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APPENDIX A

VALIDATION OF THE HPLC ANALYSIS

The vitamin analysis o f  vitamin A palmitate, vitamin D 3, 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 o f  vitamin D3. The parameters evaluated to ensure the 

acceptability o f  the performance o f  the selected analytical method were linearity, accuracy, precision, 

specificity and linearity (Van Niekerk, 1988).

1. L in ea rity

Under the assay conditions, the technique presented a true liner response to mean its ability to 

obtain results linearly in proportion to the concentration o f  analyte in the sample within a determined 

time.

The linearity o f  the method was proven by preparing a primary solution with approximately 1 

m g/m l. The different strengths o f  dilution were made with propanol. Triple-analyzed and regression 

line were calculated as called the coefficient o f  variation o f  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 o f  the slope. If the value greater than 5%, it indicated a lack o f  linearity (Figure a l) .
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Figure a l. Calibration curve o f  standard vitamin D3
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2. A ccu racy

Accuracy is an estimation o f  the variability o f  the measurements between individual results 

obtained from a hom ogeneous sample. It was determined from the values obtained in the linearity 

assay. C oefficients o f  variation lower than 2-3% was considered as acceptable.

Accuracy (c v  %) =  SD *100
X

Where

SD =  Standard deviation o f  samples for each concentration

X = Mean experimental condition
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3. Precision

Precision represents the degree o f  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.

%  R e la t iv e  e r ro r  -  M e a n  v a lu e  — R e a d  v a lu e  * 100

R e a l  v a lu e

4. S p e c i f ic i ty

Under the condition o f  experiment, the peaks o f  other components must not interfere with the 

peak o f  the drug. This validation was made by comparing the chromatograms between the based 

em ulsion without the addition o f  vitamins and emulsion containing vitamins.

Figure a2.

Table a l. Accuracy data o f  analytical concentration

Expected A n a ly t ic a l concen tra tio n  ( jU g /m l) %  R em a in ing M ean SD %cv

concen tra tio n  ( J ig /m l) 1 2 3 1 2 3

1.0 0.47 0.50 0.49 92 102 98 97.33 5.03 5.17

1.5 0.83 0.84 0.83 104 105 104 104.33 0.58 0.55

2 .0 1.07 1.11 1.11 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 =  num be r o f  d e te rm ina tion
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Figure a2. Chromatogram o f  based emulsion without incorporated vitamins
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APPENDIX B

Detail of phospholipids

Table b l . Composition (%w/w) o f egg/soy phospholipids used in formulations
C hem ica l c om pos itio n A m ou n t (% พ /พ )

Soy p ho spho lip id s E gg  p ho spho lip id s

P ho spha tid y lch o lin e m in . 92.0 m t. 98 .0

L y so - p ho sph a tid y lch o lin e m ax. 3.0 nm t. 0.2

O the r p ho spho lip id s max. 2 .0 nm t. 1.1

O t-to cophe ro l 0.2 0 .1 -0 .2

F a tty  ac ids ( to ta l con ten t) 2 .0 nm t. 0.2

In c lu d in g :

Satu ra ted fa tty  acids 13-17 44-51

M onounsa tu ra ted  fa t ty  acids 6-8 30-35

Po lyunsa tu ra ted  fa tty  acids 75-81 16-21

o f  w h ic h :

L in o le ic  ac id 68-72 14-16

L in o le n ic  acids 7-9 -



APPENDIX c

C O M M E R C IA L  P R O D U C T S  F O R  P A R E N T E R A L  N U T R IT IO N

®Table cl. Composition of Intralipid containing 10% or 20% soybean oil

C o m p o s it io n Intralip id  10% In tr a lip id ® 2 0 %

F ra ctio n a ted  s o y b e a n  o il 100 g 2 0 0  g.

E g g -y o lk  p h o sp h o lip id 12 g 12 g

G ly c e r o l 2 2 .0  g 2 2 .0  g

W ater  for  in je c t io n  to 1 liter 1 liter

T o ta l e n e r g y /L 1 1 0 0  kca l 2 0 0 0  k ca l

O s m o la lity  (m O s m /K g  w ater ) 3 0 0 3 5 0

p H  (a p p r o x im a te ) 8 .0 8 .0

D o s a g e  form 1 0 0 , 5 0 0  m l 1 0 0 , 2 5 0 , 5 0 0  m l

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

C o m p o s itio n O M V I ®  ( fo rm u la tio n  2 ) , 4  m l V ita l ip id ®  N  A d u lt , 10  m l

V ita m in  A 3 3 0 0  IU 3 3 0 0  IU

E r g o c a lc ife r o l ( D 2) - 2 0 0  IU

C h o le c a lc ife r o l  (D j) 2 0 0  1U -

T o c o p h e r o l a c e ta te  (E ) 10 m g 10 m g

P h y to n a d io n e  ( fc p 2 m g 0 .1 5  m g

P o ly s o r b a te  80 7 0  m g -

P o ly s o r b a te  2 0 8 m g -

D -s o r b ito l 160 m g -

M a c r o g o l 4 0 0 8 0  m g -

O M V I 1 fo r m u la t io n  2  is  fo r m u la ted  in a q u e o u s  so lu tio n  ( fo rm u la tio n  1 is  ly o p h iliz e d  p o w d e r  o f  w a te r -s o lu b le  v ita m in s ).
®V ita lip id  N  A d u lt  is  form u la ted  in o /w  e m u ls io n  d o s a g e  form  u s in g  1 .2%  e g g  p h o sp h o lip id s , 10%  s o y b e a n  o i l  an d  2 .5 %  g ly c e r o l..



Table c3. P article size o f  10% and 20%  com m ercial lipid em ulsion and o/w  em ulsion contain ing oil-

soluble vitamins

C o m m e r c ia l p rod u ct P artic le  s iz e  o f  o i l  d rop le t  (  |J .m ) F igu re

D (0 .5 ) D [4 ,3 ]

1 2 3 1 2 3

In tr a lip id ®  10% 0 .2 5 9 0 .2 5 8 0 .2 7 0 0 .2 9 7 0 .2 9 9 0 .3 1 2 c l

In tr a lip id ® 2 0 % 0 .2 7 2 0 .2 6 9 0 .2 6 8 0 .3 4 5 0 .3 4 4 0 .3 4 4 c2

V ita l ip id ®  N  A d u lt 0 .3 3 6 0 .3 3 8 0 .3 4 3 0 .4 3 7 0 .4 7 2 0 .6 6 3 c3

11 2 , an d  3 =  n u m b er  o f  d e te r m in a tio n

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

soluble vitamins

C o m m e r c ia l p rod u ct Z eta  p o te n tia l (m V )

1 2 3 4

!n tr a lip id ® 1 0 % -2 7 .1 0 -2 3 .7 5 -2 8 .7 5 - 1 7 .2 9

In tra lip id ® 2 0 % -2 9 .7 6 -3 0 .5 7 -2 8 .8 3 -3 8 .2 1

V ita l ip id ®  N  A d u lt -2 6 .8 0 -2 8 .0 8 -3 3 .7 0 - 2 3 .4 0

1, 2 ,  3 , an d  4  =  n u m b e r  o f  d e te r m in a tio n

Table c5. Osmolality of 10% and 20% commercial lipid emulsion and o/w emulsion containing oil- 

soluble vitamins

C o m m e r c ia l p rod u ct O s m o la lity  (m O sm /k g )

In tra lip id  10% 2 8 7

In tr a lip id ® 2 0 % 3 3 3

V ita lip id  N  A d u lt 2 9 2
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APPENDIX D

P H Y S IC O C H E M IC A L  P R O P E R T IE S  O F F O R M U L A T E D

L IPID  E M U L SIO N S

1. L ip id  em ulsions contain in g  10%  oil

Particle Size Measurement

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

homogenization

F or m u la tio n P artic le  s iz e  o f  o i l  d rop le t  ( (Urn) F igu re

D (0 .5 ) D [4 ,3 ]

1 2 3 1 2 3

10%  b o +  E P C  a) 0 .3 9 9 0 .4 1 5 0 .4 1 6 0 .7 2 0 0 .6 3 7 0 .6 3 7 d l

b ) 0 .2 9 3 0 .2 9 3 0 .2 9 3 0 .4 7 7 0 .4 7 7 0 .4 7 7 d2

c ) 0 .2 6 3 0 .2 6 3 0 .2 6 3 0 .2 8 3 0 .2 8 3 0 .2 8 3 d3

d) 0 .2 1 4 0 .2 1 4 0 .2 1 4 0 .2 3 3 0 .2 3 2 0 .2 3 2 d4

e ) 0 .3 8 3 0 .3 8 4 0 .3 8 6 0 .7 4 8 0 .7 9 5 0 .7 8 2 d5

10%  b o +  E P C + S A  a) 1 .1 4 0 1 .3 32 1 .3 5 4 7 .5 4 2 1 3 .1 3 2 1 3 .7 5 4 d6

b) 0 .3 1 1 0 .3 1 1 0 .3 1 2 0 .4 6 3 0 .4 6 6 0 .4 7 3 d7

c ) 0 .2 8 7 0 .2 8 8 0 .2 8 8 0 .3 1 0 0 .3 1 4 0 .3 1 3 d8

d) 0 .2 4 2 0 .2 4 2 0 .2 4 2 0 .2 6 3 0 .2 6 3 0 .2 6 3 d9

e ) 0 .2 3 6 0 .2 3 5 0 .2 3 5 0 .2 5 6 0 .2 5 6 0 .2 5 6 d io

1 , 2 ,  an d  3 =  n u m b e r  o f  d e te r m in a tio n

a) =  u n a u to c la v e d  e m u ls io n  p a s s in g  h o m o g e n iz e r  3 c y c le s ;  b ) =  u n a u to c la v e d  e m u ls io n  p a ss in g  h o m o g e n iz e r  5 c y c le s ;  c )  =  u n a u to c la v e d  

e m u ls io n  p a s s in g  h o m o g e n iz e r  7  c y c le s ;  d ) =  u n a u to c la v e d  e m u ls io n  p a ss in g  h o m o g e n iz e r  10 c y c le s ;  e )  =  a u to c la v e d  e m u ls io n  p a ss in g  

h o m o g e n iz e r  10 c y c le s



Table d2. P article size o f  10% blended oil (bo) unautoclaved or autoclaved em ulsions using various

types of phospholipids, and surfactants

F or m u la tio n P artic le  s iz e  o f  o f d r o p le ts  ( (d m ) F igu re

D (0 .5 ) D [4 ,3 ]

1 2 3 1 2 3

10%  b o + E P C  a .o ) 0 .2 1 4 0 .2 1 4 0 .2 1 4 0 .2 3 3 0 .2 3 2 0 .2 3 2 d l l

a .6 ) 0 .2 2 2 0 .2 2 2 0 .2 2 2 0 .4 5 4 0 .4 5 0 0 .4 5 1 d l 2

a .8 ) 0 .2 2 4 0 .2 2 3 0 .2 2 3 0 .4 0 3 0 .3 9 2 0 .3 9 2 d  13

a. 16) 0 .2 2 2 0 .2 2 2 0 .2 2 2 0 .4 2 5 0 .4 2 6 0 .4 2 5 d 14

b .o ) 0 .3 8 3 0 .3 8 4 0 .3 8 6 0 .7 4 8 0 .7 9 5 0 .7 8 2 d l 5

b .6 ) 0 .3 9 1 0 .3 9 7 0 .3 8 4 0 .8 8 6 1 .0 2 2 0 .7 8 5 d 16

b .8 ) 0 .3 9 8 0 .3 8 7 0 .3 8 2 0 .7 5 1 0 .7 1 9 0 .6 6 5 d 17

b .l  6 ) 0 .3 7 8 0 .3 8 0 0 .3 8 2 0 .7 7 9 0 .7 9 6 0 .8 0 6 d is

10%  b o + E P C + S A  a .o ) 0 .2 4 2 0 .2 4 2 0 .2 4 2 0 .2 6 3 0 .2 6 3 0 .2 6 3 d 19

a .6 ) 0 .2 3 8 0 .2 3 8 0 .2 3 8 0 .2 5 9 0 .2 5 9 0 .2 5 9 d 2 0

a .8 ) 0 .2 2 6 0 .2 2 5 0 .2 2 5 0 .2 4 7 0 .2 4 7 0 .2 4 7 d21

a. 16) 0 .2 2 6 0 .2 3 3 0 .2 3 3 0 .2 4 8 0 .2 5 5 0 .2 5 5 d 2 2

b .o ) 0 .2 3 6 0 .2 3 5 0 .2 3 5 0 .2 5 6 0 .2 5 6 0 .2 5 6 d 2 3

b .6 ) 0 .2 3 6 0 .2 3 6 0 .2 3 6 0 .2 5 7 0 .2 5 7 0 .2 5 7 d 2 4

b .8 ) 0 .2 2 6 0 .2 2 5 0 .2 2 5 0 .2 4 7 0 .2 4 7 0 .2 4 7 d 2 5

b .l  6 ) 0 .2 3 5 0 .2 3 5 0 .2 3 5 0 .2 5 7 0 .2 5 8 0 .2 5 8 d 2 6

10%  b o + E P C + T 8 0  a .o ) 0 .1 8 4 0 .1 8 4 - 0 .1 9 2 0 .1 9 2 - d 2 7

a . l ) 0 .1 8 3 0 .1 8 3 0 .1 8 3 0 .1 91 0 .1 9 1 0 .1 91 d 2 8

a .4 ) 0 .1 8 3 0 .1 8 3 0 .1 8 4 0 .1 9 1 0 .1 9 1 0 .1 9 2 d 2 9

a .12) 0 .1 8 5 0 .1 8 4 0 .1 8 4 0 .1 9 3 0 .1 9 2 0 .1 9 2 d 3 0

b .o ) 1 .293 1 .3 0 0 - 1 .5 7 9 1 .5 8 5 - d31

b . l ) 1 .2 0 9 1 .0 7 4 1 .0 6 6 1 .3 5 9 1.201 1 .1 9 3 d 3 2

b .4 ) 1 .4 43 1.451 1 .4 4 4 1 .7 38 1 .7 4 5 1 .7 3 7 d 3 3

b .l  2 ) 1 .455 1 .4 55 1 .4 5 4 1 .7 66 1 .7 6 6 1 .7 63 d 3 4

1, 2 , an d  3 =  n u m b e r  o f  d e te r m in a tio n

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .4 )  =  u n a u to c la v e d  a fter  s to r a g e  for  4  w e e k s ;  a .6 )  =  u n a u to c la v e d  after  

sto r a g e  for 6  w e e k s ;  a .8 )  =  u n a u to c la v e d  a fter  s to r a g e  for  8 w e e k s ;  a .1 0 )  =  u n a u to c la v e d  a fter  sto r a g e  fo r  10 w e e k s ;  a . l  1) =  u n a u to c la v e d  

a fter  sto r a g e  for  11 w e e k s ;  a. 12) =  u n a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  a. 16 ) =  u n a u to c la v e d  a fter  s to r a g e  fo r  16  w e e k s

b . o )  =  a u to c la v e d ;  b. 1) =  a u to c la v e d  a fter  s to r a g e  for 1 w e e k ;  b .4 )  =  a u to c la v e d  a fter  sto r a g e  for  4  w e e k s ;  b .6 )  =  a u to c la v e d  a fter  s torag e  

for 6 w e e k s ;  b .8 )  =  a u to c la v e d  a fter  sto r a g e  for 8 w e e k s ;  b .1 0 )  =  a u to c la v e d  a fter  s to r a g e  for  10 w e e k s ;  b . l  1) =  a u to c la v e d  a fter  s torag e  

for  11 w e e k s ;  b . l 2 )  =  a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  b. 14) =  a u to c la v e d  a fter  sto r a g e  for  14 w e e k s ;  b . l 6 )  =  a u to c la v e d  after  

s to r a g e  for  16  w e e k s
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Table d2 (cont.): Partic le  size o f  10% blended oil (bo) unautoclaved or autoclaved em ulsions using

various types of phospholipids, and surfactants

F or m u la tio n P artic le  s iz e  o f  o il  d r o p le ts  (  (d m ) F igu re

D (0 .5 ) D [4 ,3 ]

1 2 3 1 2 3

10%  b o + E P C + P G  a .o ) 0 .3 1 1 0 .3 1 2 0 .3 1 6 0 .7 6 4 0 .7 5 3 0 .5 0 1 d 3 5

a . l ) 0 .3 3 4 0 .3 5 6 0 .3 9 0 0 .8 2 0 1 .0 0 0 1 .1 5 9 d 3 6

a .4 ) 0 .3 0 6 0 .3 0 6 0 .3 0 6 0 .7 1 9 0 .6 9 7 0 .7 3 1 d 3 7

a . l  1) 0 .3 3 0 0 .3 3 0 0 .3 3 0 0 .5 0 7 0 .5 0 7 0 .5 0 8 d 3 8

b .o ) 0 .3 2 2 0 .3 2 2 0 .3 2 2 0 .8 5 9 0 .8 5 7 0 .8 5 4 d 3 9

b . l ) 0 .3 1 7 0 .3 2 0 0 .3 2 3 0 .6 8 3 0 .7 0 4 0 .7 0 8 d 4 0

b .4 ) 0 .3 0 9 0 .3 0 9 0 .3 0 9 0 .6 6 5 0 .6 8 0 0 .6 6 9 d41

b .l  1) 0 .3 5 0 0 .3 6 3 0 .3 9 1 1 .0 4 2 1 .2 1 5 1 .3 5 6 d 4 2

10%  b o + E P C + T 8 0 + S A  a .o ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 7 0 .1 9 7 0 .1 9 7 d 4 3

a . l ) 0 .1 8 7 0 .1 8 7 0 .1 8 7 0 .1 9 6 0 .1 9 6 0 .1 9 6 d 4 4

a .4 ) 0 .1 8 6 0 .1 8 6 0 .1 8 6 0 .1 9 5 0 .1 9 4 0 .1 9 4 d 4 5

a. 10 ) 1 .9 2 4 1 .9 1 9 1 .9 2 0 2 .0 4 3 2 .0 3 9 2 .0 3 9 d 4 6

b .o ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 8 0 .1 9 8 0 .1 9 8 d 4 7

b . l ) 0 .1 8 7 0 .1 8 7 0 .1 8 7 0 .1 9 6 0 .1 9 6 0 .1 9 6 d 4 8

b .4 ) 0 .1 8 7 0 .1 8 7 0 .1 8 7 0 .1 9 7 0 .1 9 6 0 .1 9 6 d 4 9

b .1 0 ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 8 0 .1 9 8 0 .1 9 8 d 5 0

10%  b o + S P C + T 8 0 + S A  a .o ) 0 .1 8 6 0 .1 8 6 0 .1 8 6 0 .1 9 5 0 .1 9 5 0 .1 9 5 d51

a . l ) 0 .1 8 5 0 .1 8 5 0 .1 8 5 0 .1 9 4 0 .1 9 4 0 .1 9 4 d 5 2

a .4 ) 0 .1 8 4 0 .1 8 4 0 .1 8 4 0 .1 9 3 0 .1 9 2 0 .1 9 2 d 5 3

a. 10) 0 .1 9 9 0 .1 9 8 0 .1 9 8 1 .8 4 7 1 .7 2 0 1 .6 6 6 d 5 4

b .o ) 0 .1 8 6 0 .1 8 6 0 .1 8 6 0 .1 9 5 0 .1 9 5 0 .1 9 5 d 55

b . l ) 0 .1 8 6 0 .1 8 6 0 .1 8 6 0 .1 9 4 0 .1 9 4 0 .1 9 4 d 5 6

b .4 ) 0 .1 8 6 0 .1 8 6 0 .1 8 6 0 .1 9 4 0 .1 9 4 0 .1 9 4 d 5 7

b .1 0 ) 0 .1 8 5 0 .1 8 5 0 .1 8 5 0 .1 9 4 0 .1 9 4 0 .1 9 4 d 5 8

1 , 2 ,  an d  3 =  n u m b er  o f  d e te r m in a tio n

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .4 )  =  u n a u to c la v e d  a fter  sto r a g e  fo r  4  w e e k s ;  a .6 )  =  u n a u to c la v e d  after  

sto r a g e  fo r  6 w e e k s ;  a .8 )  =  u n a u to c la v e d  a fter  sto r a g e  fo r  8 w e e k s ;  a .1 0 )  =  u n a u to c la v e d  a fter  s to r a g e  for  10 w e e k s ;  a . l  1) =  u n a u to c la v e d  

a fter  s to r a g e  for  11 w e e k s ;  a. 12 ) =  u n a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  a. 16) =  u n a u to c la v e d  a fter  sto r a g e  for  16 w e e k s

b . o )  =  a u to c la v e d ;  b . l )  =  a u to c la v e d  a fter  sto r a g e  for  1 w e e k ;  b .4 )  =  a u to c la v e d  a fter  sto r a g e  fo r  4  w e e k s ;  b .6 )  =  a u to c la v e d  a fter  storag e  

for  6  w e e k s ;  b .8 )  =  a u to c la v e d  a fter  s to r a g e  for 8 w e e k s ;  b .1 0 )  =  a u to c la v e d  a fter  sto r a g e  for  10  w e e k s ;  b . l  1) =  a u to c la v e d  a fter  storag e  

fo r  11 w e e k s ;  b . l 2 )  =  a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  b. 14) =  a u to c la v e d  a fter  sto r a g e  for  14 w e e k s ;  b . l 6 )  =  a u to c la v e d  after  

sto r a g e  fo r  16 w e e k s
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Table d3. P article size o f  10% soybean oil (so) unautoclaved or autoclaved em ulsions using various

types of phospholipids, and surfactants

F orm u la tion P artic le  s iz e  o f  o i l  d r o p le ts  ( |U m ) F igu re

D (0 .5 ) D [4 ,3 ]

1 2 3 1 2 3

10% so+EPC a.o) 0 .2 8 7 0 .2 8 7 - 0 .3 8 2 0 .3 8 3 - d 5 9

a .3 ) 0 .2 8 2 0 .2 8 2 0 .2 8 2 0 .3 7 7 0 .3 8 0 0 .3 8 3 d6Û

a .4 ) 0 .3 4 5 0 .3 0 8 0 .3 0 7 0 .4 9 0 0 .4 1 2 0 .4 1 0 d61

a. 14) 0 .3 2 2 0 .3 2 5 0 .3 1 6 0 .4 3 6 0 .4 5 2 0 .4 3 0 d 6 2

b .o ) 0 .3 0 3 0 .3 1 1 - 0 .5 2 7 0 .6 2 7 - d 6 3

b .3 ) 0 .3 1 5 0 .3 0 5 0 .3 0 3 0 .4 4 5 0 .4 1 1 0 .4 0 2 d 6 4

b .4 ) 0 .3 1 4 0 .3 1 4 0 .3 1 4 0 .4 1 0 0 .4 0 9 0 .4 0 8 d 6 5

b .1 4 ) 0 .3 3 1 0 .3 1 4 0 .3 1 4 0 .4 5 9 0 .4 0 6 0 .4 0 5 d 6 6

10%  s o + E P C + S A  a .o ) 0 .3 0 1 0 .3 1 4 - 0 .7 9 6 2 .5 1 1 - d 6 7

a .3 ) 0 .2 8 9 0 .2 8 9 0 .2 9 0 1.151 1.241 1 .2 4 7 d 6 8

a .4 ) 0 .3 0 0 0 .2 9 9 0 .2 9 9 0 .3 9 5 0 .3 9 6 0 .3 9 6 d 6 9

a .14) 0 .2 9 7 0 .2 9 6 0 .2 9 6 0 .3 8 8 0 .3 8 7 0 .3 8 6 d 7 0

b .o ) 0 .2 8 4 0 .2 9 4 - 0 .4 7 8 0 .5 1 5 - d71

b .3 ) 0 .2 9 3 0 .2 9 4 0 .2 9 4 0 .3 8 6 0 .3 8 9 0 .3 8 6 d 7 2

b .4 ) 0 .2 9 6 0 .2 9 6 0 .2 9 6 0 .3 8 8 0 .3 8 8 0 .3 8 8 d73

๖ .1 4 ) 0 .3 1 5 0 .3 1 5 0 .3 1 5 0 .4 6 3 0 .4 6 2 0 .4 6 1 d 7 4

10%  S O + E P C + T 80 a .o ) 0 .1 9 0 0 .1 9 0 - 0 .2 0 0 0 .2 0 0 - d 7 5

a . l ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 7 0 .1 9 7 0 .1 9 7 d 7 6

a .4 ) 0 .1 8 6 0 .1 8 7 0 .1 8 7 0 .1 9 5 0 .1 9 5 0 .1 9 5 d 7 7

a. 12) 0 .1 8 9 0 .1 8 9 0 .1 8 9 0 .1 9 8 0 .1 9 8 0 .1 9 8 d 7 8

b .o ) 0 1 9 7 0 .1 9 7 - 0 .2 0 9 0 .2 0 9 - d 7 9

b . l ) 0 .1 9 6 0 .1 9 6 0 .1 9 6 0 .2 0 8 0 .2 0 7 0 .2 0 7 d 8 0

b .4 ) 0 .2 0 0 0 .1 9 9 0 .1 9 9 0 .2 1 3 0 .2 1 2 0 .2 1 2 d 8 !

b . l  2 ) 0 .1 9 3 0 .1 9 3 0 .1 9 3 0 .2 0 3 0 .2 0 3 0 .2 0 3 d 8 2

11 2 , an d  3 =  n u m b e r  o f  d e te r m in a tio n

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .3 )  =  u n a u to c la v e d  a fter  s to r a g e  for  3 w e e k s ;  a .4 )  =  u n a u to c la v e d  after  

sto r a g e  for  4  w e e k s ;  a. 1 0 ) =  u n a u to c la v e d  a fter  s to r a g e  for 10 w e e k s ;  a . l l )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  11 w e e k s ;  a. 12 ) =  

u n a u to c la v e d  a fter  sto r a g e  for  12 w e e k s ;  a. 14 ) =  u n a u to c la v e d  a fter  s to r a g e  for  14 w e e k s

b . o )  =  a u to c la v e d ;  b. 1) =  a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  b .3 )  =  a u to c la v e d  a fter  sto r a g e  for  3 w e e k s ;  b .4 )  =  a u to c la v e d  after  storag e  

fo r  4  w e e k s ;  b . 10 ) =  a u to c la v e d  a fter  sto r a g e  for  10 w e e k s ;  b. 11 )  =  a u to c la v e d  a fter  sto r a g e  for  11 w e e k s ;  b. 1 2 ) =  a u to c la v e d  a fter  storag e  

fo r  12 w e e k s ;  b. 1 4 ) =  a u to c la v e d  a fter  s to r a g e  fo r  14 w e e k s ;  b .1 6 )  =  a u to c la v e d  a fter  sto r a g e  for  16 w e e k s
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Table d3 (cont.). Partic le  size o f  10% soybean oil (so) unautoclaved o r autoclaved em ulsions using

various types of phospholipids, and surfactants

F or m u la tio n P artic le  s iz e  o f  o i l  d r o p le ts  (  |d m ) F igu re

D (0 .5 ) D [4 ,3 ]

1 2 3 1 2 3

10%  SO +E P C +P G  a .o ) 0 .3 4 5 0 .3 4 3 0 .3 4 4 0 .7 91 0 .8 1 1 0 .7 7 1 d 8 3

a . l ) 0 .3 9 8 0 .4 3 4 0 .4 8 6 0 .9 2 8 1 .1 2 6 1 .2 6 6 d 8 4

a .4 ) 0 .3 5 8 0 .3 5 7 0 .3 5 9 0 .6 7 9 0 .6 9 6 0 .6 7 5 ๘85

a . l  1) 0 .3 7 1 0 .3 7 1 0 .3 7 1 0 .7 1 6 0 .7 5 4 0 .7 5 7 d 8 6

b .o ) 0 .3 6 7 0 .3 6 7 0 .3 6 8 0 .7 7 4 0 .7 9 5 0 .7 9 2 d 8 7

b . l ) 0 .3 5 6 0 .3 5 9 0 .3 6 4 0 .7 3 6 0 .7 8 8 0 .8 3 3 d 8 8

b .4 ) 0 .3 5 0 0 .3 5 2 0 .3 5 1 0 .6 8 6 0 .6 6 0 0 .6 7 6 d 8 9

b .l  1) 0 .3 6 4 0 .3 9 3 0 .4 1 6 0 .7 7 8 1 .0 5 3 1 .2 1 6 d 9 0

10%  S O + E P C + T 8 0 + S A  a .o ) 0 .1 9 1 0 .1 9 1 0 .1 9 1 0 .2 0 2 0 .2 0 2 0 .2 0 2 ๘91

a . l ) 0 .1 9 0 0 .1 9 0 0 .1 9 0 0 .2 0 0 0 .2 0 0 0 .2 0 0 ๘92

a .4 ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 8 0 .9 8 0 .1 9 8 ๘93

a. 10) 0 .1 9 1 0 .1 9 0 0 .1 91 0 .2 0 1 0 .2 0 1 0 .2 0 1 d 9 4

b .o ) 0 .1 9 2 0 .1 9 1 0 .1 9 0 0 .2 0 2 0 .2 0 1 0 .2 0 1 d 9 5

b . l ) 0 .1 9 0 0 .1 9 0 0 .1 9 0 0 .2 0 0 0 .2 0 0 0 .2 0 0 d 9 6

b .4 ) 0 .1 9 2 0 .1 9 1 0 .1 9 1 0 .2 0 2 0 .2 0 2 0 .2 0 1 d 9 7

b .1 0 ) 0 .1 9 1 0 .1 9 1 0 .1 9 1 0 .2 0 1 0 .2 0 1 0 .2 0 1 d 9 8

10%  S O + S P C + T 8 0 + S A  a .o ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 8 0 .1 9 8 0 .1 9 8 d 9 9

a . l ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 7 0 .1 9 7 0 .1 9 7 d i o o

a .4 ) 0 .1 8 6 0 .1 8 6 0 .1 8 6 0 .1 9 4 0 .1 9 4 0 .1 9 4 d i o i

a. 10) 0 .4 3 8 0 .4 4 4 0 .4 4 5 0 .6 51 0 .6 5 1 0 .6 5 2 d 102

b .o ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 8 0 .1 9 7 0 .1 9 7 d 103

b . l ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 7 0 .1 9 7 0 .1 9 7 d 104

b .4 ) 1 .8 4 8 1 .8 4 4 1 .8 4 6 2 .9 1 7 2 .8 7 8 2 .9 2 5 d 105

b .1 0 ) 0 .1 8 8 0 .1 8 8 0 .1 8 8 0 .1 9 7 0 .1 9 7 0 .1 9 7 d 106

1, 2 , an d  3 =  n u m b e r  o f  d e te r m in a tio n

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .3 )  =  u n a u to c la v e d  a fter  sto r a g e  for  3  w e e k s ;  a .4 )  =  u n a u to c la v e d  a fter  

s to r a g e  for  4  w e e k s ;  a. 10 ) =  u n a u to c la v e d  a fter  s to r a g e  for  10 w e e k s ;  a. 11 ) =  u n a u to c la v e d  a fter  s to r a g e  fo r  11 w e e k s ;  a. 1 2 ) =  

u n a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  a. 14 ) =  u n a u to c la v e d  after s to r a g e  for  14 w e e k s

b . o )  =  a u to c la v e d ;  b. 1) =  a u to c la v e d  a fter  sto r a g e  for  1 w e e k ;  b .3 )  =  a u to c la v e d  a fter  s to r a g e  for  3 w e e k s ;  b .4 )  =  a u to c la v e d  a fter  s torag e  

for  4  w e e k s ;  b. 10 ) =  a u to c la v e d  a fter  s to r a g e  for  10 w e e k s ;  b. 11 )  =  a u to c la v e d  a fter  sto r a g e  fo r  11 w e e k s ;  b. 12 ) =  a u to c la v e d  a fter  s torag e  

for  12  w e e k s ;  b. 1 4 ) =  a u to c la v e d  a fter  sto r a g e  fo r  14 w e e k s ;  b .1 6 )  =  a u to c la v e d  a fter  sto r a g e  fo r  16  w e e k s
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Zeta Potential Measurement

Table d4. Z eta po tential o f  10% blended oil (bo) unautoclaved or autoclaved em ulsions using various

types of phospholipids, and surfactants

F orm u la tion Z eta  p o te n tia l (m V )

1 2 3 4

10%  b o + E P C  a .o ) -1 1 .2 9 -8 .01 -5 .9 0 -6 .9 1

a .6 ) -1 8 .2 3 -1 5 .1 5 -1 6 .9 5 - 1 6 .5 6

a. 8 ) -1 5 .1 0 -2 0 .0 7 -1 8 .4 8 -1 8 .7 1

a. 16) -1 7 .7 3 -1 0 .5 3 -1 2 .9 3 -1 0 .0 5

b .o ) -2 4 .8 5 -2 6 .5 1 -2 6 .1 3 -2 6 .0 5

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

b .8 ) -2 2 .4 1 -2 2 .2 6 -1 9 .4 6 -2 3 .4 1

b . l  6 ) -2 3 .2 7 -2 7 .8 3 -2 8 .6 1 - 2 8 .0 9

10%  b o + E P C + s A  a .o ) 5 3 .3 9 5 1 .0 2 4 8 .4 7 4 7 .1 7

a .6 ) 2 2 .8 4 2 9 .9 9 2 0 .5 4 2 4 .4 7

a .8 ) 2 7 .1 7 1 8 .2 8 18 .21 2 1 .7 6

a. 16) 2 6 .3 1 2 8 .0 9 2 6 .1 6 2 1 .8 7

b .o ) 3 7 .6 4 3 9 .8 4 3 9 .7 6 4 0 .7 2

b .6 ) 1 9 .0 9 2 0 .4 9 2 0 .4 8 2 3 .4 7

b .8 ) 2 8 .9 6 2 7 .0 5 2 2 .0 0 2 6 .6 2

b . l  6 ) 1 8 .7 8 1 5 .8 5 19.81 2 0 .8 2

10%  b o + E P C + T 8 0  a .o ) -1 0 .5 0 -1 5 .2 9 -1 2 .3 2 -1 5 .5 7

a . l ) -1 6 .2 5 -8 .4 7 -5 .7 4 -1 0 .1 5

a .4 ) -1 1 .5 8 -7 .7 3 -1 5 .1 8 -1 5 .2 1

a. 12) -1 3 .5 4 -1 0 .5 1 -1 4 .1 8 -1 4 .9 3

b .o ) -7 .41 -1 3 .4 5 -8 .5 0 -1 3 .7 2

b . l ) -7 .0 9 -8 .0 3 -1 4 .1 4 -9 .6 1

b .4 ) -1 4 .8 4 -1 4 .3 2 -1 4 .8 7 -1 4 .3 3

b. 12 ) -2 5 .0 3 -2 4 .2 8 -1 8 .9 8 -1 6 .5 8

1, 2 , 3 and 4  =  n u m b er  o f  d e te r m in a tio n

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .4 )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  4  w e e k s ;  a .6 )  =  u n a u to c la v e d  after  

sto r a g e  fo r  6  w e e k s ;  a .8 )  =  u n a u to c la v e d  a fter  s to r a g e  for  8 w e e k s ;  a. 10 ) =  u n a u to c la v e d  a fter  sto r a g e  fo r  10 w e e k s ;  a . l  1) =  u n a u to c la v e d  

a fter  s to r a g e  fo r  11 w e e k s ;  a. 12) =  u n a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  a. 16 ) =  u n a u to c la v e d  a fter  s to r a g e  fo r  16 w e e k s

b . o )  =  a u to c la v e d ;  b . l )  =  a u to c la v e d  a fter  s to r a g e  for  1 w e ek ; b .4 )  =  a u to c la v e d  a fter  sto r a g e  for  4  w e e k s ;  b .6 )  =  a u to c la v e d  a fter  s torag e  

for 6 w e e k s ;  b .8 )  =  a u to c la v e d  a fter  sto r a g e  for  8 w e e k s ;  b .1 0 )  =  a u to c la v e d  a fter  s to r a g e  for  10 w e e k s ;  b . l  1) =  a u to c la v e d  a fter  s to r a g e  

fo r  11 w e e k s ;  b . l 2 )  =  a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  b. 14) =  a u to c la v e d  a fter  sto r a g e  fo r  14  w e e k s ;  b. 16 ) =  a u to c la v e d  after  

s to r a g e  for  16  w e e k s
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Table d4 (cont). Z eta  poten tial o f  10% blended oil (bo) unautoclaved or autoclaved em ulsions using

various types of phospholipids, and surfactants

F o r m u la tio n Z e ta  p o te n tia l (m V )

1 2 3 4

10%  b o + E P C + P G  a .o ) -1 7 .7 0 -2 0 .9 6 -1 6 .6 0 -2 0 .1 3

a . l ) -9 .9 4 -1 1 .4 8 -1 5 .5 6 -1 7 .3 9

a .4 ) -2 0 .8 4 -2 3 .1 2 -2 0 .7 3 -2 1 .6 2

a l l ) -2 9 .2 9 -2 4 .3 6 -2 7 .4 4 -2 5 .9 6

b .o ) -1 8 .9 7 -2 3 .0 0 -2 1 .3 1 -1 8 .7 5

b . l ) -1 7 .8 8 -1 9 .9 1 -2 1 .0 8 -2 1 .9 3

b .4 ) -2 1 .0 7 -2 0 .9 2 -2 3 .1 9 -2 0 .1 1

b . l  1) -3 1 .0 3 -2 6 .8 0 -3 3 .6 9 -2 8 .7 9

10%  b o + E P C + T 8 0 + S A  a .o ) 2 5 .1 1 2 5 .4 7 2 5 .8 9 2 4 .1 3

a . l ) 17 .23 2 1 .8 7 17 .45 16 .08

a .4 ) 2 6 .5 8 2 7 .0 3 2 5 .6 0 18 .63

a . 10) 1 6 .8 6 1 6 .6 5 1 4 .0 0 17 .75

b .o ) 16 .88 2 3 .7 6 1 5 .8 4 3 4 .9 0

b . l ) 12 .53 1 3 .4 6 17 .98 1 8 .5 8

b .4 ) 1 7 .0 8 1 6 .1 9 15.41 1 6 .8 9

b .1 0 ) 1 8 .1 6 19 .09 1 8 .7 5 1 8 .8 2

10%  b o + S P C + T 8 0 + S A  a .o ) 2 4 .9 0 2 0 .7 0 2 0 .8 3 25 .41

a . l ) 2 0 .1 9 2 0 .1 9 2 3 .4 6 1 7 .8 4

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

a. 10) 17 .03 2 0 .9 5 18.21 2 2 .9 8

b .o ) 1 9 .4 8 1 6 .1 4 2 3 .5 4 2 3 .8 4

b . l ) 1 5 .0 7 16 .93 2 2 .2 9 2 3 .0 8

b .4 ) 1 0 .3 8 9 .2 0 9 .8 4 4 .5 2

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

1 , 2 , 3  an d  4  =  n u m b e r  o f  d e te r m in a tio n

a . o )  =  u n a u to c la v e d ;  a. 1 ) =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .4 )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  4  w e e k s ;  a .6 )  =  u n a u to c la v e d  after  

s to r a g e  fo r  6  w e e k s ;  a .8 )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  8 w e e k s ;  a, 10 ) =  u n a u to c la v e d  a fter  s to r a g e  fo r  10 w e e k s ;  a. 11 )  =  u n a u to c la v e d  

after  s to r a g e  for  11 w e e k s ;  a. 12 ) =  u n a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  a. 16 ) =  u n a u to c la v e d  a fter  s to r a g e  fo r  16 w e e k s

b . o )  =  a u to c la v e d ;  b . l )  =  a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  b .4 )  =  a u to c la v e d  a fter  s to r a g e  fo r  4  w e e k s ;  b .6 )  =  a u to c la v e d  a fter  s torag e  

fo r  6  w e e k s ;  b .8 )  =  a u to c la v e d  a fter  sto r a g e  fo r  8 w e e k s ;  b .1 0 )  =  a u to c la v e d  a fter  sto r a g e  fo r  10 w e e k s ;  b . l  1) =  a u to c la v e d  a fter  s to r a g e  

fo r  11 w e e k s ;  b . 12) =  a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  b. 14 ) =  a u to c la v e d  a fter  s to r a g e  fo r  14  w e e k s ;  ๖ . 16) =  a u to c la v e d  after  

s to r a g e  fo r  16 w e e k s
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Table d5. Zeta  poten tial o f  10% soybean oil (so) unautoclaved or autoclaved em ulsions using various

types of phospholipids, and surfactants

F o r m u la tio n Z eta  p o ten tia l (m V )

1 2 3 4

10%  SO +EPC a .o ) -2 9 .9 5 -2 6 .4 2 -2 5 .5 0 -2 3 .5 7

a .3 ) -1 8 .8 3 -1 7 .7 1 -2 1 .8 6 -1 6 .5 7

a .4 ) -7 .7 6 -8 .81 -1 1 .6 5 -7 .3 4

a. 14) -1 1 .4 2 -1 1 .5 1 -7 .7 4 -1 1 .5 8

b .o ) -1 3 .6 2 -1 7 .5 9 -1 0 .7 6 -2 0 .0 5

b .3 ) -9 .0 3 -1 2 .2 6 -1 4 .9 4 -9 .5 4

b .4 ) -1 7 .5 8 - 1 7 .3 4 -2 1 .8 8 -2 2 .6 3

b . 14) -2 2 .5 7 -2 0 .5 2 -1 6 .7 9 -2 2 .4 7

10%  s o + E P C + S A  a .o ) 2 9 .6 6 3 2 .1 8 3 1 .2 3 3 3 .6 2

a .3 ) 3 1 .6 2 2 1 .4 8 19.21 2 4 .0 8

a .4 ) 3 0 .0 0 3 2 .0 0 2 9 .9 7 3 2 .7 5

a. 14 ) 11 .45 11 .11 1 0 .6 3 1 0 .0 2

b .o ) 1 .82 4 .7 1 3.81 14 .39

b .3 ) 12 .07 14 .13 13 .68 1 4 .2 6

b .4 ) 12 .28 9.71 9 .9 4 16 .93

b. 14) 1 1 .6 0 7.41 1 0 .0 7 9 .2 7

10%  SO + E P C + T 80 a .o ) -1 3 .8 8 -1 4 .4 6 -1 5 .2 6 -1 5 .5 5

a . l ) -7 .2 2 -7 .4 0 -8 .8 7 -6 .4 3

a .4 ) -1 8 .4 4 -7 .7 8 -1 3 .9 8 -9 .31

a. 12) -8 .5 2 -5 .7 2 -5 .6 9 -6 .6 6

b .o ) -1 5 .9 9 -1 3 .6 5 -1 2 .4 6 -1 4 .5 2

b . l ) -8 .5 6 -7 .9 5 -8 .9 4 -6 .4 5

b .4 ) -9 .9 8 -1 3 .1 6 -1 2 .2 5 -1 3 .8 6

b .l  2 ) -9 .4 3 -8 .8 2 -1 0 .3 8 -9 .6 4

1, 2 , 3 an d  4  =  n u m b e r  o f  d e term in ation

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  1 w e e k ;  a .3 )  =  u n a u to c la v e d  a fter  sto r a g e  fo r  3 w e e k s ;  a .4 )  =  u n a u to c la v e d  after  

s to r a g e  fo r  4  w e e k s ;  a. 10 ) =  u n a u to c la v e d  a fter  s to r a g e  for 10 w e e k s ;  a. 11 ) =  u n a u to c la v e d  a fter  sto r a g e  for 11 w e e k s ;  a. 12 ) =  

u n a u to c la v e d  a fter  sto r a g e  for  12 w e e k s ;  a .1 4 )  =  u n a u to c la v e d  a fter  sto r a g e  for  14 w e e k s

b .  o )  =  a u to c la v e d ;  b. 1) =  a u to c la v e d  a fter  s to r a g e  fo r  1 w e ek ; b .3 )  =  a u to c la v e d  a fter  sto r a g e  fo r  3 w e e k s ;  b .4 )  =  a u to c la v e d  a fter  s torag e  

for  4  w e e k s ;  b. 10) =  a u to c la v e d  a fter  sto r a g e  for  10 w e e k s ;  b. 11 ) =  a u to c la v e d  a fter  s to r a g e  for  11 w e e k s ;  b. 12 ) =  a u to c la v e d  a fter  s torag e  

for  12 w e e k s ;  b. 14 ) =  a u to c la v e d  a fter  sto r a g e  for 14 w e e k s ;  b. 16) =  a u to c la v e d  a fter  sto r a g e  for  16 w e e k s
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Table d5 (cont.). Z eta  poten tial o f  10% soybean oil (so) unautoclaved or autoclaved em ulsions using

various types of phospholipids, and surfactants

F or m u la tio n Z e ta  p o te n tia l (m V )

1 2 3 4

10%  so + E P C + P G  a .o ) -1 7 .0 1 -2 1 .2 2 -1 5 .6 2 -1 7 .3 7

a . l ) -2 3 .1 5 -2 4 .4 2 -1 5 .5 5 -1 8 .5 1

a .4 ) -2 4 .8 2 -2 6 .5 0 -2 4 .1 1 -2 4 .2 4

a . l l ) -3 1 .1 3 -2 5 .1 6 -1 8 .3 8 -1 9 .9 1

b .0 ) -2 9 .0 2 -3 0 .1 9 -2 8 .9 1 -3 3 .4 3

b . l ) -2 7 .2 4 -2 8 .6 8 -2 6 .9 3 -3 0 .9 5

b .4 ) -3 0 .7 2 - 2 6 .9 3 -3 0 .8 3 -3 3 .2 9

b . l  1) -1 6 .8 2 -2 2 .4 6 -2 4 .6 6 -2 0 .6 8

10%  S O + E P C + T 8 0 + S A  a .o ) 2 1 .9 4 2 3 .2 0 2 7 .1 6 2 0 .3 9

a . l ) 1 9 .1 5 1 2 .2 0 14.51 1 6 .0 4

a .4 ) 1 6 .0 8 17 .85 1 6 .2 7 1 7 .9 6

a .10) 2 3 .5 9 1 4 .7 7 1 9 .2 2 1 5 .6 4

b.o) 8 .7 3 8 .8 4 11 .31 1 2 .8 0

b . l ) 1 3 .6 7 1 2 .7 0 1 3 .5 5 2 4 .4 9

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

b .1 0 ) 7 .3 3 13 .71 14 .72 1 4 .8 9

10%  S O + S P C + T 8 0 + S A  a .o ) 1 9 .3 6 19 .83 2 2 .1 5 19.91

a . l ) 1 7 .5 8 2 0 .7 0 1 9 .9 5 2 0 .5 4

a .4 ) 2 6 .2 4 2 4 .9 8 2 9 .1 8 1 8 .3 9

a . 10) 2 2 .6 5 1 9 .3 6 17 .93 2 2 .7 9

b.0) 12 .25 12 .47 11 .08 9 .6 9

b . l ) 1 1 .1 5 1 9 .9 4 16 .05 16 .17

b .4 ) 1 4 .6 5 1 4 .3 4 1 5 .4 4 1 6 .4 9

b .1 0 ) 9 .3 2 1 8 .2 4 12 .93 1 7 .4 9

1 , 2 , 3  an d  4  =  n u m b e r  o f  d e te r m in a tio n

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .3 )  =  u n a u to c la v e d  a fter  s to r a g e  for  3 w e e k s ;  a .4 )  =  u n a u to c la v e d  after  

sto r a g e  for  4  w e e k s ;  a. 10 ) =  u n a u to c la v e d  a fter  s to r a g e  for 10 w e e k s ;  a . l l )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  11 w e e k s ;  a. 12 ) =  

u n a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  a. 14 ) =  u n a u to c la v e d  after  s to r a g e  for 14 w e e k s

b . o )  =  a u to c la v e d ;  b . l )  =  a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  b .3 )  =  a u to c la v e d  after  sto r a g e  fo r  3 w e e k s ;  b .4 )  =  a u to c la v e d  after s torag e  

fo r  4  w e e k s ;  b .1 0 )  =  a u to c la v e d  a fter  sto r a g e  for  10 w e e k s ;  b. 11) =  a u to c la v e d  a fter  sto r a g e  fo r  11 w e e k s ;  b . l 2 )  =  a u to c la v e d  a fter  s torag e  

for  12 w e e k s ;  b. 1 4 ) =  a u to c la v e d  a fter  s to r a g e  for  14 w e e k s ;  b. 16) =  a u to c la v e d  a fter  s to r a g e  fo r  16 w e e k s
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p H  Measurement

Table d6. pH  o f  10% blended oil (bo) unautoclaved or autoclaved em ulsions using  various types o f

phospholipids, and surfactants

F orm u la tion pH  o f  lip id  e m u ls io n

10%  b o + E P C  a .o ) 8 .0 6

a .6 ) 7 .31

a .8 ) 7 .2 8

a. 16) 7 .2 9

b .0 ) 6 .2 1

b .6 ) 6 .3 2

b .8 ) 6 .2 2

b . l  6 ) 6 .6 5

10%  b o + E P C + S A  a .o ) 8 .01

a .6 ) 6 .3 4

a .8 ) 6 .4 7

a. 16) 6 .1 8

b .o ) 6 .2 5

b .6 ) 6 .0 2

b .8 ) 6 .0 4

b .l  6 ) 5 .9 2

10%  b o + E P C + T 8 0  a .o ) 8 .0 4

a . l ) 7 .5 6

a .4 ) 7 .6 1

a. 12) 7 .4 8

b .0 ) 6 .6 6

b . l ) 6 .8 4

b .4 ) 7 .1 2

b .1 2 ) 6 .9 7

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .4 )  =  u n a u to c la v e d  a fter  s to r a g e  for  4  w e e k s ;  a .6 )  =  u n a u to c la v e d  after  

sto r a g e  fo r  6  w e e k s ;  a .8 )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  8 w e e k s ;  a .1 0 )  =  u n a u to c la v e d  a fter  sto r a g e  for  10  w e e k s ;  a . l 1) =  u n a u to c la v e d  

after  sto r a g e  for  11 w e e k s ;  a. 12 ) =  u n a u to c la v e d  a fter  s to r a g e  for 12 w e e k s ;  a. 1 6 ) =  u n a u to c la v e d  a fter  sto r a g e  fo r  16 w e e k s

b . o )  =  a u to c la v e d ;  b . l )  =  a u to c la v e d  a fter  s to r a g e  fo r  1 w e ek ; b .4 )  =  a u to c la v e d  a fter  sto r a g e  fo r  4  w e e k s ;  b .6 )  =  a u to c la v e d  a fter  s torag e  

for  6  w e e k s ;  b .8 )  =  a u to c la v e d  a fter  sto r a g e  for  8 w e e k s ;  b .1 0 )  =  a u to c la v e d  a fter  s to r a g e  for  10 w e e k s ;  b . l  1) =  a u to c la v e d  a fter  s torag e  

fo r  11 w e e k s ;  b. 12) =  a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  b. 14) =  a u to c la v e d  a fter  sto r a g e  for  14 w e e k s ;  b .1 6 )  =  a u to c la v e d  after  

s to r a g e  for  16 w e e k s
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Table d6 (cont.). pH  o f  10% blended oil (bo) unautoclaved or autoclaved emulsions using various types o f

phospholipids, and surfactants

F or m u la tio n pH  o f  l ip id  e m u ls io n

10%  b o + E P C + P G  a .o ) 8 .0 2

a . l ) 7 .2 9

a .4 ) 7 .5 2

a . l  1) 8 .11

b .o ) 7 .4 4

b . l ) 7 .5 1

b .4 ) 7 .8 4

b .l  1) 8 .1 6

10%  b o + E P C + T 8 0 + S A  a .o ) 8 .0 4

a . l ) 7 .3 2

a .4 ) 6 .7 7

a . 10) 6 .5 5

b .o ) 6 .2 2

b . l ) 5 .8 7

b .4 ) 5 .91

b .1 0 ) 5 .9 0

10%  b o + S P C + T 8 0 + S A  a .o ) 8 .0 4

a . l ) 7 .4 3

a .4 ) 7 .0 5

a . 10) 6 .6 4

b .o ) 6 .3 4

b . l ) 6 .6 2

b .4 ) 6 .0 3

b .1 0 ) 6 .2 0

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for 1 w e e k ;  a .4 )  =  u n a u to c la v e d  a fter  sto r a g e  fo r  4  w e e k s ;  a .6 )  =  u n a u to c la v e d  after  

sto r a g e  for  6 w e e k s ;  a .8 )  =  u n a u to c la v e d  a fter  s to r a g e  for  8 w e e k s ;  a . 10) =  u n a u to c la v e d  a fter  s to r a g e  fo r  10 w e e k s ;  a . l  1) =  u n a u to c la v e d  

after  s to r a g e  for  11 w e e k s ;  a. 12 ) =  u n a u to c la v e d  a fter  s to r a g e  for 12 w e e k s ;  a. 16 ) =  u n a u to c la v e d  a fter  s to r a g e  for  16 w e e k s

b . o )  =  a u to c la v e d ;  b . l )  =  a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  b .4 )  =  a u to c la v e d  a fter  s to r a g e  for  4  w e e k s ;  b .6 )  =  a u to c la v e d  a fter  s to r a g e  

fo r  6  w e e k s ;  b .8 )  =  a u to c la v e d  a fter  s to r a g e  for 8 w e e k s ;  b .1 0 )  =  a u to c la v e d  a fter  sto r a g e  fo r  10 w e e k s ;  b . l  1) =  a u to c la v e d  a fter  s torag e  

for  11 w e e k s ;  b . l 2 )  =  a u to c la v e d  after  sto r a g e  for 12 w e ek s ; b. 14) =  a u to c la v e d  a fter  sto r a g e  fo r  14 w e e k s ;  b . l 6 )  =  a u to c la v e d  after  

sto r a g e  for  16 w e e k s
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Table d7. pH  o f  10% soybean oil (so) unautoclaved or autoclaved em ulsions using various types o f

phospholipids, and surfactants

F or m u la tio n pH  o f  lip id  e m u ls io n

10% SO+EPC a.o) 8.01
a .3 ) 7 .01

a .4 ) 6 .8 0

a. 14) 6 .7 3

b .o ) 6.68
b .3 ) 6 .7 1

b .4 ) 6 .7 7

b . l  4 ) 7 .1 6

10%  s o + E P C + S A  a .o ) 8.01
a .3 ) 6 .9 4

a .4 ) 6.68
a .14) 5 .5 6

b .o ) 5 .5 4

b .3 ) 5 .6 5

b .4 ) 5 .7 5

b . l  4 ) 5 .9 7

10% SO+EPC+T80 a.o) 8.01
a . l ) 7 .5 5

a .4 ) 7 .51

a. 12) 7 .3 9

b .o ) 6.68
b . l ) 6 .7 9

b .4 ) 6 .9 5

b .1 2 ) 6 .5 6

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  a .3 )  =  u n a u to c la v e d  a fter  sto r a g e  for  3 w e e k s ;  a .4 )  =  u n a u to c la v e d  after  

sto r a g e  fo r  4  w e e k s ;  a. 1 0 ) =  u n a u to c la v e d  after sto r a g e  for  10 w e e k s ;  a . l l )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  11 w e e k s ;  a. 12 ) =  

u n a u to c la v e d  a fter  s to r a g e  fo r  12 w e e k s ;  a. 14 ) =  u n a u to c la v e d  a fter  s to r a g e  fo r  14 w e e k s

b . o )  =  a u to c la v e d ;  b . l )  =  a u to c la v e d  a fter  s to r a g e  for  1 w e e k ;  b .3 )  =  a u to c la v e d  a fter  sto r a g e  fo r  3 w e e k s ;  b .4 )  =  a u to c la v e d  a fter  s to r a g e  

for  4  w e e k s ;  b. 10 ) =  a u to c la v e d  a fter  sto r a g e  for  10 w e e k s ;  b. 11 ) =  a u to c la v e d  a fter  s to r a g e  fo r  11 w e e k s ;  b. 1 2 ) =  a u to c la v e d  a fter  s torag e  

for  12 w e e k s ;  b. 14 ) =  a u to c la v e d  a fter  sto r a g e  fo r  14 w e e k s ;  b. 16 ) =  a u to c la v e d  a fter  s to r a g e  fo r  16 w e e k s
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Table d7 (cont.). pH  o f  10% soybean oil (so) unautoclaved or autoclaved em ulsions using various types

of phospholipids, and surfactants

F orm u la tion pH  o f  lip id  e m u ls io n

10%  SO +E P C +P G  a .o ) 8 .0 5

a . l ) 6 .9 9

a .4 ) 7 .5 0

a . l l ) 7 .8 7

b .o ) 7 .2 6

b . l ) 7 .2 3

b .4 ) 7 .1 7

b . l  1) 7 .0 5

10%  S O + E P C + T 8 0 + S A  a .o ) 8 .0 3

a . l ) 7 .6 7

a .4 ) 7 .1 7

a. 10) 6 .6 6

b .o ) 6 .4 7

b . l ) 6 .6 9

b .4 ) 6 .1 9

b .1 0 ) 6 .0 8

10%  S O + S P C + T 8 0 + S A  a .o ) 8 .0 7

a . l ) 7 .6 3

a .4 ) 7 .0 6

a. 10) 6 .7 9

b .o ) 6 .6 2

b . l ) 6 .8 1

b .4 ) 6 .4 0

b .1 0 ) 6 .3 3

a . o )  =  u n a u to c la v e d ;  a . l )  =  u n a u to c la v e d  a fter  s to r a g e  for  1 w e ek ; a .3 )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  3 w e e k s ;  a .4 )  =  u n a u to c la v e d  after  

sto r a g e  fo r  4  w e e k s ;  a. 10 ) =  u n a u to c la v e d  a fter  s to r a g e  for 10 w e e k s ;  a . l l )  =  u n a u to c la v e d  a fter  sto r a g e  for  11 w e e k s ;  a. 12 ) =  

u n a u to c la v e d  a fter  s to r a g e  for  12 w e e k s ;  a. 14) =  u n a u to c la v e d  after sto r a g e  for  14 w e e k s

b . o )  =  a u to c la v e d ;  b . l )  =  a u to c la v e d  a fter  s to r a g e  for 1 w e e k ;  b .3 )  =  a u to c la v e d  a fter  sto r a g e  for  3 w e e k s ;  b .4 )  =  a u to c la v e d  after s torag e  

for  4  w e e k s ;  b .1 0 )  =  a u to c la v e d  a fter  s to r a g e  for 10 w e e k s ;  b . l  1) =  a u to c la v e d  a fter  sto r a g e  for  11 w e e k s ;  b . l 2 )  =  a u to c la v e d  a fter  s torag e  

for 12 w e e k s ;  b. 14 ) =  a u to c la v e d  a fter  s to r a g e  for  14 w e e k s ;  b . l 6 )  =  a u to c la v e d  a fter  s to r a g e  for  16 w e e k s
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2. Lipid emulsions containing 20% oil

Particle Size Measurement

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

types of surfactants

F orm u la tion P artic le  s iz e  o f  o il d r o p le ts  (  |4 m) F ig u re

D (0 .5 ) ว [4 ,3 ]

1 2 3 1 2 3

2 0 %  b o + E P C  a .o ) 0 .5 4 5 0 .5 3 2 - 0 .6 8 7 0 .7 3 4 - d  107

a .3 ) 0 .5 1 3 0 .5 4 9 0 .5 6 9 0 .5 9 8 0 .7 9 4 0 .9 2 5 d 108

a .4 ) 0 .4 4 2 0 .4 3 0 0 .4 3 0 0 .5 5 8 0 .5 2 2 0 .5 2 2 d 109

a .14) 0 .8 9 5 0 .8 8 9 0 .8 7 5 0 .9 0 8 0 .9 1 1 0 .8 9 6 d l i o

b .o ) 0 .7 8 3 0 .8 2 5 - 0 .9 7 6 1 .0 85 - d i l l

b .3 ) 0 .8 1 2 0 .7 4 9 0 .7 5 3 0 .8 2 2 0 .7 7 2 0 .7 6 2 d 112

b .4 ) 0 .7 5 8 0 .7 5 5 0 .7 5 5 0 .7 6 6 0 .7 6 3 0 .7 6 2 d l  13

b . 14) 1 .041 0 .9 8 1 0 .9 5 8 1 .3 9 2 1.031 0 .9 9 5 d l  14

20 %  b o + E P C + S A  a .o ) 0 .4 4 4 0 .4 4 4 - 0 .6 5 7 0 .6 5 7 - d l  15

a .3 ) 0 .4 7 2 0 .4 7 2 0 .5 0 4 0 .5 6 7 0 .5 6 5 0 .5 9 6 d 116
a .4 ) 0 .4 1 1 0 .4 1 2 0 .4 1 3 0 .5 1 0 0 .5 0 9 0 .5 0 9 d l  17

a. 14) 0 .5 1 3 0 .5 21 0 .5 2 2 0 .6 4 4 0 .4 6 7 0 .6 4 7 d l  18

b .o ) 0 .4 8 9 0 .4 9 6 - 0 .5 9 0 0 .7 3 4 - d l  19

b .3 ) 0 .4 6 3 0 .4 6 3 0 .4 6 3 0 .5 6 5 0 .5 6 3 0 .5 9 2 d 12 0

b .4 ) 0 .4 7 8 0 .4 8 4 0 .4 8 4 0 .5 7 9 0 .5 8 1 0 .5 8 1 d 121

b. 14) 0 .4 7 9 0 .4 8 5 0 .4 8 6 0 .5 7 8 0 .5 7 9 0 .5 7 9 d l  22

1, 2  an d  3 =  n u m b e r  o f  d e te r m in a tio n

a . o )  =  u n a u to c la v e d ;  a .3 )  =  u n a u to c la v e d  a fter  sto r a g e  for  3 w e e k s ;  a .4 )  =  u n a u to c la v e d  a fter  s to r a g e  fo r  4  w e e k s ;  a. 14 ) =  u n a u to c la v e d  

a fter  sto r a g e  fo r  14 w e e k s

b . o )  =  a u to c la v e d ;  b .3 )  =  a u to c la v e d  a fter  sto r a g e  for 3 w e e k s ;  b .4 )  =  a u to c la v e d  a fter  s to r a g e  fo r  4  w e e k s ;  b .1 4 )  =  a u to c la v e d  a fter  

sto r a g e  for  14 w e e k s
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Zeta Potential Measurement

Table d9. Z eta  poten tial o f  20%  blended oil (bo) unautoclaved or au toclaved  em ulsions using various

types of surfactants

F o rm u la tio n Ze ta  p o te n tia l (m V )

1 2 3 4

20%  bo+E PC  a.o) -12 .30 -17.51 -20 .37 -11 .99

a .3) -10 .79 -18 .57 -11 .18 -10 .49

a .4) -12 .83 -16 .28 -12 .53 -14 .32

a. 14) -12 .14 -17.91 -4 .22 -6 .37

b .o ) -21 .64 -19 .42 -18.81 -17 .82

b .3 ) -28 .37 -14 .86 -15 .15 -23 .88

b .4 ) -15 .42 -16 .64 -16 .53 -17 .63

b. 14) -12 .83 -14 .32 -16 .28 -12 .53

2 0%  b o+E P C +S A  a.o) 34.52 36.22 36.65 31.72

a .3) 28.59 28.83 31.00 31.26

a.4) 33.52 31.09 30.59 33.59

a. 14) 22.79 28.75 13.65 24.37

b .o ) 11.59 8.58 12.06 13.96

b .3 ) 12.40 15.29 7.30 7.53

b .4 ) 19.19 19.63 18.31 16.20

b. 14) 4 .94 13.63 5.05 6.53

1 ,2 ,  3 and 4 =  n um be r o f  d e te rm in a tio n

a. o ) =  unau toc laved ; a .3 ) =  unau toc laved  a fte r storage fo r  3 weeks ; a .4) =  unau toc laved  a fte r s torage fo r  4  weeks ; a. 14) =  unau toc laved  

a fte r storage fo r  16 weeks

b . o ) =  a u to c laved ; b .3 ) =  au toc laved  a fte r storage fo r  3 weeks ; b .4 ) =  au toc laved  a fte r s torage fo r  4  w eeks ; b. 14) =  au toc laved  a fte r 

storage fo r  14 weeks
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p H  Measurement

Table d io . pH  o f  20%  blended oil (bo) unautoclaved or autoclaved em ulsions using various types o f

surfactants

F o rm u la tio n pH  o f  l ip id  em u ls ion

20%  bo+E PC  a .o) 8 .06

a .3) 7.15

a.4) 7.21

a. 14 ) 6 .79

b .0 ) 6.61

b .3 ) 6 .86

๖.4) 6 .84

๖.14) 6 .99

20%  bo+H P C +S A  a.o) 8.01

a.3) 6 .90

a.4) 6 .54

a. 14) 5 .80

b .o ) 5.75

b .3 ) 5.76

๖.4) 5.85

b. 14) 6.01

a. o ) =  unau toc laved ; a .3 ) =  unau toc laved  a fte r storage fo r  3 weeks ; a .4 ) =  unau to c la ved  a fte r s torage fo r  4  weeks ; a. 14) =  unau toc laved  

a fte r s torage fo r  16 weeks

b . o ) =  au toc laved ; b .3 ) =  au toc laved  a fte r storage fo r  3 weeks; ๖.4) =  au toc laved  a fte r storage fo r  4  w eeks ; b. 14) =  au toc laved  a fte r  

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

Particle size measurement

Table d ll. Particle size of 10% soybean oil (so) unautoclaved or autoclaved emulsions containing oil- 
soluble vitamins using various type of surfactants

F o rm u la tio n S te r iliz a tio n P a rtic le  s ize o f  o i l d ro p le ts  ( (dm ) F igu re

D (0 .5 ) D [4 ,3 ]

1 2 3 1 2 3

10%  SO+EPC+T80 N o n -s te r i liz a t io n a) 0 .189 0 .189 0.189 0 .199 0 .199 0 .199 d 123

b) 0 .189 0.189 0.189 0 .199 0 .199 0 .199 d 124

c) 0 .188 0.188 0 .188 0 .198 0 .197 0 .197 d 125

F ilt ra t io n a) 0 .189 0 .189 0 .189 0 .198 0 .199 0 .199 d 126

b) 0 .189 0 .189 0 .189 0 .199 0 .199 0 .199 d 127

c) 0 .187 0 .187 0 .187 0 .196 0 .196 0 .196 d 128

A u to c la v in g a) 0 .190 0 .190 0 .190 0 .199 0 .199 0 .199 d 129

b) 0 .189 0 .188 0 .189 0 .198 0 .197 0 .197 d 130

c) 0 .190 0 .190 0 .190 0 .199 0 .199 0 .199 d 131

10%  SO+EPC+T80+PG N o n -s te r i liz a t io n a) 0.191 0.191 0.191 0 .202 0.201 0 .202 d 132

b) 0.188 0.188 0.188 0 .198 0 .198 0 .198 d 133

c) 0 .190 0 .189 0 .189 0 .200 0 .198 0 .198 d 134

F ilt ra t io n a) 0 .189 0 .189 0 .189 0.198 0 .198 0 .198 d 135

b) 0 .189 0 .189 0 .189 0 .199 0 .199 0 .199 d 136

c) 0 .189 0 .189 0 .189 0.198 0 .198 0 .198 d 137

A u to c la v in g a) 0 .188 0 .188 0 .187 0 .197 0 .197 0 .196 d l  38

b) 0 .190 0 .189 0 .189 0 .199 0 .199 0 .199 d l  39

c) 0 .190 0 .190 0 .190 0.201 0 .200 0 .200 d 140

10%  SO+EPC+T80+SA N o n -s te r i liz a t io n a) 0 .192 0.192 0 .192 0.203 0 .202 0.202 d 141

b) 0 .190 0 .190 0 .190 0 .200 0 .200 0 .200 d 142

c) 0 .190 0.190 0 .190 0.201 0 .200 0 .200 d 143

F ilt ra t io n a) 0 .190 0 .189 0 .190 0 .199 0 .199 0 .199 d 144

b) 0 .188 0.188 0.188 0 .198 0 .197 0.198 d 145

c ) 0 .189 0.188 0.188 0 .198 0 .198 0.198 d 146

A u to c la v in g a) 0 .192 0.191 0.191 0.203 0 .202 0.202 d 147

b) 0.192 0.191 0.191 0 .202 0.201 0.201 d 148

c ) 0.191 0.190 0 .190 0.201 0 .200 0 .200 d 149

1, 2 and 3 =  n um be r o f  d e te rm in a tio n

a) =  im m ed ia te ly  a fte r p repa ra tion ; b ) 1 w eek a fte r p repa ra tion ; c ) =  1 m on th  a fte r p repa ra tion
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Zeta Potential Measurement

Table d l2 . Zeta  po tential o f  10% soybean oil (so) unautoclaved or autoclaved emulsions containing oil-
so luble v itam ins using various type o f  surfactants

Fo rm u la tio n S te r iliz a tio n
& --------------------------------------------------------

Ze ta  p o te n tia l ( m V )

1 2 3 4

10%  SO+EPC+T80 N o n -s te r i liz a t io n a) -5 .77 -14.41 -10 .65 -14 .59

b) -6 .48 -2 .89 -7 .69 -9 .66

c) -10 .13 -16 .27 -12 .45 -13 .43

F ilt ra t io n a) -15 .10 -12 .87 -11 .47 -16 .79

b) -7 .40 -15 .07 -16.21 -10 .3 6

c ) -13 .54 -13 .03 -11 .29 -14 .1 4

A u to c la v in g a) -9 .28 -10 .69 -13 .28 -14 .5 4

b) -10 .52 -8 .59 -6 .66 -6 .67

c ) -13 .55 -19 .73 -16 .98 -10.41

10%  SO+EPC+T80+PG N o n -s te r i liz a t io n a) -12 .74 -11 .97 -20 .17 -16 .03

b) -18 .17 -11 .25 -15 .90 -14 .07

c) -15 .60 -14 .36 -16 .17 -17 .29

F ilt ra t io n a) -12 .17 -10 .33 -14 .10 -14 .13

b) -16 .53 -13 .62 -14 .77 -12 .04

c ) -16 .42 -16 .97 -17 .96 -18 .99

A u to c la v in g a) -16 .92 -10 .16 -18.61 -13 .07

b) -14 .18 -14 .72 -18 .47 -18 .82

c) -19 .44 -18 .74 -21 .64 -29 .1 0

10%  SO+EPC+T80+SA N o n -s te r i liz a t io n a) 31.27 28.88 33.63 33 .50

b) 22.99 26.15 22 .79 25.02

c) 13.98 14.88 15.34 17.07

F ilt ra t io n a) 25.92 24 .90 20 .89 27 .94

b) 22.04 24 .40 20.87 23 .69

c) 19.29 20.80 20.81 23.72

A u to c la v in g a) 19.26 19.16 20 .70 23 .80

b) 21.06 18.17 18.22 23.92

c) 15.95 12.70 10.93 17.25

1, 2, 3 and 4  =  num be r o f  d e te rm in a tio n

a) =  im m ed ia te ly  a fte r p repa ra tion ; b ) 1 w eek a fte r p repa ra tion ; c ) =  1 m on th  a fte r p repa ra tion
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p H  Measurement

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

F o rm u la tio n S te r iliz a tio n pH  o f  l ip id  em u ls ion

10%  so+EPC+TSO N o n -s te r i liz a t io n a) 7.99

b) 7.43

c) 7.95

F ilt ra t io n a) 7.02

b) 6.72

c) 6.59

A u to c la v in g a) 7.19

b) 7.18

c) 7.48

10%  SO+EPC+T80+PG N o n -s te r i liz a t io n a) 8.01

b) 7.60

c) 7.46

F ilt ra t io n a) 6.81

b) 6.61

c) 6.55

A u to c la v in g a) 6 .99

b) 7.19

c) 7 .14

10%  SO+EPC+T80+SA N o n -s te r i liz a t io n a) 8.01

b) 7.55

c) 6 .84

F iltra t io n a) 7 .96

b) 8.03

c) 6.78

A u to c la v in g a) 7.09

b) 7.26

c) 6 .77

a) =  im m ed ia te ly  a fte r p repa ra tion ; b ) 1 w eek a fte r p repa ra tion ; c) =  1 m on th  a fte r p repa ra tion
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APPENDIX E

V IT A M IN  C O N T E N T  A N A L Y S I S

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

V ita m in C oncen tra tio n  ( |J .g /m l) Peak area ra tio

1 2 3

V ita m in  A  P a lm ita te 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

V ita m in  D3 0.50 0.47 0.50 0.49

1.00 0.83 0.84 0.83

1.50 1.07 1.11 1.11

2.00 1.42 1.39 1.39

2.50 1.83 1.80 1.79

3.00 2.02 2.04 2.03

V ita m in  E  acetate 60 4 .74 4.73 4.71

80 5.89 5.92 5.86

100 7.58 7.58 7.62

120 9.05 9.02 8.93

140 10.18 10.26 10.24

V ita m in  K1 1.00 0.26 0.27 0 .26

1.50 0.40 0.41 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 =  n um be r o f  d e te rm in a tio n



Table e l.  Peak area ratio , am ount o f  vitam ins and % rem aining o f  o il-so lub le v itam ins found in

commercial product

C om m e rc ia l p ro du c t V ita m in s Peak area ra tio
«

A m o u n t o f  

v itam in s

%  R em a in in g F igu re

®
V ita l ip id V ita m in  A  1) 10.64 29.75 90.15 e l

2) 9 .78 27.42 83.09

3) 10.44 29.21 88.51

V ita m in  D 2 1) 0 .23 0.08 3.78

2) 0.19 0.01 0.58

3) 0.19 0.01 0.58

V ita m in  E  acetate 1) 10.92 148.54 148.54

2) 10.45 141.88 141.88

3) 10.90 148.26 148.26

V ita m in  K-เ 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 =  num be r o f  d e te rm in a tio n
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Table e3. Peak area ratio , am ount o f  v itam in and %  rem aining o f  o il-so lu b le  vitam ins in the em ulsions

after autoclaving for 48 hours using HPLC technique

Rx E m u ls if ie rs V ita m in s Peak R a tio A m o u n t o f  

v ita m in s

%  R em a in ing F igure

B E PC +T80+P G V ita m in  A  p a lm ita te  1) 10.47 22 .29 88.76 e2

2) 9.04 25.41 77.00

3 ) 9.30 26.12 79.15

V ita m in  D j 1) 1.40 1.95 93 .50

2) 1.11 1.48 74.00

3) 0.99 1.29 64 .50

v ita m in  E acetate 1) 6.22 81.97 81.97

2) 6.32 83.39 83.39

3) 6.21 81.83 81.83

V ita m in  K ( 1) 0 .25 0.94 62.47

2) 0.26 0.98 65.33

3) 0.26 0.98 65.33

c E P C +T 80+S A V ita m in  A  p a lm ita te  1) 7.59 21.48 65.09 e3

2) 9.24 25.95 78.64

3) 9.20 25.85 78.33

V ita m in  D j 1) 1.20 1.63 81.50

2) 1.24 1.69 84.50

3) 1.08 1.44 72.00

V ita m in  E acetate 1) 6 .50 85.93 85.93

2) 6.64 87.92 87.92

3) 6.68 88.48 88.48

V ita m in  K , 1) 0.22 0.83 55.33

2) 0.21 0.79 52.67

3) 0.23 0.86 57.33

11 2, and 3 =  num be r o f  d e te rm in a tio n
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Table e4. Peak area ratio o f  oil so luble vitam ins found in the em ulsions after storage for 2 m onths

analyzed using H PLC  technique
Rx E m u ls if ie rs M e thod  o f V itam in s Peak R a tio A m o u n t o f %  R em a in ing F igure

s te r iliz a t io n v ita m in s

A E PC +T80 F ilt ra t io n V ita m in  A  p a lm ita te  1) 7 .16 20.31 61 .56 e4

2) 6.67 18.99 57.53

3) 6.75 19.20 58.53

V ita m in  D j 1) 0.59 0.65 32.58

2) 0.55 0.59 29.38

3) 0.55 0.59 29.38

V ita m in  E  acetate 1) 8.82 118.80 118.80

2) 8.97 120.92 120.92

3) 8.81 118.65 118.65

V ita m in  K , 1) 0.28 1.05 70.18

2) 0.30 1.13 75.19

3) 0.28 1.05 70.18

A u to c la v in g V ita m in  A  p a lm ita te  1) 5 .54 15.92 48 .25 e5

2) 6.66 18.96 57.45

3) 6.28 17.93 54.33

V ita m in  D j 1) 0 .47 0.46 22.98

2) 0.47 0.46 22.98

3) 0.47 0.46 22.98

V ita m in  E acetate 1) 8 .17 109.59 109.59

2) 8.14 109.16 109.11

3) 8.21 109.16 110.16

V ita m in  K , 1) 0.35 1.32 87.72

2) 0.34 1.28 85.21

3) 0.34 1.28 85.21

B E P C +T80+P G F ilt ra t io n V ita m in  A  p a lm ita te  1) 6 .92 19.66 59 .59 e6

2) 7.43 21.05 63.78

3) 7.47 21 .16 64.11

V ita m in  D j 1) 0 .47 0.46 22.98

2) 0.50 0 .5 ! 25.38

3) 0.50 0.51 25.38

V ita m in  E acetate 1) 8.92 120.06 120.06

2) 8.96 120.21 120.21

3) 8.98 120.78 120.78

V ita m in  K l  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 =  num be r o f  d e te rm in a tio n

171



Table e4 (cont.). Peak area ratio  o f  oil soluble vitam ins found in the em ulsions after storage for 2
m onths analyzed using H PLC  technique
Rx E m u ls ifie rs M e thod  o f  

s te r iliza tion

V itam ins Peak Ratio A m oun t o f  

v itam in s

%  Rem ain ing Figure

B EPC+T80+PG A u to c lav ing V itam in  A  pa lm ita te  1) 5.96 17.06 51.70 e7

2) 6.78 19.28 58.44

3) 6.46 18.24 55.81

V itam in  D 3 1) 0.43 0.40 19.78

2) 0.45 0.43 21.38

3) 0.44 0.41 20.58

V itam in  E acetate 1) 7.74 103.50 103.50

2) 7.65 102.22 102.22

3) 7.77 103.92 103.92

V itam in  K j 1) 0.36 1.35 90.23

2) 0.37 1.39 92.73

3) 0.40 1.50 100.25

c EPC+T80+SA F iltra tio n V itam in  A  pa lm ita te  1) 5.63 16.17 48.99 e8

2) 5.57 16.00 48.49

3) 5.72 16.41 49.73

V itam in  D 3 1) 0.48 0.48 23.78

2) 0.47 0.46 22.98

3) 0.46 0.44 22.18

V itam in  E acetate 1) 7.33 97.69 97.69

2) 7.23 96.27 96.27

3) 7.19 95.71 95.71

V itam in  K , 1) 0.33 1.24 82.71

2) 0.24 0.90 60.15

3) 0.23 0.86 57.64

A u to c lav ing V itam in  A  pa lm ita te  1 ) 5.00 14.46 43.81 e9

2) 6.06 17.33 52.52

3) 6.08 17.39 52.69

V itam in  D j 1) 0.39 0.33 16.58

2) 0.52 0.54 26.98

3) 0.52 0.54 26.98

V itam in  E acetate 1) 7.21 95.99 95.99

2) 7.38 98.40 98.40

3) 7.18 95.57 95.57

V itam in  K , 1) 0.27 1.02 67.67

2) 0.24 0.90 60.15

3) 0.27 1.02 67.67

1 ,2 , and 3 =  num be r o f  d e te rm in a tio n
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Figure cl. Particle size distribution of commercial product, Intralipid 10%

Figure c2. Particle size distribution of commercial product, Intralipid 20%
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Figure c3. Particle size distribution of commercial product, Vitralipid
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Figure dl. Particle size distribution of 10% bo+EPC unautoclaved emulsion passing homogenizer 3

cycles
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Particle size Dis tr ibu tion

Figure d2. Particle size distribution of 10% bo+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 S i z e  Dls lribmion
12

Figure d5. Particle size distribution of 10% bo+EPC autoclaved emulsion passing homogenizer 10

cycles
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Particle SI Z 0 D istribu tion

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
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16 Particle size D is tribu tion

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

7 cycles

1g ____________________________ Particle Size Distribution

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

10 cycles
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Figure d io . Particle size distribution of 10% bo+EPC+SA autoclaved emulsion passing homogenizer

10 cycles

Figure dll. Particle size distribution of 10% bo+EPC unautoclaved emulsion
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Figure d!2. Particle size distribution of 10% bo+EPC unautoclaved emulsion after storage for 6 weeks

________________________________________ Parti c le  S iz o  D i s t r ib u t io n18

Figure dl3. Particle size distribution of 10% bo+EPC unautoclaved emulsion after storage for 8 weeks
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ure dl4. Particle size distribution of 10% bo+EPC unautoclaved emulsion after storage for 16 weeks

P a r t ie l s  S l7 0  D i s t r ib u t io n

Figure d 15. Particle size distribution of 10% bo+EPC autoclaved emulsion

181



Particle size ( ทา)

Figure d 16. Particle size distribution of 10% bo+EPC autoclaved emulsion after storage for 6 weeks

Parti c le  S iz p  D i s tr ib ut io n

Figure d 17. Particle size distribution of 10% bo+EPC autoclaved emulsion after storage for 8 weeks
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dl8. Particle size distribution of 10% bo+EPC autoclaved emulsion after storage for 16 weeks

Particle Size (_ก!)
Figure dl9. Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion
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Particle Size Distribution

Figure d20. Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion after storage for 6 
weeks

P artic le  S i z e  D i s tr ib u t ion

Figure d21. Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion after storage for 8 

weeks
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Partiel» Siza Oi»tnbtition

Figure d22. Particle size distribution of 10% bo+EPC+SA unautoclaved emulsion after storage for 16 

weeks

18 Panic!? รท» D istribu tion

Figure d23. Particle size distribution of 10% bo+EPC+SA autoclaved emulsion
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Particle size Distribution18 '

Figure d24. Particle size distribution of 10% bo+EPC+SA autoclaved emulsion after storage for 6 
weeks

Figure d25. Particle size distribution of 10% bo+EPC+SA autoclaved emulsion after storage for 8 

weeks
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Partiel» Siro Distribution18 ■

Figure d26. Particle size distribution of 10% bo+EPC+SA autoclaved emulsion after storage for 16

weeks

Par ti e lo  s i l o " D i s t r ib u t io n

Figure d27. Particle size distribution of 10% bo+EPC+T80 unautoclaved emulsion
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Particle Size Distribution

Figure d28. Particle size distribution of 10% bo+EPC+T80 unautoclaved emulsion after storage for 1 
week
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Figure d29. Particle size distribution of 10% bo+EPC+T80 unautoclaved emulsion after storage for 4
weeks
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Parliclo Sire Diatributioo

Figure d30. Particle size distribution of 10% bo+EPC+T80 unautoclaved emulsion after storage for 12

weeks

P ar t ie l»  S i t »  D n i r i b u t i o n

Figure d31. Particle size distribution of 10% bo+EPC+T80 autoclaved emulsion
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Par lie la Size Distribution11

Figure d32. Particle size distribution of 10% bo+EPC+T80 autoclaved emulsion after storage for 1 
week

Figure d33. Particle size distribution of 10% bo+EPC+T80 autoclaved emulsion after storage for 4
weeks
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particle size Distribution

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

P a n i c l e  S i z e  P s t r l b i i t i o n12

Figure d35. Particle size distribution of 10% bo+EPC+PG unautoclaved emulsion
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Figure

Particle size Distribution

d36. Particle size distribution of 10% bo+EPC+PG unautoclaved emulsion after storage for 1
week

Figure d37. Particle size distribution of 10% bo+EPOPG unautoclaved emulsion after storage for 4
weeks
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12 Particle Size Distribution

Figure d38. Particle size distribution of 10% bo+EPC+PG unautoclaved emulsion after storage for 11
weeks

Figure d39. Particle size distribution of 10% bo+EPC+PG autoclaved emulsion
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Particle size DU!rlbmîon12

Figure d40. Particle size distribution of 10% bo+EPC+PG autoclaved emulsion after storage for 1 week

Figure d41. Particle size distribution of 10% bo+EPC+PG autoclaved emulsion after storage for 4 
weeks
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Partiels Sizo Distribution

Figure d42. Particle size distribution of 10% bo+EPC+PG autoclaved emulsion after storage for 11 
weeks

Figure d43. Particle size distribution of 10% bo+EPC+T80+SA unautoclaved emulsion
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Particle Size Distrlbutbn

Particle Size ( m )
Figure d44. Particle size distribution of 10% bo+EPC+T80+SA unautoclaved emulsion after storage for 
1 week

Par Pete t r lbut เงท

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

4 weeks
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Figure d46. Particle size distribution of 10% bo+EPC+T80+SA unautoclaved emulsion after storage for 

10 weeks
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Figure d47. Particle size distribution of 10% bo+EPC+T80+SA autoclaved emulsion
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Particle Size Distribution

Figure d48. Particle size distribution of 10% bo+EPC+T80+SA autoclaved emulsion after storage for 1
week

Parti c le  S ize D i s t r ib u t io n

Figure d49. Particle size distribution of 10% bo+EPC+T80+SA autoclaved emulsion after storage for 4

weeks



Figure d50. Particle size distribution of 10% bo+EPC+T80+SA autoclaved emulsion after storage for
10 weeks

Figure d51. Particle size distribution o f 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

1 week

Particle Size (_m‘i

Figure d53. Particle size distribution o f 10% bo+SPC+T80+SA unautoclaved emulsion after storage for

4 weeks



Particle Size OisYribution

Figure d54. Particle size distribution of 10% bo+SPC+T80+SA unautoclaved emulsion after storage for
10 weeks

Figure d55. Particle size distribution of 10% bo+SPC+T80+SA autoclaved emulsion
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Particle Size Distribution

Figure d56. Particle size distribution of 10% bo+SPC+T80+SA autoclaved emulsion after storage for 1 
week

P artic le  S i r e  Q s t r l tm t lo n

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

weeks
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Figure d58. Particle size distribution of 10% bo+SPC+T80+SA autoclaved emulsion after storage for
10 weeks

Figure d59. Particle size distribution of 10% SO+EPC unautoclaved emulsion
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Figure d60. Particle size distribution of 10% SO+EPC unautoclaved emulsion after storage for 3 weeks

Figure d61. Particle size distribution of 10% SO+EPC unautoclaved emulsion after storage for 4 weeks
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Figure d62. Particle size distribution of 10% SO+EPC unautoclaved emulsion after storage for 14 weeks

^ ______________________________ P ar ti c le  S i r e  D i s t r ib u t io n

Figure d63. Particle size distribution o f 10% SO+EPC autoclaved emulsion



Particle Size Distribution

Particle Size (_กา)

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

Figure d65. Particle size distribution of 10% so+EPC autoclaved emulsion after storage for 4 weeks
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Figure d66. Particle size distribution of 10% SO+EPC autoclaved emulsion after storage for 14 weeks
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Figure d67. Particle size distribution of 10% so+EPC+SA unautoclaved emulsion
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14 Particle Size Distribution

Figure d68. Particle size distribution of 10% so+EPC+SA unautoclaved emulsion after storage for 3 
weeks

Figure d69. Particle size distribution of 10% so+EPC+SA unautoclaved emulsion after storage for 4 
weeks
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14 Particle Size Distribution

Figure d70. Particle size distribution of 10% so+EPC+SA unautoclaved emulsion after storage for 14 
weeks

Figure d71. Particle size distribution of 10% so+EPC+SA autoclaved emulsion
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Figure d72. Particle size distribution of 10% so+EPC+SA autoclaved emulsion after storage for 3
weeks

________________________________________ Parti c le  S i z g D i s t r ib u t io n

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

weeks



Particle Size Distribution

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

weeks

P a rtic le  S ize D is t r ib u t io n22

Figure d75. Particle size distribution o f 10% SO+EPC+T80 unautoclaved emulsion
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Particle Si?o distribution

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

week

P a rtic le  S ize D is t r ib u t ion

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

weeks
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Particlo Siro Datributio:)

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

weeks

_______________ _____________________ P a rtic le  S ire  Di s t r ib u t io n22

Figure d79. Particle size distribution o f 10% SO+EPC+T80 autoclaved emulsion



Particle size Distribution22

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

week

P a rtic le  S ize D is t r ib u t io n22

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

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

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

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

weeks
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Particle Sizo Distribution

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

weeks
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Figure d87. Particle size distribution o f 10% so+EPC+PG autoclaved emulsion
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Particle Sizo Distribution

Figure d88. Particle size distribution of 10% SO+EPC+PG autoclaved emulsion after storage for 1 week
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Figure d89. Particle size distribution o f 10% SO+EPC+PG autoclaved emulsion after storage for 4

weeks

218



£
QJ§O>

P a rtic le  S ize D is t r ib u t io n10 — —----- --------------------------

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

weeks
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Figure d91. Particle size distribution o f 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
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Figure d93. Particle size distribution o f 10% SO+EPC+T80+SA unautoclaved emulsion after storage for

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

10 weeks

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

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

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

10 weeks
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Figure d99. Particle size distribution o f 10% SO+SPC+T80+SA unautoclaved emulsion
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Figure d io o .  Particle size distribution o f 10% SO+SPC+T80+SA unautoclaved emulsion after storage

for 1 week
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Figure d i o i .  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 o f 10% SO+SPC-T80+SA unautoclaved emulsion after storage

for 10 weeks

P a rtic le  s i r e  D is t r ib u t ion22

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



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

1 week

P a rtic le  S ize D is tr ib u t ion

Figure dl05. Particle size distribution of 10% SO+SPC+T80+SA autoclaved emulsion after storage for

4 weeks
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Figure d!06. Particle size distribution o f 10% SO+SPC+T80+SA autoclaved emulsion after storage for

10 weeks
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Figure d 107. Particle size distribution o f 20% bo+EPC unautoclaved emulsion
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Figure d!08. Particle size distribution o f 20% bo+EPC unautoclaved emulsion after storage for 3 weeks
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Figure dl09. Particle size distribution o f 20% bo+EPC unautoclaved emulsion after storage for 4 weeks
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Figure dl 10. Particle size distribution o f 20% bo+EPC unautoclaved emulsion after storage for 14

weeks
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Figure d ill. Particle size distribution of20% bo+EPC autoclaved emulsion
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14 Panicle size Distribution

Figure dl 12. Particle size distribution o f 20% bo+EPC autoclaved emulsion after storage for 3 weeks
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Figure d l 13. Particle size distribution o f 20% bo+EPC autoclaved emulsion after storage for 4 weeks
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Figure dl 14. Particle size distribution o f 20% bo+EPC autoclaved emulsion after storage for 14 weeks
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Figure dl 15. Particle size distribution o f 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 dl 17. Particle size distribution of 20% bo+EPC+SA unautoclaved emulsion after storage for 4

weeks
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Particlo Sizq Distribution

Figure d l 18. Particle size distribution o f 20% bo+EPC+SA unautoclaved emulsion after storage for 14

weeks
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Figure dl 19. Particle size distribution of 20% bo+EPC+SA autoclaved emulsion
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Particle Size Djstributlon

Figure d 120. Particle size distribution o f 20% bo+EPC+SA autoclaved emulsion after storage for 3 

weeks
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Figure d 121. Particle size distribution o f 20% bo+EPC+SA autoclaved emulsion after storage for 4 

weeks
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Particle size Pistribution
10

Figure d \ 2 2 .  Particle size distribution o f 20% bo+EPC+SA autoclaved emulsion after storage for 14

weeks

Figure d l23 . Particle size distribution o f non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers immediately after preparation
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Particle Size Distribution

Figure d l2 4 . P article size distribution o f  non-sterilized lipid em ulsion con tain ing  o il-soluble vitam ins 

using E PC +T 80 as em ulsifiers 1 w eek after preparation

Figure d 125. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers 1 month after preparation
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Particle Size Distribution

Figure d 126. Particle size distribution o f filtrated lipid emulsion containing oil-soluble vitamins using 

EPC+T80 as emulsifiers immediately after preparation

Figure d l27 . Particle size distribution o f filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80 as emulsifiers 1 week after preparation
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Figure dl28. Particle size distribution o f 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 o f autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers 1 week after preparation
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Figure d 131. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80 as emulsifiers 1 month after preparation
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Particle Size Distribution

Figure d!32. Particle size distribution o f non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80+PG as emulsifiers immediately after preparation

Figure d 133. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

using EPC+T80+PG as emulsifiers 1 week after preparation
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Figure d l 34. Particle size distribution o f non-sterilized lipid emulsion containing oil-soluble vitamins

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

Figure d 135. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80+PG as emulsifiers immediately after preparation
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Figure d 136. Partic le  size distribution o f  filtrated lipid em ulsion contain ing o il-so lub le vitam ins using 

E PC +T 80+PG  as em ulsifiers 1 w eek after preparation

Figure dl37. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80+PG as emulsifiers 1 month after preparation

242



Particle size Distribution

Figure d l38 . Particle size distribution o f autoclaved lipid emulsion containing oil-soluble vitamins 

using EPC+T80+PG as emulsifiers immediately after preparation
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Figure dl39. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80+PG as emulsifiers 1 week after preparation
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Figure d l40 . Particle size distribution o f 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 vitamins

using EPC+T80+SA as emulsifiers immediately after preparation
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Figure dl42. Particle size distribution o f non-sterilized lipid emulsion containing oil-soluble vitamins 

using EPC+T80+SA as emulsifiers 1 week after preparation
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Figure dl43. Particle size distribution of non-sterilized lipid emulsion containing oil-soluble vitamins

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

245



Particle Size Distribution

Figure d l44 . Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using 

EPC+T80+SA as emulsifiers immediately after preparation
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Figure dl45. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using

EPC+T80+SA as emulsifiers 1 week after preparation
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Figure dl46. Particle size distribution of filtrated lipid emulsion containing oil-soluble vitamins using 

EPC+T80+SA as emulsifiers 1 month after preparation
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Figure dl47. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80+SA as emulsifiers immediately after preparation
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Figure d!48. Particle size distribution o f autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80+SA as emulsifiers 1 week after preparation
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Figure d 149. Particle size distribution of autoclaved lipid emulsion containing oil-soluble vitamins

using EPC+T80+SA as emulsifiers 1 month after preparation
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Figure e l. Chromatogram o f commercial emulsion, Vitalipid

Figure e2. Chromatogram o f emulsion formulated using 10% soybean oil and emulsified by 

EPC+T80+PG after preparation for 48 hours

249



Figure e3. Chromatogram o f emulsion formulated using 10% soybean oil and emulsified by 

EPC+T80+SA after preparation for 48 hours
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Figure e4. Chromatogram o f filtrated emulsion formulated using 10% soybean oil and emulsified by 

EPC+T80 after preparation for 2 months
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Figure e5. Chromatogram o f autoclaved emulsion formulated using 10% soybean oil and emulsified by

EPC+T80 after preparation for 2 months

I

IS X  25Mknuiftt

Figure e6. Chromatogram o f filtrated emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+PG after preparation for 2 months
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Figure e7. Chromatogram of autoclaved emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+PG after preparation for 2 months

Figure e8. 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 e9. Chromatogram o f autoclaved emulsion formulated using 10% soybean oil and emulsified by

EPC+T80+SA after preparation for 2 months
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