
CHAPTER III 
EXPERIMENTAL

3.1  M a t e r i a l s

3 .1 .1  R a w  S ilk  F ib e rs  a n d  S h r im p  S h e lls
T h e  ra w  s ilk  f ib e rs  o f  Bom byx m ori w e re  o b ta in e d  f ro m  Q u e e n  S ir ik it 

S e r ic u ltu re  C e n te r  (T h a ila n d ) . T h e  sh e l ls  o f  P enaeus m ergu iensis  s h r im p s  w e re  k in d ly  
p ro v id e d  b y  S u ra p o n  F o o d s  P u b lic  C o ., L td . (T h a ila n d ) .

3 .1 .2  R h a m n o lip id -p ro d u c in g  m ic ro o rg a n is m s
P seu dom on as aeruginosa  S P 4  w a s  is o la te d  f ro m  p e t ro le u m  c o n ta m in a te d  

so il in  T h a ila n d  (P a is a n ji t ,  2 0 0 6 ).

3 .1 .3  O th e r  C h e m ic a ls
P lu ro n ic  F - 6 8  a n d  l- [4 - ( p h e n y la z o ) p h e n y la z o ] - 2 -n a p h th o l ,  o r  S u d a n  III, 

(9 0 %  d y e  c o n te n t) , a n d  p h o s p h a te  b u ffe re d  s a lin e  (P B S )  w e re  p u rc h a s e d  f ro m  S ig m a -  
A ld r ic h  (U S A ). S o d iu m  d o d e c y l su lfa te  (S D S )  (9 6 %  p u r i ty )  w a s  s u p p l ie d  b y  A ja x  
F in e c h e m  (A u s tra l ia ) . C h o le s te ro l  (> 9 5 %  p u r i ty )  w a s  p ro v id e d  b y  F lu k a . A c e to n itr i le  
(H P L C  g ra d e ) , s o d iu m  c h lo r id e  (N a C l)  (9 9 .0 %  p u r i ty ) , an d  e th a n o l ( C 2H 5O H ) (9 9 .8 %  
p u r i ty )  w e re  p u rc h a s e d  f ro m  L a b s c a n  A s ia  C o ., L td . (T h a ila n d ) . A ll c h e m ic a ls  w e re  
u se d  a s  r e c e iv e d  w i th o u t  fu r th e r  p u r if ic a tio n .

3 .2  E q u ip m e n t s

3 .2 .1  H ig h  P e r fo rm a n c e  L iq u id  C h ro m a to g ra p h
T h e  k e y  c o m p o n e n ts  in th e  b io s u r f a c ta n t  e x t ra c te d  f ro m  th e  liq u id  c u l tu re  

o f  p . aeru g in osa  S P 4  w e re  f ra c tio n a te d  u s in g  a  h ig h  p e r f o rm a n c e  l iq u id  c h ro m a to g ra p h  
(H P L C )  (an  A ll te c h  5 8 0  a u to s a m p le r , a n  A l l te c h  H P L C  p u m p , m o d e l 6 2 6 , a n d  an
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In e r ts i l®  O D S -3  c o lu m n )  e q u ip p e d  w ith  an  e v a p o ra t iv e  l ig h t s c a t te r in g  d e te c to r  (E L S D )  
(A ll te c h , 2 0 0 0 E S ) .

3 .2 .2  F o u r ie r  T ra n s fo rm  In fra re d  S p e c tro p h o to m e te r
A  T h e rm o  N ic o le t  N e x u s  6 7 0  F o u rie r  t r a n s f o r m  in fra re d  (F T - IR )  

s p e c t ro m e te r  e q u ip p e d  w ith  an  a t te n u a te d  to ta l r e f le c ta n c e  (A T R )  c ry s ta l  a c c e s s o ry  w a s  
u se d  to  p ro v id e  a c h e m ic a l  a n a ly s is  o f  th e  c o m p o n e n ts  in th e  b io s u r f a c ta n t  p ro d u c e d  b y
p . aeru g in osa  S P 4 .

3 .2 .3  N u c le a r  M a g n e t ic  R e s o n a n c e  S p e c tro m e te r
T h e  1H n u c le a r  m a g n e tic  r e s o n a n c e  (N M R )  s p e c t r a  o f  e a c h  c o m p o n e n t  in 

th e  b io s u r f a c ta n t  p ro d u c t  w e re  a c h ie v e d  fro m  a n  F T -N M R  5 0 0  m H z  s p e c t ro m e te r  
( JE O L , J N M -A 5 0 0 ) .

3 .2 .4  M a s s  S p e c tro m e te r
A  W a te rs  m a s s  s p e c t ro m e te r  w a s  u s e d  to  d e te rm in e  a  m o le c u la r  w e ig h t  o f  

e a c h  c o m p o n e n t  in  th e  b io s u r f a c ta n t  p ro d u c e d  b y  p .  a eru g in osa  S P 4 .

3 .2 .5  T e n s io m e te r  a n d  D ro p  S h a p e  A n a ly s is  S y s te m
T h e  s u r fa c e  te n s io n  o f  th e  a q u e o u s  s o lu t io n  a t d i f f e re n t  s u r fa c ta n t  

c o n c e n t ra t io n s  w a s  m e a s u re d  w ith  e i th e r  d u  N ô u y  r in g - ty p e  te n s io m e te r  (K rü s s , K 1 0 T ) 
o r  d ro p  s h a p e  a n a ly s is  sy s te m  (K rü s s , D S A 1 0  M k 2 )  u s in g  th e  p e n d a n t  d ro p  te c h n iq u e . 
T h e  s a m e  d ro p  s h a p e  a n a ly s is  s y s te m  (K rü s s , D S A 1 0  M k 2 )  w a s  a ls o  e m p lo y e d  to  
d e te rm in e  th e  c o n ta c t  a n g le s  fo rm e d  b e tw e e n  th e  w a te r  d ro p s  a n d  th e  s tu d ie d  s u r fa c e s  b y  
u s in g  th e  s e s s ile  d ro p  te c h n iq u e .

3 .2 .6  U V /V is  s p e c t ro p h o to m e te r
A  U V /V is  s p e c t ro p h o to m e te r  (S h im a d z u , U V -2 5 5 0 )  w a s  u se d  to  m e a s u re  

th e  tu rb id i ty  o f  th e  b io s u r f a c ta n t  s o lu t io n s  an d  th e  S u d a n  111 c o n c e n t r a t io n  in th e  s a m p le .
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3 .2 .7  B ro o k h a v e n  Z e ta P A L S  In s tru m e n t
A  B ro o k h a v e n  Z e ta P A L S  in s tru m e n t w a s  u se d  in th e  c o n d u c tiv i ty ,  

d y n a m ic  lig h t s c a t te r in g  (D L S ) , a n d  z e ta  p o te n tia l  m e a s u re m e n ts .

3 .2 .8  T ra n s m is s io n  E le c tro n  M ic ro s c o p y
T h e  m o rp h o lo g y  o f  th e  b io s u r f a c ta n t  m ic ro s tru c tu re s  w a s  o b s e rv e d  w ith  a 

t r a n s m is s io n  e le c tro n  m ic ro s c o p e  (JE O L , J E M -2 1 0 0 ) .

3 .2 .9  Q u a r tz  C ry s ta l M ic ro b a la n c e  In s tru m e n t
A  q u a r tz  c ry s ta l  m ic ro b a la n c e  in s tru m e n t (a  Q -s e n s e  E l  s y s te m )  w a s  u se d  

to  q u a n t ify  th e  a m o u n t o f  th e  b io s u r f a c ta n t  a d s o rb e d  o n to  th e  p o ly m e r ic  s u b s tra te .

3 .2 .1 0  S u r fa c e  P la s m o n  R e s o n a n c e  In s tru m e n t
T h e  a d s o rp tio n  b e h a v io r  o f  th e  b io s u r f a c ta n t  o n to  th e  p o ly m e r ic  s u b s tra te  

w a s  s tu d ie d  b y  u s in g  a  s u r fa c e  p la s m o n  r e s o n a n c e  in s tru m e n t ( A U T O L A B , E S P R IT ) .

3 .2 .1 1  S u r fa c e  P ro b e  M ic ro s c o p y
T h e  s u r fa c e  to p o g ra p h y  o f  th e  p o ly m e r ic  s u b s tr a te s  w a s  in v e s tig a te d  b y  

u s in g  a  s c a n n in g  p ro b e  m ic ro s c o p e  (S P M )  (V e e c o , N a n o s c o p e  IV ).

3 .2 .1 2  M ic ro p la te  R e a d e r
T h e  f lu o re s c e n t  s ig n a l f ro m  th e  ce ll c u l tu re  s a m p le  w a s  m e a s u re d  u s in g  a 

S p e c tra M a x  M 5  m u lt i-d e te c t io n  m ic ro p la te  r e a d e r  (M o le c u la r  D e v ic e s , U S A ).

3 .3  M e th o d o lo g y

3 .3 .1  P re p a ra t io n  o f  R e g e n e ra te d  S ilk  F ib ro in
T h e  s ilk  f ib ro in  s o lu tio n  w a s  p re p a re d  a c c o rd in g  to  th e  w o rk  o f  

W o n g p a n it  e t a l. (2 0 0 7 ) . T h e  ra w  s ilk  f ib e r s  o f  B. m ori w e re  f ir s t  b o i le d  in  a  0 .0 5 %
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(w /v )  N a 2CC>3 s o lu t io n  fo r  15 m in , fo llo w e d  b y  a  th o ro u g h  r in se  w ith  h o t w a te r . T h e  
b o i l in g  s te p , o r  th e  d e g u m m in g  p ro c e s s , w a s  r e p e a te d  tw o  t im e s  to  r e m o v e  s ilk  s e r ic in , a 
f a m ily  o f  g lu e - l ik e  p ro te in s  in th e  ra w  s ilk  f ib e rs . T h e  d e g u m m e d  s ilk s  w e re  d r ie d  a t 
40°c o v e rn ig h t  b e fo re  d is s o lv in g  in a s o lv e n t h a v in g  a 1 :2 :8  C a C i2- to -C 2H 5O H -to -H 2 0  

m o la r  ra tio  a t 78°c. T h e  so lu tio n  w a s  d ia ly z e d  a g a in s t  d is ti l le d  w a te r  fo r  4  d a y s  w ith  a 
d a i ly  c h a n g e  o f  d ia ly z e d  m e d ia . T h e  d ia ly z e d  s o lu tio n  w a s  c e n t r i fu g e d  a t 10,000 rp m  fo r  
10 m in  b e fo re  h o ld in g  a t 4°c. T h e  c o n c e n tra t io n  o f  th e  a s -p re p a re d  s ilk  f ib ro in  so lu tio n  
w a s  a b o u t  4 .5 %  (w /v )  b e fo re  b e in g  d ilu te d  to  th e  d e s ire d  c o n c e n tra t io n .

3 .3 .2  P re p a ra t io n  o f  C h ito s a n
T h e  p re p a ra tio n  o f  c h i to sa n  f ro m  th e  s h e l ls  o f  p . m ergu iensis  s h r im p s  w a s  

p re v io u s ly  d e s c r ib e d  (T h a n p itc h a  e t a l. , 2006). B rie f ly , th e  s h r im p  s h e lls  w e re  c le a n e d  
a n d  th e n  d r ie d  u n d e r  su n lig h t b e fo re  g r in d in g  in to  sm a ll p ie c e s . T h e  g r in d e d  sh r im p  
s h e l ls  w e re  im m e rs e d  in  a 1 M  HC1 so lu tio n  fo r  2 d a y s  w ith  o c c a s io n a l  s t i r r in g  a n d  w e re  
w a s h e d  w ith  d is t i l le d  w a te r  u n til  b e c o m in g  n e u tra l. T h e  d e m in e ra l iz e d  s h r im p  sh e ll 
c h ip s  w e re  so a k e d  in a  4 %  (w /v )  N a O H  s o lu tio n  a t 80-90°C fo r  4 h , fo l lo w e d  b y  an  
e x c e s s iv e  w a sh  w ith  d is ti l le d  w a te r . T h e  o b ta in e d  p ro d u c t , o r  c h i t in ,  w a s  u se d  to  p re p a re  
c h i to s a n  b y  h e a t in g  in  a  50% (w /v )  N a O H  s o lu t io n  a t 1 10°c fo r  1 h u s in g  an  a u to c la v e . 
A f te r  th e  d e a c e ty la t io n  re a c tio n , th e  c h i to sa n  p la te le ts  w a s  w a s h e d  w ith  d is t i l le d  w a te r  
u n ti l  b e c o m in g  n e u tr a l  a n d  w e re  d r ie d  a t  60°c fo r  2 4  h. T h e  v is c o s i ty -a v e ra g e d  
m o le c u la r  w e ig h t  o f  th e  c h i to sa n  p ro d u c t  c a lc u la te d  f ro m  th e  M a rk -H o u w in k  e q u a tio n  
( W a n g  et ah, 1 9 9 1 ) w a s  a b o u t 1.1 X 106 D a. T h e  d e g re e  o f  d e a c e ty la t io n  (% D D ), 
d e te rm in e d  f ro m  th e  F o u r ie r  t r a n s fo rm  in fra re d  (F T -1 R ) s p e c tro s c o p y  f o l lo w in g  th e  
m e th o d  o f  B a x te r  et ah  (1992), w a s  85.0%.

3 .3 .3  P ro d u c tio n  an d  E x tra c t io n  o f  B io s u r fa c ta n t
T o  p ro d u c e  b io s u r f a c ta n t ,  an  in o c u lu m  w a s  p re p a re d  b y  tr a n s f e r r in g  th e  

b a c te r ia ]  c o lo n ie s  in to  a  n u tr ie n t  b ro th , a n d  th e  c u l tu re  w a s  in c u b a te d  a t  37°c in a 
s h a k in g  in c u b a to r  a t 2 0 0  rp m  fo r  2 2  h. T h e n  a  n u tr ie n t  b ro th  c o n ta in in g  2 %  in o c u lu m
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an d  2 %  p a lm  o il w a s  in c u b a te d  a t 37°c u n d e r  a e ro b ic  c o n d i t io n  in a  s h a k in g  in c u b a to r  a t 
200 rp m  fo r  48 h to  o b ta in  th e  h ig h e s t m ic ro b ia l  a n d  s u r fa c ta n t  c o n c e n t ra t io n  (P a is a n ji t ,  
2006). A f te r  th a t, th e  s o lu t io n  w a s  c e n tr i fu g e d  a t 4°c a n d  8500 rp m  fo r  20 m in  to  
r e m o v e  th e  b a c te r ia l c e l ls . T h e  o b ta in e d  s u p e rn a ta n t  w a s  fu r th e r  tr e a te d  b y  a c id if ic a t io n  
to  p H  2.0 u s in g  6 M  HC1 s o lu tio n , a n d  th e  a c id if ie d  s u p e rn a ta n t  w a s  le f t o v e rn ig h t  a t 
4°c fo r  th e  c o m p le te  p re c ip i ta t io n  o f  th e  b io s u r f a c ta n ts  (Y a k im o v  e t a l ,  1 9 9 5 ). A f te r  
c e n tr i fu g a tio n , th e  p r e c ip i ta te  w a s  th e n  d is s o lv e d  in a  0.1 M  N aH C C > 3, f o llo w e d  b y  th e  
b io s u r f a c ta n t  e x tra c t io n  s te p  w ith  a  s o lv e n t  h a v in g  a  2:1 C H 3C l- to -C 2H 5O H  ra tio  a t 
ro o m  te m p e ra tu re  (Z h a n g  an d  M ille r , 19 92 ). T h e  o rg a n ic  p h a s e  w a s  tr a n s f e r r e d  to  a 
ro u n d  b o tto m  f la sk  c o n n e c te d  to  a  ro ta ry  e v a p o r a to r  to  re m o v e  th e  s o lv e n t, y ie ld in g  a 
v is c o u s  h o n e y -c o lo re d  b io s u r f a c ta n t  p ro d u c t . A b o u t 5.20 g o f  th e  b io s u r f a c ta n t  w a s  
e x tra c te d  p e r  li te r  o f  c u l tu re  m e d iu m .

3 .3 .4  F ra c t io n a tio n  o f  B io s u r fa c ta n t
T h e  k e y  c o m p o n e n ts  o f  th e  b io s u r f a c ta n t  w e re  f ra c t io n a te d  u s in g  a  H P L C  

in s tru m e n t (a n  A llte c h  5 8 0  a u to s a m p le r ,  an  A llte c h  H P L C  p u m p , m o d e l 6 2 6 , an d  an  
In e r ts i l®  O D S -3  c o lu m n )  e q u ip p e d  w ith  an  E L S D  (A ll te c h , 2 0 0 0 E S ) . T h e  m o b ile  p h a se  
s o lu t io n s  w e re  an  a q u e o u s  s o lu t io n  o f  1 0 %  a c e to n i tr i le  (A ) a n d  p u re  a c e to n i t r i le  (B ). 
B o th  e lu e n ts  c o n ta in e d  0 .1 %  tr i f lu o ro a c e t ic  a c id . T h e  g ra d ie n t  s y s te m  w a s  u s e d , s ta r t in g  
w ith  B fro m  3 0 %  to  7 0 %  in 5 m in  a n d  th e n  f ro m  7 0 %  to  9 0 %  in  15 m in . A f te r  th a t , th e  
g ra d ie n t  o f  B  w a s  r a is e d  a g a in  to  1 0 0 %  a t th e  e n d  o f  th e  p ro c e s s . T h e  f lo w  ra te  o f  th e  
m o b ile  p h a s e  w a s  se t c o n s ta n t  a t  0 .5  m l/m in  a n d  th e  s a m p le  in je c tio n  v o lu m e  w a s  5 0  p i. 
T h e  E L S D  d r if t  tu b e  te m p e ra tu re  w a s  m a in ta in e d  a t 100°c w h ile  th e  n e b u l iz e r  f lo w  ra te  
w a s  k e p t c o n s ta n t  a t 1.5 1/m in (N o o rd m a n  et a l., 2 0 0 0 ) . T h e  g ra d u a l c h a n g e  in th e  
a f f in ity  o f  th e  m o b ile  p h a s e  re su lte d  in th e  f ra c t io n a tio n  o f  th e  c o m p o n e n ts  in th e  
b io s u r fa c ta n t . A ll f r a c t io n s  e lu te d  f ro m  th e  H P L C  c o lu m n  a t d i f f e r e n t  r e te n t io n  t im e s  
w e re  c o l le c te d . E a c h  f ra c t io n  w a s  th e n  e v a p o ra te d  to  re m o v e  a ll o f  th e  e lu e n ts  to  o b ta in  
a h ig h -p u r i ty  b io s u r f a c ta n t - c o n ta in in g  m a te r ia l .
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3 .3 .5  S tru c tu ra l  C h a ra c te r iz a t io n  o f  B io s u r fa c ta n t
T h e  c h e m ic a l  s tru c tu re s  o f  th e  c o m p o n e n ts  in th e  b io s u r f a c ta n t  s a m p le  

w e re  d e te rm in e d  u s in g  F T -1 R  s p e c tro s c o p y , N M R  a n a ly s is , a n d  m a ss  s p e c tro m e try .
3.3.5.1 Fourier Transform Infrared Spectroscopy

F T -1R  s p e c tro s c o p y  c a n  be  u se d  to  e lu c id a te  th e  c h e m ic a l 
s tru c tu re s  o f  s o m e  c o m p o n e n ts  in an  u n k n o w n  m ix tu re  b y  id e n t ify in g  th e  ty p e s  o f  
c h e m ic a l  b o n d s  o r  th e  fu n c t io n a l g ro u p s  p re s e n t  in  th e ir  c h e m ic a l  s t r u c tu r e s  (R o d r ig u e s , 
et al., 2 0 0 6 ) . In  th is  p re s e n t  s tu d y , a  T h e rm o  N ic o le t  N e x u s  6 7 0  F T -IR  s p e c tro m e te r  
e q u ip p e d  w ith  a n  a tte n u a te d  to ta l r e f le c ta n c e  (A T R )  c ry s ta l  a c c e s s o r y  w a s  u se d  to  
p ro v id e  a  c h e m ic a l a n a ly s is  o f  th e  c o m p o n e n ts  in th e  b io s u r f a c ta n t .  T h e  s p e c tra  w e re  
c o l le c te d  a t a  re s o lu t io n  o f  4  c m "1 an d  3 2  s c a n s  w ith  c o r r e c t io n  fo r  a tm o s p h e r ic  c a rb o n  
d io x id e .

3.3.5.2 Nuclear Magnetic Resonance Analysis
T h e  ' h  N M R  sp e c tra  o f  e a c h  f ra c t io n  fro m  th e  f ra c t io n a tio n  s te p  

w e r e  a c h ie v e d  f ro m  a n  F T -N M R  5 0 0  m P Iz s p e c t ro m e te r  ( JE O L , J N M -A 5 0 0 )  u s in g  
d e u te ra te d  c h lo ro fo rm  as  a  s o lv e n t  fo r a ll s a m p le s .

3.3.5.3 Mass Spectrometry
T h e  is o la te d  f ra c tio n s  e lu te d  fro m  th e  H P L C  c o lu m n  w e re  d ire c t ly  

s u b je c te d  to  a n a ly s is  w ith  m a s s  s p e c tro m e try . T h e  e x p e r im e n ts  w e re  p e r fo rm e d  w ith  a 
W a te rs  m a ss  s p e c t ro m e te r  u s in g  e le c tro s p ra y  in th e  p o s i t iv e  m o d e  a n d  a  s c a n n in g  m a ss  
r a n g e  o f  3 0 0 - 9 0 0  D a.

3 .3 .6  P h y s ic o c h e m ic a l  C h a ra c te r iz a t io n  o f  B io s u r fa c ta n t
T h e  p h y s ic o c h e m ic a l  p ro p e r t ie s  o f  th e  b io s u r f a c ta n t  p r o d u c t  a n d  its 

is o la te d  f ra c t io n s  w e re  in v e s tig a te d  in c o m p a r is o n s  w ith  th o s e  o f  tw o  c o m m e rc ia l  
s u r fa c ta n ts ,  P lu ro n ic  F - 6 8  a n d  S D S . P lu ro n ic  F - 6 8  is th e  c o m m e rc ia l  t r a d e  n a m e  o f  a 
t r ib lo c k  n o n io n ic  s u r fa c ta n t  c o m p o s e d  o f  e th y le n e  o x id e  (P E O ) a n d  p ro p y le n e  o x id e  
(P P O )  b lo c k s  in th e  fo rm  o f  P E O -P P O -P E O , w h ile  S D S  is a  w id e ly  u se d  a n io n ic  
s u r fa c ta n t .
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3.3.6.1 Oil Displacement Test
T h e  o il d is p la c e m e n t te s t  is a  m e th o d  u se d  to  m e a s u re  th e  

d ia m e te r  o f  th e  c le a r  z o n e , w h ic h  o c c u rs  a f te r  d ro p p in g  a  s u r fa c ta n t -c o n ta in in g  s o lu tio n  
o n  a n  o i l-w a te r  in te r fa c e . T h e  b in o m ia l d ia m e te r  a llo w s  an  e v a lu a t io n  o f  th e  s u r fa c e  
te n s io n  re d u c tio n  e f f ic ie n c y  o f  a  g iv e n  b io s u r fa c ta n t . T h e  o il d is p la c e m e n t te s t  w a s  d o n e  
by  a d d in g  5 0  m l o f  d is ti l le d  w a te r  to  a  p e tri d ish  w ith  a d ia m e te r  o f  15 c m . A f te r  th a t, 2 0  
pi o f  c ru d e  o il w a s  d ro p p e d  o n to  th e  s u r fa c e  o f  th e  w a te r , fo llo w e d  b y  th e  a d d it io n  o f  10  

pi o f  an  a q u e o u s  s o lu tio n  c o n ta in in g  a  su r fa c ta n t c o n c e n tra t io n  o f  2 0  m g /m l, o n to  th e  
s u r fa c e  o f  th e  o il. T h e  d ia m e te rs  o f  th e  c le a r  z o n e s  o f  t r ip l ic a te  e x p e r im e n ts  f ro m  th e  
s a m e  s u r fa c ta n t  s a m p le  w e re  d e te rm in e d  fo r  a n  a v e ra g e d  v a lu e  o f  th e  c le a r  z o n e  
d ia m e te r  (R o d r ig u e s ,  et al., 2 0 0 6 ).

3.3. 6.2 Surface Tension Measurement
T h e  s u r fa c e  te n s io n  o f  th e  a q u e o u s  s o lu tio n  a t d i f f e re n t  s u r fa c ta n t  

c o n c e n t ra t io n s  w a s  m e a s u re d  b y  u s in g  a  d u  N ô u y  r in g - ty p e  te n s io m e te r  (K rü s s , K 1 0 T ). 
T h e  s u r fa c e  te n s io n  m e a s u re m e n t w a s  c a r r ie d  o u t  a t 25±l°c a f te r  d ip p in g  th e  p la tin u m  
rin g  in th e  s o lu tio n  fo r  a  w h ile  to  a tta in  e q u il ib r iu m  c o n d i t io n s .  T h e  m e a s u re m e n t w a s  
re p e a te d  th re e  t im e s  an d  a n  a v e ra g e  v a lu e  w a s  o b ta in e d . T h e  c r i t ic a l  m ic e lle  
c o n c e n tra t io n  (C M C )  w a s  th e n  d e te rm in e d  f ro m  th e  b re a k  p o in t o f  th e  s u r fa c e  te n s io n  
v e r s u s  its  lo g  o f  b u lk  c o n c e n tra t io n  c u rv e . F o r  th e  c a l ib ra t io n  o f  th e  in s tru m e n t ,  th e  
s u r fa c e  te n s io n  o f  th e  p u re  w a te r  w a s  m e a s u re d  b e fo re  e a c h  s e t o f  e x p e r im e n ts .

3.3.6.3 Measurement o f Emulsification Activity
A  m ix tu re  o f  6  m l o f  th e  s tu d ie d  h y d ro c a rb o n  o r  o il a n d  4  m l o f  1 

m g /m l o f  th e  b io s u r f a c ta n t  o r  P lu ro n ic  F - 6 8  o r  S D S  w a s  v o r te x e d  a t  a  h ig h  s p e e d  fo r  2 
m in . T h e  e m u ls io n  a c t iv i ty  w a s  in v e s t ig a te d  a f te r  2 4  h a n d  th e  e m u ls i f ic a t io n  in d e x  (E 2 4 )  

w a s  c a lc u la te d  b y  d iv id in g  th e  m e a s u re d  h e ig h t o f  th e  e m u ls io n  la y e r  b y  th e  to ta l  h e ig h t 
o f  th e  m ix tu re  a n d  m u lt ip ly in g  b y  100 (C o o p e r  a n d  G o ld e n b e rg , 19 87 ). T h e  h ig h e r  th e  
e m u ls i f ic a t io n  in d e x , th e  h ig h e r  th e  e m u ls i f ic a t io n  a c tiv ity  o f  a te s te d  s u r fa c ta n t .
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3.3.6.4 Stability Testing
T h e  b io s u r f a c ta n t  s a m p le  a n d  th e  tw o  s y n th e t ic  s u r fa c ta n ts  w e re  

p re p a re d  a t th e  C M C s  fo r  th e  th e rm a l s ta b i l i ty  te s t . T h e  p re p a re d  s u r f a c ta n t  s o lu t io n s  
w e re  in c u b a te d  in a  w a te r  b a th  a t d i f f e re n t  te m p e ra tu re s  a n d  d i f f e r e n t  t im e  in te rv a ls  
b e fo re  c o o lin g  to  ro o m  te m p e ra tu re .  T h e  p H  s ta b il i ty  w a s  in v e s t ig a te d  b y  a d ju s t in g  th e  
s o lu t io n s  to  d if fe re n t p H  v a lu e s .  F o r  b o th  th e rm a l a n d  p H  s ta b il i ty  te s t in g , th e  s u r fa c e  
te n s io n  w a s  m e a s u re d  a n d  u se d  to  in d ic a te  th e  s ta b il i ty .

3 .3 .7  S o lu tio n  P ro p e r tie s  an d  V e s ic le  F o rm a tio n  o f  B io s u r fa c ta n t
3.3.7.1 Preparation o f Biosurfactant Solution

T h e  a q u e o u s  s o lu tio n  o f  th e  e x t ra c te d  b io s u r f a c ta n t  w a s  p re p a re d  
b y  u s in g  a  d ire c t d is s o lu t io n  m e th o d . A  s p e c if ic  a m o u n t o f  th e  e x t ra c te d  b io s u r f a c ta n t  
w a s  s im p ly  d is s o lv e d  in th e  P B S  so lu tio n  (p H  7 .4 )  e i th e r  in th e  a b s e n c e  o r  p re s e n c e  o f  
th e  a d d it iv e  (N aC I o r  C2 H5 OH) to  a n y  d e s ire d  c o n c e n tra t io n . T o  a c h ie v e  a  h o m o g e n e o u s  
s o lu tio n , th e  s a m p le  w a s  v o r te x e d  a t ro o m  te m p e ra tu re ,  a n d  w a s  th e n  f i l te re d  th ro u g h  a 
0 .4 5 -p m  p o re  s iz e  n y lo n  f i l te r  a t le a s t tw o  tim e s  in o r d e r  to  r e m o v e  a n y  d u s t. A ll o f  th e  
m e a s u re m e n ts  w e re  p e r fo rm e d  o n e  d a y  a f te r  s a m p le  p re p a ra t io n , a n d  n o  m e a s u re m e n t 
w a s  d o n e  o n  a p re p a re d  s o lu t io n  w h ic h  e x h ib i te d  tw o  s e p a ra te  m a c ro s c o p ic  p h a se s .

3.3. 7.2 Surface Tension Measurement
T h e  s u r fa c e  te n s io n  o f  th e  P B S  s o lu t io n  e i th e r  in  th e  a b s e n c e  o r  

p re s e n c e  o f  th e  a d d it iv e s  a t d i f f e re n t  b io s u r f a c ta n t  c o n c e n t ra t io n s  w e re  m e a s u re d  b y  a 
d ro p  s h a p e  a n a ly s is  s y s te m  (K rü s s , D S A 1 0  M k 2 ) . T h e  s u r fa c e  te n s io n  m e a s u re m e n ts  
w e re  c a r r ie d  o u t a t ro o m  te m p e ra tu re  ( 2 5 - 2 7 ° C )  b y  u s in g  th e  p e n d a n t  d ro p  m e th o d . A ll 
o f  th e  m e a s u re m e n ts  w e re  re p e a te d  th re e  t im e s  a n d  th e ir  a v e ra g e  v a lu e s  w e re  u s e d . T h e  
c r it ic a l  m ic e lle  c o n c e n t ra t io n  (C M C ) w a s  th e n  d e te rm in e d  f ro m  th e  b re a k  p o in t  o f  
s u r fa c e  te n s io n  versus its  lo g  o f  b u lk  c o n c e n t ra t io n  c u rv e . F o r  th e  c a l ib ra t io n  o f  th e  
in s tru m e n t, th e  s u r fa c e  te n s io n  o f  p u re  w a te r  w a s  m e a s u re d  b e f o r e  e a c h  s e t  o f  
e x p e r im e n ts .
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3.3. 7.3 Turbidity Measurement
T h e  tu rb id i ty  o f  th e  p re p a re d  b io s u r f a c ta n t  s o lu t io n s  w a s  m e a s u re d  

b y  u s in g  a U V /V is  s p e c t ro p h o to m e te r  ( S h im a d z u , U V -2 5 5 0 )  a t ro o m  te m p e ra tu re .  T h e  
r e p o r te d  v a lu e s  w e re  c o r r e s p o n d e d  to  th e  a b s o rb a n c e  a t a  w a v e le n g th  (À) e q u a l to  6 0 0  
n m  (S a n c h e z  et al., 2 0 0 7 ) .

3.3.7.4 Electrical Conductivity Measurement
It is k n o w n  th a t  th e  c h a n g e  in th e  e le c tr ic a l  c o n d u c t iv i ty  o f  a 

s u r fa c ta n t -c o n ta in in g  s o lu tio n  r e la te s  to  th e  a g g re g a tio n  o f  th e  s u r fa c ta n t  m o le c u le s  
(Z a n a  an d  M ic h e ls , 1 9 9 8 ; F an  et al., 2006); th e re fo re , th e  e le c tr ic a l  c o n d u c t iv i ty  o f  th e  
b io s u r f a c ta n t  s o lu t io n  w a s  d e te rm in e d  u s in g  a  d y n a m ic  l ig h t s c a t te r in g  in s tru m e n t 
(B ro o k h a v e n , Z e ta P A L S )  a t 25±l°c.

3.3. 7.5 Dynamic Light Scattering Measurement
T h e  D L S  te c h n iq u e  w a s  e m p lo y e d  to  m e a s u re  th e  s iz e s  o f  th e  

b io s u r f a c ta n t  v e s ic le s  fo rm e d  a t v a r io u s  c o n d i t io n s .  T h e  s a m e  d y n a m ic  l ig h t  s c a t te r in g  
in s tru m e n t ( B ro o k h a v e n , Z e ta P A L S )  w a s  u s e d  a t  9 0 °  s c a t te r in g  a n g le  a n d  25±l°c. T h e  
s iz e s  o f  th e  b io s u r f a c ta n t  v e s ic le s  w e re  c a lc u la te d  f ro m  th e  d if fu s io n  c o e f f ic ie n ts  
o b ta in e d  f ro m  c o m p u te r  a n a ly s is  u s in g  th e  s o f tw a re  p ro v id e d  w ith  th e  in s tru m e n t .

3.3. 7.6 Transmission Electron Microscopy Examination
T h e  m o rp h o lo g y  o f  th e  b io s u r f a c ta n t  v e s ic le s  w a s  o b s e rv e d  w ith  

T E M  b y  u s in g  th e  n e g a t iv e - s ta in in g  te c h n iq u e . A  d ro p  o f  th e  te s t  b io s u r f a c ta n t  s o lu tio n  
s a m p le  w a s  p la c e d  o n to  a  c o p p e r  g r id , an d  w a s  s ta in e d  w ith  1 %  u ra n y l a c e ta te  a q u e o u s  
s o lu t io n . T h e  e x c e s s  o f  th e  b io s u r f a c ta n t  s o lu t io n  w a s  r e m o v e d  b y  a d s o rb in g  th e  d ro p  
w ith  a  p ie c e  o f  f i l te r  p a p e r . T h e  g rid  w a s  d r ie d  in a  v a c u u m  d e s ic c a to r  fo r  a t le a s t 6  h. 
T h e  s a m p le s  w e re  im a g e d  u n d e r  a  t r a n s m is s io n  e le c tro n  m ic ro s c o p e  ( J E O L , J E M -2 1 0 0 ) .

3.3. 7.7 Encapsulation Experiment
T h e  e n c a p s u la t io n  e f f ic ie n c y  o f  th e  rh a m n o lip id  v e s ic le s  w a s  

e v a lu a te d  b y  u s in g  S u d a n  III, a  w a te r - in s o lu b le  d y e , as a  m o d e l l ip o p h i l ic  c o m p o u n d . A  
s to c k  s o lu tio n  o f  S u d a n  III w a s  p re p a re d  in c h lo ro fo rm  at a  d e s i re d  c o n c e n tra t io n . T h e n , 
1 0 0  p i o f  th e  s to c k  s o lu t io n  w a s  a d d e d  to  a n  e m p ty  v ia l a n d  th e  s o lv e n t  w a s  e v a p o ra te d
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in a v a c u u m  o v e n  u n til d ry . A f te r  th a t , 10 m l o f  th e  b io s u r f a c ta n t  s o lu tio n  w a s  a d d e d  and  
a llo w e d  to  e q u il ib ra te  fo r  o n e  w e e k . T h e  r e s id u a l in s o lu b le  d y e  w a s  s e p a ra te d  fro m  th e  
m ix tu re  b y  c e n t r i fu g a t io n  a t 1 0 ,0 0 0  rp m  fo r  10 m in . T h e  c o lo re d  s u p e rn a ta n t  w a s  fu r th e r  
f ilte re d  th ro u g h  a 0 .4 5 - p m  p o re  s iz e  n y lo n  f i l te r  a t  le a s t tw o  t im e s , a n d  th e  a m o u n t  o f  th e  
e n tra p p e d  d y e  w a s  th e n  d e te rm in e d  f ro m  th e  a b s o rb a n c e  a t a w a v e le n g th  o f  5 1 2  n m  b y  
u s in g  th e  U V /V is  s p e c t ro p h o to m e te r .  T h e  c o n c e n tra t io n  o f  th e  e n tra p p e d  d y e  w a s  
c a lc u la te d  b y  u s in g  a  c a l ib ra t io n  c u rv e  o f  S u d a n . I l l  p re p a re d  in c h lo ro fo rm  in th e  
c o n c e n tra t io n  ra n g e  o f  0 .1 0  to  1 2 .3 0  m g/1. T h e  e n c a p s u la t io n  e f f ic ie n c y  (E% ) w a s  
d e f in e d  a s  th e  ra tio  o f  th e  c o n c e n tra t io n  o f  th e  e n tra p p e d  S u d a n  III to  th e  in itia l d y e  
c o n c e n tra t io n .

3 .3 .8  P re p a ra t io n  o f  R h a m n o lip id  V e s ic le s  a s  P o te n tia l  N a n o c a r r ie r  S y s te m s
3.3.8.1 Preparation o f Rhamnolipid Vesicles

T h e  rh a m n o lip id  v e s ic le s  w e re  p re p a re d  in a  P B S  s o lu t io n  (p H  
7 .4 )  a t a b io s u r f a c ta n t  c o n c e n t ra t io n  o f  0 .1 3  w t .%  (6 .5  t im e s  th e  C M C )  w ith  v a r io u s  
c h o le s te ro l  c o n c e n t ra t io n s  u s in g  th e  th in  f ilm  h y d ra t io n  m e th o d . B r ie f ly , th e  e x tra c te d  
b io s u r f a c ta n t  a n d  c h o le s te ro l  a t  a n y  d e s ire d  c o n c e n t ra t io n s  w e re  d is s o lv e d  in 
c h lo ro fo rm . T h e  s o lv e n t  w a s  e v a p o ra te d  in  a  v a c u u m  o v e n  u n ti l  d ry , a n d  th e  o b ta in e d  
f ilm  w a s  s u b s e q u e n tly  h y d ra te d  w ith  th e  P B S  s o lu tio n  to  a c h ie v e  a  c o n s ta n t  
b io s u r f a c ta n t  c o n c e n t ra t io n  o f  0 .1 3  w t.% . T h e  s a m p le  w a s  v o r te x e d  a t ro o m  te m p e ra tu re  
to  g e t a  h o m o g e n e o u s  s o lu tio n  b e fo re  b e in g  f i l te re d  th ro u g h  a  0 .4 5 - p m  p o re  s iz e  n y lo n  
f i l te r  a t le a s t  tw o  t im e s  to  re m o v e  a n y  so l id  p a r t ic le s .  T h e  s a m p le  w a s  le f t a t  ro o m  
te m p e ra tu re  fo r  a  d a y  to  e n s u re  e q u il ib ra t io n  b e fo re  ta k e n  fo r  m e a s u re m e n ts  a n d  a n a ly s is  
o f  v e s ic le  fo rm a tio n .

3.3.8.2 Turbidity Measurement
T h e  tu rb id i ty  o f  th e  b io s u r f a c ta n t  s o lu t io n s  a t  v a r io u s  c h o le s te ro l 

c o n c e n t ra t io n s  w a s  m e a s u re d  b y  u s in g  a  U V /V is  s p e c t ro p h o to m e te r  ( S h im a d z u , U V - 
2 5 5 0 )  a t  ro o m  te m p e ra tu re .  T h e  r e p o r te d  v a lu e s  w e re  c o r r e s p o n d e d  to  th e  a b s o rb a n c e  a t 
a  w a v e le n g th  {X) o f  6 0 0  n m  ( S a n c h e z  et al. 2 0 0 7 ).
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3.3.8.3 Zeta Potential Measurement
T h e  z e ta  p o te n tia l o f  th e  v e s ic le s  fo rm e d  in  th e  b io s u r f a c ta n t  

s o lu t io n s  p re p a re d  a t d i f f e re n t  c h o le s te ro l c o n c e n t ra t io n s  w a s  m e a s u re d  b y  u s in g  a  
d y n a m ic  l ig h t s c a t te r in g  in s tru m e n t (B ro o k h a v e n , Z e ta P A L S )  a t 25±l°c.

3.3.8.4 Dynamic Light Scattering Measurement
T h e  d y n a m ic  l ig h t s c a t te r in g  (D L S )  te c h n iq u e  w a s  u s e d  to  

m e a s u re  th e  s iz e  o f  th e  rh a m n o lip id  v e s ic le s  a t v a r io u s  c h o le s te ro l  c o n c e n t ra t io n s .  T h e  
D L S  in s tru m e n t (B ro o k h a v e n , Z e ta P A L S )  w a s  o p e ra te d  a t  9 0 °  s c a t te r in g  a n g le  a n d  
25±l°c. T h e  s iz e  o f  th e  rh a m n o lip id  v e s ic le s  w a s  e x p re s s e d  in te rm s  o f  h y d r o d y n a m ic  
d ia m e te r , w h ic h  w a s  c a lc u la te d  f ro m  th e  d if fu s io n  c o e f f ic ie n ts  o b ta in e d  f ro m  c o m p u te r  
a n a ly s is  b y  u s in g  th e  s o f tw a re  p ro v id e d  w ith  th e  in s tru m e n t.

3.3.8.5 Transmission Electron Microscopy Examination
T h e  m o rp h o lo g y  o f  th e  rh a m n o lip id  v e s ic le s  w a s  o b s e rv e d  w ith  

tr a n s m is s io n  e le c tro n  m ic ro s c o p y  (T E M ) u s in g  th e  n e g a t iv e - s ta in in g  te c h n iq u e . A  d ro p  
o f  th e  te s t  b io s u r f a c ta n t  s o lu t io n  s a m p le  w a s  p la c e d  o n to  a  c o p p e r  g r id  a n d  w a s  s ta in e d  
w ith  a 1%  u ra n y l a c e ta te  a q u e o u s  s o lu tio n . T h e  e x c e s s  s a m p le  s o lu t io n  w a s  a d s o rb e d  
w ith  a  p ie c e  o f  f i l te r  p a p e r . T h e  g rid  w a s  d r ie d  in a  v a c u u m  d e s ic c a to r  fo r  a t  le a s t 6  h. 
T h e  s a m p le s  w e re  im a g e d  u n d e r  a t r a n s m is s io n  e le c tro n  m ic r o s c o p e  ( J E O L , J E M -2 1 0 0 ) .  
T h e  d ia m e te r  o f  th e  rh a m n o lip id  v e s ic le s  w a s  th e n  d e te rm in e d  f ro m  T E M  m ic ro g ra p h s  
u s in g  S e m A fo re  s o f tw a re , v e r s io n  5 .0 0  ( J E O L  (S k a n d in a v is k a )  A B , S w e d e n ) .

3.3.8.6 Encapsulation Experiment
T h e  E% o f  th e  rh a m n o lip id  v e s ic le s  w a s  e v a lu a te d  b y  u s in g  S u d a n  

III , a  w a te r - in s o lu b le  d y e , a s  a m o d e l l ip o p h i l ic  c o m p o u n d . A  s to c k  s o lu t io n  o f  S u d a n  III 
w a s  p re p a re d  in c h lo ro fo rm  a t a  d e s ire d  c o n c e n tra t io n . T h e n , 100 p i o f  th e  s to c k  s o lu t io n  
w a s  a d d e d  to  an  e m p ty  v ia l  an d  th e  s o lv e n t w a s  e v a p o ra te d  in  a  v a c u u m  o v e n  u n ti l  d ry . 
A f te r  th a t, 10 m l o f  th e  b io s u r f a c ta n t  s o lu tio n  w a s  a d d e d  a n d  a l lo w e d  to  e q u il ib ra te  fo r  
o n e  w e e k . T h e  re s id u a l in s o lu b le  d y e  w a s  s e p a ra te d  f ro m  th e  m ix tu r e  b y  c e n t r i fu g a tio n  
a t 1 0 ,0 0 0  rp m  fo r  10 m in . T h e  c o lo re d  s u p e rn a ta n t  w a s  fu r th e r  f i l te re d  th ro u g h  a  0 .4 5 -  
p m  p o re  s iz e  n y lo n  f i l te r  a t le a s t tw o  t im e s , a n d  th e  a m o u n t  o f  th e  e n t ra p p e d  d y e  w a s
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then determined from the absorbance at a wavelength of 512 nm by using the UV/Vis 
spectrophotometer (Shimadzu, UV-2550). The concentration of the entrapped dye was 
calculated by using a calibration curve of Sudan 111 prepared in chloroform in the 
concentration range of 0.3 to 35 pM. The E% was defined as the ratio of the 
concentration of the entrapped Sudan 111 to the initial dye concentration.

3.3.9 Biosurfactant Adsorption onto Polymeric Materials
3.3.9.1 Preparation o f Polymeric Substrates

The diluted silk fibroin solution was used to prepare the silk 
fibroin film by either the spin coating or the solvent casting technique. After the solvent 
was evaporated at room temperature, the obtained film was treated with a 90% (v/v) 
CH3OH solution for 10 min to induce the formation of the p-sheet structure, an insoluble 
form of the silk fibroin. The CH3OH-treated silk fibroin film was excessively washed 
with distilled water and was left to dry at room temperature.

To prepare the chitosan film, a specific amount of chitosan 
platelets was dissolved in a 1% (v/v) C H 3 C O O H  solution to the desired concentration. 
The chitosan solution was used to prepare the chitosan film by either the spin coating or 
the solvent casting technique. After the solvent was evaporated at room temperature, the 
obtained film was neutralized with a 1 M N a O H  solution. The neutralized chitosan film 
was washed with distilled water and was left to dry at room temperature.

3.3.9.2 Surface Plasmon Resonance Analysis
The adsorption of the rhamnolipid biosurfactant onto the 

polymeric surfaces was studied using the SPR analysis—a well-known powerful method 
for measurement of thin films on the basis of an excitation of the surface plasmons by p- 
polarized light at the noble metal-dielectric interface (Miller et al., 1992; Wagner et al., 
1995; Levchenko et al., 2002). Surface plasmons, which are electromagnetic evanescent 
waves, propagate along the surface with a penetration depth range of 150-200 nm 
(Brandani and Stroeve, 2003), and the obtained SPR signal, expressed as the angle shift, 
is proportional to the amount of the adsorbed substance on the surface (Levchenko et al,
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2002). In the present work, thin films of either silk fibroin or chitosan was spun cast at 
the polymer concentration of 0.06% (w/v) at a speed of 1000 rpm on a glass slide coated 
with a 50-nm gold film. The SPR instrument (AUTOLAB, ESPRIT) was operated at 
room temperature. The p-polarized light was generated from a monochromatic laser 
light source at a wavelength of 670 nm. The flow rate across the surface during the 
adsorption period was 16.7 jul/s while the draining and the washing speeds were set 
constant at 250 pl/s. The sample injection volume was 50 pi. The SPR angle shift was 
reported after washing the surface with the fresh PBS solution to remove any excess 
biosurfactant molecules. The amount of the biosurfactant adsorbed onto the substratum 
surfaces was roughly estimated from the SPR angle shift using the following 
relationship: a change in the SPR angle shift of 120 millidegrees (mDA) represents the 
adsorbed mass of 1 ng/mm2 (Kausaite et a l, 2007). Dividing the adsorbed mass with an 
average molecular weight of the biosurfactant, the amount of the biosurfactant adsorbed 
onto the substratum surfaces was expressed as pmol/m2.

3.3.9.3 Quartz Crystal Microbalance with Dissipation Monitoring
The QCM-D experiment was carried out by using a Q-sense El 

system. Prior to the measurement, the single sensor crystal with a gold coating and the 
rubber O-ring sealed between the sensor and the cell were cleaned by the ultrasonication 
in a 2% (v/v) anionic/nonionic surfactant (Decon 90) solution for 15 min. After a 
thorough rinse with distilled water, both the sensor and the O-ring were ultrasonicated in 
distilled water for 15 min before drying under a nitrogen flow. Then only the sensor was 
further cleaned in a uv/ozone chamber (BioForce Nanosciences, UV/Ozone 
ProCleaner™) for 20 min. After the cleaning process, both the sensor and the O-ring 
were assembled in the QCM-D instrument. The polymer solution (either silk fibroin or 
chitosan) at the concentration of 0.06% (w/v) was first injected into the QCM-D 
instrument to form a self-assembly polymer layer on the sensor surface. The weakly 
bound polymer molecules were removed from the sensor surface by thoroughly rinsing 
with a proper solvent—the distilled water (for silk fibroin) or the 1% (v/v) CH3COOH 
solution (for chitosan). For the silk fibroin, the methanol treatment was also performed
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to induce the formation of the P-sheet structure. The biosurfactant solutions were 
injected at various concentrations. To remove any excess biosurfactant aggregates on the 
polymer layer, the fresh PBS solution was subsequently injected into the QCM-D 
instrument after the adsorption period. The flow rate of the test sample was set constant 
at 0.1 ml/min, and the temperature was controlled at 25°c. After excluding the amount 
of the pre-adsorbed polymer layer, the amount of the adsorbed biosurfactant was 
calculated from a change in the third overtone of the resonance frequency by applying 
the Sauerbrey equation using the software provided with the instrument. However, the 
mass obtained from the QCM-D technique also includes the amount of the solvent 
bound to the adsorbed layer; therefore, the adsorbed mass determined from the QCM-D 
is always much higher than that measured by other analytical techniques, including the 
SPR analysis (Sakai et al., 2006). In the present work, the adsorbed masses obtained 
from both the QCM-D experiment and the SPR analysis were combined to get the 
quantitative information about the degree of hydration of the adsorbed layer on the 
studied substratum surfaces using the following equation:

Water Content (%) =  ̂ QCM-D--- SPR2 x j QQ
r OCM-D

where Y Q CM -D  and Csraare the adsorbed masses obtained from the QCM-D experiment 
and the SPR analysis, respectively.

3.3.9.4 Surface Modification o f Polymeric Substrates
The polymeric substrate (either silk fibroin or chitosan film) was 

immersed in the biosurfactant solution at the desired concentration at room temperature 
for 24 h. After that, the polymeric substrate was repeatedly rinsed with the PBS solution 
to remove any excess biosurfactant molecules on the substratum surfaces. The surface- 
modified substrate was dried under a nitrogen flow before being analyses.

3.3.9.5 Water Contact Angle Measurement
The contact angle formed between the 30-pl water drop and the 

polymeric surface was measured by a drop shape analysis system (Krüss, DSA10 Mk2). 
The contact angle measurements were carried out at room temperature using the sessile
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drop technique. The reported values were averages of at least three measurements made 
at different places of the test surfaces.

3.3.9.6 Surface Probe Microscopy
The surface topography of the polymeric substrates was 

investigated by using a scanning probe microscope (SPM) (Veeco, Nanoscope IV) with 
the tapping mode in air at room temperature. The obtained micrographs were minimally 
flattened, and high frequency noise was diminished in order to facilitate data analysis.

3.3.9.7 Cytotoxicity Tests
The cytotoxicity tests of both unmodified and surface-modified 

polymeric films against human dermal fibroblasts and kératinocytes were carried out at 
bioassay laboratory, National Center for Genetic Engineering and Biotechnology 
(BIOTEC), National Science and Technology Development Agency (NSTDA), 
Thailand. Both types of cells were grown in Dulbecco’s Modified Eagle’s Medium 
(DMEM) with 10% (v/v) of fetal bovine serum, 2 mM of L-glutamine, 100 unit/ml of 
penicillin, and 100 pg/ml of streptomycin. The cell cultures were incubated at 37°c in a 
fully humidified air atmosphere with 5% of CO2. When the cells reached 80% 
confluence, they were serially sub-cultured and only the cells from the fifth passage 
were used.

Either unmodified or surface-modified polymeric substrate was 
first prepared in a well of the 24-well plate. The cells were seeded at a density of 10,000 
cells/well, and were incubated at 37°c and 5% of CO2 for the desired time interval. For 
the fibroblasts, the cytotoxicity was examined using the resazurin assay, the fluorescent- 
dye based technique (Brien et al., 2000). After the cells were cultured for 24 h, 100 pi of 
the resazurin dye solution at the concentration of 62.5 pg/ml was added to each culture 
well. The fluorescent signal was measured everyday for 3 days at the excitation stage of 
530 nm and the emission stage of 590 nm using the multi-detection microplate reader 
(Molecular Devices, SpectraMax M5). For the kératinocytes, the experiment was 
performed by using the methyltetrazolium (MTT) assay; a tetrazolium-dye based 
colorimetric microtitration (Plumb et al., 1989). The cytotoxicity was examined after the
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cells were cultured for 1 day and 7 days. Briefly, the MTT solution at the concentration 
of 5 mg/ml was added into each well before being further incubated for 4 h. The culture 
medium containing the MTT solution was then removed, and the formazan crystals were 
solubilized in a dimethylsulfoxide (DMSO) solution. The optical density of the 
formazan solution was measured at the wavelength of 570 nm using the multi-detection 
microplate reader (Molecular Devices, SpectraMax M5). The cells cultured in the 
absence of polymeric substrates were served as the control. The morphology of the cells 
attached on the substratum surfaces was also observed under an optical light microscope.

3.3.10 Statistical Analysis
The experimental data are presented in terms of arithmetic averages of at 

least three replicates and the standard deviations are indicated by the error bars. The 
analyses were done using SigmaPlot software, version 8.02 (SPSS Inc., UK).
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