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INTRODUCTION 

 

<$>6*'-0&7-M**+-37*.-B,'-1*+(3'$*7-B,'-(0*-('*&()*+(-,B-N,3+.7-&+.-13(&+*,37-3>1*'7O-$(-$7-&-%,(*+(-

&+($)$1',M$&>-&C*+(4-&1($+C-MP-M>,1Q$+C-(0*-'*7%$'&(,'P-*+=P)*-%&(0N&P7-&+.-&>(*'$+C-(0*-)$1',M$&>-

#EK-&+.-1*>>-N&>>-RI$&+-S:-;TTUV:-<*6*'&>-B,')7-,B-7$>6*'-0&6*-M**+-37*.-(,-('*&(-.$BB$13>(-N,3+.74-

7310- &7- 1,>>,$.&>- 7$>6*'- 7,>3($,+74- 7$>6*'- %',(*$+74- 7$>6*'- 7&>(7- &+.- 7$>6*'- 73>B&.$&=$+*:- I0*- ),7(-

1,)),+- 7$>6*'- .,7&C*- B,')7- &'*- .*')&(,>,C$1&>- %,N.*'7- &+.- .'*77$+C74- N0$10- %'*7*+(- 7,)*-

%$(B&>>7O-(0*-%,N.*'7-*W1*77$6*>P-.*0P.'&(*7-N,3+.74-&+.-.'*77$+C7-0&6*-,11>37$6*-%',%*'($*7-N0$10-

1,3>.-0&>(-*W3.&(*7-.'&$+-&+.-'*(&'.-(0*-1$1&('$=&($,+-%',1*77-RX&C>7(*$+-Y:Z:-"[[@V:-

K>C$+&(*-)$1',7%0*'*7- 1,+(&$+$+C- 7$>6*'- 0&6*- M**+- &.6&+(&C*,37>P- %'*%&'*.- (,- 1,)M$+*- &>C$+&(*-

&M7,'M*+(- &+.- 7$>6*'- &+($)$1',M$&>- %',%*'($*7- R\$+- ]:- ;TT^_- <0&+)3C&73+.&'&)- E:- ;TT`V:- I0$7-

&%%',&10-1&+-M*-B,>>,N*.-&+.-$)%',6*.-MP-&..$+C-7$>Q-B$M',$+-$+-)$1',7%0*'*-B,')3>&($,+:-2$M',$+-

$7- &- %',(*$+- .*'$6*.- B',)- 1,1,,+74- N$.*>P- *)%>,P*.- $+- M$,)*.$1&>- &%%>$1&($,+74- .3*- (,- 3+$a3*-

%',%*'($*7-7310-&7-%',1*77&M$>$(P4-7('*+C(04-M$,1,)%&($M$>$(P-&+.->,+Cb(*')-.*C'&.&M$>$(P-RY*+Q-X:-

;TTcV:- ?,'*,6*'4- 7$>Q- B$M',$+- %'*7*+(7- ,%($)&>- B$>)$+C- %',%*'($*7- N0$10- %',),(*- *%$.*')&>-

'*C*+*'&($,+- $+- 7Q$+- N,3+.7- R<3C$0&'&- K:- ;TTTV_- B$M',$+- B$>)7- 1&+- M*- (0$++*.- 3+($>- +&+,71&>*-

.$)*+7$,+7-RY&+C-d:-;TT^V-&+.-(&$>,'*.-(,-(0*-(0*'&%*3($1-+**.7:-

2$M',$+- $7- 10&'&1(*'$=*.- MP- &- '*%*($($6*- 3+$(- %*%($.*- eG>PbK>&bG>PbK>&bG>Pb<*'f- '*7%,+7$M>*- B,'-

%',(*$+-1,+B,')&($,+7-&+.-1'$7(&>>$+$(P:-I0$7-%',(*$+-70,N7-.$BB*'*+(-),>*13>&'-1,+B,')&($,+7O-7$>Q-

gg-7*>Bb&77*)M>*7-(,-B,')-&+-&+($b%&'&>>*>-!b70**(-7('31(3'*4-7(&M>*-&+.-$+7,>3M>*-$+-N&(*'4-.,)$+&+(-

$+- B$M*'7_- 7$>Q- g- $7- 10&'&1(*'$=*.- MP- '&+.,)- 1,$>- 1,+B,')&($,+4- )*(&7(&M>*- &+.- N&(*'- 7,>3M>*4-

.,)$+&+(- $+-B$M',$+-7,>3($,+7-&+.-B$>)7:-!b70**(-1,+(*+(-'*B>*1(7- (0*-1'$7(&>>$+$(P-.*C'**-,B-B$M',$+:-

D'C&+$1- 7,>6*+(74- $,+$1- 7('*+C(04- 10&+C*7- $+- (*)%*'&(3'*4- 70*&'- B,'1*7- &+.- M>*+.$+C-N$(0- 7*6*'&>-

%,>P)*'7-1&+-),.$BP-(0*-),>*13>&'-1,+B,')&($,+74-.$'*1($+C-(,N&'.7-,+*-,B-(0*7*-%,77$M>*-B,')7:-

I0*-)&+3B&1(3'*-,B-B$M'$+bM&7*.-)$1',7%0*'*7-+**.7-(0*-1,+(',>-,B-(0*-7('31(3'&>-B*&(3'*7-$+-(*')7-

,B- !b70**(- 1,+(*+(- &+.- 1'$7(&>>$+$(P- .*C'**O- (0*- B,')- g- R'&+.,)- 1,$>V- $7- )&+.&(,'P- .3'$+C- (0*-

%'*%&'&($,+- %',1*774- N0*'*&7- (0*- B,')- gg- R!b70**(V- &7- 7(&M>*- B,')4- $7- 37*B3>- $+- (0*- .*7$C+- ,B-

1,+(',>>*.-'*>*&7*-)$1',7%0*'*7:-I0*-&$)-,B-(0$7-N,'Q-$7-(,-%'*%&'*-)$1',7%0*'*-,B-&>C$+&(*-&+.-7$>Q-

B$M',$+- B,'- (,%$1&>- 7$>6*'- 7%'&P-&.)$+$7('&($,+O- (0*- 7(&M$>$=&($,+-,B- (0*-!b70**(- B,')-N&7-%',),(*.-

37$+C-9XG-"^TT-&7-,7),>P(*:-

-

MATERIAL AND METHODS 

 

Preparation of silk fibroin solution. /,1,,+7- ,B- Bombyx mori4- ,M(&$+*.- B',)- (0*- h,,>,C$1&>-

g+7($(3(*-,B-9&.3&-Rg(&>PV4-N*'*-('*&(*.-$+--&3(,1>&6*-$+-%3'*-N&(*'-&(-";Ti/-R%'*773'*-;-j&'V-B,'-@TF-

&+.-(0*+-'$+7*.-N$(0-N&(*'-&(-`Ti/:-#*C3))*.-1,1,,+7-N*'*-.'$*.-&(-`Ti/-&+.-13(-$+-7)&>>-%$*1*7:-

I0*- '*73>($+C- )&(*'$&>- N&7- 7($''*.- $+- &+- &a3*,37- 7,>3($,+- ,B- /&/>;- &+.- *(0&+,>- R/&/>;kXIb

DZkY&(*'4-"O;Oc-),>*-'&($,V-B,'-"0-&(-`Ti/: 
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I0*- 7,>3($,+- N&7- .$&>P=*.- N$(0- .$7($>>*.- N&(*'- 37$+C- 1*>>3>,7*- )*)M'&+*7- R?Y- ";:TTT4- <$C)&-

K>.'$10V:-I0*-B$+&>-1,+1*+('&($,+-,B-7$>Q-B$M',$+-&a3*,37-7,>3($,+-N&7-;l-NkN:-/,,)&77$*-M'$>>$&+(-

M>3*-7(&$+$+C-R"l-$+-N&(*'kX(bDZ-7,>3($,+4-?*'1QV-N&7-37*.-(,-10*1Q-(0*-7*'$1$+-&M7*+1*:-

Microencapsulation. ?$1',7%0*'*7-N*'*- ,M(&$+*.- MP- 7%'&P- .'P$+C- Rjm10$-?$+$- <%'&P-#'P*'V- ,B-

&a3*,37- 7,>3($,+7:- /,>>,$.&>- 7$>6*'- &a3*,37- 7,>3($,+- N&7- *>*1(',10*)$1&>>P- ,M(&$+*.- &(- (0*-

1,+1*+('&($,+-,B-cT-%%)-&+.-.$>3(*.- $+- 7$>Q- B$M',$+- 7,>3($,+4-"O"-6,>3)*- '&($,_- %,>P*(0P>*+C>P1,>-

R9XG-"^TT4-<$C)&-K>.'$10V-N&7-&..*.-&(- (0*-1,+1*+('&($,+-,B-T:T^l-R?$1',-j-&+.-#V-&+.-T:"l-

R?$1',- /V_- 7,.$3)- &>C$+&(*- 7,>3($,+- N&7- &..*.- &(- (0*- 1,+1*+('&($,+- ,B- "l- R?$1',- #V:- K>>-

1,+1*+('&($,+7- &'*- *W%'*77*.- &7- N*$C0(k6,>3)*:- I0*- %*'1*+(- 1,)%,7$($,+- ,B- )$1',7%0*'*7- $7-

'*%,'(*.-$+-(&M>*-": 

Granulometric analysis. G'&+3>,)*('$1- &+&>P7$7- ,B- )$1',7%0*'*7- N&7- %*'B,')*.- $+- N&(*'- MP- &-

>&7*'- >$C0(-71&((*'$+C-C'&+3>,)*(*'-Rj*1Q)&+-/,3>(*'-n<;@TV4-*a3$%%*.-N$(0-&-7)&>>-6,>3)*-1*>>4-

";T-)n-6,>3)*-N$(0-'*B'&1($6*-$+.*W-7*(-&(-":@@T-B,'-N&(*'4-,M713'&($,+-^l:-X(0&+,>-737%*+7$,+7-

,B-)$1',7%0*'*7-N*'*-%3(-$+(,-(0*-)*&73'*)*+(-1*>>-&+.-'&+-$+-^-'*%>$1&(*7-,B-[T-7*1,+.7-*&10: 

Scanning electron microscopy (SEM). ?$1',7%0*'*7-N*'*-%>&1*.-,+- 7)&>>- &>3)$+3)-1P>$+.*'74-

%,$+(b.'$*.- &+.- 7%3((*'- 1,&(*.- N$(0- C,>.- R<%3((*'- 1,&(*'- N$(0- /'*77$+C(,+- <%3((*'- "Tc- &3(,V:-

?,'%0,>,C$1&>-&+&>P7$7-N&7-%*'B,')*.-MP-&-SXDn-S<?b`@cTnJ-*>*1(',+-71&++$+C-)$1',71,%*: 

Fourier Transform Infrared Spectroscopy (FTIR). <&)%>*7-N*'*-&+&>P=*.-MP-2IgA-,+-&-j'3Q*'-

K>%0&bX- - 7%*1(',)*(*'- - *a3$%%*.- N$(0- &-?gA&1>*o- &((*+3&(*.- (,(&>- '*B>*1($,+- RKIAV- #$&),+.-

1'P7(&>>-1*>>-$+-'*B>*1($,+-),.*:-j&1QC',3+.-)*&73'*)*+(7-N*'*-(&Q*+-(N$1*-N$(0-&+-*)%(P-1*>>-&+.-

73M('&1(*.- B',)-(0*-7&)%>*- '*&.$+C7:-I0*-2IgA-7%*1('&- $+- (0*-&M7,'M&+1*-),.*-N*'*-,M(&$+*.- $+-

(0*- 7%*1('&>- '*C$,+7- ,B- "TTTp"cTT- 1)
""
:- X&10- 7%*1('3)- ,B- (0*- 7&)%>*7- N&7- &1a3$'*.- MP-

&113)3>&($,+-,B-@;-71&+7-N$(0-&-'*7,>3($,+-,B-H-1)
""
:- 

-

RESULTS AND DISCUSSION 

-

?$1',-j-)$1',7%0*'*7- R2$C3'*- "V- 70,N- &- 7$=*- .$7('$M3($,+-N$(0- 6,>3)*bN*$C0(*.- .$&)*(*'- >,N*'-

(0&+- (0*-,(0*'- (P%*7-,B-)$1',7%0*'*7- R?$1',-Kq"@:T@-#)_-?$1',-jq@:@`-#)_-?$1',-/q^:[[-#)_-

?$1',- #q^:"^- #)V_- (0*- %'*7*+1*- ,B- &>C$+&(*- $+1'*&7*7- 7>$C0(>P- (0*- %&'($1>*- 7$=*- N$(0- &- '*.31*.-

.$7%*'7$,+-$+-.$&)*(*':--

-

?$1',- K>C$+&(*- 2$M',$+- 9XG-

K- T- "TT- T-

j- T- [^- ^-

/- T- [T- "T-

#- Hc:U^- Hc:U^- ;:^-

 

Table 1 : percentage composition of 

microspheres. 

 

 

-  

Figure 1: Granulometric analysis of Micro 

A, B, C and D. 

-

I0*- 1,+B,')&($,+&>- ('&+7$($,+- ,B- )$1',7%0*'*7- 1,+(&$+$+C- 7$>Q- B$M',$+- &+.- 7$>Q- B$M',$+k9XG- N&7-

1&''$*.-,3(-MP-)*&+7-,B- $+B'&'*.- 7%*1(',71,%P:-I0*- 7%*1('3)-,B-!b70**(- 7('31(3'*- 70,N7-%*&Q7-&(-

"`;[-1)
b"
-&+.-&(-"`c^-1)

b"
-RB,'-&)$.*-gV-N0$>*- (0*-7%*1('3)-,B-'&+.,)-1,$>-1,+B,')&($,+-70,N7-

%*&Q7-&(-"`^T-1)
b"
-B,'-&)$.*-g-&+.-"^HT-1)

b"
-B,'-&)$.*-gg:-I0*-.*C3))*.-1,1,,+7-0&6*-&M7,'%($,+-

M&+.7-&(-"`;T1)
""
-&+.-"^"T1)

""
-B,'-&)$.*-g4-M,(0--&(('$M3(*.-(,-!b70**(-1,+B,')&($,+4-N0$>*-?$1',-

K-&(-"`HT-1)
b"
-B,'-&)$.*-g-&+.-"^"^-1)

b"
-B,'-&)$.*-gg4-M,(0-&(('$M3(*.-(,-'&+.,)-1,$>_-?$1',-j-0&7-
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&- 7$)$>&'- M*0&6$,'- (,- .*C3))*.- 1,1,,+7- R2$C3'*- ;V:- I0*- 7*1,+.- .*'$6&($6*- 7%*1('&- 73CC*7(- (0&(-

.*C3))*.-1,1,,+7-&+.-?$1',-j-0&6*- (0*-7&)*-M*0&6$,3'-R2$C3'*7-@-&+.-^V4-N0$>7(- (0*-?$1',-K-

%'*7*+(- (0*-7*1,+.-.*'$6&($6*-,B-'&+.,)-1,$>-1,+B,')&($,+-R2$C3'*-HVO- - (0*- ('&+7$($,+-,113'7- B',)-

(0*- '&+.,)- 1,$>- (,- !b70**(- N0*+- )$1',7%0*'*7- 1,+(&$+- 9XG:- 2IgA- 7%*1('&- 70,N- (0&(- 7)&>>-

a3&+($($*7-,B-9XG-%',),(*-&-1,+B,')&($,+&>-('&+7$($,+-$+-7$>Q-B$M',$+:--

-

-

Figure 2: FTIR spectra of degummed 

cocoons, Micro A and Micro B. 

- -

-
Figure 3: FTIR spectra of degummed 

cocoons (spectrum and second derivative). 

-

Figure 4: FTIR spectra of Micro A 

(spectrum and second derivative). 

- -

-
Figure 5: FTIR spectra of Micro B 

(spectrum and second derivative). 

#*C3))*.-1,1,,+7-

<%*1('3)-
<*1,+.-.*'$6&($6*-

?$1',-K-

?$1',-j-

Y&6*+3)M*'-R1)b"V-

<%*1('3)-

<%*1('3)-
<*1,+.-.*'$6&($6*-

Y
&6
*+
3
)
M
*'
R1
)
b"
V

<*1,+.-.*'$6&($6*-

Y&6*+3)M*'-R1)b"V-

-

Figure 6: SEM image of Micro A. Inset: 

magnified view of a hollow microsphere. 

-

Figure 7: SEM image of Micro B  

-
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Figure 8: SEM image of Micro C. 

- -

Figure 9: SEM image of Micro D. 

 

 

?$1',- K4-?$1',- j4- &+.-?$1',- /- 1,+(&$+$+C- 7$>Q- B$M',$+- &'*- C*+*'&>>P- 1,>>&%7*.- &+.- 6&13,>&(*.-

R2$C3'*7-`bcV4-N0$>*-?$1',-#4-1,+(&$+$+C-&>C$+&(*-&+.-B$M',$+4-&%%*&'7-7),,(0-&+.-7%0*'$1&>-70&%*.-

R2$C3'*-[V:- 

 

CONCLUSIONS 

 

I0*7*-.&(&-73CC*7(-(0&(-1,>>,$.&>-7$>6*'-1&+-M*->,&.*.-$+-)$1',7%0*'*7-1,+(&$+$+C-&>C$+&(*-&+.-7$>Q-

B$M',$+:- 9,>P*(P>*+C>$1,>- )&P- M*- &..*.- $+- 7)&>>- a3&+($($*7- (,- C3&'&+(**- (0*- 7$>Q- B$M',$+- !b70**(-

7('31(3'*-&+.-&>C$+&(*-$)%',6*7-(0*-)$1',7%0*'*-a3&>$(P-&+.-),'%0,>,CP:-?$1',7%0*'*7-1,+(&$+$+C-

&>C$+&(*4- 7$>Q- B$M',$+- &+.- 1,>>,$.&>- 7$>6*'- &'*- %',)$7$+C- .*6$1*7- B,'- (0*- (0*'&%P- ,B- N,3+.7- &+.-

13(&+*,37-3>1*'7-MP-(,%$1&>-7%'&P-&.)$+$7('&($,+:--

-
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