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Appendix A

Antioxidant activities
Antioxidant activities were important properties of anthraquinones. These may be
loss when extraction temperature was high or exposure when contacts to light and some
organic solvents. Furthermore, antioxidant activities have related with extraction
methods. Some methods may be make n‘ff inones degradation. This experiment was
investigated to compare the anti M\{\}\ % the maximum conditions in each
\'ap@yuﬁw

method using DPPH method-m,
—

drazyl (DPPH) radical against

* E——
rple color in ethanol at absorbance 1.235 (about
Veleng &0\7%&,15 a initial reference sample.

ion absorbance as reaction

free radicals. The color of

110 uM) using spectroph

known concentration, di

ml DPPH solution. Mixe was e in darkness about 2 hours at 37

i 3 : BRI g ; i
' T 0 0 [ 0

7 Figure A-1 Antioxidant develop for dilute sampe



For example, antioxidant activity using maceration extraction

concentration at 50% as
radical absorbance in Fig

the fitted equation was y =

70.00
60.00
50.00
40.00

Pl (%)

30.00
20.00
10.00

0.00

ﬂumwm‘r’%‘Wmm
ARIAINTAULURIINGIA Y

Conc. (mM) Abs 3 P1%
0.441 0.75 60.29
0.3308 0.685 55.06
0.2481 0.654 32.57
0.186 0.611 49.12
0.1395 0.399 48.15
0.1047 0.567 45.58
0.0785 43.57
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determine inhibition

ing 50% reduction of the
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Appendix B

Table B-1 Standard calibration curve data of Alizarin in ethanol

Concentration of Alizarin (M) Absorbance at 435 nm.

Exp.1 | Exp.2 | Exp.3 | Average
8E-05 0.431 | 0.498 | 0.501 | 0.47667
6.4E-05 0.37 10.379 | 0.35333
5.12E-05 0.292 | 0.28433
4.1E-05 0.253 | 0.23833
3.28E05 = | 0 0194 ™0. 0.19
2.62E-0 > S | ‘: 0.14967
0.124
0.09467
0.078
0.05867
005 0.051
0.043 | 0.03933
0.03267

]
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Figure B-1-1 Standard calibration curve data of Alizarin in ethanol

Standard calibration curves of Alizarin

1.00E-04

(molT

8.00E-05

ion

trat

+ Exp 1
= Exp 2
Exp3

6.00E-05

4.00E-05

2.00E-05

1zarin concen

Al

0.00E+00

Figure B-1-2 Average stand i : \lizarin in ethanol

9.00E-05
8.00E-05
7.00E-05
6.00E-05
5.00E-05
4.00E-05
3.00E-05 |
2.00E-05/ D
1.00E-05" (= -iip
0.00E+00

TR [ i R

Alizarin concentration(mol/]

27



Table B-2 Standard calibration curve data of Alizarin in acetone

Concentration of Alizarin (M) Absorbance at 435 nm.

Exp.l | Exp.2 | Exp.3 | Average

8E-05 0412 [ 0397 | 04 | 0.403
6.4E-05 0.32 | 0.343 | 0.337
5.12E-05 0.257 | 0.259
4.1E-05 0.215
3.28E-05 — 016044 0. 0.171
2.62E=05"" 3710, . 0.135

' 7| 0106 0.106
0.088
0.068
0.058

-Eu
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Figure B-2-1 Standard calibration curve data of Alizarin in acetone

Standard calibration curve of Alizarin in aceton
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Table B-3 Standard calibration curve data of Alizarin in methanol

Concentration of Alizarin (M) Absorbance at 435 nm.

Exp.1 | Exp.2 | Exp.3 | Average

8E-05 0.435 | 0.47 | 0.484
6.4E-05 0.378 | 0.394
5.12E-05 0.308
4.1E-055 0.245
0.197

0.463
0.374
0.338
0.235
0.185
0.147
0.119
0.093
0.074
0.062
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Figure B-3-1 Standard calibration curve data of Alizarin in methanol

(mol/I

trati

1Zarin concen

o

Al

1.00E-04

8.00E-05

6.00E-05

4.00E-05

2.00E-05

0.00E+00

Standard calibration curve of Alizarin in methanc

. * Expl
- m Exp2
- Exp3

izarin concentration (mol/|

Al

1.00E-04

8.00E-05

6.00E-05

4.00E-05

2.00E-05

0.00E+00

q wiastisalimiivnds

61



Table B-4 Standard calibration curve data of Alizarin in acetonitrile

Concentration of Alizarin (M) Absorbance at 435 nm.
Exp.l | Exp.2 | Exp.3 | Average
8E-05 0382 | 04 0.39 0.391
6.4E-05 0.297 | 0.325 | 0.04 0.302
5.12E-05 0% 7] 0.267 | 0.243 | 0.246
4.1E-05 188 l 0.195 | 0.195
3.28E-05 O==07156_| 0.147 | 0.146
‘-=-_---

2.62E-05%"
2.15-05"

0.125 | 0.124

v 0.09
1.68040 62 ). 0.063
1.34 X | 0.048

-Eu
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Figure B-4-1 Standard calibration curve data of Alizarin in acetonitrile

Standard calibration curve of Alizarin in acetonitrile
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Table B-5 Standard calibration curve data of Alizarin in 80% ethanol

Concentration of Alizarin (M)

Absorbance at 435 nm.

Exp.l | Exp.2 | Exp.3 | Average

8E-05
6.4E-05
5.12E-05
4.1E-05
3.28E-05.

2.62E () o —

2. 1840

AULINENINYINS
ARIANTAUNNIING 1A Y

0.361 | 0.4 0.38 0.38
0.263 | 0.293 | 0.278 | 0.278

T R —

L

0.231 { 0.226 | 0.219
0.168 | 0.16 | 0.161
0.131 | 0.129
0.103 | 0.104
0.077
0.061
0.05
0.038
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Figure B-5-1 Standard calibration curve data of Alizarin in 80% ethanol

Standard calibration curve of Alizarin ir80% ethanol
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Table B-6 Standard calibration curve data of Alizarin in 50% ethanol

Concentration of Alizarin (M) Absorbance at 435 nm.

Exp.l | Exp.2 | Exp.3 | Average

8E-05 0.324 | 0.309 | 0.315 | 0.316
6.4E-05 0.226 | 0.26 | 0.257

5.12E-05 0.177 | 0.17 | 0.175

4.1E-05. 0.145 | 0.141

328 — O 0.103 | 0.104
= el

0.089
0.062
0.053
0.04
0.036
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Figure B-6-1 Standard calibration curve data of Alizarin in 50% ethanol
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Table B-7 Standard calibration curve data of Alizarin in 20% ethanol

Concentration of Alizarin (M) Absorbance at 435 nm.

Exp.l | Exp.2 | Exp.3 | Average

6E-05 0.145 | 0.141 | 0.134 | 0.14
4.5E-05 0.108 | 0.106 | 0.11
338E-05 010094 40087 | 0.084 | 0.087
2.53E-05 5 01 51 0.067 | 0.068
LTS V— 0.053
1.4 0.042
0.034

0.029

0.024

0.018
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Figure B-7-1 Standard calibration curve data of Alizarin in 20% ethanol

Standard calibration curve of Alizarin iR0% ethanol
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Appendix C

Extraction times and extraction temperatures

Maceration extraction

Table C-1 Recovery (%) of Alizarin was operating condition at ambient temperature

using ethanol as solvent.

Time (min) Recovery y (% ” ,/ Avg. Recovery (%)+ std.
15 26.44135 |.32 908 591 17 St 28.84 + 3.539
30 31.66506.1-34:96358 [80.37336 1 32.33+2.367
45 34.92408 _,,. 37415 [ p4. 14638 1~ 34.81 +0.621
60 40.2823 4059869 | 40,6073 | .. 40.50 £ 0.185
90 o':f“iﬂﬂ:‘:’: 4628099 | 44.71 £ 1.537
- \ |

Al

Soxhlet extraction — |
Table C-2 Recovery (%) of Alizarin wa ] peratine condit on at ambient temperature

using ethanol as solvent.

Time (min) ' .' E 4 Avg. Recovery (%)+ std.

4 hours

97.45 + 0.556

Ultrasound assisted ext .
Table C-3 Recovery (%) ¢

25 °Cand powerﬁtﬁzﬂ ﬁ Wﬁ’ﬂ'ﬁ w EI f] ﬂ ‘j

ﬂAllzarm was operatlng condition at extraction temperature at

Time _ . Reco %o q\xg. Recove std.
ar 4 14364162 1 1135854087
530 136.3208 | 41.1765 | 38.4742 | 38.66 + 2.433
45 42.1824 | 42.0601 | 42.2735 42.17£0.107
60 42.8808 | 45.6522 | 47.469 4533 £2.311
90 49.2188 | 51.4956 | 54.2636 51.66 +2.526
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Table C-4 Recovery (%) of Alizarin was operating condition at extraction temperature at

45 °C and power setting 3 using ethanol as solvent.

Time (min) Recovery (%) Avg. Recovery (%)= std.
15 47.15447 | 44.63087 | 43.14559 44.98 +2.027
30 60.07984 | 58.91784 | 59.57447 59.52 +0.583
45 62.73917 | 61.65803 | 63.63636 62.68 +0.991
60 63.16759 | 65.70397 | 62.68657 63.85 + 1.621
90 65.47203 | 67.5588 § 62.77022 65.27 £ 2.401

Table C-5 Recovery (%) of Ali

Time (min) / Z \ /2. Recovery (%)+ std.
15 54.78051 45586703 | 52 2821¢ 13+ 1.629
30 €5.80 32761,193 63.1+3.212
45 65.8573 01248 (| 62,6865 3.85 + 1.744
60 64.99 46057301 83581 65.33 +0.934
90 66.6155 4 63. 11628 | 67. 66.4+ 1.197
Al
JIFJ'-::“
Microwave assisted extracti It va
Table C-6 Recovery (%) of Allzarugc'mmg ition at extraction temperature at

60 °C and power 60%@!\1 0 W using et

Time (min) Recove v&: Recovery (%)+ std.

5 4l.8%46 47.49596 4%2,}]22 43.11 £2.955

10 26 ) | 7 5062 £2.108

15 El *ﬁﬁ%ﬁﬁ?% | 540+ 188

20 61.65946 | 58.17334 | 57.79543 59.21£2.130
~30er  165.81826 16650426 | 6534
ARTNNTT I A TIRTTRE—




2

Table C-7 Recovery (%) of Alizarin was operating condition at extraction temperature at

80 °C and power 60% of 1200 W using ethanol as solvent.

Time (min) Recovery (%) Avg. Recovery (%)+ std.
5 64.02439 | 66.91871 | 63.59048 64.84 + 1.809
10 68.92093 | 72.91476 | 69.6873 70.51+2.119
15 69.0298 | 73.37561 | 71.81266 71.41 +2.201
20 74.65438 | 71.45467 | 72.70923 72.94 + 1.612
30 73.45409 | 76.505 .88675 74.62 + 1.651

Table C-8 Recovery (%) of Aliz per. &tipn at extraction temperature at
100 °C and power 60% of 1 et nolm

Time (min) , . Recovery (%)=+ std.
5 7 869784 6 7 65.86 + 1.811
10 72.8823 75,65 72.55 + 3.230
15 75746 99687, 73,2 ' 76.01 + 2.749
20 84.9027¢ | 87.71499 ['81.5 84.71 + 3.104
30 84.51 87.47618 /|85 85.90 + 1.491
DA
Table C-9 Recovery (%) of Alizarii, hora dition at extraction temperature at
120 °C and power 60% of 1200 W‘Wgﬂ ent.
Time (min) : ecovery (%)+ std.
5 83.21784 | 84. 183.62 +0.671
10 80.93135 | 84.343771 | 86.26926 ~ 83.85+2.703
15 83.77004 £86,675639, 85.6979 38+ 1.478
20 ﬁﬁ‘gﬁ 4] 91 Zgll smsovﬁ 1.78 + 0.962
30 493.86397 ] 92. 320983 93.48627 93.22 + 0.804
= —
QW’]ENF mmw gIae
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Type of solvents and ethanol compositions

Ultrasound assisted extraction

Table C-10 Recovery (%) of Alizarin was operating condition at extraction temperature

at 25 °C, power setting 3 and extraction time 45 minutes using ultrasound assisted

extraction.
Type of solvents Recovery (%) Avg. Recovery (%)+ std.
Methanol 47.39336 | 49.07 6.66667 47.71 +£1.233
Acetone 57.33788 -80645 52.78 + 3.958
Ethanol 42.1824 ~ 42.17 +0.107
Acetonitrile 50.283 992, 5 48.92 + 1.931

Table C-11 Recovery (%)of% s Onefs CC ion at extraction temperature

at 25 °C, power setting 3 an I

extraction.
%
Ethanol compositions Rectyery . Avg. Recovery (%)+ std.
100 % 471 92 0¢ 422735 42.17+0.107
80 % 63.394551°£60.2996: 55014 62.41 + 1.833
50 % 71.65354, 68,795 FE 170.53345 70.33 + 1.44
20 % 11.18881-1"10.90387/ . 11.04+0.143

Microwave assisted extraction
Table C-12 Recovery (%)g Alizarin conditionm extraction temperature at

60 °C, power 60% of 1200 Wrand extraction timeg L5 minutes using microwave assisted

ﬂﬂﬂ’?‘ﬂﬂ'ﬂ’ﬁ“ﬂﬂ?ﬂ'ﬁ

i,
Type oﬁaﬁ m ehA® d %)+ std.
Methan .002704 | 3225 89. 354
Acetone 61.876454 | 64.78873 | 65.679838 64.12 +1.989
Ethanol 56.11737 | 52.39659 | 53.789279 54.1+1.880
Acetonitrile 55.362493  50.86837 | 59.326523 55.19 £ 4.232
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Table C-13 Recovery (%) of Alizarin was operating condition at extraction temperature at

60 °C, power 60% of 1200 W and extraction time 15 minutes using microwave assisted

extraction.

Ethanol compositions

Recovery (%)

Avg. Recovery (%)= std.

100%

56.11737

52.39659

53.78928

54.1 +1.88

80%

95.71559

95.31327

96.70411

9591 £0.716

50%

93.42153

93. 68507

93.84131

93.64 +£0.212

20%

66.9967

64.42863

67.17 £2.832

Power
Table C-

14 Recovery (%?

at 25 °C and extraction time

Power

3 42.182

6 47.21408

9 50.276

Antioxidant activities

14

N

W,

was_bpe
/1 "‘%\

ion at extraction temperature

S SO vent

,6

3

\

Recovery (%)+ std.
A7 0107

\\\46 99 +0.949

5

b3

Jli du‘
; -'4{; -}f

Table C-15 Antioxidant activities a_.@r

extraction was operated at 37 °C .~ Joas i

24

L\ 983.16+2.75

IA\O Alizarin using maceration

Conc. (mM)

Abs | ,r-',.

,f.%”

0.451

), 0759

61

01

0.3383

0.2537

=410.666

0.1903

10.628 |

M)

Abs 2
£ 0.719
= 0.654
0.624
0597

P1%
57.80
52.57
50.16
47.99

0.1427

70.605

48.

63

0.574 46.14

0.107

0:574.

46.

14

44.86

0.080

0

5

0.558
.54

43.41

L=y

4

ICso = o.!%;z

L

o 2

F="1.244

Gopes(miM)]

Ay

| babld

188

0.3308

55.06

0.2481

92.57

0.186

0.611

49.12

0.1395

0.599

48.15

0.1047

0.567

45.58

0.0785

0.542

43.57

IC50 =(0.204

Ref=1.244




Table C-16 Antioxidant activities and percent inhibition of Alizarin using soxhlet

extraction was operated at 37 °C.

75

Conc. (mM) Abs 1 PI% | Conc. (mM) Abs 2 P1%
0.2993 0.801 64.86 0.3213 0.835 67.61
0.2244 0.763 61.78 0.241 0.777 62.91
0.1683 0.698 56.52 0.1807 0.708 57.33
0.1262 0.637 51.58 0.1355 0.657 53.20
0.0947 0.614 49.72 0.1017 0.634 51.34
0.071 0.573 46.40 0.0762 0.593 48.02
0.0533 0.534 43.24 0572 0.561 45.43
ICso=0.109 | Ref=1.235 N 098 | Ref=1.235
SN
C Ab P1%
T 0, 7.85
| % 63.00
9
.55
0 ) 5
‘ 5 53
7 40203 N 1185, 44994
105, D! \- 2 \
Table C-17 Antioxidant activitic gj reent fnhibit izarin at 100% ethanol
using ultrasonic extraction was erated-at 3
Conc. (Mm) s it B one. mM Abs 2 P1%
0.651 0.786,_%5 385 F . 0.5334 0.786 63.44
0.4883 ) JREEH SR, | 0.729 58.84
0.3662 0.684 0.687 55.45
0.2746 0.6 0.641 51.74
0.206 =, 0.6 ; 0.605 48.83
0.1545 i 0.5 . 0.126 0.552 44.55
0.1159 0.554 45.00 0.09493 0.527 42.53
leo=O.2Pr ﬂ ﬁf’? %3,1 V w102 J%f= 1.239
4 Conc. mM Abs 2 P1% 'y
~ > By ~laf388
Qw 38 .17,1‘5&;@]@8
q T 7 0.2906 0.088 55.71 '
0.2179 0.637 51.58
0.1635 [ 0.606 49.07
0.1226 0.549 44.45
0.0919 - 0.532 43.08
ICso=0.210 | Ref=1235 |
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Table C-18 Antioxidant activities and percent inhibition of Alizarin at 80% ethanol using

ultrasonic extraction was operated at 37 °C.

Conc. (mM) Abs | P1% Conc. (mM) Abs 2 P1%
0.6132 0.809 65.51 0.4494 0.788 63.96
0.4599 0.783 63.40 0.3371 0.739 59.98
0.3449 0.726 58.79 0.2528 0.693 56.25
0.2587 0.681 55.14 0.1896 0.643 52.19
0.194 0.633 51.26 0.1422 0.601 48.78
0.1455 0.6 48.58 0.1066 0.589 47.81
0.1091 0.567 | 45 0.07998 0.567 46.02

ICso=0.1650 | Ref=1235 | , %50 =0.151 |Ref=1232

Cone. (mM) - A "Pl%
o475 0.822 7
PR N T 58.28
Y NS
Foui I 059 [\, 382
al0s484 f‘J 46.67
J ofi3 /Rep N
Table C-19 Antioxidant actiyitie ﬂ%‘t}n i hibition of Alizarin at 50% ethanol using
ultrasonic extraction was oper. d‘a ; "g -:_ 4 \

Conc. (mM) Abs | *-;g; _(mM) Abs 2 P1%
0.4242 0.75 L6075 - | 2 0.747 60.44
0.3182 705 574 09 Y C 072 58.25
0.2386 $0:654 52.55. -+ 0.682 55.18
0.179 2 50. T 0.644 52.10
0.1342 oBry . i 0.618 50.00
0.1007 0559 45.26 0.1096 0.592 47.90
0.0755 054 &, | 4405 | @00.0823 0.556 44.98

1Cso = 0.189 D5 V EJ %gm’ﬁ Refi= 1.236

- = 11 [+
Conc. (mM) | Abs2 - PI% v/
R GRS Rl I BE A Y
10351 0.716 57.98 ’
9 0.2634 0.688 55.71
0.1976 0.647 52.39
0.1482 0.626 50.69
0.1111 0.589 47.69
0.0833 0.56 45.34
ICs0=0.156 | Ref=1.235




77

Table C-20 Antioxidant activities and percent inhibition of Alizarin at 100% ethanol

using microwave extraction was operated at 37 °C.

Conc.(mM) Abs | P1% Conc.(mM) Abs 2 PI%
0.6258 0.864 69.90 0.546 0.863 69.82
0.4693 0.817 66.10 0.4095 0.812 65.70
0.352 0.734 59.39 0.3071 0.736 59.55
0.264 0.671 54.29 0.2303 0.669 54.13
0.198 0.659 53.32 0.1728 0.642 51.94
0.1485 0.62 50.16 0.1296 0.595 48.14
0.1114 0.599 48 4 0.0972 0.586 47.41

ICso=0.139  [Ref=1236] / g ICs0=0.144 | Ref=1236

Co [ ¥ Abs 1%
0.87 12
10.829 07
0. .60
(= 90.681 0
— .86
-+ 0: 7
s A ENE 84
| (N A D 1.23
Table C-21 Antioxidant actiyitics aitd 3-:1:1 itid lizarin at 80% ethanol using
microwave extraction was ope egl j ﬂ:"'

Conc. (mM) Abs | = . (mM) Abs 2 PI%
0.3497 0.815 i % 9] 0.808 67.62
0.2622 .7 0.753 63.01
0.1967 ' 0.694 58.08
0.1475 = 0.642 53.72
0.1106 0.605 156 | 0.611 51.13
0.083 0575 48.12 0.0852 0.575 48.12
0.0622 0.548 o, 45.61 0. 0.0639 0.538 45.02

ICs0 = 0.101 195 ﬂvw #Feil.l%

U [ Conc. (mMy Abs 3 PI% | o
o 7. ;%“3" a %&@ A a E]
W e T H R 3 FiR
q 0.2082 . 0.703 58.83
0.1561 [ 0645 | 5397
0.1171 ; 0.622 | 52,05
0.0878 | 0583 T 4879
0.0659 0544 ' 4552
|C5r)=0.103 : Ref=1.195 ;
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