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APPENDIX A

VALIDATION OF THE HPLC ANALYSIS

The vitamin analysis of vitamin A palmitate, vitamin D3 vitamin E acetate and vitamin K,
used in this study were all validated. The approximately the same results were found in all vitamins.
The data below showed the validation of vitamin D3 The parameters evaluated to ensure the
acceptability of the performance of the selected analytical method were linearity, accuracy, precision,

specificity and linearity (Van Niekerk, 1988).

1. Linearity

Under the assay conditions, the technique presented a true liner response to mean its ability to
obtain results linearly in proportion to the concentration of analyte in the sample within a determined
time.

The linearity of the method was proven by preparing a primary solution with approximately 1
mg/ml. The different strengths of dilution were made with propanol. Triple-analyzed and regression
line were calculated as called the coefficient of variation of the response factors (f) which indicated the
relation between reading and concentration. These two values should similar to each other and close to

the value of the slope. If the value greater than 5%, it indicated a lack of linearity (Figure al).



25
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Figure al. Calibration curve of standard vitamin D3

2. Accuracy

Accuracy is an estimation of the variability of the measurements between individual results
obtained from a homogeneous sample. It was determined from the values obtained in the linearity

assay. Coefficients of variation lower than 2-3% was considered as acceptable.

Accuracy (CV %) = SO *100

Where

SD Standard deviation of samples for each concentration

>
1

Mean experimental condition
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3. Precision

Precision represents the degree of concordance between the results obtained in the
analysis and the true value. It was determined for each standard solution from the 6 readings obtained

in the replicability and reproducibility assays.

% Relative error - Mean value — Read value * 100

Real value

4. Specificity

Under the condition of experiment, the peaks of other components must not interfere with the
peak of the drug. This validation was made by comparing the chromatograms between the based
emulsion without the addition of vitamins and emulsion containing vitamins.

Figure a2.

Table al. Accuracy data of analytical concentration

Expected Analytical concentration (jug/ml) % Remaining Mean SD %cv
concentration (Jig/ml) 1 2 3 1 2 3

1.0 0.47 0.50 0.49 92 102 98 97.33 5.03 5.17

15 0.83 0.84 0.83 104 105 104 104.33 0.58 0.55

2.0 1.07 111 111 94.67 98 98 96.89 1.92 1.98

2.5 1.42 1.39 1.39 99 96.5 96.5 97.33 1.44 1.48

3.0 1.83 1.80 1.79 105.60 103.60 102.80 104.00 1.44 1.39

1,2,3=numberof determination
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Figure a2. Chromatogram of based emulsion without incorporated vitamins
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Table bl. Composition (%w/w) of egg/soy phospholipids used in formulations

Chemical composition

Phosphatidylcholine
Lyso- phosphatidylcholine
Other phospholipids
Ot-tocopherol
Fatty acids (total content)
Including:
Saturated fatty acids
Monounsaturated fatty acids
Polyunsaturated fatty acids
ofwhich:
Linoleic acid

Linolenic acids

APPENDIX B

Soy phospholipids
min. 92.0
max. 3.0
max. 2.0

0.2

2.0

13-17
6-8
75-81

68-72
7-9

Detail of phospholipids

Amount (% /)

Egg phospholipids
mt. 98.0
nmt. 0.2
nmt. 11
0.1-0.2

nmt, 0.2
44-51
30-35

16-21

14-16



APPENDIX ¢

COMMERCIAL PRODUCTS FOR PARENTERAL NUTRITION

®

Table cl. Composition of Intralipid ™ containing 10% or 20% soyhean all

Composition Intralipid 10% Intralipid®20%
Fractionated soybean oil 100 ¢ 200 g.
Egg-yolk phospholipid 12 12 9
Glycerol 22.0 g 22.0 g
Water for injection to 1 liter 1 liter
Total energy/L 1100 keal 2000 keal
Osmolality (mOsm/Kg water) 300 350
pH (approximate) 8.0 8.0
Dosage form 100, 500 ml 100,250,500 ml

Table c2. Formulation composition of oil-soluble vitamins for parenteral use

Composition OMVI ® (formulation 2), 4 ml Vitalipid® N Adult, 10 ml
Vitamin A 3300 1U 3300 IV
Ergocalciferol (D2 - 200 1V
Cholecalciferol (Dj) 200 1U
Tocopherol acetate (E) 10 mg 10mg
Phytonadione (fcp 2mg 0.15 mg
Polysorbate 80 70 mg
Polysorbate 20 8 mg
D-sorhitol 160 mg
Macrogol 400 80 mg

oMVI @:mulation 2 is formulated in aqueous solution (formulation Lis lyophilized powder of water-soluble vitamins).
Vitalipid

Adultis formulated in o/w emulsion dosage form using 1.2% egg phospholipids, 10% soybean oil and 2.5% glycerol..



Table ¢3. Particle size of 10% and 20% commercial lipid emulsion and o/w emulsion containing oil-

soluble vitaming
Commercial product Particle size of oil droplet ( [J.m) Figure
D(0.5) D[4,3]
1 2 3 1 2 3
Intralipid® 10% 0.259 0.258 0.270 0.297 0.299 0.312 cl
Intralipid®20% 0.272 0.269 0.268 0.345 0.344 0.344 c2
Vitalipid® N Adult 0.336 0.338 0.343 0.437 0.472 0.663 c3

112, and 3 = number of determination

Table c4. Zeta potential of 10% and 20% commercial lipid emulsion and ofw emulsion containing oil-

soluble vitamins
Commercial product Zeta potential (mV)
1 2 3 4
Intralipid®10% -27.10 -23.75 -28.75 -17.29
Intralipid®20% -29.76 -30.57 -28.83 -38.21
Vitalipid® N Adult -26.80 -28.08 -33.70 -23.40

1,2,3,and 4 = number of determination

Table ¢5. Osmolality of 10% and 20% commercial lipid emulsion and ofw emulsion containing oil-

soluble vitamins
Commercial product Osmolality (mOsm/kg)
Intralipid  10% 287
Intralipid®20% 333
Vitalipid N Adult 292
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APPENDIX D
PHYSICOCHEMICAL PROPERTIES OF FORMULATED

LIPID EMULSIONS

1. Lipid emulsions containing 10% ol

Particle Size Measurement

Table dl. Particle size of lipid emulsion formulated using 10% blended oil (bo) with various cycles of

homogenization
Formulation Particle size of oil droplet ( (Urn) Figure
D(0.5) D[4,3]
1 2 3 1 2 3

10% bo+ EPC a) 0.399 0.415 0.416 0.720 0.637 0.637 dl
b) 0.293 0.293 0.293 0.477 0.477 0.477 d2
) 0.263 0.263 0.263 0.283 0.283 0.283 d3
d) 0.214 0.214 0.214 0.233 0.232 0.232 d4
e) 0.383 0.384 0.386 0.748 0.795 0.782 d5

10% bo+ EPC+SA a) 1.140 1.332 1.354 1.542 13.132 13.754 dé
b) 0.311 0.311 0.312 0.463 0.466 0473 a7
) 0.287 0.288 0.288 0.310 0.314 0.313 d8
d) 0.242 0.242 0.242 0.263 0.263 0.263 d9
e) 0.236 0.235 0.235 0.256 0.256 0.256 dio

1,2, and 3 = number of determination
a) = unautoclaved emulsion passing homogenizer 3 cycles; b) = unautoclaved emulsion passing homogenizer 5 cycles; ¢) = unautoclaved
emulsion passing homogenizer 7 cycles; d) = unautoclaved emulsion passing homogenizer 10 cycles; e) = autoclaved emulsion passing

homogenizer 10 cycles



Table d2. Particle size of 10% blended oil (bo) unautoclaved or autoclaved emulsions using various

types of phospholipids, and surfactants

Formulation Particle size of of droplets ( (dm) Figure
D(0.5) D[4,3]
1 2 3 1 2 3

10% bo+EPC a.0) 0.214 0.214 0.214 0.233 0.232 0.232 dll
a.6) 0.222 0.222 0.222 0.454 0.450 0.451 dl2

a.8) 0.224 0.223 0.223 0.403 0.392 0.392 d13

a. 16) 0.222 0.222 0.222 0.425 0.426 0.425 d14

h.0) 0.383 0.384 0.386 0.748 0.795 0.782 dl5

h.6) 0.391 0.397 0.384 0.886 1.022 0.785 d16

h.8) 0.398 0.387 0.382 0.751 0.719 0.665 d17

h.16) 0.378 0.380 0.382 0.779 0.796 0.806 dis

10% bo+EPC+SA a.0) 0.242 0.242 0.242 0.263 0.263 0.263 d19
a.6) 0.238 0.238 0.238 0.259 0.259 0.259 d20

a.8) 0.226 0.225 0.225 0.247 0.247 0.247 d21

a. 16) 0.226 0.233 0.233 0.248 0.255 0.255 d22

h.0) 0.236 0.235 0.235 0.256 0.256 0.256 d23

h.6) 0.236 0.236 0.236 0.257 0.257 0.257 d24

h.8) 0.226 0.225 0.225 0.247 0.247 0.247 d25

h.16) 0.235 0.235 0.235 0.257 0.258 0.258 d26

10% bo+EPC+T80 a.0) 0.184 0.184 - 0.192 0.192 - d27
a.l) 0.183 0.183 0.183 0.191 0.191 0.191 d28

a.d) 0.183 0.183 0.184 0.191 0.191 0.192 d29

a.12) 0.185 0.184 0.184 0.193 0.192 0.192 d30

h.0) 1.293 1.300 - 1.579 1.585 - d31

b.1) 1.209 1.074 1.066 1.359 1.201 1.193 d32

h.4) 1.443 1.451 1.444 1.738 1.745 1.737 d33

h.12) 1.455 1.455 1.454 1.766 1.766 1.763 d34

1,2, and 3 = number of determination

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.4) = unautoclaved after storage for 4 weeks; a.6) = unautoclaved after
storage for 6 weeks; a.8) = unautoclaved after storage for 8 weeks; a.10) = unautoclaved after storage for 10 weeks; a.l 1) = unautoclaved
after storage for 11 weeks; a.12) = unautoclaved after storage for 12 weeks; a.16) = unautoclaved after storage for 16 weeks

b. o) = autoclaved; b.1) = autoclaved after storage for 1 week; b.4) = autoclaved after storage for 4 weeks; b.6) = autoclaved after storage
for 6 weeks; h.8) = autoclaved after storage for 8 weeks; b.10) = autoclaved after storage for 10 weeks; b.l 1) = autoclaved after storage
for 11 weeks; b.12) = autoclaved after storage for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b.I6) = autoclaved after

storage for 16 weeks
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Table d2 (cont.): Particle size of 10% blended oil (bo) unautoclaved or autoclaved emulsions using

various types of phospholipids, and surfactants

Formulation Particle size of oil droplets ( (dm) Figure
D(0.5) D[4,3]
1 2 3 1 2 3

10% bo+EPC+PG a.0) 0.311 0.312 0.316 0.764 0.753 0.501 d35
a.l) 0.334 0.356 0.390 0.820 1.000 1.159 d36

a.4) 0.306 0.306 0.306 0.719 0.697 0.731 d37

all) 0.330 0.330 0.330 0.507 0.507 0.508 d38

h.0) 0322 0322 0.322 0.859 0.857 0.854 d39

h.1) 0.317 0.320 0.323 0.683 0.704 0.708 d40

h.4) 0.309 0.309 0.309 0.665 0.680 0.669 a4l

h.l1) 0.350 0.363 0.391 1.042 1.215 1.356 d42

10% bo+EPC+T80+SA  a.0) 0.188 0.188 0.188 0.197 0.197 0.197 d43
a.l) 0.187 0.187 0.187 0.196 0.196 0.196 d44

a.4) 0.186 0.186 0.186 0.195 0.194 0.194 d45

a.10) 1.924 1.919 1.920 2.043 2.039 2.039 d46

h.0) 0.188 0.188 0.188 0.198 0.198 0.198 d47

b.1) 0.187 0.187 0.187 0.196 0.196 0.196 d48

h.4) 0.187 0.187 0.187 0.197 0.196 0.196 d49

h.10) 0.188 0.188 0.188 0.198 0.198 0.198 d50

10% bo+SPC+T80+SA  a.0) 0.186 0.186 0.186 0.195 0.195 0.195 d51
a.l) 0.185 0.185 0.185 0.194 0.194 0.194 d52

a.d) 0.184 0.184 0.184 0.193 0.192 0.192 d53

a.10) 0.199 0.198 0.198 1.847 1.720 1.666 d54

h.0) 0.186 0.186 0.186 0.195 0.195 0.195 d55

h.1) 0.186 0.186 0.186 0.194 0.194 0.194 d56

h.4) 0.186 0.186 0.186 0.194 0.194 0.194 d57

h.10) 0.185 0.185 0.185 0.194 0.194 0.194 d58

1,2, and 3 = number of determination

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.4) = unautoclaved after storage for 4 weeks; a.6) = unautoclaved after
storage for 6 weeks; a.8) = unautoclaved after storage for 8 weeks; a.10) = unautoclaved after storage for 10 weeks; a.l 1) = unautoclaved
after storage for 11 weeks; a.12) = unautoclaved after storage for 12 weeks; a.16) = unautoclaved after storage for 16 weeks

b. o) = autoclaved; b.l) = autoclaved after storage for 1 week; b.4) = autoclaved after storage for 4 weeks; b.6) = autoclaved after storage
for 6 weeks; b.8) = autoclaved after storage for 8 weeks; b.10) = autoclaved after storage for 10 weeks; b.l1 1) = autoclaved after storage
for 11 weeks; b.12) = autoclaved after storage for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b.16) = autoclaved after

storage for 16 weeks
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Table d3. Particle size of 10% soybean oil (s0) unautoclaved or autoclaved emulsions using various

types of phospholipids, and surfactants

Formulation Particle size of oil droplets ( |Um) Figure
D(0.5) D[4.3]
1 2 3 1 2 3

10%s0+EPC a0) 0287 0287 . 0382 0383 . 459
a.3) 0.282 0.282 0.282 0.377 0.380 0.383 d60

a.4) 0.345 0.308 0.307 0.490 0412 0.410 d61

a.14) 0.322 0.325 0.316 0.436 0.452 0.430 d62

h.0) 0.303 0.311 - 0.527 0.627 - d63

h.3) 0.315 0.305 0.303 0.445 0.411 0.402 d64

b.4) 0.314 0.314 0.314 0410 0.409 0.408 d65

h.14) 0.331 0.314 0.314 0.459 0.406 0.405 d66

10% so+EPC+SA a.0) 0.301 0.314 - 0.796 2.511 - d67
a.3) 0.289 0.289 0.290 1.151 1.241 1.247 d68

ad) 0.300 0.299 0.299 0.395 0.396 0.396 d69

a.14) 0.297 0.296 0.296 0.388 0.387 0.386 d70

h.0) 0.284 0.294 - 0478 0515 - d71

h.3) 0.293 0.294 0.294 0.386 0.389 0.386 d72

h.4) 0.296 0.296 0.296 0.388 0.388 0.388 d73

14) 0.315 0.315 0.315 0.463 0.462 0.461 d74

10% SO+EPC+T80 a.0) 0.190 0.190 - 0.200 0.200 - d75
a.l) 0.188 0.188 0.188 0.197 0.197 0.197 d76

a.4) 0.186 0.187 0.187 0.195 0.195 0.195 ar7

a.12) 0.189 0.189 0.189 0.198 0.198 0.198 d78

b.0) 0197 0.197 - 0.209 0.209 - d79

b.1) 0.196 0.196 0.196 0.208 0.207 0.207 80

h.4) 0.200 0.199 0.199 0.213 0.212 0.212 ds!

h.12) 0.193 0.193 0.193 0.203 0.203 0.203 d82

112, and 3 = number of determination

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after
storage for 4 weeks; a.10) = unautoclaved after storage for 10 weeks; a.ll) = unautoclaved after storage for 11 weeks; a.12) =
unautoclaved after storage for 12 weeks; a.14) = unautoclaved after storage for 14 weeks

h. o) = autoclaved; b. 1) = autoclaved after storage for 1 week; b.3) = autoclaved after storage for 3 weeks; b.4) = autoclaved after storage
for 4 weeks; b.10) = autoclaved after storage for 10 weeks; b. 11) = autoclaved after storage for 11 weeks; b.12) = autoclaved after storage

for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b.16) = autoclaved after storage for 16 weeks
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Table d3 (cont.). Particle size of 10% soybean oil (s0) unautoclaved or autoclaved emulsions using

various types of phospholipids, and surfactants

Formulation Particle size of il droplets ( |dm) Figure
D(0.5) D[4.3]
1 2 3 1 2 3

10% SO+EPC+PG a.0) 0.345 0.343 0.344 0.791 0.811 0.771 d83
a.l) 0.398 0.434 0.486 0.928 1.126 1.266 d84

a.4) 0.358 0.357 0.359 0.679 0.696 0.675 85

all) 0371 0.371 0.371 0.716 0.754 0.757 d86

h.0) 0.367 0.367 0.368 0.774 0.795 0.792 d87

b.1) 0.356 0.359 0.364 0.736 0.788 0.833 d88

h.4) 0.350 0.352 0.351 0.686 0.660 0.676 d89

b.l'1) 0.364 0.393 0.416 0.778 1.053 1.216 d90

10% SO+EPC+T80+SA  a.0) 0.191 0.191 0.191 0.202 0.202 0.202 9
a.l) 0.190 0.190 0.190 0.200 0.200 0.200 92

a.4) 0.188 0.188 0.188 0.198 0.98 0.198 923

a.10) 0.191 0.190 0.191 0.201 0.201 0.201 d94

b.0) 0.192 0.191 0.190 0.202 0.201 0.201 d95

b.l) 0.190 0.190 0.190 0.200 0.200 0.200 d96

b.4) 0.192 0.191 0.191 0.202 0.202 0.201 d97

b.10) 0.191 0.191 0.191 0.201 0.201 0.201 d98

10% SO+SPC+T80+SA  a.0) 0.188 0.188 0.188 0.198 0.198 0.198 d99
a.l) 0.188 0.188 0.188 0.197 0.197 0.197 dioo

a.4) 0.186 0.186 0.186 0.194 0.194 0.194 dioi

a.10) 0.438 0.444 0.445 0.651 0.651 0.652 d102

b.0) 0.188 0.188 0.188 0.198 0.197 0.197 d103

b.1) 0.188 0.188 0.188 0.197 0.197 0.197 d 104

b.4) 1.848 1.844 1.846 2.917 2.878 2.925 d 105

h.10) 0.188 0.188 0.188 0.197 0.197 0.197 d 106

1,2, and 3 = number of determination

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after
storage for 4 weeks; a.10) = unautoclaved after storage for 10 weeks; a.11) = unautoclaved after storage for 11 weeks; a.12) =
unautoclaved after storage for 12 weeks; a.14) = unautoclaved after storage for 14 weeks

b. 0) = autoclaved; b.1) = autoclaved after storage for 1 week; b.3) = autoclaved after storage for 3 weeks; b.4) = autoclaved after storage
for 4 weeks; b.10) = autoclaved after storage for 10 weeks; b.11) = autoclaved after storage for 11 weeks; b.12) = autoclaved after storage

for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b.16) = autoclaved after storage for 16 weeks
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Zeta Potential Measurement
Table d4. Zeta potential of 10% blended oil (bo) unautoclaved or autoclaved emulsions using various

types of phospholipids, and surfactants

Formulation Zeta potential (mV)
1 2 3 4
10% bo+EPC a.0) -11.29 -8.01 -5.90 -6.91
a.6) -18.23 -15.15 -16.95 -16.56
a.8) -15.10 -20.07 -18.48 -18.71
a.16)  -17.73 -10.53 -12.93 -10.05
b.0) -24.85 -26.51 -26.13 -26.05
h.6) -23.46 -23.50 -23.51 -20.51
h.8) -22.41 -22.26 -19.46 -23.41
b.l6)  -23.27 -27.83 -28.61 -28.09
10% bo+EPC+sA a.0) 53.39 51.02 48.47 47.17
a.6) 22.84 29.99 20.54 24.47
a.8) 21.17 18.28 18.21 21.76
a.16) 26.31 28.09 26.16 21.87
b.0) 37.64 39.84 39.76 40.72
h.6) 19.09 20.49 20.48 23.47
b.8) 28.96 27.05 22.00 26.62
b.16) 18.78 15.85 19.81 20.82
10% ho+EPC+T80 a.0) -10.50 -15.29 -12.32 -15.57
a.l) -16.25 -8.47 -5.74 -10.15
a.4) -11.58 -1.73 -15.18 -15.21
a.12) -13.54 -10.51 -14.18 -14.93
b.o) -1.41 -13.45 -8.50 -13.72
b.1) -7.09 -8.03 -14.14 -9.61
b.4) -14.84 -14.32 -14.87 -14.33
b.12)  -25.03 -24.28 -18.98 -16.58

1,2,3and 4 = number of determination

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.4) = unautoclaved after storage for 4 weeks; a.6) = unautoclaved after
storage for 6 weeks; a.8) = unautoclaved after storage for 8 weeks; a.10) = unautoclaved after storage for 10 weeks; a.l 1) = unautoclaved
after storage for 11 weeks; a.12) = unautoclaved after storage for 12 weeks; a.16) = unautoclaved after storage for 16 weeks

b. o) = autoclaved; b.l) = autoclaved after storage for 1 week; b.4) = autoclaved after storage for 4 weeks; b.6) = autoclaved after storage
for 6 weeks; b.8) = autoclaved after storage for 8 weeks; b.10) = autoclaved after storage for 10 weeks; b.l 1) = autoclaved after storage
for 11 weeks; b.12) = autoclaved after storage for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b.16) = autoclaved after

storage for 16 weeks
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Table d4 (cont). Zeta potential of 10% blended oil (bo) unautoclaved or autoclaved emulsions using

various types of phospholipids, and surfactants

Formulation Zeta potential (mV)
1 2 3 4

10% ho+EPC+PG a.0) -17.70 -20.96 -16.60 -20.13
a.l) -9.94 -11.48 -15.56 -17.39

a.d) -20.84 -23.12 -20.73 -21.62

all) -29.29 -24.36 -21.44 -25.96

b.o) -18.97 -23.00 -21.31 -18.75

b.1) -17.88 -19.91 -21.08 -21.93

b.4) -21.07 -20.92 -23.19 -20.11

b.l1) -31.03 -26.80 -33.69 -28.79

10% bo+EPC+T80+SA a.0) 25.11 25.47 25.89 24.13
a.l) 17.23 21.87 17.45 16.08

a.d) 26.58 27.03 25.60 18.63

a.10) 16.86 16.65 14.00 17.75

h.0) 16.88 23.76 15.84 34.90

b.l) 12.53 13.46 17.98 18.58

h.4) 17.08 16.19 15.41 16.89

b.10) 18.16 19.09 18.75 18.82

10% bo+SPC+T80+SA a.0) 24.90 20.70 20.83 2541
al) 20.19 20.19 23.46 17.84

a.d) 12.05 12.95 23.85 21.26

a.10) 17.03 20.95 18.21 22.98

b.0) 19.48 16.14 23.54 23.84

b.1) 15.07 16.93 22.29 23.08

h.4) 10.38 9.20 9.84 4.52

h.10) 7.22 11.74 13.90 5.55

1,2,3 and 4 = number of determination

a.0) = unautoclaved; a. 1) = unautoclaved after storage for 1 week; a.4) = unautoclaved after storage for 4 weeks; a.6) = unautoclaved after
storage for 6 weeks; a.8) = unautoclaved after storage for 8 weeks; a,10) = unautoclaved after storage for 10 weeks; a.11) = unautoclaved
after storage for 11 weeks; a.12) = unautoclaved after storage for 12 weeks; a.16) = unautoclaved after storage for 16 weeks

b. o) = autoclaved; b.l) = autoclaved after storage for 1 week; b.4) = autoclaved after storage for 4 weeks; b.6) = autoclaved after storage
for 6 weeks; b.8) = autoclaved after storage for 8 weeks; b.10) = autoclaved after storage for 10 weeks; b.l 1) = autoclaved after storage
for 11 weeks; b.12) = autoclaved after storage for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; .16) = autoclaved after

storage for 16 weeks
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Table d5. Zeta potential of 10% soybean oil (so) unautoclaved or autoclaved emulsions using various

types of phospholipids, and surfactants

Formulation Zeta potential (mV)
1 2 3 4
10% SO+EPC a.0) -29.95 -26.42 -25.50 -23.57
a.3) -18.83 -17.71 -21.86 -16.57
ad) -1.76 -8.81 -11.65 -1.34
a.14) -11.42 -11.51 -1.74 -11.58
b.o) -13.62 -17.59 -10.76 -20.05
h.3) -9.03 -12.26 -14.94 -9.54
h.4) -17.58 -17.34 -21.88 -22.63
h.14) -22.57 -20.52 -16.79 -22.47
10% so+EPC+SA a.0) 29.66 32.18 31.23 33.62
a.3) 31.62 21.48 19.21 24.08
a.4) 30.00 32.00 29.97 32.75
a.14) 11.45 11.11 10.63 10.02
b.0) 1.82 471 3.81 14.39
b.3) 12.07 14.13 13.68 14.26
b.4) 12.28 9.71 9.94 16.93
h.14) 11.60 741 10.07 9.27
10% SO+EPC+T80 a.0) -13.88 -14.46 -15.26 -15.55
a.l) -1.22 -1.40 -8.87 -6.43
a.4) -18.44 -7.78 -13.98 -9.31
a.12) -8.52 -5.72 -5.69 -6.66
h.0) -15.99 -13.65 -12.46 -14.52
b.l) -8.56 -1.95 -8.94 -6.45
h.4) -9.98 -13.16 -12.25 -13.86
bl2)  -9.43 -8.82 -10.38 -9.64

1,2,3 and 4 = number of determination

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after
storage for 4 weeks; a.10) = unautoclaved after storage for 10 weeks; a.11) = unautoclaved after storage for 11 weeks; a.12) =
unautoclaved after storage for 12 weeks; a.14) = unautoclaved after storage for 14 weeks

h. o) = autoclaved; b.1) = autoclaved after storage for 1 week; b.3) = autoclaved after storage for 3 weeks; b.4) = autoclaved after storage
for 4 weeks; b.10) = autoclaved after storage for 10 weeks; b. 11) = autoclaved after storage for 11 weeks; b.12) = autoclaved after storage

for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b. 16) = autoclaved after storage for 16 weeks
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Table d5 (cont.). Zeta potential of 10% soybean oil (s0) unautoclaved or autoclaved emulsions using

various types of phospholipids, and surfactants

Formulation Zeta potential (mV)
1 2 3 4
10% so+EPC+PG a.0) -17.01 -21.22 -15.62 -17.37
a.l) -23.15 -24.42 -15.55 -18.51
a.4) -24.82 -26.50 -24.11 -24.24
all)y  -31.13 -25.16 -18.38 -19.91
b.0) -29.02 -30.19 -28.91 -33.43
b.1) -21.24 -28.68 -26.93 -30.95
h.4) -30.72 -26.93 -30.83 -33.29
b.ll) -16.82 -22.46 -24.66 -20.68
10% SO+EPC+T80+SA a.0) 21.94 23.20 27.16 20.39
a.l) 19.15 12.20 1451 16.04
a.4) 16.08 17.85 16.27 17.96
a.10) 23.59 14.77 19.22 15.64
h)  en 8.84 1131 12.80
b.l) 13.67 12.70 13.55 24.49
h.4) 21.43 16.23 19.09 25.07
h.10) 7.33 13.71 14.72 14.89
10% SO+SPC+T80+SA a.0) 19.36 19.83 22.15 19.91
a.l) 17.58 20.70 19.95 20.54
a.d) 26.24 24.98 29.18 18.39
a.10) 22.65 19.36 17.93 22.79
b.O) 12.25 12.47 11.08 9.69
b.1) 11.15 19.94 16.05 16.17
b.4) 14.65 14.34 15.44 16.49
h.10) 9.32 18.24 12.93 17.49

1,2,3 and 4 = number of determination

a. 0)= unautoclaved; a.l) = unautoclaved after storage for 1 week; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after
storage for 4 weeks; a.10) = unautoclaved after storage for 10 weeks; a.ll) = unautoclaved after storage for 11 weeks; a.12) =
unautoclaved after storage for 12 weeks; a. 14) = unautoclaved after storage for 14 weeks

b. 0) = autoclaved; b.l) = autoclaved after storage for 1 week; b.3) = autoclaved after storage for 3 weeks; b.4) = autoclaved after storage
for 4 weeks; b.10) = autoclaved after storage for 10 weeks; b.11) = autoclaved after storage for 11 weeks; b.12) = autoclaved after storage

for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; h. 16) = autoclaved after storage for 16 weeks
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pH Measurement

Table d6. pH of 10% blended oil (bo) unautoclaved or autoclaved emulsions using various types of

phospholipids, and surfactants

Formulation pH of lipid emulsion
10% bo+EPC a.0) 8.06
a.6) 7.31
a.8) 7.28
a.16) 7.29
b.0) 6.21
b.6) 6.32
b.8) 6.22
b.16) 6.65
10% ho+EPC+SA a.0) 8.01
a.6) 6.34
a.8) 6.47
a.16) 6.18
b.0) 6.25
b.6) 6.02
b.8) 6.04
b.16) 5.92
10% bo+EPC+T80 a.0) 8.04
a.l) 7.56
ad) 7.61
a.12) 7.48
b.0) 6.66
b.l) 6.84
b.4) 7.12
b.12) 6.97

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.4) = unautoclaved after storage for 4 weeks; a.6) = unautoclaved after
storage for 6 weeks; a.8) = unautoclaved after storage for 8 weeks; a.10) = unautoclaved after storage for 10 weeks; a.l1) = unautoclaved
after storage for 11 weeks; a.12) = unautoclaved after storage for 12 weeks; a.16) = unautoclaved after storage for 16 weeks

b. o) = autoclaved; b.l) = autoclaved after storage for 1 week; b.4) = autoclaved after storage for 4 weeks; b.6) = autoclaved after storage
for 6 weeks; b.8) = autoclaved after storage for 8 weeks; b.10) = autoclaved after storage for 10 weeks; b.l 1) = autoclaved after storage
for 11 weeks; b.12) = autoclaved after storage for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b.16) = autoclaved after

storage for 16 weeks
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Table d6 (cont.). pH of 10% blended oil (bo) unautoclaved or autoclaved emulsions using various types of

phospholipids, and surfactants

Formulation pH of lipid emulsion
10% bo+EPC+PG a.0) 8.02
al) 7.29
ad) 7.52
al1) 8.11
b.0) 744
b.1) 751
b.4) 7.84
b.l1) 8.16
10% ho+EPC+T80+SA a.0) 8.04
a.l) 1.32
a.d) 6.77
a.10) 6.55
h.0) 6.22
b.1) 5.87
b.4) 5.91
b.10) 5.90
10% ho+SPC+T80+SA a.0) 8.04
a.l) 7.43
a.d) 7.05
a.10) 6.64
b.o) 6.34
b.1) 6.62
b.4) 6.03
b.10) 6.20

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.4) = unautoclaved after storage for 4 weeks; a.6) = unautoclaved after
storage for 6 weeks; a.8) = unautoclaved after storage for 8 weeks; a.10) = unautoclaved after storage for 10 weeks; a.l 1) = unautoclaved
after storage for 11 weeks; a.12) = unautoclaved after storage for 12 weeks; a.16) = unautoclaved after storage for 16 weeks

b. o) = autoclaved; b.lI) = autoclaved after storage for 1 week; b.4) = autoclaved after storage for 4 weeks; b.6) = autoclaved after storage
for 6 weeks; b.8) = autoclaved after storage for 8 weeks; b.10) = autoclaved after storage for 10 weeks; b.l 1) = autoclaved after storage
for 11 weeks; b.I12) = autoclaved after storage for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b.16) = autoclaved after

storage for 16 weeks
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Table d7. pH of 10% soybean oil (so) unautoclaved or autoclaved emulsions using various types of

phospholipids, and surfactants

Formulation pH of lipid emulsion
10% SOHPC a0) 801
a.3) 7.01
a.4) 6.80
a.14) 6.73
b.0) 6.68
b.3) 6.71
b.4) 6.7
b.14) 7.16
10% s0+EPC+SA 2.0) 801
a.3) 6.94
a.d) 6.68
a.14) 5.56
b.o) 5.54
b.3) 5.65
b.4) 5.75
b.14) 5.97
1% SOHEPCHTB) a.0) 801
al) 7.55
a.d) 751
a.12) 7.39
b.0) 6.68
b.1) 6.79
b.4) 6.95
b.12) 6.56

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after
storage for 4 weeks; a.10) = unautoclaved after storage for 10 weeks; a.ll) = unautoclaved after storage for 11 weeks; a.12) =
unautoclaved after storage for 12 weeks; a.14) = unautoclaved after storage for 14 weeks

b. 0) = autoclaved; b.I) = autoclaved after storage for 1 week; b.3) = autoclaved after storage for 3 weeks; b.4) = autoclaved after storage
for 4 weeks; b.10) = autoclaved after storage for 10 weeks; b.11) = autoclaved after storage for 11 weeks; b.12) = autoclaved after storage

for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b. 16) = autoclaved after storage for 16 weeks
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Table d7 (cont.). pH of 10% soybean oil (s0) unautoclaved or autoclaved emulsions using various types

of phospholipids, and surfactants

Formulation pH of lipid emulsion
10% SO+EPC+PG a.0) 8.05
a.l) 6.9
ad) 7.50
a.ll 7.87
b.0) 7.26
b.l) 7.23
b.4) .17
b.l1) 7.05
10% SO+EPC+T80+SA  a.0) 8.03
a.l) 1.67
ad) 717
a.10) 6.66
b.0) 6.47
b.l) 6.69
b.4) 6.19
h.10) 6.08
10% SO+SPC+T80+SA  a.0) 8.07
a.l) 7.63
a4) 7.06
a.10) 6.79
b.0) 6.62
b.1) 6.81
b.4) 6.40
b.10) 6.33

a. 0) = unautoclaved; a.l) = unautoclaved after storage for 1 week; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after
storage for 4 weeks; a.10) = unautoclaved after storage for 10 weeks; a.ll) = unautoclaved after storage for 11 weeks; a.12) =
unautoclaved after storage for 12 weeks; a.14) = unautoclaved after storage for 14 weeks

b. o) = autoclaved; b.l) = autoclaved after storage for 1 week; b.3) = autoclaved after storage for 3 weeks; b.4) = autoclaved after storage
for 4 weeks; b.10) = autoclaved after storage for 10 weeks; b.l 1) = autoclaved after storage for 11 weeks; b.I12) = autoclaved after storage

for 12 weeks; b. 14) = autoclaved after storage for 14 weeks; b.16) = autoclaved after storage for 16 weeks
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2. Lipid emulsions containing 20% ail

Particle Size Measurement

Table d8. Particle size of 20% blended oil (bo) unautoclaved or autoclaved emulsions using various

types of surfactants
Formulation Particle size of oil droplets ( |4 m) Figure
D(0.5) [4,3]
1 2 3 1 2 3

20% bo+EPC a.0) 0.545 0.532 - 0.687 0.734 - d 107
a.3) 0.513 0.549 0.569 0.598 0.794 0.925 d 108

a.4) 0.442 0.430 0.430 0.558 0522 0.522 d109

a.14) 0.895 0.889 0.875 0.908 0.911 0.896 dlio

b.0) 0.783 0.825 - 0.976 1.085 - dill

b.3) 0.812 0.749 0.753 0.822 0.772 0.762 d112

b.4) 0.758 0.755 0.755 0.766 0.763 0.762 dl 13

h.14) 1.041 0.981 0.958 1.392 1.031 0.995 dl 14

20% ho+EPC+SA a.0) 0.444 0.444 - 0.657 0.657 - dl 15
a.3) 0.472 0.472 0.504 0.567 0.565 0.596 d 116

a.4) 0.411 0.412 0.413 0510 0.509 0.509 dl 17

a.14) 0.513 0.521 0.522 0.644 0.467 0.647 dl 18

b.0) 0.489 0.496 - 0.590 0.734 - dl 19

h.3) 0.463 0.463 0.463 0.565 0.563 0.592 d120

b.4) 0478 0.484 0.484 0.579 0.581 0.581 d121

h.14) 0.479 0.485 0.486 0578 0.579 0.579 dl22

1,2 and 3 = number of determination

a. 0) = unautoclaved; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after storage for 4 weeks; a.14) = unautoclaved
after storage for 14 weeks

b. o) = autoclaved; b.3) = autoclaved after storage for 3 weeks; b.4) = autoclaved after storage for 4 weeks; b.14) = autoclaved after

storage for 14 weeks
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Zeta Potential Measurement

Table d9. Zeta potential of 20% blended oil (bo) unautoclaved or autoclaved emulsions using various

types of surfactants
Formulation Zeta potential (mV)
1 2 3 4
20% bo+EPC a.0) -12.30 -17.51 -20.37 -11.99
a.3) -10.79 -18.57 -11.18 -10.49
ad) -12.83 -16.28 -12.53 -14.32
a. 14) -12.14 -17.91 -4.22 -6.37
h.o) -21.64 -19.42 -18.81 -17.82
h.3) -28.37 -14.86 -15.15 -23.88
h.4) -15.42 -16.64 -16.53 -17.63
h.14) -12.83 -14.32 -16.28 -12.53
20% ho+EPC+SA a.0) 34.52 36.22 36.65 31.72
a.3) 28.59 28.83 31.00 31.26
ad) 33.52 31.09 30.59 33.59
a 14) 22.19 28.75 13.65 24.37
h.o) 11.59 8.58 12.06 13.96
h.3) 12.40 15.29 7.30 7.53
h.4) 19.19 19.63 18.31 16.20
h.14) 4.94 13.63 5.05 6.53

1,2, 3 and 4 = number of determination

a. 0) = unautoclaved; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after storage for 4 weeks; a. 14) = unautoclaved
after storage for 16 weeks

b. 0) = autoclaved; b.3) = autoclaved after storage for 3 weeks; b.4) = autoclaved after storage for 4 weeks; b.14) = autoclaved after

storage for 14 weeks
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pH Measurement

Table dio. pH of 20% blended oil (bo) unautoclaved or autoclaved emulsions using various types of

surfactants
Formulation pH oflipid emulsion

20% bo+EPC a.0) 8.06
a.3) 7.15

a4) 721

a.14) 6.79

b.0) 6.61

b.3) 6.86

4) 6.84

14) 6.99

20% bo+HPC+SA a.0) 8.01
a.3) 6.90

ad) 6.54

a.14) 5.80

b.0) 5.75

b.3) 5.76

4) 5.85

b. 14) 6.01

a. 0) = unautoclaved; a.3) = unautoclaved after storage for 3 weeks; a.4) = unautoclaved after storage for 4 weeks; a.14) = unautoclaved

after storage for 16 weeks

b. 0) = autoclaved; b.3) = autoclaved after storage for 3 weeks; .4) = autoclaved after storage for 4 weeks; b.14) = autoclaved after

storage for 14 weeks
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3. Lipid emulsion containing oil-soluble vitamins

Particle size measurement

Table dIl. Particle size of 10% soybean oil (s0) nautoclaved or autoclaved emulsions containing oil-

soluble vitamins using various type of surfactants

Formulation Sterilization

10% SO+EPC+T80

Non-sterilization

Filtration

Autoclaving

10% SO+EPC+T80+PG

Non-sterilization

Filtration

Autoclaving

10% SO+EPC+T80+SA

Non-sterilization

Filtration

Autoclaving

1,2 and 3 = numberofdetermination

0.189
0.189
0.188
0.189
0.189
0.187
0.190
0.189
0.190
0.191
0.188
0.190
0.189
0.189
0.189
0.188
0.190
0.190
0.192
0.190
0.190
0.190
0.188
0.189
0.192
0.192
0.191

Particle size ofoil droplets ( (dm)

D(0.5)
2
0.189
0.189
0.188
0.189
0.189
0.187
0.190
0.188
0.190
0191
0.188
0.189
0.189
0.189
0.189
0.188
0.189
0.190
0.192
0.190
0.190
0.189
0.188
0.188
0191
0191
0.190

0.189
0.189
0.188
0.189
0.189
0.187
0.190
0.189
0.190
0.191
0.188
0.189
0.189
0.189
0.189
0.187
0.189
0.190
0.192
0.190
0.190
0.190
0.188
0.188
0.191
0.191
0.190

0.199
0.199
0.198
0.198
0.199
0.196
0.199
0.198
0.199
0.202
0.198
0.200
0.198
0.199
0.198
0.197
0.199
0.201
0.203
0.200
0.201
0.199
0.198
0.198
0.203
0.202
0.201

a) = immediately after preparation; b) 1week after preparation; ¢) = 1 month after preparation

D[4,3]
2
0.199
0.199
0.197
0.199
0.199
0.196
0.199
0.197
0.199
0.201
0.198
0.198
0.198
0.199
0.198
0.197
0.199
0.200
0.202
0.200
0.200
0.199
0.197
0.198
0.202
0.201
0.200

0.199
0.199
0.197
0.199
0.199
0.196
0.199
0.197
0.199
0.202
0.198
0.198
0.198
0.199
0.198
0.196
0.199
0.200
0.202
0.200
0.200
0.199
0.198
0.198
0.202
0.201
0.200

Figure

d123
d124
d125
d 126
d127
d 128
d 129
d 130
d131
d 132
d 133
d134
d135
d 136
d 137
dl38
dl39
d 140
d 141
d 142
d 143
d 144
d 145
d 146
d 147
d 148
d 149
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Zeta Potential Measurement

Table dI2. Zeta potential of 10% soybean oil (so) unautoclaved or autoclaved emulsions containing oil-

soluble vitamins using various type of surfactants

Formulation Sterilization

10% SO+EPC+T80

Non-sterilization

Filtration

Autoclaving

10% SO+EPC+T80+PG

Non-sterilization

Filtration

Autoclaving

10% SO+EPC+T80+SA

Non-sterilization

Filtration

Autoclaving

1,2,3and 4 = number ofdetermination

-5.77
-6.48

-10.13
-15.10

-1.40

-13.54

-9.28

-10.52
-13.55
-12.74
-18.17
-15.60
-12.17
-16.53
-16.42
-16.92
-14.18
-19.44

31.27
22.99
13.98
25.92
22.04
19.29
19.26
21.06
15.95

&
Zeta potential (mV)

2
-14.41
-2.89
-16.27
-12.87
-15.07
-13.03
-10.69
-8.59
-19.73
-11.97
-11.25
-14.36
-10.33
-13.62
-16.97
-10.16
-14.72
-18.74
28.88
26.15
14.88
24.90
24.40
20.80
19.16
18.17
12.70

3

-10.65

-7.69

-12.45
-11.47
-16.21
-11.29
-13.28

-6.66

-16.98
-20.17
-15.90
-16.17
-14.10
-14.77
-17.96
-18.61
-18.47
-21.64

33.63
22.79
15.34
20.89
20.87
20.81
20.70
18.22
10.93

a) = immediately after preparation; b) 1week after preparation; ¢) = 1 month after preparation

-14.59

-9.66

-13.43
-16.79
-10.36
-14.14
-14.54

-6.67

-10.41
-16.03
-14.07
-17.29
-14.13
-12.04
-18.99
-13.07
-18.82
-29.10

33.50
25.02
17.07
21.94
23.69
23.72
23.80
23.92
17.25
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pH Measurement

Table dl3. pH of 10% soybean oil (s0) unautoclaved or autoclaved emulsions containing oil-soluble
vitamins using various type of surfactants

Formulation Sterilization pH oflipid emulsion

10% so+EPC+TSO Non-sterilization a) 7.99
b) 743

0) 795

Filtration a) 7.02

b) 6.72

¢) 6.59

Autoclaving a) 7.19

b) 7.18

¢) 7.48

10% SO+EPC+T80+PG Non-sterilization a) 8.01
b) 7.60

0) 7.46

Filtration a) 6.81

b) 6.61

¢) 6.55

Autoclaving a) 6.99

b) 7.19

¢) 714

10% SO+EPC+T80+SA Non-sterilization a) 8.01
b) 7.55

¢) 6.84

Filtration a) 7.96

b) 8.03

¢) 6.78

Autoclaving a) 7.09

b) 7.26

¢) 6.77

a) = immediately after preparation; b) 1week after preparation; ¢) = 1 month after preparation
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APPENDIX E

VITAMIN CONTENT ANALYSIS

Table el. Peak area ratio of standard oil-soluble vitamins achieved using HPLC technique

Vitamin Concentration (J.g/ml) Peak area ratio
1 2 3
Vitamin A Palmitate 10 3.29 3.36 3.35
20 7.13 7.20 6.93
30 10.74 10.60 10.64
40 14.10 14.86 14.62
50 17.94 17.96 18.26
Vitamin D3 0.50 0.47 0.50 0.49
1.00 0.83 0.84 0.83
1.50 1.07 111 111
2.00 1.42 1.39 1.39
2.50 1.83 1.80 179
3.00 2.02 2.04 2.03
Vitamin E acetate 60 4.74 473 4.71
80 5.89 592 5.86
100 7.58 7.58 7.62
120 9.05 9.02 8.93
140 10.18 10.26 10.24
Vitamin K1 1.00 0.26 0.27 0.26
1.50 0.40 041 0.41
2.00 0.51 0.52 0.53
2.50 0.68 0.69 0.67
3.00 0.77 0.81 0.78

1,2, and 3 = number ofdetermination



Table el. Peak area ratio, amount of vitamins and % remaining of oil-soluble vitamins found in

commercial product
Commercial product Vitamins Peak area ratio Amountof % Remaining Figure
vitamins
Vitalipid® Vitamin A 1) 10.64 29.75 90.15 el
2) 9.78 21.42 83.09
3) 10.44 29.21 88.51
Vitamin D2 1) 0.23 0.08 3.78
2) 0.19 0.01 0.58
3) 0.19 0.01 0.58
Vitamin E acetate 1) 10.92 148.54 148.54
2) 10.45 141.88 141.88
3) 10.90 148.26 148.26
Vitamin K- 1) 0.51 1.92 127.82
2) 0.50 1.88 125.31
3) 0.50 1.88 125.31

1,2, and 3 = number of determination
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Table e3. Peak area ratio, amount of vitamin and % remaining of oil-soluble vitamins in the emulsions

after autoclaving for 48 hours using HPLC technique

Rx Emulsifiers Vitamins Peak Ratio Amountof % Remaining  Figure
vitamins
B EPC+T80+PG Vitamin A palmitate 1) 10.47 22.29 88.76 e2
2) 9.04 25.41 77.00
3) 9.30 26.12 79.15
Vitamin Dj 1) 1.40 1.95 93.50
2) 11 1.48 74.00
3) 0.99 1.29 64.50
vitamin E acetate 1) 6.22 81.97 81.97
2) 6.32 83.39 83.39
3) 6.21 81.83 81.83
Vitamin K ( 1) 0.25 0.94 62.47
2) 0.26 0.98 65.33
3) 0.26 0.98 65.33
C  EPC+T80+SA  Vitamin A paimitate 1) 759 21.48 65.00 &3
2) 9.4 25.95 78.64
3) 9.20 25.85 78.33
Vitamin Dj 1) 1.20 1.63 81.50
2) 1.24 1.69 84.50
3) 1.08 1.44 72.00
Vitamin E acetate 1) 6.50 85.93 85.93
2) 6.64 87.92 87.92
3) 6.68 88.48 88.48
Vitamin K, 1) 0.22 0.83 55.33
2) 021 0.79 52.67
3) 0.23 0.86 57.33

112, and 3 = number ofdetermination
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Table e4. Peak area ratio of oil soluble vitamins found in the emulsions after storage for 2 months
analyzed using HPLC technique

Rx Emulsifiers Method of Vitamins Peak Ratio Amount of % Remaining Figure
sterilization vitamins
A EPC+T80 Filtration Vitamin A palmitate 1) 7.16 20.31 61.56 ed
2) 6.67 18.99 57.53
3) 6.75 19.20 58.53
Vitamin Dj 1) 0.59 0.65 32.58
2) 0.55 0.59 29.38
3) 0.55 0.59 29.38
Vitamin E acetate 1) 8.82 118.80 118.80
2) 8.97 120.92 120.92
3) 8.81 118.65 118.65
Vitamin K, 1) 0.28 1.05 70.18
2) 0.30 113 75.19
3) 0.28 1.05 70.18
Autoclaving ~ Vitamin A palmitate 1) 5.54 15.92 48.25 e5
2) 6.66 18.96 57.45
3) 6.28 17.93 54.33
Vitamin Dj 1) 0.47 0.46 22.98
2) 0.47 0.46 22.98
3) 0.47 0.46 22.98
Vitamin E acetate 1) 8.17 109.59 109.59
2) 8.14 109.16 109.11
3) 8.21 109.16 110.16
Vitamin K, 1) 0.35 1.32 87.72
2) 0.34 1.28 85.21
3) 0.34 1.28 85.21
B EPC+T80+PG Filtration Vitamin A palmitate 1) 6.92 19.66 59.59 e6
2) 7.43 21.05 63.78
3) 747 21.16 64.11
Vitamin Dj 1) 0.47 0.46 22.98
2) 0.50 0.5! 25.38
3) 0.50 0.51 25.38
Vitamin E acetate 1) 8.92 120.06 120.06
2) 8.96 120.21 120.21
3) 8.98 120.78 120.78
Vitamin K| 1) 0.37 1.39 92.73
2) 0.67 2.52 167.92
3) 0.68 2.56 170.43

1,2, and 3 = number ofdetermination
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Table e4 (cont.). Peak area ratio of oil soluble vitamins found in the emulsions after storage for 2

months analyzed using HPLC technique

Rx Emulsifiers Method of

sterilization

B EPC+T80+PG Autoclaving

c EPC+T80+SA Filtration

Autoclaving

1,2, and 3 = number of determination

Vitamins

Vitamin A palmitate

Vitamin D3

Vitamin E acetate

Vitamin Kj

Vitamin A palmitate

Vitamin D3

Vitamin E acetate

Vitamin K,

Vitamin A palmitate

Vitamin D]

Vitamin E acetate

Vitamin K,

Peak Ratio

5.96
6.78
6.46
0.43
0.45
0.44
1.74
7.65
.17
0.36
0.37
0.40
5.63
5.57
5.72
0.48
0.47
0.46

733
1.23
7.19
0.33
0.24
0.23
5.00
6.06
6.08
0.39
0.52
0.52
721
7.38
7.18
0.27
0.24
0.27

Amount of
vitamins
17.06
19.28
18.24
0.40
0.43
0.41
103.50
102.22
103.92
1.35
1.39
150
16.17
16.00
16.41
0.48
0.46
0.44

97.69
96.27
95.71
124
0.90
0.86

14.46
17.33
17.39
0.33
0.54
0.54
95.99
98.40
95.57
1.02
0.90
1.02

% Remaining

51.70
58.44
55.81
19.78
21.38
20.58
103.50
102.22
103.92
90.23
92.73
100.25
48.99
48.49
49.73
23.78
22.98
22.18
97.69
96.27
95.71
82.71
60.15
57.64
43.81
52.52
52.69
16.58
26.98
26.98
95.99
98.40
95.57
67.67
60.15
67.67

Figure

e7

e8

e9
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Particle size Oistrlbution

Volume (%)

Figure cl. Particle size distribution of commercial product, Intralipid  10%

Figure c2. Particle size distribution of commercial product, Intralipid  20%
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Particle  ITCh tritmtioii
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— N GO CIOT

Figure c3. Particle size distribution of commercial product, Vitralipid

Particle Sizo Distribution

10

Figure dI. Particle size distribution of 10% ho+EPC unautoclaved emulsion passing homogenizer 3

cycles
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Particle size Distribution

Figure d2. Particle size distribution of 10% ho+EPC unautoclaved emulsion passing homogenizer 5

cycles

Particle Sizo Distribution

Figure d3. Particle size distribution of 10% bo+EPC unautoclaved emulsion passing homogenizer 7

cycles
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Figure d4. Particle size distribution of 10% bo+EPC unautoclaved emulsion passing homogenizer 10

cycles

Particle siz. Dlslribmion
12

Figure d5. Particle size distribution of 10% hotEPC autoclaved emulsion passing homogenizer 10

cycles
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Particle SlZo Distribution

Figure d6. Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion passing homogenizer

3 cycles

Figure d7. Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion passing homogenizer

5 cycles

1



16 Particle size Distribution

Figure d8. Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion passing homogenizer

T cycles

1g Particle Size Ostribution

Figure d9. Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion passing homogenizer

10 cycles
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Figure dio. Particle size distritxtion of 10% bo+EPC+SA autoclaved emulsion passing homogenizer
10cycles

Figure dlll. Particle size distribution of 10%ho+EPC unautoclaved emulsion
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Figure 2. Particle size distribution of 10%ho+EPC unautoclaved emulsion after storage for 6 weeks

]8 Particle Sizo Distribution

Figure I3 Particle size distribution of 10%bo+EPC unattoclaved emulsion after storage for 8 weeks
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Particle Size Pistribuilon

\olure (4

2", Ure dl4. Particle size distribution of 10%bo+EPC unautoclaved emulsion after storage for 16 weeks

Partiels SI70 Distribution
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Figure 15, Particle size distribution of 10%ho+EPC atoclaved emulsion
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Figure d16. Particle size distribution of 10%bo+EPC autoclaved emulsion after storage for 6 weeks

Particle Sizp Distribution

Figure d17. Particle size distribution of 10%ho+EPC autoclaved emulsion after storage for 8weeks
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= (8. Particle size distribution of 10%o+EPC autoclaved emulsion after storage for 16 weeks

=
S
=
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Figure a9, Particle size distribution of 10%ho+EPC+SA unautoclaved emulsion
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Figure &20. Particle size distribition of 10% ho+EPC+SA unautoclaved emulsion after storage for 6
Weeks

Particle Size Distribution

Figure 021, Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion after storage for 8

WWeeks
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Figure d22. Particle size aistribution of 10% botEPC+SA unautoclaved emulsion after storage for 16

\Weeks

-‘B Panic!?  » Distribution

Figure d23, Particle size distribution of 10%ho+EPC+SA autoclaved emulsion
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Figure 024, Particle size distritxtion of 10% bo+EPC+SA autoclaved emulsion after storage for 6
Weeks

Figure o25. Particle size distribution of 10% bo+EPC+SA autoclaved emulsion after storage for 8
Weeks
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Figure @26, Particle size distribution of 10% bo+EPC+SA autoclaved emulsion after storage for 16
Weeks

Partielo silo"Distribution

Figure o27. Particle size distribution of 10%ho+EPC+T80 unatoclaved emulsion
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Figure c28. Particle size distribution of 10% bo+EPC+T80 nautoclaved emulsion after storage for 1
Week

Particle Size Distribution

15

Figure o29. Particle size distribution of 10% bo+EPCH+T80 nawtoclaved emulsion after storage for 4
Weeks
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Figure d30. Particle size distribution of 10% bo+EPC+T80 unautoclaved emulsion after storage for 12

\Weeks

Partiel» Sit» Dniribution

Figure d3L. Particle size distribution of 10%ho+EPC+T80 autoclaved emulsion
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Figure o32. Particle size distribution of 10% hotEPC+T80 autoclaved emulsion after storage for 1
Week

Figure o33, Particle size distribution of 10% bo+EPC+T80 autoclaved emulsion after storage for 4
Weeks

190



raticle size O tion

Figure d34. Particle size distribution of 10% bo+EPC+T80 atoclaved emulsion after storage for 12
Weeks

]2 Panicle Size Pstrlbiition

Figure 35, Particle size distribution of 10%ho+EPC+PG unautoclaved emulsion
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Hgure d36. Particle size distribution of 10% bo+EPC+PG unautoclaved emulsion after storage for 1
Week

Figure 3. Particle size distribution of 10% bo+EPOPG unautoclaved emulsion after storage for 4
Weeks
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Figure d38. Particle size distribution of 10% bo+EPC+G nautoclaved emulsion after storage for 11
Weeks

Figure 39, Particle size distribution of 10%ho+EPCHPG autoclaved emulsion

193



Particle 9ze CUttmion

Figure 040, Particle size distribution of 10%ho+EPC+PG autoclaved emulsion after storage for 1week

Figure 4L Particle size distribution of 10% bho+EPCHPG autoclaved emulsion after storage for 4
Weeks
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Figure 042 Particle size distribution of 10% bo+EPCHG autoclaved emulsion after storage for 10
Weeks

Figure 043, Particle size distribution of 10%ho+EPC+T80+SA unautoclaved emulsion
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Patide Sz2 (m)
Figure o4, Particle size distribution of 10%6bo+EPC+T80+SA nautoclaved emulsion after storage for

Tweek

Par Pete trlbut

Figure d45. Particle size distribution of 10% bo+EPC+T80+SA unautoclaved emulsion after storage for

4 weeks
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Figure o6 Particle size distribution of 10% bo+EPC+T80+SA unautoclaved emulsion after storage for
10eeks
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Figure o47. Particle size distribution of 10%ho+EPC+T80+SA autoclaved emulsion
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Figure 048, Particle size distritution of 10%ho+EPC+T80+SA autoclaved emulsion after storage for 1
Week

Particle Size Distribution

Figure 049, Particle size distritution of 10%ho+EPC+T80+SA autoclaved emulsion after storage for 4

weeks



Figure b0, Particle size distribution of 10% ho+EPC+TB0+SA autoclaved emulsion after storage for
10vieeks

Figure d51. Particle size distribution of 10% bo+SPC+T80+SA unautoclaved emulsion
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Figure d52. Particle size distribution of 10%bo+SPC+T80+SA unautoclaved emulsion after storage for

1week

\olure (4
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Figure d53. Particle size distribution of 10% ho+SPC+T80+SA unautoclaved emulsion after storage for

4 weeks
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Figure 054, Particle size distribution of 10%0o+SPC+T80+SA unautoclaved emulsion after storage for
10vieeks

Figure oBb. Particle size distribution of 10%ho+SPC+TB0+SA autoclaved emulsion
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Figure 056. Particle size distritxtion of 10%ho+SPC+T80+SA autoclaved emulsion after storage for 1
Week

Particle Sire Q stritmtlon

Figure d57. Particle size distribution of 10% bo+SPC+T80+SA autoclaved emulsion after storage for 4

weeks
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Figure o8, Particle size distribution of 10% bo+SPC+TB0+SA autoclaved emulsion after storage for
10 weeks

Figure 059, Particle size distribution of 10% SOHRC unautoclaved emulsion
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Figure 060 Particle size distribution of 10% SOHEPC unatoclaved emulsion after storage for 3 weeks

Figure d6L Particle size distribution of 10% SOHEPC unatoclaved emulsion after storage for 4 weeks
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Figure 062 Particle size distribution of 10% SOHERC unautoclaved emulsion after storage for 14 weeks

Particle Sire Distribution

\blure (%9

Figure d63. Particle size distribution of 10% SO+EPC autoclaved emulsion
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Figure d64. Particle size distribution of 10% SOHEPC atoclaved emulsion after storage for 3weeks

Figure 065. Particle size distribution of 10%so+EPC atoclaved emulsion after storage for 4 weeks
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Figure 066. Particle size distribution of 10% SOHERC atoclaved emulsion after storage for 14 weeks
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Figure o7, Particle size distribution of 10%s0+EPC+SA unattoclaved emulsion
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Figure 63, Particle size distrixtion of 10% so+EPC+SA unautoclaved emulsion after storage for 3
Weeks

Figure d69. Particle size distribution of 10% So+EPC+SA unattoclaved emulsion after storage for 4
Weeks
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Figure cl70. Particle size distribution of 10% so+EPC+SA unautoclaved emulsion after storage for 14
Vieeks

Figure 7L, Particle size distribution of 10%so+EPC+SA autoclaved emulsion



Figure 72 Particle size distribution of 10% so+EPC+SA autoclaved emulsion after storage for 3
Weeks

Particle Sizg Distribution

Figure d73. Particle size distribution of 10% so+EPC+SA autoclaved emulsion after storage for 4

WWeeks
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Figure d74. Particle size distribution of 10% so+EPC+SA autoclaved emulsion after storage for 14

weeks

2 Particle Size Distribution

Figure d75. Particle size distribution of 10% SO+EPC+T80 unautoclaved emulsion
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Figure d76. Particle size distribution of 10% SO+EPC+T80 unautoclaved emulsion after storage for 1

week

Particle Size Distribution

Figure d77. Particle size distribution of 10% SO+EPC+T80 unautoclaved emulsion after storage for 4

weeks
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Figure d78. Particle size distribution of 10% SO+EPC+T80 unautoclaved emulsion after storage for 12

weeks

2 Particle Sire Distribution

Figure d79. Particle size distribution of 10% SO+EPC+T80 autoclaved emulsion
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Figure d80. Particle size distribution of 10% SO+EPC+T80 autoclaved emulsion after storage for 1

week

2 Particle Size Distribution

Figure d81. Particle size distribution of 10% SO+EPC+T80 autoclaved emulsion after storage for 4

weeks
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2 Particle Size Distribution

Figure d82. Particle size distribution of 10% SO+EPC+T80 autoclaved emulsion after storage for 12

weeks

Particle Size Distribution

Figure d83. Particle size distribution of 10% so+EPC+PG unautoclaved emulsion
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Figure d84. Particle size distribution of 10% SO+EPC+PG unautoclaved emulsion after storage for 1

week

Particlo Sizo Pistribution

Figure d85. Particle size distribution of 10% so+EPC+PG unautoclaved emulsion after storage for 4

weeks
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Figure d86. Particle size distribution of 10% so+EPC+PG unautoclaved emulsion after storage for 11

weeks

Particle Size Distribution

Figure d87. Particle size distribution of 10% so+EPC+PG autoclaved emulsion
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Figure d88. Particle size distribution of 10% SO+EPC+PG autoclaved emulsion after storage for 1week

Particle Si;90» Iribution

Figure d89. Particle size distribution of 10% SO+EPC+PG autoclaved emulsion after storage for 4

weeks
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Figure d90. Particle size distribution of 10% SO+EPC+PG autoclaved emulsion after storage for 11

weeks

2 Particle Sizo Distribution

Figure d91. Particle size distribution of 10% SO+EPC+T80+SA unautoclaved emulsion
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Figure d92. Particle size distribution of 10% SO+EPC+T80+SA unautoclaved emulsion after storage for

1 week

Particle Size Distribution

Figure d93. Particle size distribution of 10% SO+EPC+T80+SA unautoclaved emulsion after storage for

4 weeks
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Figure d94. Particle size distribution of 10% SO+EPC+T80+SA unautoclaved emulsion after storage for

10 weeks

2 Particle Slip Q stribution

Figure d95. Particle size distribution of 10% SO+EPC+T80+SA autoclaved emulsion
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Figure d96. Particle size distribution of 10% SO+EPC+T80+SA autoclaved emulsion after storage for 1

week

Figure d97. Particle size distribution of 10% SO+EPC+T80+SA autoclaved emulsion after Storage for 4

weeks
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Figure d98. Particle size distribution of 10% SO+EPC+T80+SA autoclaved emulsion after storage for

10 weeks

Particle size Distribution

Figure d99. Particle size distribution of 10% SO+SPC+T80+SA unautoclaved emulsion
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Figure dioo. Particle size distribution of 10% SO+SPC+T80+SA unautoclaved emulsion after storage

for 1week

ParUcte s«zgl  (nbulton

Figure dioi. Particle size distribution of 10% SO+SPC+T80+SA unautoclaved emulsion after storage

for 4 weeks
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Figure d 102 Particle size distribution of 10% SO+SPC-T80+SA unautoclaved emulsion after storage

for 10 weeks

2 Particle sire Distribution

Figure dl03. Particle size distribution of 10% SO+SPC+T80+SA autoclaved emulsion



Figure d 104. Particle size distribution of 10% SO+SPC+T80+SA autoclaved emulsion after storage for

1 week

Particle Size Distribution

Figure d106. Particle size distribution of 10% SO+SPC+T80+SA autoclaved emulsion after storage for
4 Wweeks
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Figure d!06. Particle size distribution of 10% SO+SPC+T80+SA autoclaved emulsion after storage for

10 weeks

Particle Size islrlbulion

Figure d107. Particle size distribution of 20% bo+EPC unautoclaved emulsion
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Figure d!08. Particle size distribution of 20% ho+EPC unautoclaved emulsion after storage for 3 weeks

]8 Particle Size Distribution

Volume (%)

Figure d109. Particle size distribution of 20% ho+EPC unautoclaved emulsion after storage for 4 weeks
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Volume (%)

Figure dl 10. Particle size distribution of 20% ho+EPC unautoclaved emulsion after storage for 14

weeks

Particle Size Dtstribullon

Figure dill. Particle size distribution 0f20% ho+EPC autoclaved emulsion
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Figure dl 12. Particle size distribution of 20% ho+EPC autoclaved emulsion after storage for 3 weeks

]6 Particle Size Distribution

Figure dl 13. Particle size distribution of 20% bo+EPC autoclaved emulsion after storage for 4 weeks
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Figure dl 14. Particle size distribution of 20% bo+EPC autoclaved emulsion after storage for 14 weeks

Particle Stee Distribu lion

Figure dl 15. Particle size distribution of 20% bo+EPC+SA unautoclaved emulsion
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Figure d 116. Particle size distribution of 20% bo+EPC+SA unautoclaved emulsion after storage for 3

weeks

Figure dI 17. Particle size distribution of 20% bo+EPC+SA unautoclaved emulsion after storage for 4

weeks
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Figure d1 18. Particle size distribution of 20% bo+EPC+SA unautoclaved emulsion after storage for 14

weeks

]0 Panicle Si?e Distribution

Figure dl 19 Particle size distribution of 20% ho+EPC+SA autoclaved emulsion
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Figure d120. Particle size distribution of 20% ho+EPC+SA autoclaved emulsion after storage for 3

weeks
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Figure d121. Particle size distribution of 20% bo+EPC+SA autoclaved emulsion after storage for 4

weeks
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Figure d\22. Particle size distribution of 20% ho+EPC+SA autoclaved emulsion after storage for 14

weeks

Figure dI23. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers immediately after preparation
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Figure d124. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers 1week after preparation

Figure d125. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers 1month after preparation
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Figure d126. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80 as emulsifiers immediately after preparation

Figure dI27. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80 as emulsifiers 1week after preparation
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Figure d128. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80 as emulsifiers 1 month after preparation

Figure dl29. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers immediately after preparation
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Figure d!30. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers 1week after preparation

Particle Size Distribution

Figure d13L Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers 1 month after preparation
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Figure d!32. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80+PG as emulsifiers immediately after preparation

Figure d133. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitaming

using EPC+TB0+PG as emulsifiers 1week after preparation
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Figure d 134, Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80+PG as emulsifiers 1 month after preparation

Figure d13b. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+TB0+PG as emulsifiers immediately after preparation
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Figure d136. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80+PG as emulsifiers 1week after preparation

Figure cll37. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80+PG as emulsifiers Lmonth after preparation
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Figure dI38. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80+PG as emulsifiers immediately after preparation

Particle Size Distribution

Figure dI39. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80+PG as emulsifiers 1week after preparation
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Figure dl40. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80+PG as emulsifiers 1 month after preparation

Figure dl41. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitaming

using EPC+TB0+SA as emulsifiers immediately after preparation
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Figure dl42. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80+SA as emulsifiers 1week after preparation

Particle Size ( m)

Figure dl43. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitaming

using EPC+TB0+SA as emulsifiers 1month after preparation
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Figure dl44. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80+SA as emulsifiers immediately after preparation

Particle Size (_m)

Figure dl45. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80+SA as emulsifiers 1week after preparation
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Figure d146. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80+SA as emulsifiers 1 month after preparation

Particle Size Distribution

Figure dl47. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+TB0+SA as emulsifiers immediately after preparation
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Figure d!48. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80+SA as emulsifiers 1 week after preparation

Particle Size Distribution

Figure d149. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+TB0+SA as emulsifiers 1month after preparation
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Figure el. Chromatogram of commercial emulsion, Vitalipid

Figure 2. Chromatogram of emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+PG after preparation for 48 hours
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Figure e3. Chromatogram of emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+SA after preparation for 48 hours

004

Minulet

Figure e4. Chromatogram of filtrated emulsion formulated using 10% soyhbean oil and emulsified by

EPC+T80 after preparation for 2 months



Figure ¢5. Chromatogram of autoclaved emulsion formulated using 10% soybean oil and emulsified by

EPC+T80 after preparation for 2 months

Nﬁﬁt X 5

Figure 6. Chromatogram of filtrated emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+PG after preparation for 2 months

251



Figure e7. Chromatogram of autoclaved emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+PG after preparation for 2 months

Figure 8. Chromatogram of filtrated emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+SA after preparation for 2 months
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Figure €9. Chromatogram of autoclaved emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+SA after preparation for 2 months
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