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CHAPTER 1

INTRODUCTION
Silk is a natural protein ﬁ\ . v £onsists of sericin and fibroin proteins
It is produced from on of silkworm Bomaimori. Silk cocoon contains 70-80%
of silk fibroin pmtei%l icin protein.dn fabric industries, silk fiber is
one of popular raw rial, Sericin ur'isdk mﬁlmm;ued or degummed
in fabric process and it beeofmes waste. [There are n hes that try to recover
and utilize sericinffom defumfuiig progess [1-3]. The recovery of sericin has found

effective applications fop'man oses such as fextiles, medical, and cosmetic
applications, etc [4-7)¢ -

1.1 Native silk sericir
covering fibroin fiber. The

icin is a complex protein

1 on the cocoon
].mm{)‘f

silk fiber were
The mol over 300 kDa [1, 4].
Sencm is a macromolecular protein that cousists of 18 amino acids. Most of these

e

welghl of sericin is in the ranges of 1 f

0 Wﬁ’fj

dchvcry, hydrogels, and cosmetics for skincare and haircare, and health products [4].
On the other hand, the higher molecular weight sericin peptides can be applied to
medical, degradable biomaterials, polymers compound, biomembranes, and functional
fibers and fabrics [4-7, 9-10]. Sericin has also shown several extraordinary properties



e.g., it can resist oxidation, UV radiation [2, 10] and exhibits antibacterial activities
[11]. Moreover, it can adsorb and release moisture easily. Sericin is a valuable
ingredient for cosmetics because it can inhibit tyrosinase activity which is responsible
for biosynthesis of skin melanin [12].

nvelops fibrot TS in 1 of successive sticky layers. The
mﬂﬂhe,'._ \ seticin must be ret Lér by “Silk degumming
or Boiling o Ik prodessing wastewater [14].
When the -I sin flows it ment if destroyed [15]. Recently,
many have studied the structure and morpho of sericin in order to
refine the sericin fromm.waste water [3]. Silk waste has the physical and chemical

disordered structures in protein {16]. This indicated, that forming of ériént sericin

RN RG RS

form is developed. The microparticles were simply prepared by precipitation of
sericin solution in organic solvents at room temperature. Recovery of this useful
protein from silk waste into particle-forms provides a wide range of application such




as cosmetics, hair care, drug delivery, and oxidation resistance agents of oil and fat
[13,17].

1.2 Silk sericin microparticles

The sericin solution re 0 ed from gumming process is waste of silk
industry. It could be formed ir '
ustry <

microparticles are in the sange of . L.£C elalo prepared silk sericin powder by
freezing and lyophi = i hors reported the morphology
changes of silk sericin ical fine particles after added
methanol [18] , . nrandom coil to B-sheet was
reported by Cho et'al. They obtained the silk ‘nanoparticles by reacting sericin

solution with polyslethglede glycol). oparticles were almost

spherical with nan 7T % ‘“’ ed ethanol to prepare
sericin film, and observed the aggregated mtennulecular hydrogen
bonds in the struétures/of protein [19]. Wi et al. also pointed out the structural change
of silk sericin, whigh was changed fre r tumn structure after treated
with ethanol [2]. Kuric nt."' ik owder by lyophilizing of sericin
solution with degumming m, ound that the size of sericin powder

o i : o
(I'ID '-UII) ﬂbtmnedaﬁe( geo .,m‘,_; P P ‘_d ‘

as smaller than those obtained
t¢/[20]. Although several
ration sericin parti sed buf none of them seems
to be satisfied;” because. the | ' complicated and

instruments were-e; pensive Moreover, the obtained serici icles were easy to be

ﬁ%ﬂﬁ“ﬁ s

secondary structure of silk senclfmjcroparhcles canld be controlled by'tréated with

ARIRIMNIUANTINEIAE




1.3 ATR FT-IR microspectroscopy of silk sericin

In this study, infrared spectroscopy is an invaluable technique to obtain the
structural in formations of protein in any environments. The native silk sericin, silk
fibroin fiber, silk sericin solution, and silk sericin microparticles were analyzed by
means of Attenuated Total Refle Transform Infrared (ATR FT-IR)

spectroscopy. ATR FT-IR speetroscopy e 0 -IR sampling techniques that
provide molecular information of sample s . Hewever, due to the limitation of

the commercial A a homema pATR accessory and a
homemade Ge __acCessory were  d ) r Research Unit,

non-destructive technifue ol :-'-—-' ve can obtain the information about
structural changesof silk s micropart : : prepat

Molecular odentation’ of native silk sericin and silk fibroin fiber were
compared. It b ve silk serici 108t random oriented in its
structure, which was diffefent from silk fibroin. The observed ATR FT-IR spectra of
the silk sericin microp Wit » methanol, ethanol, and iso-propanol
indicated the increment of AReat conformalibm® 'chmightbedmwthem

slecular orientation behavior of sericin

1.4 The objectives of this

fli4 T Em.?.,ﬂ&l Zl,ﬂ.lf -

microparticles

9 ‘WW @‘iﬂﬁ“@lﬂ‘%ﬂ%ﬁﬁ“ﬂ%w

To determine the characteristics of silk sericin solution obtained from
different silk degumming.
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4, To determine the characteristics of native silk sericin and silk sericin
microparticles.

1.5  The scopes of this research

of silk sericin microparticles.
ents treatment on molecular

} 2 Developing te ch 1

2. Studying __ 3 l,”‘//

4 : :1 f/?‘ft&‘\\‘x\x

: ¥ a5 ricroparticles
l.“ J 11 al-llal- [ Tt !;l -7 ! L 'a_"'..
7 - i %, ™
\ W b
]
o ik ) %
LA ' (] [ <n|:‘ ¥ ! I 1k recoverv.
i L]

ﬂuEl’JVIEWlﬁWEl’lﬂ‘i
Qmmmmumqwmaa



CHAPTER 11

THEORETICAL BACKGROUND

ll//

.- egg, larva, pupa and adult.
1at silkworm changed after
is the silkworm moth.
timﬁwhilt:gmwing.

2.1 Silkworm

Like most i
Larva is the si
HvJ-'
To complete the si

Four states of metamtorphosis o! o
out of its egg then dewelog i i] ,, aterpilla

2. Stage II the calerpillar'éats mulbe ) -3.'_ d grows bigger and bigger. It
goes through 4 molts. Lafvae sp n the f fiber to make their cocoons for
protection and metamorphos 7# :..-F1 ¥

3. Stag amtmdltselfPapa
-

emr.rges ;‘ ._., -COCOONSAS M 1—-
4Sag¢ 7 n-arf'.:- of the cocoon. The
male and femalg 1' oths breed and the {emale moth lays egg H ter that, the eggs will

mnhnuethenmctl?c cle. The silkworm li cycle is shown in Figure 2.1. The silk

mﬁﬁmﬂ‘ﬁwmﬂ‘i
Qﬁﬂﬂ\‘lﬂ‘im UAIINYIA



22 Silk glamlm

muural sifk &ymthesized by thc silkvorm and spun in the form of a silk

m}qﬂ mﬂ.ﬁcmg glands of
Bﬂmb ri are long divided into thme di

stinct regions. The silk glands of

mature, lanr Bombyx mori is $hown in Figure 22 [23]. The fibroifi_protein is

3 %ﬂ% TR B B Oy o
] gland. The two components together in anterior region o and are spun into the

air and producing a continuous filament.



Figure 2.2 Silk g

2.3 Silk fiber

As a consequence of . {; he silk fiber is almost a pure protein
fiber composed of two ‘g': _ and fibroin. The components of

sericin incl y« ' r, fand wax. The percent

—_————7

composition .ai; Y ‘

mori [24]. 'm

v/

Table 2.1 ition of silk in Bom#
¢ o

AU URINUINY

Pigment 0.2
Total 100




Silk protein produced from cocoon of silkworm Bombyx mori that mainly
composed of sericin and fibroin proteins. In case of Bombyx mori, silk sericin content
is about 20-30 percent. Most of sericin must be removed from silk fibroin and silk
threads by “Silk degumming or Boiling-off” processes [14]. After degumming, the
fibroin is obtained. The mechanism of s

combination of various effects s

icin removal in chemical degumming is a
_ persion/solubilization and hydrolysis of the
different sericin polypeptides [25]. Ther #ze mahy suitable procedures eliminating
sericin without damaging fibroin. In general, proCessisperformed by using Marseilles
soap or synthetic deic :i’; stions at a m#ﬂi-?ﬂ OC. Moreover, some

acids such as sulphuric,hydsechloric, tartaric and trm amds [20] can be used as
degumming agenfS. Siong c"' line v adily dissolve the fibre.
Zhang et al. have géported that the alkali m\.\. »cess, sericin is degrade or
hydrolysate into sei€in pe; i “" 1t Tes than 20 kDa [26]. The

alkalines used for degum are sodium_carbonate, c: ustic soda, and sodium
bicarbonate. An all \(pH>8.5 are most fa orable for rapid elimination
of sericin [27]. Nowads zyn 5 at 50~ ) mply water at about 130 °C

under high pressure are als sed ng process, fats, oils, and the

18 amino "?‘Q m ofm m; trongl: ergups such as hydroxyl,
carboxyl, and ‘e ieh i Serine; @spartic acid, and glycine,
constituting n sericin, respectively.
The different sericin are shown in
Table 2.2.

ﬂ‘lJEJ’mEJ?ﬁWEﬂﬂ'ﬁ
Q‘W’]Mﬂﬁﬁu 1R1INYAY

I

rtions of amino acids in cocoon and g
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Table 2.2  Amino acid composition of silk sericin (mole %) [23].

Amino acids Cocoo o D
n

Glycine 12.70 e
Alanine 1"!3' : =
Valine o @w -
fauncid 1.4
Isoleucine m w
i 7
/BN T o
d fﬁ'\i\“ l:f
24

_ A 3.60
nm % m I
Rosbely 4 :
Phowilais |~ 0 <

ot 07 .
Tryptophan. """"{"" v :
{ethionine | »
— 0.15

b " 1
=

24 Structure o pmtem

fi %W&%@W&ﬂ@ e e

bonds. me basic structure of an amino acid molecule consists of a centre carbon atom

Qb oot BN i ias e

| Amino acid chains of proteins fold into unique three dimensional structures, and four

levels of protein structures are classified; primary, secondary, tertiary and quaternary
structures (Figure 2.9).
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2.4.1 Primary structure

The primary structure is the linear sequence of amino acid residues along the
polypeptide chain that is covalently linked from individual amino acids via peptide
bonds (Figure 2.3).

The secondary struéture is i focal confosuation of the polypeptide chain or the
spatial relationship of aminé acid residue ose together in the primary
sequence. Four common ?"f.?v-J' ts inpmteinsmthca—hcl'ix,ﬂw

£)
3
Thcuiqbsﬂmmmttdcnhfﬂﬁcelﬂnentnfmndm}'mm It is

in Figure 2.4. Inpnnc:plc,ﬂwm‘omdofﬂmu-hﬁ:spomﬁvelycbarﬂhﬂstﬂm
:lmn'gmups:s o!hyﬂmgenbonds boneForthlsrmsm,vm
short helices often have distorted conformations and forms alternative hydrogen bond

partners.
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N hﬂlix [28].

B 2
.,*“:JJ

i sl
,hn;;?fl- sk _
The st is .-vrr. Iu-u of secondary structure. It has an
extended conformation ompared wit "’ 7' . A single p-strand is not
stable because of less local siabilizing interaction. However, stable shget-like

9 | porePestcand form additional hydrogen
'0-Ad] n bonded forming.a small element of B-
..J.r— Ieloranuparaﬂel
a:mgelmnuhx ermini polypeptic .ll hmnﬁnmtth-tuC—

ne]ghbunngﬂsumdmpuaﬂellftheymahgnedmtheme

direction from rC € e other it is anti-parallel
mﬁnu% 'u!..'... dic do not form

B-sheeﬂjvhundmpﬁwdmmlunonsmhthatmﬁy of the formation of such structures

o} ek Kraketa)

qgu:—eml B-sheeﬂmﬂmmnganh—pmﬂlelsﬁandmmommmmmthmshnﬂsmade
up entirely of parallel strands. Anti-parallel sheets can be formed by only two
pB-strands whilst at least four B-strands are required to form parallel sheets.
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N N N N
\,ct-lz :GH: }‘-H; :F"lz M ,u:c H;ﬁﬂi
o=c L=c gmc‘ o=c, —HInp=c_
H—H" N—H" N—H MN—Huio= “N—H_Inter-strand
HyC HyC HaC HC H, H hydrogen bond
),u\& } =0, ?-ﬂmu—" =0
H—N H—N —N "0'“!"—0!,
DHG:GHI o G:CH* =C H;IIIO=C: HI
W=t N —Héo ) N
HC H,C Hy
:C nﬂ'% :C
H —H H—N
}:
.f
n-l-l
(a) Parallel B-Sheet

Figure 2.5 Two adjacen
sheet forms:

small element of B-
p-sheet.

2.4.23 p-tu

T

i fr.ln "-".I ;
A B-turn is a U-shaped, in which tt septide folds back nearly 180

degrees upon forming of hydroge h"iil nds are formed between the
CO and NH gro »:l_ wninFigure
2.6. The turn segm allel|B-strand. Two

main types of f-turn —i Type |

1§
4

in Figure 2.7.

ﬂ‘lJEJ’J“r’IEJVl‘ﬁWEJ’]ﬂ‘i
Q‘W']ﬂ\iﬂ‘ifllll‘iﬂ']’)ﬂ&lﬂﬂil
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Figure 2.6

Figure 2.7 Axranﬁnmfntommﬂ-W)TweLmd(blTrpelllﬂl

AUYANENINETINT
0 SRS

Itmnntaapeclﬁcslupe,bmnuamhsumidmm'hmmafshapesfmaﬂﬂuchum
in a population of macromolecules.
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ristics. All four levels
ourier Transform infrared

backbone. However, many indiv dual p Iy overlapped in this region.
The methods to b lve the mfﬂrmannn are Fauﬂer self-deconvolution (FSD) and
curve ﬁl:tmg. Curwgﬁgg is getting slartvlth the estimation of the number of

ﬁm‘lﬂﬂﬂm -
y MBSO A1 TN 2

Spectroscopy is a scientific discipline with the electromagnetic radiation with
surface sample. When electromagnetic radiation impinges on a specimen, placing
between a light source and detector, the incident beam can be reflected, scattered,
transmitted, or absorbed as expressed by following relationship [32].
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fﬂ.=fx+fs+ff+f‘4 {2.1)

where [ is the intensity of the incident beam, Ig, Is, I, and I5 are the reflected,
scattered, transmitted, and absorbed beams, mg:ectively A simplified experimental

Transmitted Beam
()

.ﬂul;:-,- 4
Py

Figure 2.10 Interact

—
7, ' 'ia-"-" 'e"'

‘When samplc :-*l -- e ncident Imiiﬂﬁﬂ'ﬂ. a Vibrﬂtiﬂn of
molecules is ﬂXCltﬂd n_ofde __.;,ﬁ{-h gion and amount of light being
absorbed by H)s I, jattenuated (1) and

non-atten: ”_7;'-———‘—"—““1 .!L‘ J an be qmﬁt&ﬁ?&l}'

related to the c cal
—I!'IE{V]I (22}

ﬂuEJ’J‘l’]EI‘VlﬁWEJ’m‘ﬁ

where ]Eﬂmabmrbmategwenwavenumberv cusmeconﬂrmonaf

ASTIURATIN YR

incidence to the sample surface.

Beer-Lambert law as [32]:
i
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2.6.1 Principles of light reflection and refraction

Refraction and reflection occur when IR beam interacts with two different
media, which are different refractive index. In such a way, the beam direction is

(2.3)

ns, respectively.

AN

A\

“# ﬁ“@Wﬁn SRS
aw*iaaaﬁim'ﬁ“ﬁ’ﬁ"'?“ﬁma i

ART FT-IR spectroscopy is a characterization technique based on an internal
reflection phenomenon in which the radiation traveling in a higher refractive index
material impinges on the interface with a less dense medium. When incident angle is
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equal to the critical angle @, , a;=90°, the light is totally reflected as shown in Figure
2.12. This case, all the radiation is reflected, and Snell’s law can be rewritten as in
Equation 2.4 [25].

Sint' @,/ n,). 24)
where n; is the lower rei "“"-.? v/&:mﬁmﬁwm
e‘
J/AEPNNN
.ﬁ-'ﬁe f \
FTEREPY
PG
5 | [
33#*«.
Figure 2.12 Light travels *_;;,_r;:. ser medium and impinges at the
surface of the opfically rarer medium (n;> n2) with angle of incidence
o F-‘i..r' 1
At :|L:¢y"__:!'_!'_-.. , han K E'# ion is mmplt‘:teljf
reflected but therelis an electro %ondthecrymalwfnue,

it is so-called an mnmtwm” Whmihcdxmfmmﬂmmﬂecunganﬁee

qusmluanysampiewhmhwmumththssurﬁcemhedeﬁmdmmsofﬂm
depth of penetration. The depth of penetration (dp) is defined as [32]:



20

1

d —
27vmy(sin? 0 —(n, /n,)? )"

P

(2.5)

where v is the frequency of the infrared radiation, np is the refractive index of the
IRE, n;is the index of refraction of the sample, and #is the angle of incidence.

ulting ; o a characteristic of the
material. The advantages of this technique are t mple for the preparation, and
f . achments. From the measured
spectra we can obtai egular information, chemical structure, and chemical

ght into contact
with an inters aeAion | fractive index than the
sample. The -. st be trans; midoine ibiion il alis

resist physical “chemical contact from samples. In general, the IRE configuration
includes variable-angle, hemispherical crystal with single reflection and multiple

ot b7y o Aoy g

(Figure 2.13). Ge is a typical IRE'with a refractivesindex of 4.0 having ignificantly

L AL i Ty ek i
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Table 2.3  Information of materials used for internal reflection elements.

Material Useufwavmmnbermnge Reflective index Hardness

(cm™) at 1000 cm™ (kg mm™)
Gemanium 5,500-6 ] 780
Silicon 1150
Zinc selenide )-4 L. 120
Diamond 8820

Figure 2.13 IRE configirations ommonly used in ATR experimental setups: (a)
Single reflectiofl vaiable-angle hemispherical crystal and (b) Multiple
reflection single-pass cryst: .

IT-I _"n"’"'ﬂ-illi Y BT ID anects

rface sensitive Img.lquc However, it has

several I:mltauons‘Dne ofthcmu‘.annptical mntactbctweenﬂmsampleandIRE

arg - air g 1€ sSmatler the spect ]ﬂﬂﬂmuﬂh
. f -
:.?J .‘-:-a b a-l-. [0 solv: sm lsapplwdat

thcsamﬂeagamsttheIRE_Neve?helﬁs, 1thastob=verf¢amﬁzllyhandledtonvmd

amﬂﬁﬁmﬂmwmaa

2.7.3 Homemade Slide-on Ge IRE Accessory

The homemade slide-on Ge pIRE was developed by Sensor Research Unit,
Department of Chemistry, Faculty of Science, Chulalongkorn University. The angle
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of incidence from the objective microscope is covered the range from 15.6” to 35.5°.
To eliminate interference from the internal reflection associated with the radiation
having an angle of incidence smaller than the critical angle, an opaque circular
adhesive tape is placed on the center of the hemispherical dome. In such manner,
ATR FT-IR spectra of a small sample or a small area can be acquired.

ﬂuEl’JVIEWlﬁWEl’lﬂ‘i
Qmmmmumqwmaa



CHAPTER III

EXPERIMENTAL SECTION

Silk fiber from cogeon of yx mori, reared lc f"*m,;_;-
Sericulture (Northern P .

- 1CO3) chased from Fisher

= wrchased from I kaGMThﬂlﬂnﬂ

5 ym Carlo Erba Reagenti SpA,

- 76 mm (3.0 in) (MW CO:
2, ie bH, Thailand

- Paper filtration (Whatm Ilg_“"m ), Thailand

J

- Y iso-propanol was purcl*sed from Merckﬁ'jlha, Thailand

ARIQNNITN UA1INYIA Y



24

3.1.4 Silver nanoparticles

Silver nanoparticles were synthesized at the Sensor Research Unit (Department
of Chemistry, Faculty of Science, Chulalongkorn University, Thailand) with the
concentration of 50, 100, and 200 ppm.

I '////

321 Pma@ﬂlﬂn:cm
Silk smc Vere ,_\Nmipimtiﬂn of sericin

solution in organic ents. The seric ..--a 1 Was p by boiling silk fiber
with degumming ag h s/ d g'n sitric cid NaHCO;. Sericin
solution was made ag ‘..f ‘ ”ﬂ“ of distilled water at
100 ° C for 8 ho '}_dﬁ in ion was formed at room
temperature; the sliifry was ddded with distilled water and the solution of mix shurry
was boiled at 100 ° Cfor 10 mifn. After the temperature decreased, the yellow sericin

was formed into film] re ‘and separated from sericin solution. In case of
deguniming with citrid nc:d,l&iéﬂ Solufion was prepared by dissolving 8 g of silk
fiber in 1,000 mL of 1.25% Evjﬂr_gmnc; cié i solution for 1 hour. The solution was
diatyzed again disilled vater Cfor 3 im v ol
snlunnnwasT The sericin sotution forme 4 into s wry-duning-dialysis. 'I‘heslun‘ywas

¢, and pH of sericin

min. After the tempera acreased, the yellow sericin fotged into fibril structure
and separated frumﬂsencm solution. For N 03 degumming, sericin solution was

HCO; solution
"‘“mm V| H?MM’H&"I s o
tempem . The sericin solution r not in the sl -form after dJal]rsm The sericin

ILIANTLY e ek v sy om

wm: precipitated by organic solvents (methanol, ethanol, and iso-propanol) to obtain

silk sericin microparticles. The volume ratio of the sericin solution to organic solvents

was 1:3. Schematic illustrations of preparation silk sericin microparticles obtained
from boiling solution of silk fiber by degumming agents are shown in Figure 3.1.
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ﬁ u dted Total Reflection Féufier Transform Infrared (ATR FT-

S 113 TS

r.'n FT-IR of ﬂﬁ sericin samples‘ere recorded in thﬁ;ﬁ%qumcy

' Fole&l P13 EF-at:

Continupm™" infrared microscope uqm pped with a mercury-cadmi urium
(MCT) detector at resolution of 4 cm”. All samples and backgrounds were collected
at 128 co-addition times. ATR measurements were performed by means of homemade

slide-on germanium (Ge) pIRE. Samples were placed on the glass slide and dried by
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heating. Then, the glass slide was fixed on the microscope stage. The ATR spectra of
samples were acquired in the reflection mode under infrared microscope. The
schematic diagram of the ATR measurement is shown in Figure 3.2.

Prior to analyzing Amide I bands of ATR FT-IR spectra, a baseline correction
was performed at around 1740 and 1580 cm™. Second derivative spectra were

calculated to identify the posi IJ"‘«.,"'LE ll | f f:.- ¢ component bands in the Amide

I region, which were used as
deconvolution was alse performed to frequency to ensure the
fidelity of each method

. g 'ﬂul'ﬁnl;-lli ormation i.n. the Amidﬂ I
region between 174

N-1 580+ EMmA" vias | - o rentzian o
fitted band area: rﬂ’#ﬁf LA,

fitting analysis [3]. Self-

-
el L
L1 |

condary structures.

Instrument

AUINENINEINg
RN IUNRINYIAE
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Default Spectral Acquisition Parameter

Nicolet 6700 FT-IR Spectrometer
Instrumental Setup
Source

Detector N
Beamsplitter | (Gé-CoafedKE

ﬂuEl’JVIEWlﬁWEl’lﬂ‘i
Qmmmmumqwmaa
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Figure 3.3 ATR FT1-IRgimicadspegts ‘- ontinupum” infrared microscope
coupled™viththe pectrometen, (B) the slide-on Ge
’hbusmg on the infrared

obje @) Homeméde slide: &e}pIRE

332 Scanning

The morphology offthe ﬁ!g..séﬁum' micropart
electron microscope (SEM) of | s -
drop of the particle suspmmﬁlli:ﬂ ﬂ;ﬂ;ﬁ:ﬂ* on ssuslide. After air drying, the
sample was coatéd with

sserved-al s kV accelerating
voltage.

s observed by scanning

model shown in Figure 3.4. One

AR

Figure 3.4 Scanning electron microscope (SEM).
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3.4 The deposit of silver nanoparticles on silk sericin microparticles

Silk sericin microparticles were centrifuged at 1500xg for 15 minutes to
separate from methanol. The distilled water was added to silk sericin microparticles,
after that the silk sericin mlcroparucl suspended in distillated water twice with

water is 2 mL. They
concentration in silk sen

investigation of the deposition. ilve : at_different concentration

(50 ppm, 100 ppm, and 200.pprayonto silk sericin. oparticies was performed. The
mixture was ultrasofiicatedsintil -i \ omogencous . ' mixed and maintained at
room temperature. A ' . N > precipitated again.
The concentrations o measured by UV-

visible spectrometér. The jobserved moleculs iformation of silk sericin
microparticles after : of .m-i ¢ ?.-.."-. ed by ATR FT-IR
microspectroscopy.  The h lugzef“ ver gropert s deposited on the silk
sericin microparticles ransmission I on microscope (TEM).
.-i.i"*’ e/
3.4.1 UV-visible -pectru.%if;:r—_ g

gwmammwﬁwmﬁa
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Instrument Setup
Model USB 4000
Source Deuterium-Halogen light source DH 2000

Wavelength range UV—vis‘t

Detector Toshiba ﬁ AP, 3648-element linear silicon
.. CCD array /:::pr

Grating "“*660 Line Blazed at300'nm
Bandwidth 0 o

*dl
¥ i

B
i€S Inc. Spectra Suit

Software
Integration 1 @lﬁm s &
- L
Scans to Ave Escgffs “,3
Bﬂx car WIdth ]9 N .-_.‘nll:l'T ] u-:
Spectra format Absorbance ";-: fh 1
Spoommge [ SO

Figure 3.5 UV-Visible spectrometer.
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3.4.2 Transmission electron microscope (TEM)

The morphology and particles size of silver nanoparticles deposited on silk
sericin microparticles was characterized by TEM. The TEM images were performed

t an accelerating voltage of 100

kV (as shown in Figure 3.6). One drop , the sil vér-aingparticles-coated-silk sericin
microparticles was placed on'a copy v grid, }Ilnwed to dry for 1 day.
Then the images of silvw j5i @ microparticles were

collected.

e
\h‘l:

sl | & ke ] &
LS = ;.’.‘

Rl
= =

AT

L
e
i 1

it

-:!I!'_l

g TemiNeIns
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CHAPTER 1V

RESULTS AND DISCUSSION

2

4.1 Silk sericin micropa
To prepare m&'ﬁ‘u@ml “-‘

uucrnpamcleswere obtainedsby precipitating the se ,’_ uttonmurgamcsolvents

istilled water, citric acid,

“onsequently, silk sericin

(e.g. methanol, ethamol, and’ JFso-prop: \ \'\x:l“ of silk sericin
microparticles wefe observed by scanning electron microscope (SEM). The molecular
conformation of giivedfSilll FEfci- ind silk s ‘microparticles has been
investigated by Micansiof ATR FT-IR spectroscopy. Fig .1 shows the images of

silk sericin micropdrticles obtained" from boiling serigin solution of silk fiber with

different degumming agent, and further tredied with different organic solvents. By
using distilled waterfind ditric acid'as degufming agent, the obtained sericin solution
were in slurry forms at foom temp ‘Subsequently, an agglomeration is formed
due to high molecular weight-of-the sericimpepfide [26]. Distilled water was. added
into the slurry, and it was ed. Afterward, the temperature
of solution w: bril structure occurred
and was sepatatgd from sericin solu was removed and
the sericin sututﬁ ther | orgar Sils. The obtained sericin
solution was not ir slurry form when used NaHCO; as d ing agent. This due to
the fa-ct that NaH ypépfides into amino acid. With different

iJe ﬂ%ﬁ Wﬂ %ﬂ(ﬂﬂ are obviously
dlssumm, ericin solution is yellow degumming with NaHCO;.
The solutions are colorless when £ with distilled water and citrie‘acid. The

AR ek o |
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Figure 4.1 Silk sericias®miefeparii | T solution of silk fiber
' ; T, ' id, and (C) NaHCO;
(b) ethanol, and (c)

microparticles

shown in Figure 4.2. msm?; “silk sericin were taken at three

different pusm,&. The particle sizes of silk s rici les were in the range

e of silk sericin is

ﬂ‘LlEJ’]‘ﬂEJWﬁ‘WEJ']ﬂi
ammnmumwmaa
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C: Citric acid

DNabCO

F

Figure 4.2 SEM-images of (A) native silk sericin at three different positions, silk
sericin Mmigroparticles obtained By precipitating of sericin solution boiled
with'(B) distilled iwater, (C) citric aeid, and (D) NaHCO; in organic

solvents: (a) methanol, (b) ethanol, and (c) iso-propanol.
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Table 4.1  Particles size of silk sericin microparticles.

Sericin solution prepared from Particles size (um) of silk sericin microparticles
boiling of silk fiber with treated with organic solvents
degumming agent ethanol iso-propanol
Distilled water

7.16+0.40 7.95+0.65

Citric acid 4 5.16+0.18
NaHCO, 7 ' ] 5,11+ 7.83+0.61
43 ATRFT-IR
Figure 4 sericin. At three
different positions spectra are the same,
(Figure 4.4). , the spectra are
superimposed ho ( : WIRE has a very high
efficiency with reprod ' ; of the absorbance spectra
Mmmﬂm chen
4.4 Structural infornuliu of Bative si ] .
= =.,_.-"..‘_.#
The native. water {ipid.arid wax. A broad band
m .‘.

nentmdata
D—Hstmtching@nﬁunﬂ dro; eid residues. E@'ever,anabmdamcof
smneandﬂreoumemstduesmuseadzfﬁmﬂtymnanmgmmmlmfumauon

with a strong
at 1620, 1515,

9 Amide 111 region, an information of N—H heudmg plus C-N stretching and a
contribution of O=C-N bending are obtained.
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4.5 ATR FT-IR spectra of native silk sericin and silk fibroin fiber

Figure 4.5 shows the ATR FT-IR spectra of native silk sericin and silk fibroin
fiber, which are significantly different. The band at 3273 cm™ of the native silk sericin
is broader than that of silk fibroin fiber. This because silk sericin is a highly

T ' r. From these results, it can be
ser : ture than that of silk
fibroin fiber. The Amide I band of the silk sericin is-e t 1618 cm™, which is

segments, which may b
hydroxyl and carboxyl grol
bonds with other polar i
the Amide I band of silk segicin

more random coil st

assigned to antiparallel f3- Am : f silk sericin 2
are centered at about the iencies. Amide 111 band of silk sericin is boarder

(1235 cm™) than that of silk fi mlttgé@é': 30-cm™). The difference of peak

fmquﬂncias of both spectra can tated to thy -;'?;.' fent amino acid composition
the bands at 1399 and

vibrations, respectively: | > acr 'mmpusitiuns of
native silk sericin and-silk fibroin ﬁber are different, in which ilk fibroin fiber
contains a greater amuun@t&amm and glycine than that of the native silk sericin.
Moreover,

s e bk 5

peak assignments is in Table 4.2.

ammnm umwmaﬂ
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Table 42 Peak assignments of native silk sericin and silk fibroin in comparison
with the literatures [18-19, 35-37].
Wavenumber cm™)
Literatures | Native silk | Sil ‘ZZ‘
sericin I
3385-3160 | 3273 ‘
3100-3070 | 3087
2975-2950 _
2940-2915
2885-2865 | 28
1703-1697 N
1700-1600 | 16 'ﬁis__aﬁf; _ ,
1580-1510 | 1515 15140 - - (wagging) plus C-N
1480-1440 | 1441 a5 | (scissoring) of CH,
1410-1350 . 47 | € (wagging) of CH;
1440-1260 | 1399 —'E;" Ha ing vibration
1305-1200 n,ézss 1262,1230 | A plus C-N
IZ\ from O=C-N
y
1090-1000 | 1€ . C—UHsi:etchingﬁ ation
1175-1165 1166 phenolic residue in Tyr
Eo AR o & v i
1060-9¢ of Gly-Ala sequemes

@W@ﬂ\?ﬁrﬁ E%N%’ﬂ%ﬂ S

IR spectroscopy

Protein generally contains more than one secondary structure, which are
correlated to the amide groups of protein spectra. Most of secondary structure of
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protein can be classified as o-helix, B-sheet, B-turns, and random coil. Analysis of
secondary structure of protein by means of FT-IR spectroscopy is an established
technique. Since secondary structures are associated with a characteristic pattern of
hydrogen bonding between amide C=0 and N-H groups. Amide I absorption found in

secondary structures. The Amide I band was bséd fo monitor the structural change of
protein because it is pmdomim@."l;;‘ ‘ shing vibration of the protein
backbone [19]. ~

However, overlap
information of seco St
have been applied to. disting
native silk sericin and sill
deconvolved spectra, the ¢
secondary structures iff

the region 1622-1627 €n

hiparatict b~ IR !

1698 cm™ is also assigned to m@%@m ent. tf er peak positions located at

1646, 1657, and 1679 cm™ have beeii assigned to random coil, a-helix and B-turn,

respectively. Silk seficin -strands ed by the peak
-

only found in the specir 1 of silk sericin, it i assigned to p-sheéet (intramolecular).

The bands at 1646, 1662, and 1680 cm™ of silk sericin are assigfied to random coil,

a-helix and B-turn, respéctively. These peaks arélslightly shifted from those observed
e

e

The propo structure were estimated from the component

bands by integrating the peak arca; Table 4.4. Aggrégate P-strands (33.90%) i
o O D Ptk e Bt et
Silk sericin has more random coil structure (24.29%) than that of silk fibroin
(19.89%). Similarly, helical structure (20.53%) is more favorable in silk sericin. The

information of these secondary structures indicates a less crystalline structure of the
silk sericin compared to that of silk fibroin fiber.



A: Native silk sericin
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Table 4.3  Carbonyl absorption associated with the seconc h‘m\ e l/ i

_.,-:"’.a-

- silk sericin and silk fibroin [16, 19, 41].

43

Current work

: 5}'}'5’“ x\w SRy

| : b\ \\!\ _
Wavenumber
ﬁ‘&’\\\\\ i e
1605-1621 Aggregate f-strand — 33,00 i}
1622-1627 | PB-sheets (Intermolecular) 163 [
1628-1637 | PB-sheets (Intramolecular)
1638-1655 Random coil 1640 —
1656-1662 a-helix o _
g B-tumn 1679 10.60
1697-1703 |  p-sheets (Intermolecular) 1698 417

ﬂUEl’J‘VIEWI‘ﬁWEI’]ﬂ‘i

QW?NﬂﬁUNW}')ﬂEﬂﬁH

13 4



4.7 Characterization of silk sericin solution and silk sericin microparticles

4.7.1 ATR FT-IR spectra of slurry, sericin solution, and yellow fibril

sericin
*‘M ion has the same property as that
st : ' 2 ined silk sericin solutions were
- .

obtained by degumming wi
separated into two proporti in solution™ and “yellow fibril

two proportions as

water is more soluble

the B-sericin, but

n the @-sci ide I band of yellow
fibril sericin, degumming with @ Moo and citric a mi_s centered at 1620 Cm-l
which is typical peregated ccWkure 4.7 (A and B).
Formation of B-strand aggregat - } $ils molet e to be dissolute in water [44].

mobile upon hydration, ieansformy i ore stable form as B-sheet
aggregates. The Amide slurry and, seriein solution is exhibited at

C-H bending vibgtion of CHp, which is consisten
sericin is more populated with C and H 1 solution, The sericin solution is

the sericin solution is

amorphous while yelovEBbeil sericin is the _strand. In this research, the
I~ L TESLTIN T LAY oL

utilized ﬂjpwpare silk sericin microparticles. On the contrary, the obtained sericin

more soluble than yellow fibril sericin in water. It is found

soluti _upon deg ing_with thCD; is not ifi“Slurry form, and it'does not

AEREL LT T lat ALY 1
thust be added with NaCl in order to initiate the precipitation. In this research, the
lowest concentration of 0.05% (w/v) NaCl was added to prepare sericin microparticles
by precipitating sericin solution in organic solvents. lons are classified as kosmotropic
or chaotropic, based on their size and charge [45]. Na" is weakly kosmotropic and CI’
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is weakly chaotropic [46]. Kosmotropic ions strongly interact with oppositely charges
residues on the protein surface due to their high charge density [46]. ATR FT-IR
spectra of sericin solution before and after adding NaCl are similar, as shown in
Figure 4.7 (C). Amide I band of both spectra is exhibited at 1643 cm™ which is
typically representative to random coil st

O S TR AL VT

l-slgum 47 ATR FT-IR spectra of silk sericin degumming with (A) distilled water,
and (B) citric acid: (a) slurry, (b) sericin solution, and (c) yellow fibril
sericin; ATR FT-IR spectra of sericin degumming with (C) NaHCOs: (a)
sericin solution and (b) sericin solution after adding NaCl.
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4.7.2 ATR FT-IR spectra of silk sericin microparticles

When sericin solution is mixed with organic solvents which are less polarity
than water, it tends to be less soluble. In such a way, a new technique for the

preparation of silk sericin nﬁcmparﬁ les is developed by precipitation of sericin

solution in organic solvents. Thg -. R a of silk sericin microparticles are
shown in Figure 4.8, the characteristi s are observed at 1618 cm
(Amide I), 1515 cm™ ( IT). The Amide I bands of

sericin microparticles obtained by ipitating in solution in different organic
solvents are compared; serigini T i ol has the sharpest
band. The Amide dband is' - ' ipitated i anol and iso-propanol,
respectively. Upon precipiiating of seri ution in organic solvents, hydrogen
nsfis/beesme stohpe ”;Qgﬁme hydrophobicity of

ggregated B-strand. Strong interchain

: ADCE D ide chains such as hydroxyl and
carboxyl groups which ¢an form i ;- ain_hydrogen s with other polar side

bonds among sericin chi

organic solvents engo

interaction may be relate

chains or amide groups'in peptide ga'% ones: According to the Amide I band of the
sericin microparticles; methano ;-“:_’.’_; than ethanol and ise-propanol for

the induction of structural cha@rﬁmn om coil to p-sheet. This means sericin

microparticles treated with .mg;h@"ha?t‘m-

contrary, senmn,.ﬁhl&ﬁns obtained from de;

sheet-rich structure. On the
¢ith NaHCO; cannot

. ‘ T _ A in organic solvent.
Therefore, NaCl was added. Amide 1 b ‘mi licles are observed at
1639 cm™ (Amide'#), 1517 cm™ (Amide IT), and 1242 cm™ (Amide IIT). These bands
are sllghﬂ}r shifted fohthose observed Lq_.lle specl:ra of micmparﬁcles after

micro S 0 solution u'eatad with different

organic solvents {mcthanol ethanul ﬁd iso-propanol)&re about the same. A% é6ne can

TR ﬁﬂéz‘% Wﬂﬁﬁ@@“’*

qlvents do not change from random B-sheet
degumming agent. The spectra of sericin microparticles obtained by precipitating
sericin solution degummed with NaHCO; differ from those obtained after degumming
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with distilled water and citric acid. The functional groups associated with each
absorptions band and the other functional groups are summarized in Table. 4.4,

0.6

Absorbance

0.0

0.6

Absorbance

0.3

0.0
0.9

Absorbance

0.3

0.6 I

Q0 BRI LA .

A: Distilled water © Amide | region

1720 1680 1640 1600

3m ‘F L

solution of silk fiber with (A) distilled water, (B) citric acid, and (C)
NaHCO; treated with different organic solvents: (a) methanol, (b)
ethanol, and (c) iso-propanol. The inset is the normalized spectra in
Amide I region.
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Silk secicin mi =

slediithy

et

150~

et

3385-3160
3100-3070
2940-2915
2885-2865
1703-1697
1700-1600
1580-1510
1480-1440
1440-1260
1305-1200

1090-1000

3275
3090
2938
2879
1700
1618
1515

1402
1238

1068

3272
3080
2935
2885
1700
1618
1515

1401
1240

1069

3274
3088
2939
2883
1700
1619
1515

1399
1241

1069

3272
3087
2936
2877
1699
1618
1515

1398
1239

MNotes:

me = methanol, et =

3271
3087
2939
2877

/3268 )32

35 # 375

ethanol, and iso- = iso-propanol

FETANN
of Jnmm

ﬂ k Peak assignments

Y,

N-H stretching

f: :" k‘ of Amide I

AN

1"|| |-u-k|

C-H stretching of CH;
i¢c C-H stretching of CH;

A TIMEL

e HN-H bending (wagging) plus C-N stretching
C-H deformation (scissoring)
C-H and O-H bending vibration

Amide fl N bending (twisting) plus C-N

gmtcin.ngmdm&ﬁhuﬁmﬁnm%ﬂbmdmg
e LH streteing 1brdtion
T VIFT TN 7]

14
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4.7.3 Secondary structure of silk sericin microparticles analyzed by ATR
FT-IR microspectroscopy

The Amide I region in the range between 1740-1580 cm™ was chosen as a
representative for secondary structure analysis. The number and location of individual
bands obtained from seconddenvqi.j pectra were used in curve fitting.
article: in the Amide I region obtained
from boiling solution o&mf ith distilled waier-after treated with different

based on the prior I bands are classified

to aggregate P-stranc -hehx, B-turn, and
antiparallel B-sheetss ; : nd ~1 cr I are assigned to
random coil and a-helix; and aggrep it B-strari "*""*“" In El'rﬂﬂl'ﬂ], alcohol can

induce the structural chang
Accordingly, precipitation ¢
changes from random coil to 8ggreg strand v ‘
bonds among extended chains. tl'ﬂﬂh, Ly ) bonds invelving C=0 stretching is
represented by negative shi nP 1 ba

P e
| g

organic solvents, in terms of loﬁu:&mtmn d 1n the C=0 group [26]. The band
at highest frequency (1?00154}‘-:& assighed to-the antiparallel ﬁ-shect and the
absorption band:ati1é83 e | mil; ing

acid the curves fitify bfthr.ubuin nicroparticl ,. , gare 4.10. Although
e e | structure depend on
degumming agents. D}gmmmg with distilled water, ﬂmaggregated B-strand contents

of silk croparticles
BT?I%ﬁ‘ﬁ : >

sequentially as 37.80 %, 38.85 %, and 41.38 %, respectively. The proportion of
random coil component was highest when silk sericin microparticles were treated
with iso-propanol. The proportions of secondary structures are summarized in
Table 4.5 and 4.6. It can be concluded that the order of effective solvents for forming
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aggregated P-strand is methanol > ethanol > iso-propanol regardless of degumming
agents.

02

IR Mmﬂﬁﬁﬁmﬁm v

obtained from boiling solution of silk fiber with distilled water after
treated with (A) methanol, (B) ethanol, and (C) iso-propanol: (a) second
derivative spectrum, (b) deconvolved (solid line) spectrum, and (c)
original (dotted line) spectrum.



Table 4.5 Carbonyl absorption associated with the secondary stru ,- ‘

fiber with distilled water after treated with difGE

—
ing ...;*"""N ““"‘H“f‘:-u- ing solution of silk fiber with distilled water

Literatures i me:hanal sthanao i
e B Ilﬁ 1\&\\“ i pampasio)
wavenumber he wavenumber
‘ Area (%) " Area (%)
(em™)

1605-1627 Aggregate p-strand 40.46 1617 7.7
1628-1637 | P-sheets (Intramolecular) 11.90 1631 9.84
1638-1655 Random coil 17.84 1644 20.64
1656-1662 a-helix 14.96 1662 18.25
1663-1696 B-tumn 11.95 1684 10.59
1697-1703 | p-sheets (Intermolecular) 2.89 1700 2.97

ﬂUH\’JVlEI‘VI‘i‘WEI’Iﬂ‘i

quﬁﬂﬂiﬂm'ﬁﬂﬂﬁﬂﬂ&l
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I NPT = ORI DT oY
- 1

1680

Waven |II'I*-l'| Hll

11i

with (A) methanol, (B) ethanol, and (C) iso-propanol: (a) second
derivative spectrum, (b) deconvolved (solid line) spectrum, and (c)
original (dotted line) spectrum.
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y@ sericin microparticles obtained from boiling solution of silk

Table 4.6 Carbonyl absorption associated with the
fiber with citric acid after treated with different

obtained fiom boiling solution of silk fiber with citric acid

‘ //4 N

Literatures Assi netaancd i 1
o = \\\\ o
Naven wavenumber
‘ Area (%) 5 Area (%)
{em™)
1605-1627 Aggregate B-strand 38.85 1617 37.80
1628-1637 | pB-sheets (Intramolecular) 13.35 1633 10.97
1638-1655 Random coil 18.51 1646 19,44
1656-1662 a-helix 1597 1662 19,40
1663-1696 p-turn 10.96 1681 10.50
1697-1703 | B-sheets (Intermolecular) 2.53 1699 1.88

ﬂ‘UEI\’JVlEI‘V]‘iWEI']ﬂ‘i
’QWWMT]?NNMTW]EH@EI

£S
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The curve fitting of silk sericin microparticles spectra in the Amide I region
obtained from boiling solution of silk fiber with NaHCO; afier treated with methanol,
ethanol, and iso-propanol are shown in Figure 4.11. The curve fitting of silk sericin
microparticles spectra in Amide 1 regions are summarized in Table 4.7. Secondary
structure of silk sericin microparticles are classified to the aggregate P-strand,
intramolecular B-sheet, random a-heli B-turn. The peaks at 1646 and
1659 cm™ have been assigned to .. dom “helix, respectively. The peaks at
1625 and 1635 cm : B-strand and P-sheet
(intramolecular), rﬁ;peét: ‘ m@ at 1670 cm” and
1685 cm™' are assigned Jotitm, The intramolecular B-sheets have a random coil
in which the hydrogen bl istue: intermalecular hydrogen bonds. It is very
easy to absorb i i ‘ 1 :

t induce 4 hanges of protein i.e. the
folded structure beconiés wifolded structure and thep transforms into B-structure. The
8 after treated with

iso-propanol, ethanoland/meghanol Were iereased sequentially as 10.86%, 13.92%,
and 19.72%, respectively. The propor of random coil component was highest
when sericin microparficles were tredied with iso-propanol. The a-helix structures are
' 5.83% in sillksericih microparticles treated with

solution obtai

transformed i -F._ gregated f-s ' 1 ic solvents. The
structure is fixed intermole ponding and still remains of
crystallization when the water molecules are removed. The sericin microparticles

ST el

small molecules, and the sericin mmmpartlcles after imeted mth orgamc solvents

aﬁ’ﬁ”‘fﬁ“ﬁ“ﬁ%m Wik RRH
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A: Methanol
0.2

16

Absorbance

1625

0.0 ' - _—

02F a

Absorbance
lh\“

L
LS

0.0

02

Absorbance

A Vi
oVt Wsiﬁiﬁﬁ“ﬁ VTR

and (C) iso-propanol: (

dmvanve spectrum, (I:) deconvolved (solid line) spectrum, and (c)
original (dotted line) spectrum.
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Table 4.7 Carbonyl absorption associated with the secondar icin microparticles obtained from boiling solution of silk
fiber with NaHCOj after treated with different o
"‘"”"’ o "“"“‘ fraim boiling solution of silk fiber with citric acid
il N et *'//ﬂ: \\x\\x e
' ' wavenumber
Area (%) 3 Area (%)
(em™)

1605-1627 Aggregate B-strand 13.92 1616 10.86
1628-1637 | p-sheets (Intramolecular) 25.69 1631 25.77
1638-1655 Random coil 25.61 1645 24.98
1656-1662 a-helix 15.97 1660 26.82
1663-1696 B-tum 12.28 1678 9.49
1697-1703 B-turn 6.54 1691 2.08

ﬂ‘lJEl’JVIEW]‘ﬁWHWﬂ‘i
’QWWMT]?NN‘MTJV]EHMI

95
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After the microparticles were prepared, the mass of product has been measured.
The yield of silk sericin microparticles was determined according to Equation 4.1

... [ weight of product (4.1)
Yoyield _(weight of silkseﬁcin]ﬂm
For example; ”
No. #1 /
Weight of silk sericin & g
Weight of silk sericir

% yield

No. #2
Weight of silk serig

shown in Tak H;;;.:::m"*;‘".ﬁ"—*"mm‘_ mass product
(~50-60% yield

Table 4.8 The avmge yield of silk sermm microparticles treated with organic

ﬂﬂ“ﬁ]’JT’lEJﬂ‘ﬁWEJ’lﬂ‘i

m}qeldufsﬂkmmmmm

Degummmgagent
| tqﬂq'ﬂﬁﬂnhw_gq%‘_
Wl 1 o(b16ad VI T o

Citric acid 59.23 55.14 50.95
NaHCO; 25.40 22.26 20.88
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48 ATR FT-IR spectra of native silk sericin and silk sericin
microparticles obtained from treatment with methanol

ATR FT-IR spectrum of native silk sericin in comparison with the spectrum of
silk sericin microparticles after treated with methanol are shown in Figure 4.12.
Degumming with distilled water and citri¢ agidy the Amide I band of the obtained silk
sericin microparticles is narower than that 6LRe pative silk sericin. It can be
concluded that sillk se :

native silk sericin because organic ents can induce the forming of intermolecular
hydrogen bonds. Since_seficia'does not fo m:‘ structure by the natural

spinning of sil

intermolecular hyd Lng an ori On the other hand,
the obtained silkse cioparticle degumming with NaHCO; does not show
structural changes (g B-shiect Stru \h 1 NaHCOj; can degrade
sericin polypeptides into small f ,7 h , sericin solution does not pack
to molecular chain inseri ;-_ *\\ ‘ganic solvents.

Ry J

g
AUEINENINEINS

ARIAINIUNNINGAY
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L0

é“" i e
a
-
b
[+
0.0 d
1

Figure 4.12 ATR FT-IR specifa of (#) native silk sericin ‘. sericin microparticles

obtaingdl by pregipitatini of Sericin solution in methanol with different
degumming agents (b). istilled water, ( it cacrd,and{d] NaHCOs.
The inset is the alized spectra in Amide Tregion.

Silver pandpértilcles are produced by Sensor Reselici-Upit, Chulalongkorn
University. were deposited on sericin m [he_deposition of silver
namparticlcs i |analyz o micidscope and UV-Visible
oficentrations uf silver moparuclas utili 1 experiment were 50,

iﬁ’“"“ﬁ%d *ﬁ’”ﬂ“ﬁwﬁﬁ%
ammmmwnwmaa




Figure 4.13 The , shopa \ﬁ‘;\ ericin microparticles with
NN

i

49.1 TEM
_.l_i ‘roparciic

:tﬂl on silk sericin

TEM images o
(%5, %20, and x100¥" argFs

on magnification images

=y N W
414 ¢ organic solvents were
removed from silk serici

canbedmmgmgdunngcen ifligation | ause they can absorb water and get swollen
- .-""'".Ut.f .

again such tha thc dbserve on TEM image. TEM

gation. Silk sericin microparticles

images of silye nicropartigles with different
concentration § , ' 3, C, D). The silver
nanoparticles herical sk pe diameter e particles of 10 nm.

The images show silver nanoparticles are well dispersed and deposit very well on

= wﬁﬁﬁ*ﬂ‘ﬁ"‘%’%ﬁﬁi s

50 ppmﬂ makes sense that the depos;tad praduct is proportional to the ongmal
t of nanoparticles

a“i"ﬁ"]a IAIUUMITINYIAY
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C: 100 ppm silvei™ .
X5 vy

Figure 4.14 T-rulnsmissinn electron microscope (TEM) images of (A) silk sericin
microparticles and the silver nanoparticles deposited on silk sericin
microparticles with concentrations (B) 50, (C) 100, and (D) 200 ppm.

492 "The ATR FT-IR spectra of silk sericin microparticles before and

after added silver nanoparticles

The ATR FT-IR spectra of silk sericin microparticles before and after added
silver nanoparticles are shown in Figure 4.15. After the deposition of silver
nanoparticles, the small shoulder peaks at 1154 and 1045 cm’ appear which are more
intense with increasing in the concentration of nanoparticles. These two peaks are
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assigned to C-O and C-O-C stretching vibration of starch as a stabilizer of silver
nanoparicles. The Amide | band is getting broader when the concentrations of
deposited nanoparticles increase. The broad band at 1617 cm™ of silk spectra after
adding with silver nanoparticles indicates capping manner of the nanoparticles [47].
These because silver nanoparticles can be inserted into the sericin structures and
induce the loosely packing of po R '

1.0

05

Absorbance
- fe- 1045

0.0

493 UV-E spectra of silver nanoparticles l:-:fnre'ﬂ after deposited on
silk sericin. microparticles and the release of silver nanoparticles

LX) NHRTNEINT

Sllver nanoparticles solutions .Uh\re maxima absEtmn (Amax) at 400 nm. Figure

microparticles after added with distilled water. The absorbance spectra of silver
nanoparticles were used to calculate the amount of silver nanoparticles deposited on
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silk sericin microparticles. The deposition of silver nanoparticles on silk sericin
microparticles is increased when increasing the concentration of silver nanoparticles.

A: 50 ppm silver nanoparticles

Absorbance

AR ST N W o

qugm\e 4,16 UV-Vis absorption spectra of (A) 50, (B) 100, and (C) 200 ppm silver
nanoparticles: (a) reference, (b) silver nanoparticles residue in distilled
water, and (c) the release of silver nanoparticles deposited on silk sericin
microparticles.



4.10 UV-Vis spectra of silver nanoparticles at different concentrations

Figure 4.17 shows the UV-Vis spectra of silver nanoparticles at different
concentrations. Absorbencies of spectra are summarized in Table 4.9. The calibration
curves of silver nanoparticles with different concentrations are shown in Figure 4.18.
The volume of deposited silver nanopar
calculated from the calibrat
(y = mx+c).

Absorbance

icles at  different

.25, (¢) 0.5, (d) s () 2.5, () 3.5, (2) 5.

concestrations of: (a) 0.05, (&

(1) 6.5, 60) 8, and () 10 ppm.

ﬂ‘lJEJ’J‘VIEJ"ﬂ‘iWEJ’]ﬂ‘i
ammﬂim UAIINYA Y



Table 4.9
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The absorbance of UV-Vis spectra of silver nanoparticles at different
concentrations.

Silver concentration (ppm) 20 times dilution
with distilled wate:

Absorbance

N\\1/// 5006

“-‘2- z “*Z"Ef—'— 0020

0Sppm | — 0078

0.169

~ A
, J%“‘{\%m 0307

) Lo
ol S 5 AN N, 0616

FAT ) — NN o™
froff Jb CRANNN OV

P I‘ﬁ ‘E\\\\ o

Absorbance
(=]

f uﬂi‘mwmﬂm

Figure 418

Calibration curve of mlw nanupatuclm at different concentrations.

& Vg ﬂ@%ﬂ%’qﬂ% %H@ﬁ»ﬂ

Usilver nanoparticles, which was used to cal L A VT )
nanoparticles added into silk sericin microparticles.

y =0.1232x - 0.0002 (4.2)
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4.11 The deposition of silver nanoparticles on silk sericin microparticles and the
release of silver nanoparticles deposited on silk sericin microparticles

In order to determine the amount of the deposited silver nanoparticles on silk
sericin mlcroparucles, 10 mL of silye qpanicles was added into 2 mL of silk

sericin microparticles suspé ~\' ere : _ . Table 4.10 shows the weight of

silver nanoparticles depesite: [opar] From these result, the weight
| “sericin microparticles increased with

increasing in con epositions were confirmed
by adding 10 n _ deposited on silk sericin
microparticles. Afier thaysilyer nanoparticles sited on silk sericin microparticles

were release. Table 411 shows the “of silver nanoparticles deposited on silk

Weight of silver(l.l.g} 51 entr : , 7 Vo ne silversulutio:(mL) (4.3)

i K r‘{“‘ '- 7',_“' L -7-
50 ppm silver nanoparticles were 20 times diluti

with distilled water e 2 7 = 2.5 ppm

Weight of silvery e = 25 g (1)

Weight of silyeresidue in distilled water = ‘1 =058pg (2
opartic = 24.42 ug (1)<2)

=1,

Deposition of mﬁ opart]
Deposition of silver nanoparﬁclcs (ng)/silk 1 g = 387.62ug (3)

S A i s
ated from weight of silver equation. of silver nanupa:ucles

released into distilled water is uﬁ to 0.008
qﬁl@iﬂéﬁ‘éwﬂﬂm@mﬂ.

Release of silver nanoparticles (ug)/silk 0.063 g = 067pg (2)

Release of silver nanoparticles (pg)/silk 1 g 10.63 pg (3)
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Absorbance of silv
i e : Deposition of silver | Deposition of silver
ilver concentration nanoparticles )
nanoparticles (pg)/silk nanoparticles
20 times dilution
Dbt 0.063 g (ug)'silk 1 g
tepositi
2.5 ppm 0.307 24.42 387.62
5 ppm 0.616 49.09 779.21
10 ppm 0.1213 97.87 1553.49
Table 4.11 The release of silver nanoparticles after deposition
S e L . Thiblease of sitver The release of silver
concentration (ppmy) nanoparticles added (ug) added 'y ; :
i ilk 0.063 nanoparticles (pg)/silk 1
after 20 times dilution |  with distilled mﬁ | mﬂuﬁ) . .
2.5 ppm 0007 U 0.58 0.58 9.21
5 Tk 20.79
P QW NT 20U AVAN1 I VI B
10 ppm 0.023 1.88 1.88 29.84

L9
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The summary of deposition and release of silver nanoparticles on sericin
microparticles are shown in Table 4.12.

Table 4.12 The summary of deposition and release of silver nanoparticles on silk

Si‘l\'ﬁ COncent :Il.l i i

AUINENINEINg
ARIAN TN INAE



CHAPTER V

CONCLUSIONS

les are elucidated by means of
unhas more the random coil and

agent. Using NaHCOg#is
two proportions. With distillec
into two proportions (o-seri

auaj

sericin micropartiele p&taggg

silk sericin micropar I¢ hta"y‘w L
JJ. o agh Jf

s developed. The color of

ik fiber with NaHCO; is
yellow while it is white When degumming with d water and citric acid. The
different color was also c:klcgl';ﬂ. y -..:’-'fn. ts of ATR FT-IR spectra of
microparticles in which the }pe@!m -irt, jparticles precipitating from sericin
solution degumming with NaHCO; was diﬂ'm‘“f microparticles spectra

obtained aﬂc}T fegumming with distilled water and ci
FT-IR spectra of sericin microp 1 from degumming silk fiber
with distilled I and citric amd after treating with ‘methanol, ethanol, and
iso-propanol indicatéd the increment of f-sheet conformation. This may associated

8 m structure of
riches of aggreg; strand, while

precipitating in :.m-pmpannl wére the riches of wrandom coil strugtire. The

"Wﬂﬁ‘*?ﬁ LA

amd which could not induce the packing of molecular chain. The particle sizes of silk
sericin microparticles are in the range of microparticle scale. The particles size of silk
sericin distributed from 3-8 pum and the average size is about 5 pum.
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Application of silver nanoparticles deposited on silk sericin microparticles. The
results of Amide I band of silk sericin microparticles added with silver nanoparticles
have broad band indicating the capping manner of silver nanoparticles by silk sericin
microparticles.

AU INENTNYINS
ARIAINTUNNINGA Y
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3. Polarity of solvent

Water
Acetic Acid
Ethyleneglycol
Methanol
Ethanol
Isopropanol
Pyridi e

] )
AU INENTNYINS
ARIAINTUNNINY I



81
CURRICULUM VITAE
Name: Miss Seeliya Limtoprasert

Date of Birth: May, 28", 195

Address: 79/42F ‘ ‘r-: Con -......-- Langnan Road,SuiSodpinsun

Education:
2006 3aghelor of  Engineering  (Petrochemicals and Polymeric
Ate 5}, 5 ? 1Ye! oripatho 'rhﬂllﬂﬂd
Llaes L \% m,
2008 faster. of Science - stry and Polymer Science),
Conferen
May2007 T P nailaid, Faculty of Science,

Mahldnl Umiremty, Salaya, Thailand.
October 2007  © The 33" Congress on Science and Technology of Thailand

WL SRR RN

Central World Plaza, Bangkolﬂmlmd.
| B o e e b
i Science, University of Malaya, umpm'.
March 2008 The 15 Academic Conference, the 2007 Annual Meeting,

Faculty of Science, Chulalongkorn University, Thailand.



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Chapter I Introduction
	1.1 Native silk sericins
	1.2 Silk sericin microparticles
	1.3 ATR FT-IR microspectroscopy of silk sericin
	1.4 The objectives of this research
	1.5 The scopes of this research
	1.6 Expected benefits

	Chapter II Theoretical background
	2.1 Silkworm
	2.2 Silk gland
	2.3 Silk fiber
	2.4 Structure of protein
	2.5 Analysis of protein spectra to obtain secondary structural information
	2.6 Infrared  spectroscopy
	2.7 Attenuated Total reflection fourier  transform infrared (ATR FT-IR) Spectroscopy

	Chapter III Experimental section
	3.1 Materials
	3.2 Experimental section
	3.3 Characterization of silk sericin microparticles
	3.4 The deposit of silver nanoparticles on silk sericin microparticles

	Chapter IV Results and discussion
	4.1 Silk sericin microparticles
	4.2 The Morphology of native silk sericin and silk sericin microparticles
	4.3 ATR FT - IR spectra of  native silk sericin
	4.4 Structural information of native silk sericin
	4.5 ATR FT-IR spectra of native silk sericin and silk fibroin fiber
	4.6 Secondary structure of native silk sericin and silk fibroin fiber analyzed by ATR FT -IR spectroscopy
	4.7 Characterization of silk sericin solution and silk sericin microparticles
	4.8 ATR FT-IR spectra of native silk sericin and silk sericin microparticles obtained from treatment with methanol
	4.9 The deposition of silver nanoparticles on silk sericin microparticles
	4.10 UV-Vis spectra of silver nanoparticles at different concentrations
	4.11 The deposition of silver nanoparticles on silk sericin microparticles and the release of silver nanoparticles deposited on silk sericin microparticles

	Chapter V Conclusions
	References
	Appendix
	Vita

	Button1: 


