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APPENDICES

Appendix A Structural and Physicochemical Characterization of Crude 
Biosurfactant produced by P s e u d o m o n a s  a e r u g i n o s a  SP4 isolated from 
Petroleum-contaminated Soil

Table A1 Diameter of the clear zones on the oil surface obtained from oil 
displacement testing with the crude biosurfactant produced by p .  a eru g in o sa  SP4 and 
its fractions compared with Pluronic F-68 and SDS at a surfactant concentration of 
20 mg/ml

Sample Diameter of Clear Zone (cm)
I II III

PLURONIC F-68 3.0 2.6 2.4
SDS 11.2 12.0 11.6
BIOSURFACTANT 10.3 10.5 10.5
FRACTION A 10.5 10.6 10.5
FRACTION B 11.1 11.5 12.0
FRACTION c 13.0 13.6 13.0
FRACTION D 13.0 12.4 12.6
FRACTION E 10.6 11.0 10.0
FRACTION F 12.8 12.7 12.4
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Table A2 S u r fa c e  te n s io n  v e r s u s  c o n c e n t r a t io n s  o f  th e  c r u d e  b io s u r f a c ta n t  p r o d u c e d  
b y  p .  a eru g in o sa  S P 4  c o m p a re d  w ith  P lu r o n ic  F - 6 8  a n d  S D S

C o n c e n tr a t io n S u r fa c e  T e n s io n  ( m N /m )
( m g /1) P lu ro n ic  F - 6 8 S D S B io s u r f a c ta n t

I II III I II III I 11 III
0 .3 5 6 .0 5 5 .8 5 5 .6 6 9 .6 6 9 .7 6 9 .8 5 6 .0 5 6 .6 5 6 .6
0 . 6 54.1 5 4 .2 5 4 .3 6 7 .6 6 7 .5 6 7 .6 5 5 .6 5 5 .3 5 5 .4
1.3 5 3 .2 5 3 .0 5 3 .4 65 .1 6 5 .2 6 5 .1 5 3 .3 5 3 .6 53 .1
2 .5 52 .1 5 2 .2 52 .1 6 3 .9 6 3 .0 6 3 .2 5 0 .4 5 0 .6 5 0 .3

5 5 1 .4 5 1 .6 5 1 .4 6 1 .3 6 1 .4 6 1 .1 4 9 .4 4 9 .5 4 9 .3
1 0 5 1 .2 5 1 .3 5 1 .4 5 7 .9 5 7 .9 5 7 .9 4 7 .8 4 8 .0 4 7 .7
2 0 5 1 .3 5 1 .4 51 .1 5 3 .5 5 3 .7 5 3 .4 4 4 .8 4 5 .0 4 4 .7
4 0 5 0 .9 5 0 .9 5 1 .0 4 8 .2 48 .1 4 8 .0 4 1 .5 4 1 .4 4 1 .3
8 0 5 1 .0 5 0 .9 5 1 .0 4 1 .9 4 1 .7 4 1 .5 3 6 .4 3 6 .8 3 6 .8

160 5 0 .8 5 0 .7 5 0 .8 3 7 .0 3 6 .9 3 7 .0 3 5 .0 3 5 .0 3 5 .0
3 2 0 4 6 .7 4 6 .7 4 6 .8 3 3 .0 3 2 .9 3 3 .0 3 2 .5 3 2 .5 3 2 .3
6 4 0 4 5 .0 4 5 .0 4 5 .0 3 0 .5 3 0 .7 3 0 .6 3 0 .6 3 0 .7 3 0 .2

1 ,2 8 0 4 4 .0 4 4 .0 44 .1 2 8 .5 2 8 .6 2 8 .8 30 .1 3 0 .3 3 0 .2
2 ,5 6 0 4 2 .8 4 2 .8 4 2 .9 2 8 .8 2 8 .7 2 8 .6 2 9 .4 2 9 .1 2 8 .8
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Table A3 E m u ls i f ic a t io n  a c t iv i ty  (E 24) o f  th e  c r u d e  b io s u r f a c ta n t  p r o d u c e d  b y  p .  
a eru g in o sa  S P 4  c o m p a re d  w i th  P lu ro n ic  F - 6 8  a n d  S D S

S a m p le E m u ls i f ic a t io n  A c t iv i ty  (% )
P lu ro n ic  F - 6 8 S D S B io s u r f a c ta n t

I II III I II III I II III
P E N T A N E 5 0 .8 5 2 .3 5 0 .8 8 0 .9 8 1 .6 7 9 .6 1 6 .2 1 4 .7 1 4 .7
H E X A N E 4 7 .6 4 9 .2 4 7 .6 6 3 .6 6 5 .2 6 3 .6 18 .5 18 .5 18 .2
H E P T A N E 5 1 .6 53 .1 5 0 .0 8 7 .8 8 6 .7 8 6 .7 1 3 .4 1 3 .4 1 2 . 2

T O L U E N E 5 1 .5 5 2 .9 5 2 .2 8 4 .9 8 4 .3 8 0 .8 2 7 .9 2 5 .0 2 5 .0
1 -C H L O R O
B U T A N E

7 5 .8 7 3 .0 7 5 .8 76 .1 7 7 .6 7 4 .6 1 4 .7 1 1 . 8 1 3 .2

P A L M  O IL 7 6 .2 7 7 .7 7 6 .2 7 5 .0 7 3 .5 7 0 .6 9 0 .3 9 1 .4 9 3 .6
C R U D E  O IL 5 4 .6 5 2 .7 5 0 .9 5 6 .5 5 4 .8 5 3 .2 5 7 .9 5 9 .7 56 .1
S O Y B E A N  O IL 4 0 .0 3 8 .5 4 0 .0 6 5 .2 6 3 .8 6 7 .7 58 .1 6 0 .3 6 0 .3
C O C O N U T  O IL 4 9 .2 4 7 .6 4 9 .2 7 4 .6 7 3 .1 7 4 .6 5 4 .6 5 4 .2 5 4 .7
O L IV E  O IL 7 3 .0 7 1 .4 7 3 .0 7 5 .8 7 4 .2 7 5 .8 4 3 .3 4 6 .9 4 6 .9



168

Table A4 Surface tension of the crude biosurfactant as compared with Pluronis F- 6 8

and SDS after heat treatment at 30°c with different heating times

T im e S u r fa c e  T e n s io n  (m N /m )
(m in ) I II III IV V V I

P lu ro n ic  F - 6 8

0 4 5 .0 4 5 .0 4 5 .0 4 5 .1 4 5 .2 4 5 .3
2 0 4 5 .1 4 5 .2 4 5 .3 4 5 .0 4 5 .2 4 5 .2

4 0 4 4 .9 4 4 .8 4 5 .0 45 .1 4 5 .2 4 5 .0
6 0 4 5 .7 4 5 .6 4 5 .7 4 5 .4 4 5 .5 4 5 .7
8 0 4 5 .0 4 4 .9 4 5 .0 4 4 .9 4 5 .0 45 .1

1 0 0 4 5 .9 4 5 .8 4 5 .7 4 5 .7 4 5 .7 4 5 .8
1 2 0 4 4 .9 4 4 .8 4 4 .6 4 5 .0 4 4 .9 4 5 .0

S D S
0 2 8 .6 2 8 .6 2 8 .7 2 8 .9 2 8 .7 2 8 .8

2 0 2 8 .4 2 8 .3 2 8 .4 2 8 .6 2 8 .5 2 8 .6
4 0 2 8 .3 2 8 .4 2 8 .2 2 8 .6 2 8 .4 2 8 .6
6 0 2 8 .5 2 8 .4 2 8 .5 2 8 .4 2 8 .5 2 8 .6
8 0 2 8 .1 2 8 .2 28 .1 2 8 .3 2 8 .3 2 8 .3

1 0 0 2 8 .5 2 8 .6 2 8 .7 2 8 .5 2 8 .5 2 8 .7
1 2 0 2 8 .2 2 8 .3 28 .1 2 8 .3 2 8 .2 28 .1

B io s u r fa c ta n t
0 3 0 .4 3 0 .5 3 0 .5 3 0 .3 3 0 .4 3 0 .3

2 0 3 0 .7 3 0 .6 3 0 .6 3 0 .6 3 0 .5 3 0 .5
4 0 3 0 .6 3 0 .8 3 0 .7 3 0 .8 3 0 .6 3 0 .8
6 0 3 0 .7 3 0 .7 3 0 .7 3 0 .8 3 0 .8 3 0 .7
8 0 3 0 .5 3 0 .6 3 0 .6 3 0 .4 3 0 .6 3 0 .4

1 0 0 3 0 .5 3 0 .6 3 0 .5 3 0 .7 3 0 .5 3 0 .6
1 2 0 3 0 .5 3 0 .6 3 0 .4 3 0 .6 3 0 .5 3 0 .6
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Table A5 Surface tension of the crude biosurfactant as compared with Pluronis F- 6 8

and SDS after heat treatment at 50°c with different heating times

T im e S u r fa c e  T e n s io n  ( m N /m )
( m in ) I II III IV V V I

P lu r o n ic  F - 6 8

0 4 5 .0 4 5 .0 4 5 .0 45 .1 4 5 .2 4 5 .3
2 0 4 5 .9 4 5 .8 4 5 .9 4 5 .7 4 5 .7 4 5 .8
4 0 4 5 .4 4 5 .4 4 5 .4 4 5 .5 4 5 .3 4 5 .3
6 0 4 5 .3 4 5 .3 4 5 .3 4 5 .4 4 5 .2 4 5 .2
8 0 4 5 .9 4 5 .9 4 5 .9 4 5 .7 4 5 .8 4 5 .7

1 0 0 4 5 .3 4 5 .4 4 5 .3 4 5 .4 .4 5 .5 4 5 .5
1 2 0 4 5 .9 4 5 .9 4 5 .9 4 5 .7 4 5 .8 4 5 .7

S D S
0 2 8 .6 2 8 .6 2 8 .7 2 8 .9 2 8 .7 2 8 .8

2 0 2 8 .6 2 8 .5 2 8 .7 2 8 .5 2 8 .5 2 8 .7
4 0 2 8 .6 2 8 .9 2 8 .7 2 8 .6 2 8 .6 2 8 .9
6 0 2 8 .4 2 8 .7 2 8 .6 2 8 .5 2 8 .9 2 8 .8
8 0 2 8 .5 2 8 .4 2 8 .4 2 8 .3 2 8 .2 2 8 .1

1 0 0 2 8 .3 2 8 .2 2 8 .1 2 8 .5 2 8 .4 2 8 .2
1 2 0 2 8 .6 28 .1 2 8 .2 2 8 .3 2 8 .5 2 8 .6

B io s u r f a c ta n t
0 3 0 .4 3 0 .5 3 0 .4 3 0 .4 3 0 .4 3 0 .5

2 0 3 0 .7 3 0 .7 3 0 .8 3 0 .7 3 0 .7 3 0 .7
4 0 3 0 .5 3 0 .6 3 0 .5 3 0 .5 3 0 .5 3 0 .5
6 0 3 0 .3 3 0 .4 3 0 .3 3 0 .4 3 0 .4 3 0 .3
8 0 3 0 .2 3 0 .3 3 0 .2 3 0 .2 3 0 .3 3 0 .3

1 0 0 3 0 .2 3 0 .2 3 0 .3 3 0 .3 3 0 .2 3 0 .3
1 2 0 3 0 .7 3 0 .9 3 0 .6 3 0 .4 3 0 .4 3 0 .9
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Table A6  Surface tension of the crude biosurfactant as compared with Pluronis F- 6 8

and SDS after heat treatment at 70°c with different heating times

T im e S u r fa c e  T e n s io n  (m N /m )
( m in ) I 11 III IV V V I

P lu r o n ic  F - 6 8

0 4 5 .0 4 5 .0 4 5 .0 4 5 .1 4 5 .2 4 5 .3
2 0 4 5 .4 4 5 .5 4 5 .5 4 5 .6 4 5 .6 4 5 .5
4 0 4 5 .8 4 5 .7 4 5 .8 4 5 .9 4 5 .8 4 5 .8
6 0 4 5 .4 4 5 .3 4 5 .3 4 5 .4 4 5 .3 4 5 .4
8 0 4 5 .4 4 5 .3 4 5 .5 4 5 .4 4 5 .5 4 5 .3

1 0 0 4 5 .5 4 5 .5 4 5 .4 4 5 .3 4 5 .4 4 5 .5
1 2 0 4 5 .7 4 5 .8 4 5 .7 4 5 .7 4 5 .6 4 5 .7

S D S
0 2 8 .6 2 8 .6 2 8 .7 2 8 .9 2 8 .7 2 8 .8

2 0 2 8 .5 2 8 .6 2 8 .8 2 8 .5 2 8 .6 2 8 .7
4 0 2 8 .5 2 8 .6 2 8 .5 2 8 .5 2 8 .6 2 8 .8
6 0 2 8 .4 2 8 .5 2 8 .3 2 8 .6 2 8 .8 2 8 .6
8 0 2 8 .5 2 8 .6 2 8 .5 2 8 .6 2 8 .5 2 8 .6

1 0 0 2 8 .2 2 8 .3 2 8 .3 2 8 .4 2 8 .6 2 8 .6
1 2 0 2 8 .2 28 .1 2 8 .2 2 7 .9 28 .1 2 8 .3

B io s u r f a c ta n t
0 3 0 .4 3 0 .5 3 0 .4 3 0 .3 3 0 .4 3 0 .4

2 0 3 0 .4 3 0 .4 3 0 .4 3 0 .4 3 0 .5 3 0 .3
4 0 3 0 .4 3 0 .6 3 0 .5 3 0 .5 3 0 .5 3 0 .4
6 0 3 0 .6 3 0 .6 3 0 .7 3 0 .7 3 0 .5 3 0 .5
8 0 3 0 .9 3 0 .8 3 0 .8 3 0 .8 3 0 .8 3 0 .9

1 0 0 3 0 .8 3 0 .9 3 0 .8 3 0 .6 3 0 .8 3 0 .6
1 2 0 3 0 .4 3 0 .6 3 0 .3 3 0 .3 3 0 .5 3 0 .3
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Table A7 Surface tension of the crude biosurfactant as compared with Pluronis F- 6 8

and SDS after heat treatment at 90°c with different heating times

T im e S u r fa c e  T e n s io n  ( m N /m )
(m in ) I II III IV V V I

P lu ro n ic  F - 6 8

0 4 5 .0 4 5 .0 4 5 .0 45 .1 4 5 .2 4 5 .3
2 0 4 5 .0 4 5 .0 45 .1 4 5 .0 4 5 .1 4 5 .1
4 0 4 4 .9 4 4 .9 4 5 .0 4 4 .9 4 5 .0 4 5 .0
6 0 4 5 .2 4 5 .3 4 5 .2 4 5 .3 4 5 .4 4 5 .3
8 0 4 5 .4 4 5 .4 4 5 .4 4 5 .5 4 5 .6 4 5 .5

1 0 0 4 5 .6 4 5 .6 4 5 .7 4 5 .8 4 5 .7 4 5 .5
1 2 0 4 5 .4 4 5 .4 4 5 .5 4 5 .4 4 5 .6 4 5 .3

S D S
0 2 8 .6 2 8 .6 2 8 .7 2 8 .9 2 8 .7 2 8 .8

2 0 2 8 .2 2 8 .3 2 8 .6 2 8 .2 2 8 .6 2 8 .3
4 0 2 8 .6 2 8 .7 2 8 .8 2 8 .8 2 8 .8 2 8 .9
6 0 2 8 .9 2 8 .8 2 8 .6 2 8 .9 2 8 .7 2 8 .8
8 0 2 8 .6 2 8 .8 2 8 .5 2 8 .6 2 8 .8 2 8 .8

1 0 0 2 8 .6 2 8 .7 2 8 .6 2 8 .6 2 8 .7 2 8 .8
1 2 0 2 8 .8 2 8 .8 2 9 .0 2 8 .9 2 9 .0 2 8 .9

B io s u r fa c ta n t
0 3 0 .8 3 0 .9 3 0 .9 3 0 .9 3 0 .9 3 1 .0

2 0 3 1 .6 3 1 .6 3 1 .4 3 1 .4 3 1 .6 3 1 .5
4 0 3 1 .5 3 1 .3 3 1 .5 3 1 .4 3 1 .4 3 1 .5
6 0 3 1 .0 3 0 .8 3 0 .9 3 0 .9 3 0 .8 3 0 .9
8 0 3 1 .0 31 .1 3 1 .1 3 1 .0 3 1 .0 3 1 .1

1 0 0 3 1 .2 3 1 .2 3 1 .0 31 .1 3 1 .1 3 1 .2
1 2 0 3 1 .3 3 1 .4 3 1 .4 3 1 .3 3 1 .3 3 1 .4
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Table A8  E f f e c t  o f  a u to c la v e  t r e a tm e n t  (15 m in u te s  a t  121๐C) o n  s u r f a c e  t e n s io n  o f  
th e  c r u d e  b io s u r f a c ta n t  a s  c o m p a r e d  w i th  P lu r o n ic  F - 6 8  a n d  S D S

S a m p le S u r fa c e  T e n s io n  ( m N /m )
I II III IV V V I

B e fo re  A u to c a v in g
P L U R O N I C  F - 6 8 4 5 .0 4 5 .0 4 5 .0 45 .1 4 5 .2 4 5 .3
S D S 2 8 .6 2 8 .6 2 8 .7 2 8 .9 2 8 .7 2 8 .8
B I O S U R F A C T A N T 3 0 .4 3 0 .5 3 0 .5 3 0 .3 3 0 .4 3 0 .3

A f te r  A u to c la v in g

P L U R O N I C  F - 6 8 4 6 .5 4 6 .5 4 6 .4 4 6 .3 4 6 .3 4 6 .5
S D S 35.1 3 4 .8 3 4 .8 3 4 .9 3 5 .0 3 5 .1
B I O S U R F A C T A N T 3 1 .7 3 1 .5 3 1 .8 3 1 .5 3 1 .7 3 1 .5

Table A 9  E f f e c t  o f  p H  o n  s u r f a c e  a c t iv i ty  o f  P lu ro n is  F - 6 8

p H
S u r fa c e  T e n s io n  ( m N /m )

I II III IV V V I
3 4 6 .2 4 6 .4 4 6 .5 4 6 .5 4 6 .6 4 6 .2
4 4 7 .0 4 7 .0 4 7 .1 4 6 .8 4 6 .9 4 7 .0
5 4 6 .0 46 .1 4 6 .1 4 6 .1 46 .1 4 6 .0
6 4 6 .0 4 5 .9 4 5 .9 4 6 .1 4 6 .1 4 6 .0
7 4 5 .0 4 5 .0 4 5 .0 4 5 .1 4 5 .2 4 5 .0
8 4 4 .4 4 4 .5 4 4 .5 4 4 .4 4 4 .4 4 4 .4
9 4 3 .2 4 3 .2 4 3 .3 4 3 .5 4 3 .5 4 3 .2

1 0 4 3 .8 4 3 .8 4 3 .9 4 3 .9 4 3 .8 4 3 .8
11 4 3 .9 4 3 .9 4 4 .0 4 3 .8 4 3 .9 4 3 .9
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Table A 1 0  E f fe c t  o f  p H  o n  s u r f a c e  a c t iv i ty  o f  S D S

p H
S u r fa c e  T e n s io n  ( m N /m )

1 11 III IV V V I

3 2 9 .2 2 9 .2 2 9 .3 2 9 .4 2 9 .3 2 9 .2
4 2 9 .4 2 9 .6 2 9 .6 2 9 .5 2 9 .6 2 9 .4

5 2 9 .7 2 9 .6 2 9 .6 2 9 .7 2 9 .8 2 9 .7
6 2 9 .5 2 9 .5 2 9 .5 2 9 .6 2 9 .6 2 9 .5
7 2 9 .6 2 9 .7 2 9 .7 2 9 .7 2 9 .8 2 9 .6
8 2 9 .4 2 9 .6 2 9 .6 2 9 .5 2 9 .6 2 9 .4
9 2 9 .5 2 9 .6 2 9 .7 2 9 .6 2 9 .7 2 9 .5

1 0 2 9 .7 2 9 .7 2 9 .8 2 9 .7 2 9 .8 2 9 .7
11 2 9 .8 2 9 .8 2 9 .9 2 9 .8 2 9 .9 2 9 .8

Table A l l  E f fe c t  o f  p H  o n  s u r f a c e  a c t iv i ty  o f  th e  c r u d e  b io s u r f a c ta n t  p r o d u c e d  b y  p .  
a eru g in o sa  S P 4

p H
S u r fa c e  T e n s io n  ( m N /m )

I II III IV V V I
3 2 9 .0 2 9 .1 29 .1 29 .1 2 9 .0 2 9 .0
4 2 9 .2 2 9 .3 2 9 .2 2 9 .2 2 9 .3 2 9 .2
5 3 0 .3 3 0 .2 3 0 .2 3 0 .2 3 0 .0 3 0 .3
6 3 1 .3 3 1 .3 3 1 .0 3 1 .3 3 1 .0 3 1 .3
7 3 1 .9 3 2 .2 32 .1 3 1 .9 3 1 .8 3 1 .9
8 3 1 .9 3 1 .9 3 2 .2 3 2 .3 3 2 .3 3 1 .9
9 3 2 .0 3 1 .9 3 2 .0 3 2 .0 32 .1 3 2 .0

1 0 3 2 .0 3 1 .9 32 .1 3 2 .0 3 2 .2 3 2 .0
11 3 1 .6 3 1 .9 3 1 .5 3 1 .5 3 1 .8 3 1 .6
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c

Figure A l H P L C - E L S D  c h r o m a to g r a m  o f  th e  c ru d e  b io s u r f a c ta n t  p r o d u c e d  b y  p .  
a eru g in o sa  S P 4 .

Figure A2 A T R - F T I R  s p e c t r a  o f  th e  c r u d e  b io s u r f a c ta n t  p r o d u c e d  b y  p .  a e ru g in o sa  
S P 4  a n d  its  f ra c t io n s .
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Figure A 3  ' h  N M R  s p e c t ru m  o f  f ra c t io n  A  f r a c t io n a te d  f ro m  th e  c ru d e  
b io s u r f a c ta n t  p r o d u c e d  b y  p . a eru g in o sa  S P 4 .

5 . 5  5 . 0  4 . 5  4 . 0  3 5  3 . 0  2^5 2 0  1 . 5  1 . 0  P P "

Figure A4 ' h  NMR spectrum of fraction B fractionated from the crude biosurfactant
produced by p . aeruginosa  SP4.
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Figure A5 'h N M R  s p e c t ru m  o f  f r a c t io n  c  f r a c t io n a te d  f ro m  th e  c r u d e  b io s u r f a c ta n t  
p r o d u c e d  b y  p . a e ru g in o sa  S P 4 .

Figure A6 'h NMR spectrum of fraction D fractionated from the crude
biosurfactant produced by p . aeruginosa  SP4.
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Figure A 7  ' h  N M R  s p e c t r u m  o f  f r a c t io n  E  f r a c t io n a te d  f ro m  th e  c r u d e  b io s u r f a c ta n t  
p r o d u c e d  b y  p .  a eru g in o sa  S P 4 .

____

3 . 0 1 . 5 1 . 0 ppa

Figure A 8  ' h  N M R  s p e c t r u m  o f  f r a c t io n  F  f r a c t io n a te d  f ro m  th e  c r u d e  b io s u r f a c ta n t  
p r o d u c e d  b y  p .  a eru g in o sa  S P 4 .
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Figure A 9  M a s s  s p e c t r u m  o f  f r a c t io n  A  f r a c t io n a te d  f ro m  th e  c r u d e  b io s u r f a c ta n t  
p r o d u c e d  b y  p .  a e ru g in o sa  S P 4 .

Figure A10 Mass spectrum of fraction B fractionated from the crude biosurfactant
produced by p . aerug inosa  SP4.
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Figure A l l  M a s s  s p e c t r u m  o f  f r a c t io n  c  f r a c t io n a te d  f ro m  th e  c r u d e  b io s u r f a c ta n t  
p r o d u c e d  b y  p . a eru g in o sa  S P 4 .

Figure A12 Mass spectrum of fraction D fractionated from the crude biosurfactant
produced by p . aeruginosa  SP4.
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Figure A 1 3  M a s s  s p e c t r u m  o f  f r a c t io n  E  f r a c t io n a te d  f ro m  th e  c r u d e  b io s u r f a c ta n t  
p r o d u c e d  b y  p . a eru g in o sa  S P 4 .

Figure A14 Mass spectrum of fraction F fractionated from the crude biosurfactant
produced by p . aeruginosa  SP4.
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Appendix B Solution Properties and Vesicle Formation of Rhamnolipid 
Biosurfactants produced by P s e u d o m o n a s  a e r u g i n o s a  SP4

Table B1 S u r fa c e  te n s io n  versu s  r h a m n o l ip id  b io s u r f a c ta n t  c o n c e n t r a t io n  in  a  P B S  

s o lu t io n

C o n c e n t r a t io n S u r fa c e  T e n s io n  ( m N /m )
( m g /1) I II 111

0 .3 6 4 .5 6 4 .5 6 4 .5

0 . 6 6 4 .6 6 4 .5 6 4 .5

1.3 6 4 .5 6 4 .5 6 4 .6

2 .5 6 4 .7 6 4 .8 6 4 .8

5 6 4 .2 64 .1 6 4 .3

1 0 6 4 .4 6 4 .5 6 4 .5

2 0 6 5 .0 65 .1 6 5 .1

4 0 6 4 .6 6 4 .6 6 4 .6

80 45 .1 4 5 .0 4 5 .0

160 4 1 .5 4 1 .5 4 1 .5

3 2 0 3 4 .3 3 4 .3 3 4 .3

6 4 0 3 0 .3 3 0 .3 3 0 .3

1 ,2 8 0 2 9 .3 2 9 .3 2 9 .2

2 ,5 6 0 2 9 .3 2 9 .3 2 9 .2
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Table B2 S u r fa c e  te n s io n  versu s  r h a m n o l ip id  b io s u r f a c ta n t  c o n c e n t r a t io n  in  a  P B S  
s o lu t io n  c o n ta in in g  N a C l

C o n c e n tr a t io n S u r fa c e  T e n s io n  ( m N /m )
( m g /1) P B S +  0.1 M  N a C l P B S  +  0 .2  M  N a C l P B S  +  0 .4  M  N a C l

I 11 III I II III I II III
0 .3 6 4 .8 6 4 .8 6 4 .8 6 5 .7 6 5 .7 6 5 .9 6 2 .3 6 2 .3 6 2 .3
0 . 6 64 .1 6 4 .1 6 4 .2 6 6 .5 6 6 .5 6 6 .5 6 2 .3 6 2 .3 6 2 .3
1.3 6 5 .5 6 5 .5 6 5 .6 6 6 .5 6 6 .5 6 6 .4 6 2 .7 6 2 .8 6 2 .8
2 .5 6 5 .7 6 5 .6 6 5 .6 6 5 .5 6 5 .5 6 5 .5 6 2 .8 6 2 .8 6 2 .9

5 6 4 .6 6 4 .6 6 4 .5 6 5 .5 6 5 .6 6 5 .7 6 2 .4 6 2 .4 6 2 .4
1 0 6 4 .2 6 4 .3 6 4 .2 6 4 .3 6 4 .3 6 4 .4 6 2 .7 6 2 .8 6 2 .7
2 0 6 4 .5 6 4 .6 6 4 .5 6 4 .2 64 .1 6 4 .1 6 2 .9 6 2 .9 6 2 .9
4 0 6 4 .0 6 3 .9 6 3 .9 6 5 .0 6 5 .0 6 5 .0 6 2 .4 6 2 .4 6 2 .4
8 0 5 9 .3 5 9 .4 5 9 .2 4 2 .3 4 2 .3 4 2 .3 4 3 .6 4 3 .7 4 3 .6

16 0 3 9 .8 3 9 .8 3 9 .8 3 8 .8 3 8 .7 3 8 .7 3 5 .6 3 5 .6 3 5 .6
3 2 0 3 4 .7 3 4 .8 3 4 .8 3 3 .7 3 3 .8 3 3 .7 3 2 .2 3 2 .2 3 2 .2
6 4 0 2 9 .9 2 9 .8 2 9 .8 3 0 .3 3 0 .3 3 0 .3 3 0 .8 3 0 .8 3 0 .8

1 ,2 8 0 2 9 .9 2 9 .8 2 9 .8 2 8 .6 2 8 .6 2 8 .6 2 9 .5 2 9 .5 2 9 .4
2 ,5 6 0 2 9 .9 2 9 .4 2 9 .5 2 8 .8 2 8 .7 2 8 .4 2 8 .9 2 8 .9 2 8 .9
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Table B3 S u r fa c e  t e n s io n  versu s  r h a m n o l ip id  b io s u r f a c ta n t  c o n c e n t r a t io n  in  a  P B S  
s o lu t io n  c o n ta in in g  C 2H 5O H

C o n c e n t r a t io n
( m g /1)

S u r fa c e  T e n s io n  ( m N /m )

P B S +  0.1 M  
C 2H 5O H

P B S  +  0 .2  M  
C 2H 5O H

P B S  +  0 .4  M  
C 2H 5O H

I II III I II III I II III

0 .3 6 4 .5 6 4 .5 6 4 .6 6 3 .3 6 3 .4 6 3 .4 5 8 .6 5 8 .7 5 8 .7

0 . 6 6 4 .2 6 4 .2 6 4 .0 6 2 .4 6 2 .3 6 2 .3 5 9 .6 5 9 .8 5 9 .6

1.3 6 4 .4 6 4 .4 6 4 .4 6 3 .3 6 3 .3 6 3 .4 5 9 .9 5 9 .7 5 9 .8

2 .5 6 4 .9 6 4 .9 6 4 .8 6 3 .4 6 3 .4 6 3 .3 5 9 .2 5 9 .6 5 9 .4

5 . .64.1 64 .1 6 4 .2 6 3 .4 6 3 .4 6 3 .3 5 8 .4 5 8 .6 5 8 .7

1 0 6 4 .1 6 4 .2 6 4 .2 6 3 .4 6 3 .3 6 3 .3 5 7 .3 5 7 .5 5 7 .5

2 0 6 4 .8 6 4 .9 6 4 .8 6 3 .4 6 3 .4 6 3 .6 5 7 .9 5 8 .0 5 7 .8

4 0 6 4 .3 6 4 .3 6 4 .3 6 3 .9 6 3 .8 6 3 .9 5 8 .8 5 8 .9 5 8 .6

80 4 3 .8 4 3 .9 4 3 .8 4 2 .6 4 2 .6 4 2 .4 5 8 .7 5 8 .8 5 8 .9

160 4 1 .9 4 1 .9 4 1 .8 4 1 .6 4 1 .8 4 1 .8 3 9 .1 39 .1 3 9 .2

3 2 0 3 9 .9 3 9 .8 3 9 .9 39 .1 39 .1 3 9 .3 3 5 .0 3 5 .0 3 5 .0

6 4 0 2 9 .8 2 9 .8 2 9 .9 3 4 .8 3 4 .8 3 4 .7 3 2 .5 3 2 .5 3 2 .5

1 ,2 8 0 2 9 .4 2 9 .3 2 9 .5 2 9 .5 2 9 .5 2 9 .4 2 8 .9 2 9 .0 2 8 .9

2 ,5 6 0 2 8 .3 2 8 .4 2 8 .4 2 8 .5 2 9 .0 2 8 .6 2 8 .4 2 8 .4 2 8 .4
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Table B4 Turbidity (absorbance at 600 nm) of the biosurfactant solution at different
concentrations prepared in a PBS solution

C o n c e n t r a t io n T u r b id i ty  ( A b s o r b a n c e  a t 6 0 0  n m )
( m g / 1) 1 11 III

0 .3 1 0 . 1 2 0 . 1 2 0 . 1 2

0 .6 3 0 .1 7 0 .1 6 0 .1 6
1 .25 0 .1 5 0 .1 4 0 .1 4
2 .5 0 0 .1 6 0 .1 6 0 .1 7

5 0 .1 5 0 .1 5 0 .1 4
1 0 0 .1 8 0 .1 7 0 .1 8
2 0 0 .1 8 ' 0 .1 8 0 .1 8
4 0 0 .1 9 0 .1 9 0 .1 9
8 0 0 .1 9 0 . 2 0 0 . 2 0

1 6 0 0 .4 2 0 .4 2 0 .4 3
3 2 0 0 .6 2 0 .6 1 0 .6 2
6 4 0 1 .07 1 .0 7 1 .0 7

1 ,2 8 0 2 .3 8 2 .3 7 2 .3 8
2 ,5 6 0 3 .6 7 3 .6 7 3 .6 7
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Table B5 Turbidity (absorbance at 600 run) of the biosurfactant solution at different
concentrations prepared in a PBS solution containing NaCl

C o n c e n t r a t io n T u r b id i ty  ( A b s o rb a n c e  a t  6 0 0  n m )
( m g /1) P B S +  0 .1  M  N a C l P B S  +  0 .2  M  N a C l P B S  +  0 .4  M  N a C l

I II III I II III I II III
0 .31 0 .1 9 0 . 2 0 0 . 2 0 0 . 2 2 0 . 2 2 0 . 2 2 0 . 2 0 0 . 2 0 0 . 2 0

0 .6 3 0 .1 7 0 .1 7 0 .1 7 0 .1 6 0 .1 7 0 .1 7 0 .1 7 0 .1 8 0 .1 7
1 .25 0 .1 7 0 .1 8 0 .1 7 0 .1 7 0 .1 7 0 .1 6 0 . 2 0 0 . 2 0 0 . 2 0

2 .5 0 0 .1 7 0 .1 7 0 .1 7 0 .1 7 0 .1 7 0 .1 7 0 .1 9 0 .1 9 0 .1 8
5 0 . 2 0 0 . 2 0 0 .1 9 0 .1 6 0 .1 7 0 .1 7 0 .1 6 0 .1 7 0 .1 7

1 0 0 . 2 0 0 .1 9 0 .1 9 0 . 2 2 0 . 2 1 0 . 2 2 0 . 2 2 . 0 .2 3 0 .2 3
2 0 0 .2 4 0 .2 3 0 .2 4 0 .2 4 0 .2 3 0 .2 3 0 .1 9 0 .1 8 0 .1 8
4 0 0 .2 8 0 .2 9 0 .2 9 0 .2 9 0 .2 9 0 .2 9 0 . 2 0 0 . 2 0 0 . 2 1

8 0 0 .3 5 0 .3 5 0 .3 5 0 .3 3 0 .3 3 0 .3 3 0 . 2 0 0 . 2 0 0 . 2 0

160 0 .4 2 0 .4 2 0 .4 2 0 .3 9 0 .3 9 0 .3 8 0 .3 3 0 .3 3 0 .3 3
3 2 0 0 .61 0 .6 1 0 .6 0 0 .5 3 0 .5 2 0 .5 2 0 .3 7 0 .3 8 0 .3 8
6 4 0 0 .9 6 0 .9 6 0 .9 5 0 .7 6 0 .7 6 0 .7 6 0 .6 4 0 .6 5 0 .6 5

1 ,2 8 0 1.81 1.81 1.81 1 .3 4 1.33 1 .33 1 .1 7 1 .18 1 .1 7
2 ,5 6 0 3 .51 3 .5 1 3 .4 9 2 .7 3 2 .7 3 2 .7 4 2 .3 6 2 .3 5 2 .3 6
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Table B6 Turbidity (absorbance at 600 nm) of the biosurfactant solution at different
concentrations prepared in a PBS solution containing C2H5OH

C o n c e n t r a t io n
( m g / 1)

T u r b id i ty  ( A b s o rb a n c e  a t  6 0 0  n m )

P B S +  0 .1  M  
C 2H 5O H

P B S  +  0 .2  M  
C 2H 5O H

P B S  +  0 .4  M  
C 2H 5O H

I II III I II III I II III

0 .3 1 0 .1 7 0 .1 8 0 .1 7 0 .1 7 0 .1 8 0 .1 9 0 .1 7 0 .1 6 0 .1 6

0 .6 3 0 . 2 0 0 . 2 0 0 . 2 0 0 .1 7 0 .1 6 0 .1 7 0 .1 7 0 .1 7 0 .1 8

1 .25 0 .2 3 0 .2 3 0 .2 3 0 .1 7 0 .1 7 0 .1 7 0 .1 8 0 .1 9 0 .1 8

2 .5 0 0 . 2 0 0 . 2 0 0 . 2 0 0 .1 8 0 .1 9 0 .1 9 0 .1 7 0 .1 7 0 .1 8

5 0 . 2 1 0 . 2 0 0 . 2 1 0 .1 9 0 . 2 0 0 .1 9 0 .1 8 0 .1 9 0 .1 8

1 0 0 . 2 2 0 . 2 2 0 . 2 2 0 . 2 0 0 . 2 0 0 . 2 1 0 .1 5 0 .1 4 0 .1 6

2 0 0 .2 6 0 .2 6 0 .2 6 0 .2 7 0 .2 7 0 .2 8 0 .1 8 0 .1 7 0 .1 7

4 0 0 .2 6 0 .2 6 0 .2 6 0 .2 6 0 .2 7 0 .2 6 0 .1 8 0 .1 9 0 .1 8

8 0 0 .3 6 0 .3 7 0 .3 6 0 .3 5 0 .3 4 0 .3 5 0 .1 9 0 .1 9 0 . 2 0

1 6 0 0 .4 0 0 .3 9 0 .3 9 0 .3 6 0 .3 4 0 .3 5 0 .2 7 0 .2 8 0 .2 6

3 2 0 0 .5 9 0 .5 9 0 .5 9 0 .41 0 .4 2 0 .4 3 0 .3 4 0 .3 4 0 .3 5

6 4 0 0 .9 5 0 .9 5 0 .9 5 0 .6 0 0 .6 0 0 .6 0 0 .5 0 0 .5 0 0 .5 1

1 ,2 8 0 1 .5 0 1 .5 0 1 .5 0 1 .7 4 1 .7 5 1 .73 1 .5 0 1 .4 9 1 .5 0

2 ,5 6 0 2 .9 9 2 .9 9 2 .9 9 2 .5 3 2 .5 4 2 .5 4 2 .2 5 2 .2 5 2 .2 4



187

Table B7 Electrical conductivity of the biosurfactant solution at different
concentrations prepared in a PBS solution

C o n c e n t r a t io n E le c t r ic a l  C o n d u c t iv i ty  (m S )
( m g /1) I II III

0 .31 5 .7 9 5 .7 4 5 .8 8

0 .6 3 6 .3 0 6 .3 6 6 .31

1 .25 6 .3 2 6 .3 5 6 .3 8

2 .5 0 6 .2 5 6 .5 2 6 .71

5 6 .7 4 6 .5 9 6 .9 6
1 0 6 .8 5 6 .9 7 6 .7 4

2 0 7 .0 9 7 .0 9 7 .0 9

4 0 7 .4 5 7 .4 4 7 .4 1

8 0 7 .8 7 7 .7 3 7 .9 6
16 0 6 .8 7 6 .81 6 .8 2
3 2 0 6 .2 4 6 .3 7 6 .3 7

6 4 0 6 . 0 2 6 .0 4 6 .0 7

1 ,2 8 0 5 .9 8 5 .8 9 5 .8 3
2 ,5 6 0 5 .8 5 5 .9 6 6 .0 5
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Table B8 Electrical conductivity of the biosurfactant solution at different
concentrations prepared in a PBS solution containing NaCl

C o n c e n t r a t io n E le c t r ic a l  C o n d u c t iv i ty  (m S )
( m g / 1) P B S +  0.1  M  N a C l P B S  +  0 .2  M  N a C l P B S  +  0 .4  M  N a C l

I 11 III I II III I II III
0 .31 9 .8 7 9 .8 8 9 .81 9 .8 7 9 .8 6 9 .8 2 1 4 .7 0 1 4 .6 4 1 4 .6 4
0 .6 3 1 0 .0 4 1 0 .0 5 1 0 .0 6 1 0 .9 0 1 0 . 8 6 1 1 . 0 2 1 6 .6 4 1 6 .6 5 16 .61
1 .25 1 0 . 2 1 1 0 . 2 2 1 0 .1 7 1 3 .3 2 1 3 .4 3 1 3 .2 3 1 7 .5 4 1 7 .6 5 1 7 .4 5
2 .5 0 1 0 .5 0 1 0 .4 4 10 .63 1 5 .1 5 1 5 .0 4 1 5 .3 0 1 8 .9 0 1 8 .8 0 1 9 .0 5

5 1 0 .0 6 1 0 .1 8 1 0 .2 6 17 .01 1 7 .1 5 16 .91 2 0 .0 8 2 0 . 0 1 2 0 . 1 0

1 0 1 0 .0 8 1 0 . 0 1 1 0 . 0 1 1 7 .9 8 1 8 .0 2 1 7 .8 8 2 1 .0 4 2 1 .5 6 2 1 .4 6
2 0 1 0 .1 4 1 0 . 0 2 9 .9 8 1 7 .9 9 1 7 .7 8 1 8 .1 8 2 1 . 2 2 2 0 .9 6 2 2 .9 2
4 0 1 0 .1 3 1 0 . 1 0 1 0 . 2 2 1 8 .9 7 1 9 .1 2 1 7 .7 8 2 1 .4 1 2 0 .9 3 2 2 .3 3
80 10 .61 1 0 . 6 6 1 0 . 6 8 1 9 .3 3 2 0 .4 6 2 0 .1 5 2 1 .7 8 2 1 .7 7 2 1 .7 6

16 0 9 .61 9 .6 5 9 .7 0 1 8 .0 0 18 .01 1 8 .0 6 2 1 .4 4 2 1 .5 9 2 1 .3 1
3 2 0 8 .4 3 8 .4 7 8 .4 0 1 4 .1 9 1 4 .1 4 14 .11 1 8 .5 8 1 8 .6 8 1 8 .4 3
6 4 0 6 .9 8 6 .8 2 6 .7 7 1 2 .0 5 1 2 . 1 0 1 2 . 0 1 1 4 .0 8 1 4 .0 2 1 4 .0 4

1 ,2 8 0 6 .8 2 6 .7 2 6 .9 6 1 0 .5 2 1 0 .5 2 1 0 .5 7 1 2 .2 4 1 2 . 2 2 1 2 .2 6
2 ,5 6 0 6 .71 6 .7 3 6 .7 4 1 0 .2 6 1 0 .1 7 1 0 .3 4 1 2 .3 0 1 2 .2 6 1 2 .2 3
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Table B9 Electrical conductivity of the biosurfactant solution at different
concentrations prepared in a PBS solution containing C2H5OH

C o n c e n t r a t io n
( m g /1)

E le c t r ic a l  C o n d u c t iv i ty  ( p S )
P B S +  0.1 M

C 2H 5O H
P B S  +  0 .2  M  

C 2H 5O H
P B S  +  0 .4  M  

C 2H 5O H
I II III I II III I II III

0 .31 4 .6 7 4 .6 2 4 .6 7 4 .8 4 4 .9 8 4 .7 5 6 .7 1 6 .7 8 6 .71
0 .6 3 4 .8 6 4 .9 3 4 .7 2 4 .91 5 .01 4 .8 8 6 .9 1 7 .2 0 6 .7 6
1.25 4 .9 9 4 .8 2 5 .0 0 5 .0 7 5 .0 8 5 .0 9 7 .2 6 7 .2 9 7 .2 0
2 .5 0 5 .51 5 .5 5 5 .5 2 5 .6 5 5 .5 2 5 .4 5 7 .5 4 7 .5 9 7 .51

5 5 .9 5 6 . 0 1 6 . 8 8 6 . 0 1 5.91 6 .1 4 7 .61 7 .6 4 7 .8 0
1 0 6 .1 7 6 .3 4 5 .9 7 6 .1 4 6 .2 5 5 .9 7 7 .6 8 7 .9 8 7 .3 7
2 0 6 .2 5 6 .1 4 6 .3 8 6 .3 8 6 .1 4 6 .5 8 7 .81 8 .0 8 7 .6 8
4 0 6 .4 1 6 .4 3 6 .41 6 .5 3 6 .5 6 6 .6 0 7 .9 4 8 .0 4 8 .0 6
80 6 .6 5 6 .6 0 6 .6 9 6 .6 0 6 .6 3 6 .6 7 8 .0 6 8 . 2 2 7 .8 0

16 0 5 .9 5 5 .9 0 5 .9 9 6 .8 0 6 .8 0 6 .8 9 8 . 2 2 8 .4 5 8 . 0 0

3 2 0 5 .2 7 5 .2 3 5 .2 6 5 .7 4 5 .7 7 5 .71 6 .6 4 6 . 6 8 6 .6 0
6 4 0 4 .9 1 4 .7 8 5 .1 7 5 .1 7 5 .1 8 5 .1 6 5 .8 7 5 .9 6 5 .7 5

1 ,2 8 0 4 .7 1 4 .7 3 4 .7 1 4 .8 0 4 .8 0 4 .7 9 5 .3 7 5 .1 0 5 .6 3
2 ,5 6 0 4 .5 3 4 .5 5 4 .5 9 4 .6 2 4 .6 6 4 .6 4 4 .9 4 4 .8 2 4 .9 0
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Table BIO S c a t te r e d  l ig h t  in te n s i ty  o f  th e  b io s u r f a c ta n t  s o lu t io n  a t  d i f f e r e n t  
c o n c e n t r a t io n s  p r e p a r e d  in  a  P B S  s o lu t io n ,  a  P B S  s o lu t io n  c o n ta in in g  N a C l ,  a n d  a 
P B S  s o lu t io n  c o n ta in in g  C2 H5OH

C o n c e n tr a t io n A v e ra g e  C o u n t  R a te  ( k c p s )
( m g /1) P B S 0.1 M 0 .2  M 0 .4  M 0.1  M 0 .2  M 0 .4  M

N a C l N a C l N a C l C 2H 5O H C 2H 5O H C 2H 5O H
0.3 2 4 .4 7 3 .4 1 1 . 6 3 3 .4 1 1 .9 38 .1 17 .5
0 . 6 2 6 .6 8 2 .2 11 .5 3 2 .2 2 2 .7 3 8 .8 15 .3
1.3 2 8 .6 8 9 .2 13 .5 3 2 .3 1 8 .0 3 8 .6 28 .1
2 .5 3 2 .8 9 1 .2 2 1 . 8 3 2 .5 2 0 . 6 5 8 .0 2 9 .3

5 3 7 .2 9 7 .9 2 1 .5 3 5 .7 3 3 .7 9 0 .3 3 2 .5
1 0 4 2 .4 1 0 0 . 2 2 0 . 0 4 2 .7 4 6 .8 153 .1 6 1 .6
2 0 6 5 .5 1 3 1 .9 4 6 .9 3 5 .8 1 1 .9 38 .1 17 .5
4 0 1 8 3 .4 4 3 4 .2 1 2 3 .9 1 5 1 .6 2 2 .7 3 8 .8 15 .3
80 4 6 8 .6 4 6 2 .5 6 7 0 .4 5 4 9 .9 7 0 3 .1 5 3 2 .8 4 6 9 .4
160 4 6 5 .6 4 2 3 .4 4 9 9 .7 4 9 9 .4 4 5 8 .8 1 , 1 0 0 1 , 0 0 0

3 2 0 4 7 1 .6 4 2 5 .0 4 8 2 .1 4 9 7 .4 4 4 0 .9 4 6 8 .7 48 9^0
6 4 0 4 7 8 .0 4 2 8 .8 4 8 0 .4 4 8 8 .8 4 3 9 .0 4 4 5 .5 4 2 0 .3

1 ,2 8 0 4 7 5 .6 4 2 2 .5 4 7 7 .0 4 8 8 .0 4 4 3 .2 4 4 0 .0 4 2 5 .5
2 ,5 6 0 4 7 0 .3 4 2 1 .2 4 7 5 .5 4 8 8 .4 4 4 5 .2 4 4 1 .4 4 2 8 .4



191

Table B ll Contribution of the various-sized biosurfactant vesicles at different
concentrations prepared in a PBS solution

C o n c e n tr a t io n C o n tr ib u t io n  o f  A g g r e g a te  (% )
( m g / 1) 5 0 -2 5 0  n m > 2 5 0  n m

1 6 0 59.1 4 0 .9

3 2 0 3 7 .5 6 2 .5

6 4 0 . 2 0 . 1 7 9 .9

1 ,2 8 0 0 1 0 0

2 ,5 6 0 0 1 0 0

Table B12 C o n tr ib u t io n ,  o f  th e  v a r io u s - s iz e d  b io s u r f a c ta n t  v e s i c le s  a t  d i f f e r e n t  
c o n c e n t r a t io n s  p r e p a r e d  in  a  P B S  s o lu t io n  c o n ta in in g  N a C l:  (a )  5 0 - 2 5 0  n m  a n d  (b )  
> 2 5 0  n m

C o n c e n t r a t io n C o n tr ib u t io n  o f  A g g r e g a te  (% )
( m g /1) P B S +  0.1 M  N a C l P B S  +  0 .2  M  N a C l P B S  +  0 .4  M  N a C l

(a) (b ) (a) (b ) (a) (b )
160 4 2 .5 5 7 .5 2 4 .6 7 5 .4 1 0 . 0 9 0 .0
3 2 0 5 0 .6 4 9 .4 2 5 .2 7 4 .8 5 0 .6 4 9 .5

6 4 0 5 7 .0 4 3 .0 3 0 .5 6 9 .5 4 6 .8 5 3 .2

1 ,2 8 0 0 1 0 0 0 1 0 0 5 4 .0 4 6 .0

2 ,5 6 0 0 1 0 0 0 1 0 0 4 2 .6 5 7 .4
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Table B13 C o n tr ib u t io n  o f  th e  v a r io u s - s iz e d  b io s u r f a c ta n t  v e s ic le s  a t  d i f f e r e n t  
c o n c e n t r a t io n s  p r e p a r e d  in  a  P B S  s o lu t io n  c o n ta in in g  C 2H 5O H : (a )  5 0 -2 5 0  n m  a n d  
(b )  > 2 5 0  n m

C o n c e n tr a t io n C o n tr ib u t io n  o f  A g g r e g a te  (% )
( m g / 1) P B S +  0 .1  M P B S  +  0 .2  M P B S  +  0 .4  M

C 2H 5O H C 2H 5O H C 2H 5O H

(a) (b ) (a) . . (b ) (a) (b )
16 0 2 0 .9 79 .1 6 6 .4 3 3 .6 37 .1 6 2 .9
3 2 0 4 .2 9 5 .8 3 9 .0 6 1 .0 1 0 0 0

6 4 0 0 1 0 0 2 1 .9 78 .1 1 0 0 0

1 ,2 8 0 0 1 0 0 0 . . 1 0 0 1 0 0 0

2 ,5 6 0 0 1 0 0 0 1 0 0 1 0 0 0

Table B14 E n c a p s u la t io n  e f f ic ie n c y  (E% ) o f  th e  b io s u r f a c ta n t  v e s ic le  f o r m e d  in  a  
P B S  s o lu t io n  in  th e  a b s e n c e  a n d  p r e s e n c e  o f  th e  a d d i t iv e s  a t a  b io s u r f a c ta n t  
c o n c e n t r a t io n  o f  1 ,2 8 0  m g /1

M e d iu m E n c a p s u la t io n  E f f ic ie n c y  (% )
I II III

P B S 9 .6 7 .8 12 .5
P B S +  0.1 M N a C l 6 .4 8 . 2 7 .7
P B S  +  0 .2  M  N a C l 6 .7 5 .0 7 .5
P B S  +  0 .4  M  N a C l 5 .8 6 .1 6 . 2

P B S +  0.1 M C 2H 5O H 1 1 .4 1 7 .0 1 4 .6
P B S  +  0 .2  M  C 2H 5O H 1 3 .2 18 .3 17.1
P B S  +  0 .4  M  C 2H 5O H 3 2 .0 3 1 .7 2 9 .4
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Appendix c  Preparation and Characterization of Rhamnolipid Vesicles as 
Potential Nanocarrier Systems

Table C l S o lu t io n  tu r b id i ty  ( a b s o r b a n c e  a t  6 0 0  n m )  o f  th e  r h a m n o l ip id  s o lu t io n  
p r e p a r e 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 r a t io n  o f  0 .1 3  w t .%  a t 
d i f f e r e n t  c h o le s te ro l  c o n c e n t r a t io n s

C h o le s te r o l  C o n c e n t r a t io n T u r b id i ty  ( A b s o r b a n c e  a t  6 0 0  n m )
( p M ) I II III

0 0 .9 9 0 .9 9 0 .9 9

2 5 0 .9 9 0 .9 9 0 .9 9

5 0 0 .9 9 0 .9 9 0 .9 9

1 0 0 0 .7 1 0 .7 1 0 .7 1

2 0 0 0 .6 5 0 .6 5 0 .6 5

4 0 0 0 .6 0 0 .6 0 0 .6 0

Table C 2  Z e ta  p o te n t ia l  o f  th e  r h a m n o l ip id  s o lu t io n  p r e p a r e 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 r a t io n  o f  0 .1 3  w t .%  a t  d i f f e r e n t  c h o le s te ro l  

c o n c e n t r a t io n s

C h o le s te r o l  C o n c e n t r a t io n Z e ta  P o te n t ia l  (m V )
( p M ) I II III

0 -2 9 .8 - 2 9 .9 -2 7 .1

2 5 -2 8 .6 -2 8 .5 -2 8 .5

5 0 -2 7 .2 - 2 5 .4 - 2 6 .9

1 0 0 -1 7 .2 - 2 1 .9 - 2 0 .4

2 0 0 -1 6 .5 -1 6 .1 -1 4 .3

4 0 0 -1 3 .2 -1 3 .6 -1 3 .2
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Table C 3  S iz e  o f  th e  r h a m n o l ip id  v e s ic le  p r e p a r e 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 r a t io n  o f  0 .1 3  w t .%  a t d i f f e r e n t  c h o le s te r o l  c o n c e n t r a t io n s  
o b ta in e d  f ro m  th e  D L S  m e a s u r e m e n t

C h o le s te r o l  C o n c e n t r a t io n H y d r o d y n a m ic  D ia m e te r  (n m )
( p M ) I II III IV V

0 2 9 7 .1 2 8 8 .0 3 1 3 .0 2 9 4 .6 2 9 8 .2
2 5 2 6 2 .8 2 5 8 .5 2 9 4 .6 2 6 9 .2 2 8 6 .7
5 0 2 6 1 .4 2 6 3 .9 2 6 3 .2 2 6 8 .2 2 7 0 .0

1 0 0 2 5 0 .9 2 4 1 .9 2 4 2 .2 2 5 9 .3 2 5 6 .6
2 0 0 2 3 4 .9 2 3 9 .8 2 4 0 .1 2 2 0 .4 2 5 5 .1
4 0 0 2 1 3 .7 2 1 0 .5 2 0 3 .2 2 0 6 .5 2 1 0 .9

Table C 4  S iz e  o f  th e  r h a m n o lip id  v e s ic le  p r e p a r e 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 r a t io n  o f  0 .1 3  w t .%  a t d i f f e r e n t  c h o le s te r o l  c o n c e n t r a t io n s  
o b ta in e d  f ro m  th e  T E M  te c h n iq u e

C h o le s te r o l
C o n c e n t r a t io n

( p M )

V e s ic le  D ia m e te r  (n m )
I II III IV V V I V II V III

0 8 1 3 8 2 9 811 8 0 8 7 8 2 7 2 3 9 2 3 7 8 0
2 5 6 3 4 6 6 3 6 3 8 6 5 6 6 0 8 6 9 9 7 0 2 7 1 2
5 0 5 5 4 5 4 7 501 5 0 8 5 1 5 4 9 8 4 9 4 4 8 8

1 0 0 4 4 3 4 4 9 4 6 2 4 9 4 3 9 5 361 3 5 4 5 1 4
2 0 0 3 9 9 3 7 2 41 1 4 1 4 4 2 0 4 0 9 4 0 4 4 1 5
4 0 0 3 3 9 3 0 0 2 8 9 3 4 6 3 3 7 3 5 3 3 6 5 3 4 0



195

Table C 5  E n c a p s u la t io n  e f f ic ie n c y  ( £ % )  o f  th e  r h a m n o l ip id  v e s ic le s  f o r m e 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 r a t io n  o f  0 .1 3  w t .%  a t v a r io u s  
c h o le s te r o l  c o n c e n t r a t io n s  a n d  in i t ia l  S u d a n  III c o n c e n t r a t io n s

C h o le s te r o l E n c a p s u la t io n  E f f ic ie n c y  (% )
C o n c e n t r a t io n 8 . 8  M m  S u d a n  III 17 .5  p M  S u d a n  III 3 5  p M  S u d a n  III

( p M ) 1 II III I II III I II III

0 4 6 .8 4 5 .9 4 5 .1 2 0 .5 19 .5 1 9 .6 6 . 6 6 . 8 7.5
2 5 6 8 .9 6 7 .0 7 0 .5 3 3 .2 3 1 .8 3 3 .2 1 6 .0 1 7 .7 1 9 .9

5 0 7 0 .0 7 8 .2 8 0 .8 3 5 .0 3 5 .2 3 2 .8 2 1 .3 2 2 .5 2 3 .3
1 0 0 9 1 .1 8 2 .5 9 0 .8 5 4 .6 5 9 .8 5 7 .5 2 3 .6 2 2 .3 2 1 .7
2 0 0 6 5 .0 6 5 .7 6 6 .5 3 9 .0 3 6 .6 3 7 .2 1 0 . 1 1 0 . 6 1 1 . 0

4 0 0 60 .1 5 0 .0 4 6 .9 2 6 .2 2 7 .8 2 4 .8 11 .3 1 2 . 8 1 1 . 1
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Appendix D Surface-modified Polymeric Films by Rhamnolipid Biosurfactant 
from P s e u d o m o n a s  a e r u g i n o s a  SP4 for Biomedical Applications

Table D1 A d s o r p t io n  is o th e r m s  o f  th e  r h a m n o l ip id  b io s u r f a c ta n t  o n to  e i th e r  s i lk  
f ib r o in  o r  c h i to s a n  f i lm s  f ro m  th e  S P R  a n a ly s is

C o n c e n t r a t io n A d s o r b e d  M a s s  ( p m o l /m 2)

fm M ) S ilk  F ib r o in  F ilm C h i to s a n  F i lm

I II III IV I II III IV

0 .0 3 0 .1 6 0 .2 6 0 .0 7 0 .0 8 0 .1 3 0 .1 5 0 .1 2 0 .1 6

0 .0 6 0 .2 5 0 .1 3 0 .1 8 0 .0 8 0 .2 4 0 .1 9 0 .1 6 0 .2 4

0 .1 2 0 .7 9 0 .2 1 0 .4 3 0 .4 3 0 .2 5 0 .1 9 0 .1 4 0 .4 4

0 .2 4 1 .2 5 0 .6 5 0 .9 8 0 .9 6 0 .6 0 0 .5 6 0 .5 1 0 .3 5

0 .4 9 3 .1 6 2 .4 7 2 .4 7 2 .3 7 0 .7 4 0 .7 5 0 .7 4 0 .7 2

0 .9 7 3 .6 6 4 .5 2 4 .0 3 4 .1 1 2 .2 5 2 .1 7 1 .8 0 1 .7 0

1 .95 4 .1 6 4 .6 9 4 .0 4 4 .6 6 2 .3 1 2 .3 3 2 .6 9 1 .98

3 .9 0 4 .5 8 4 .4 3 4 .5 9 4 .1 7 2 .3 9 2 .3 3 2 .5 0 2 .4 7

(a )  T h e  a d s o r p t io n  o f  th e  b io s u r f a c ta n t  o n to  th e  s i lk  f ib r o in  f i lm :
F ro m  th e  S P R  d a ta ,  th e  a d s o rb e d  a m o u n t  o f  th e  b io s u r f a c ta n t  o n  th e  s i lk  

f ib r o in  f i lm  w a s  4 .5  p m o l /m 2.
4 .5  p m o l /m 2 =  4 .5  X 1 0 '6 X 6 .0 2  X 1 0 23 m o le c u le s /  m 2

=  2 .7  X 1 o ' 8 m o le c u le s /  m 2
I f  th e  b i la y e r  to p o g r a p h y  w a s  a s s u m e d ,  o n e  b io s u r f a c ta n t  m o le c u le  s h o u ld  

o c c u p y  2  X ( 2 .7  X 1 0 18) ' 1 m 2.
2  X ( 2 .7  X 1 0 18) ' 1 m 2 =  2  X  (3 .7  X 1 e r19) m 2 

=  7 .4 1  X 10"19 m 2 
=  7 4 .1  A 2

T h e r e fo re ,  b a s e d  o n  th e  a s s u m p t io n  o f  b i la y e r  to p o g r a p h y ,  a  s u r f a c e  a r e a  p e r  
m o le c u le  o f  7 4 .1  Â 2 w a s  o b ta in e d .
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(b )  T h e  a d s o rp t io n  o f  th e  b io s u r f a c ta n t  o n to  th e  c h i to s a n  f i lm :
F ro m  th e  S P R  d a ta ,  th e  a d s o rb e d  a m o u n t  o f  th e  b io s u r f a c ta n t  o n  th e  c h i to s a n  

f i lm  w a s  2 .3  p m o l /m 2.
2 .3  p m o l /m 2 =  2 .3  X 1 0 '6 X 6 .0 2  X 1 0 23 m o le c u le s /  m 2

=  1.4 X  1 o ' 8 m o le c u le s /  m 2
I f  th e  m o n o la y e r  to p o g r a p h y  w a s  a s s u m e d , o n e  b io s u r f a c ta n t  m o le c u le  s h o u ld  

o c c u p y  (1 .4  X 1 0 18) ' 1 m 2.
(1.4 X 10 'V  m2 = 7.14 X 10'19 m2 

= 71.4 À2
T h e r e fo re ,  b a s e d  o n  th e  a s s u m p t io n  o f  m o n o la y e r  to p o g r a p h y ,  a  s u r f a c e  a r e a  

p e r  m o le c u le  o f  7 1 .4  Â 2 w a s  o b ta in e d .
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Table D2 A d s o r p t io n  i s o th e r m s  o f  th e  r h a m n o l ip id  b io s u r f a c ta n t  o n to  e i th e r  s i lk  

f ib r o in  o r  c h i to s a n  f i lm s  f ro m  th e  Q C M -D  e x p e r im e n t

C o n c e n t r a t io n A d s o r b e d  M a s s  ( p m o l /m 2)

( m M ) I II III IV V V I

S ilk  F ib r o in  F ilm

0 .0 3 2 .9 2 .9 2 .9 2 .9 2 .9 2 .9

0 .0 6 13 .8 13 .8 1 3 .8 1 3 .8 1 3 .8 1 3 .8

0 .1 2 2 9 .0 2 9 .0 2 9 .0 2 9 .1 2 9 .0 2 9 .0

0 .2 4 3 4 .3 3 4 .3 3 4 .3 3 4 .3 3 4 .3 3 4 .3

0 .4 9 3 7 .0 3 7 .0 3 7 .0 3 7 .0 3 7 .0 3 7 .0

' 0 .9 7 3 8 .8 3 8 .8 3 8 .8 3 8 .8 3 8 .8 3 8 .8

1 .95 3 9 .8 3 9 .8 3 9 .8 3 9 .8 3 9 .8 3 9 .8

3 .9 0 3 9 .9 3 9 .9 3 9 .9 3 9 .9 3 9 .9 3 9 .9

C h ito s a n  F ilm

0 .0 3 7.1 7.1 7.1 7.1 7 .1 7.1

0 .0 6 2 5 .4 2 5 .4 2 5 .4 2 5 .4 2 5 .4 2 5 .4

0 .1 2 5 0 .7 5 0 .7 5 0 .7 5 0 .8 5 1 .2 5 1 .7

0 .2 4 9 6 .7 9 6 .8 9 6 .8 9 6 .9 9 6 .8 9 6 .8

0 .4 9 1 1 2 .5 11 2 .5 1 1 2 .5 1 1 2 .5 1 1 2 .5 1 1 2 .6

0 .9 7 1 2 7 .4 1 2 7 .4 1 2 7 .4 1 2 7 .4 1 2 7 .4 1 2 7 .4

1 .95 135 .1 135.1 135 .1 135 .1 13 5 .1 13 5 .1

3 .9 0 1 3 7 .5 1 3 7 .5 1 3 7 .5 1 3 7 .5 1 3 7 .4 1 3 7 .4
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T a b le  D 3  T he ch an ges in the third overtone o f  the resonance frequency from  the
Q C M -D  experim ent as a function  o f  the biosurfactant concentration

C o n c e n t r a t io n F re q u e n c y  (H z )
( m M ) I II III IV V V I

S ilk  F ib r o in  F ilm

0 .0 3 - 8 .2 -8 .2 -8 .6 -8 .6 -8 .1 -8 .1

0 .0 6 -3 9 .5 -.39.5 -3 9 .5 -3 9 .5 -3 9 .5 -3 9 .5
0 .1 2 -8 3 .3 -8 3 .3 -8 3 .3 -8 3 .3 -8 3 .3 -8 3 .3

0 .2 4 -9 8 .3 -9 8 .3 -9 8 .3 -9 8 .3 -9 8 .3 -9 8 .3

0 .4 9 -1 0 6 .1 -1 0 6 .1 -1 0 6 .0 -1 0 6 .0 -1 0 6 .0 - 1 0 6 .0

0 .9 7 -1 1 1 .3 -1 1 1 .3 -1 1 1 .3 -1 1 1 .3 -1 1 1 .3 -1 1 1 .3

1 .9 5 - 1 1 4 .0 -1 1 4 .0 -1 1 4 .0 -1 1 4 .0 -1 1 4 .0 - 1 1 4 .0

3 .9 0 -1 1 4 .3 -1 1 4 .3 -1 1 4 .3 -1 1 4 .2 -1 1 4 .2 -1 1 4 .2

C h i to s a n  F ilm

0 .0 3 -2 0 .3 -2 0 .3 -2 0 .4 -2 0 .4 -2 0 .4 -2 0 .4

0 .0 6 - 7 2 .7 -7 2 .7 -7 2 .7 -7 2 .7 -7 2 .7 -7 2 .8

0 .1 2 -1 4 5 .2 -1 4 5 .2 -1 4 5 .3 -1 4 5 .3 -1 4 5 .3 -1 4 5 .3

0 .2 4 -2 7 7 .1 -2 7 7 .1 -2 7 7 .1 -2 7 7 .2 -2 7 7 .2 -2 7 7 .3

0 .4 9 -3 2 2 .1 -3 2 2 .1 -3 2 2 .1 -3 2 2 .1 -3 2 2 .2 -3 2 2 .2

0 .9 7 -3 6 5 .1 -3 6 5 .1 -3 6 5 .2 -3 6 5 .2 -3 6 5 .2 -3 6 5 .2

1 .9 5 -3 8 7 .2 -3 8 7 .2 -3 8 7 .2 -3 8 7 .2 -3 8 7 .2 -3 8 7 .2

3 .9 0 -3 9 4 .3 -3 9 4 .2 -3 9 4 .1 - 3 9 4 .0 -3 9 3 .9 -3 9 3 .8
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T a b le  D 4  The changes in the third overtone o f  the d issip ation  from  the Q C M -D
experim ent as a function  o f  the biosurfactant concentration

C o n c e n t r a t io n D is s ip a t io n  ( 1 0 '6)
(m M ) I II III IV V V I

S i lk  F ib r o in  F ilm

0 .0 3 2 .2 2 .2 2 .2 2 .2 2 .2 2 .2

0 .0 6 8 .9 8 .9 8 .9 8 .9 . 8 .9 8 .9

0 .1 2 16 .3 1 6 .2 1 6 .2 1 6 .2 1 6 .3 16 .3

0 .2 4 17.1 17.1 17.1 17.1 17 .1 17.1

0 .4 9 1 7 .7 1 7 .7 1 7 .7 1 7 .7 .1 7 .7 1 7 .7

0 .9 7 1 8 .0 1 8 .0 1 8 .0 1 8 .0 . J 8 . 0 1 8 .0

1 .95 1 9 .0 1 9 .0 1 9 .0 1 9 .0 1 9 .0 1 9 .0

3 .9 0 19.1 19.1 1 9 .0 1 9 .0 1 9 .0 1 9 .0
C h i to s a n  F i lm

0 .0 3 4 .2 4 .2 4 .2 4 .2 4 .2 4 .2

0 .0 6 1 3 .6 1 3 .6 1 3 .6 1 3 .6 1 3 .6 1 3 .6

0 .1 2 2 5 .0 2 5 .0 2 5 .0 2 5 .0 2 5 .0 2 5 .0

0 .2 4 28 .1 2 7 .3 2 6 .5 2 5 .7 2 4 .9 2 4 .2

0 .4 9 2 7 .2 2 7 .3 2 7 .3 2 7 .3 2 7 .3 2 7 .3

0 .9 7 3 0 .2 3 0 .2 3 0 .2 3 0 .2 3 0 .2 3 0 .2

1 .95 3 5 .6 3 5 .6 3 5 .6 3 5 .6 3 5 .6 3 5 .6

3 .9 0 3 7 .9 3 7 .9 3 7 .8 3 7 .8 3 7 .8 3 7 .7
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T a b le  D 5  W ater content percentages w ith in  the adsorbed layers o f  either silk  fibroin
or ch itosan  film s as a function  o f  the biosurfactant concentration

C o n c e n t r a t io n W a te r  C o n te n t  (% )
(m M ) S ilk  F ib ro in  F i lm C h i to s a n  F i lm

0 .0 3 95 .1 9 8 .0

0 .0 6 9 8 .8 9 9 .2

0 .1 2 9 8 .4 9 9 .5
0 .2 4 9 7 .2 9 9 .5

0 .4 9 9 2 .9 9 9 .3

0 .9 7 8 9 .5 9 8 .4
1 .95 8 9 .0 9 8 .3
3 .9 0 8 8 .8 9 8 .2

Table D6 W a te r  c o n ta c t  a n g le s  o f  e i th e r  s i lk  f ib r o in  o r  c h i to s a n  f i lm s  a s  a  fu n c t io n  
o f  th e  b io s u r f a c ta n t  c o n c e n t r a t io n

C o n c e n t r a t io n W a te r  C o n ta c t  A n g le  (°)
( m M ) S ilk  F ib ro in  F ilm C h i to s a n  F ilm

I II III I II III

0 4 9 .6 5 0 .8 5 0 .6 7 1 .0 7 1 .4 7 1 .2

0 .0 3 5 9 .4 5 7 .5 5 4 .2 72 .1 7 1 .9 7 2 .9

0 .0 6 6 0 .0 5 9 .6 5 8 .1 7 3 .6 7 3 .4 7 4 .0

0 .1 2 6 2 .7 6 2 .7 6 2 .0 7 5 .6 7 5 .0 7 5 .8

0 .2 4 6 7 .7 6 7 .6 6 6 .3 7 6 .8 7 9 .8 7 8 .9
0 .4 9 6 9 .9 7 2 .0 7 3 .5 8 2 .6 8 3 .2 8 2 .7
0 .9 7 7 6 .3 7 2 .7 7 6 .7 8 3 .2 8 5 .3 8 3 .2

1 .9 5 7 6 .2 7 6 .4 7 7 .5 85 .1 8 3 .8 8 3 .6
3 .9 0 7 6 .7 7 7 .5 7 6 .5 85 .1 8 3 .5 8 6 .5



T a b le  D 7 Surface rou gh n ess (R a) o f  u n m odified  silk  fibroin , su rface-m od ified  silk
fibroin film s, u n m od ified  ch itosan , and su rface-m od ified  ch itosan

S a m p le S u r fa c e  R o u g h n e s s  (ท!ท)
I II III IV

U N M O D I F I E D - S I L K  F IB R O I N  F IL M 2 .4 3 3 .0 6 1 .33 1.01
S U R F A C E - M O D I F I E D  S IL K  F IB R O IN  F IL M 4 .3 4 3 .51 1 .6 6 1 .26

U N M O D I F I E D - C H I T O S A N  F IL M 1 .5 7 1 .25 1 .5 0 1 .18
S U R F A C E - M O D I F I E D  C H IT O S A N  F IL M 1 .6 3 1 .2 8 1 .98 1 .5 6
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T a b l e  D 8  G ro w th  o f  h u m a n  d e r m a l  f ib r o b la s ts  o n  u n m o d i f ie d  a n d  s u r f a c e - m o d if ie d  
p o ly m e r ic  f i lm s

S a m p le F lu o r e s c e n t  I n te n s i ty

I II III

I n c u b a t io n  T im e  o f  1 d a y
C O N T R O L 6 4 6 6 4 9 7 3 0
U N M O D I F I E D - S I L K  F IB R O I N  F IL M 7 2 9 7 1 9 7 7 4
S U R F A C E - M O D I F I E D  S IL K  F IB R O I N  F IL M 7 2 8 7 6 0 7 0 8
U N M O D I F I E D - C H I T O S A N  F IL M 6 8 9 7 4 4 7 1 7
S U R F A C E - M O D I F I E D  C H I T O S A N  F IL M 6 7 5 6 6 9 6 4 7

I n c u b a t io n  T im e  o f  3 d a y s
C O N T R O L 1 1 2 9 1131 1 2 2 2
U N M O D I F I E D - S I L K  F IB R O I N  F IL M 1 4 7 0 14 0 3 1 5 8 5
S U R F A C E - M O D I F I E D  S IL K  F IB R O I N  F IL M 1 3 5 7 1 4 7 6 1 2 4 0
U N M O D I F I E D - C H I T O S A N  F IL M 1 1 0 3 1 1 9 0 1 1 5 7
S U R F A C E - M O D I F I E D  C H I T O S A N  F IL M 1 1 0 6 1 2 3 6 1 1 7 8

I n c u b a t io n  T im e  o f  5 d a y s
C O N T R O L 2 4 2 4 2 5 4 1 2 4 6 2
U N M O D I F I E D - S I L K  F IB R O I N  F IL M 2 8 0 0 2 7 9 4 2 9 4 7
S U R F A C E - M O D I F I E D  S IL K  F IB R O I N  F IL M 2 4 2 0 2 4 7 6 2 6 6 9
U N M O D I F I E D - C H I T O S A N  F IL M 2 1 9 9 2 3 5 9 2 1 3 7
S U R F A C E - M O D I F I E D  C H I T O S A N  F IL M 2 3 9 7 2 4 8 5 2 4 1 1
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Table D9 G r o w th  o f  h u m a n  d e r m a l  k é r a t in o c y te s  o n  u n m o d i f i e d  a n d  s u r fa c e -  
m o d if ie d  p o ly m e r ic  f i lm s

S a m p le O p tic a l  D e n s i ty  
( A b s o r b a n c e  a t  5 7 0  n m )

1 d a y 7 d a y s

I II I II

C O N T R O L 0 .2 9 0 .31 0 .6 9 0 .7 4

U N M O D I F I E D - S IL K  F IB R O I N  F IL M 0 .2 7 0 .2 8 0 .6 2 0 .6 3

S U R F A C E -M O D IF IE D  S IL K  F IB R O IN  F IL M 0 .2 5 0 .2 7 0 .6 2 0 .6 7
U N M O D I F I E D - C H I T O S A N  F IL M 0 .2 0 0 .2 2 0 .5 5 0 .5 2

S U R F A C E -M O D IF IE D  C H IT O S A N  F IL M 0 .2 5 0 .2 4 0 .6 0 0 .6 0
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