Orthogonal

1Y

et e1 Code (+1) 30 (-1) ¥4 2 Column 70EANAUL UAYaELUI Row LAgIny

[y

24U 07 Row 8¢ 2 Column fNa T INAENEFINa 1T UAzABalaviniu 0 e

A
g3 mngaui Welswhmsllaseinanisasesudiasliusnguanisaifitade (Factor)
wilswUsiasunudndade (Factor) nila (Dependen cytest) drauuiinlaidu orthogonal
W& Seordululdinesdowihnisdsuaivestady (Factor) 1nnn3n 1 g 1y Hish wie
Low w¥ouiu Gannsaazdmalimsfnnuianannuenuezlieanin Response wUsAIRNL
Y998 (Facton) Tn nsesnuuumsnaassiinasdosldmsadu Orthogonal HOaNLUUILADY
ymInadeLYnATe 1Aeaty Vertical Balance uazshlsiasunn Column udndias 1 A
iy

2.8.8 6n158379 Fractional Factorial Design Wuu 2¢P Design

lunsdififady (Factor) 8¢ 3-5 61 91932a1W130 M35 Half Factorial Design %30
2K Factorial Designbd uilunsdifisuaudade (Factor) isanatu Aasduniseniitsnas

#3150y MINeaesrINwULUesnuwuulila LW?’]%ﬁ’]U’JUﬂ’]ﬁVIﬂaax‘iﬁﬂgEQJJQLEJEJS LAUAI1E

anule
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A15197 2.7 97U Run 8UAUTIUIU Factor Uasumag Design

U 37U2U Run Full 7U2U Run 24T | 97121 Run 2¢ | 972U Run 23
Factor factorial design 2

3 8 4 N/A N/A

4 16 8 N/A N/A

5 32 16 8 N/A

6 64 32 16 8

7 128 64 32 16

8 256 128 64 32

9 512 256 128 64

91NM51971 2.7 aznudigesnuuunisnaassindusedde P Alddindt 1 lunns
penuUY Wiedlilade (Factor) daust 6 7uly Feidermmunie lunsdififiniseanuuy Asay
T uIuMIVInaes Buduil 8 wazlimsiiy 32

fregslunsdil2 Jase (Factor) wanun 7 & (AB.C.D.EF,G) dslunisvnasiuras
Yaxe (Factor) USuls 2 fn (Level) 91nen5797t 2.7 dvinnseenuuulagldds Full Factorial
Design axiisnununisnaasavinfu 27 = 128 Fdliflenmadululildiaediasyinisveaadli
¥y Seusius Half Factorial Design Adfsilis 64 navnaeIfgatiednunet waslunsdid
fBIN1500NLUUN1TNAa e A NaDIIUIUNITNARD WNBS 16 Wiy Full factorial wes 4
Jade (Facton wuile 7-p = 4 etk p=3 Tufleisdenniseenuu 27-3

Tudumoufiraneiuds 24" msulisu Full Factorial Design 489 Main Effect AB, C, D

wagld i Jusasuiile Main Effect E. F, G fivde @dluditiavidon E=ABC , F=BCD, G=ABD

A1519% 2.8 WaNSeaNLUULALIS 27-3

Run A B C D E=AB | F=BC | G=AB
1 1 1 1 1 1 1 1
2 1 1 1 -1 1 -1 -1
3 1 1 -1 1 -1 -1 1
4 1 1 -1 -1 -1 1 -1
5 1 -1 1 1 -1 -1 -1
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6 1 -1 1 -1 -1 1 1
7 1 -1 -1 1 1 1 -1
8 1 -1 -1 -1 1 -1 1
9 -1 1 1 1 -1 1 -1
10 -1 1 1 -1 -1 -1 1
11 -1 1 -1 1 1 -1 -1
12 -1 1 -1 -1 1 1 1
13 -1 -1 1 1 1 -1 1
14 -1 -1 1 -1 1 1 -1
15 -1 -1 4 1 -1 1 1
16 -1 -1 -1 -1 -1 -1 -1

AR NRUEINISEeN E=ABC, F=BCD, G=ABD azilu E=AB, F=BC, G=CD

W32 U0aUNAFIUNIT Interaction sAUNFINTT Alenraltedfynvadfivasnin

L Y

Y o o

Interaction #iiszduianda tue Interaction wos 3 Main Effect gouillonmafideddayna
adf® Yowundn Interaction 189 2 Main Effects 39n153tasghfaziilonaiaqiy
Confounding Avzfia tesas Fssndudenden 3 Main Effect wnudivesdadeiinde &1
awmiududffedld 4 main effect wnu uditlilfing1z 4 Main Effect Tunsdinnsesnuuy
$eA% 27-3 winldidies 1 Alinefiasldunu 3 Main Effect fvdold defatmuniiugiude
Fodldfsesu Interaction ienfuuyu main effects Amaoni

nnsAgedld E=ABC, F=BCD, G=ABD Tun15e0nuuy 88182 Main Effect @m‘v?q
dosnuazla

EE =l = ABCEFF = | = BCDFGG = |= ABDG

Fafeazld DefiningWord Budiu 3 §afie | = ABCE = BCDF = ABDG iiotj1 Defining
word ianguifuies fazguazamiuosianuaagldifu 12 = ABCEBCDF) aglédu | =
AB2C2DEF %30 | = ADEF 12 = ABCE(ABDG) 9zl | = A2B2CDEG 30 | = CDEG

12= ABDG(BCDF) 911l | = AB2D2CFG %38 | = ACFG

13= (ABCE)ABDG)(BCDF) 2zlaidu | = A2B3D2C2EFG %58 | = BEFG
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faiiu Defining Word #® | = BCE=BCDF=ABDG=ADEF=CDEG=ACFG=BEFG #1158
1 Alias ianualddaenisii Effect fsdiosmansuta i Alias exlsthspandnifu Defining
word Asfeeeralull Alias 903 A mildan

I(A) = ABCE(A)=BCDF(A)=ABDG(A)=ADEF(A)=CDEG(A)=ACFG(A)=BEFG(A) A =
BCE=ABCDF=BDG=DEF=ACDEG=CFG=ABEFG Alias ¥84 BCD #1l#a1n I(BCD)
=ABCE(BCD)=BCDF(BCD)=ABDG(BCD)=ADEF(BCD)=CDEG(BCD)=ACFG(BCD)=BEFG(B CD)
BCD = ADE = F = ACG = ABCEF = BEG = ABDFG = CDEFG

2.8.9 Resolution (R)

Resolution Ao SEAUAIMALLDUATBINATNG YOINITIATIERULAINAINETT VDS
Alias ﬁé’?uﬁqmmn Defining Relation ManeANuiTHan1sInszid iasdinuddedoun

walvu TngdlAegsening 2 (Rn) 2ude 5 (Rv) 1@y feg9

] A

| = ACG = ABCEF = BEG = ABDFG = CDEFG 16 Rm w31z Alias é'?wam AB 3

q

Main Effect Interaction

'
= A

| = ABCEG = BCDF = ABDG ¢ RIV tw31% Alias é’juwam A 4

q

Resolution lunsaifisnnninfazddauundedelunadnsuinnin msizayldaniz
Interaction 5&#Ugeq wnu Main Effect Tuniseanuuu silfleniadi Confound finulunns
Awnsevillonaduues Main Effect 190077 Interaction ﬂj‘LlLEN A19L89N3EAU Resolution
#in mneauAuesnuuUlda P fiunn wWilng k wan dldansauaunisveastanaslaunn

war@adld Interaction sEAUMIUAITUNL Main effects Unas

i
a o

(R) Nogluszaunmfganaueaniuulzienldininzdmsunsisusu (Screening)

=

nsainfsuwaudadounne ldaisdy Model Tag Aldainnisiesisiluly wazsududnesiinng
ARNTBLD1 Main effect Alifidedrdynisadiuisdaenn wagdududediniseonuuunis
= Ao 2 |
N8N TU U Resolution 11NN Ry,
(RIV) Megluszaunfuunasiinusanuuuaisazidentd a1u1saul Modeliliain
Msas1zlUlrluntsnensal MSeas UL UadINIEUIUNISANUNANISUDIIATIZI

[y

(Rv) Miegluszaunfnaniiaueenwuunisazidentd uindesdnsneinsuinnitszau

DU MIUNTIZ LT IUIUNITNABOIWINTULDY
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AN5199 2.9 sE6U Resolution MUUlULS Wafnus Run wagsnuiu Factor
Available Factorial Designs [with Resolution]

Factors

Runs| 2 | 3 |4 | S | [T7T [ 8|9 [0|1W|R2|[B]|H][HB
4

= .

16 v
32 o B 7 S S M A VA T
64 ’ =—|v'|v|vrvw'wrv
2 | EANARAa

2.8.10 AnsiuRINaneU (Response Surface Methodology; RSM)

Bastiuiananau WIS sATIUTIMeWAlaTian1eads uay nendamansasia
wUUTaeweINTias ety Falinansvauesisnaulatusgivratelade wavgnaaes
=54 a o & | A A 1 I 6 o
Al ingUszadniazmain MunvauveINanauausd 1w nanavaued y Luilanduves
x; WaE X, faduarasaleuluguuuuaunslasail

y = f(xy, X)) + € (2.1)

19 € ADAIAINRANAINUDINAAOU Y TANANIDINAITNARRIONIIANUATY  E(y)
= f(x;, X,) = N FUUS AT EUANNTNURILG Ao

n = fx, X5) (2.2)
MalUumaziinsuansiuiinaneulusuvesnsmiin dwandunini 2.14 g1 n aggn
< [y (Y] ~ ] v = 1 & /= P4 v a
NAINAUTEAUVDY X, Uag X, Wievielinesrususawesiuiinanaulantulagunuaiasd

I3 }%4 1 4&" a U ¥ v 1
WaomLaulATI319 (Contour Plot) 84N URINANDUAILAAIIUAIN LAZA1TES10EUTATII
WHUNTANYBIHANUAITIAZNIINBEUNTEUTU X, Uag X idulAsesaudaziduariiniuges

1%

NURINANDUTLNNAUAIAT
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g 3 3

Expected yield Efy) =y

8

100

Xy =

x, = 140
160 20 Pressure {psi)

Temperature (°C)

10

Expected yield Bly) =1

5UM 2.14 Fulasassvesiiuiiananay [52]

= a (% d’l’ a ) CY I % v 6 ! v
Fegmudvaiunuiananeulngmaludnazlinsiuanduiusssminsuanauuay 6

a = ) A ¥ v Y A ::l' o Y & o P
wUsdase deluduusn A E&Wﬂa@ﬂm@ﬂﬂﬂm?ﬂﬁzﬂﬁmﬂﬂmL‘Vill']Sﬁlﬁ/l%SUWIUIGIILUUG]'JLLWULWQ

o

LAAIANUFUNUSAUNRTITENIN v banguvasiaulsdase legaruuniuaiasldfanduny

wagiiaee q Negmeldeauunuisdiuresinulsdase lunsdluuudnaesvenanay

I3

= LY A a Y U v a s o A LY.
Janudunusidusuuaduniuanusdase Nentunaglalunisussananinudunus

=
U A

=b

wWuUIIRBIN UGNl
¥ = .IRI:IJrE':{:l-'G X+ E (2.3)

[

i aa Y a ¥ ¥ & v Ao o =1 |
wilunsalidilAaatruniertedduszuy agldfandunnuinniindaasddu 1wy wy

UINANAIED
- k x kK Tk
V= BorZi=1 B; xppXi=y By X7 +2i=1 j=1j<1 By XX e (2.4)
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Tngmuuali § = AmeUEUDY

€ = ANANURANAINYDINITNARDY
8 ,=A1ASTIVDIEUNTS
8, = duuszansveslady

x = uUsdasY

[
Il a |

IneUgymierfuiuiinevagnunaelduuudtaemnuiniamivsendsasdy

AININANDU TILUUINaeMaessindnlienvvsldieoussuiuanuduiusnasnfiuna

Ve veauUsdase lunsaniuianaulasglvuiale n1seenuuuiuiinanauilisns

mhalglunsmmnananvemanauagnaeisaeiu Inedl W stuumenantuian

(Steepest Ascent) la3u# 2.14 MseanuuudmSUnLUUTIRRB UL Lagduiunass

2.9 MINAHBUFNUANINIBATNLAZNING
AnwnsUnssndagiunsuenuazaudianeredasaivuodasiionyadivu 3
laseasne vue §Use JUlUY
2.9.1 duguiveveslnsuismed
AnwsUnssadugumeusnuazmiRlanzveslavainedasufnaadlngndos
qanIIAuBanAsaURUUADIN3IA (Scanning Electron Microscopy) %38 SEM [54-56] 10y
w3naileflidinsnvidnuuztunulunaisaisy wu anaans lulasdidnnseiind
53AMen F1Ine1 wazmzunnd lesanarv i induiidenianuisifuiaguay

2 aa < = 1 a v A oA Y a |
%ua'ﬂuﬂﬁgﬂEJ‘UV]lIGUur]@Laﬂllr]ﬂsif\ﬂ&la’]lniﬂaLﬂi']%ﬁl@"iﬂﬂLﬂi@\'ill@ﬁiillﬂqvnlﬂ SEM@J"Q@L@U

'
N o w

Nd1Agy3Usn13 ”Lé’LLfimmmslﬁmwﬁﬁmm%’mﬁn@q (Highdepthof field) ausaliids
LLstLEJzL%ﬁzmqq (High spatial resolution) wazaunseldsaufuwmadadu wu Energy
Dispersive Spectrometry (EDS) uag Wavelength Dispersive Spectrometry (WDS) gl
Toyalgaadl

WANNIIYINIUTBINADIANTIAUBANATOULUUEBINTIA dIuUseNaULAZaNYAENNT

o w LYY

MulpediuUuesaias SEM wanslidsnmisenau 8 d1Agysufuninvoniny SEM A

[

a & v I3 o a & aa a A o | o,
ALANATAUADILUUAIBLANATDUNUNGINULAYY (AUYIT AFULAET) Iua’Ju‘Uuq@I'ﬂgL‘Uu

wrasnilndiannsey (Electronsource) nse Ludidnnsou (Electrongun) Inediunain

(%
v o a A [

MeawuUiIiluuvasilindmsu n1sld SEM dunedwesiull Iadrinllesainaiuiou
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Y]

YId1BANATIUDIVVINANRINTNVDITUNUL UaNAINTTITAIN ST UADIARDUTUIIUND
awes@slatnlniiesatliih wu asueu e BldnaseuIINUaITInIsgNs

pfeuiiasinuaeautnigauaedndluge 1 81 30 Alaliad(u1A394013g98e 50

a «

Alaliad) Furursesiluagninlitveslsnidndlwihniduaudadidnaseunugesiuen
luawazgnlndaasuuduau Inefianinisndeunivesdidnasoudzarunulaeiaud
wiliwdnlniih (Electromagnetic lens) 91W3u 2 gansoNINNI Az USUIMVRBLENATOUDL

Auaulagdeulaniivuind1agfuniuanueuzn1siau LAUAADULAUIYBTEULSIN

(Firstcondenser lens) e1atiulainluesdusynouniinnudidey geaasonisaruausiau

Y 9

Mansvesdianasou (Electronoptics) Losaniluaudfviiminidu adidnaseunasaun

1
% =

nunaan e lidiuivindadnas (Demagnification) d@utauding (Objective lens) 39

v a

I3 ¢ v S o v A U o a & ) =
Juauddugaetuimihilidadsidnaseulnluannsenuiuiinves Tngudwune laed

3 . o v A o a a o = N :l' J
ABYANIINANIN (Scan coil) m‘wm‘wm’maWaLaﬂmauuummqiuma‘u dlagu tuaan

o [

5L§ﬂmiauLﬂ§auﬁ1U€J’qﬁwLmﬂﬂm@mé’ﬂwmmaqﬁm@wm%ﬂﬁ’mimLﬂ%qsu GATTRITZRRG
Waguwdasluuazuananasenuilusuvesmiuiinainswesnmasaenadosiy Shwasituia
NA099aNIIANBLANATOULUUABINTIA AINIT0NTIVABUAI0EVUINUTEH 10 Tadwns
iuﬂﬁm%m%umuﬁaashwzﬁmagﬂiuuaéfu (Stub) FarrdeuituasuuliuIg Tuaumdreiu
MsvinYesinsIonYessnoud feuwedme Miuauiulniazgn wileatvinle
aunsaillilildeasn1sseine (Evaporation) langldtufegrmionisaiu daelans
(Sputtering) WunadA et manmanfenoglifounsenrsuewdusiu lun1s sewmeld
vannslawieutulangmeldayanme snldiawuiuuaaialinnuiouds awisn
FruniudennuFougeidnglufian Tnglualnlanziileldsuaauieusziinnis
naouwaILazAsegszwenataule Ravtwedanynasimalazduiaiulavasnyianu
Frausaiiianaeniat 91ntuezneuTe i Ylansuiazesnouinn1sAI UL LULRITY
magnglutesgnayiniea

29.2 msmaaumimuﬁ"} (Swelling test) N15119MT1N15UINAL (Degree of
swelling) WunsinAnuaunsalunisuindvesian [57-58) widshmdnidion dauns

MABATINITUINGD (Degree of swelling) MIIa16i19°) ASANNITN 3

Swelling ratio = Wy, =W, (2.5)
W

0
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Iy W, Aoumtinvedlasudsusaqnaininiignanduu

wag W, Aetvtinisuauuedlasuasseas

2.9.3 NMINAFBUKTIAY U3NA tAsesiientdinanuiulazanuaseanleuldiu
REUNIVAY PB LATEIVAdRU TanelunUseasA (Universal tensile testing machine) wans
AN 2.16 wATReHaRINE HusEnaume gunsalnldlun1sIuusumseiidu (Grip sor

jaws) @eain Fdudmileeglie Anduwriuieses diuidudndmilanunsoniouiiliuazay

v v v

gannnuiinLsIvsaluanieas (Load cell) Tun1snagautuazAostiTusisenafmsould

£% %
v v Y v 1 [ v v Y

FENIRITRUN @t @3 Uanevesumegudardszgnuiuniume i duisaes

' ' ! ' ' Y
v = a v A U

Werhuindeunlanfeus senrsnmITuiiegiuniumedeasgnasdnean seauns

L A

fnfvosduines ity seesiivhaduindeuiiluduasgniufinluasufiunes  [59-62]
svogindannioiundiuinmn enueienvesdufieldnsuaiueadesdu T
sisatuiiotuiedniai seniusznigluanoonussindaussiunisdaivedu
fhegtazaunaiuLwesiduLay amead vilvanmsatousswungluiufedidldlae

DIUALTIVDILNAAYAR ANVDISI %QﬂﬁuﬁﬂiuﬂauﬁaLmaimzmmsaﬁﬂmﬁmmmmm

¥

PULMAENIIUNUNNUIFAUDITU G089 LATDINAADULIIAIAINITOAIAIEIR199 LA 2991

' '
a o =

WU ANUITOANUALARNTUF DL NERTNSTUNISAININADINIT A1UTONINUATEELE AN

v '
Y v v A

AuanMINAARY NTENENTaalA Mlnusuaiaunnduamirissunueg Rl uiaLileis

=~ o

szezdainmun Tun1snaaaulsels Fuaugninseslasdauateurasdnavesiuauliniei
I~

= A o PR & A ‘:4' o & ¢ a =y Ao |
MUY LHDMINUUNNADIULATBUNDDN INAUTUINUNIZHADDN YUINUNUANWULLUULNS

dwdsuiuitanalimunzandinsvld egauiesaindnusingnisuaninguluusule

(%
U % a

USumnilanigueniisninuenvesdunuiudaduluus nunganiu daidsdsuniey

Fuauluzusnamensuuad (Drumbell) fip Uangvisassnuazivunalaninusiudiunas

i '
v A

maﬁumumﬁmﬂﬁmsﬁqLﬁulﬂasmauyiaiuwLLazmmU%nmmmma
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UM 2.15 iASeanndavelunysyasd [59]

'
(Y] v (Y

AU lULEULAITENINAINUAU-AINULAS AT A NWAEAISUN 2.15 111D 1SURY

9 Y

FunaaeUTUNAFaUITARLa HnoeN TUTIMINIINABNAUIUNIANTS (IR A) ANUFURLS

9

Y] d‘

' Y = ] ° P PR 9
TENTNANUAU-ANUATEAIzTUFRdINAT Mlrlans Al uidunsaniung 1eegn
(Hook’slaw) @4nanidnanueisdudndiulaenssfuaiiuwaien a1aanlunisw seu 959

FENINANUAULAZAIILATEARDANNBRAANEnMEY (Elastic modulus) Fuduu3unn 7

[ ] Ya v

< = @ & o I av M . .
UaNANAMNLTIRBLTER 99 A T FenIiniadnaau (Proportional Limit) wagn1elaiiiia

! Q’lj a A A ! = o A = 1 i ‘;J
AFIul TdnIguanInganssunIsAuluuuganygu (Elastiodunsiiliouapausanssyinau

nadauIznauluTvuAWaLA

ANULAU

ANUATEA

Ul 2.16 1dulAsPmILAL-AIATER (Stress-StrainCurve) [61]

o 1

WalsiiunsenseviselUauiuiiadadiu idunsinazass q lAswenanE@uns

[y

Janvaneyinazdinsaninginssunisaugulasnianiesauiisgn q nils @ B) Fuseni
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fifingangu (Elastic limit) atilugarinuaainudugeganazlivilmianiswlssuans

9 9

(Permanent Deformation or Offset) ianugaiiluuaiianaziinsasuslegiannivse
WUU wanadn (Plastic Deformation) dnwagn15i3AUMSUaEUIURUUNNITHAIULANANY
fumu vinvestan 90 C 1ugaiiiansiuasusuuuunanafinisaningansin (Yield Point)

! Y A L o ' 1% . a <
AEAT VBNATINAUNYAU LI8NTT ATTULAUIAAIN (Yield Stress) #1989 AIULVILTI § 0

A31n (Yield Strength) A1UuBIKs au easInddvszlavdiuimnsuinmszdugauus
FEIINgANTIN MsfuguiungRnssunisiasuguadaans(63-65] Tunsdivedlanzandu

AALLdsIasaniie aldusslevinniaglilaglifnanudens nawingansinue.

'
% a

Tanzasuunuun1is IneANUAuIiaeg e 191uign D A1AuAENgail Sundd
AMUATUNIULIIRNER (Ultimate strength) alluAanuifugsgainanaznuld iWesin

q

Tagvangviiaaiunse wWasuzUwuunatainlaun

AAIULAUEIEATAINN TR TTUNUAINLAY e 3AATINTY N1sATINTSTTu

= |9

(%
v A o 1

va3anle wonandatdilddussiiiouiisunuanifvesiagla e MadA131ay

[

U9 (Strength) vesdaguseniasiantiulaeniluszmnetrnimuiu gugai iannuledl

9

103 Ngngarine (3n E) veanswiidugeiifanianisuanuserinesnainiu (Fracture) A3

2
s | 1

AU M AkANITNE 138037 AaAuYIEae (Rupturestrength) dwisulane ulawila wwu

wiannaAsUeuimiselavsmilel ApNRuYsEdelazaInIIATLLALENEn InsIeidloae

'
al

yneenll HuinAfaIweITuRioganad MlrnuiiagiunIulsfanas fae
[ (v I~3 1 ::1' = wa % d' I (v dl' ]
wegdavasTanluALaRIdEuURNTAIUNINTURYUTUI e vasTanlaliTuns
N52917 @1U15AAUIULRNNTNTIFIUTENINAIULAL WATANULASEATNANNAUA 1A8EIU1T0
Auulavateds aun NogaakuULNLLIUA (Tangent modulus), HBQaakUUAaAY

(Average modulus), ma@ﬁﬂLLUU%LLﬂuﬁ (Secant modulus) [66-67]

O 4
Oy (N, T
£
Percent, V|
____________ f
Oy /"1 Ao
A
A
L
&Ea Etan' 27
Agg
&

JUN 2.17 wegaaluuLnuaus (Tangent modulus)[66]
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-~
=N

b

Aeg

gﬂﬁ 2.19 wegdaluuBuALd (Secant modulus) [66]

UBAFALUUWNULIUA (Tangent modulus) 2ADININUALDSITUAVDIAIAIULAY
LAZANIATEATUSEUI 50% F9921TUNITAINUATIIAITINTY VDU ULNULUALAa DY
7 1 1 ¥ o = d' o 1 dl
dadIuTEniNANUANAUAMATEANINIUN 2.17 uay NoadauuuAaiy (Average
modulus) EAMUAAIMUTUVDITINAUNTIVDINIINNAUNUSTEMINAMUAUNUAULAS AT
lpannnsvegeusUN 2.18 uay wegaaLuUTLALA (Secant modulus) FMUUAAIINTUAN

a = Aa o = Av o ¢ ' Y =~
ATUNAADU Y39 THIN TR ULUAwRINT MAFURUSSENINAUAUAUAIUATYA
URUTEUIN 50% VBIAUAUANTUT 2.19

2.9.4 NSNAADUNITUBYARY ?1’]11’]'5{1LL‘UIQﬂalﬂﬂ']’iEJI@EJaa']EJ‘UENW’ﬁ’laaﬂLﬁu a4

Usztnnlngs Ao [68-71]
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2.9.4.1 mygevaalalaeuas (Photo degradation) n1stpsaanalaeias

AN ARANNNNSRNA RN WAINIAUIRI IR kEsaslUNANER NS o FUATIEAL AN ALLDS AL

1 [

wyilsrdunsoiuszindinliudass unniniteneldsed (UV) wu wyAlau (Ketone group)

Y

1 [ YY)

aglulpseadna WeansnSonyilsidudinandudaduisdgisvifansunnvesiussnanaidu

Y

a % IS o

auYadase (Free radical) ¥dliiiafios Judwvihujiseresgresinianiussniivumiuns

[
=

Asuauluanglgnadiwes vinlminn1svinvesaele wen1sgesaatadazliiin® uneluls

) 4

Hanauvey NoInaulnay B3eaN1IEWINADUIUNIIN IaLINTENITUNA1E@RNNTN15A8niin

v a

PPUIUINUUNURL tipsannnanadnazluladuiaiussdeilaens

Y

2.9.4.2 n38ou@aI1Ina (Mechanical Degradation) Ingnsliilsensgyinun

(% '
a =

Funaraanyinlrsudrunarannuanaantdudu Faduisnisildlaeinldlunisyilinanadn
2 & &
WANLUUTURN?)
2.9.4.3 MsgeyEangnIulNIe18enBndu (Oxidative Degradation) n5eiay
aangHNWUNTEeeNTATUYRINAERN u’juﬂﬁﬁ%mma@uaaﬂ%Lauaﬂuimaqamaawaé
wastEInsafinTulaiedlusssuyfed 19t Inadoaniau warAINTaU wASYT NSOWI
I [ o w a ) 4 '3 R
nunalutadeddey Haluaisusznevlalasieseanlas (hydroperoxide, ROOH) Tu
a ‘:l' a a a 1 Ql' o b d‘ QI a a1 % wa
wanaRn7lusinsAY @rshuLAsviuiAtidAULER oS (stabilizing additive) LgdLazAIU
Souaryilyi ROOH wandnane Jueyyadasy RO way OH) Nliitatiesuazidvinujisesen
Wusgipdluudumdansvatlugglegnediwes iliiAansuaninuazagdeautfiing
1 @ 1Y a a ei Vo a o v r-g Ly o v al a,
98193357 wamemaluladnisudeilasunisidowasiuuduludagduilvinedlewmily
Annstesaanssnuljiseneendntudvesndauliiiiliunelugasaaifidmun Taens
WA LLAI T UNA0U09lane NS IUATY FIVINUINAZAZAaALIINITHANGAIVD
a1suszneulalasieseenles (Hydroperoxpide, ROOH) Wusyyadase (Free radical) vin
Teneldnedwesiinnsunninuazag doauifidinasingaday
2.9.4.4 nsdevaateruUisenlalaslada (Hydrolytic Degradation) N3t

a

aanvemedlesfiinyioames visielud wu uils wedleames wedueulansnes wed
AISUBLUA kRS dulfiserneliiAnnisunniinvesatslgnediwes U§Azen
lelaslagaiiiniu Inevluutsoonidu 2 Ussunm Ae Ussuandilddassufasen (Catalytic
hydrolysis) waglafldiaiseUjizen (Non-Catalytic Hydrolysis) @eUszLanusndanseanls
By 2 wuvde wuuildiissuiter annaneuenlulanavesnedimesisdiiAnnisdosaans

(External Catalytic Degradation) waguuu#ilddaiseujizenainanaieluluanavaned
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wasiedtunisiseliiinnisgesaans (Intemal catalytic degradation) IngfaLsaUfisenain
aeuenil 2 wila e Fuseuiizefidueulesisineg (Enzyme) 1wy Depolymerase lipase
esterase way glycohydrolase lunsalisadumsdesaaienisiinim uazasnzaanilaly
wwulasl (Non-enzyme) wiu Tansuoanilas (alkaline metal) wa (base) waznsn(acid) il
ogfluanmzwindoslusssund lunsdlidadunisdosaaemand dwmsuuiaselelasloda
wuilldagardaianaeluluanavesmediwestulinyaisuenda (Carboxyl Group) o4
nioames vselaludusnuUatsvesatslgnediweslunisiseufiseinisdovaansnn
Ufnsenlalaslada

2.9.4.5 N1388UAA18N19TINN (Biodegradation) N13808aR1EUDINDFLUDS
MnmwhanuresaunEsiaerhlufingsuiuns 2 fuseu esminuuiavesmenedeidsd
yunlvgiuagliazats lutunouusnvoswesnsdosaateafntunieuenwadlagnis

[V}

UanUdegouluivesqaunsddainlaianuuuld endo-enzyme wie toulgdiviilminnis

wansveaiusyarsluaeldnediuesegeliiduseidou waziuu exo-enzyme solauleal

A& A

MhiAansuaninvesiuseiazniiennuiiegian naaviegaulaigvasaislagned
¢ A a ¢ o a < o o & v & a |
W5 anadasuanaaulvuiatannoazinssiundaasadluluwas waziinniseae
aaturaludunoun 2 landndaailutunauanvite (ultimate biodegradation) i W&911
wazaIsUsEnaUIUIAANTILADeSTUSITUTIR (Mineralization) 1wy wAaa1suaulaeanlys wha

T 11 1nHD ¥I519ANNY WANIATININ (biomass)

2.10 "uiteiineadas

INAIVUNILLSTUTREIT83u09 Chih-Hung waz Ane(2003) [72] levinn1sine
nalnflwadyinisdnesgilayndsasiadeuead (ECM) mudifulagnisaiunLueas
wasuLwaa (ECM) 28138nd177 Dynamic Reciprocity fmqﬂszaqﬁsuaﬂmﬁi’]’aluﬂ%ﬁﬁﬁa
N158319 Gelatin/Chondoitin-6-Sulfate/Hyaluronan Tri-Copolymer Wiadaea Matrix
nszgnoounmsTIITIATIazthun i ulasauieead(Scaffold) TudmnsnniaiBansegn
gou lasudsawadfiaatunasivuiavosgnuiiaiiaves gil 180 lulasiuns uasiiniu
unﬁwammzagjﬁ 75% %ﬁﬂ’l'ﬁ‘dgﬂ Porcine Chondrocyte mﬂ’iﬂl,gmmaél,wu Tri-
Copolymer uazimzideshuamunizidie w3e Spinner Flask iuwian 2, 3, 4 wie 5 dUaw
Chondrocyte gnnszansagasiiauslulasudsneadiinizidesoglu Spinner Flask wiif

weelluau Petri 9203231808011 9INNITNAGDUNNAYIINGINUIITNITHAIATLARDY
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wad (ECM) dmdudrudimiziassly Spinner Flask wudn Chondrocyte §epasesiu
Phenotype aeetias 5 dUai fefiuandliiuluguuuum duyludalaail waziing
§9ims199% Collagen 10w Type Il manisvaaosuanalyidudn
Gelatin/ChondoitinSulfate/Hyaluronan Tri-Copolymer fignenmlunisldifieadrelase
LgmLsejaa‘iu%mﬂﬁuLﬁa@aﬂiz@ﬂéau

UIT8U99 EJ.Chong Wag Ae[73] Igviniseonuuvlunfeddnduimnssa
dedeieassmaniauny (Skin Substitute) Rrensldlnsedoamad (Scaffold) fianunsn
dopaaInusTINYRUAN Fibroblast anusnfiazindeufiuazerdoegld «dufianils
(Dermal Layer)” fiUszustuassiosBanmeunzsmaiiuununs Ssiavssyivsiiteglu

JaatudldresUszavanudnsawinleadn s1anaAsudasuemIntalsyAvs §iasn e
a QU 3

172 '
o a

uAntsdneluldluntssdanazldfugiag snAdedinauedsseiugiitlsnagniady
drulsznaUsyninlAs LA LYaaLUY Nanoﬂbrousﬁgﬂ‘i’juﬁaEJIWWWI%G\NLG?IﬁUﬁﬁJmLLma
Polyurethane (Tegaderm, 3M Medical) - #3t5743an w1 Tegaderm-Nanofiber (TG-NF)
Construct- Mdiflonssnsuinunansfinnls Snmsmnziaeasadinaassdsvosla saae
WaaUY Nanofibrouskasnaaeun1stnnizuaznnsiiud uaunes Fibroblast Wufiannnds
fulidnisAnensetazlinadnsdiduianilsamianal Fibroblast o1deog Faanunsa
il lumsadrstuiomilaiieadiseumuives
Ramlsreufiazinisnmasenuenedavendeyfnililm wadwsildannisdnuadel
%Iﬁl,ﬁud’mzﬂ 17’11\‘1 TG-NF Construct wag Nanofiber Construct kuu 2 @auwagd Fibroblast

a

~ = Y] v v a a a o Y ‘:4'
aqmqiﬂmﬁlgﬂﬂLﬂqgﬂULsﬁaal(ﬂ@ llﬂ']ilf\]iﬁyLWUIG\LL@%LWNQWU?U UAdNIILINNUSTAU

a

o & 5 P ) & I3 Aaa
AU TIVR Nanofiber Construct Tunisasredateslusluuuvedasudssadauian
WL ANENSUUSEBINS Fibroblast MAATULEY wardFNanA NI eUsanluNITSNBLHANI
RIMTIAI835N15AS 19T LRIV

NUITYY Jin Shu Mao wazAny (2002)[74] AuglarinnisAnw1lAsadsueas

Uszinm Chitosan-Gelatin Hybrid Polymer Network gninses@ulagldinaianisiuiawuy
| < v . 5 2 & X ¢ S a

wgtonuds lagld Micro particle ¥89uud9 U PorogenlaTalagaduutulieILazdes

i [
U b4 =

gugnastulagldiznmsinbenudiineiu lasufsssaduuvanatusulnignnieudulay

a

nsdudalagnsaiuatu Lyophilizing Ngaumail -56 ssmwalfea waldudganiiznisvin

Y

wiswuuugianuds dn1sdnwludiuvssnuantfvedlasudsayadusznn Chitosan-

Gelatin ag199u las9a$199a010, AnaNTRNITE08AAIENIIA1UNEANKALNAATENS
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nadnsilawandliiiuiinnunguiazauinesgnuvedlasifsaradizanasiiiag

¥
v =

mimeiugumananiuazaamansvesnisnediveniuds lasudsuvadiiadadu
910 Chitosan uag Gelatin azgnianldidu Matrix Afuszansamdmivnuiaingsy
bolR

9338903 Y.Z. Zhang wazAME(2006)[75) l¢vinnnsdny Gelatin Nanofiber #ign
wisutudenszurunstiunaliiilunsdnwafanountid lunsd Wedlasuiuusge
UsgBndamiunstuiuaraussougduanufoudanadmiumainulFeumed s

[

nswnndndfsy luunaudl Gelatin Nanofiber figndunislniinavgniveslesiuleseme

'
U

94 Glutaraldehyde (GTA) Wuudufaflgamgivies n1sdudafuszningans Nanofibrous
uazloszmeves GTAHuNan 3 Surzairsveuanisdenlosiifiomeazinundnguves
Fibrous denageulnsnisquatlutnguamumgd 37 ssanwadod lunisnssfudiu n1s
douleedniluganuaiesdennufouiiit usasdinisaiaadunuautiidinaliddy
grunginTsuUsan mAnaInnsderuiegafignyiursiasenmanindedfsnesd
Fudu 11 ssrnealded eunuLssiaraegdadiaduieu 10 wiilaiisuiy Gelatin
Fiber fimun1sdumslai venarniu arudufivsowadssldsunUssiulnefinnsan
MnnsfindIuTeead Tnensiwiziaes Fibroblast wasiantisuyes (HOF) Tulasades
\wadluY Gelatin Fibrous Aifinsi@esleswds Wi 1, 3, 5 uag 7 3u nuidinsveiedn
voawadtuLanfeuadnsisduuuidudunsaseninsssarnawunua Mg Ans
Wwad n1esudainisveneruinisufureusadluaans Gelatin Fibrous idouloaudn uansls
uindneadufivsewadlunin GTA fiflegluitad

A hla ITaniiedun (2012) [76] AnvinavesniskaaaiuLayATuand
wiiawaglaaiidnsidiuiegsenitnaaiiu wazarsuondudaiagloa wieusiaing
Feulpaiuseieisnisldanuioudoomumgll 140 osm (DHT) wazansiail (dimethy

lamino propyl carbodiimi dehydro chloride/N-hydroxy succinimide; EDC/NHS) wag

'
I )

UENFNURTINIENINLALLTINAVDI NATBINITANINUINATIALNTAATLUON LTaUTe

Y

Ly

wsrilgnsulndifveiy vuiaeien 120-134 luaseu Feiivesdsseanueiulaliianiy

L w oA A Y & I3 a a & s a s
uwansefudavisuivlasufesadiaaifu vuingniueie YedlasuieLadianifu/mis
venTuitaaglaafiiouleaiuse dareglutis 95-136 luaseu Fauansliiuinnisfiuans
vendufiawagladlulasudsaradvilivuiagnyuiivunalvgTulisiuseumeuiulasuies

as Wandy uazilevihmsdenlesiusylasudsuwadniuailld EDC/NHSIudwalvuung
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WiuRaEves lasndsawadnnuuueglugie 132-164 luaseu Fagnguasiivuinlngnitlase

i a

X ca A o & salv ~ o =
LaEJQLGZIaaVILGU@NIENWUﬁBW'JEJQﬂJ‘VTQNLLaBIﬂﬁﬂ LaEJQL‘?jaaV]IQJQﬂLGU@NIEJQWUﬁS N19ANYINT

MBVANDUTING ANNBATAYDINITNUMUABLTINAsIEldinTamaaauTanteunysEasa

aa

(UniversalTestingMachine) fuegdan1snunIusausinaigeano.70 Kra wulu G82 il

a1 !

13 DHT &adiAngeninlasades wadwaifuniald 0.21KPa dunandbiiiuiinisdeules

Ly

fuszynaail frensld EDC/NHS danalsiduegdanismuniuseusinaveslasadssad
Fonundianfiut uiadulddnag ddduamsoagulihnmafuanivendufiasaglaa Wl
Tulasadss lwadlanfulaemanaufisnsnaau 80:20 (wanAuariuendiufiawaglos) way
naideslasiuszmnand fenisld EDC/NHS wililase Beawadlafiauudusdumuiy

AT Qiang Zhang wazanie (2005) [77] Iévinasinwnisuasnlasuasuwad

dwsultlunszuviunisimnssuiliede Tngldroaaiaunainanimdwewardanasian

Va v =2 v

noamluswanlay (PCL) menssuasnistudulamelniraindidefnwinuanuazyaalasg

Y 9

al L3 [

dy (3 14 14 fa « a 1 a
LammjaaimaimﬂaaﬂﬁqamiﬁuaLaﬂmau%umaaaﬂim (SEM), (nALANLIEINT1UH

Y

Nas5u

a & 6 a

dunsnsnaUalasalad, wadan1sinssinsidenuueessedidnd, watan1siang
WaguuUaamnall  duruaudnansedlasudsaganiagrauidiea/aoaanay (PCFS)

ANAIINTEWING 987 + 274 @D 689 + 299 UNLULUAT ANUSUIABARLIUTANTIY, AL

Y v

Jundneglusgaus wazvwinveswdniiintuiivuinaeud 18 37805 unan v

Y

Usgddnmunvesisiagiiduoawavaeaaauluianiaerios yenaind, Tanidenie

1% '
v A

v a1 a =] o ¥ 1 1 IS A
d mmim‘uqmmumiqﬁyLaauﬂuimumaquqmﬂ (38911719 50-60 DIAILGALTEE) LD

) v ! Qj IS I = Y aa
WgUNUIIIRABRANIUBLINAY (32,5 aammjaL%aa)mmmmumqmqqaqmﬁuamamwmawLaa

Al
[

JURLTUAILUS U UADARAUNANTUNISIATIZIR8 WmARA Circular dichroismwaznis

(%
1o v L

VagaUNITaRIeAI U oanAaaIlITianidenoauuiiauasRdtusERuNAout 19 RLaLdl

gn1IN1saaeMluTEAUMEIdEATIAARUNgANTIUNea et Tan ideviealngldinatinnis

NAADULUY MTT, SEM, wagnaesganssaliuulnaeaildauaauesnanisnsiaaauuai
Tagigieniealanunsadiausaninwinseuivanzaudiniunisasyiulanazn1siyin
sapvpaasnlusuanad L929 19, ¥isassnwnisinigsivsasaanameild, wagyignasne
anmanudiulanis@inmimielinans@nwuwienudullindeudiegelunig
° ) aal a S
werianigenieaunlilunssuiumaiamnssuiiows

U804 Elisabetta Ceretti wazauy (2017)[78]lann1s@nwIkazu@ue

o [

ANANYULITEUFIWINGT, AudnvuzidnalazAuanyuzddiihveaduleNndnduain
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nszviunsUuduloseliiiatn Aldaisazats poly-€ -caprolactone polymer ey

Ya v =2

AINANNTIU WIluNEn NERTIEIUNANTEAUAN AU TEANIAMANY MeLTITgIWINEN

e

voadulelagldndasganssmididnasounazndesganssaudianaseuluudaaniialunis

v [ (% ya o

nvdeuN1TUduRusvesagnialudulennandufidofnuilasufsuvadiie ey

[
= d v

HansenuraIniunsenuautinsluvesianuid ST UDAUNUITURBUNTATELENS
wruaeslussduimungauresnsiuluasararsdududafondndmunisifiuny
avanunsalumsinlulduveadulefinantuld

37U398989 Shanshan Yan wazanz(2017)[79] lavin1sAnwinisujduiusiu

szninnraanuianurlulusznitenszuiunitsilbeundadiwaauuu epithelial-

' (%
= a = ¥

mesenchymal transition(EMT) aaaiaaa A549 uagidulounlunugniunieisnistudule
melihatio lngldTagnedlitla ueanesed (PVA) naufulusiulua (w3Tw) (SS) 3Ty
nandulowlusedsnstuduledelnihadn Ingldundusiiazarslunsyuiunistunas

T¥ngananadlemiludidenloadaund fideusuudsaninduduresarsazate, usasulniing

Y

¥
A a a

Tdwarszazrinanstiu LLasU%’ULWiﬂmé}’mUsSuq ielilananisuanduleuTuidnumifisiu
A a ] = ) ° a a ¢ v v fa & |

duaziia Ul UUREINUAN AL ARANTIATIENAIENAI9ANTIALBENA TR UL UUHDY
N30 (SEM) LLamﬂﬁLﬁud%é’ﬂauﬂuﬁﬁLé’umu@uﬁﬂamaﬁaﬁ 200 W LULIASASEUIUNNS
Wasuwlaswaauwuy epithelial-mesenchymal transition(EMT) Hutdunssuiunisdaivas

WeyRigadvanindsiiveugadluiioudasanwnargsduaiuigaailiwuladuny
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WglAggaaRUUaIlALUUANAN taeUseiliuainsedu mRNA kazseaulusau tngld
wAdA quantitative PCR wag Immune fluorescence assay, AINEIRUAIINANITATUNTT

Muvewad IPCs Nuuatuangnussdiulagly C-peptide wagtsziiuainnisuanddos

dugduwilalasunisnszaulunisnaaeuniinsedumenglaaagansINNITNAdaUAIETs

Y
Real-Time PCR wanalilfiuineas IPCs ANanTuanwad hiPSCstunansbmiuialadonis
Q9ATIE (transcription factor) I WIzvRwaaRUeoU (Insulin, Pdx1, Glucagon, Glut2 way
Ngn3) nsuanseenvasladenisnensiamariiiszaunaindtlulasufsasaduuy PLC/PVA

o

A a o & s aa & a o X

Wolsuiunisniziasusadiuudolifiuenaini §lin1nanuAItindtnizain IPCs
lngn1snegsumemailanilglauiuwadmvaiagnisinzidesluisgeangusadusugiu
way C-peptide ponutunismaaeusienglea lagldinaila ELISA Jauanaliiiuionis

Wy dulauiluvasaneaemadnsvosnuidetuiuandyifiuinsefunsudsd sy
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Juveuwad IPCs Nleia1n hiPsCsuuanvazilunamnanmsldlasudsuvadilannianuay

a v

PCL/PVA Mluld na1ilaeaguauideduiawisadnauesuinisnilunssuiunis
Urdndnwiietuasunnu betalike celluaznszuirunsiminssuiloieiiledounausiugou
dwsugthe T1IOM lueunenala

$UIT89 Urszula Stachewicz wazane (2019)[90] tavinnrsanuwidulourlunan

Fumeaweadanistudulemelnidain lnaldnssuiunsinsIsiNauNa UL UUasIlfLay

aufifnulasuasagaaindstuainnrstudulounlumglniradnnly Jan polylactide-co-

9

slycolide acid (PLGAlagLUsn1sIas ziesnidudiudulourluffinnsdmSoemiuuun

Wwenfuuazidulowluniinisdalesuudy  YuinvesgnIuLaz uInvedule,3 Us1evess

WIULATAIIUNTU, NN BULAENAINTINIZIREBad,gnaTraaeulagldndesqanssayl
BLaNATIULUUADINIIA (SEM) wagnsHaurauiuyewmaiin Focus ion beam (FIB) waz

SEM wiglilaiiegndnaesuuauiifeonuilaglddoyanmudnuusnanwisiemaia FIB-

4
Y Va

SEM dwsunisasisuuinassauiiiuazn1sinsisiasdidyisliiideladeyadineiige

Y

san1syinauilatunalnnisunsnszreveawaalllulas wdeswadNasiwnu el

v A

nstudulomelniiadendfgae nsunsnszarevessraditnlvlunietr sveadulounlu
Hudsegag e InAuguIavesInuLaEMIoudaRniuy o3y, Bsiglvlinisussaudn

28N UUNUITEMINTAakALEU LU TUNISENTNTENeVBNTaa N 8T ULAS 818D

Y ¥ o

wulowluduagluszduneoudedine TulasudsseadniiduleuludnS sswmnuuuiimeliu
A o~ Y Aa v o A ] = A o AN
dewguiuuuuniidulouludaBgwuudy esnnasediedulsurluwuuduimiiaus

A | 19 & ¢ A
ﬂumqﬂﬂﬁqﬁlﬂ’JWIUﬂqiﬂigﬁ’]uLGU']VL‘Uﬂ']EJfLUIﬂﬁﬂLaENL‘Uaa L‘LJENmﬂamwmmmm%mgua3

'
13 L2 = £ a

yunvesgngululngnilasnfsaradnidulednsesinunuiiiediuiieagneuauas
AnuINshuldmnssuiaieandnenssusuadududounedlasudesead as1aueie

wadan1studulamelufinadniuizdoao1feni1szd s wYadkasIs NNz 18899

=

wianga Wienaziiununsasyiulavelleleluan mnisaassluvasanaaeddigaiign

q
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A5115ALHUU

AT e msAnw e lasuAsuTad Gelatin/Na,TisO, Tneldaanfuiy
Janudnuazldlymiun (Na,Ti;,0,) 1uiagsesiliidumfidieasumuudusaliiulase
\Aoawad Gelatin/Na,Ti:O- %ugmwumi%éjwé’aamﬁa (Salt Leaching techniques)iag
AMsYLF L UURELEenud (Freeze-dried techniques) w¥ausadn®i §nwaizaudinig
NENMLALANITIATITINIEUEIWINET NInalaunn1saaauanth N15NUNIUABLIIRT
usang uazmadinw ludmsvaaeunsgesaans nsvaeun1suninvedlasuisasad
wandufidudseneuvasiuvun (Na,Ti,0,) Tnsidsuiisuiulasuasagadioaniuiliu
duvszneumissesinien leliussg ingusvasdveanisise §idedsliinsAnuide
noaesutuneusrelUd

3.1 YUABUNIFAVEY

Gelatin/Na, Ti;O;

Salt Leaching techniques,

- Design of Experiment (DOE)

Freeze-dried techniques. ' Factors

I 1.Gelatin Concentration (%)
DE hydrothermal

- 2.Na,Ti;0; Concentration (%)

treatment (DHT)

| 3.Dl water Concentration (%)
Characterization
Degradation test Tensile test

\ 4

a

\ 4

Compressive test

A

Morphology by SEM

v

Swelling test

Ceytotoxicity test |«

5UM 3.1 nnsudunaun1sinidy
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[
U

JUN 3.1 UanaurudetunaunsAiiuauIdeansuInay lneddunausieg 7

[y

Aendestunszuiunmsendwioluid
Fupoudl 1 Anvimavguifiiedes TnednguifiAestesivamiideselud
1. Tasaidenead
2. 198a1AuY
3. ADANLAU
4. lymum (Na,TisO5)
5. nquiimItuziuuunedeisindeuasmaiuiuuunddeonuds
6. nquinvhufitendenlossgnindiana
7. NEYNTRONLUUNINASDS
8. NINAFBUANTANINNIBAIN kaz Y1908
8.1 daugnuIngn
8.2 NINAABUNITUIMILY
8.3 MINAFUANTANMINUNIUADRIIAL WIINA

8.4 NISYNAADUNNTUDYAAY

8.5 N1snAdsUANITUNEsawad

al

TURBUTN 2 TAMTUUADIUNNIINNABS 13 kazaunsal lngdnaniuniazn1sinng
gunsalludiusneg 1ievin1smaaes
TUABUT 3 YIINITNARBY

1. msdueszilnmdleulesnles (Ti0,) Wulnnius (Na,Ti0,)

Inniunuiluuusugnduansiiiuljiseusanilatlelasinesusa (Alkaline
hydrothermal reaction) Taeilnnudeoulaoenladi(Tio,) 0.5 A5y Wuasiadusniy
asazanslufoulansonlyf(NaOH) 20 Haddns Aty 10 Tuans arsuaulnvdeuls
oonled(Tio,) wazarsazaeluidoulansenlasd gniunnlitriudune 90 urit ndsan

Juihlulalunssusnnulsssudaniaumemnasu (Teflon Lined autoclave) ba3titgnumn

a

a a I [J Y ! [ o { a v ] o d'
UNYUNHU 200 aeAwaldea Wunan 24 9alus UQQSLUUM’JWQNMQN‘W@Q INUUUIETTN

9

laurdnsmedrusiaanlessy aularianudunsa-ana(pH) Ussuia 7 uardlueudl

a

gl 80 ernwadead Juian 24 Falus
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for24 hours
)] o T = [
+ ' mmmm)p | Stirrer —)
200 =C
-
]
for 24 hours
) [Stirrer| s 80 °C ——

UM 3.2 Tussulvmiusuilusuveugnduaszminudjiseneanilavlslasvesues

Y Y

(Alkaline hydrothermal reaction)

2. gonLUUNINAaasduRaiovdndinlunnaedagmaudinisnuniusie

= & sl (% ! a 3
usevedlasuisseaaTinauiusEnitansaraglaIAuLazaIsazang g (Na,Ti;0,)
N8n31du199 A8 N1TVUTULUUNITTE AN G oLasNISINULUULTEDNUTY Ynanis
naasduIsuWguiulaGonldisn1sTusunlinannanlneldis Central Composite

Designs (CCD) of Response Surface Mythology (RSM) waziilosdawafudululelndw

v
a £ S

assssurAn i nAsaaudanuldnine e waznsean Andnduaslinaaudniieg
YeaunspgosaratenIaTInInlan uisedaddiivinararefaiuisavinazargiuiaafule
uhe 2,2,2-lnsnigeslsienniueanseuviainnisiasunlasisnsideulesiusgnisnienn
A o wa a =~ § vao A ty) Y a
WoANLTIIweInaN URTIna Jeldiinswenlesiusemanmenmilaenisldaumgl
w38 Dehydrothermal treatment (DHT) \Uunszuaunisnasnisamingnishiniiuiougs
meldagainie lngdnildgauiigannnndy 140 sarmiwalfeanIzuIun1snamuagyinlm

gnAteanINATIABLLAR Gelatin/Na,Ti;O; MlitAnujize nisaiviunazdaalviia

nswWeulususzuazyinlilassfeasad Gelatin/Na,Ti;07 hU9useUu

A153LAT1EI USRS Minitab V.21 Taeld 3 Jadelawn anududuyadaaaifu
(A) INNANITANYI[41-42] N15ETL81R A bUAITEAY 20 NTY, AT UYUVBI LNNLUA
(Na,Ti;O;) (B) wariusiAannlasau (DI water) (C) annnan1snaasilosnulsuseuie 2

nSuLaY 87.8 Haaans [52-53] F9INNNS9BNLUUNISNAGBIAIUAITIN 3.1
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A15197 3.1 Parameters for experimental design.

. seautaldw (Factors levels)
U238 (Factors)

szfum (Low level)  sediuga (High level)

A: AR (A5Y) 0 20
B: Na,Ti;O; (n5u) 0 2
C: DI water ({a8an3) 0 87.8

3. NswseudandUsenauvesaaaAuiag inniue (Na,Ti0,) lneld 2,2,2-las
Wgeslsionmuealuiiinazany
3.1 wsguansazatsaaniuduty 20 Wesiunlngtminaeusunasingly

2,2,2-lnsvigealsonmueadudviasalsviinisniulidriulugamgiivies

o’ -
7
"Ll, A W A ,
gﬂﬁ 3.3 Fa9ea19u E‘U‘ﬁ 3.4 Gelatin solution

3.2 wssnarsazanglymiiue (Na,Ti;0,) 2 Wasiudlaeimiinseusuinsing

14 2,2,2-lnsvigeslsienvnueaduivinazaerinnisniulidrfulusamgiivies
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sUT 3.5 Falumiue (Na,Ti;O,) Uil 3.6 (Na,Ti;0;) solution

3.3 hansazaisiaaaniu (Gelatin solution) laei gelatin powder waufiy
DI Water siaadandudu 20 %w/v mulidaiusegamaill 50 asen Juian 30 undl

3.4 Ivmtun(Na, TisO5) solution Tagnasualvyiium (Na,Ti;O;) powder ey
fiu DI Water siaeanududy 5 %w/v [2] muliidrdusieaamgll 50 osen WWutian 30
UM

3.5 iasavanslaaafukaraisazanglyviiug (Na,Ti;0;) Amseulaunniu

wanlilinmudiagun 3.7

JUN 3.7 dansazangilnaaiiuuagansazanglimiun(Na, Ti;:0;) Awleslaunnauiv

¥
=

N3N 1 JugUuuunisveaneaieingde (Salt Leaching techniques) nasannleian

q

HauaIfukaslimun (Na,Ti0,) 9 ndunaud 3.5 Yaeeliiaguauiaarfuuaslnniue

(Na,TisOy) wusiil gaungiiviesnasainuuldindeasiuaulidiiu drianinaumldluand

9
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YA 300 x 300 x 300 fdadwns ndsanuuihluinuluys Desiccator NTFaALaLNaY8TY
& < Y oa o v o = aa % i &
N3RAANNTUIINTUNUILLET W Taninaulusufioamgin 50 s Tdeulaminuiuy

30 YkarauLiaauleanuss(muTTaNa.)

(%

nsai 2 JugUuuumsviusiauuusifenuds (Freeze-dried techniques) ndaannls
TanuauaAuwazlnnug (Na,TisO;) MnTuRoud 3.5 ndsantufthluideses Freeze-
dried figungiidnau 20 sarwaoaiduna 24 Frlusadaudaniluiduedes Freeze-
dried figaumaiiAnau 80 ssrnwasailunan 48 Hilusuazouiiiodouloaiusz(eurited

a.)

aa a A

4. 33n 15 eulysiusy gnn1eAMlaen1siioangiinie Dehydrothermal
treatment (DHT) Tneylasadsaivad Gelatin/Na,Ti;O; Qmmwmuma%amwa‘luﬂdaq
gryaynedungt 2 T vaeniuiilassdeuead Gelatin/Na,TisO; walugeuagayinie

Megamall 140 sarwadeaduiig 48 Falus

5UN 3.8 9AALTUMETANLIA

Supouil 4 nadeuranIIVRaes
4.1 N13ANEIFUFIUING1AI8NE0I9aNITAUBIANATOURUUEDINTA
(Scanning Electron Microscope; SEM) mﬁﬁﬂmﬁmgm"?mmﬁuaﬁaaiﬂimﬁmmaé
Gelatin/Na,Ti;O; Inendesganssaudidnasousuudadnsia u (JEOL Scanning electron
microscope JSM-5410LV) Adeuee 10,000 17 Imaﬁhasm%mmgﬂLﬂ?ﬂauwamﬁﬂﬁﬁ

anmanwihneudludmsiei



JUN 3.10 ndosganssABianasenwuudaingIa (Scanning Electron Microscope; SEM)

61

4.2 M3ANYINITUINAIVBITanlATuAEEad Gelatin/Na,Ti;O; LUnHasing

vashutnuiswasiiminilenvedlasuisueasd Gelatin/Na,TiO; AntluSaay laegvinnis

Falasafearan Gelatin/Na,Ti;0; aoulis nasantuilasudsseasd Gelatin/Na,Ti;0; U

uwiluansazane PBS buffer 71 pH 7.4 aaungdl 37 ssewaidea 1Wuian 3 9309 andudy

Ulasudgaaas Gelatin/Na,Ti;O; 80N719809A 1 ULAYTIUIMENV0IASIAL TR

Gelatin/Na,Ti;O7 Wl druninumssazitntinidenveddasauasagas Gelatin/Na,TiO;

AUINAIENNTY 1 Tagazinn1Ivaaesdl 3 AsY (triplicate)

: : -W,
Swelling ratio =
0

v v |
I o LY

g W, Aeumiinvedasudsusas Gelatin/Na,Tis0; %d491n9ignamt

way W, Aeumdnisusuradlasaudsasas Gelatin/Na,Ti;O;
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sUN 3.11 Tasuduagadluugly PBS buffer  3U#l 3.12 ¥aindnuviswazivdniden

4.3 nsAanwrautAinienaniunuLiamenssis (Tensile Testing) vaalAse
\Ae9ead Gelatin/NasTisO- 181N 1INAFBUNININTFIU ASTM D3574 Test E. FELA30q
NAABULIIRY (Universal Testing Machine) ldmanusalunishavianu 5 fadwasreuniilag
fhetsildnadeuiivinaning 1 wuRung waze LT ¢ WuRes wazsunavesmnng

WiNU 5 Dlaiifu Tnefla8 19 gna@auianinning 1 WURiAS LagAINed 1 LouRluns

TunnsnaasuazldIuuaIUIUL 5 Jusof19879

P e o e S e el el ool ok

3UT 3.13 fegadunuilinagaeunisng 1 x 1 vu. Uil 3.14 fregadunuilinageunis

A9 1 x 4 w53l
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JUN 3.15 NMINARBUNITATUNILLIINA JUT 3.16 MINAFBUNITAUNIULTIAG

4.4 nsveaeunITERLdatwiea1sazatglalylui(Bio Basic Inc.) anlala
IR 31.2 u/ml (0.1 mg/ml PBS buffer) Wosidudlagdmiin nadaniniuiiianlase
Heowad Gelatin/Na,TisO; wluansazanglalaludiwasnslilugevgamall 37 asrnaides
< o Y 1 2 6 Y a ¢ o 1 ' e
Junian 54 alus Megrrunulrgnanunulilvitineulel fregwareesqidsinauanas
wazillafainIduaudlusiimvug 0.5, 1, 1.5, 24, 48 uag 54 Tl Aewvinisiiansazany
lalglesioanaintuaiy wagateulesindmawndesiat naeinturiiiuislasnisuily
sulugdeudnaseiislilugovaamgll 37 esrnwaidoaduiag 24 43lue aiaseau

NTLUIUNITNINUALAIUIUINTNFI 081900 hazrad vinn1swyluairsazaity talalayun

ANUIUAIENNTST 2 198NN NARDIWY 5 AT

Weight remain (*—‘t’) = 100 — [M X 100] (2)

'.ﬂ'

Where: Wy is initial weight of the scaffold
W is final weight of the scaffold
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JUN 3.17 msudlasadearadlulaloled  gun 3.18 Tadminteumasulaluled

4.5 nmsnageumullufiuneiwaalcytotoxicity test) A1835 MTT assay Liiafnu

aaa 12 Aa 1w

N53%3n50MNVDWTAR WMEANWINANISABUALDIVBLTaaaa luUa1aNine Tan 1ASdasa

q

I & ¢

wag Gelatin/Na,Ti;0, Gaiwad luvand Ao Wwaaniduesausenauea Ul Ity 19 s
asnpaeaIuLazdanaAu BatieSnwanuduiuliiuimlwazdiugamiealvaiig
wlawssuazAuBavguLiRans Tunismegeunssunsimnziiessadnedgaduinszaiy

mluomsidsseaanoamal 37 esmnea@eduasiinismunuszgsnatunisiiomsiaes

Y 9

v/ o

¢ A vy sy o i & & S & I3
wadlaliwagreanisiaiidtegaatlumeifssuuiununeisalilunguideasad
(well plate) aaaanfimuuaantudldinswiaInsganauuasnaIueIAay 490 uly

westhasleunsnaruduiusiiegainnduiivsaiwad

3.2 gunsaluaziasasdieflilunimaaas
lumanaaesnssiussnaulumegunsninanadosiio duioluidl
3.2.1 \n3esilogunsaliililunuide
3.2.1.1 Magnetic stirrer
3.2.1.2 Thermometer
3.2.1.3 LASBIVIAADULTINN (Universal Testing Machine)
3.2.1.4 Scanning Electron Microscope
3.2.1.5 Syringe pump
3.2.1.6 High voltage power supply
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3.2.1.7 Needle spinneret #20
3.2.1.8 1A3099
3.2.1.9 Lﬂ%EN Freeze-dried

3.2.1.10 LATDINAFDULTING

3.2.2 @5LAdl

Aldrich)

3.2.2.1 wa1@u (Gelatin from Porcine Skin Type B (Fluka Analytical))
3.2.2.2 lymum (Na,Tiz05)

3.2.2.3 favinagane (2,2,2-trifluoroethanol (TFE) (purity 99.0%) (Sigma-

3.3.2.4 gsazvarelalalel (Lysozyme (Bio Basic Inc.)
3.3.2.5 Innwdleulaeenlen (Titanium dioxide: TiO2)
3.3.2.6 1A399 X-Ray Diffraction (XRD)

3.3.2.7 m‘%awmaaumquu (Mercury Intrusion Porosimeter (MIP))
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NaNIINNADN

nansneaedluuniznanimanisinwauTAn e mLarnenaveslas LA
\wad Gelatin/Na,Ti,O, siliianun 4 druldun 1.1a39a5799a01Av04 M Lun (Na,Ti;O;) ER
Huayitusihunsdueseitusnlndanlmnideulaeenled(Tio,) [13-14] 2 3vBnaves
TAsadaBawas Gelatin/Na,Ti,0; AflfeautAinsnunuseussiiunsdesaanensdanin 3.
sv3naveslasuaoawad Gelatin/Na,Ti,0; Ailse ”ﬂwmzmﬁmgm’iwmuasmsmuﬁgﬂ 4.
svEnaveslasaasawas Gelatin/Na,Ti,0; Ao tAnISMUNILABLIINALALNAGDUAL
Huiiwrewadlnefisazidondedl
4.1 lasea319ganinvasiumasun (Na,Ti;O;) G'z’iaL’fluaqﬁ'us‘ﬁsiwmsé’amswﬁ%uuﬂmj
nlnileulneanled(Tio,)

4.1.1 namsAnwansauzdugnuinevesnun (NasTisO;)

HANSANIANYMEAUFINING19IENT0IaNITAILUUABINTIA (SEM) WU

lnssasadnsdnisendudulLayered structure)igusnauduiuvsunauysal

UM 4.1 laseasaganiavestnniug (Na,Ti;O; ) nmatia SEM
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4.1.2 e IATIERLaUaANSIIIN NS EsLULYeSElenduns TIO, wax
Na,TisO;

nnsAnuilassadiendn Tio, (nsAgnaIMnTTL) A181A384 X-Ray Diffraction
(XRD) 8% SHIMADZU/Japan u XRD - 6100 Lilefinunseazideniafudnuaslassaiig
nAnvesuAazaAntu nuilaseadne Tio, Avnanldidunuussuna (Anatase) 7
Aty 268 = 25.3°

MnsSeufisulaseastamanvaalnniiun (Na,Ti;0;) 91nNSALATIZREIUNATY
vrunslelnsimesuea (Hydrothermal process) figaungil 200 °C Wud 91ANTMIAIINGS
yoafinUsuenisnulundnveslyniue (NaTi0,) fisunds 26 = 10.72° wazauung

A dundniivunldulnadssiulaseadne Tio, famuntunly

9000

8000 ~—— Titanium dioxide ——Titanate

7000

6000

]
=]
o

w Intepsity {(a.u.)
S
(an]

8
[=]
N ST r—

2000
‘ i
1000 & { { 1 A 1
J ]
s J " "__, ‘L.r n k‘ f “‘

26 (deg'nge)

5UT 4.2 nan1svagau XRD Y04 TiO, uae Na,TisO0;
4.2 dNSWavaelasuasayas Gelatin/Na,Ti;O; NiA2aNUANITNUNIUABLITIRIAUNIS
HRYHR1INIITINN

NATEHlENaNNITNLUUNIINAABILUUEIUNEN (Mixture design) WUULUDIIA
N38WUU Extreme vertices LiafnwndninaveswsaztadeNinanom1minukdwsan v

1Ased8awas Gelatin/Na,Ti;O; lnannuatadenlad1nsunisnaassiadn 3 Jade lawn
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U3y A (aandiu) Jade B nnun(Na,Ti;0;) waztlads C (DI water) diunanauausdlunig
NAABIAD A1ANULTILTIAG (Tensile Strength, KPa)

A15199 4.1 wanIUAILALTEAUVBIYATENLTIUNNTIDNLUUNITNAGDY

. seaulade (Factors levels)
Uady (Factors)

szfum (Low level)  sediuga (High level)

A: ARy (A5Y) 0 20
B: Na,Ti;O; (n5u) 0 2
C: DI water ({a8an3) 0 87.8

NaponLUUNISAasInLSeuludadulEs s duNENsT LA 27 MA@ (runs)
¥NSNAR0 I8 (Replicate) Favian 3 a%e defleulunsnnasiuanidinsed 2 ndseniy
‘v‘hmiLﬁuﬁagaﬁﬁiﬂﬂizmamamqaaaLﬁa‘iLﬂiwﬁﬁuﬁ’mauaumLLazmszé’Uﬁmmzamaq
uazUade

A151971 4.2 Experimental design and results

Factors
RunOrder Tensile Testing (Kpa)
A: Gelatin B: Na,Ti;O;  C: Dl water
1 0.120 0.002 0.878 1370.372
2 0.120 0.008 0.872 1391.098
3 0.180 0.002 0.818 1233.898
al 0.180 0.008 0.812 1262.019
5 0.150 0.005 0.845 1515.289
6 0.135 0.004 0.862 1493.043
7 0.135 0.007 0.859 1419.788
8 0.165 0.004 0.832 1425.541
9 0.165 0.007 0.829 1359.31
10 0.120 0.002 0.878 1334.372
11 0.120 0.008 0.872 1311.098
12 0.180 0.002 0.818 1201.898
13 0.180 0.008 0.812 1268.506
14 0.150 0.005 0.845 1529.289
15 0.135 0.004 0.862 1481.043
16 0.135 0.007 0.859 1443.324
17 0.165 0.004 0.832 1416.839



18 0.165 0.007
19 0.120 0.002
20 0.120 0.008
21 0.180 0.002
22 0.180 0.008
23 0.150 0.005
24 0.135 0.004
25 0.135 0.007
26 0.165 0.004
27 0.165 0.007

0.829 1348.72
0.878 1282.372
0.872 1309.098
0.818 1355.898
0.812 1248.506
0.845 1527.289
0.862 1497.043
0.859 1432.963
0.832 1493.541
0.829 1397.634
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4.2.1 ﬂ’]iﬁli?ﬁ]ﬁ@Uﬂ’ﬂMQﬂéf@ﬂ%aﬂLL“U‘U’%T'W@EN

UIHANINAGBIMLANIVINIINTITFOUAMNINYRITRYAT1H AT AT e Ll

NFIATIERANNABIYEIMUUTIBIINTeYAiia MM NgaNT IR TANYNABS

YBIRUUTIa09 Mndeyainumingaudaiundmssiardudssanslunsdndula (R-

Square) UalAT11AINUUTUTIU (ANOVA) N13ATIVHRUANAINYDITBYAI 3 Tunaufe

(1) N15NTIVADUNINTLIWUUTVUINLINAR (2) MInTIvdeuasiiudaszuestoya uas

a

(3) NM13AIvARUAINER 8 TN MVBIANLUSU I deuasUlanTeyainnandfie 3

U5eN15 uanInagun 4.3

U 9

Residual Plots for Kpa

Normal Probability Plot

Percent
(2]
o

-100 -50 0 50 100
Residual

Histogram

Frequency
e (+))

o

o

0
Residual

Residual

Residual

Versus Fits

100

50

-50

1300 1400 1500
Fitted Value

Versus Order

2 4 6 8 10 12 14 16 18 20 22 24 26
Observation Order

3UN 4.3 N30 5I900UANNNTDYAVBIAUNULIIRN (tensile strength)
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4.2.2 MTATIERAMULUTUTIY
M5IATITIANLLUsUTIITuN1sATIadeUANLTILTIRe (tensile strength) 91N
N5IAT1LNANNLUSUTINYBS Untnea1iy, Wntnlnniun(Na,Ti;O;) wagDl Water 91

v o W a

seauled1Ayn19ada 0.05 Tum191991 4.3 wuinan P-value UouninszAutdIAYNINAEA

4

1%
[

0.05 Aie Uutniafu Windnlnniua(Na,Ti;0;) kansinlanuduiusiuegeiidedAgy
wazu1utineee DI Water ldflanudunusiuiudiunaunanasiaainuwarinniun daan
duuszanslunsdndula (R-Sq) \Wuaiildueniesavnisivfsuuwtaswesiuuusmuinaunss

asunelamemtUsdasslunisanney 91NN15ILASIZNNISANDEYBINUNADUAUDY FUAITI

=

7 4.3 agiuinAn R-Sq dA1iu 86.88 % %u1eA11I1 faulsdasy (Uvdnaaidy,

oY

Y

Uutnnniiun(Na,TisO;) warDl Water ) @1315085U18ANUAULUSUIaNSIURsULU AT
Fruwdsmy Erinatiy, davinluniuniNa,Ti;0,) way DI Water ) lasaeay 83.76 wang

Tuvuaeansathlvaiaunisiungieniananauldegnsgnieumansan
d' a ¢ 1 < =2
A15199 4.3 WALATIZUATANNLUTUTIUYDINANAGDUAINLLUILTIAS

Coded Coefficients

Term Coef SE Coef  T-Value P-Value VIF
Constant 1493.8 12.8 117.02 0.000

A: Gelatin 30.42 7.90 3.85 0.001 1.06
B: Na2Ti3O7 -99.9 35.3 -2.83 0.010 21.26
A: Gelatin®A: Gelatin 179.7 67.2 2.67 0.014 50.54
B: Na2Ti307%*B: Na2Ti3O7 -472 132 -3.58 0.002 150.97
C: DI Water*C: DI Water 177.1 67.2 2.64 0.015 50.54

Model Summary

S R-sq R-sq(adj) R-sq(pred)

39.0415 86.88% 83.76% 75.45%
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Analysis of Variance

Source DF Adj SS AdjMS  F-Value P-Value

Regression 5 211994 42399 27.82 0.000
A: Gelatin 1 22623 22623 14.84 0.001
B: Na2Ti3O7 1 12211 12211 8.01 0.010
A: Gelatin*A: Gelatin 1 10897 10897 7.15 0.014
B: Na2Ti307*B: Na2Ti307 1 19546 19546 12.82 0.002
C: DI Water*C: DI Water 1 10586 10586 6.94 0.015

Error 21 32009 1524

Total 26 244003

ihtladuannismeassuunEy (Mixture Design) 11%1A15ILASIZMNNTOANDEGDLNE
#45198UN150A008UTEUIUA AL TINLAZIATIZVAIINAURUSTEUI19TAT8A09) Feanunis

Aoluil

Tensile = 1493.8 + 30.42 A: Gelatin - 99.9 B: Na,TisO; + 179.7 A: Gelatin*A: Gelatin
- 472 B: NayTisO7*B: Na,TisO; + 177.1 C: DI Water*C: DI Water

TnedlduUszandnisanaula R? winnu 86.88 % Mu1eA21uINtuAUEULUSUDIAT

lngsumavan 100% aunisannegiannsanensailagnaadds 86.88 %

v
(=]

4.2.3 HaNISIATIZANUNINDUFUDI

1181015 Mixture regression UesNanauauoInItwdwsafefilaunldlunism
Mixture Surface W@z Mixture contour plot SU 4.4 iuftnanaua1AuuT LT eds
(tensile strength) Tuﬂiw’mm'ﬁ?ﬁyugU%umuswd’mﬁmﬁfﬂLamau, dmdnlimiue
(Na,Ti,O,) wazDl Water wuinandfindu detudnaativ, dininlnniunNa,Ti0;) 3

USanaugadu
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Mixture Surface Plot of Kpa Mixture Contour Plot of Kpa
(component amounts) (component amounts)

Gelatin
0186

Kpa
< 800

800 - 1000

M 1000 - 1200
W 1200 - 1400
] > 1400

Na2Ti307

0.068 0120 0878
et Na2Ti307 DI water
DI water

gﬂﬁ 4.4 Mixture Surface Ia¥ Mixture contour plot

4.2.4 msmadadeimunzauian
Tunrsmadadeimuzaunigaielilauszansamlunisaundssda (tensile
strength) Tngldilaridu response optimizer luldsunsudnsagunivada saduilsdidunldm
Amsiwesiuangauigavesladeualdinauianelalae siuveinanay (composite
desirability :D) Faranuianelavesuanauia1sening 0-1 a1 D A UNIAY 1 nuefwa
novdulAsuAawalvegsauy sl 3nnsrdatenmunsaulagld ety response
optimizer WUIIN15MIAINLTILTIAN (tensile strength) Tunszuiunstugy dmtneandu,
Uminmniun(Na,Ti;0,) wag DI Water Mudnzauiian Ap aaslduiniineaisy 14.73
Wosidud warmdalnniuaiNa,Ti;0,) 1 0.2 wWasifud way Dl Water 91 85.07
AR 3 ° P < = . a a Y]
Wesidug agvilvilaA1aiandeusefs (tensile strensth) gaiigapie 1,508.15 Kpa. Landsia

A o & < = o o X ¢ & [ £ a M v A

JUN 5 Matleanuudassisdmsulasudsseadtuluniniluldnusiienaaslildidengns

= aaa

PlAPULTaL s IR TIANan N Iz A TN RdINa lusTuaUR BN St audaTBvelATAR YA

5]
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Optimal [ l:Gelatin [ :Na2Ti307 [ DI water
D: 07868 Tigh 0.180 0.0080 0.8780
o Cur [0.1473] [0.0020] [0.8507]
Low 0.120 0.0020 0.8180

Kpa2
Maximum
y = 1508.1529
d = 0.78684

v a

JUT 4.5 M3l seisgiuivnzauvesdadeninasennauwlansiia (tensile strength)

4.2.5 Hanaaaun1seogday

n1snegsunIsgesaanslagmseuasazanelalyledainlulivinduduy 31.2 u/ml
(0.1 mg/ml PBS buffer) 1Wasidudlasunifandsainduiiianlasuisvead
Gelatin/NaTi;0; urlumsazanslalelsduasfdllugoufigamgd 37 sseniwaidoa Wunan
54 $ilus shodrstunuazgnerunsliliiaouleifes wasdes (iusinaanas uandleds
nandaudlusiidimun 0.5, 1, 1.5, 24, 48 uay 54 s desiimsihansazanslaleles]
ponINTuIY Lavdsouleidmamdefietimdsanduiiliuidasnsurlueulugeu
Snassiisliludougungdl 37 ssmwadeaiunan 24 42lus ioladadunseurunsionun
winiwiindesisou uazndmn vinnsutluansavanslalylet duoudiaunsi 4.1

1A8YINN1SNAAD9T 5 A59 [68]

Weight remain (+) = 100 — [@ﬂﬂﬂ] (@.1)

o

1y : W, Aoumtinvaddasuasasaa Gelatin/Na,Ti;0; neuugluansazvanslalales
W, Aouminveslasudsaeas Gelatin/Na,TisO; MR oNaI8 UL

nswWseuiisulassdeasadiaatfuugnsuazlassienyas Gelatin/Na,TisO;

s
a [ |

ANUATIATIEIIONSERBEaNe [16] LLﬁzWU’jWIﬂNLg&NL%aéﬁuaﬂLﬁ]a’]auU%QWﬁ (8RB
Gelatin/Na,Ti;O; Ag 100/0) gﬂ&iaaamaiuuﬁﬁﬂm LAlAsUA BT adv0IdIUNEY
Gelatin/Na,Ti;O; (§m51@31 90/10) apalaiian 24 %’aimiumisjaaaawasi'mamgiai
UBNINE AunANYDY Gelatin/Na,Ti;O; 71 60/40 wag 70/30 Jzgneegananyly 48 139

wazdIUNANTDY Gelatin/Na, TisO; ludnsndiu 80/20 avgneeaatslu 54 43lus faguil 6
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120

100

80

60

40

weight(%)

20

=

-20

Time(h)

emmmn 100/0 em——00/10 " =m———"80/20. ~* 70/30 emmm=60/40

JUN 4.6 HaveInTsgeranslaTuaNad Gelatin/Na,Ti;O; (n = 20) (A158AUULANGNY

]
o v a

aglitdedAgy P <0.05 Wigudu 100/0

4.3 3vSnavadlasiEuTas Gelatin/NazTi3O7ﬁﬁsiaé’nwmzmaé’mgm%wmu,azms
wanth

4.3.1 mamiﬁﬂmé’wmzﬁmg’mﬁwmaﬂmqL%%ﬂlﬁdﬁﬁ Gelatin/Na,Ti;O7 fenasd
aNIIAUKULARINTIA (SEM)

wamsﬁﬂmé’ﬂwmzé’mgm%wmsuaqimal,gmmaa‘ Gelatin/Na,Ti;0; A8nNae9
aNIIAULUUADINT A (SEM) Wudﬂé’mgm‘imawmimaémLszjaﬁ Gelatin/Na,Ti;O; la5u
My zilagldinaiandesqanssaudiannsounuudeinsan (SEM, JSM-5610LV, JEOL)
(usenuliiin: 20 kv) wdsaniadeuiifmeg1amenesdn [56] Invunagnyuediates 20 ads
LLazﬁwmmLé’umu@uéﬂmqLa?{ammﬁuamﬂumswﬁ i mwmmgwqwaﬂmu?ﬁymLszjaé
Gelatin/Na,Ti;O; LLazﬂm%ﬂsqﬁmsmamsmwwimmﬂ%qmmﬁ(DHT) ﬁqmmﬁ 140 °C
Juiran 48 $2lus éfmamiugﬂﬁ 7 Lé’um'm@us‘iﬂmwmgwqwaﬂmqLgmwaé
Gelatin/Na,Ti,O, fiUasuluiguiv 31NNNUELIUAIENE D98N IIAULUVADINTIA (SEM)
Tnsudsawad Gelatin/Na,TisO- WAAIYUIATNTY gﬂﬁ 7 dlouun Na,Ti,O, S1usuninasly
ATUNEL VUIATNTUITANDS gﬂﬁ 73 LLamwumgwquﬁLmiﬁulé’gq LLasgﬂﬁ 70, 9, A, 9, Lay
2 uanslifiuinduinugudnansuasnsuveslasuisasad Gelatin/Na,Ti;O; aglutissious
120 99 240 ym
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(®)
g‘lh?i 4.7. SEM images of the scaffold obtained via the freeze-dry technique with

gelatin/Na,TizO; mixed in a ratio of (1) 100/0, (¥) 90/10, (A) 80/20, (3) 70/30 wag (3)
60/40

4.3.2 HANIANYIANUNTURALUATNTUYRLLAT IR AT Gelatin/Na,TisO;

HANSANYIAMUNTULAZIUINTNTUTDILATUABUTAA Gelatin/Na,Ti;O; a319ulay

a o

waansviuiadenudanuidgnuninsuinvedniotiegnguilidousefiaiy anwae

[ Aa <

dougnuingnfignguluiiiefediu AnunguveslaTudsuwad Gelatin/Na,Ti;0; AIIUNTY

<9 Y
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funnilagldaunis (3) nansidenuinnumguvesiedisdidfoud 67 Wosifud fe 85
Woesidusd (g‘dﬁ 8) ﬂ’;’mwgumaﬂﬂmgmmaé Gelatin/Na,Ti,0, Ao>85 Wesidud uazasi
Besonaidulnveasad [16-18] Iﬂsaa%ﬁq@ammaﬂmﬂLgmmaé Gelatin/Na,Ti;O; Lagia
anfuvsansuandusudl 7n-1 Snvazgnsuvedasuisusadaafuuiavinuididnumy
Lﬁugwquu,azLs?famiaﬁ’umaamimaL?:aalfziaa“lajmwsumm Tulasadoawad Gelatin/Na,TisO;

wuirFanlignguiinszatved waiaue (Ussuna 120-240 pm) Fuduvwiaiivangauian

dmiunisiiulavesgadnszgn [60] uenantdmuitvuingnguvesian lassdsausad 7

] q

[ a

Y

w3enlINANUANANIY §9819dINARBNSAT LTIV IYAG MR TTIYRANITAIHIU VRS
arsemanluianlasudsuead Gelatin/Na,TisO; Fududedninvesnisnisuiiegdly
& < o ! Y & 1 a = Y ot
nsneaesll ag19lsAniy Anunguesiiegandbiiultanuenledussaunis

ANUNgUYedlasaAvEiiBnSnadensasyAulnveuwad [16-18] Wetnluly
A137 4 wandlAiNINUB S UAAIING ULATTU AL UR LA LE NN IUBITNTUVET
lAsad8agas Gelatin/Na,Ti;0; dn1siudsunastuiu wWoldd Imniua(Na,Ti;O0;) 11n
Auluneusansadludiunainiio I nuadnsrasuingnuidnad [51-52] nadnsvoddu

HUAUENaNUeIngNILTelAsIdead Gelatin/Na,TisO; Lidinuaslvafiie.

A15197 4.4, Porosity percent and pore size of the scaffold. at p < 0.05.

Gelatin/Na,Tis0; pore size (Um) Porosity (%)
100/0 124.23 + 2.65 67.96 + 2.77
90/10 195.32 + 2.52 83.43 + 0.82
80/20 278.71 + 2.52 86.42 + 1.08
70/30 257.79 = 2.08 85.44 + 1.20
60/40 234.56 + 3.51 84.63 + 2.30

4.3.3 nan1sanwnisuantveslasaassead Gelatin/Na,TisO;

nan1sAnwINIsUINTmuITAsIAsuead Gelatin/Na,Ti,0; 7ildarnmadaiiuis
Honudefiflnandrunan 100/0 Tdnsnsness 22.98 Wesidudsnsdmunsnesingan
85.43 Wasidud laurannmailavuiadenudednsvdlunauiaaifunazinniun

(Na,Ti;0;) lnenauludnsnaiu 80/20
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100
ap 85.43
80
70
60
50
40

Swelling ratio (%)

30 22.98
20

10

100/0 70/30 60/40

31]17; 4.8. Swelling ratio of gelatin/Na,TisO; nanocomposite scaffold via freeze-dry

technique. (n = 5) at p < 0.05.

[
=

4.4 dv3navaslasaswasd Gelatin/Na,Ti;O; NUADFNURANISNUNIUADUTINALAZ
nagauaNuluNurawad

4.4.1 namsanwilasaaswad Gelatin/Na,Ti:0, idoaudAn1snumusonsng

nansAnealasuasad Gelatin/Na,Ti,0- fidlnodusRn15nunIusaLssnanuin
AURANAIIVBIANRABA MU kPa LLava*ﬂugiJﬁ 10 fregrafiwIealusnsndan 100/0,
90/10, 80/20, 70/30 wag 60/40 (13a181/Na,Ti:0,) lasun1snadauniu lugaaunsedn
(M15797 1) Imaé’al,mé’maﬂﬂwﬁmLsuaa‘ Gelatin/Na,Ti;O; WinAu 14.16 +0.03 kPa, 22.29
+0.06 kPa., 32.23 +3.04 kPa., 29.21 +0.04 kPa. Wag 27.33 +0.07 kPa mudu Teyaiade
gniuSeuiieulasldinaaeu A vee Tukey ((60/40-100/0], [70/30-100/0], [80/20-
100/0], [90/10 - 100/0 ], [70/30-60/40], [80/20-60/40], [90/10-60/40], [80/20-70/30],
[90/10-70/30 ] wag [90/10-80/20)) nan153senuaInuunnsitegefifeddyiivasaing
Bestu 95 Wedldud 1esannvrsmnuidesiuvestasislinsouaquan 0 (3U7l 9) aguldin
Fetne 80/20 uanslugdausssndiaiian

dlodulmaue (Na,Ti,O-) aﬂuimqa%ﬁﬂu@é’aLqué“mzLﬁm%u nadwETiuge Y
maé’ws‘ﬁswamuﬂ'awﬁwf‘ﬁassudﬂmmﬁmmuLmﬁwaﬁzwﬂaamLaulé'%’uﬁw'ﬁwamﬂ
AuanifiBsnafidvedlalasuuazieludniotusylalnsiauszninineaaaunaglalnoy

NITIANLHONIYDY nano-TiO, AEYMIHAIUATUNIULTIAIUDILATIAT19ADY ) LRNTUIUDS



78

A1geaniiiionuea nano-Tio, 7 5 Waefidus fustlalasiausenineszuvunlu TiO, fu
ﬂaamLauLLaziﬂImsmmhaU%’quamméfmmuLLsﬁwaﬂmqL?T&NL%&? [10-12]. KAN15IRE
WU Na,Ti,O, afasasuinnildedisazidenddiuainlaseadadanisunye wazainy
Fumuusatsveslasudsaead Gelatin/Na,Ti,0, ﬁ’uqaﬂ’j’ﬂlmaLgaﬂL%aéﬁa%fwaaﬂﬂLaaﬂau
U3avs imalianseenuuudunanlidmiunmaniousedilagldiaatiu 14.73 Wosidud,
Na,Ti;O; 0.2 Wedius uaziin DI 85.07 Wesidus ANATUNIULTIASEIAR (1508.15 kPa)
gntufinlinielddoulumand ussdeiivuiinaneldoulumariganitaud umunseds
vesszuuiiszavstulagld Ti02 Uszanm 4.88 Wesidud [26-27). fadu fred1aTedl
Snwaunfulugdausadngs uonaninisfistuvesyTumvedlnmiiun (Na,Ti:0;) dawals
Imaé’amié’maﬂmal,gw,%é Gelatin/Na,TisO; tiuay Weldlnn1un (Na,Ti0,) 11N
Auld Mssiudveslnniun(Na,Ti0;) gndunanazalnuaiuisalunisasumaslasy

v v

wansenulunisay aglddeulumantl lugdausednazanas lugdanssdninuduiusiv

u
ANNATUNIULTFaEATUAUMINABNSIHBNAN IMYaslATIALITas lugaan1sdnanas
A & . | Al § ¢ A & a al Y
latilanivesulu TiO, gl > 5 Weosidus Tilurau191nAMNATINIINITIINAIVES nano-
Tio, dsnalianudululduesnisasreiuselalasiauiuasaaiaunselalaviuanas [11-

12].

Tukey Simultaneous 95% Cls

Differences of Means for kPa

.1 o LS o A WITITT

60/40 - 100/0.

O30 - 100/0

B0/20 -100/0 '

9010 - 1001"0‘:

70,30 - 60,/40

80/20 - 60,40 4

9010 - 60/40 —a—
B0/20 - 7030

90,10 - 7030 —8—

T
I
I
I
[}
I
I
I
I
1
I
[}
I
I
1
1
I
I
I
I
I
I
I
I
I
1
I
:
90/10 - BO/20 —— |
1
0

If ar interval does not contain zero, the corresponding means are significantly different.

gﬂﬁ 4.9. Tukey Simultaneous 95% Cls (differences of Means for kPa).
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miwﬁ 4.5. Compressive modulus recorded for the gelatin/Na,Ti;O; scaffold

Gelatin/Na,Ti;O; Average compressive modulus(kPa) £SD
100/0 14.16 +0.03
90/10 22.29 +0.06
80/20 32.23 +£3.04
70/30 29.21 +0.04
60/40 27.33 +0.07
45 b Fo0s A 7~/ W0\ "N __alg | ) LS. W ¥
40 ¥ i . SN =_J L = e S SRR i - .
é 35 g - ____________EA W AW AT A . A Amm . L | - - —
830
|
8 25
b=
5720
£ 15
5 10 .,
: £
0

100/0 90/10 80/20 70/30 60/40
SPECIMEN TYPES

g‘ﬂ‘ﬁ 4.10. Compressive test conducted for the gelatin/Na,Ti;O; scaffold (*Significant

differences were observed between the scaffolds at p < 0.05).

4.4.2 nan1sanwnnuduiivsolwas
nanT1sAneANUluiesaadnuInIsegauanUifuldvendetdoaiusavinle

Tagnisnagauauluiusawas nan1snaasuaAu Ui urowadvelasiisyad

% d‘ Y 1

Gelatin/Na,Ti;0; fiUseiiulag MTT assay 1Husesuil 11 degraianuananadasifuiaig

U
< J 1

fiT3nveawaalnlusuaiaduszann 98-108 Wasldus Fsgenitnguaruau 80 tWasidud &

e
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U lasadsawad Gelatin/Na,Ti;0; binaldiinanulufivsewas Feaenndasiu

a |

nsAnw B (1, 10-12] Wenfunslitagaeulndndiiddmndsenouvesmiiendiudy
waniu lalnenu wazdug sudriuldtuwaduaziiied o venaniddinsinuviuinune
Aefulassaaaniu Taseslalaey waglasesrdlnmndeulaeenles nanisAnwinuii
linumnudufiviewad uanwadifindeaunsgnairatuiiongadon daldsumsfiansan
dmfunisdneuinuea [10] fefu nanisnageureasiansalsdlainlasuionyad
Gelatin/Na,Ti;0; WineliAnanuduiivseadrowadinlusuanas wazduduiagmaden

A5 UNNS IHUN NI TWNNE A NS IFLNLLFL

140 - — — —

117.8
120 & 5F NS/ = — 07 RN 1075
98
ag 100
E 80
=)
=
= 60
O 40
£
20 f— /i g =
0
100/0 90/10 80/20 70/30 60/40

CONCENTATION OF EXTRACT (0.01875MG/ML,

§ @

sUN 4.11. Wasiiuamuiidinveswas lusuatadussillulaanisnsia MTT * dunealny

v
Y Y

uANFINeY1eHEd Ay p < 0.05

o
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GGG RIGIIG I

5.1 ayUnanIsAne

5.1.1 aqﬂmamiﬁﬂmLLazﬁmuﬂﬂiaLgaQL%aé Gelatin/Na,Ti;O; lngldaandudu
Janmanuagldlnmiium (Na,Ti;O;) Fadaaswilmionasasdulnmoslneanled (TI0,)
Judanses

wuimsdnwiuagialasedsaradlasldinaduduianndnuasldlnniue
(Na,Ti,0) adansresiluianarsasdulnndonlaeonlad (Tio,) L{‘Jui’aasaﬂsﬁ%sﬁu
JURUUNISIMIANRUULBenUae (freeze-dry technique) Fanuan lnvus (Na,Tis0;) &
unumdfglunisiiudssansaanlngsay ﬁmmﬁlugwguﬁﬁagﬂuéﬁ'awizmmw-&
Wosidun dlefinisimnlvman (Na,TLO.) Tudadau 80/20 ﬁﬂﬁf-ﬁﬂmgé’aﬁﬁﬁqﬂlﬁmﬁu
35.25 kPa Lﬁﬁ]LﬁEJUﬁ’Uf;f’JE]ﬂﬂﬂiﬂiﬂLgﬂﬂL%aéLQaﬂauugq‘I/lcé 100/0 WUNAINITNAADULTION
fiudu 59.8 Wedliusnarnaannisnwnisnaaeuamudufivseadinlusuaiadues

fhagraianunlasnakanddulosigusinsidinveuwadlulusuaragndunalauszann 98-

¥ ¥
a0 A

108 Wefifud Fegendanguervau 80 Wefidud dundriivsdinlasudougad
Gelatin/Na,Ti;0; lidnaliinm sl uiusewaa ilusuaiad waé’wémmﬁsﬁlﬁﬁu’jﬁa@
Tnsaidpawad Gelatin/Na,Ti,O; Em]L“fJué’f’JLﬁaﬂﬁﬁﬁm%’umﬁﬂmmmLLwaLLazmsUssqﬂm‘i{f
Tumanisuamdsslula
5.1.2 asunanisnwnsiwesimuganlunistugulnsuisssadivad
Gelatin/Na,TisO; Wil lianwazaud@nienienIn v1ena waz 1193IAm Aivinsa
wuhmsfnsmnivesimnzanlunsiusuiasidsagedlaeiiniseaniuuns
neaesdIuNay e ladnuaraudhinienienIn nena wag neianam iz aulaeld
#Hardu response optimizer WU iuﬂszmumisﬁugﬂ dminieaniiu, dindnlnniue
(Na,Ti;O;) wag DI Water ﬁmezauﬁqm Ao dedldindnianiv 14.73 Wesidusd uay
i

Yminlvmiue (Na,TizO,) 7 0.2 1Wosidus uaz DI Water 71 85.07 wWosidus
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5.2 YalduDILUY

5.2.1 Lﬁaﬂmﬂﬁ’méﬁaﬁﬂﬁ’wmS]éfm%’uwammm’i%’aﬁiuﬁ’mmaqmwmaaumwmﬂu
furowadivfaduiivinismaaeuid ssduwintudnazinansinuiluldrenasiinig
vnaeduddnselunieunlasadonead Gelatin/Na,Ti0, lunnaeslddmsudninaanimie
mamszdsuradifiogmalsiyiulavongadld

5.2.2 Mawssuasdmiunsmaasaiteliinnunaiaindeuredeyatosfigauas
Uszndasudseunalunisiaansusenaunisnnasemlsinseuas iliieanelun1snaassiuus
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Abstract: The purpose of this research was to learn the formation of biomedical scaffold material
from gelatin by using titanate (Na;Ti3Oy), which is a newly synthesized derivative of titanium
dioxide (TiO,) with gelatin. It was prepared by mixed several solutions and cross-linked molecules
by heating and salt-leaching. The biomedical scaffold was formed, and its porosity depended on
the size of the salt crystal. The mixture was designed by using a mixture design with three factors:
gelatin, titanate, and deionized water to determine the optimal mixture for the tensile strength of
the biomedical scaffold. The microstructure of the biomedical scaffold was studied using scanning
electron microscopy (SEM). The findings revealed that NayTi3O7 thoroughly pen-extracted the
biomedical scaffold, and the tensile strength of the gelatin/titanate scaffold was higher than the
biomedical scaffold, which was formed using pure gelatin. By using the mixture design technique,
the 14.73% gelatin, 0.2% Na;Ti3O7, and 85.07% DI water got the highest yield of tensile strength
(1508.15 kP). This was an about 4.88% increase in the tensile strength property when compared with
using TiO,.

Keywords: gelatin; titanium dioxide; mixture design

1. Introduction

Tissue engineering is a new and exciting technique which has the potential to create
tissues and organs de novo. It involves the in vitro seeding and attachment of human cells
onto a scaffold. These cells then proliferate, migrate, and differentiate into specific tissue
while secreting the extracellular matrix components required to create the tissue. It is evi-
dent, therefore, that the choice of scaffold is crucial to enable cells to behave in the required
manner to produce tissues and organs of the desired shape and size. Current scaffolds,
made by conventional scaffold fabrication techniques, are generally foams of synthetic
polymers. The cells do not necessarily recognize such surfaces, and most importantly, cells
cannot migrate more than 500 um from the surface. The lack of oxygen and nutrient supply
governs this depth. Solid freeform fabrication (SFF) uses layer-manufacturing strategies to
create physical objects directly from computer-generated models. It can improve current
scaffold design by controlling scaffold parameters such as pore size, porosity, and pore
distribution, as well as incorporating an artificial vascular system, thereby increasing the
mass transport of oxygen and nutrients into the interior of the scaffold and supporting
cellular growth in that region [1-3]. The process of tissue formation is based on three major
principles, which include material engineering, cell biology, and biochemical engineering.
Tissue formation starts from the development of biomaterials (i.e., materials well suited to
work in human tissues) that serve as a biomedical scaffold; natural biomaterials such as
collagen and gelatin are the most popular biomaterials [4]. Biomedical scaffolds are used to
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culture isolated cells, regulate cells to achieve sufficient numbers, and induce change in
tissues during differentiation. Recently, research on the development of medical materials
from natural biomaterials, such as collagen, gelatin, chitosan bacteria, cellulose, seaweed
extract, etc., has gained popularity. Mechanical properties of materials are important for
developing reliable and effective medical materials [5]. Titanium dioxide (TiO;) is one
of the most popular materials used to make medical materials; for example, titanium
dioxide mixed with chitosan collagen can be used to make biomedical scaffolds for wound
repair [4,6]. Titanium dioxide is suitable for making biomedical scaffolds, has mechanical
properties that are well suited to the body, and is highly porous, nontoxic to cells, and
protects against Staphylococcus aureus infection [7-9].

Therefore, we were interested in studying the use of titanate, a derivative synthesized
from titanium dioxide (TiO;) as a filler material [10,11]. We wanted to determine the
suitability of the material to form a cell scaffold after being mixed with gelatin. We aimed
to use this mixture to increase the tensile strength of various polymers [12—-14].

It is important to design a matrix with mechanical properties (stress and strain) that
mimic the properties of tissue in the immediate surrounding area of the defect. In bone
tissue engineering, for instance, an over-designed matrix around the implant site can
actuate bone resorption, while an under-designed matrix may fail as a mechanical support
to the framework. The mechanical properties can be varied through the proper selection
of material, critical development of composite structures, and the general porosity of the
framework [15].

2. Materials and Methods
2.1. Materials

Powdered gelatin from porcine skin, 180 G Bloom, Type B from Fluke Analytical, and
2,2,2-trifluoroethanol (TEE) (purity 99.0%) from Sigma-Aldrich, Bangkok, Thailand were
used. Commercial titanium dioxide (TiO;) was used as the raw material to synthesize
titanate (NayTi3O7), which was used for the experiment. Titanate was synthesized through
alkaline hydrothermal reaction with 0.5 g of titanium dioxide (TiO,) as a precursor and
20 mL of sodium hydroxide (NaOH) at the concentration of 10 molar. The titanium dioxide
mixture and sodium hydroxide were blended for 90 min, then put in cylinder pressure,
which was a Teflon-lined autoclave, and put into the oven at 200 °C for 24 h. Finally, they
were allowed to cool to room temperature. Then, the substance was washed with deionized
water until the acidity and alkalinity (pH) was approximately 7, and then it was baked at
a temperature of 80 °C for 24 h [11]. The synthesized titanate had a specific surface area
(BET) of 10 m?/ g and an average primary particle size of 197 nm; 100% of the titanate was
in the form of anatase.

2.2. Mixture Design

This study was based on a constrained mixture design principle or vertex model. The
experimental design had three parameters, which consisted of gelatin, Na>Ti3O7, and DI
water. We used the Minitab 17 software for statistical analyses. We customized the software
to display three factors denoted as A, B, and C. A: Gelatin: Gelatin and collagen were used
to produce the scaffold for fibroblast cell culture. The properties of scaffolds obtained from
type A and type B gelatin were compared to the scaffold obtained from collagen, which is
widely used as a skin substitute. B: Na,Ti3O;: Titanate Ribbon (Na, TizO7) was synthesized
to study the mechanical properties and C: DI water. The ratio in which the three substances
were mixed is presented in Table 1.
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Table 1. List of the raw materials used to synthesize the gelatin/Na;Ti3O7 scaffold.

Factor Levels
Factors
Low Level High Level
A: Gelatin (g) 0 20
B: Na,Ti;O; (g) 0 2
C: DI water (ml) 0 87.8

2.2.1. Sample Preparation

Based on the principles of mixture design, the three raw materials (gelatin, titanate, and
DI water) were stirred for 30 min at 50 °C at a definite ratio, followed by the addition of
sodium chloride. The mixture was stirred well and poured into a mold to cool down to room
temperature. Then, the mixture was washed with deionized water to remove NaCl, dried,
and subjected to dehydrothermal treatment (DHT), where it was baked at 140 °C for 48 h.

2.2.2. Mechanical Characterization

Tensile strength is the main mechanical property of scaffolds made from Na,TizO;
with gelatin, which is discussed. The methods to measure mechanical properties are also
presented in this brief review article. Finally, some perspectives are given for the future
development of Na,Ti3O7 in tissue engineering. Tensile tests were performed using a
universal tensile machine (Zwick Z010) at room temperature, according to the range of tests
described by ASTM D3574. The speed of the crosshead was maintained at 10 mm/min.
The tests were repeated three times, and the average was considered for further analysis.

3. Results and Discussion
3.1. Experimental Design and Results

Based on the conditions mentioned above, the 27 experimental trials were performed
with three replicates per test condition. The results of the tensile tests are shown in Table 2.

Table 2. Experimental design and results.

Factors

R Tensile Test
un Order
A: Gelatin B: Na; Ti;O7 C: DI Water (KPa.)
1 0.120 0.002 0.878 1370.372
2 0.120 0.008 0.872 1391.098
3 0.180 0.002 0.818 1233.898
4 0.180 0.008 0.812 1262.019
5 0.150 0.005 0.845 1515.289
6 0.135 0.004 0.862 1493.043
7 0.135 0.007 0.859 1419.788
8 0.165 0.004 0.832 1425.541
9 0.165 0.007 0.829 1359.31
10 0.120 0.002 0.878 1334.372
11 0.120 0.008 0.872 1311.098
12 0.180 0.002 0.818 1201.898
13 0.180 0.008 0.812 1268.506
14 0.150 0.005 0.845 1529.289
s 0.135 0.004 0.862 1481.043
16 0.135 0.007 0.859 1443.324
17 0.165 0.004 0.832 1416.839
18 0.165 0.007 0.829 1348.72
19 0.120 0.002 0.878 1282.372
20 0.120 0.008 0.872 1309.098
21 0.180 0.002 0.818 1355.898
22 0.180 0.008 0.812 1248.506
23 0.150 0.005 0.845 1527.289
24 0.135 0.004 0.862 1497.043
25 0.135 0.007 0.859 1432.963
26 0.165 0.004 0.832 1493.541

27 0.165 0.007 0.829 1397.634
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Table 3. Summary of the analysis of variance (ANOVA).

Source DF Seq SS Adj MS F P
Regression 4 200,642 200,642 2545 0.001
Linear 2 25,681 177,327 4498 0.001
Quadratic 2 174,961 174,961 44 38 0.003
Gelatin * Nap Ti3O7 il 201 3141 159 0.220
Gelatin * DI water 1 174,759 174,759 88.67 0.005
Residual Error 22 43,362 1971
Lack-of-Fit 4 16,271 4068 270 0.063
Pure Error 18 27,091 1505
Total 26 244,004

R-Sq =92.23% R-Sq (pred) = 90.47% R-Sq (adj) = 99.00%. * is physical mixing

Mixture Surface Plot of Kpa Mixture Contour Plot of Kpa
(component amounts) {@mponent amounts)
N Gelatin
1400 N7/ 75 oie
Kpa 1200 4 \

mml‘

Na2Ti307 o0

og8

DI water
Figure 2. Mixture surface and mixture contour plot.

3.5. Analysis of the Experiment

A response optimizer function to determine the most appropriate value of the factors
was used to efficiently obtain the tensile strength. We also used a function to find the most
appropriate parameter of the factors and measure composite desirability (D). Composite
desirability ranged from 0 to 1. When D was equal to 1, the result was favorable for
the overall response. The response optimizer function was used to determine the most
appropriate value of the factors. The results showed that 14.73% gelatin, 0.2% titanate
(Na, Ti307), and 85.07% DI water, or gelatin/Na; TizO7 in the ratio of 80/20 yielded the
highest tensile strength of 1508.15 kPa, and desirability at 0.786, as shown in Figure 3.

Optimal [ [Gelatin [ Na2Ti307 [ DI water
D: 07868 High ) 0.0080 08780
g Cur [0.0020] [0.8507]
Low 08180
Kpa2
Maximum
y = 1508.1529
d = 078684

Figure 3. Multiple response prediction.

Gelatin and Na; Ti3O7 consisting of ratios of 100/0,90/10, 80/20, 70/30, and 60/40
have been studied using the degradation test and swelling test and by analyzing the surface
morphology and pore size.
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3.6. Degradation of Gelatin/Na,Ti3O; Biomedical Scaffolds

Lysozyme from chicken egg white (Bio Basic Inc., Markham ON, Canada), at a concen-
tration of 31.2 u/mL (0.1 mg/mL PBS buffer), was added to the biomedical scaffolds for
degradation. Then, the mixture was incubated in an oven at 37 °C for 54 h. The sample was
incubated in an enzyme-free buffer. After incubation, the sample was thoroughly rinsed
with purified water to remove the enzymes, dried, and weighed multiple times, i.e., after
0.5,1,1.5,24, 48, and 54 h. We calculated the degree of enzymatic degradation [16,17] from
the following equation:

(Wo—w))
Weight remain (%) = 100 — W, x 100 1)

where:

W) is the initial weight of the biomedical scaffold;

Wi is the final weight of the biomedical scaffold.

The pure gelatin biomedical scaffolds and gelatin/Na,Ti307 biomedical scaffolds
were compared based on the analysis of the degradation method [18,19], and it was found
that the biomedical scaffolds made of pure gelatin (ratio of gelatin/NaTi3O7 is 100/0)
were degraded in one hour, but the biomedical scaffolds made of the gelatin/Na;Ti3O;
mixture (90/10 ratio) required 24 h for complete degradation. Moreover, mixtures of
gelatin/Na, TizO7 at 60/40 and 70/30 degraded in 48 h, and the mixture of gelatin/Na,TizO;
ratio at 80/20 degraded in 54 h, as shown in Figure 4.

Weight (%,
120
100
80
60

40

20

0 e
0 0.5 1 1.5 24 48 54

“:®.. 100/0 ik =90/10 - = -#==80/20 70/30 sl 60/40
Time (hours)
Figure 4. Result of the degradation of gelatin/Na,TizO7 biomedical scaffolds. (n = 20).

3.7. Swelling Test

To evaluate the percentage difference in the dry weight and wet weight of the biomed-
ical scaffold, the swelling test was performed. The dried biomedical scaffold was weighed
and soaked in a PBS buffer solution ata pH of 7.4 and 37 °C for three hours [20,21]. Then,
both sides of the scaffold were wiped with low lint paper for 10 s per side and weighed
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immediately. The dry weight and wet weight were then used to calculate the swelling ratio
using the following formula:

. ) Wso —Wo
Swelling ratio = —Wo_ 2)
where:

Wi, is the weight of the scaffold after its water content is absorbed;

W) is the initial weight of the biomedical scaffold.

Figure 5 shows that the biomedical scaffolds obtained using the salt-leaching technique
with a mixture ratio of 100/0 had a swelling ratio of 12.98%. The highest swelling ratio of
65.43% was obtained from the salt-leaching technique for the gelatin and Na; Ti3O; mixture,
mixed at a ratio of 80/20.

Percentage
80
70 65143
50
50
4232
> 3432
30
1844

20

1298
L -
0 Ratio

100/0 90/10 80/20 70/30 60/10

Figure 5. Swelling ratio of gelatin/Na;Ti3O7 scaffold via salt-leaching technique. (n = 20).

3.8. Surface Morphology of Biomedical Scaffolds

The morphology of the biomedical scaffold was analyzed via scanning electron mi-
croscopy (SEM, JSM-5610LYV, JEOL) at a voltage of 20 kV after coating the surface of the
sample with gold. The pore size was measured at least 20 times, and the average diameter
was calculated as shown in Table 4. The images of the pores of the biomedical scaffolds
were revealed after they underwent dehydrothermal treatment (DHT) at 140 °C for 48 h
as shown in Figure 6. The diameter of the pores of the gelatin /Na,;TizO; changed as well.
When a greater amount of Na, Ti3O7 was added to the mixture, the pores sized was reduced.
Figure 6d shows that the biomedical scaffold does not have any pores. Figure 6¢ shows
highly variable pore sizes, and Figure 6a,b show that the diameter of the pores of the
gelatin/Na,TizO7 biomedical scaffolds ranged from 409.6 to 580.4 um.

Table 4. The pore size of the scaffolds produced via the salt-leaching technique.

Gelatin/Na; TizO7 Range of Diameter (um) Average Diameter (um) + SD
90/10 498.3-580.4 5322 + 54.3
80/20 409.6-528.9 4403 + 64.2
70/30 576.4-1207.4 704.34 + 97.3

60/40 0 0
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Pathumwan
20.0[kV]

5P=13.0

WD=14.5

54

Pathum
20.0[KV] _SP=13.0 WD=14.4 x54

'T00[um] s / y s 3 oy = 4/29/2020

Figure 6. SEM images of the scaffold obtained via the salt-leaching technique with gelatin /Na, Ti3O;
mixed in a ratio of (a) 90/10, (b) 80/20, (c) 70/30, and (d) 60 /40; all biomedical scaffolds underwent
dehydrothermal treatment for 48 h.

4. Conclusions

The formation of a cell scaffold was studied by mixing gelatin with titanate (Na, TizO7),
a derivative synthesized from titanium dioxide (TiO,). The solutions were mixed, and the
molecules were cross-linked using heating and salt-leaching methods to obtain porous
cell biomedical scaffolds. The porosity of the scaffolds was related to the size of the salt
crystals. A mixture design was used for the experiment with three factors, which included
gelatin, titanate, and deionized water. Based on the conditions mentioned above, mixtures
were prepared for 27 experimental trials (runs) with three replicates. Model verification
demonstrated that the model was appropriate, with data showing a normal distribution,
independence, and variance stability. The variance analysis of the amount of gelatin, ti-
tanate (Na,TizO7), and DI water showed that the interaction term between the amount
of gelatin and titanate (NapTi3O7) was significant (p = 0.220). However, the amount of
gelatin and DI water were not significantly related. The regression analysis for the response
surface methodology indicated that the coefficient of determination was high (0.9223),
which implied that the independent variables (the amounts of gelatin, titanate (Na,TizO7),
and DI water) explained the variation in the dependent variables (the amounts of gelatin,
titanate (NaTi3O7), and DI water) by 90.47%. Thus, the model could be used to make a
prediction equation to find an accurate and appropriate response value. To find the most
appropriate value of the factors to efficiently determine the tensile strength, we used a re-
sponse optimizer function. We also used a function to find the most appropriate parameter
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of the factors and measure composite desirability (D). Composite desirability ranged from
0to 1. When D was equal to 1, the results were favorable for the overall response. The
response optimizer function, which was used to determine the most appropriate value of
the factors, showed that 14.73% gelatin, 0.2% titanate (Na;Ti307), and 85.07% DI water,
or gelatin/Na;TizOy7 in a ratio of 80/20 yielded the highest tensile strength (1508.15 kPa).
Regarding the surface morphology of biomedical scaffolds gelatin/Na; TizO; biomedical
scaffolds, the distribution of portion of matter was found on the structure of gelatin. In
comparison, the porosity of the gelatin/Na,Ti3O; scaffold at an 80 /20 ratio was 440.3 um
(on average), with a tensile strength of 1508.15 kPa and 60/40 ratio; pores could not be
seen, and it could not be used as a biomedical scaffold. The difference in the porosity of
these two substances affected the pore size and the tensile strength. Our study revealed
that the biomedical scaffolds derived from the salt-leaching technique with pure gelatin
(mixture ratio of 100/0) had a swelling ratio of 12.98%. The highest swelling ratio was
65.43%. Additionally, it was found that the gelatin /Na,TizO; scaffolds, mixed at a ratio of
80/20, degraded in 54 h.

Titanate (Na;TizO7) was mixed with gelatin to improve the mechanical properties of
the cell scaffold. There were some literatures showed that the increasing of nano-TiO, con-
tent in gelatin and chitosan mixture improved the tensile strength of the scaffold gradually
up to 1438 kPa [22]. When compared with this study, it is shown that adding Na, Ti3O7 and
gelatin to a biomedical scaffold in the ratio of gelatin 80% and Na;Ti3O7 20% could improve
the mechanical tensile strength to 1508.15 kPa, or an increase of 4.88%. The biomedical
scaffold had large pores and was mechanically stronger; therefore, it can be applied for
tissue engineering via the salt-leaching technique. Thus, the gelatin /Na;TizO; scaffold (salt-
leaching using powder) technique may be a promising method for fabricating a scaffold in
lab-scale experiments, because it is easy to use and facile to fabricate a well-interconnected
scaffold with well-defined geometry. Composite scaffolds could be promising candidates
for use in wound-healing dressings. Finally, an optimization analysis was carried out to
select the best conditions for the process.
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Abstract: Materials and manufacturing technologies are necessary for tissue engineering and de-
veloping temporary artificial extracellular matrices. In this study, scaffolds were fabricated from
freshly synthesized titanate (Na; TizO7) and its precursor titanium dioxide and their properties were
investigated. The scaffolds with improved properties were then mixed with gelatin to form a scaffold
material using the freeze-drying technique. To determine the optimal composition for the compres-
sion test of the nanocomposite scaffold, a mixture design with three factors of gelatin, titanate, and
deionized water was used. Then, the scaffold microstructures were examined by scanning electron
microscopy (SEM) to determine the porosity of the nanocomposite scaffolds. The scaffolds were fabri-
cated as a nanocomposite and determined their compressive modulus values. The results showed
that the porosity of the gelatin/Na; Ti3O7 nanocomposite scaffolds ranged from 67% to 85%. When
the mixing ratio was 100:0, the degree of swelling was 22.98%. The highest swelling ratio of 85.43%
was obtained when the freeze-drying technique was applied to the mixture of gelatin and Na;Ti3O7
with a mixing ratio of 80:20. The specimens formed (gelatin:titanate = 80:20) exhibited a compressive
modulus of 30.57 kPa. The sample with a composition of 15.10% gelatin, 2% Na;Ti307, and 82.9%
DI water, processed by the mixture design technique, showed the highest yield of 30.57 kPa in the
compression test.

Keywords: scaffold; freeze-drying technique; characterization; mixture design technique

1. Introduction

The scaffold is a structure required for cell growth. When living cells are in the scaffold,
they multiply. Collagen, gelatin, silk, and synthetic PLA /PCL materials might be used
for biomaterial scaffold development. In most cases, the biomaterial scaffold is used in
experiments with various methods. [1] Currently, research is being conducted to develop
biomaterials for medical applications. However, while developing material properties,
the improvement of the mechanical properties of materials should be considered. The
mechanical properties of materials can respond positively to real applications, especially the
mechanical properties of gelatin. The mechanical properties of gelatin must be improved
before it is used. [2] Gelatin consists of protein molecules composed of amino acid chains.
Gelatin can be obtained from bones and animal skins. When gelatin is melted at 32 °C, it is
in a viscous liquid state. Then, it becomes a gel within a few minutes. Gelatin is mainly
used as an ingredient in cosmetics, medicines, foods, photographic films, and coated
tablets. However, gelatin is too expensive for commercial use. Therefore, the properties
of gelatin were investigated in several studies. The improvement of the properties of
gelatin is usually performed by mixing it with other materials to reduce the material
cost [2-7]. The use of titanium oxide (TiO,) in the culture of muscle cells (C2C12 myoblasts),
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fibroblasts, and keratinocytes has been extensively studied. These cultured cells showed
good adhesive properties and could be efficiently used in tissue engineering [8,9]. Nano
titanium dioxide is a biocompatible material with high tensile strength and nontoxic
effects [10-12]. It can improve the antibacterial properties of the scaffold material and
promote the wound-healing performance of the material [13-15]. Scaffolds have also
been prepared by salt leaching [16-18], solvent casting [19], phase separation [20], gas
foaming [21], freeze drying, electrospinning, and fiber bonding [22,23]. The gas foaming
technique offers several advantages in the fabrication of scaffolds, such as no need for
aggressive organic solvents during the fabrication process, and the pore size and fiber
diameter can be adjusted. However, this technique also has some disadvantages, such as
the absence of pore interconnections, which in turn depend on the expansion mechanism of
the gas during scaffold formation. The electrospinning processes offer simple advantages
such as cost efficiency, wide pore size distribution, high porosity, and large surface areas.
Therefore, electrospinning processes are used to produce samples with small pores and
inhomogeneous pore distribution. However, the process leads to the formation of scaffolds
with a low volume. Highly porous samples with interconnected pores can be produced
using the fiber-bonding technique. However, a major limitation of this technique is that the
prepared samples are toxic to cells, and this toxicity cannot be eliminated [24]. Additionally,
several devices, a large room, and numerous protective systems are required to perform
the gas foaming, electrospinning, and fiber-bonding techniques. In comparison, the freeze-
drying technique is a simple and inexpensive choice because only solvents are required in
this method [25]. A mixture of titanium dioxide (TiO) and polymers forms a framework
that is more powerful due to an improvement in mechanical properties. A mixture of
titanium dioxide (TiO,) and polymers results in better performance compared to the use of
anormal polymer regarding size and texture [26-28]. Several studies have demonstrated the
effectiveness of titanium dioxide (TiO,) in killing bacteria [29-35]. Some studies have shown
that the use of nanoparticles along with a polymer improves the properties of the scaffold.
The use of nanoparticles in a proportion of 5% mixed with 25-40% microcomposites can
improve the properties [36-39]. The physical properties of titanium dioxide, such as
structure, particle size, specific surface area, etc., directly affect the reaction mechanism.
These physical properties depend on the synthesis method and conditions. In this study,
the hygrothermal method was used to synthesize the material. In this method, the shape of
the compounds can be controlled. Compounds with various shapes have been reported,
including those with nanostructures such as nanotubes [40—43], nanoribbons [44-47], and
nanowires [48,49]. The hydrothermal synthesis method increases chemical homogeneity
without the need for further combustion or comminution. Additionally, the hydrothermal
method allows the synthesis of compounds with a layered structure, especially a layered
structure in which ions move between layers [40,49]. The hydrothermal synthesis method
uses titanium dioxide (TiO,), and thus, the synthesis process must be performed under
highly alkaline conditions and at high temperatures. However, such alkaline conditions
and high temperatures can accelerate the process of structural changes in the compound.
For example, one study reported that the layered structure of titanium dioxide (TiO2)
changes to Na, Ti3O7 [50].

Some studies [51,52] reported the preparation of a gelatin/Na,Ti3O7 nanocompos-
ite scaffold by mixing titanate (Na; Ti3O7) and gelatin. A salt leaching technique was used to
synthesize titanate (Na, TizO7) from titanium dioxide (TiO,). The prepared gelatin/Na;TizO;
nanocomposite scaffold showed the best results concerning tensile strength and pore size.
In this study, a mixture-design method was used to fabricate the scaffold instead of the
freeze-drying technique. Then, the porosity, compression modulus, biodegradability, and
swelling of the prepared samples were investigated.
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2. Materials and Methods
2.1. Materials

Two main materials were used in the experiments. The first was gelatin which com-
prised porcine skin, 180 G Bloom, Type B from Fluke Analytical, and 2,2,2-trifluoroethanol
(TFE) (purity 99.0%). Powdered gelatin was obtained from Sigma-Aldrich Corporation,
Bangkok, Thailand.

The other material was titanate (Na,TizO7) synthesized from titanium dioxide and
sodium hydroxide as precursors. A solution of sodium hydroxide (20 mL) was mixed with
0.5 g of titanium dioxide and then stirred with a magnetic stirrer (mixing time: 90 min). The
mixture was then placed in an alkaline hydrothermal reactor at 200 °C for 24 h. The slurry
was then purified with deionized water until the pH reached 7 and titanate (Na; Ti3O7) was
formed. Then, the titanate was dried in an oven at 80 °C for 24 h to obtain titanate (v). The
titanate had a specific surface area (BET) of 10 m?/g, an average primary particle size of
197 nm, and a catalytic activity equivalent to that of 100% anatase.

2.2. Mixture Design

The mixture design experiment involves analyzing the result as a function of the
percentage of components [53]. The objective is to explore the possible results by estimating
the parameters of each component to be prepared to achieve the best value or the value
desired by the experimenter. In the present study, the constrained mixture design principle
or the vertex model was used. The experimental design was based on three parameters:
gelatin, Na,Ti3O7, and DI water. Minitab 21 software was used for statistical analyses. The
software was customized to display the three factors as A, B, and C, where A was gelatin,
B was NayTi3O7, and C was DI water. Gelatin and collagen were used for fabricating the
scaffold for the fibroblast cell culture. The properties of the scaffolds obtained from type
A and type B gelatin were compared to the scaffolds obtained from collagen, which is
used widely as a skin substitute. Titanate ribbon (Na,Ti3O;) was synthesized to study the
compressive modulus. Table 1 presents the ratio in which the three substances (A, B, and
C) were mixed.

Table 1. The raw materials used for synthesizing the gelatin/Na,Ti;O, nanocomposite scaffolds.

Factor Levels

Factors
Low Level High Level
A: Gelatin (g) 0 20
B: NaxTizO7 (g) 0 D
C: DI water (mL) 0 87.8

2.3. Preparation of the Gelatin/Na,Ti;O; Nanocomposite Scaffold Samples Using the
Freeze-Drying Technique

According to the principles of mixture design, the three raw materials (gelatin, titanate,
and DI water) were mixed in a definite ratio and stirred for 30 min at 50 °C. The mixtures
were then poured into the wells of a five-well culture plate, with each well containing equal
volumes, followed by freezing treatment overnight at —30 °C. After vacuum freeze-drying
at —50 °C, all the samples were stored at —20 °C until further use [10]. The mass ratios and
the designations of the prepared samples are listed in Table 2. Some of the mixtures are
shown in Figure 1.

2.4. Compressive Test

Pressure resistance is one of the key properties of scaffolds. Therefore, the impact of
the prepared gelatin /Na; TizO; nanocomposite scaffolds was investigated by employing
the universal testing machine (UTM, Instron No. 5566, Norwood, MA, USA) using the
10 kN load cells (Figure 2). The flexible cellular materials slab and the bonded and molded
urethane foams were evaluated using the respective standard ASTM D 3574 methods [18].
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The testing was conducted in a dry state at 25 °C at a speed maintained at 0.5 mm/min.
The load was applied until the samples were compressed to approximately 100% of their
original height. The stiffness of the scaffolds was assessed at the stress-point region. The
yield strength was considered the stress-strain kPa yield point. The dimensions of the
prepared samples were diameter, 1 cm and thickness, 1 cm. Each sample was tested five
times. Subsequently, the average and standard deviations were determined for all samples.

Table 2. The experimental design and results.

Run Order Factors Compressive
A: Gelatin B: Na,TizO; C: DI Water Test (kPa)
01 0.200 0.000 0.800 27.407
02 0.200 0.002 0.798 26.764
03 0.122 0.000 0.878 24.678
04 0.120 0.002 0.878 25.240
05 0.161 0.001 0.839 30.306
06 0.180 0.001 0.819 29.861
07 0.180 0.002 0.818 28.396
08 0.141 0.001 0.858 28.511
09 0.140 0.002 0.858 27.186
10 0.200 0.000 0.800 26.687
i1 0.200 0.002 0.798 26.222
2 0.122 0.000 0.878 24.038
13 0.120 0.002 0.878 25.370
14 0.161 0.001 0.839 30.586
15 0.180 0.001 0.819 29.621
16 0.180 0.002 0.818 28.866
17 0.141 0.001 0.858 28.337
18 0.140 0.002 0.858 26.974
19 0.200 0.000 0.800 25.647
20 0.200 0.002 0.798 26.182
21 0.122 0.000 0.878 25170
22 0.120 0.002 0.878 24.970
25 0.161 0.001 0.839 30.546
24 0.180 0.001 0819 29.941
.7 0.180 0.002 0.818 28.659
26 0.141 0.001 0.858 29.871
27 0.140 0.002 0.858 27.953

Figure 1. The gelatin/Na; Ti3O7 nanocomposite scaffold samples prepared using the freeze-drying
technique.
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Figure 2. The testing of the prepared gelatin/Na; Ti3O; nanocomposite scaffold samples using the
universal testing machine.

2.5. Biodegradation of the Gelatin/Na, Ti3O7 Nanocomposite Scaffold Samples

Thebioavailability of the prepared gelatin/Na;Ti3O7 nanocomposite scaffold samples
was determined through the in vitro weight biodegradation analysis of the samples. The
sample fragments were first incubated in the PBS solution (pH 7.4) containing 104 U/mL
of lysozyme in an oven at 37 °C for 54 h. Afterwards, the samples were incubated in an
enzyme-free buffer, followed by curing and then thoroughly washing the samples with
pure water to remove the enzymes. The samples were then dried and weighed several
times, i.e., the degree of enzymatic biodegradation was determined after 0.5, 1, 1.5, 24, 48,

and 54h [l('l ] using the follo 'ulgequatlon'
(W{) = W/)

Weight remain(%) = 100 —
0

where:

W denotes the initial weight of the nanocomposite scaffold;
Wy denotes the final weight of the nanocomposite scaffold.

2.6. Swelling Test

The swelling test of scaffolds is an important tool to investigate the diffusion of
water or liquid into the scaffold. In the present study, the swelling test was performed to
evaluate the percentage difference between the dry weight and wet weight of the prepared
biomedical scaffold. The dried nanocomposite scaffold was weighed and then soaked in a
PBS buffer solution (pH 7.4) at 37 °C for 3 h [20,21]. Afterwards, both sides of the scaffold
were wiped using low-lint paper for 10 s on each side, followed by weighing the scaffold
immediately. The dry weight and wet weight values were then utilized to calculate the
swelling ratio using the following formula:

Wso —Wo

Swelling ratio = W

(O]

where:

Wso denotes the weight of the scaffold absorbing the water content;
W, denotes the initial weight of the nanocomposite scaffold.

2.7. Statistical Analysis

The quantitative results were evaluated for data normality using Explore software and
subjected to Tukey’s A test. The results were presented as the mean standard error (SE).
In the case of significant result values obtained (p = 0.05), post hoc tests were conducted.
Post hoc tests are an integral part of ANOVA. When ANOVA is performed to compare the
means of a minimum of three groups, obtaining statistically significant results indicates
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that all the compared group means are not equal. However, the ANOVA results do not
identify which particular differences between the pairs of means are significant. In this
context, using post hoc tests enables exploring the differences among multiple groups
while controlling the experiment-wise error rate. Tukey’s method is a single-step multiple-
comparison procedure and statistical test, which may be used to identify the means that are
significantly different from each other. Therefore, Tukey’s multiple-comparison test was
also conducted for analysis in the present study. All descriptive and inferential statistical
analyses were conducted using MINITAB Statistical Software (v. 21).

3. Results and Discussion
3.1. Experimental Design and Results

A simplex axial design experiment was conducted for the mixture design of gelatin
(A), titanate (NapTi3O7) (B), and DI water (C) using the conditions stated above. In total,
27 experimental trials were performed, with three replicates in each trial condition. The
results of the compressive test are presented in Table 2.

3.2. Residual Plots for Response

The quality of the result data was evaluated using the (1) normal distribution test,
(2) the data independence test, and (3) the test of variance stability (Figure 3). As depicted
in Figure 3, the data distribution did not have a specific pattern, indicating data indepen-
dence, i.e., the data were collected randomly. In addition, the plot in which a straight line
indicated the normality of the data obtained in the experimental work demonstrated that
the experimental data had a stable variance as per the design. Therefore, it was concluded
that the obtained data had all three properties.

Residual Plots for Result

Normal Probability Plot Versus Fits
PR LT =Y Ookhe. B r """"" C A o
0l s 1 '
e . .
E | 3 . ° . .
¢ o s Y o I
€ X » L]
&
10 Y /"./ i 4 1 H
/ L = 3
. .
'S ) L .
2 4 0 1 2 240 255 20 285 00
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Histogram Versus Order

Frequency
Residual

16 08 a0 o8 16 2 4.6.8 10 2 166 8N 2 U %
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Figure 3. The residual plots for response average (kPa).

3.3. Analysis of Variance (ANOVA)

The analysis of variance, or ANOVA, is a linear modeling method for evaluating
the relationship data [16]. In the present study, an ANOVA was performed to determine
the compressive modulus. The results were considered statistically significant at p < 0.05
(Table 3). The ANOVA results revealed that the interaction term between the amount
of gelatin used and the amount of titanate (Na,Ti3O7) used was statistically significant
(p =0.000). The amounts of gelatin and DI water were also significantly related (p < 0.05).
The coefficient of determination (R2) indicates the percentage variation in the dependent
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variables that is explained by the independent variables in a regression analysis. The
results for the regression analysis conducted in the present study for the response surface
methodology results presented in Table 3 revealed a high coefficient of determination
(R2 = 84.55%). This observation indicated that the independent variables [the amounts
of gelatin, titanate (Na,Ti3O7), and DI water] could explain 82.54% of the variation in

the independent variables [the amounts of gelatin, titanate (Na,TizO;), and DI water].

Therefore, the model was used to obtain a prediction equation to determine an accurate
and appropriate response value.

Table 3. Summary of the results obtained in the analysis of variance (ANOVA).

Source DF Seq SS Adj SS Adj MS F-Value p-Value
Regression 3 87.933 87.933 29.3110 4196 0.000
Linear 2 10.864 75.028 375141 53.70 0.000
Quadratic 1 77.069 77.069 77.0688 110.32 0.000
A*C 1 77.069 77.069 77.0688 110.32 0.000
Residual Error 23 16.067 16.067 0.6986
Lack of Fit 5 11.408 11.408 22817 8.82 0.000
Pure Error 18 4.659 4.659 0.2588
Total 26 104.000
S R-sq R-sq(adj) PRESS  R-sq(pred)
0.835807 84.55% 82.54% 21.6100 79.22%

3.4. Results of the Response Surface Methodology Analysis

The response surface methodology analysis is an effective method for optimizing the
process conditions. It may also be used for determining the influence of various factors.
As depicted in Figure 4, the response surface revealed for the compressive test of the
nanocomposite scaffold-forming process involving gelatin, titanate (Na;Ti3O7), and DI
water increased with the increase in the amounts of gelatin and Na; TizO;.

A
0220
Result

<2

B2 - 30

|

M- w0

an -

ons 0102 0898

(b)
Figure 4. The mixture surface plot (a) and the mixture contour plot (b).

3.5. Optimization

Aresponse optimizer function was adopted to determine the most appropriate value of
the factors and thereby efficiently obtain the tensile strength. In addition, another function
was adopted to identify the most appropriate parameter among the factors and measure
composite desirability (D). The value of composite desirability ranged from 0 to 1. When D
was equal to 1, the result was favorable for the overall response. The results revealed that
15.10% gelatin, 2% titanate (Na,TizO7), and 82.90% DI water, or gelatin /Na;Ti3O7 in the
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ratio of 80/20, yielded the highest tensile strength of 30.57 kPa and the highest desirability

of 1 (Figure 5).
Optimal [JA (8
High 020 0020
D:1000 5 [0.1510) 0.020)
Low 01510 00

Result
Maximum
y = 305774

d = 1.0000 \\

Figure 5. Optimization chart.

The samples with gelatin and Na, Ti3O7 mixed in ratios of 100/0, 90 /10, 80/20, 70 /30,
and 60/40 were investigated using the degradation test and the swelling test and also by
analyzing the surface morphology and the pore size of the samples.

3.6. Biodegradation of the Gelatin/Nay TisO7 Nanocomposite Scaffold Samples Results

Figure 6 depicts a comparison of the pure gelatin nanocomposite scaffolds and the
gelatin /Na, Ti3O7 nanocomposite scaffolds based on the results of the biodegradation anal-
ysis [18,19]. It was observed that the nanocomposite scaffolds prepared from pure gelatin
(gelatin/Na, Ti3O7 ratio—100/0) degraded in just one hour, while the nanocomposite scaf-
folds prepared from the 90/10 gelatin/Na,Ti3O7 mixture required 24 h for degradation.
Moreover, the 60/40 and 70/30 gelatin/Na;Ti3O7 mixtures degraded in 48 h, while the
80:20 gelatin/Na;Ti;O7 mixture degraded in 54 h.

120
100
80
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weight(%)

40

20

Time(h)

e 100/0 e 90/10 || cmmme 80/20 s 70/30 e 60/ 40

Figure 6. Results of the biodegradation of the gelatin /Na, Ti3O; nanocomposite scaffolds. (n = 20) at
p<0.05.
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3.7. Swelling Test Results

Figure 7 depicts the nanocomposite scaffolds obtained using the freeze-drying tech-
nique. The swelling ratio of the scaffold with a gelatin/Na,Ti3O; mixture ratio of 100:0
was 22.98%. The highest swelling ratio of 85.43% was obtained for the scaffold with a
gelatin/Na, Ti3O7 mixture ratio of 80:20. This corresponded to the porosity value of the
mixing ratio of 80:20, i.e., when the workpiece had high porosity, there was more space for
water absorption, and thus, the rate of swelling increased.

62,32
=
==

Ju—
— =3

70/30

Figure 7. The swelling ratios of the different gelatin/Na,Ti3O7 nanocomposite scaffolds prepared
using the freeze-drying technique. (n =20) at p < 0.05.

3.8. Porosity Percent and Pore Size of the Gelatin/Na,Ti3O; Nanocomposite Scaffolds Prepared
Using the Freeze-Drying Technique

The porosity of the gelatin/Na; Ti3O7 nanocomposite scaffolds was determined using
the following equation [25]:

Porosity(%):M X100 3)
compact
where Vp,, denotes the volume of the pores in the cellular scaffold material and Veompact
denotes the volume of the nonporous workpiece.

The porous nature of the character scaffolds prepared using the freeze-drying tech-
nique depends on the size of the pore networks that are interconnected. In the present
study, the scaffolds presented a homogeneous porous morphology. The porosity of the
gelatin/Na, Ti3O7 nanocomposite scaffold was subject to the conditions of the freeze-
drying technique. The porosity was calculated using Equation (3). The result revealed
that the porosity of the samples ranged from 67% to 85% (Figure 6). The porosity of
the gelatin/Na,Ti307 nanocomposite scaffolds was >85%, which is conducive to cell
growth [16-18]. The microstructures of the pure gelatin and gelatin/Na,Ti3O; nanocom-
posite scaffolds are depicted in Figure 8a—e. The pure gelatin scaffolds were observed to be
spongy, with interconnected pore networks of indeterminate sizes distributed throughout
the scaffold. The gelatin/Na;Ti3O7 scaffolds had a porous material, with evenly-distributed
pores of sizes in the approximate range of 250-425 um, which is the optimal size for the
growth of bone cells [54]. However, this variation in the pore size of the prepared scaffolds
could affect the movement of toxins for removal from the cells and the transmission of
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nutrients through the scaffold material. Despite the afore-stated limitation of the prepared
scaffold samples, the fact that all prepared samples exhibited a certain degree of porosity
indicated that these scaffolds would influence cell growth upon application [16-18].

The porosity percentage and the pore diameter (pore size) of the gelatin/Na;TizO7
nanocomposite scaffolds prepared in the present study were determined, and the result
values are listed in Table 4. As evident, the pore size decreased when excessive or pure
Na;Ti307 was added to the material composition [51,52]. In addition, the diameters of
the pores (pore size) in the different gelatin/Na, Ti3O; scaffolds were not extremely small
or large.

Table 4. The porosity percentage and pore size of the scaffolds (significance level—p < 0.05).

Gelatin/Na,Ti3;O7 Pore Size (um) Porosity (%)
100/0 12423 + 2.65 67.96 +2.77
90/10 195.32 + 2.52 83.43 + 0.82
80/20 278.71 £ 252 86.42 + 1.08
70/30 257.79 + 2.08 85.44 +1.20
60/40 234.56 + 3,51 84.63 + 2.30

3.9. Surface Morphology of the Prepared Nanocomposite Scaffolds

The scanning electron microscope (SEM) [1,11] was invented by M. Von Andenne in
1957. In SEM analysis, the sample preparation step is crucial for obtaining the representative
material and ensuring that the results truly refer to the structure. However, the samples
are not required to be of the same size. In the present study, only the surfaces of the
sample scaffold structures were examined using SEM. Therefore, the number of electrons
passing through the scaffold to the transmission electron microscope was not determined.
Scanning electron microscopy may, therefore, be performed for analyzing the surfaces
of cells and skin samples. A high-energy electron beam was aimed at the surface of the
scaffold sample. When the electron beam strikes the outer surface of the sample at higher
angles of incidence, the scanning electron microscope produces secondary electrons. The
signals from these secondary electrons are then recorded and converted to electronic signals.
The electronic signals are then projected onto a television which produces a 3D image of the
sample scaffold structures. A scanning electron microscope has a lower vision capability
and a lower magnification compared to a transmission electron microscope. Therefore,
a scanning electron microscope is suitable for the investigation, analysis, morphological
structure study, and detailed examination of the sample scaffold surfaces, such as the
surface of a cell, a skin sample, the external surface of a tissue, the external surface of a cell,
ametal cross-section, and the cross-section of a nonmetal material, among others.

The morphology of the nanocomposite scaffold was examined using a scanning
electron microscope (SEM; JSM-5610LYV, JEOL) at a voltage of 20 kV. The sample surface was
first coated with gold [55]. The sample was then examined under SEM, and the pore size
was measured at least 20 times. The calculated average-diameter values are listed in Table 4.
The images of the pores in the prepared nanocomposite scaffold samples were obtained
after the dehydrothermal treatment (DHT) of the samples at 140 °C for 48 h (Figure 6). The
diameters of the pores of the gelatin/Na,Ti3O; nanocomposite scaffold were observed
to have changed. The fabricated scaffold exhibited varied pore sizes (Figure 6). When
a greater amount of Na,Ti307 was added to the scaffold composition, the sizes of the
pores were reduced. Figure 8c depicts the high variation in the pore sizes. As depicted in
Figure 8a—f, the diameters of the pores in the prepared gelatin/Na;Ti3O7 nanocomposite
scaffolds ranged from 120 to 240 um. However, the SEM cross-section of the 80/20 sample
shown in Figure 8f also indicates uniform porosity characteristics. This indicates that
when titanate (Na2Ti307) is added, samples can have more porosity. There is a network of
interconnections between the pores compared to the 100/0 sample.
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Figure 8. The SEM images of the scaffolds prepared using the freeze-drying technique, with the
gelatin /Na; TigO7 mixture ratio of (a) 100/0, (b) 90/10, (c) 80/20, (d) 70/30, (e) 60/40 and cross-
sectional (f) 80/20.

3.10. Characterization of the Gelatin/Na,yTi;O; Nanocomposite Scaffolds

The FTIR spectra were obtained by analyzing the structure and molecular composition
of the sample gelatin/Na;Ti307 nanocomposite scaffold using a Fourier transform infrared
spectrometer (Brand: PerkinElmer Scientific Model: Spectrum Two FT-IR Spectrometer
(Universal ATR Sampling Accessory)). By measuring the absorbance of substances in the in-
frared range (Figure 9), we found that in the wavelength range of 3300-3500 cm ™!, aliphatic
C-H stretching signals were found in the range of about 3100-2700 cm~!. Additionally, in
the wavelength range of 1620-1680 cm ™!, C = bonds were found. O stretching of amide
groups was observed in the wavelength range of 1640-1590 cm~!; N-H bending signals
were observed in the wavelength range of 1365-1455 cm™~!; and C-H bending signals were
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observed in the wavelength range of 1256-1332 cm ™. Signs of C-N stretching were also
found [56,57].
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Figure 9. The FTIR spectrum of the gelatin/Na; Ti3O7 nanocomposite scaffold.

However, no new peaks were observed, indicating that the added titanate (Na,TizO;)
did not react with glutaraldehyde. Titanate (NayTi3O7) can act as a reinforcing agent,
dispersed in the hydrogel or matrix [58]. It can enhance the properties of the matrix and
the composite materials.

3.11. Effects of the Different Techniques Used for the Fabrication of a Scaffold: Freeze-Drying
Technique and Salt-Leaching Technique

The scaffolds prepared using the salt-leaching technique exhibit a porous nature that
depends on the size of the salt crystals used. The porous networks in these scaffolds are
interconnected, and the porous morphology is homogeneous. According to the results of
the present study, the porosity of the prepared samples ranged from 75% to 81%. Previous
studies [59-61] have not reported any scaffolds with a porosity exceeding 85%. Moreover,
the porosity of the prepared scaffold was reported to be lower than that of the sample with
added salt (at 85%) [62]. This resulted in the agglomeration of salt particles and a loss of
salt particles during the sedimentation process. The results obtained in the present study
using the freeze-drying technique for scaffold preparation were comparable to those of the
previous studies [51]. The freeze-drying technique produced scaffolds with similar shapes
and hole sizes. The pores were also well connected, while the porosity and the pore size
could be controlled better using this technique.

4. Conclusions

The gelatin/NazTi3O7 nanocomposite scaffolds were fabricated using the freeze-
drying technique, and then, they were characterized. The gelatin/Na;Ti3O7 nanocomposite
scaffolds were prepared from gelatin and titanate (Na, Ti3O7). The mixture experimental-
design technique was adopted as a statistical analysis tool. The results showed that titanate
(Na,Ti3Oy7) played an important role in improving the porosity, compressive test results,
biodegradation, swelling test outcomes, porosity percentage, and pore-size values of
the prepared nanocomposite scaffolds. A good porosity range of 67-85% was observed.
In the compressive test, the prepared samples (gelatin:titanate = 80:20) showed a yield
value of 30.57 kPa. The sample prepared using the mixture design technique (15.10%
gelatine, 2% Nay Ti3Oy, and 82.9% DI water) resulted in the highest yield in the compressive
test. Theoretically, a scaffold must be highly porous and have a three-dimensional shape.
The pores should be interconnected to form networks throughout the scaffold to ensure
adequate cell growth and the appropriate transport of nutrients and wastes. This is
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important because the transport of nutrients and wastes also controls the degradation rate
and the water absorption capacity of the scaffold. Therefore, if the scaffold has a greater
porous volume, cell-adhesion efficiency, and cell-growth volume are affected, which is
consistent with the results of this study.
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F9E1 AL

RUN 1 2 3 a 5 wde | ey

(kpa) | wIRIFU
1 1370.3 | 1371.14 | 1369.79 | 1370.16 | 1370.45 | 1370.37 0.50
2 1390.4 | 1390.89 | 1391.05 | 1391.15 1392 1391.10 0.58
3 123351 1233.4 | 123394 | 1233.84 | 1234.8 1233.90 0.55
4 1261.42 | 1261.64 | 1262.75 | 1262.23 | 1262.05 | 1262.02 0.52
5 1515.07 | 1515.59 | 151552 | 1515.17 | 1515.08 | 1515.29 0.25
6 1493.09 | 1493.04 | 14929 | 1493.08 | 1493.07 | 1493.04 0.08
7 1419.5 1419.89 | 1419.81 | 1419.97 | 1419.79 | 1419.79 0.18
8 142532 | 142556 | 1425.61 | 142552 | 142571 | 1425.54 0.14
9 1359.14 | 1359.48 | 1359.34 | 1359.22 | 1359.36 | 1359.31 0.13
10 1334.32 | 1334.64 | 1334.22 | 1334.22 | 1334.47 | 1334.37 0.18
11 1310.88 | 1310.98 | 1311.18 | 1311.2 | 1311.24 | 1311.10 0.16
12 1202.17 | 1201.78 | 1201.85 | 1201.89 | 1201.81 | 1201.90 0.16
13 1268.33 | 1268.68 | 1268.7 | 1268.45 | 1268.37 | 1268.51 0.17
14 1529.2 | 1529.18 | 1529.38 | 1529.41 | 1529.3 1529.29 0.10
15 1480.9 | 1481.08 | 1481.06 | 1481.1 1481.07 | 1481.04 0.08
16 1443.17 | 144325 | 1443.51 | 144338 | 1443.29 | 1443.32 0.13
17 141693 | 1416.9 | 1416.78 | 1416.81 | 1416.78 | 1416.84 0.07
18 1348.7 | 1348.68 | 1348.81 | 1348.85 | 1348.54 | 1348.72 0.12
19 1282.4 | 1282.22 | 1282.35 | 1282.47 | 1282.39 | 1282.37 0.09
20 1308.81 | 1309.15 | 1309.13 | 1309.2 | 1309.19 | 1309.10 0.16
21 1355.84 | 1356.29 | 1356.01 | 135594 | 1355.4 1355.90 0.32
22 1248.36 | 1248.57 | 1248.58 | 1248.5 1248.55 | 1248.51 0.09
23 1527.18 | 1527.25 | 1527.18 | 1527.34 | 1527.49 | 1527.29 0.13
24 1497.11 | 1496.89 | 1496.97 | 1497.08 | 1497.14 | 1497.04 0.10
25 1432.85 | 1433.19 | 143294 | 1432.85 | 143297 | 1432.96 0.14
26 1493.38 | 1493.48 | 1493.67 | 149357 | 1493.58 | 1493.54 0.11
27 1397.58 | 1397.68 | 1397.68 | 1397.64 | 1397.58 | 1397.63 0.05
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Fregne | fhegnal | fhegne2 | fhegned | faegned | faegnes | wde SD
100/0 125.23 122.24 125.26 123.8 124.6 124.23 1.26
90/10 197.65 192.65 195.5 195.2 195.6 195.32 1.78
80/20 278.38 281.38 276.42 2718.72 278.65 278.71 1.77
70/30 258.26 255.16 259.16 259.25 257.1 257.79 1.70
60/40 238.23 231.28 234.23 235.32 233.74 234.56 2.53

5197 U3 HansvaaeUALTRAINTIGY

Fregne | fhegal | faeenez | faegnes | daegned | faegass | wde SD
100/0 67.93 65.83 68.1 69.24 68.73 67.97 1.26
90/10 83.17 82.65 84.23 84.27 82.81 83.43 0.81
80/20 86.37 85.34 87.52 86.42 86.46 86.42 1.09
70/30 85.45 86.62 84.24 85.45 85.43 85.44 1.19
60/40 84.68 86.9 82.3 84.62 84.63 84.63 2.30
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Fraene | feeal | fregne2 | faeg1e3 | fhedned | faeges | wde SD
100/0 14.1 14.43 14.2 14.19 13.95 14.17 0.16
90/10 22.3 22.4 22.5 21.9 22.38 22.30 0.21
80/20 35.1 34.56 352 35.6 35.8 35.25 0.43
70/30 29 29.2 29.3 29.23 29.4 29.23 0.13
60/40 27 27.5 27.34 27.4 27.3 27.31 0.17
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