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APPENDIX A 
Water Content

Calculation of water content (co0)

Water oil
co0= Surfactant

oil
[Water] = Concentration of water in oil phase (M) 

[Surfactant] = Concentration of surfactant in oil phase (M)

Table A1 Water content of microemulsion 0.1 M NaDEHP/isooctane with 0.1 M 
TBP as a cosurfactant and adjusting pH equal 7.5 at various salt concentrations. 
(Density of isooctane = 0.692 g/cm3)

NaCl
(M) Sample

(mg)
Water content

0.1
(%) (mg) (M) Wo

7.92 16.74 1.3 7.3470 73.470
7.33 17.84 1.3 7.2351 72.351
7.81 17.52 1.4 7.5920 75.920

Ave CÛO 73.91+1 49

0.2
7.21 5.78 0.4 2.3108 23.1080
6.42 6.20 0.4 2.2055 22.0551
5.52 7.21 0.4 2.2028 22.0275

Ave co0 22.4010.50

0.5
7.51 3.65 0.3 1.5221 15.2208
7.12 3.69 0.3 1.4596 14.5960
6.82 3.76 0.3 1.4261 14.2614

Ave (Do 14.6910.40

1.0
7.24 3.04 0.2 1.2232 12.2316
7.33 2.96 0.2 1.2046 12.0456
7.12 3.03 0.2 1.1977 11.9774

Ave (Do 12.0810.11

1.5
7.08 2.58 0.2 1.0136 10.1362
5.06 2.92 0.1 0.8211 8.2113
6.41 2.63 0.2 0.9348 9.3479

Ave co0 9.2310 79
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NaCl (M) Sample Water content
(mg) (%) (mg) (M) ©0
6.84 2.38 0.2 0.9052 9.0516

2.0 6.55 2.36 0.2 0.8599 8.5987
7.37 2.19 0.2 0.8963 8.9627

Ave ©0 8.87+0.19
7.76 1.82 0.1 0.7846 7.3459

3.0 5.95 2.03 0.1 0.6720 7.8462
6.97 1.90 0.1 0.7349 6.7202

Ave ©0 7.31±0.46
7.45 1.61 0.1 0.6655 6.6553

4.0 5.77 1.82 0.1 0.5847 5.8469
7.49 1.6 0.1 0.6658 6.6578

Ave ©0 6.39±0.38

Table A2 Water content of microemulsion 0.1 M NaDEHP/isooctane with 0.1 M 2- 
ethyl-l-hexanol as cosurfactant at various salt concentrations.

NaCl Sample Water content
(M) (mg) (%) (mg) (M) ©0

6.92 7.13 0.5 2.7220 27.2205
0.1 7.31 6.73 0.5 2.7390 27.3898

6.82 6.69 0.5 2.5240 25.2399
Ave ©0 26.62+0.98

0.0072 4.61 0.3 1.8342 18.3415
0.2 0.0075 4.42 0.3 1.8323 18.3226

0.0075 4.37 0.3 1.8099 18.0994
Ave ©0 18.25+0.11

0.0076 2.84 0.2 1.1952 11.9522
0.5 0.0074 2.84 0.2 1.1600 11.6002

0.0077 2.86 0.2 1.2174 12.1740
Ave ©0 11.91+0.24

7.31 2.68 0.2 0.9594 10.8106
1.0 7.12 2.55 0.2 0.9984 9.9836

7.42 2.53 0.2 1.0333 10.3326
Ave ©0 10.38±0.34

7.31 2.36 0.2 0.9594 9.5942
1.5 5.23 2.58 0.1 0.7442 7.4418

7.32 2.21 0.2 0.8918 8.9180
Ave ©0 8.65±0.90
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NaCl Sample Water content
(M) (mg) (%) (mg) (M) ©0

7.23 2.07 0.1 0.8242 8.2415
6.64 2.11 0.1 0.7675 7.6752

2.0 7.62 1.96 0.1 0.8221 8.2211
Ave (Do 8.05±0.26

7.12 1.80 0.1 0.7118 7.1179
3.0 7.43 1.72 0.1 0.7045 7.0451

7.12 1.75 0.1 0.6897 6.8967
Ave ๓0 7.02±09

6.52 1.42 0.1 0.5102 5.1019
4.0 7.12 1.44 0.1 0.5632 5.6323

7.13 1.49 0.1 0.5860 5.8602
Ave ๓0 7.02±09

Table A3 Water content of microemulsion 0.1 M NaDEHP/isooctane with 0.1 M 1- 
heptanol as cosurfactant at various salt concentrations.

NaCl Sample Water content
(M) (mg) (%) (mg) (M) ©0

28.4 5.2 1.5 2.054 20.54
0.1 28.6 5.68 1.6 2.2566 22.566

28.5 5.45 1.6 2.1589 21.589
Ave ๓0 21.56±0.83

28.9 4.415 1.3 1.7721 17.721
0.2 28.8 4.399 1.3 1.7578 17.578

31.4 4.003 1.3 1.7469 17.469
Ave ©0 17.59+0.10

28.0 3.34 0.9 1.299 12.99
0.5 28.7 3.28 0.9 1.306 13.06

28.7 3.31 0.9 1.3185 13.185
Ave ๓0 13.08±0.08

28.4 2.67 0.8 1.0513 10.513
1.0 28.5 2.66 0.8 1.0499 10.499

28.8 2.70 0.8 1.0784 10.784
Ave ๓0 10.60+0.13

28.7 2.37 0.7 0.9427 9.4272
1.5 28.6 2.37 0.7 0.9396 9 3957

27.8 2.43 0.7 0.9368 9.368
Ave ๓0 9.40+0.02
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NaCl Sample Water content
(M) (mg) (%) (mg) (M) ©0

29.3 2.225 0.7 0.9039 9.0391
2.0 28.2 2.262 0.6 0.8863 8.8626

27.5 2.349 0.6 0.8965 8.9654
Ave co0 8.96±0.07

Table A4 Water content after backward extraction of reverse micelles when using 
TBP as a cosurfactant.

Sample Water content
(mg) (%) (mg) (M) ©0

36.46 0.4712 0.1718 0.19089 1.90888
36.40 0.4615 0.168 0.18665 1.86651
36.35 0.478 0.1738 0.19306 1.93059

Ave co0 1.90±0.02



APPENDIX B 
Analysis

Table B1 Calibration curve of a-chymotrypsin at ^ 281ทท1-

Protein
(ng/ml) Absorbance Average

0 0 0 0 0
1 0.003 0.004 0.003 0.0033
5 0.007 0.006 0.007 0.0067
50 0.094 0.094 0.094 0.0940
100 0.184 0.183 0.183 0.1833
500 0.913 0.914 0.914 0.9137
1000 1.827 1.827 1.827 1.8270

Table B2 Calibration curve ofp-nitroaniline at X 410 nm.

Cone, (ppm) Absorbance Average
0 0 0 0 0

0.01 0.003 0.004 0.003 0.0033
0.1 0.009 0.009 0.009 0.0090
1 0.06 0.06 0.06 0.0600
3 0.188 0.188 0.188 0.1880
5 0.316 0.316 0.317 0.3163
10 0.613 0.613 0.611 0.6123
15 0.9 0.9 0.901 0.9003
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Table B3 Calibration curve of activity test of fresh protein at 7,410 nm.

Protein
(pg/ml) Absorbance Average

0 0 0 0 0
1 0.002 0.003 0.003 0.0027
5 0.007 0.007 0.007 0.0070

50 0.019 0.019 0.019 0.0190
100 0.039 0.04 0.041 0.0400
500 0.177 0.177 0.178 0.1773
1000 0.374 0.374 0.375 0.3743
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APPENDIX c
Forward and Backward Extractions

Cl Calculation percentage of forward extraction

% Forward extraction = ([protein]i - [protein]f) X  100
[protein]j

[protein]f = Protein concentration in aqueous phase after forward extraction (mg/ml) 
[protein]; = Protein concentration in aqueous phase before forward extraction 
(mg/ml)

Table C l.l Effect of pH in aqueous phase on percentage of a-chymotrypsin 
forward extraction, [protein]; = 0.5 mg/ml

pH Absorbance Average [protein] f 
(mg/ml) *Ave %E

7.5 0.05 0.05 0.05 0.05 0.027 94.58±0.05
8.3 0.083 0.083 0.083 0.083 0.045 91.04+0.19
9.5 0.129 0.129 0.129 0.129 0.070 85.88+1.45
10.5 0.221 0.221 0.222 0.2213 0.121 77.06+2.88
11.5 0.51 0.51 0.51 0.51 0.279 43.84+0.47

*Ave % E = average of three data sets

Table C l.2 Effect of salt concentration in aqueous phase on forward extraction.

NaCl
(M) Absorbance Average [protein] f 

(mg/ml) *Ave %E
0.1 0.048 0.048 0.049 0.048 0.026 93.71+0.45
0.2 0.071 0.072 0.072 0.072 0.039 92.14+0.23
0.5 0.676 0.675 0.674 0.675 0.369 25.17+1.02
1.0 0.843 0.842 0.842 0.842 0.461 7.61+0.27
1.5 0.88 0.881 0.882 0.881 0.482 5.89+1.64

* Ave % E = average of three data sets
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Table C l.3 Effect of protein concentration in aqueous phase on forward extraction.

protein
(mg/ml) Absorbance Average [protein]f

(mg/ml) Ave %E
0 .1 0.02 0.022 0.02 0.021 0 .0 1 1 88.696
0.5 0.052 0.052 0.051 0.052 0.029 94.298

1 0.194 0.193 0.195 0.194 0.108 89.250

Table C l.4 Effect of type of cosurfactant on forward extraction.

0.1 M 1-heptanol as a cosurfactant.
no Absorbance average [protein] f 

(mg/ml) % E
1 0.22 0.223 0.226 0.223 0.1221 75.57
2 0.233 0.234 0.233 0.2333 0.1278 74.44
3 0.295 0.296 0.295 0.2953 0.1618 67.64

0.1 M 2-ethyl-lhexanol as a cosurfactant.
no Absorbance average [protein] f 

(mg/ml) % E
1 0.295 0.299 0.301 0.2983 0.1631 67.38
2 0.117 0.12 0.119 0.1187 0.0647 87.05
3 0.204 0207 0.209 0.2067 0.1129 77.42

C2 Calculation percentage of backward extraction

% Backward extraction = ([protein]j - [protein]f) X  100
[protein];

(protein)f = Protein concentration in aqueous phase after backward extraction(mg/ml) 
(protein)i = Protein concentration in aqueous phase after forward extraction (mg/ml)
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Table C2.1 Effect of salt concentration in aqueous phase on backward extraction.

NaCl
(M) Absorbance Average [protein] f 

(mg/ml) %E
0.1 0.656 0.656 0.657 0.656 0.359 75.76±4.44
0.2 0.624 0.622 0.623 0.623 0.341 73.94±3.05
0.5 0.175 0.175 0.175 0.175 0.096 72.97±5.69
1.0 0.053 0.053 0.053 0.053 0.029 73.84±0.25
1.5 0.025 0.025 0.025 0.025 0.013 74.82±3.85

Table C2.2 Effect of protein concentration in aqueous phase on backward 
extraction.

protein
(mg/ml) Absorbance Average [protein] f

(mg/ml) %E
0.1 0.02 0.022 0.02 0.021 0.011 88.70
0.5 0.052 0.052 0.051 0.052 0.029 94.30
1 0.194 0.193 0.195 0.194 0.108 89.25

Table C2.3 Effect of type of cosurfactant on backward extraction. 
0.1 M 1-heptanol as a cosurfactant

No. Absorbance Average [protein]f
(mg/ml) %E

1 0.48 0.478 0.479 0.479 0.2626 69.49
2 0.489 0.49 0.491 0.49 0.2686 72.17
3 0.513 0.514 0.515 0.514 0.2818 83.33

Ave % E 75.00±5.99

0.1 M 2-ethyl-1-hexanol

No. A Average [protein] f 
(mg/ml) %E

1 0.46 0.459 0.46 0.4597 0.2514 74.63
2 0.551 0.553 0.55 0.5513 0.3016 69.30
3 0.473 0.473 0.472 0.4727 0.2585 66.80

Ave % E 70.24±3.27



C3 Calculation o f activity test

% Activity = [p-nitroaniline]f X  100 
[n-nitro aniline].

[p-nitroaniline]f = Concentration of yi-mtroaniline from hydrolysis reaction of protein after backward extraction 
[p-nitroaniline]j = Concentration of j9-nitroaniline from hydrolysis reaction of fresh protein

Table C3.1 Effect of salt concentration in aqueous phase on activity test.

NaCl (M)
p-nitroaniline after activity test *[p-nitroaniline]j

(ppm) %ActivityAbsorbance Ave Abs [p-nitroaniline]f
(ppm)

0.1 0.07 0.07 0.07 0.071 1.114 2.150 51.79+1.16
0.2 0.06 0.06 0.06 0.063 0.970 2.040 47.5314.37
0.5 0.02 0.02 0.02 0.021 0.277 0.538 51.5216.49
1.0 0.01 0.01 0.01 0.008 0.067 0.128 52.3913.70
1.5 0.01 0.01 0.01 0.005 0.012 0.030 38.9814.20

*[p-nitroaniline]j calculate from fresh protein and calibration curve of p-nitroaniline and activity test.



T able C3.2 Effect o f  protein concentration in aqueous phase on activity test.

Protein
(mg/ml) Absorbance Ave Abs [p-nitroaniline]f

(ppm)
[p-nitroaniline]j

(ppm) %Activity
0.1 0.006 0.006 0.007 0.006 0.034 0.119 28.31
0.5 0.07 0.07 0.07 0.070 1.114 2.150 51.79

1 0.128 0.127 0.127 0.127 2.044 2.983 68.52
*[p-nitroaniline]j calculate from fresh protein and calibration curve of y-nitroanilinc and activity test. 
Table C3.3 Effect of type of cosurfactant on activity test.
0.1 M 1-heptanol.

No. Absorbance Ave Abs [p-nitroaniline]f
(ppm)

[p-nitroamline],
(ppm) %Activity

1 0.021 0.018 0.019 0.01933 0.24972 1.55935 16.01
2 0.019 0.019 0.02 0.01933 0.24972 1.59612 15.65
3 0.021 0.023 0.024 0.02267 0.30509 1.67701 18.19

0.1 M 2-ethyl-1-hexanol.

No. A Ave Abs [p-nitroaniline]
f(ppm)

[p-nitro aniline] 1
(PPm)_______ %Activity

1 0.006 0.006 0.006 0.006 0.0282 1.4883 1.89
2 0.005 0.005 0.005 0.005 0.0116 1.8008 0.65
3 0.009 0009 0.009 0.009 0.0781 1.5373 5.08

K>



APPENDIX D 
Dynamic Light Scattering

Table D1 Hydrodynamic radius (Rh) of reverse micelles at various type of cosurfactant.

Co surfactant
Size of reverse micelles (ท!ท)

Before forward extraction After forward extraction
Zave (ท!ท) Poly Fit error % In range % Merit Zave (ท!ท) Poly Fit error % In range % Merit

TBP
17.7 0.463 0.0089 86.6 16 44.5 0.078 0.0008 97.7 21.9
18.1 0.451 0.0014 80.9 16.6 44.7 0.051 0.00154 98.8 22
16.8 0.386 0.0005 86.2 15.4 43.7 0.061 0.00037 95.2 22.1

1-heptanaol
6.4 0.117 0.0266 83.5 20.1 11.3 0.184 0.04631 74.8 23.4
5.9 0.11 0.0321 89.5 19.8 9.7 0.159 0.05502 75.3 22.5
5.8 0.107 0.029 85.5 20.0 9.7 0.156 0.04467 75.0 22.3

2-ethyl-1- 
hexanol

5.3 0.094 0.0213 97.8 20.2 11.4 0.176 0.01745 73.6 14.0
5.7 0.092 0.0582 92.5 20.5 9.6 0.239 0.06368 88.9 14.7
5.5 0.089 0.0207 84.2 20.5 9.5 0.192 0.05919 92.1 14.7



Table D2 Hydrodynamic radius (Rh) of reverse micelle at various protein concentration.

Protein concentration 
(mg/ml)

Before forward extraction After forward extraction
Zave1 (nm) Poly1 2 Fit error3 % In range4 % Merit5 Zave (nm) Poly Fit error % In rage % Merit

0.1
17.7 0.463 0.0089 86.6 16 41.6 0.072 0.00036 96.9 32.6
18.1 0.451 0.00144 80.9 16.6 41.2 0.092 0.0025 99.5 32.8
16.8 0.386 0.0005 86.2 15.4 40.9 0.071 0.0031 96.0 33.2

0.5
17.7 0.463 0.0089 86.6 16.0 44.5 0.078 0.0008 97.7 21.9
18.1 0.451 0.00144 80.9 16.6 44.7 0.051 0.00154 98.8 22.0
16.8 0.386 0.0005 86.2 15.4 43.7 0.061 0.00037 95.2 22.1

1
17.7 0.463 0.0089 86.6 16.0 37.7 0.075 0.0023 99.8 36.2
18.1 0.451 0.00144 80.9 16.6 38.0 0.043 0.00022 98.7 36.5
16.8 0.386 0.0005 86.2 15.4 38.0 0.043 0.00023 98.5 36.0

1 T he z average size result o f  curren t record  that is the average d iam eter size o f  particle.
2 T he polydispersity calculated using the initial cum ulants fit to the current size result. I f  the value is close to 1.0, particle  size distribution is very 
wide.
3 The value calculated for the correlation  coefficient as corresponding exactly to the size d istribution resulting  from  the fitting procedure. T he 
sm aller value, the better fitting.
4 In range value calculated from  the ratio  o f  the far point. A  h igher value (85-100% ) indicates that the correlation function has nearly  decayed to 0 
by  the m easured far point, and hence the sam ple tim e is set to a suitable value, and the experim ent a w ell founded one. T he value betw een 85-100, 
the average diam eter size is the exact result.
5 M erit value for the current record. T he percentage o f  (correlation-baseline)/baseline, norm ally  10-60%. The value betw een 10-60, the signal to 
noise ratio is good.
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