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Appendix A
Hydrogen-donating activity (DPPH radical scavenging activity)
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Table Al. The raw data for DPPH radical inhibition percentages of spray-dried p .
e m b l i c a

N o
C one

(pg /m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 4.44 4.21 4.21 4.28 0.13
3 1 .0 0 7.94 8.64 8.41 8.33 0.36
4 2.50 21.96 21.73 21.50 21.73 0.23
5 5.00 42.06 40.65 40.89 41.20 0.75
6 7.50 57.94 57.48 57.71 57.71 0.23
7 1 0 .0 0 69.39 68.93 68.46 68.93 0.47
8 2 0 . 0 0 91.82 92.52 92.99 92.45 0.59
9 50.00 93.69 94.16 93.22 93.69 0.47

1 0 1 0 0 . 0 0 91.82 90.65 91 36 91.28 0.59

T able A2. T he raw  data for DPPH radical inhibition percentages o f  ethyl acetate 
extract o f  p. em blica

N o (pg /m L ) N1
% inhibition

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 4.94 5.36 4.72 5.01 0.33
3 1 . 0 0 9.01 9.44 9.87 9.44 0.43
4 2.50 21.46 20.82 21.24 21.17 0.33
5 5.00 37.55 36.48 36.27 36.77 0.69
6 7.50 48.71 48.71 48.93 48.78 0 . 1 2
7 1 0 .0 0 58.15 57.51 56.87 57.51 0.64
8 2 0 . 0 0 77.04 77.68 77.90 77.54 0.45
9 50.00 94.85 95.06 95.28 95.06 0 .2 1
1 0 1 0 0 . 0 0 96.35 96.57 96.57 96.49 0 . 1 2

T able A3. T he raw data for DPPH radical inhibition percentages o f  acetone
(successive) ex tract o f  p. em blica

C one ^ in h ib itio n
N o (pg /m L ) N1 N2 N3 M ean SD

1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 4.39 4.39 4.68 4.48 0.17
3 1 . 0 0 10.82 9.94 8.48 9.75 1.18
4 2.50 27.49 27.49 27.19 27.39 0.17
5 5.00 51.17 48.54 49.42 49.71 1.34
6 7.50 67.54 64.33 67.25 66.37 1.78
7 1 0 .0 0 75.73 72.81 76.32 74.95 1 .8 8
8 2 0 . 0 0 92.98 91.81 93.27 92.69 0.77
9 50.00 95.32 95.32 95.61 95.42 0.17
1 0 1 0 0 . 0 0 94.74 94.74 95.61 95.03 0.51
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Table A4. The raw data for DPPH radical inhibition percentages of acetone (direct)
extract of p .  e m b l i c a

N o
C one

(pg /m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 6.13 6.62 4.41 5.72 1.16
3 1 . 0 0 10.29 10.54 11.52 10.78 0.65
4 2.50 28.92 26.96 28.92 28.27 1.13
5 5.00 57.60 56.37 55.64 56.54 0.99
6 7.50 71.81 72.79 69.85 71.49 1.50
7 1 0 . 0 0 83.33 83.09 82.11 82.84 0.65
8 2 0 . 0 0 95.10 95.34 95.34 95.26 0.14
9 50.00 95.83 96.08 95.83 95.92 0.14

1 0 1 0 0 . 0 0 94.61 94.61 94.61 94.61 0 . 0 0

T able A5. The raw data for DPPH radical inhibition percentages o f  ethanol
(successive) ex tract o f  p. em blica

C one ^ in h ib itio n
N o (pg /m L ) N1 N2 N3 M ean SD

1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 6.42 6 . 0 0 6.42 6.28 0.25
3 1 . 0 0 11.35 11.78 11.78 11.63 0.25
4 2.50 27.84 28.48 28.69 28.34 0.45
5 5.00 53.75 53.53 53.75 53.68 0 . 1 2
6 7.50 75.16 75.59 74.30 75.02 0.65
7 1 0 .0 0 87.79 89.08 89.08 88.65 0.74
8 2 0 . 0 0 95.72 95.72 95.72 95.72 0 . 0 0
9 50.00 96.15 96.36 96.15 96.22 0 . 1 2

1 0 1 0 0 . 0 0 96.36 96.36 96.15 96.29 0 . 1 2

T able A 6 . T he raw  data for D PPH  radical inhibition percentages o f  ethanol (direct) 
extract o f  p. em blica

N o
C one

(pg /m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 5.70 5.92 6.36 5.99 0.33
3 1 . 0 0 11.62 11.84 12.06 11.84 0 . 2 2
4 2.50 29.39 29.82 29.61 29.61 0 . 2 2
5 5.00 53.73 53.51 52.63 53.29 0.58
6 7.50 71.93 70.61 71.93 71.49 0.76
7 1 0 .0 0 81.14 82.02 81.36 81.51 0.46
8 2 0 . 0 0 95.39 95.61 95.61 95.54 0.13
9 50.00 95.83 96.05 96.05 95.98 0.13
1 0 1 0 0 . 0 0 96.05 95.83 95.83 95.91 0.13
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Table A7. The raw data for DPPH radical inhibition percentages of commercial p .
e m b l i c a

N o
C one

(pg /m L ) N1
% inhibition

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 3.85 3.61 3.61 3.69 0.14
3 1 . 0 0 7.21 6.97 6.97 7.05 0.14
4 2.50 18.99 18.27 18.99 18.75 0.42
5 5.00 38.22 38.70 37.74 38.22 0.48
6 7.50 53.61 53.37 54.57 53.85 0.64
7 1 0 .0 0 65.14 65.14 66.35 65.54 0.69
8 2 0 . 0 0 92.79 92.55 92.79 92.71 0.14
9 50.00 94.47 94.47 94.47 94.47 0 . 0 0
1 0 1 0 0 . 0 0 93.75 93.27 93.27 93.43 0.28

T able A 8 . T he raw  data for D PPH  radical inhibition percentages o f  Trolox®

N o
C one

(pg /m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 7.10 7.10 6.67 6.95 0.25
3 1 . 0 0 13.12 12.90 12.90 12.97 0 . 1 2
4 2.50 35.05 33.76 34.19 34.34 0 . 6 6
5 5.00 72.26 72.47 71.83 72.19 0.33
6 7.50 94.19 93.76 93.76 93.91 0.25
7 1 0 . 0 0 95 48 95.48 95.48 95.48 0 . 0 0
8 2 0 . 0 0 96.34 96.34 96.34 96.34 0 . 0 0
9 50.00 96.56 96.77 96.77 96.70 0 . 1 2

1 0 1 0 0 . 0 0 96.77 96.77 96.77 96.77 0 . 0 0

T able A9. The raw  data for D PPH  radical inhibition percentages o f  1-ascorbic acid

N o
C one

(pg /m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 8.96 9.17 9.38 9.17 0 .2 1
3 1 . 0 0 20.04 19.62 19.83 19.83 0 .2 1
4 2.50 53.52 52.88 52.24 52.88 0.64
5 5.00 95.52 95.52 95.10 95.38 0.25
6 7.50 96.38 96.59 96.59 96.52 0 . 1 2
7 1 0 . 0 0 96.80 96.59 96.59 96.66 0  1 2
8 2 0 . 0 0 96.80 96.59 96.80 96.73 0 . 1 2
9 50.00 96.80 96.80 96.80 96.80 0 . 0 0
1 0 1 0 0 . 0 0 96.80 96.80 96.80 96.80 0 . 0 0
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T able A 10. T he raw  data for DPPH radical inhibition percentages o f  EG CG

N o
C one

(pg /m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0.50 18.63 16.27 17.56 17.49 1.18
3 1 . 0 0 34.26 33.62 33.62 33.83 0.37
4 2.50 78.16 77.52 77.94 77.87 0.33
5 5.00 94.22 93.79 94.00 94.00 0 .2 1
6 7.50 94.22 94.00 94.22 94.15 0 . 1 2
7 1 0 .0 0 93.36 93.36 94.22 93.65 0.49
8 2 0 . 0 0 93.79 94.22 93.79 93.93 0.25
9 50.00 93.79 93.79 94.22 93.93 0.25
1 0 1 0 0 . 0 0 94.43 93.79 93.79 94.00 0.37
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T able A l l .  O ne-w ay analysis of variance on the IC50 values o f  D PPH  inhibition

SA M PLE 10: spray-dried  p. em blica, ethyl acetate, acetone(successive), 
acetone(direct), e thanol(successive), e thanol(direct), com m ercial p. em blica, Trolox®, 
1-ascorbic acid, EG C G

N um ber o f  O bservations Read 30
N um ber o f  O bservations U sed 30

A N O V A
Source DF Sum  o f  Squares M ean Square F V alue Pr >  F
M odel 9 100.327 11.147 2235.620 < • 0 0 0 1
Error 2 0 0 . 1 0 0 0.005
C orrected
Total

29 100.427

T able A 12. M ultip le  com parisons on the IC 50 values o f  DPPH inhibition

Tukey H SD a

Subset for alpha = .05
Sample N 1 2 3 4 5 6 7 8 9
EGCG 3 1.52
1-ascorbic acid 3 2.37
Trolox® 3 3.57
A cetone 3 4.43
(direct)
Ethanol 3 4.62 4.62
(direct)
Ethanol 3 4.63
(successive)
Acetone 3 5.00
(successive) 
Spray-dried p. 
emblica

3 6.29

Com m ercial p. 
emblica

3 6.87

Ethyl acetate 3 7.74

M eans w ith the  sam e group are not significantly  d ifferent
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Appendix B
Hydroxyl radical scavenging activity
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Table Bl. The raw data for hydroxyl (OH) radical inhibition percentages of spray-
dried p .  e m b l i c a

N o
C one

(m g/m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 2.49 1.24 1.04 1.59 0.79
3 0.30 14.52 13.69 13.28 13.83 0.63
4 0.50 28.01 26.56 25.52 26.69 1.25
5 1 . 0 0 46.27 45.02 44.81 45.37 0.79
6 1.50 62.45 61.00 60.58 61.34 0.98
7 2 . 0 0 71.58 70.95 70.12 70.89 0.73
8 3.00 90.25 89.00 88.80 89.35 0.79

T able B2. T he raw  data for hydroxyl (OH ) radical inhibition percentages o f  ethyl 
acetate ex tract o f  p. em blica

No
C one

(m g/m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 -3.76 -4.75 -4.95 -4.49 0.64
3 0.30 1.39 0.40 0.40 0.73 0.57
4 0.50 5.54 5.15 5.15 5.28 0.23
5 1 . 0 0 15.64 14.85 14.85 15.12 0.46
6 1.50 26.14 26.14 25.35 25.87 0.46
7 2 . 0 0 32.87 32.87 32.28 32.67 0.34
8 3.00 53.66 53.07 52.08 52.94 0.80

T able B3. The raw  data for hydroxyl (O H  ) radical inhibition percentages o f  acetone
(successive) ex tract o f  p. em blica

C one ^ in h ib itio n
N o (m g/m L ) N1 N2 N3 M ean SD

1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 5.09 4.35 3.62 4.35 0.74
3 0.30 18.65 18.41 18.16 18.41 0.25
4 0.50 31.96 31.47 31.47 31.64 0.28
5 1 .0 0 54.64 54.15 53.66 54.15 0.49
6 1.50 69.93 69.43 69.19 69.52 0.38
7 2 . 0 0 92.85 92.36 92.11 92.44 0.38
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Table B4. The raw data for hydroxyl (OH ) radical inhibition percentages of acetone
(direct) extract of p .  e m b l i c a

No
C one

(m g/m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 0.98 0.06 -0 . 1 2 0.31 0.59
3 0.30 9.45 8.71 8.34 8.83 0.56
4 0.50 18.65 18.28 18.28 18.40 0 .2 1
5 1 . 0 0 32.27 31.90 31.53 31.90 0.37
6 1.50 44.79 44.79 43.87 44.48 0.53
7 2 . 0 0 62.82 62.09 61.53 62.15 0.65
8 3.00 91.35 90.61 90.25 90.74 0.56

T able B5. T he raw  data for hydroxyl (OH ) radical inhibition percentages o f  ethanol 
(successive) ex tract o f  p. em blica

N o
C one

(m g/m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 3.87 3.02 2.81 3.23 0.56
3 0.30 1 1 .8 8 11.67 11.45 11.67 0 .2 1
4 0.50 21.15 21.15 20.73 2 1 .0 1 0.24
5 1 . 0 0 36.12 36.12 35.28 35.84 0.49
6 1.50 46.24 45.82 45.61 45.89 0.32
7 2 . 0 0 52.35 51.93 51.72 52.00 0.32
8 3.00 66.90 65.64 65.64 66.06 0.73

T able B 6 . T he raw  data for hydroxyl (OH ) radical inhibition percentages o f  ethanol 
(d irect) ex tract o f  p. em blica

N o
C one

(m g/m L ) N1
% inhibition

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 4.63 3.87 3.87 4.12 0.44
3 0.30 14.72 13.96 13.71 14.13 0.53
4 0.50 21.78 21.28 21.03 21.36 0.39
5 1 . 0 0 32.88 32.38 32.13 32.46 0.39
6 1.50 38.44 38.18 36.92 37.85 0.81
7 2 . 0 0 41.97 41.72 41.46 41.72 0.25
8 3.00 50.55 50.29 50.04 50.29 0.25
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Table B7. The raw data for hydroxyl (OH’) radical inhibition percentages of
commercial p .  e m b l i c a

N o
C one

(m g/m L ) N1
^ in h ib itio n

N2 N3 M ean SD
1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 1 . 0 0 0.31 0.08 0.46 0.48
3 0.30 7.92 6.77 6.54 7.08 0.74
4 0.50 16.00 14.15 14.15 14.77 1.07
5 1 . 0 0 28.23 27.54 27 31 27.69 0.48
6 1.50 46 69 44.62 43.69 45.00 1.54
7 2 . 0 0 63.77 61.23 60.31 61.77 1.79
8 3.00 81.31 81.08 79.92 80.77 0.74

T able B 8 . T he raw  data for hydroxyl (O H  ) radical inhibition percentages o f  Trolox®

C one ^ in h ib itio n
No (m g/m L ) N1 N2 N3 M ean SD

1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 12.18 11.42 10.91 11.51 0.64
3 0.30 26.14 25.38 24.62 25.38 0.76
4 0.50 36.55 35.53 34.77 35.62 0.89
5 0.75 44.92 43.91 42.89 43.91 1 .0 2
6 1 . 0 0 53.81 53.05 51.52 52.79 1.16
7 1.50 63.45 62.69 62.44 62.86 0.53
8 2 . 0 0 69.04 68.78 67.77 68.53 0.67

T able B9. T he raw  data for hydroxyl (OH ) radical inhibition percentages o f  EG CG

C one % inhibition
N o (m g/m L ) N1 N2 N3 M ean SD

1 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 . 1 0 5.20 5.02 5.02 5.08 0 .1 1
3 0.30 23.79 23.79 23.61 23.73 0 .1 1
4 0.50 33.46 33.46 33.46 33.46 0 . 0 0
5 1 . 0 0 45.91 45.72 45.72 45.79 0 .1 1
6 1.50 56.51 56.32 55.76 56.20 0.39
7 2 . 0 0 72.86 72.86 71.93 72.55 0.54
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T able BIO. O ne-w ay analysis o f  variance on the IC 50 values o f  O H ' radical inhibition

SA M PLE 9: spray-dried  p. em blica , ethyl acetate, acetone(successive), 
acetone(d irect), e thanol(successive), e thanol(direct), com m ercial p. em blica, Trolox®, 
EG CG

N um ber o f  O bservations Read 27
N um ber o f  O bservations U sed 27

A N O V A

Source DF Sum  o f  Squares M ean Square F V alue Pr > F
M odel 8 14.573 1.822 2185.920 < . 0 0 0 1
Error 18 0.015 0 . 0 0 1
C orrected
T otal

26 14.588

T able B 1 1. M ultip le  com parisons on the IC 50 values o f  OH ' radical inhibition

Tukey H SD a

sam ple N
Subset for alpha = .05

1 2 3 4 5 6
A cetone (successive) 3 0 . 8 8
Trolox® 3 0.92
Spray-dried  p . em blica 3 1 .1 2
EG CG 3 1.19
com m ercial p . em blica 3 1.62
A cetone (direct) 3 1.67
Ethanol (successive) 3 1.79
Ethyl acetate 3 2 . 8 8
Ethanol (direct) 3 2.97

M eans w ith the  sam e group are not significantly  d ifferent



Appendix c  
Pro-oxidant activity



217
Table Cl. The raw data for absorbance of spray-dried p .  e m b l i c a  in pro-oxidant test
using 1-ascorbic acid as a reference standard

N o
C one

(m g/m L ) N1
A bsorbance

N2 N3 M ean SD
1 0 . 0 0 0.284 0.288 0.278 0.283 0.005
2 1 . 0 0 0.359 0.366 0.363 0.363 0.004
3 1.50 0.315 0.321 0.318 0.318 0.003
4 2 . 0 0 0.293 0.305 0.299 0.299 0.006
5 3.00 0.279 0.287 0.278 0.281 0.005

1-ascorbic
acid

O .lm M 0.699 0.702 0.697 0.699 0.003

T able C2. The raw  data for absorbance o f  ethyl acetate ex tract o f  p. em blica  in pro
oxidant test using 1-ascorbic acid as a  reference standard

N o
C one

(m g/m L ) N1
A bsorbance

N2 N3 M ean SD
1 0 . 0 0 0.289 0.288 0.287 0.288 0 . 0 0 1
2 1 . 0 0 0.564 0.568 0.568 0.567 0 . 0 0 2
3 1.50 0.550 0.548 0.547 0.548 0 . 0 0 2
4 2 . 0 0 0.502 0.506 0.505 0.504 0 . 0 0 2
5 3.00 0.429 0.429 0.428 0.429 0 . 0 0 1

1-ascorbic O .lm M 0.679 0.680 0.677 0.679 0 . 0 0 2
acid

T able C3. T he raw  data for absorbance o f  acetone (successive) ex tract o f  p. em blica  
in p ro-oxidant test using 1-ascorbic acid as a reference standard

C one A bsorbance
N o (m g/m L ) N1 N2 N3 M ean SD

1 0 . 0 0 0.273 0.275 0.274 0.274 0 . 0 0 1
2 1 . 0 0 0.284 0.282 0.280 0.282 0 . 0 0 2
3 1.50 0.271 0.272 0.268 0.270 0 . 0 0 2
4 2 . 0 0 0.183 0.188 0.180 0.184 0.004
5 3.00 0.141 0.146 0.146 0.144 0.003

1-ascorbic O .lm M 0.676 0.671 0.680 0.676 0.005
acid
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Table C4. The raw data for absorbance of acetone (direct) extract of p .  e m b l i c a  in
pro-oxidant test using 1-ascorbic acid as a reference standard

N o
C one

(m g/m L ) N1
A bsorbance

N2 N3 M ean SD
1 0 . 0 0 0.269 0.268 0.266 0.268 0 . 0 0 2
2 1 .0 0 0.368 0.368 0.363 0.366 0.003
3 1.50 0.360 0.358 0.353 0.357 0.004
4 2 . 0 0 0.281 0.286 0.281 0.283 0.003
5 3.00 0.203 0.203 0.204 0.203 0 . 0 0 1

1-ascorbic
acid

0.1 m M 0.714 0.714 0.710 0.713 0 . 0 0 2

T able C5. T he raw  data for absorbance o f  ethanol (successive) ex tract o f  p. em blica  in 
pro-oxidant test using 1-ascorbic acid as a reference standard

N o
C one

(m g/m L ) N1
A bsorbance

N2 N3 M ean SD
1 0 . 0 0 0.275 0.272 0.271 0.273 0 . 0 0 2
2 1 . 0 0 0.349 0.348 0.343 0.347 0.003
3 1.50 0.345 0.340 0.347 0.344 0.004
4 2 . 0 0 0.332 0.331 0.329 0.331 0 . 0 0 2
5 3.00 0.320 0.315 0.313 0.316 0.004

1-ascorbic
acid

O .lm M 0.657 0.658 0.657 0.657 0 . 0 0 1

T able C 6 . T he raw  data for absorbance o f  ethanol (d irect) ex tract o f  p . em blica  in pro
oxidant test using  1-ascorbic acid as a  reference standard

N o
C one

(m g/m L ) N1
A bsorbance

N2 N3 M ean SD
1 0 . 0 0 0.240 0.238 0.235 0.238 0.003
2 1 . 0 0 0.333 0.338 0.336 0.336 0.003
3 1.50 0.348 0.349 0.349 0.349 0 .0 0 1
4 2 . 0 0 0.342 0.342 0.342 0.342 0 . 0 0 0
5 3.00 0.333 0.335 0.334 0.334 0 .0 0 1

1-ascorbic
acid

O .lm M 0.548 0.550 0.548 0.549 0 .0 0 1
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Table C l .  The raw data for absorbance of commercial p .  e m b l i c a  in pro-oxidant test
using 1-ascorbic acid as a reference standard

N o
C one

(m g/m L ) N1
A bsorbance

N2 N3 M ean SD
1 0 . 0 0 0.337 0.333 0.330 0.333 0.004
2 1 . 0 0 0.520 0.521 0.524 0.522 0 . 0 0 2
3 1.50 0.499 0.498 0.500 0.499 0 . 0 0 1
4 2 . 0 0 0.414 0.415 0.417 0.415 0 . 0 0 2
5 3.00 0.384 0.379 0.375 0.379 0.005

1-ascorbic
acid

0.1 m M 0.713 0.719 0.717 0.716 0.003

T able C 8 . T he raw  data  for absorbance o f  EG C G  in pro-oxidant test using 1-ascorbic 
acid  as a  reference standard

N o
C one

(m g/m L ) N1
A bsorbance

N2 N3 M ean SD
1 0 . 0 0 0.299 0.301 0.301 0.300 0 . 0 0 1
2 1 . 0 0 0.498 0.498 0.499 0.498 0 . 0 0 1
3 1.50 0.427 0.427 0.426 0.427 0 . 0 0 1
4 2 . 0 0 0.350 0.355 0.353 0.353 0.003
5 3.00 0.153 0.151 0.156 0.153 0.003

1-ascorbic
acid

O .lm M 0.713 0.716 0.712 0.714 0 . 0 0 2

T able C9. T he raw  data for absorbance o f  Trolox® in pro-oxidant test using 1-ascorbic 
acid  as a reference standard

N o
C one

(m g/m L ) N1
A bsorbance

N2 N3 M ean SD
1 0 . 0 0 0.288 0.287 0.286 0.287 0 . 0 0 1
2 0.05 0.327 0.329 0.323 0.326 0.003
3 0 . 1 0 0.338 0.340 0.347 0.342 0.005
4 0.30 0.302 0.310 0.305 0.306 0.004
5 0.50 0.293 0.298 0.292 0.294 0.003
6 0.75 0.280 0.286 0.279 0.282 0.004
7 1 . 0 0 0.271 0.269 0.273 0.271 0 . 0 0 2
8 1.50 0.249 0.251 0.253 0.251 0 . 0 0 2
9 2 . 0 0 0.218 0.216 0.217 0.217 0 . 0 0 1

1-ascorbic
acid

O .lm M 0.684 0.687 0.682 0.684 0.003
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C om centration  6 : control, lm g/m L , 1.5m g/m L, 2m g/m L, 3m g/m L , 1-ascorbic acid

N um ber o f  O bservations Read 18
N um ber o f  O bservations U sed 18

A N O V A

Table CIO. One-way analysis of variance on the absorbance values of spray-dried p .
e m b l i c a  against an ascorbic acid-free control using 1-ascorbic acid as a reference
standard

Source DF Sum  o f  Squares M ean Square F V alue Pr > F
M odel 5 0.3946 0.0789 4178.290 < . 0 0 0 1
E rror 1 2 0 . 0 0 0 2 0 . 0 0 0 0
C orrected
Total

17 0.3948

T able C l 1. M ultip le  com parisons on the absorbance values o f  spray-dried  p. em blica  
against an ascorbic acid-free control using 1-ascorbic acid as a reference standard

D u n n e tf  s O ne-tailed t Tests for A bsorbance

D ifference
C O N C E N T R A T IO N  B etw een S im ultaneous 95%

C om parison__________________ M eans__________C onfidence Lim its
1 m g/m L -C ontrol 0.079 0.070 Infinity  ***
1.5m g/m L -C ontrol 0.035 0.026 Infin ity  ***
2m g/m L -Control 0.016 0.007 Infinity  ***
3m g/m L -C ontrol -0 . 0 0 2 -0 . 0 1 1 Infinity
1-ascorbic acid O .lm M -C ontrol 0.416 0.407 Infin ity  ***

Comparisons significant at the 0.05 level are indicated by ***
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C om centration  6 : control, lm g/m L , 1.5m g/m L, 2m g/m L , 3m g/m L , 1-ascorbic acid

N um ber o f  O bservations Read 18
N um ber o f  O bservations U sed 18

A N O V A

Table C12. One-way analysis of variance on the absorbance values of ethyl acetate
extract of p .  e m b l i c a  against an ascorbic acid-free control using 1-ascorbic acid as a
reference standard

Source DF Sum  o f  Squares M ean Square F V alue Pr > F
M odel 5 0.2662 0.0532 20386.20 < . 0 0 0 1
Error 1 2 0 . 0 0 0 0 0 . 0 0 0 0
C orrected
T otal

17 0.2662

T able C l 3. M ultip le  com parisons on the absorbance values o f  ethyl acetate extract o f  
p . em blica  against an ascorbic acid-free control using 1-ascorbic acid as a reference 
standard

D unnett’s O ne-tailed t T ests for A bsorbance

D ifference
C O N C E N T R A T IO N  B etw een S im ultaneous 95%

C om parison________________ M eans C onfidence Lim its
lm g/m L -C ontrol 0.279 0.275 Infinity  ***
1.5m g/m L -Control 0.260 0.257 Infinity ***
2m g/m L -Control 0.216 0.213 Infinity ***
3m g/m L -Control 0.141 0.137 Infinity ***
1-ascorbic acid 0.1 m M -Control 0 391 0.387 Infinity ***

Comparisons significant at the 0.05 level are indicated by ***
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C om centration  6 : control, lm g/m L , 1.5m g/m L, 2m g/m L, 3m g/m L , l-ascorbic acid

N um ber o f  O bservations Read 18
N um ber o f  O bservations U sed 18

A N O V A

Table Cl4. One-way analysis of variance on the absorbance values of acetone
(successive) extract of p .  e m b l i c a  against an ascorbic acid-free control using 1-
ascorbic acid as a reference standard

Source D F Sum  o f  Squares M ean Square F V alue Pr >  F
M odel 5 0.5419 0.1084 11967.50 < . 0 0 0 1
Error 1 2 0 . 0 0 0 1 0 . 0 0 0 0
C orrected
T otal

17 0.5420

T able C l 5. M ultip le  com parisons on the absorbance values o f  acetone (successive) 
ex tract o f  p. em blica  against an ascorbic acid-free control using l-ascorbic acid as a 
reference standard

D unnett’s O ne-tailed t T ests for A bsorbance

D ifference
C O N C E N T R A T IO N  B etw een S im ultaneous 95%

C om parison M eans C onfidence Lim its
1 m g/m L -C ontrol 0.008 0 . 0 0 2 Infinity  ***
1.5m g/m L -Control -0.004 -0 . 0 1 0 Infinity
2m g/m L -C ontrol -0.090 -0.096 Infinity
3 m g/m L -C ontrol -0.130 -0.136 Infinity
l-ascorbic acid 0.1 m M -C ontrol 0.402 0.396 Infinity  ***

Comparisons significant at the 0.05 level are indicated by ***
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C om centration  6 : control, lm g/m L , 1.5m g/m L, 2m g/m L , 3m g/m L , 1-ascorbic acid

N um ber o f  O bservations Read 18
N um ber o f  O bservations U sed 18

A N O V A

Table Cl 6. One-way analysis of variance on the absorbance values of acetone (direct)
extract of p .  e m b l i c a  against an ascorbic acid-free control using 1-ascorbic acid as a
reference standard

Source DF Sum o f  Squares M ean Square F V alue Pr > F
M odel 5 0.4900 0.0980 15610.00 < . 0 0 0 1
Error 1 2 0 . 0 0 0 1 0 . 0 0 0 0
C orrected
T otal

17 0.4901

T able C l 7. M ultip le  com parisons on the absorbance values o f  acetone (direct) extract 
o f  p . em blica  against an ascorbic acid-free control using 1-ascorbic acid as a reference 
standard

D unne tt’s O ne-tailed t T ests for A bsorbance

D ifference
C O N C E N T R A T IO N  B etw een S im ultaneous 95%

C om parison M eans C onfidence L im its
1 m g/m L -Control 0.099 0.094 Infinity  ***
1.5m g/m L -C ontrol 0.089 0.084 Infinity  ***
2m g/m L -C ontrol 0.015 0 . 0 1 0 Infinity  ***
3 m g/m L -C ontrol -0.064 -0.069 Infinity
1-ascorbic acid 0.1 m M -C ontrol 0.445 0.440 Infinity  ***

Comparisons significant at the 0.05 level are indicated by ***
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C om centration  6: control, lm g /m L , 1.5m g/m L , 2m g/m L , 3m g/m L , 1-ascorbic acid

N u m b er o f  O bservations R ead 18
N u m b er o f  O bservations U sed  18

A N O V A

T a b le  C l 8. O n e -w a y  a n a ly s is  o f  v a ria n c e  on  th e  a b so rb a n c e  v a lu e s  o f  e th an o l
(su c c e s s iv e )  e x tra c t  o f  p .  e m b l i c a  a g a in s t  an  a sc o rb ic  a c id -fre e  c o n tro l u s in g  1-
a sc o rb ic  a c id  a s  a  re fe re n c e  s ta n d a rd

Source DF Sum  o f  Squares M ean Square F V alu e Pr >  F
M od el 5 0 .2 9 2 0 0 .0 5 8 4 8 0 8 7 .0 7 < .0001
Error 12 0 .0001 0 .0 0 0 0
C orrected
T otal

17 0 .2921

T able C l 9. M u ltip le  com p arison s on the absorbance va lu es o f  ethanol (su ccess iv e )  
extract o f  p. em blica  against an ascorb ic acid -free control u sin g  1-ascorbic acid  as a 
reference standard

D u n n ett’s O ne-tailed  t T ests for A b sorban ce

D ifferen ce
C O N C E N T R A T IO N  B etw een  S im u ltan eou s 95%

C om parison____________________M eans__________ C o n fid en ce  L im its
lm g /m L -C ontrol 0 .074 0 .0 6 9 Infinity ***
1 .5m g/m L -C ontrol 0.071 0 .0 6 6 Infinity ***
2m g/m L -C ontrol 0 .058 0 .0 5 3 Infinity ***
3m g/m L -C ontrol 0 .0 4 3 0 .0 3 8 Infinity ***
1-ascorbic acid  0.1 m M -C ontrol 0 .385 0 .3 7 9 Infinity ***

C om p arison s sig n ifican t at the 0 .05  level are indicated  b y ***
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C om centration  6: control, lm g /m L , 1.5m g/m L , 2m g/m L , 3m g/m L , 1-ascorbic acid

N u m b er o f  O bservations Read 18
N u m b er o f  O bservations U sed  18

A N O V A

T a b le  C 2 0 . O n e -w a y  a n a ly s is  o f  v a r ia n c e  o n  the  a b so rb a n c e  v a lu e s  o f  e th a n o l (d irec t)
e x tra c t o f  p .  e m b l i c a  a g a in s t  an  a sc o rb ic  a c id -fre e  c o n tro l u s in g  1-ascorb ic  ac id  a s  a
re fe re n c e  s ta n d a rd

Source D F Sum  o f  Squares M ean Square F V alu e Pr >  F
M od el 5 0 .1 5 6 8 0 .0 3 1 4 12 2 6 7 .7 0 < .0001
Error 12 0 .0 0 0 0 0 .0 0 0 0
C orrected
T otal

17 0 .1 5 6 8

T able C 2 1 . M u ltip le  com p arison s on the absorbance va lu es o f  ethan ol (direct) extract 
o f  p. em blica  aga inst an ascorb ic acid -free control u sin g  1-ascorbic acid  as a reference  
standard

D u n n ett’s O ne-tailed  t T ests for A b sorbance

D ifferen ce
C O N C E N T R A T IO N  B etw een  S im u ltan eou s 95%

C om parison M eans C o n fid en ce  L im its
lm g /m L -C ontrol 0 .0 9 8 0 .0 9 5 Infinity ***
1.5m g/m L -C ontrol 0.111 0 .1 0 8 Infinity ***
2m g/m L -C ontrol 0 .1 0 4 0 .101 Infinity ***
3m g/m L -C ontrol 0 .0 9 6 0 .0 9 3 Infinity ***
1-ascorbic acid  0.1 m M -C ontrol 0.311 0 .3 0 8 Infinity ***

C o m p a riso n s  s ig n if ic a n t a t th e  0 .05  level a re  in d ica ted  b y  ***
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C om centration  6: control, lm g /m L , 1.5m g/m L , 2m g/m L , 3m g/m L , 1-ascorbic acid

N u m b er o f  O bservations Read 18
N um ber o f  O bservations U sed  18

A N O V A

T a b le  C 2 2 . O n e -w a y  a n a ly s is  o f  v a ria n c e  on  th e  a b so rb a n c e  v a lu e s  o f  c o m m e rc ia l p .
e m b l i c a  a g a in s t  a n  a sc o rb ic  a c id -fre e  c o n tro l u s in g  1 -ascorb ic  ac id  a s  a  re fe ren ce
s ta n d a rd

Source DF Sum  o f  Squares M ean Square F V alu e Pr >  F
M od el 5 0 .2 8 1 2 0 .0 5 6 2 6 7 9 4 .5 6 < .0001
Error 12 0 .0001 0 .0 0 0 0
Corrected
T otal

17 0 .2 8 1 3

T able C 2 3 . M u ltip le  com p arison s on the absorbance va lu es o f  com m ercia l p . em blica  
against an ascorb ic acid -free  control u sin g  1-ascorbic acid  as a reference standard

D u n n e tf  s O ne-tailed  t T ests for A b sorban ce

D ifferen ce
C O N C E N T R A T IO N  B etw een  S im u ltan eou s 95%

C om parison M eans C o n fid en ce  L im its
1 m g/m L -C ontrol 0 .1 8 8 0 .1 8 2 Infinity ***
1 .5m g/m L -C ontrol 0 .1 6 6 0 .1 6 0 Infinity ***
2m g/m L -C ontrol 0 .0 8 2 0 .0 7 6 Infinity ***
3 m g/m L -C ontrol 0 .0 4 6 0 .0 4 0 Infinity ***
1-ascorbic acid  0.1 m M -Control 0 .3 8 3 0 .3 7 7 Infinity ***

C o m p a riso n s  s ig n if ic a n t a t th e  0 .05  level a re  in d ica ted  b y  ***
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C om centration  6: con trol, lm g /m L , 1.5m g/m L , 2m g/m L , 3 m g /m L , 1-ascorbic acid

N u m b er o f  O bservations Read 18
N u m b er o f  O bservations U sed  18

A N O V A

T a b le  C 2 4 . O n e -w a y  a n a ly s is  o f  v a r ia n c e  o n  th e  a b so rb a n c e  v a lu e s  o f  E G C G  a g a in s t
an  a s c o rb ic  a c id -fre e  c o n tro l u s in g  1-ascorb ic  ac id  a s  a  re fe re n c e  s ta n d a rd

Source D F Sum  o f  Squares M ean Square F V alu e Pr >  F
M od el 5 0 .5 4 4 3 4 0 .1 0 8 9 3 4 3 7 9 .7 0 < .0001
Error 12 0 0 0 0 0 4 0 .0 0 0 0
C orrected
T otal

17 0 .5 4 4 3 8

T able C 2 5 . M u ltip le  com p arison s on the absorbance va lu es o f  EG C G  against an 
ascorb ic acid -free  control u sin g  1-ascorbic acid  as a reference standard

D u n n ett’s O ne-tailed  t T ests for A b sorbance

D ifferen ce
C O N C E N T R A T IO N  B etw een  S im u ltan eou s 95%

C om parison____________________ M eans__________C o n fid en ce  L im its
lm g /m L _C ontrol 0 .1 9 8 0 .1 9 4 Infinity ***
1 .5m g/m L ^C ontrol 0 .1 2 6 0 .123 Infinity ***
2m g/m L ^C ontrol 0 .0 5 2 0 .0 4 9 Infinity ***
3m g/m L _C ontrol -0 .1 4 7 -0 .151 Infinity
1-ascorbic acid  0.1 m M ^C ontrol 0 .4 1 3 0 .4 1 0 Infinity ***

C o m p a riso n s  s ig n if ic a n t a t th e  0 .05  level a re  in d ic a te d  b y  ***
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C om centration  10: control, 0 .05m g /m L , 0.1 m g/m L , 0 .3m g/m L , 0 .5m g/m L , 
0 .7 5 m g /m L , 1 m g/m L , 1.5m g/m L , 2m g/m L , 1-ascorbic acid

N u m b er o f  O bservations Read 30
N u m b er o f  O bservations U sed  30

T a b le  C 2 6 . O n e -w a y  a n a ly s is  o f  v a ria n c e  on  th e  a b so rb a n c e  v a lu e s  o f  T rolox®  a g a in s t
an  a sc o rb ic  a c id - f re e  c o n tro l u s in g  1-ascorbic ac id  as a re fe re n c e  s ta n d a rd

A N O V A
Source D F Sum  o f  Squares M ean Square F V alu e Pr >  F
M od el 9 0 .4 6 2 2 0 .0 5 1 4 5 7 7 0 .8 6 < .0001
Error 20 0 .0 0 0 2 0 .0 0 0 0
C orrected
Total

2 9 0 .4 6 2 4

T able C 2 7 . M u ltip le  com p arison s on the absorbance va lu es o f  Trolox® against an 
ascorb ic acid -free  control u sin g  1-ascorbic acid  as a reference standard

D u n n ett’s O ne-tailed  t T ests for A b sorban ce

C O N C E N T R A T IO N
C om parison

D ifferen ce
B etw een

M eans
S im u ltan eou s 95%  
C o n fid en ce  L im its

0 .05m g /m L -C ontrol 0 .0 3 9 0 .0 3 3 Infinity ***
0.1 m g/m L -C ontrol 0 .055 0 .0 4 8 Infinity ***
0 .3m g/m L -C ontrol 0 .0 1 9 0 .0 1 2 Infinity ***
0 .5m g/m L -C ontrol 0 .0 0 7 0 .001 Infinity ***
0 .7 5 m g /m L -C ontrol -0 .0 05 -0 .0 1 2 Infinity
1 mg/rnL -C ontrol -0 .0 1 6 -0 .0 2 2 Infinity
1,5m g/m L -C ontrol -0 .0 3 6 -0 .0 4 2 Infinity
2m g/m L -C ontrol -0 .0 7 0 -0 .0 7 6 Infinity
1-ascorbic acid  0.1 m M -C ontrol 0 .3 9 7 0 .391 Infinity ***

C om p arison s s ign ifican t at the 0 .05  level are indicated by ***
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Appendix D
Anti-collagenase activity
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T a b le  D l .  T h e  ra w  d a ta  fo r c o lla g e n a se  in h ib itio n  p e rc e n ta g e s  o f  sp ra y -d rie d  p .
e m b l i c a  a t 90  m in  in c u b a tio n  tim e

N o
C on e

(p g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean S D
1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 50 30 .73 32 .93 33 .91 3 2 .5 2 1.63
3 100 4 3 .8 8 4 4 .3 9 4 6 .5 9 4 4 .9 5 1.44
4 150 5 6 .4 0 57 .4 7 5 5 .6 2 5 6 .5 0 0.93
5 30 0 72 .75 74 .1 2 7 5 .6 4 7 4 .1 7 1.45
6 50 0 87.11 8 8 .07 87 .2 8 8 7 .4 9 0.51

T able D 2 . T h e raw data for co lla g en a se  inhibition p ercen tages o f  ethyl acetate extract 
o f  p. em blica  at 90  m in  incubation tim e

N o (p g /m L ) N1
% inhibition

N 2 N 3 M ean S D
1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 50 18.90 14 .60 13.80 15 .77 2 .74
3 100 2 4 .2 9 23.11 2 3 .0 7 2 3 .4 9 0 .69
4 150 3 6 .8 0 34 .68 3 4 .4 9 3 5 .3 2 1.29
5 30 0 5 2 .5 7 52 .55 51 .95 5 2 .3 6 0.35
6 50 0 7 6 .1 4 7 3 .24 73 .1 5 7 4 .18 1.70

T able D 3 . T h e raw data for co lla gen ase  inhibition p ercen tages o f  aceton e (su ccess iv e )  
extract o f  p. em blica  at 90  m in incubation tim e

N o
C on e

(p g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean S D
1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
2 2 16.84 15 .77 15.43 16.01 0.73
3 10 3 7 .4 0 3 7 .39 36.61 37 .13 0.45
4 50 52.61 5 1 .16 50 .4 2 5 1 .4 0 1.11
5 150 73 .1 2 7 2 .38 71 .6 2 7 2 .3 7 0.75
6 500 96.91 96 .65 96 .2 5 96.61 0.33
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T a b le  D 4 . T h e  ra w  d a ta  fo r c o lla g e n a se  in h ib itio n  p e rc e n ta g e s  o f  a c e to n e  (d irec t)
e x tra c t o f  p .  e m b l i c a  a t 90  m in  in c u b a tio n  tim e

N o
C on e

(p g /m L ) N1
% inhibition

N 2 N 3 M ean S D
1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
2 2 11.35 8.83 8 .77 9 .65 1.47
3 10 29 .21 27 .21 2 7 .0 5 2 7 .8 2 1.20
4 50 5 1 .2 9 50.41 5 0 .1 8 5 0 .6 2 0 .58
5 150 7 0 .3 6 68 .45 6 8 .0 7 6 8 .9 6 1.23
6 500 96.31 95 .65 9 5 .0 8 9 5 .6 8 0 .62

T able D 5 . T h e raw data for co lla gen ase  inhibition percen tages o f  ethanol (su ccess iv e )  
extract o f  p. em blica  at 90  m in incubation tim e

N o
C on e

(p g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean SD
1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 2 2 3 .3 9 2 2 .4 4 2 1 .7 7 22 .5 3 0.81
3 10 4 2 .4 0 41 .61 4 0 .3 4 4 1 .4 5 1.04
4 50 5 5 .99 55 .25 5 5 .0 7 55 .43 0 .49
5 150 7 1 .8 0 7 0 .4 7 7 0 .3 2 7 0 .8 6 0.81
6 50 0 9 6 .9 8 9 5 .8 8 9 5 .3 8 9 6 .0 8 0 .82

T able D 6 . T h e raw data for co lla gen ase  inhibition p ercen tages o f  ethanol (direct) 
extract o f  p. em blica  at 90  m in incubation tim e

N o
C on e

(p g /m L ) N1
“/((inhibition

N 2 N 3 M ean S D
1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 2 2 3 .75 21 .95 21.71 2 2 .4 7 1.12
3 10 4 5 .2 8 4 4 .8 9 4 4 .6 2 4 4 .9 3 0.33
4 50 53.41 52 .83 5 1 .4 6 5 2 .5 7 1.00
5 150 6 7 .9 9 6 7 .34 67 .21 67 .51 0 .42
6 50 0 9 4 .7 4 9 4 .6 4 9 3 .2 0 9 4 .1 9 0 .8 6
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T a b le  D 7 . T h e  raw  d a ta  fo r c o lla g e n a se  in h ib itio n  p e rc e n ta g e s  o f  c o m m e rc ia l p .
e m b l i c a  a t  9 0  m in  in c u b a tio n  tim e

N o
C on e

(p g /m L ) N1
% inhibition

N 2 N 3 M ean SD
1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
2 50 2 2 .7 0 22 .05 2 1 .5 2 2 2 .0 9 0 .60
3 100 2 7 .8 9 27 .13 2 5 .0 9 2 6 .7 0 1.45
4 150 35 .83 33 .12 3 2 .5 7 3 3 .8 4 1.75
5 30 0 5 1 .3 0 50 .6 9 5 0 .1 8 50 .7 2 0 .56
6 500 6 7 .5 6 6 7 .5 4 6 6 .2 8 67 .1 3 0 .74
7 800 86 .08 85 .77 8 4 .6 7 85.51 0 .74

T able D 8 . T h e raw data for co lla gen ase  inhibition p ercen tages o f  1, 10-phenanthroline  
at 90  m in incubation  tim e

N o
C on e
(m M ) N1

^ in h ib itio n
N 2 N 3 M ean SD

1 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 0 .0 5 41 .11 3 8 .9 7 3 8 .2 8 3 9 .4 6 1.48
3 0.1 79.31 78.81 7 8 .1 8 7 8 .7 7 0 .57
4 0 .2 9 5 .6 7 9 5 .1 7 9 3 .9 0 9 4 .9 2 0.91
5 0.3 98.61 98 .2 4 9 8 .0 6 9 8 .3 0 0 .28
6 0 .4 100.43 99.51 9 8 .9 9 9 9 .6 4 0.73
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T a b le  D 9 . T h e  raw  d a ta  fo r  c o lla g e n a se  in h ib itio n  p e rc e n ta g e s  o f  1, 10 -p h e n a n th ro lin e
a t th e  c o n c e n tra tio n  o f  0 .4 m M  w ith  v a rio u s  in c u b a tio n  tim e s

N o
T im e
(m in ) N1

% inhibition
N 2 N 3 M ean SD

1 10 100.49 99 .53 9 9 .2 6 9 9 .7 6 0.65
2 15 100.76 100.61 9 8 .0 4 99.81 1.53
3 20 101.29 99 .8 8 9 8 .3 9 99 .85 1.45
4 30 100.42 9 9 .4 4 9 9 .1 7 9 9 .6 8 0 .66
5 45 100.54 99 .7 7 99 .1 5 9 9 .8 2 0 .70
6 60 9 8 .9 9 99 .9 8 99 .5 3 9 9 .5 0 0 .50
7 75 100.44 99 .65 9 8 .7 9 9 9 .63 0.83
8 90 100.43 99.51 9 8 .9 9 9 9 .6 4 0.73
9 105 100.55 99 .4 2 9 8 .8 3 9 9 .6 0 0 .88
10 120 100.37 9 9 .3 6 9 9 .0 7 9 9 .6 0 0 .68
11 135 100.39 9 9 .3 7 9 8 .9 9 9 9 .5 8 0.73
12 150 100.35 99 .3 2 9 8 .9 4 9 9 .5 4 0.73
13 165 100.16 99 .25 9 9 .0 2 9 9 .4 8 0.61
14 180 100.32 99 .35 9 8 .9 8 99 .5 5 0 .69

T able D IO . T he raw data for co lla gen ase  inhib ition  p ercen tages o f  1, 10- 
phenanthroline at the concentration  o f  0 .3m M  w ith  various incubation  tim es

N o
T im e
(m in ) N1

^ in h ib itio n
N 2 N 3 M ean SD

1 10 100.75 9 8 .1 6 9 6 .3 5 9 8 .4 2 2.21
2 15 101.78 9 8 .4 4 9 5 .4 9 9 8 .5 7 3.15
3 20 100.66 9 8 .98 9 6 .7 7 9 8 .8 0 1.95
4 30 9 9 .3 4 98.81 9 6 .5 8 9 8 .2 4 1.47
5 45 9 8 .9 7 97 .55 9 7 .3 9 9 7 .9 7 0 .87
6 60 9 8 .6 5 98 .33 98 .2 3 98 .41 0 .22
7 75 9 8 .6 7 9 8 .28 9 8 .0 6 9 8 .33 0.31
8 90 98.61 9 8 .2 4 9 8 .0 6 9 8 .3 0 0 .28
9 105 9 8 .3 7 98 .25 9 8 .2 0 9 8 .2 8 0 .09
10 120 9 8 .5 4 98 .2 2 98 .1 5 9 8 .3 0 0.21
11 135 9 8 .3 6 98 .43 9 8 .0 6 9 8 .2 8 0 .19
12 150 9 8 .4 4 98 .2 2 9 8 .0 0 9 8 .2 2 0 .22
13 165 9 8 .3 8 98 .2 8 9 8 .0 2 98 .2 3 0 .19
14 180 98 .3 3 9 8 .2 0 9 8 .1 0 98 .21 0 .12
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T a b le  D l l .  T h e  raw  d a ta  fo r c o lla g e n a se  in h ib itio n  p e rc e n ta g e s  o f  1, 10-
p h e n a n th ro lin e  a t th e  c o n c e n tra tio n  o f  0 .2 m M  w ith  v a rio u s  in c u b a tio n  tim es

N o
T im e
(m in ) N1

% inhibition
N 2 N 3 M ean SD

1 10 9 6 .4 6 96 .4 4 9 5 .1 7 9 6 .0 3 0 .74
2 15 9 5 .5 6 95 .3 9 95 .11 9 5 .3 6 0.23
3 2 0 9 6 .1 9 94 .7 2 94 .21 9 5 .0 4 1.03
4 30 9 5 .03 94 .93 9 4 .7 4 9 4 .9 0 0.15
5 45 9 5 .3 7 9 5 .1 7 94.21 9 4 .9 2 0 .62
6 60 9 5 .5 9 95 .3 2 94 .2 3 95 .0 5 0 .72
7 75 9 5 .5 2 95 .3 4 9 3 .8 6 94.91 0.91
8 90 9 5 .6 7 9 5 .1 7 9 3 .9 0 9 4 .9 2 0.91
9 105 9 5 .3 7 9 4 .9 0 93.91 9 4 .7 2 0 .74
10 120 9 5 .3 0 94.71 9 3 .5 8 94 .5 3 0 .87
11 135 9 5 .4 0 94 .3 2 9 3 .6 6 9 4 .4 6 0 .88
12 150 9 5 .4 0 94.41 93 .31 9 4 .3 7 1.04
13 165 95.21 9 4 .4 6 93.61 9 4 .4 3 0 .8 0
14 180 95 .11 9 4 .3 0 93.31 9 4 .2 4 0 .90

T able D 1 2 . T he raw data for co lla gen ase  inhib ition  p ercen tages o f  1, 10- 
phenanthroline at the concentration  o f  0.1 m M  w ith  various incubation  tim es

N o
T im e
(m in ) N1

^ in h ib itio n
N 2 N 3 M ean SD

1 10 78 .71 78 .0 7 7 4 .7 8 7 7 .1 8 2.11
2 15 8 1 .8 0 80 .5 9 80 .23 8 0 .8 7 0 .82
3 20 8 1 .7 4 80 .06 7 9 .3 8 8 0 .3 9 1.22
4 30 80 .6 9 79 .4 6 7 8 .6 4 7 9 .6 0 1.03
5 45 80 .85 79.51 7 8 .4 4 7 9 .6 0 1.21
6 60 80 .0 4 78 .7 2 7 8 .2 0 7 8 .9 9 0 .95
7 75 7 9 .4 4 7 9 .2 0 7 8 .5 6 7 9 .0 6 0 .4 6
8 90 79 .31 78.81 7 8 .1 8 7 8 .7 7 0 .57
9 105 7 8 .9 0 78 .3 6 7 7 .8 7 7 8 .3 8 0 .52
10 120 7 8 .5 9 78.21 7 7 .4 0 7 8 .0 7 0.61
11 135 7 8 .0 7 77 .7 2 7 6 .7 4 77.51 0 .6 9
12 150 77 .9 3 77 .5 8 76 .5 5 77 .3 5 0 .72
13 165 78 .33 77 .3 6 7 6 .3 2 7 7 .3 4 1.01
14 180 8 1 .2 2 77 .3 6 76.01 7 8 .2 0 2 .7 0
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T a b le  D 1 3 . T h e  ra w  d a ta  fo r c o lla g e n a se  in h ib itio n  p e rc e n ta g e s  o f  1, 10-
p h e n a n th ro lin e  a t th e  c o n c e n tra tio n  o f  0 .0 5 m M  w ith  v a r io u s  in c u b a tio n  tim e s

N o
T im e
(m in ) N1

% inhibition
N 2 N 3 M ean SD

1 10 4 1 .5 0 41 .2 3 3 7 .0 2 3 9 .9 2 2.51
2 15 4 2 .1 0 39 .95 38 .8 5 4 0 .3 0 1.66
3 20 4 2 .7 8 4 0 .5 2 39 .7 3 41 .01 1.58
4 30 4 1 .4 7 39 .93 3 8 .1 2 3 9 .8 4 1.67
5 45 4 1 .2 6 39 .2 0 3 8 .4 0 3 9 .6 2 1.48
6 60 4 1 .4 3 3 9 .1 7 3 9 .1 0 3 9 .9 0 1.33
7 75 4 1 .2 9 3 8 .9 6 3 8 .6 0 3 9 .6 2 1.46
8 90 41.11 38 .9 7 3 8 .2 8 3 9 .4 6 1.48
9 105 40 .81 38 .35 3 7 .6 6 3 8 .9 4 1.65
10 120 3 9 .3 6 38 .03 3 7 .8 2 3 8 .4 0 0.83
11 135 38 .8 5 37 .6 0 37 .43 3 7 .9 6 0 .77
12 150 3 8 .0 7 37 .0 8 3 6 .5 7 3 7 .2 4 0 .76
13 165 3 7 .9 0 3 6 .8 2 3 6 .3 6 37 .0 3 0 .79
14 180 3 7 .4 7 36.31 3 5 .5 4 3 6 .4 4 0 .98
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S A M P L E  7: spray-dried p. em blica, ethyl acetate, a ce to n e (su ccessiv e ), 
aceton e(d irect), e th a n o l(su ccess iv e ), ethanol(d irect), com m ercia l p. em blica

T a b le  D I 4 . O n e -w a y  a n a ly s is  o f  v a ria n c e  on  th e  IC 50 v a lu e s  o f  c o lla g e n a se  inh ib itio n

N u m b er o f  O bservations Read 21
N u m b er o f  O bservations U sed  21

A N O V A

Source D F Sum  o f  Squares M ean Square F V alu e Pr >  F
M od el 6 2 3 6 9 1 3 .5 3 6 3 9 4 8 5 .5 8 9 2 9 6 6 .6 1 < .0001
Error 14 186 .340 13 .310
C orrected
T otal

20 2 3 7 0 9 9 .8 7 6

T able D 1 5 . M u ltip le  com p arison s on the IC50 va lu es o f  co lla g en a se  inhibition

T u k ey H S D a

Subset for alpha =  .05
sam ple N 1 2 3 4  5 6
Ethanol (su c c e ss iv e ) 3 3 2 .7 7
Ethanol (direct) 3 3 7 .2 4 3 7 .2 4
A ceto n e  (su c c e ss iv e ) 3 45 .51 45 .51
A ce to n e  (direct) 3 4 8 .5 6
Spray-dried p. em blica 3 121.13
Ethyl acetate 3 2 7 7 .2 7
com m ercia l p. em blica 3 2 9 0 .7 4

M ean s w ith  the sam e group are not sign ifican tly  different
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Appendix E 
Anti-tyrosinase activity
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T a b le  E l .  T h e  ra w  d a ta  fo r  ty ro s in a se  in h ib itio n  p e rc e n ta g e s  o f  sp ra y -d rie d  p .  e m b l i c a

N o
C on e

(m g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean SD
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 0 .8 0 11.38 9 .88 7.55 9 .6 0 1.93
3 1.20 14.70 14.13 13 .12 13 .98 0 .80
4 1.60 41.71 41 .55 3 9 .0 4 4 0 .7 7 1.50
5 2 .0 0 5 9 .18 53 .05 5 0 .12 5 4 .1 2 4 .62
6 2 .4 0 5 8 .6 9 57 .65 5 6 .68 5 7 6 7 1.00

T able E2. T h e raw data for tyrosinase inhibition percentages o f  eth y l acetate extract o f  
p. em blica

N o
C on e

(m g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean SD
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 0 .6 0 8 .82 5.11 4 .5 0 6 .1 4 2 .34
3 0 .8 0 28 .0 5 26 .85 2 4 .4 8 2 6 .4 6 1.82
4 1.20 52 .03 4 9 .8 7 4 9 .6 3 50 .51 1.32
5 1.60 7 6 .62 7 4 .6 7 73 .43 74 .91 1.61
6 2 .0 0 88 .33 87 .02 8 5 .3 7 8 6 .9 0 1.48
7 2 .4 0 91.31 87 .84 86.21 88 .45 2 .6 0

T able E 3. T h e raw data for tyrosinase inhibition p ercen tages o f  aceton e  (su ccess iv e )  
extract o f  p. em blica

N o
C on e

(m g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean SD
1 0 .0 0 0 .0 0 0 .00 0 .0 0 0 .0 0 0 .00
2 0 .8 0 10.00 9 .78 9 .42 9 .73 0 .29
3 1.20 3 2 .0 0 31 .7 0 2 9 .9 9 31 .2 3 1.09
4 1.60 46 .3 3 4 5 .3 8 4 3 .9 3 45 .21 1.21
5 2 .0 0 54 .63 53 .15 5 3 .0 0 5 3 .5 9 0 .90
6 2 .4 0 7 9 .7 7 76 .1 8 7 6 .15 7 7 .3 7 2 .08



239

T a b le  E 4 . T h e  ra w  d a ta  fo r ty ro s in a se  in h ib itio n  p e rc e n ta g e s  o f  a c e to n e  (d irec t)
e x tra c t o f  p .  e m b l i c a

N o
C on e

(m g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean SD
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 0 .8 0 9 .8 8 9 .8 7 9 .65 9 .8 0 0.13
3 1.20 3 6 .9 7 3 2 .7 6 3 1 .3 9 33.71 2.91
4 1.60 57 .1 2 5 3 .50 5 2 .1 0 5 4 .2 4 2 .59
5 2 .0 0 7 0 .4 0 65 .0 2 6 1 .0 4 6 5 .4 9 4 .7 0
6 2 .4 0 9 4 .7 0 94 .2 2 9 1 .2 2 9 3 .3 8 1.89

T able E 5. T h e raw data for tyrosinase inhibition p ercen tages o f  ethanol (su ccess iv e )  
extract o f  p. em blica

N o
C on e

(m g /m L ) N1
% inhibition

N 2 N 3 M ean SD
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
2 0 .8 0 1.93 1.37 1.23 1.51 0 .3 7
3 1.20 11.00 8 .18 7.85 9.01 1.73
4 1.60 25.31 23 .75 2 1 .0 0 2 3 .3 5 2 .18
5 2 .0 0 4 1 .2 4 38.91 3 8 .3 4 3 9 .5 0 1.54
6 2 .4 0 5 3 .34 50 .5 0 50 .35 5 1 .4 0 1.69
7 2 .6 0 60 .8 5 60 .25 5 8 .6 7 59 .9 3 1.13
8 2 .8 0 6 1 .4 2 6 0 .7 6 5 9 .22 6 0 .4 7 1.13

T able E 6. T h e raw  data for tyrosinase inhibition p ercen tages o f  ethanol (direct) 
extract o f  p. em blica

N o
C on e

(m g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean S D
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
2 0 .8 0 5 .3 9 4 .13 3 .9 4 4 .4 8 0 .7 9
3 1.20 2 4 .4 7 2 2 .0 6 18.72 21 .7 5 2 .8 9
4 1.60 44 .8 5 4 3 .4 2 3 8 .8 0 4 2 .3 6 3 .16
5 2 .0 0 7 3 .9 6 70 .6 7 6 8 .5 2 71 .05 2 .74
6 2 .4 0 7 7 .8 7 74 .3 9 7 4 .2 0 7 5 .4 8 2 .0 7
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T a b le  E 7 . T h e  ra w  d a ta  fo r  ty ro s in a se  in h ib itio n  p e rc e n ta g e s  o f  c o m m e rc ia l  o f  p .
e m b l i c a

N o
C on e

(m g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean SD
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 0 .8 0 13.24 9 .93 8 .90 10 .69 2 .27
3 1.20 3 8 .7 9 38 .28 3 6 .18 37 .7 5 1.39
4 1.60 4 3 .1 4 4 0 .1 2 38 .93 4 0 .7 3 2 .17
5 2 .0 0 7 1 .7 6 6 8 .5 0 67 .1 5 6 9 .1 4 2 .37
6 2 .4 0 7 2 .6 9 71.41 70.51 7 1 .5 4 1.10

T able E8. T he raw data for tyrosinase inhibition percentages o f  licor ice  extract

N o
C on e

(p g /m L ) N1
^ in h ib itio n

N 2 N 3 M ean S D
1 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .00
2 0.31 32.61 2 9 .0 6 2 7 .2 7 2 9 .6 5 2 .72
3 0 .63 4 5 .8 9 4 5 .5 7 4 5 .3 7 45 .61 0 .26
4 1.25 5 7 .3 4 55 .5 8 54 .5 8 55 .83 1.40
5 2 .5 0 67.81 6 6 .3 7 6 1 .4 2 6 5 .2 0 3.35
6 5 .0 0 83 .1 4 82 .0 7 7 6 .4 8 8 0 .5 6 3 .58
7 10 .00 86 .38 85 .4 9 83 .05 8 4 .9 7 1.73
8 2 5 .0 0 91.01 88 .73 8 6 .0 4 8 8 .5 9 2 .48
9 5 0 .0 0 88 .6 4 88 .1 6 8 7 .1 6 8 7 .9 8 0 .7 6
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T able E9. O n e-w ay  an a lysis  o f  variance on the IC50 va lu es o f  tyrosin ase  inhibition

SA M P L E  8 : spray-dried p. em blica, ethyl acetate, a ce to n e (su ccessiv e ), 
aceton e(d irect), e th a n o l(su ccess iv e ), ethanol(d irect), com m ercia l p. em blica, licorice  
extract

N u m b er o f  O bservations Read 24
N u m b er o f  O bservations U sed  24

A N O V A

Source D F Sum  o f  Squares M ean Square F V alu e Pr >  F
M od el 7 10.205 1 .458 60 9 .5 3 <.0001
Error 16 0 .0 3 8 0.002
Corrected
Total

23 10 .243

T able E 10. M u ltip le  com p arison s on the IC50 va lu es o f  tyrosin ase  inhib ition

T u k ey H S D a

sam ple
S u bset for alpha =  .05

N  1 2 3 4  5
L icorice  extract (p g /m L ) 3 0 .8 8

E thyl acetate (m g /m L ) 3 1.19
A ce to n e  (d irect) (m g /m L ) 3 1.51
Ethanol (d irect) (m g /m L ) 3 1.73
com m ercia l p. em blica  (m g/m L ) 3 1.78
A ceto n e  (su c c e ss iv e )  (m g /m L ) 3 1.79
Spray-dried p. em blica  (m g/m L ) 3 1.85
Ethanol (su c c e ss iv e )  (m g/m L ) 3 2.35

M ean s w ith  the sam e group are not s ign ifican tly  different



242

Appendix F
Preliminary stability evaluation of p. emblica extracts
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T able F I . The raw data for D PPH  radical inhibition percen tages o f  p . em blica  extracts 
at initial tim e

N o
C on e

(m g/m L ) N1
% inhibition

N 2 N 3 M ean SD
Spray-dried 10 6 9 .3 9 68 .9 3 6 8 .4 6 6 8 .9 3 0 .47
p. em blica 20 9 1 .8 2 9 2 .5 2 9 2 .9 9 92 .4 5 0 .59

Ethyl acetate 10 58 .15 57.51 5 6 .8 7 57.51 0 .64
20 7 7 .0 4 7 7 .6 8 7 7 .9 7 7 .5 4 0 .45
50 94 .85 9 5 .0 6 9 5 .2 8 9 5 .0 6 0.21

A ce to n e 10 75 .73 72.81 7 6 .3 2 74 .95 1.88
(su c c e ss iv e ) 20 92 .9 8 91.81 9 3 .2 7 9 2 .6 9 0 .7 7

A ceto n e 10 83 .33 8 3 .0 9 82.11 8 2 .8 4 0 .65
(direct) 20 95.1 9 5 .3 4 9 5 .3 4 9 5 .2 6 0 .14
Ethanol 10 8 7 .79 8 9 .08 89 .0 8 88 .65 0 .74

(su c c e ss iv e ) 20 9 5 .7 2 9 5 .7 2 9 5 .7 2 9 5 .7 2 0 .00
Ethanol 10 81 .1 4 8 2 .02 8 1 .3 6 81.51 0 .46
(direct) 20 9 5 .3 9 95.61 95.61 9 5 .5 4 0.13

C om m ercia l 10 6 5 .1 4 6 5 .1 4 6 6 .35 6 5 .5 4 0 .69
p. em blica 20 9 2 .7 9 92 .5 5 9 2 .7 9 92.71 0 .14

T able F2. T he raw data for D PPH  radical inhibition p ercen tages o f  p. em blica  extracts 
after 6 m on th -storage

N o
C on e

(m g/m L ) N1
% inhibition

N 2 N 3 M ean SD
Spray-dried 10 64 .1 2 6 3 .6 2 6 2 .6 2 6 3 .4 6 0 .76
p. em blica 20 88 .5 4 8 9 .2 9 8 7 .7 9 8 8 .5 4 0.75

Ethyl acetate 10 5 7 .1 4 5 7 .3 9 5 7 .8 9 5 7 .4 8 0 .38
20 81.31 79 .8 2 81.81 8 0 .9 8 1.04
50 9 4 .7 7 9 4 .5 2 9 5 .0 2 9 4 .7 7 0 .25

A ceto n e 10 78 .8 2 79 .3 2 8 1 .0 6 79 .7 3 1.18
(su c c e ss iv e ) 20 9 4 .5 2 9 4 .0 2 9 4 .0 2 9 4 .1 9 0 .29

A ceto n e 10 79 .85 80 .83 82 .5 2 8 1 .0 7 1.35
(direct) 20 95 .1 5 9 4 .1 7 9 5 .15 9 4 .8 2 0 .56
Ethanol 10 89 .78 9 0 .2 8 9 0 .7 8 9 0 .2 8 0 .50

(su c c e ss iv e ) 20 9 5 .2 7 9 5 .2 7 9 5 .2 7 9 5 .2 7 0 .00
Ethanol 10 89 .2 9 89 .53 8 9 .7 8 89 .5 3 0.25
(direct) 20 9 5 .2 7 9 5 .2 7 9 5 .2 7 9 5 .2 7 0 .00

C om m ercia l 10 6 5 .1 2 6 5 .3 7 6 5 .8 6 6 5 .4 5 0 .38
p. em blica 20 89 .53 90 .0 3 90 .0 3 8 9 .8 7 0 .2 9
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T able F3. T he raw data for D PPH  radical inhibition p ercen tages o f  p. em blica  extracts 
after 9 m on th -storage

N o
C on e

(m g/m L ) N1
^ in h ib itio n

N 2 N 3 M ean SD
Spray-dried p. 10 6 2 .9 8 62 .6 3 6 2 .9 8 6 2 .8 6 0 .20

em blica 20 8 9 .27 88 .93 8 9 .2 7 8 9 .1 6 0 .20
Ethyl acetate 10 5 8 .48 5 8 .48 5 7 .7 9 5 8 .25 0 .40

20 82.01 80 .6 2 8 0 .6 2 81 .0 8 0 .80
50 9 4 .1 2 9 4 .1 2 9 4 .1 2 9 4 .1 2 0 .00

A ce to n e 10 8 0 .9 7 8 0 .9 7 8 0 .6 2 80 .85 0 .20
(su c c e ss iv e ) 20 9 4 .1 2 9 4 .4 6 9 4 .4 6 9 4 .35 0 .20

A ce to n e 10 82.01 82 35 82.01 8 2 .1 2 0 .20
(direct) 20 9 4 .4 6 9 4 .1 2 9 4 .1 2 9 4 .23 0 .20
Ethanol 10 8 9 .9 7 89 .6 2 90 .31 8 9 .9 7 0.35

(su c c e ss iv e ) 20 9 4 .1 2 9 4 .1 2 9 4 .1 2 9 4 .1 2 0 .00
Ethanol 10 8 5 .4 7 84 .0 8 84 .0 8 8 4 .5 4 0 .8 0
(direct) 2 0 94.81 9 4 .4 6 9 4 .4 6 9 4 .5 8 0 .2 0

C om m ercia l 10 60 .5 5 5 9 .8 6 58 .8 2 59 .7 5 0 .87
p. em blica 2 0 9 0 .6 6 9 1 .0 0 9 0 .6 6 9 0 .7 7 0 .2 0
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