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APPENDIX I

DATA OF INGREDIENTS USED IN D-PANTHENOL MICROCAPSULES
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CAP

Appearance

Solubility

Lose of Drying 

Nitrogen 

Identity 

pH
Agoras Electrophoresis

Storage Temp

Shelf life sup QC-12-006

Albumin Fraction V Powder 

9048468

white to yellow with a tan to green cast powder 

Clear to slightly hazy faint yellow to yellow 

soluble in water 

NMT 5%

14.5-16,5% 

of Bovine origin

6.8 to 7.2 (1% in 0.15 M Sodium chloride)

NLT 98%

Store at 2-8°C 

5 years



7 8

Chemical structure

OH

C,H19N04

Mw.

CAS NO:

INCI Name 

Chemical names

Solubility

pH

Water max 

Sulphated max 

Heavy metal 

Assay

D-Panthenol

c g H19 n o 4

Chirai

OH

M r 205.25

205.25

81-13-0

Panthenol

(R)-2, 4-dihydroxy-N-(3-hydroxy propyl) -3 , 3-dimethylbutyramide; 

D(+)-CX, y-dihydroxy-N-(3-hydroxy propyl)-{3- (3- 

dimethylbutanamide

Soluble in water freely soluble in ethanol, slightly soluble in ether 

and in insoluble in fats and oils 

max 9.0-10.5 (5% w/v in water)

1.0%

max 0.1% 

max 10 ppm 

98.0-101.0%



Terephthaloyl Chloride (TC)

p-Phthaloyl Chloride

Description 

MW 

Soluble 

Boiling point°C

white crystalline solid at room temperature 

203.

organic solvents, methylene chloide, ether 

265
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Span 85

Sorbitan trioleate

Sorbitan, ester, tri-9-octadecanoate 

Empirical formula 

Molecular weight 

HLB

Melting point range 

Functional category

Structure formula

^60^108^8

958

1.8

liquid

Wetting and/or solubilizing agent 

Emulsifying and/or solubilizing agent

H0X

(ÇHi)jC — 0- 

ÇH
n

(CH,),CH,

ท ,
- < 0 CH

ÇHO —  C(CH:)rCH 
CHjû—  C(CH,),CH 

0 ÇH
( C H J j CHj



APPENDIX II

VALIDATION OF THE HPLC ANALYSIS
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Figure 45 The calibration curve of D-panthenol for within run precision. No1, No2, No3.
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y  = 0.7146*  + 0.6132 j

^  j R' = 0.9928

0 .5

0

0 0 5  1 1 5  c o n c ( m ^ m l)

y = 0.7147*  + 0.6289

y — 0.6Ô81X +- 0.635

0 .5  -j
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Figure 49 The calibration curve of D-panthenol between run precision day1, day2, day3
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Figure 53 The chromatogram of D-panthenol microcapsules D3 (13.3% w/v BSA,

16.6%w/v D-panthenol).
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Figure 54 The chromatogram of D-panthenol microcapsules D5 (20%w/v BSA, 

13.3%w/v D-panthenol).
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Figure 55 The chromatogram of D-panthenoi microcapsules D6 (20%w/v BSA,

16.6% พ/V D-panthenol).
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APPENDIX III

DATA OF PARTICLE SIZE AND SIZE DISTRIBUTION
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system น bums
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MS1 Obscuration: 15.7 %
Presentation: 30HD {Particle เน. -  ( 1.5295, 0.1000): Dispersant R.l. = 1.3300)
Analysis Model: Polydisperse 
Modifications: Active - Killed Data Channels: Low 0; High 2

Residual: 0.593 %

Distribution Type.Volume
Kesult Statistics

Concentration *  0.1045 %Vol Density -  1.000 g / cub. cm Specific S.A. = 0.2840 sq. m / g
Mean Diameters: D Iv, 0.1) -  60.27 urn D(v. 0.5) -  122.58 urn D (V. 0.9) - 233.70 urn
DI4. 3] -  135.32 urn 0(3. 2) -  21.12 urn Span -  1.415E + 00 Uniformity - 4.415E-01
Size Low (urn) เท % Size High (urn) Under* Size Low (urn) เท % Size High (um) -----DH3S95-----

IT05 0า30 IT06 0.00 ET3 ITD7 -------- rn — ไ./8
0.06 0.00 0.07 0.00 7.72 0.08 9.00 ไ.86
0.07 0.00 0.08 0.00 9.00 0.09 10.48 1.94
0.08 0.00 0.09 0.01 10.48 0.08 12.21 2.03
0.09 0.00 0.11 0.01 12.21 0.07 14.22 2.10
0.11 0.01 0.13 0.02 14.22 0.05 16.57 2.15
0.13 0.01 0.15 0.03 16.57 0.04 19.31 2.19
0.15 0.02 0.17 0.05 19.31 0.03 22.49 2.22
0.17 0.04 0.20 0.09 22.49 0.07 26.20 2.29
0.20 0.08 0.23 0.16 26.20 0.18 30.53 2.47
0.23 0.13 0.27 0.29 30.53 0.41 35.56 2.88
0.27 0.17 0.31 0.45 35.56 0.86 41.43 3.74
0.31 0.16 0.36 0.61 41.43 1.63 48.27 5.37
0.36 0.13 0.42 0.75 48.27 2.82 56.23 8.18
0.42 0.11 0.49 0.86 56.23 4.50 65.51 12.68
0.49 0.10 0.58 0.96 65.51 6.51 76.32 19.20
0.58 0.07 0.67 1.03 76.32 8.51 88.91 27.71
0.67 0.06 0.78 1.09 88.91 10.11 103.58 37.82
0.78 0.05 0.91 1.13 103.58 11.03 120.67 48.85
0.91 0.04 1.06 1.18 120.67 11.23 140.58 60.08
1.06 0.04 1.24 1.22 140.58 10.95 163.77 71.03
1.24 C.04 1.44 1.26 163.77 9.37 190.80 80.40
1.44 0.04 1.68 1.30 190.80 7.54 222.28 87.93
1.68 0.04 1.95 1.34 222.28 5.68 258.95 93.61
1.95 0.04 2.28 1.38 258.95 3.90 301.68 97.ะ'?.
2.28 0.04 2.65 1.43 301.68 2.13 351.46 99.65
2.65 0.04 3.09 1.47 351.46 0.35 409.45 100.00
3.09 0.04 3.60 1.51 409.45 0.00 477.01 100.00
3.60 0.04 4.19 1 55 477.01 0.00 555.71 100.00
4.19 0.04 4.88 1.60 555.71 0.00 647.41 100.00
4.88 0.05 5.69 1.64 647.41 0.00 754.23 100.00
5.69 0.06 6.63 1.70 754.23 0.00 878.67 100.00

Malvern instruments Uc. Mastefsuer ร พg tea Ve. / 19 p 6
Malvern. UK ร«ท*! Number. 32734-ฬ 13 Aug 02 14:16
T«1:0644 892456 Ftx:0684 892789

Table 22 The data of particle size distribution for BSA-TC microcapsules prepared by

20% BSA, 2.5% TC, formulation B1



โ bystem Details
Range Lens: 300RF mm 
Presentation: 30HD 
Analysis Model: Polydisperse 
Modifications: Active ~

Beam Length: 2.40 mm 
[Particle R.l * 11.5295. 0.1000):

Sampler: MSI 
Dispersant R.l. = 1.3300)

Killed Data Channels: Low 0: High 2

'  IObscuration: 15.9 % I 

Residual: 0.457 %

Distribution Type Volume 
Mean Diameters:
D 14. 31 * 138.31 urn

Result Statistics ■ "ฒ— ■ I
Concentration ■  0.1215 %Vd Density ร 1.000 g / cub. cm Specific S.A. ร 0.2254 sg. m / g 
D|v, 0.1)* 74.37 urn D(v. 0.5)* 127.60 um D(v, 0.9)= 222.04 um
D |3. 2) * 26.62 um Span * 1.157E + 00 Uniformity ะะ 3.596E-01

size Low (uml -------CT%------ Size High luml ---- DS3?S---- Sue Low (urn) -------STS------ 5ize High (um) Underle
TT05 0.00 DTÜE 0.00 6.63 0.03 772----- ------- TÏ2-----
0.06 0.00 0.07 0.00 7.72 1 0.05 9.00 1.47
0.07 0.00 0.08 0.00 9.00 0.06 10.48 1.53
0.08 0.00 0.09 0.00 10.48 0.07 12.21 1.60
0.09 0.00 0.11 0.00 12.21 0.08 14.22 1.68
0.11 0.00 0.13 0.00 14.22 0.07 16.57 1.75
0.13 0.00 0.15 0.00 16.57 0.06 19.31 1.81
0.15 0.00 0.17 0.00 18.31 0.04 22.49 1.86
0.17 0.01 0.20 0.01 22.49 0.03 26.20 1.89
0.20 0.04 0.23 0.05 26.20 0.04 30.53 1.93
0.23 0.10 0.27 0.15 30.53 0.10 36.56 2.03
0.27 0.18 0.31 0.33 35.56 0.27 41.43 2.30
0.31 0.17 0.36 0.50 41.43 0.60 48.27 2.89
0.36 0.12 0.42 0.62 48.27 1.22 56.23 4.12
0.42 0.10 0.49 0.72 56.23 2.38 65.51 6.50
0.49 0.09 0.58 0.81 65.51 4.45 76.32 10.94
0.58 0.06 0.67 0.86 76.32 7.66 88.91 18.60
0.67 0.04 0.78 0.91 88.91 11.45 103.58 30.05
0.78 0.03 0.91 0.94 103.58 14.28 120.67 44.34
0.91 0.03 1.06 0.97 120.67 15.32 140.58 59.651.06 0.04 1.24 1.01 140.58 13.00 163.77 72.66
1.24 0.04 1.44 1.06 163.77 10.07 190.80 82.72
1.44 0.05 1.68 1.10 190.80 7.32 222.28 90.04
1.68 0.04 1.95 1.15 222.23 5.02 258.95 95.06
1.95 0.04 2.28 1.19 258.95 3.12 301.68 98.18
2.28 0.04 2.65 1.23 301.68 1.65 351.46 99.83
2.65 0.04 3.09 1.28 351.46 0.17 409.45 100.00
3.09 0.04 3.60 1.31 409.45 0.00 477.01 100.00
3.60 0.03 4.19 1.34 477.01 0.00 555.71 100.00
4.19 0.02 4.88 1.36 555.71 0.00 647.41 100.00
4.88 0.01 5.69 1.37 647.41 0.00 754.23 100.00
5.69 0.02 6.63 1.39 754.23 0.00 878.67 100.00

Malvern Instruments Ltd. Mastersizer s long bed Ver. 2.19
Malvern,UK Sen*Number 3273449 13Aw
TetttW 892456 Far0684 892789

Table 23 The data of particle size distribution for BSA-TA microcapsules prepared by

15% BSA, 2.5% TC, formulation B2



System Details
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MSI Obscuration: 10.4 % I
Presentation: 30HD [Particle R.l. = 1 1.5295, 0.1000I: Dispersant R.I. = 1.33001
Analysis Model: Polydisperse Residual: 0.515% i
Modifications: Active -  Killed Data Channels: Low 0: High 2 I

Result Statistics
Distribution TypeVolums Concentration = 0.0560 %v๗ Density = 1.000 g I cub. cm Specific S.A. = 0.3653 sq. m / g 1
Mean Diameters: D tv, 0.11 = 48.12 urn D (พ, 0.5] = 105.82 urn D|v, 0.91 = 243.13 urn
D14. 31 = 127.48 um D(3, 2) = 16.42 um Span = 1.843E-00 Uniformity = 5.672E-01

Size Low luml ------ liT%------- Size high luml — 0H355— Size Low lum} iïTK Size High (um) Under% j
ซโซร 0UÜ ------- m ----- 0.00 0 3 0.0B 7.72 2103
0.06 0.00 0.07 0.00 7.72 1 0.08 9.00 2.11
0.07 0.00 0.08 0.01 9.00 0.08 10.48 2.19
0.08 0.00 0.09 0.01 10.48 0.07 12.21 2.26
0.09 0.01 0.11 0.02 12.21 0.06 14.22 2.32
0.11 0.01 0.13 0.03 14.22 0.05 16.57 2.37 1
o'l3 0.02 0.15 0.05 16.57 0.07 19.31 2.43
0.15 0.03 0.17 0.08 19.31 0.14 22.49 2.57
0.17 0.06 0.20 0.14 22.49 0.32 26.20 2.89
0.20 0.10 0.23 0.25 26.20 0.65 30.53 3.55
0.23 0.16 0.27 0.41 30.53 1.21 35.56 4.76 i
0.27 0.21 0.31 0.62 35.56 2.06 41.43 6.81
0.31 0.20 0.36 0.81 41.43 3.26 48.27 10.08
0.36 0.16 0.42 0.98 48.27 4.30 56.23 14.88
0.42 0.14 0.49 1.11 56.23 6.54 65.51 21.42
0.49 0.12 0.58 1.23 65.51 8.14 76.32 29.66 :
0.58 0.09 0.67 1.32 76.32 9.28 88.91 38.84 1
0.67 0.07 0.78 1.39 86.91 9.79 103.58 48.63 1
0.78 0.07 091 1.46 103.58 9.70 120.67 58.32
0.91 0.06 1.06 1.52 120.67 9.28 140.58 67.61 ;
1.06 0.06 1.24 1.58 140.58 7.92 163.77 75.52 ;
1.24 0.06 1.44 1.65 163.77 6.55 190.80 82.07 I
1.44 0.06 1.68 1.71 190.80 5.3* 222.28 87.38 :
1.68 0.05 1.95 1.75 222.28 4.26 258.95 91.65 ,
1.95 0.04 2.28 1.79 258.95 3.35 301.68 94.99 i
2.28 0.03 2.65 1.82 301.68 2.51 351.46 97.50 ’
2.65 0.02 3.09 1.84 351.46 1.67 409.45 99.17 1
3.09 0.01 3.60 1.85 409.45 0.83 477.01 100.00
3.60 0.01 4.19 1.87 477.01 0.00 555.71 100.00 ;
4.19 0.02 4.88 1.89 555.71 0.00 647.41 100.00
4.88 0.03 5.69 1.92 647.41 0.00 754.23 100.00 I
5.69 0.05 6.63 1.97 754.23 0.00 878.67 100.00 1

n Instruments Ud. Mastersier ร long bed Ver 2.19
ท1 UK รพ่ฟ Number" 32734-85 13 Au
£ 892456 Fax:0684 892789

Table 24 The data of particle size distribution for BSA-TC microcapsules prepared by

10% BSA, 2.5% TC, formulation B3
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Range Lens: 1000 mm Beam Length: 10.00 mm Sampler: MSI Obscuration: 13.4 % ,
Presentation: 30H0 [Particle เม. = ( 1.5295, 0.10001: Dispersant R.l. ■ะ 1.33001
Analysis Model: Polydisperse Residual: 0.698 \  ;
Modifications: None

Result Statistics
Distribution Type.Volume Concentration ะ 0.1070 %Vd Density* 1.000 g / cub. cm Specific S.A. = 0.0266 sq. m / g
Mean Diameters: D (v, 0.11 -  138.16 um D (». 0.5) = 377.27 urn D |v, 0.9I = 640.04 um
D [4, 31 * 386.34 urn D13, 21 * 225.20 um Span * 1.330E + 00 Uniformity * 3.977E-01

Size Low lum) เท % Size High luml Under% Size Low luml ------ เทิไร------- Size High luml Under%
------- — 07ฮซ --------O S ----- UM T2UM 2.00 140.58 10.25

4.88 0.00 5.69 0.00 140.58 1 2.50 163.77 12.75
5.69 0.00 6.63 0.00 163.77 3.13 190.80 15.88
6.63 0.00 7.72 0.00 190.80 4.10 222.28 19.98
7.72 0.02 9.00 0.02 222.28 5.63 258.95 25.61
9.00 0.03 10.48 0.05 258.95 7.92 301.68 33.52

10.48 0.04 12.21 0.09 301.68 10.69 351.46 44.22
12.21 0.06 14.22 0.16 351.46 12.97 409.45 57.19
14.22 0.10 16.57 0.25 409.45 13.86 477.01 71.05
16.57 0.15 19.31 0.41 477.01 11.30 555.71 82.35
19.31 0.25 22.49 0.66 555.71 8.17 647.41 90.52
22.49 0.36 26.20 1.02 647.41 5.33 754.23 95.85
26.20 0.46 30.53 1.48 754.23 3.16 878.67 99.01
30.53 0.51 35.56 1.99 878.67 0.99 1023.66 100.00
35.56 0.52 41.43 2.50 1023.66 0.00 1192.56 100.00
41.43 0.50 48.27 3.00 1192.56 0.00 1389.33 100.00
48.27 0.50 56.23 3.50 1389.33 0.00 1618.57 100.00
56.23 0,54 65.51 4.05 1618.57 0.00 1885.64 100.00
65.51 0.65 76.32 4.70 1885.64 0.00 2196.77 100.00
76.32 0.85 88.91 5.55 2196.77 0.00 2559.23 100.00 !
88.91 1.15 103.58 6.71 2559.23 0.00 2981.51 100.00

103.58 1.55 120.67f 8.25 2981.51 0.00 3473.45 100.00 I

2 0 ______________ ..
V o lu m e  ( % )

1 0 0

: 9 0

8 0

* 7 0

- A 6 0

1 0 / \ 5 0/ \ 4 0/ \ 3 0

4. j  \ 2 0

7 /  \ 1 0

ก  î  __ - _ _ /  \ 0
1 .0  1 0 .0 T o o . o '  ;  i  000.0 i b b b o . o

P a r t ic le  D ia m e t e r  (น ่ท า .)
1 0 0 0 0 0 . 0

vem Instruments Ltd. Mastersizer ร tong bed Vef. 2.19
0664 532456 Fax:06ô4 892789

Serial Numter.

Table 25 The data of particle size distribution for BSA-TC microcapsules prepared by

20% BSA, 1.25% TC, formulation B4
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Range Uns: 300RF mm 

Presentation: 30HD 
Analysis Model: Polydisperse 

I Modifications: Active -

system Details

Beam Length: 2.40 mm Sampler: MS1
[Particle R J. = I 1.5295, 0.10001; Dispersant R.l. = 1.3300)

Killed Data Channels: Low 0; High 2

Obscuration: 14.8 % j 

Residual: 0.541 % J

Result statistics
C oncentra tion* 0.0750 %Vol D e ns ity *  1.000 g / cub. cm 
D Iw. 0.1) = 46.30 urn D (v. 0.51 = 90.85 urn
D |3 , 2 1 *  18.35um  Span = 1.461Et 00

Distribution TypeVolume 

Mean Diameters:
D |4, 3) *  103.31 urn

Specific S.A. *  0.3270 sq. เฑ i g j 

D lv ,  0.9) *  179 .05urn 
Uniformity *  4.662E-01

Size Low |um| ------ lips------ Size High lum) — Ü53555 Size Low luml เท 'ท Size High lum) Under* 1
------- 0 5 ----- --------t ru c ----- 0 5 CTÜO 6.63 0 4 - T 7 T - 1 4 2

0.06 0.00 0.07 0.00 7.72 « 0.16 9.00 2.57 ;
0.07 0.00 0.08 0.00 9.00 0.15 10.48 2.73

0.08 0.00 0.09 0.00 10.48 0.13 12.21 2.86 i
0.09 0.00 0.11 0.00 12.21 0.10 14.22 2.95 i
0.11 0.00 0.13 0.01 14.22 0.06 16.57 3.02

0.13 0.01 0.15 0.01 16.57 0.06 19.31 3.08 !

0.15 0.01 0.17 0.03 19.31 0.11 22.49 3.19

0.17 0.03 0.20 0.06 22.49 0.27 26.20 3.46

0.20 0.07 0.23 0.13 26.20 0.59 30.53 4.05

0.23 0.14 0.27 0.26 30.53 1.18 35.56 5.24 I
0.27 0.20 0.31 0.46 35.56 2.19 41.43 7.43 j
0.31 0.19 0.36 0 6 6 41.43 3.80 48.27 11.22

0.36 0.15 0.42 0.81 48.27 5.99 56.23 17.21

0.42 0.13 0.49 0.93 56.23 ร. 54 65.51 25.75 I

0.49 0.11 0.58 1.05 65.51 10.70 76.32 36.45

0.58 0.09 0.67 1.13 76.32 11.85 88.91 48.30

0.67 0.08 0.78 1.21 88.91 11.88 103.58 60.18 1
0.78 0.07 0.91 1.28 103.58 11.19 120.67 71.37 !

0.91 0.08 1.06 1.36 120.67 8.93 ■ 140.58 80.31

1.06 0.09 1.24 1.46 140.58 6.69 163.77 86.99

1.24 0.10 1.44 1.55 163.77 4.81 190.80 91.81 I
1.44 0.10 1 68 1.65 190.80 3.35 222.28 95.16 !
1.68 0.09 1.95 1.74 222.28 2.27 258.95 97.43

1.95 0.07 2.23 1.81 258.95 147 301.68 98.90 j

2.28 0.06 2.65 1.87 301.68 0.86 351.46 99.76

2.65 0.05 3.09 1.92 351.46 0.24 409.45 100.00 '

3.09 0.04 3.60 1.96 409.45 0.00 477.01 100.00

3.60 0.04 4.19 2.00 477.01 0.00 555.71 100.00 i

4.19 0.06 4.88 2.07 555.71 0.00 647.41 100.00 !

4.88 0.09 5.69 2.15 647.41 0.00 754.23 100.00 i
5.69 0.12 6.63 2.27 754.23 0.00 878.67 100.00

1 ๐0 
t» ๐  

0๐ 
T  ๐

Table 26 The data of particle size distribution for BSA-TC microcapsules prepared by

20% BSA, 5% TC, formulation B5
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System uetaifs "
Range Lens: 300RF mm Beam Length: 2.40 mm Sampler: MS 1 Obscuration: 18.8%
Presentation: 30HD IPartide R.l = 1 1.5295, 0.1000); Dispersant เม. = 1.3300)
Analysis Model: Polydisperse Residual: 1.093 %
Modifications: Active -  Killed Data Channels: Low 0: High 2

“  Result Statistics ~ ~

Distribution TypeVolume Concentrations 0.0242 %Vol Density a 1.000 g / cub. cm Specific S.A. ร 1.8299 sq.m  /g  
Mean Diameters: D |v , 0 .1 )=  3.56 um D{v, 0.5) s  30.26 urn D |v, 0.9) ร  136.06 urn
D 14 31 ร 52.51 um D (3, 21 ร 3.28 um Span ร 4.379E + 00 Uniformity ร 1.312E+00

Size lo w  (um) -------- ESTE--------- Sue High lum) Under* Size Low lum) เท % Size high (um) ------UnSër%------
0X5 0X 3 0X5 0X3 5X3 1.95 T tt TEX5
0.06 0.05 0.07 0.08 7.72 1 2.32 9.00 19.17
0.07 0.08 0.09 0.16 9.00 2.72 10.48 21.89
0.08 0.11 0.09 0.27 10.48 3.12 12.21 25.01
0.09 0.15 0.11 0.41 12.21 3.50 14.22 28.51
0.11 0.18 0.13 0.60 14.22 3.86 16.57 32.36
0.13 0.23 0.15 0.83 16.57 4.16 19.31 36.53

1 0.15 0.29 0.17 1.12 19.31 4.41 22.49 40.94
0.17 0.36 0.20 1.48 22.49 4.60 26.20 45.54
0.20 0.44 0.23 1.92 26.20 4.74 30.53 50.27
0.23 0.51 0.27 2.43 30.53 4.81 35.56 55.08
0.27 0.54 0.31 2.96 35.56 4.81 41.43 59.89
0.31 0.51 0.36 3.48 41.43 4.74 48.27 64.63
0.36 0.47 0.42 3.94 48.27 4.60 56.23 69.23
0.42 0.42 0.49 4.36 56.23 4.39 65.51 73.62
0.49 0.38 0.58 4.75 65.51 4.14 76.32 77.76
0.58 0.34 0.67 5.09 76.32 3 7 5 88.91 81.51
0.67 0.32 0.78 5.41 88.91 3.36 103.58 84.88
0.78 0.33 0.91 5.74 103.58 2.99 120.67 87.87
0.91 0.35 1.06 6.08 120.67 2.68 140.58 90.55
1.06 0.37 1.24 6.45 140.58 2.41 163.77 92.96
1.24 0.40 1.44 6.85 163.77 2.17 190.90 95.13
1.44 0.42 1.68 7.27 190.80 1.89 222.28 97.02
1.68 0.45 1.95 7.72 222.28 1.51 256.95 99.53
1.95 0.49 2.28 8.21 258.95 0.99 301.68 99.52
2.28 0.53 2.65 8.74 301.68 0.48 351.46 100.00
2.65 0.61 3.09 9.35 .351.46 0.00 409.45 100.00
3.09 0.71 3.60 10.06 409.45 0.00 477.01 100.00
3.60 0.86 4.19 10.92 477.01 0.00 555.71 100.00
4.19 1.06 4.88 11.98 555.71 0.00 647.41 100.00
4.88 1.31 5.69 13.29 647.41 0.00 754.23 100.00
5.69 1.61 6.63 14.90 754.23 0.00 878.67 100.00

<**"«> > า oo

ร 456 F».-06W 892789
Mastersizer ร tong bed Ver. 2.19 

Serial Number 32734-89 13AUÇ

Table 27 The data of particle size distribution for BSA-TC microcapsules prepared by

20% BSA, 5% TC, formulation B6



bystem Details

1 0 0

Range Lens: 1000 mm Beam Length: 10.00 mm Sampler: MS1 Obscuration: 7.5 % i
Presentation: 30HD (Particle R.I. = 1 1.5295, 0.10001; Dispersant R.l. = 1.33001
Analysis Model: Polydisperse Residual: 0.738 % I
Modifications: None

Result Statistics
Distribution Type.Volume Concentration ะ  0.0745 %Vpl D ensity ' 1.000 g / cub. cm Specific S.A. = 0.0211 sq. m / g 
Mean Diameters: D |v, 0.1) = 174.14 urn D |v, 0 .5 )=  348.56 um DI». 0.91= 625.35 um
D |4, 31 = 376.92 um D (3, 2] = 285.02 um Span = 1.295E-r00 Uniformity = 3.998E-01 100

( Size Low lum) -------- IrPS--------- Size High (uml Under la Size Low luml STS-------- Size High (um) ------ 0ทิ3ผิ%—

j 4.13 0700 4.88 0.00 TZ07B7 ZOO UtT5S 5.21
- 4.88 0.00 5.69 0.00 140.58 3.13 163.77 8.34

5.69 0.00 6.63 0.00 16a.77 4.63 190.80 12.96
6.63 0.00 7.72 0.00 190.80 6.47 222.28 19.44

7.72 0.00 9.00 0.00 222.28 8.55 258.95 27.99
I 9.00 0.00 10.48 0.00 258.95 10.57 301.68 38.56

10.48 0.00 12.21 0.00 301.68 12.13 351.46 50.69
1 12.21 0.00 14.22 0.00 351.46 13.05 409.45 63.74
I 14.22 0.00 16.57 0.00 409.45 11.59 477.01 75.34
! 16.57 0.02 19.31 0.02 477.01 9.24 555.71 84.57
I 19.31 0.03 22.49 0.05 555.71 6.76 647.41 91.34

22.49 0.05 26.20 0.10 647.41 4.58 754.23 95.92
26.20 0.07 30.53 0.18 754.23 ! 2.89 878.67 98.80
30.53 0.09 35.56 0.26 878.67 1.20 1023.66 100.00
35.56 0.11 41.43 0.37 1023.66 1 0.00 1192.56 100.00 I

j 41.43 0.12 48.27 0.49 1192.56 0.00 1389.33 100.00 i
48.27 0.12 56.23 0.61 1389.33 ; 0.00 1618.57 100.00
56.23 0.14 65.51 0.75 1618.57 I 0.00 1885.64 100.00
65.51 0.21 76.32 0.96 1885.64 0.00 2196.77 100.00
76.32 0.37 88.91 1.33 2196.77 1 0.00 2559.23 100.00
88.91 0.68 103.58 2.00 2559.23 ; 0.00 2981.51 100.00

103.58 1.20 120.67 3.21 2981.51 0.00 3473.45 100.00 j

20 V o l u m e  ( % ) 100
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Table 28 The data of particle size distribution for D-panthenol microcapsules prepared

by 13.3% BSA, 10% D-panthenol and 5% TC, formulation D1
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System Details
Range Lens: 1000 mm Beam Length: 10.00 mm Sampler: MS1 Obscuration: 10.3 %
Presentation: 30H0 [Particle R.l. *  1 1.5295, 0.1000); Dispersant R.I. = 1.3300)
Analysis Model: Polydisperse 
Modifications: None

Residual: 0.624 %
I

Result Statistics
Distribution TypeVolume Concentrations 0.1105 %Vol Denî'ty « 1.000 g / cub. cm
Mean Diameters: D (v , 0.1) s  187.07 urn D |v . 0.51 « 375.49 urn
D 14, 3] ร  428.37 urn D 13. 2) ร 305.57 um Span ร  1.506E + 00 90

Specific S.A. ะ  0.0196 รชุ. m ; g I 
D (v, 0.91 ร 752.44 um 
Uniformity ร 4.639E-01

Sue Low luml เท % Size High (um) Under% Sue Low luml เท % Size High (um) Under"»
4.19 0.00 ÉH8 [TDD 120.6/ 1.64 TC1I5Ï ----------3775-------
4.88 0.00 5.69 0.00 140.58 1 2.66 163.77 6.41
5.69 0.00 6.63 0.00 163.77 4.23 190.80 10.64
6.63 0.00 7.72 0.00 190.80 6.13 222.28 16.78

I 7.72 0.00 9.00 0.00 222.28 8.07 258.95 24.85
j 9.00 0.00 10.48 0.00 258.95 9.69 301.68 34.53
! 10.48 0.00 12.21 0.00 301.68 10.70 351.46 45.24

12.21 0.00 14.22 0.00 351.46 11.07 409.45 56.31
14.22 0.04 16.57 0.04 409.45 10.98 477.01 67.29
16.57 0.05 19.31 0.08 477.01 9.40 555.71 76.69
19.31 0.06 22.49 0.15 555.71 7.59 647.41 84.28
22.49 0.08 26.20 0.23 647.41 5.80 754.23 90.08
26.20 0.10 30.53 0.32 754.23 4.25 878.67 94.33
30.53 0.10 35.56 0.42 878.67 2.94 1023.66 97.27
35.56 0.10 41.43 0.52 1023.66 1.89 1192.56 99.16
41.43 o.cs 48.27 0.60 1192.56 0.84 1389.33 100.00
48.27 0.06 56.23 0.66 1389.33 0.00 1618.57 100.00
56.23 0.05 65.51 0.71 1618.57 0.00 1885.64 100.00
65.51 0.08 76.32 0.79 1885.64 0.00 . 2196.77 100.00
76.32 0.18 88.91 0.97 2196.77 0.00 2559.23 100.00
88.91 0.41 103.58 1.38 2559.23 0.00 2981.51 100.00

103.58 0.83 120.67 2.21 2981.51 0.00 3473.45 100.00

20 . Volume (%)
า 0 0

90

80

70

talvem Instruments Lid. Uasterùer ร tong bed Ver. 2.19
talveffl, t*K Sériai Number
et0684 892456 Flx:06M 892789

60

50

40

30

20

10

100000 .0°

13AUÇ

Table 29 The data of particle size distribution for D-panthenol microcapsules prepared

by 13.3% BSA, 13.3% D-par.thenol and 5% TC, formulation D2



1 0 2

I -  System Details
Range lens: 1000 mm Beam Length: 10.00 mm Sampler: MS1 Obscuration: 4 .5%
Presentation: 30H0 IPartide R.l. -  ( 1.5295. 0.10001: Dispersant R.l. = 1.3300]
Analysis Model: Polydisperse Residual: 1 .168%

Modifications: None
.......... ................ ...................................................................... ...........................................................................................J

" Result statistics" j
Distribution Type.Vdume Concentration -  0.0914 %Vol D e n s ity -  1.000 g / cub. cm Specific S.A. = 0.0100 sq. m ? g I 
Mean Diameters: 0  เพ. 0.11 «  392.16 urn D (พ. 0.5) = 657.91 um p  (v, 0.91 = 1027.10 um
014.31 = 685.53 um D 13, 2] = 597.02 um Span = 9.651E-01 Uniformity = 2.987E-01

] Sue low  luml เก % Size High (um) บกชer% Site Low lum) เก % Size high lum) Under %

j 4 . iy 0.00 ----------TTffB------- ---------- o c T2DT7 ü.üO 140.58 true

4.88 0.00 5.69 0.00 140.58 0.04 163.77 0.04

! i l l 0.00 6.63 0.00 163.77 0.12 190.80 0.16

: 6.63 0.00 7.72 0.00 190.80 0.33 222.28 0.49

7.72 0.00 9.00 0.00 222.28 0.78 258.95 1.28

9.00 0.00 10.48 0.00 258.95 1.67 301.68 2.95

10.48 0.00 12.21 0.00 301.68 3.24 351.46 6.19 1

12.21 0.00 14.22 0.00 351.46 5.72 409.45 11.91

14.22 0.00 16.57 0.00 409.45 8.99 477.01 20.91

16.57 0.00 19.31 0.00 477.01 12.37 555.71 33.28

19.31 0.00 22.49 0.00 555.71 15.00 647.41 48.28

22.49 0.00 26.20 0.00 647.41 16.41 754.23 64.69

26.20 0.00 30.53 0.00 754.23 14.35 878.67 79.04

30.53 0.00 35.56 0.00 878.67 10.77 1023.66 89.82

35.56 0.00 41.43 0.00 1023.66 6.82 1192.56 96.64

41.43 0.00 48.27 0.00 1192.56 3.36 1389.33 100.00

48.27 0.00 56.23 0.00 1389.33 0.00 1618.57 100.00

56.23 0.00 65.51 0.00 1618.57 0.00 1885.64 100.00

i 65.51 0.00 76.32 0.00 1885.64 0.00 . 2196.77 100.00

76.32 0.00 88.91 0.00 2196.77 0.00 2559.23 100.00

88.91 0.00 103.58 0.00 2559.23 0.00 2981.51 100.00

103.58 0.00 120.67 0.00 2981.51 0.00 3473.45 100.00

20
Volume (%)

Particle Diameter ((jm.)
Malvern hsmmena Ltd. Mastersizer ร long bed Ver. 2.19
Malvern. UK Serial Number
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10000 .0

100

90

80

70

60

50

40

30

20

10

1 0 0 0 0 0 .0°

13Aur

Table 30 The data of particle size distribution for D-panthenol microcapsules prepared

by 13.3% BSA, 16.6% D-panthenol and 5% TC, formulation D3



1 0 3

I System Details
I Range นกร: 1000 mm Beam Length: 10.00 mm Sampler: MS 1 Obscuration: 5.2%
I Presentation: 30HD (Particle R.l. = 1 1.5295, 0.1000); Dispersant R.l. = 1.3300)
■ Analysis Model: Polydisperse Residual: 0.726 %

: Modifications: None

i Distribution Type Volume 
1 Mean Diameters:

D 14. 3: = 572.78 urn

Result Statistics j
Concentration* 0.0b25 %Vol D ens ity* 1.000 g /cub . cm Specific s . A. = 0.0168 sq. mi' g I 

D |v , 0 .11= 272.50 urn D |v.0 .5 ) = 537.04 urn D |v. 0.9) = 939.32 urn
D 13, 2) = 356.23 urn Span = 1.242E + 00 Uniformity *  3.837E-01

j
: Size Low (um) --------GTS--------- Size High (um) Under% Size Low |um) iiC% Size High luml ! Under%
----------419 (โซ2 CB8 0.02 120.6/ ซ.34 140.58 2.07

4.88 0.03 5.69 0.05 140.58 '  0.63 163.77 2.70

■ 5.69 0.04 6.83 0.09 163.77 1.12 190.80 3.82
6.63 0.05 7.72 0.15 190.80 1.87 222.28 5.70

j 7.72 0.06 9.00 0.20 222.28 2.98 258.95 8.68
: 9.00 0.06 10.48 0.26 258.95 4.59 301.68 13.26
! 10.48 0.06 12.21 0.32 301.68 6.72 351.46 19.98

12.21 0.05 14.22 0.37 351.46 9.14 409.45 29.12
j 1422 0.04 16.57 0.41 409.45 11.24 477.01 40.36

16.57 0.03 19.31 0.45 477.01 12.54 555.71 52.90
19.31 0.03 22.49 0.47 555.71 13.11 647.41 66.00
22.49 0.03 26.20 0.50 647.41 11.49 754.23 77.50
26.20 0.03 30.53 0.53 754.23 9.24 878.67 86.74
30.53 0.05 35.56 0.58 878.67 6.77 1023.66 93.51
35.56 0.07 41.43 0.65 1023.66 4.42 1192.56 97.93
41.43 0.10 48.27 0.75 1192.56 2 0 7 1389.33 100.00
48.27 0.13 56.23 0.88 1389.33 0.00 1618.57 100.00
56.23 0.15 65.51 1.03 1618.57 0.00 1885.64 100.00
65.51 0.16 76.32 1.19 1885.64 0.00 2196.77 100.00
76.32 0.16 88.91 1.36 2196.77 0.00 2559.23 100.00
88.91 0.16 103.58 1.52 2559.23 0.00 2981.51 100.00

103.58 0.20 120.67 1.73 2981.51 0.00 3473.45 100.00

20 Volume (%)
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Table 31 The data of particle size distribution for D-panthenol microcapsules prepared

by 13.3% BSA, 20% D-panthenol and 5% TC, formulation D4



1 0 4

Range Lens: 1000 mm 
Presentation: 30HD 
Analysis Model: Polydisperse 

I Modifications: None

Beam Length: 10.00 mm 
[Particle R.I = I 1.5295. 0.1000);

System Details
Sampler: MSI 

Dispersant R.I. = 1.3300)
Obscuration: 3.0 % 

Residual: 1.135 %

Result statistics
Concentration -  0.0372 %Vof D e n s ity *  1.000 g / cub. cm Specific S.A. = 0.0165 sq. m ; g 
D {พ, 0 1) = 208.65 urn D |v, 0.5] = 460.44 urn D Iv. 0.9) = 868.22 urn
D [3, 2) = 362.85 urn Span = 1 .432E -00  Uniformity = 4.417E-01

Distribution Type.Volume 
Mean Diameters:
D |4, 3) = 503.05 um

20

Size Low luml เท % Size High (uml ] Under% Size Low luml เท % Size hrgn luml Under1 * * * * 06*

0 9 0 X 0 4788 0X 0 120 .6 / 1.18 140.58 ท ไ !  1

4.88 0.00 5.69 0.00 140.58 1.86 163.77 5.04

5:69 0.00 6.63 0.00 163.77 2.79 190.80 7.83

6.63 0.00 7.72 0.00 190.80 3.97 222.28 11.80

7.72 0.00 9.00 0.00 222.28 . 5.36 258.95 17.15 !

9.00 0.00 10.48 0.00 258.95 6.87 301.68 24.02

10.48 0.00 12.21 0.00 301.68 8.34 351.46 32.37

12.21 0.00 14.22 0.00 351.46 9.61 409.45 41.98

14.22 0.00 16.57 0.00 409.45 10.55 477.01 52.52

! 16.57 0.00 19.31 0.00 477.01 11.23 555.71 63.75 1

19.31 0.02 22.49 0.02 555.71 10.49 647.41 74.24 1

22.49 0.02 26.20 0.04 647.41 _9.05._ 754.23 83.30 ;

26.20 0.03 30.53 0.07 754.23 7.20 878.67 90.50

30.53 0.04 35.56 0.12 878.67 5718 1023.66 95.68

35.56 0.06 41.43 0.17 1023.66 3.17 1192.56 98.85 ;

41.43 0.07 48.27 0.24 1192.56 1.15 1389.33 100.00 j

48.27 0.09 56.23 0.33 1389.33 0.00 1618.57 100.00 !

56.23 0.12 65.51 0.45 1618.57 0.00 1885.64 100.00

65.51 0.17 76.32 0.61 1885.64 0.00 2196.77 100.00

76.32 0.26 88.91 0.87 2196.77 0.00 2559.23 100.00

88.91 0.43 103.58 1.30 2559.23 0.00 2981.51 100.00 ;

103.58 0.71 120.67 2.01 2981.51 0.00 3473.45 100.00

Volume (° /r.) 1 ๐0 
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Table 32 The data of particle size distribution for D-panthenol microcapsules prepared

by 20% BSA, 13.3% D-panthenol and 5% TC, Batch D5



1 0 5

System Details
Range Lens: 1000 mm Beam Length: 10.00 mm Sampler: MS1 Obscuration: 2.2 %

Presentation: 30HD 
Analysis Model: Polydisperse 
Modifications: None

(Particle RJ -  1 1.5295. 0.1000); Dispersant R I. « 1.33001
Residual: 1.999 %

Distribution Type.Volume 
Mean Diameters:
D (4, 3] *  603.16 um

Result Statistics
Concentration -  0.0313 %Vol D e ns ity* 1.000 g / cub. cm Specific S.A. *  0.0145 sq. m / g I 
D lv  0 .1 l = 233.88 um D lv , 0.5) = 568.75 um D (v. 0.9) «  1029.00 um
D 13, 21 *  414.68 um Span « 1.398E + 00 Uniformity = 4.321E-01

Size Low luml ---------CT%--------- Size high luml ------ tJn3ër%------ Size Low luml เท % Size High (um) Under% j
4.13 ---------- t m ------- ----------0 8 ------- DUü T2IT57 0โ35 '  140.58 3.25 !
4.88 0.00 5.69 0.00 140.58 1.33 163.77 4.58 1
5.69 0.00 6.63 0.00 163.77 1.85 190.80 6.43 i
6.63 0.00 7.72 0.00 190.80 2.54 222.28 8.97 1
77 2 0.00 9.00 0.00 222.28 3.43 258.95 12.39 :
9.00 0.00 10.48 0.00 258.95 4.53 301.68 16.93

10.48 0.00 12.21 0.00 301.68 5.82 351.46 22.75
12.21 0.00 14.22 0.00 351.46 7.20 409.45 29.95
14.22 0.00 16.57 0.00 409.45 8.57 477.01 38.52
16.57 0.00 19.31 0.00 477.01 9.86 555.71 48.38
19.31 0.00 22.49 0.00 555.71 11.08 647.41 59.45
22.49 0.00 26.20 0.00 647.41 11.19 754.23 70.65
26.20 0.00 30.53 0.00 754.23 10.41 878.67 81.06
30.53 0.10 35.56 0.10 878.67 8.69 1023.66 89.75
35.56 0.10 41.43 0.20 1023.66 6.23 1192.56 95.98
41.43 0.10 48.27 0.30 1192.56 3.42 1389.33 99.40
48.27 0.12 56.23 0.42 1389.33 0.60 1618.57 100.00
56.23 0.17 65.51 0.59 1618.57 0.00 1885.64 100.00
65.51 0.23 76.32 0.82 1885.64 fc .oo 2196.77 1 0 0 .๓
76.32 0.33 88.91 1.16 2196.77 % . 0 i 2559.23 10 0 .๓
88.91 0.47 103.58 1.63 2559.23 0.00 2981.51 1 0 0 .๓

103.58 0.67 120.67 2.30 2981.51 0.00 3473.45 1 0 0 .๓

20  _ Volume (%)
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Table 33 The data of particle size distribution for D-panthenol microcapsules prepared

by 20% BSA, 16.6% D-panthenol and 5% TC, formulation D6
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Calculation of the contents of D-panthenol เท D-panthenol microcapsules (D3) 

From the standard calibration curve y = 0.689X + 0.6227

When y = peak area ratio

X  = concentration of D-panthenol (mg/ml)

If y = 1.2781

Then X  = 1.2781 -0.6227

0.689

X  = 0.9512 mg/ml

This concentration was converted to the initial concentration by multiply with 100 as 

follows

X = 0.9512x 100 = 95.12 mg

The content of D-panthenol in 100 ml volumetric flask

= 95.12 mg

From 0.500 g of microcapsules, the content of D-panthenol was 93 mg 

For 5.8010 g microcapsule = 95.12 X  5.8010 = 1103.58 mg

0.5



% Entrapment =

% Observed content = 

Where

% Theoretical content = 

Examples

D3 % observed =

% observed content X  100 

% theoretical content 

Assay amount of D-panthenol(g) X  100 

Amount of weighed microcapsules (g)

wt. of D-panthenol (g) X 100___________

wt. of BSA + wt of D-Panthenol + TC

-5 (g) X  1 ๐ ๐  = 19.02 
5.8010

Wt of microcapsules =

% Theoretical

% Entrapment

D5 % observed

Wt. of microcapsules =

% Theoretical

5.8010 g

2.5

(2 .5+2+2)
X 100 = 38.46

----- X 100 = 49.45
38.45

1.0891

6.414
X  100 = 16.98

6.414 g

2,0 = 25.0
(2+3+3)

16.98% Entrapment
25.0

X 100 =67.92
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Table 34 The statistic data of mean particle size of BSA microcapsules from various 

concentrations of BSA and TC

Formulation Mean particle size ( JTm)

N1 N2 N3

B1 122.58 123.58 128.24

B2 127.6 127.8 131.41

B3 105.82 107.3 108.7

General Linear Models Procedure

Dependent Variable: SIZE

Source DF Sura of Squares Mean Square F Value Pr > F

Model 2 793.59606667 396.79803333 75.35 0.0001

Error 6 31.59473333 5.26578889

Corrected Total 8 825.19080000

R-Square c.v. Root MSE SIZE Mean

0.961712 1.906926 2.29473068 120.33666667

Source DF Type I ss Mean Square F Value Pr > F

BATCH 2 793.59606667 396.79803333 75.35 0.0001

Source DF Type I I I  SS Mean Square F Value Pr > F

BATCH 2 793.59606667 396.79803333 75.35 0.0001
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Table 35 The statistic data of mean particle size of D-panthenol microcapsules from 

various concentrations of BSA and D-panthenol

Formulation Mean particle size ( |J,m)

N1 N2 N3

D1 348.56 354.9 344.54

D2 375.49 344.54 378.79

D3 657.91 678.99 644.32

D4 537.04 552.33 540.44

General Linear Models Procedure

Dependent Variable: SIZE

Source DF Sum of Squares Mean Square F Value Pr > F

Model 3 190706.20029167 63568.73343056 597.99 0.0001

Error 8 850.42513333 106.30314167

Corrected Total 11 191556.62542500

R-Square c.v. Root MSE SIZE Mean

0.995560 2.133465 10.31034149 483.26750000

Source DF Type I ss Mean Square F Value Pr > F

BATCH 3 190706.20029167 63568.73343056 597.99 0.0001

Source DF Type I I I  SS Mean Square F Value Pr > F

BATCH 3 190706.20029167 63568.73343056 597.99 0.0001



Table 36 The statistical data of D-panthenol entrapment from D-panthenol 

microcapsules
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Formulation % Entrapment

N1 N2 N3

D3 51.07 46.98 49.17

D5 69.24 67.92 68.19

D6 44.47 45.60 46.28

General Linear Models Procedure

Dependent Variable: ENT

Source DF Sum of Squares Mean Square F Value Pr > F

Model 2 917.58375556 458.79187778 249.74 0.0001

Error 6 11.02246667 1.83707778

Corrected Total 8 928.60622222

R-Square c.v. Root MSE ENT Mean

0.988130 2.494988 1.35538842 54.32444444

Source DF Type I SS Mean Square F Value Pr > F

BATCH 2 917.58375556 458.79187778 249.74 0.0001

Source DF Type I I I  SS Mean Square F Value Pr > F

BATCH 2 917.58375556 458.79187778 249.74 0.0001
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