REFFERENCES

Anukulprasert, T. (2002) Esterification reactions catalyzed by lipase encapsulated in
sodium  bis(2-Ethylhexyl) phosphate  (NaDEHP) reverse micelles.
9thAPCChE congress and CHEMECA 2002, September 29-October 3, 2002
Canterbury, New_Zealand.

Carlile, K., Rees, G.D., Robinson, B.H., Steer, T.D., and Svensson, M. (1996)
Lipase-catalysed interfacial reactions in reverse micellar systems: role of
water and microenvironment in determining enzyme activity or dormancy.
Journal of Chemical Society, 92(23), 4701-4708.

Carvalho, CML. and Cabral, JMS. (2000) Reverse micelles as reaction media for
lipases. BIOCHIMIE. 82(11), 1036-1085.

Das, P.K. and Chaudhuri, A. (1999) On the origin of unchanged lipase activity
profile in cationic reverse micelles. Langmuir, 16(1), 76-80.

Freeman, K.S., Tang, T.T., Shah, R.D.E., Kiserow, D.J., and McGown, L.B. (2000)
Activity and stability of lipase in AOT reversed micelles with bile salt
cosurfactant. Journal of Physical Chemistry, 104, 9312-9316.

Gulari, E. and Hu, z.  (1996) Protein extraction using the sodium bis(2-ethylhexyl)
phosphate  (NaDEHP) reverse micellar system. Biotechnology and
Bioengineering, 50(2), 203-206.

Hayes, D.G. and Gulari, E. (1990) Esterification reactions of lipase in reverse
micelles. Biotechnology and Bioengineering, 35, 793-801.

Holmberg, K. (1997) Microemulsion in biotechnology. In Solans, ¢., and Kunieda,
H. (Eds.). Industrial Application of Microemulsion, (pp. 69-95). New York:
Marcel Dekker, Inc.

Martinek, K., Levashov, A.V., Klyachko, N.L., and Berezin, L.v. (1986) Micellar
enzymology. European Journal of Biochemical, 155, 453-68.

Maruyama, T., Nakajima, M., and Seki M. (2001) Effect of hydrocabon-water
interfaces on synthetic and hydrolytic activities of lipases. Journal of
Bioscience and Bioengineering, 92(3), 242-247.



32

Munshi, S.K., Bhatia, N., and Sukhija, P.S. (1993) Inactivation of rice bran lipase
with metal-ions.  Journal of Chemical Technology and Biotechnology.
57(2), 169-174.

Orlich, B. and Schomacker, M. (2001) Candida Rugosa lipase reactions in nonionic
w/o microemulsion with a technical surfactant. Enzyme and Microbial
Technology. 28(1), 42-48.

Patel, M.T., Nagarajan, R., and Kilara, A. (1995) Characteristics of lipase-catalyzed
hydrolysis of triacylglycerols in aerosol-OT/iso-octane reverse-micellar
media. Biotechnology and Applied Biochemistry. 22, 1-14.

Phragphrewngarm, A, (1999) A novel lipase system for esterification and
polymerization. M.S. Thesis in Polymer Science, The Petroleum and
Petrochemical College, Chulalongkom University.

Prabhu, A.V., Tambe, S.P., Gandhi, N.N., Sawant, S.B., and Jooshi, J.B. (1999)
Rice bran lipase: extraction, activity, and stability. Biotechnology Progress.
15, 1083-1089.

Rajeshwara, A.N. and Prakash, V. (1995) Purification and characterization of lipase
from rice (Oryza sativa L) bran. Nahrung-Food, 39, 406.

Salis, A., Svensson, 1., Monduzzi, M., and Solinas, V. (2003) The atypical lipase B
from Candida antractica is better adapted for organic media than the typical
lipase from Thermomyces lanuginusa. Biochimica et Biophysica Acta, 1646,
145-151.

Sebastiao, M.J., Cabral, JM.S., and Aires-Barros, M.R. (1993) Synthesis of fatty
acid esters by a recombinant cutinase in reversed micelles. Biotechnology
and Bioengineering, 42, 326-332.

Sirisansaneeyakul, ., Daechophan, p., and Chaiseri, . (1997) A preliminary study
on enzymatic properties of rice bran lipase. Kasetsart Journal (Nat. Sci.), 31,
56-71.

Solans, C., Pons, R, and Kunirda, H. (1997) Overview of Basic Aspects of
Microemulsions.  In Solans, C., and Kunieda, H. (Eds). Industrial
Application of Microemulsion, (pp. 1-19). New York: Marcel Cekker, Inc.



33

Stamatis, H., Xenakis, A., Dimitriadis, E., and Kolisis, F.N.  (1995) Catalytic
behavior of  Pseudomonas cepacia lipase in wlo microemulsions.
Biotechnology and Bioengineering, 45, 33-41.

Stamatis, H., Xenakis, A., Menge, ., and Kolisis, F.N. (1993) Kinetic Study of
lipase catalyzed esterification reactions in water-in-oil microemulsions.
Biotechnology and Bioengineering, 42, 931-937.

Stamatis, H., Xenakis, A., Provelegiou, M., and Kolisis, F.N. (1993) Esterification
reactions catalyzed by lipases in microemulsions: the role of enzyme
localization in reaction to its selectivity. Biotechnology and Bioengineering,
42, 103-110.

Swaminathan, T. and Manoj, K.M. (1997) Ester hydrolyses in reversed micelles
using lipase. Bioprocess Engineering, 17, 185-188,

Yahya, A.R.M., Anderson, W.A., and Moo-Yang, M." (1998) Ester systhesis in
lipase-catalyzed reactions. Enzyme and Microbial Technology, 23, 438-450.

Zhou, N., Li, Q., , J, Chen, weng, ., and Xu, G. (2001) Spectroscopic
characterization of solubilized water in reversed micelles and
microemulsion: sodium bis(2-ethylhexyl) sulfosuccinate and sodium bis(2-
ethylhexyl) phosphate in n-heptane. Langmuir; 17(15), 4505-4509.



APPENDICES
Appendix A Microemulsion studies.

Table A-1 Water content of IOOMMNaDEHP reverse micellar system with no
cosurfactant

NaCl (M) % water Wo

0 0.02 152
0.5 0.02 157
10 0.01 1.06
15 0.02 1.27
2.0 0.05 2.97
2.5 0.03 LT
3.0 0.04 2.36
35 0.05 3.32
4.0 0.17 9.62
45 11 6.25
5.0 0.30 17.02

Table A-2 Water content of 100mM NaDEHP/ 50mM Hexanol isooctane reverse
micellar system

NaCl (M) % water Wo
0.1 0.54 0.20
0.5 17.38 6.96
10 25.70 10.49
2.0 15,07 6.09

3.0 10.50 4.34



3

Table A-3 Water content of IOOmM NaDEHP/ 100mM Hexanol isooctane reverse

micellar system

NaCl (M)

0.1
0.5
1.0
2.0
3.0

% water

0.60
17.22
31.55
1423
12.97

Wo
2.39
1.14
12.96
5.74
5.12

Table A-4 Water content of I00mM NaDEHP/ 150mM Hexanol isooctane reverse

micellar system

NaCl (M)

0.1
0.5
10
2.0
3.0

% water

0.98
6.32
8.28
5.43
4.99

Wo

1.98
11.87
16.83
11.45
10.29
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Appendix B Esterification reaction.

Table B-1 Water-to-surfactant molar ratio of 100mM NaDEHP/ I00mM hexanol/
100 mM caprylic acid in isooctane/ 1.0M NaCl/ 0.02-0.08 mg/ml CALB reverse
micellar system

Enzyme Cone, CALB TLL
/) Wo Wo
Before After Before After
0.02 9.86 10.48 8.76 8.83
0.04 8.36 9.87 8.50 8.87
0.08 8.59 9.77 9.16 9.35

Table B-2 Rate of esterification of 100mM NaDEHP/ I00mM hexanol/100 mM
caprylic acid in isooctane/ 1.0M NaCl/ 0.02-0.08 mg/ml CALB reverse micellar
system

. Substrate Concentration (mM)
Time

(min) Lipase Cone.
0.02 mg/ml 0.04mg/ml 0.08 mg/ml

0 95.15 96.07 96.55
5 91.07 90.68 91.02
10 84.35 84.62 85.09
20 76.92 83.40 80.17
50 68.16 73.70 65.89
100 65.58 62.05 60.16
150 56.67 56.41 56.46
200 48.93 46.43 47.41
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Table B-3 Rate of esterification of 100mM NaDEHP/ I00mM hexanol/ 100 mM
caprylic acid in isooctane/ 1.0M NaCl/ 0.02-0.08 mg/ml TLL reverse micellar system

Substrate Concentration (mM)

Time .
(min) Lipase cone.
0.02 mg/ml 0.04mg/ml 0.08 mg/ml

0 95.89 95.73 95.81
93.71 93.90 93.84
10 89.09 88.63 88.68
20 80.11 80.01 80.03
50 73.69 1381 13.77
100 70.20 70.17 70.36
150 69.47 69.30 69.44
200 68.73 68.58 68.44

Table B-4 Water-to-surfactant molar ratio of 25-150mM NaDEHP/IOOmM hexanol/
|0OmM oleic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml lipases reverse micellar
system

NaDEHP CALB TLL
mM) Wo Wo
Before rn. After rxn. Before rxn. After rxn.
25 1.23 1.93 1.11 1.18
50 2.63 2.17 3.09 3.22
75 4.04 487 481 5.79
100 6.67 8.24 8.44 10.62
125 7.86 9.15 9.50 11.13

150 9.28 10.15 13.67 14.86
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Table B-5 Water-to-surfactant molar ratio of 25-150mM NaDEHP/ I00mM
hexanol/ 100mM caprylic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml lipases reverse
micellar system

NaDEHP CALB TLL
mM) Wo Wo
Before rxn. After rxn. Before rxn. After rxn.
25 0.84 0.97 0.78 091
50 2.86 3.39 2.54 3.01
75 5.16 6.21 511 6.09
100 7.08 8.60 7.00 8.45
125 9.31 11.39 9.12 9.97
150 10.61 11.91 11.91 12.71

Table B-6 Rate of esterification of 25-150mM NaDEHP/ [00mM hexanol/ 100mM
oleic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml CALB reverse micellar system

Oleic acid cone. (mM)
NaDEHP cone. (mM)

25 50 5 100 125 150
0 97.12 98.20 98.02 97.85 96.94 97.35
5 86.49 81.37 78.82 1721 84.89 85.88
10 85.71 71.08 60.68 60.74 78.72 79.64
20 84.15 67.45 50.58 39.96 65.52 60.00
50 80.75 61.71 45.28 30.79 50.71 50.96

100 76.80 60.48 43.19 29.39 47.27 4752

150 75.54 58.43 43.83 28.71 46.15 47.83

200 74.39 58.32 4332 28.48 45.10 48.15

Time
(min)
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Table B-7 Rate of esterification of 25-150mM NaDEHP/ 100mM hexanol/ 100mM

oleic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml TLL reverse micellar system

Time
(min)

0

5
10
20
50
100

150

200

25
98.10
86.41
84.32
82.13
82.65
76.86
16.83
76.33

50
98.75
82.49
19.54
63.11
62.62
59.19
59.18
58.19

Oleic acid cone. (mM)
NaDEHP cone. (mM)

15
96.19
15.37
65.57
49.09
47.07
42.68
42.49
42.87

100

96.77
60.48
54,94
39.34
35.64
35.68
32.66
32.36

125
97.41
13.52
67.38
58.61
45.68
43.19
41.52
40.77

150
96.55
13.78
56.42
56.70
55.23
55.63
54.55
54.20

Table B-8 Rate of esterification of 25-150mM NaDEHP/ [00mM hexanol/ 100mM
caprylic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml CALB

Time
(min)

10
20
50
100

150

200

25
98.70
86.35
87.64
85.38
82.66
80.16
18.11
75.08

50
98.21
81.23
12.52
70.74
65.26
63.53
60.56
59.31

Oleic acid cone. (mM)
NaDEHP cone. (mM)

15
98.02
80.46
10.75
61.64
54.36
53.41
54.58
53.39

100

98.37
11.12
68.48
51.91
50.39
47.12
46.89
46.72

125
97.82
79.94
68.80
54.69
47.25
42.32
42.07
41.48

150
97.63
80.81
75.09
10.47
65.37
60.68
58.79
58.40
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Table B-9 Rate of esterification of 25-150mM NaDEHP/ 100mM hexanol/ 100mM
caprylic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml TLL reverse micellar system

Time

(min)

0
5
10
20
50

100

150

200

25
99.01
96.21
90.73
86.74
85.17
82.65
82.34
81.88

50
98.63
94.32
90.10
86.06
1545
71.30
65.48
65.08

Oleic acid cone. (mM)
NaDEHP cone. (mM)

15
98.50
90.99
84.57
69.85
61.32
53.99
53.12
52.20

100

98.81
90.53
19.73
65.58
50.67
38.79
35.25
34.98

125
98.53
85.40
87.52
12.08
62.09
58.77
55.54
53.28

150
98.33
93.61
90.07
80.66
70.20
61.38
62.08
56.68

Table B-10 Rate of esterification of I00mM NaDEHP/ |00mM hexanol/ 25-150mM
oleic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml CALB reverse micellar system

Time
(min)

0

10
20
50
100

150

200

25
24.13
13.24
142
3.82

1.08
0.93

1.01

1.03

50
49.34
32.19
1771
15.83
4.42
1.14
0.98
1.16

Oleic acid cone. (mM)

15
14.29
59.30
38.39
20.09
19.24
19.26
18.76
18.47

100

98.70
83.95
10.25
61.00
60.23
48.81
46.73
40.33

125
124.27
111.17
100.32
84.76
11.23
69.06
69.86
69.31

150
147.17
141.17
127.90
11821
106.82
96.56
90.57
94.86
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Table B-1l Rate of esterification of I0OmM NaDEHP/ 100mM hexanol/ 25-150mM
oleic acid in isooctane/1.OMNaCI/ 0.04mg/ml TLL in reverse micellar system

Time Oleic acid cone. (mM)

(min) 25 50 5 100 125 150
0 24,10 49.22 73.92 99.77 124.48 149.17
17.87 41,04 65.67 86.86 115.93 142.45
10 11.89 33.98 48,67 77.90 108.18 139.25
20 5.67 18.02 35.70 66.89 92.10 120.64
50 242 9.42 25.99 59.90 76.08 108.62
100 1.66 2.57 19.34 57.53 72.09 102.31
150 1.02 1.29 19.42 52.18 70.63 96.41
200 1.18 1.12 19.15 49.30 72.08 90.12

Table B-12 Rate of esterification of I00mM NaDEHP/ 100mM hexanol/ 25-150mM
caprylic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml CALB in reverse micellar system

Time Oleic acid cone. (mM)

(min) 25 50 15 100 125 150
0 24.16 48.04 74.39 98.56 124.06 148.45
) 16.03 40.98 64.61 86.00 115.64 14491

10 10.83 30.69 44.27 70.00 107.21 134.29
20 1.16 18.61 30.80 61.91 90.89 119.67
50 5.00 6.09 21.62 51.06 73.99 117.29
100 1.58 140 1921 46.03 1291 112.08
150 1.20 1.58 17.17 44.76 1291 113.50
200 1.52 2.08 17.97 43.94 71143 111.09
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Table B-13 Rate of esterification of I00mM NaDEHP/ 100mM hexanol/ 25-150mM
caprylic acid in isooctane/ 1.0M NaCl/ 0.04mg/ml TLL reverse micellar system

Time
(min)
0
5
10
20
50
100
150

200

25
24.26
19.36
15.09
12.17
159
4.56
2.36

1.46

50
49.58
41.92
36.33
21.02
12.17
5.25
242
241

Oleic acid cone. (mM)

15
13.95
67.61
52.19
39.91
35.43
21,56
19.73
18.99

100

98.20
90.76
19.74
69.74
60.55
60.05
59.45
59.54

125
124.24
117.73
110.87
97.28
85.86
17.57
75.59
14.87

150
148.89
14421
140.18
128.32
121.83
116.84
112.63
109.95



Table B-14 Rate of esterification, conversion and specific activity of 25-150mM NaDEHP/ I00mM hexanol/ I00mM oleic acid in
isooctane/ 1.0M NaCl/ 0.04mg/ml CALB reverse micellar system

NaDEHP Wo Initial Rate : Specific Activit
(mM) Beforerxn.  After rxn. % Increase (MM min') *h Conversion (mMpmin'l mg Iipaze’])
25 1.23 1.93 1.39 2.10 16.85 30.43
50 2.63 .17 5.52 3.73 37.16 41.95
75 4.04 487 20.49 4.24 43.80 47.70
100 6.67 8.24 23.49 4.56 68.53 51.32
125 1.86 9.15 16.45 3.02 47.69 34.02
150 9.28 10.15 9.38 2.82 47.66 31.80

Table B-15 Rate of esterification, conversion and specific activity of 25-150mM NaDEHP/ 100mM hexanol/ 100mM oleic acid in
isooctane/ 1.0M NaCl/ 0.04mg/ml TLL reverse micellar system

NaDEHP Wo Initial Rate - Specific Activit
(mM) Before rxn.  After rxn. % Increase (MM min') o Conversion (mMpmin"l mg Iipa)ée'])
25 1.11 1.18 6.72 2.32 15.75 13.25
50 3.09 3.22 4.33 3.50 36.59 20.02
75 481 5.79 19.55 493 51.06 28.15
100 8.44 10.62 21.56 7.90 63.17 45.17
125 9.50 11.13 17.09 5.30 53.10 30.27

150 13.67 14.86 8.74 5.24 42.80 29.97



Table B-16 Rate of esterification, conversion and specific activity of 25-150mM NaDEHP/ I00mM hexanol/ 100mM caprylic acid in
isooctane/ 1.0M NaCl/ 0.04mg/ml CALB reverse micellar system

NaDEHP Wo Initial Rate - Specific Activit
(mM) Beforerxn.  Afterrxn. % Increase (mM min') 7 Conversion (fn'\/'pmi“'1 mg Iipa%e'])
25 0.84 0.97 16.25 2.33 16.25 26.24
50 2.86 3.39 33.54 3.75 33.54 42.27
75 5.16 6.21 44 54 391 44 54 4401
100 7.08 8.60 48.77 4.58 48.77 51.52
125 931 11.39 51.70 401 51.70 45.18
150 10.61 1191 . 33.04 3.84 33.04 43.22

Table B-17 Rate of esterification, conversion and specific activity of 25-150mM NaDEHP/ [00mM hexanol/ I00mM caprylic acid in
isooctane/ 1.0M NaCl/ 0.04mg/ml TLL reverse micellar system

NaDEHP Wo Initial Rate - Specific Activit
(mM) Beforerxn.  Afterrxn. 9% Increase (MM min') 7 Conversion (m Mpmin-1 mg Iipa)ée'])
25 0.78 091 1741 0.76 13.98 8.53
50 2.54 3.01 18.29 1.14 23.50 12.79
75 511 6.09 19.13 1.80 31.75 20.29
100 7.00 8.45 20.70 1.89 48.72 21.32
125 9.12 9.94 9.34 2.92 36.99 32.09

150 1191 1211 6.69 1.28 29.61 14.40



Table B-18 Rate of esterification, conversion and specific activity of [0OmM NaDEHP/ 100mM hexanol/ 25-150mM oleic acid in
isooctane/ 1.0M NaCl/ 0.04mg/ml CALB reverse micellar system

Oleic Acid Wo Initial Rate - Specific Activit

(mM) Beforerxn.  Afterrn. % Increase (mM min’) 7 Conversion (mMpmin-1 mg Iipa%e’])
25 10.31 10.79 4.65 2.35 95.51 26.49

50 9.17 9.95 8.58 3.56 91.04 40.12

15 8.43 9.37 11.15 3.14 7411 35.37

100 7.01 8.18 16.59 3.21 38.98 36.14

125 6.41 1.14 11.39 2.17 42.68 31.15

150 5.86 6.38 8.80 1.77 2142 19.86

Table B-19 Rate of esterification, conversion and specific activity of I0OmM NaDEHP/ I00mM hexanol/ 25-150mM oleic acid in
isooctane/ 1.0M NaCl/ 0.04mg/ml TLL reverse micellar system

Oleic Acid Wo Initial Rate - Specific Activit
(mM) Beforerxn.  Afterrxn. % Increase (MM min') 7% Conversion (mMpmin-1 mg Iipa)ée'])
25 10.22 10.57 3.25 143 90.20 16.05
50 9.47 10.14 596 1.79 80.86 20.17
75 8.04 8.84 9.54 187 64.83 21.01
100 121 8.18 12.40 2.63 39.97 29.59
125 6.61 1.12 7.50 181 38.88 20.42

150 6.25 6.68 497 177 2142 19.86



Table B-20 Rate of esterification, conversion and specific activity of 100mM NaDEHP/ 100mM hexanol/ 25-150mM caprylic acid in
isooctane/ 1.0M NaCl/ 0.04mg/ml CALB reverse micellar system

Caprylic Wo Initial Rate - Specific Activit
Aci (?aM) Before rxn.  After rxn. % Increase (MM min') o Conversion (ml\/lpmiﬂ'lmg Iipa%e'])
25 12.24 11.61 3.50 1.79 79.32 20.21
50 10.14 10.74 7.05 1.80 87.32 20.32
6 9.65 10.52 991 2.08 70.98 23.39
100 8.06 9.06 13.44 2.80 42.11 31.52
125 7.16 7.69 9.16 1.87 40.36 21.08
150 6.44 6.76 6.84 1.02 20.39 11.47

Table B-21 Rate of esterification, conversion and specific activity of 100mM NaDEHP/ 100mM hexanol/ 25-150mM caprylic acid in
isooctane/ 1.0M NaCl/ 0.04mg/ml TLL reverse micellar system

Caprylic Wo

Initial Rate - Specific Activit
(mcﬂ,?) Before rxn. . Afterrxn.  %lncrease . (MM min') 7 Conversion (mMpmin-lmg Iipa%/e"])
25 1143 11.75 2.85 113 68.71 1271
50 40.08 1051 4.24 162 75.45 18.20
75 9.75 10.52 1.87 148 52.09 16.64
100 4.85 9.43 11.08 1.85 38.38 20.80
125 1.15 161 6.40 145 30.89 16.37

150 6.50 6.70 3.15 1.16 18.17 13.04



Appendix ¢ Calibration curve.
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Figure C-I Calibration curve of caprylic acid.
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Figure C-2 Calibration curve of oleic acid.
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Appendix D FTIR spectra.
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Appendix E Examples of calculation.

FI' Example of water to surfactant ratio, wo determination
Condition: 25mM NaDEHP
100mM Hexanol
Average weight of sample injected = 0.1938 mg
Water content = 0.7972%
Sample volume = 0.05 ml

_ (W/100)(W1)*1000
0 = (Mw)(V)* [NaDEHP]
(0.7972/100X19.38)0 000)
(18)(0.05)(50)

=343
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