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Chemical properties of crude palm oil from dry and wet extraction

process.
Chemical properties Crude palm oil* 81984
Dry Wet BN, 2521%*
Todine value, Wijs 51.64 +0.126 5242 +0.118 45— 60
Saponification value 191.27 +0.022  202.88 1 0.014 190 — 209
(mg KOH/ 1 g oil)
Acid value 8.49 1 0.003 7.74 £0.01 4
(mg KOH / 1 g oil)
Peroxide value 7.94 +0.05 9.42 10.037 10

(mg equivalence /1 kg oil)

*All values are the means T standard deviation of 3 determinations.

- e o : Y
** Source : NWﬁﬂ'luﬂﬂﬂﬂﬂ-!“ﬂﬂﬁﬁ'lﬂﬂﬁiuu'luuﬂ'lﬁ.ﬂ (2521)
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Carotenoids separation with different kinds and ratio of organic

solvents.
Solvents Ratio of crude palm oil : solvents
1:2 1:3 1:4 1:5 1:6
Hexane - - - - -
Petroleum ether - - - - -
Diethyl ether + + + + +
“+" = separated ; “-" = notseparated
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Absorption (OD ) of extract at various ratio of diethy] ether.

Crude palm oil Ratio of crude palm oil : solvents

12 13 1:4 1:5 1:6

Dry process oil 0.354° 0.426" 0.558" 0.557" 0.554°
Wet process oil 0.660° 0.675" 0.936° 0.933° 0.935"

The different superscripts (a, b, ¢) in the same row denote the siginificant differences
(p<<0.05).

All values obtain from dissolved pure sample in petroleum ether.

AN 10 Suamanaan 18 (%) vesmaaiaua lsNussanuand s lawehia
Dmeinsanadua iy

Yields (%6) of carotenoids at various ratio of diethyl ether.

Crude palm oil Ratio of crude palm oil : solvents

1:2 1:3 1:4 1:5 1:6

Dry process oil 26.952°  34227°  50.889"  50.887"  50.887°
Wet process oil 24330°  30.110°  50.248°  50.245°  50.244°

The different superscripts (a, b, ¢) in the same row denote the siginificant differences

(p<0.05).
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Absorbance maxima of carotenoids extract in various solvents.

Carotenoids Solvents Wave length Absorbance

(nm)

from dry petroleum ether 416 443 469 0.122 0.174 0.161

process oil diethyl ether 420 444 468 0.105 0.151 0.131
chloroform 429 456 482  0.117 0.145 0.094

hexane 418 443 467 0.116 0.143 0.113

acetone 421 447 472  0.089 0.116 0.099

ethanol 417 445 471 0.086 0.114 0.097

from wet petroleum ether 417 443 467 0.135 0.183 0.152

process oil diethy] ether 417 444 469 0.104 0.166 0.135
chloroform 429 456 481 0.117 0.149 0.102
hexane 421 443 468 0.110 0.146 0.135
acetone 421 448 472 0127 0.158 0.138
ethanol 420 445 468 0.119 0.155 0.136
312 Md

Avesasadnnniniuhduuda 2 ¥in Taduuag (Ui 9)
Taodions299aMAE20 Hunter Lab namanadensedt 12 wuh msafaniniisiu
ihavaumiiudaiimdmies (b) uazaimiuain L) qamﬁmsﬁﬁ’ﬂmnﬁ?ﬁu
thdusmiFlen Twrsefrsasanmbiuthdduuuy1eh Smauas

(a) g9n 1



46

MINN 12 mAvesmsanaualsiuoos

Color value of carotenoids extract.

Carotenoids Hunter
L a b
from dry process oil 38.75 40.11 25.81
from wet process oil 32.17 45.15 21.42

i 9 ualsfiusvdiarnala

Carotenoids extract.
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% relative absorbance

% relative absorbance
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exposure time (h)

—— dark —&— 3000 lux ~d&— 5000 Jux === 2000 Tux
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wunfiusa () uazuidlerh ) meldnnuduureiaszsy
Relative absorbance (%) of carotenoids extract at different light
intensity, (a) carotenoids from dry process oil ; (b) carotenoids from

wet process oil.
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Color of carotenoids at different light intensity in L, a and b value.

_Exposure Color value in various light intensity (lux}
time Caratenoids from dry process ail Camtenoids from wet process oil
) Dark 3000 5600 8000 Dark 3000 5000 8000
Hunter L.
0 38.75" 3875 38.75° 38.75 3217 17 3217 3217
3 38,750 3928 4157 43.22"* 32197 34.47% ELE Y 39.24*
6 38.74"" 2.11% 44.60™" 45.93* 3217 39 19° 40,53*° 4217
9 3877 4524 4577 4607 32197 42.94° 42.66" 4302
12 18.82°" 46.10° 46.59™" 4637 32.19°° 4422 457" 44.75%
24 1876 46.36" 46.47"" 4724 3222 44.46" 4475 481"
36 38857 46.75°° 7.00™ 47 48> 32.20"° 44,50 44,99 44.95°"
48 38.89™ 47.02% 47.34™" 47.66™ 32.17°° 4487 45.07°° 4512
72 39.00"" 47.36" 48.10™" 45.02™" s2.20™" 45.10*° 45.24"° 4557
Hunter a
] 40.11" 40.11" 40.11° 4011 45.15° 4515 4515 45.15"
3 4009 38.54°° 38.10° 36.22*" 45.15™ 4297 41.62% 39.75""
6 4011 35.28°° 3476~ 33.07"" 4518 40.06™" 31847 3761
9 4008 3336 32.54% 31.14% 4507 37.82% 36.74*° 35777
12 40,077 3100 3033 29.96™ 45,16 3587 3545 3505
24 40.04™* 30,72 3021 29.38% 4512 3532 35.19% 34.62%
36 4013 3057+ 29.98%° 29745 45,05 34.60%° 34.21% 34.06*"
8 4010 3023 2985 28.98™° 45.047™ 3434 3407 33.90"
72 40.06** 29.11° 29.74” 28.32" 45.05™" 34.60" 3412 33.727°
Humier b
0 2581° 2581" 25.81' 2381 2142 2147 21.42" 21.42°
3 2581 27,66 28.21%° 2847 21447 2371 24.15%° 25.46™
6 25.85" 28.42" 29.85%" 29.90% 21.44°" 26.39%° 26.98"° 27.63%"
9 2584 2929~ 30.00™ 30.61% 21.47%° 2787 28.26"" 29.00™
12 25877 30,65 30.96™" 3142 21.51"° 29.42°° 29.68%° 29,78
24 25.92% 3087 3087 3122 2153 29.60" 2981 2984
36 25.90° 30,91°" 31.09% 30.87° 21.50° 29870 0™ 3012
48 25.85"" 31.04° 3122 aLsT™ 71.55%° 30.00™" 30.34™ 29.96~
72 25.88" 3123 3143 37 21.50°° 30.15*° 30.30"° 3047

The different superscripts (a, b, ¢, d, e, f, g h, ) in the same column under the same Hunter parameter and different

superscripts (A, B, C, D} in the same row denote the siginificant differences (p<0.053.
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Change of carotenoids color in AE value at different light intensity,
(a) carotenoids from dry process oil ; (b) carotenoids from wet

process oil.
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Relative absorbance (%) of carotenoids extract at different temperature,
(a) carotenoids from dry process oil ; (b) carotenoids from wet process

oil.
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Color of carotenoids with different temperature in L, a and b value.

Time Color at various temperature (OC)
(h) Carotecnoids from dry process oil
30 40 50 60 70 80 90 100
Hunter L
0 3875 3875 3875 3875 3875 3875 3875 3875

0.5 4026 4071°° 412" 4706 47180 49.02%°  51.52"°  54.59%

1 40315 4094%°  4138%7 4746 48460  49.61"° 5198 56.84™

2 40637 411 41947 4799 48680 4974 5154 5621

3 4097 4145 4206 48607 49347 5038°° 5183 56407

4 4135 a7 a2 w7t 499 s5185°  s193" s757
Hunter a

0 4011 4011 4011° 401 4001" 4001 401" 4001

0.5 B71™ 33.42"° 3280°° 2833 28817 26417 2571°7 2420

1 3332 3287°° 3245 287" 2821"° 2706 2401077 2385

2 333770 3240 3217 20167 2817 241" 2354°  23.30™

3 3279 3214 3190°° 2874 2754 27217 263777 2353

4 3238™ 3183 31577 2088°°  28.42%° 2700 2524 231
Hunter b

0 2581 2581 2581 2581° 2581 2581 25810 2581

0.5 2787 2798 2857 3145 32077 326" 3426 3743

1 71 2821%% 2883 3281 32390 3232%" 3454 3881

2 2891 2020 205877 3196 32247 3243"C 3359 33.02™

3 28570 2073°° 30077 3™t 3216 3282 3444 399"

4 28.05°° 30617 3074 3196  3221°° 3248 34517 3963

The different superscripts (a, b, ¢, 4, e, f) in the same column under the same Hunter parameter and
differert superscripts (A, B, C, D, E, F, G, H) in the same row denote the siginificant differences

(p<0.05).
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Color of carotenoids with different temperature in L, a and b value.

Time Color at various temperature ‘o)
(h Carotenoids from wet process oil
30 40 50 60 70 80 90 100
Hunter L
0 3217 3217 3217 217 3217 3217 3207 32147
0.5 35627 3624°° 36877 4418 4441  4506°C 4655 4902
1 35750 36827 3706  4450™ 4486 4562 4697 4925
2 36707 37.79"%  3782°7 4479 44.89%°  4500°C 48217 5037
3 36.52°"  37.51°°  3826™ 449"  4548"° 4582 4897 5026
4 3671 3882 3929 4520 45747 4663 5034 s17t
Hunter a
0 4515 4515°  4515" 455" 45150 4515 4515 45a5

0.5 4117 4105 4089™C 34437 32475 32.72%F 203159 2023

1 41.01™  4081°°  4050°° 3492 3491"° 3268  2728% 3305

2 41007 4031"°  3985"  3461°" 3456 30387 30.58"¢ 3153

3 40.65"* 4008  39.04°° 33887 3519 33.10"  3138"° 288"

4 40.17" 3963 3848  3442"  3390"° 2994 30977 30.69°°
Hunter b

0 21.42° 21427 21427 21427 2142 2142° 2142 2147

0.5 24.12°%  2458°% 2584 2072°"  3000°° 2035 3259”0 3262
| 2476™% 2488 2564  2079°C  2072*"  2952°% 3347 308"

2 25117 2572%9  2643°F 207777 2096°° 20207 32.09°* 3154
3 25.97°%  26.62"  2725°% 303" 30.11™  2983"°  3128"% 3175
4 26077 2684 27657 30377 3127 3035° 3125 3344

The different superscripts €a, b, ¢, d, e, f) in the same column under the same Hunter parameter and
different superscripts (A, B, C, D, E, F, G, H) in the same row denote the siginificant diffcrences

(p<0.05).
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Change of carotenoids color in AE value with different temperature.

(a) carotenoids from dry process oil ; (b) carotenoids from wet process oil.
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process oil. {b) added crotenoids extract from wet process oil.
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Peroxide value of purified palm oil with various carotenoids extract

concentration under different temperature.

Temp. Time Peroxide value (meq/kg oil}
‘o m
Purified Carotenoids from dry process oil Carotenoids from wet process oil
oil (mg/1) (me/l)

15 30 60 120 15 30 60 120
30 0 0.386" 0.386" 0.386" 0.386" 0.386" 0.386" 0.386" 0.386" 0.386"
0.5 3,682 3.536 3.511 3.452 2.694 3.553 3.481 3.364 2.59

1 3.696 3641 3.592 3.617 2.993 3.676 3.500 3.480 2.764

2 3.702 3.808 3.631 3.558 3.197 3.693 3.572 3.581 2.977

3 4.715 4,473 3.949 3.622 3.331 3.886 3.707 3.663 3115

4 53.153 5071 4111 3789 3.637 4018 1954 J.801 3.412
40 0 0.386° 038" 0386 038 038 0386 0386 038 0386
0.5 3.715 3.951 3.817 3.665 2.949 3.907 3.399 3.460 2.994

1 4.475 4.407 5.692 5.076 5.473 4.139 4,183 3.752 3.563

2 4.841 4.688 6.132 5.654 4113 4.702 4.758 4.617 4272

3 5.252 5.395 6.319 5.221 4331 5.300 5.343 5.500 4917

4 6.453 6.277 6.089 6.053 5.145 5.482 5.209 5.396 5.035
50 0 0.386" 038" 038 038" 038 0386 038  0386° 0386
0.5 4286 4.012 4012 3.911 3.518 3.977 3.882 3.609 3.412

1 4.478 4.219 4127 4.062 3.961 4.210 4.107 3.924 am

2 5.043 4.786 4,770 4.501 4,442 4.593 4361 4342 4,101

3 5475 5.211 4.963 4903 4.732 5.061 5.013 4877 4.624

4 5.952 5272 5.600 5.437 5.119 5324 5227 5211 4814

The same superscripts in the same row and column denote the non significant

differences (p>0.05).
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Peroxide value of purified palm oil with various carotenoids extract

concentration under different temperature.

Temp. Time Peroxide vatue (meg/kg oil)
SO TNY!
Purified Carotenoids from dry oil Carotenoids from wet oil
oil (mg/1) (mg/1)
15 30 60 120 15 30 60 120

60 0 0.386° 038" 038" 038 0386 0386  0.386"  0.386"  0.386°
0.5 5057 4716 4221 3.92 4265 4243 4764 3599 3214

1 6.381 5295  5.889 5.66 4733 6358 5877 5126 4720

2 7342 8728 7617 7854 6075 6684 6435 534 5434

3 7321 6722 6430 6583 6309 7078 6.67 6.022 5238

4 7.903 6664  6.665 5796 5710 7295 6294  6.060 5786

70 0 0.386" 038"  0.386" 038" 0386 038" 0386 038"  0.386
0.5 6.062 5872 5661 5472 4994 5622 5302 5111 4876

1 6.591 5510 5527 5.50 5212 5913 5671 5200 4912

2 7032 5900 5710 5695 5486 5877 5624 5390 5124

3 7211 6196 5983 5873 5700 7037 5843 5867 5410

4 6959 6286 6082 5987 6030 7423 6186 5799 5507

80 0 038" 038 0386 038 038 038" 0386 038 0386
0.5 7.225 6946 6709  6.101 6.041 6.150  6.163  S5.038 6132

1 7570 6892 7341 6803 5297 6963 578  6.169  6.299

2 8393 7379 7843 7243 5537 7127 6273 6346  6.003

3 7868  7.3547. 7428  7.056  6.044 7443 6805 6978  6.149

4 7.953 227 7743 7.837  7.551 8.28 7449 6.571 6.265

The same superscripts in the same row and column denote the non significant

differences (p>0.05).
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Peroxide value of purified palm oil with various carotenoids extract

concentration under different temperature.

termp. lime peroxide value (meg/kg oil)
o m
purified carotenoids from dry oil carotenoids from wet oil
oil (mg/D) (mg/D)
IS 30 60 120 15 30 60 120

90 0 0386 0386 038" 038 0386 0386 038" 0386 0386

0.5 7.595 7.327 7.241 7010 6477 .87 7.09% 6844  6.565

1 7.893 7467  7.138  7.116 6.753 7432 7210 7.038 6920

2 8.011 7.702 7537  6.872 7131 7618 7596 7502 6.953

3 8372 6972 7.104  6.957 6.991 8.061 7963 7710 7.583

4 8.762 8.772 7.598 7.312 7.182 8426 9.061 7.146  7.038

100 0 0.386° 0386 038" 038" 038 038 038 0386 0386

0.5 8.559 7.501 7219 7.205 6.797 7.870  7.422 7.152 6977

I 8252 8237  7.707 7409 7667 8350 7564 7479 6768

2 9.825 9.654  8.520 8.379 7.977 8873  8.096 7.978 7139

3 9.765 8.513 8.968  8.308 8252 9176 8397 8.126  7.902

4 9.701 8.804  B8.646  8.738 B.553 9514 8685 8223 8.169

The same superscripts in the same row and column denote the non significant

differences (p>>0.05).
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Change of absorption maxima in different condition during storage for

12 weeks (a) carotenoids extract from dry oil. (b) carotenoids extract from

wet oil.
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Absorbance (OD,,;) of carotenoids during storage.

Sample  Temp. Storage Storage time (weeks)
C)  condition 0 2 4 6 8 10 12
Dry 4  Atmosphere 0.567"* 0.565"" 0.565"F 0.564"" 0.565"° 0.564"" 0.564""
process Vacuum 0.567"" 0.568"" 0.568"" 0.567"" 0.567"* 0.567" 0.567""
il Nitrogen gas 0.567"" 0.567" 0.566"" 0.567"" 0.567" 0.565"" 0.565""
10 Atmosphere 0.567" 0.565%" 0.563“% 0.563" 0565 0.561%" 0.56""
Vacuum 0567 0.567"" 0.567" 0.566"° 0.569™" 0.566™" 0.567"*°
Nitrogen gas 0.567"" 0.565°4° 0.5654 0.566"* 0.565° 0.565""" 0.563""
25-28  Atmosphere 0.567"* 0.563°" 0.561°% 0.56° 0.561°™ 0.559° 0.558""
Vacuum 0.567"" 0.567"" 0.564™" 0.566""" 0.566 " 0.564"" 0.565"*"
Nitrogen gas 0.567"" 0.567"" 0.565"4™ 0.565"4" 0.566 " 0.564™ 0.563"

The diffcrent superscripts (a, b, ¢, d) in the same column and different superscripts (A, B, C, D) in the sarme row denote the siginificant differences (p<0.05).
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Absorbance (OD,,,) of carotenoids during storage.

Sample  Temp. Storage Storage time (weeks)
(°0)  condition 0 2 4 6 8 10 12
Wet 4  Atmosphere 0.859"* 0.859** 0.857"" 0.857"" 0.857"*" 0.855"° 0.855™°
process Vacuum 0.859"* 0.859"* 0.859™ 0.859""* 0.859 0.858"* 0.858""
oil Nitrogen gas 0.859"* 0,858 0.858"*° 0.856"° 0.857""4% 0.857** 0.857"4
10 Atmosphere 0.859" 0.856"" 0.855°"° 0.856"% 0.854°" 0.855"° 0.854°"
Vacuum 0.859™* 0.859** 0.859™* 0.857"" 0.857"* 0.858"* 0.857""
Nitrogen gas 0.859™" 0.858 4% 0856 0.859™* 0.855™" 0.855"% 0.853°°
2528  Atmosphere 0.859** 0.856"" 0.854%° 0.854°° 0.851"° 0.849°" 0.85""
Vacuum 0.859"" 0.859“* 0.857"4A" 0.857°""" 0.858™" 0.855°° 0.857"*
Nitrogen gas 0.859™" 0.859"* 0.857"*" 0.856™" 0.856"" 0.855"% 0.853°°

The different superscripts (a, b, ¢, d) in the same column and different superscripts (A, B, C, D) in the same row denote the siginificant differences (p<0.05).
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Color of the extract during storage forl2 weeks.
Storage Storage condition
time 4°c 10°c 25-28°C
{weeks) Aimosphere  Vacuum  Nitrogen  Aimosphere  Vacuum  Nilrogen  Atmosphere  Vacuum Nitrogen
dry
Hunter L
0 38.75° 38.75% 38.75% 38.75° 38.75° 38.75° 38.75¢ 38.75° 38.75
2 39.52" 3926 30.17% 3948 3931" 39307 3966 39.66> 39,72
4 39.73™ 3939™ 394 3981°° 39.69"° 39627 4007 39.97° 40,32
6 40.18*" 3951 39537 4022 4022 4026  a1.51* 40.51% 4064
8 40,54 39.86" 3991 40.74%° 407" 4062 £2.01% 4122 41.62°°
10 40.85"¢ 002" 4007 4147 41047 4110 43657 41.72%¢ 41.96™
12 41.11* 4007% 4023 4269 4130 4137 4496 42.45*° 42.77°
Hunter a
0 40.11° 40.11* 4011° an1r* 40.11* 4.1 40.11° 40.11° 40.11°
2 39.90™° 40.03™ 3904 3983 3997 3993 39.16" 39.81° 39.72%
4 39,63 990" 3975 39.42% 3972 3961°%  38.64% 39.45° 39.45°
6 39.12% 4000 3946 3397 3927 3920"  31.90™" 39.09% 39.09"F
8 38.81%° 39867 3891%"  38.65° ®™ 3882%° 3753 3875 3875~
10 38.49"" 3977%% 38670 38177 3862 3848 3602 3839 38.39%
12 38.14%" 982" 334857 37.20% 3833%°  3820%7  34.88% 3787 3797
Hunter b
0 25.81° 25.81% 25.81° 25.81° 25812 25.81° 25.81° 25.51° 25818
2 2623 25987 26127 26477 25967 2598  2672% 26.03% 2623
4 26.61°" 2653 26457 27.4% 26667 26597 27.26™ 2677 26617
6 27.01*° 2674 2681 27.72™ 2681 2677%° 27.72** 2698  26.99%°
8 27.19% 2704 2724°° 28117 27147 27.09%° 2861 27.20°% 2749
10 27.46° 2722 278" 28.69™" 2736™ 27417 2904 ETS0 28.02%
12 28.52% 27.96*°  28.00"°% 2940~ 28017 27.98°7 3184 211" 28.14°

The different superscripts (a, b, ¢, d, ¢, f, g) in the same column under the same Hunter

parameter and different superscripts (A, B, C, D, E, F, G, H, 1) in the same row denote

the siginificant differences (p<<0.05).



a5eh 17 enfvesmrsadaniuTzesnamsifuiayt 12 §Janl

Color of the extract during storage forl2 weeks.

68

Storage storage condition
time 4’c w'c 25-28°C
(wecks) Atmosphere  Vacuum  Nitrogen  Atmosphere  Vacwum  Nitrogen  Atmosphere  Vacuum  Nitrogen
wet

Hunter L
0 32178 3217 27 32,178 3217 3217 3217 3217 32.17°
2 32427 32327 32.41™F 3245 3239 32417 320957 3247° 32637
4 277" 57 3270™ 3281 1267 3273 3324 1291™ 3297
6 32.87% 3274 3294%%  13328" 3293 33.04° 3389 33.20%°  33.34%°
8 33.16™ 3297 3300 3384 33207 3331%°  3442°% 313817 3406
10 334277 3312 33.46™ 3479 33497 3372 35060 3462°° 3572
12 371> 3343 3369*°  35.06°° 33757 3427 3661 2607 3611

Humter a
0 45.15° 45.15° 45.15° 45.15" 45.15° 45,15 45,15 4515 4515
2 44.94™° 4504 4497 447 4492% 4484 4417 474~ w0
4 44.62°° 4495 44.78°° 4404 44,58°° 4445 4372 4413 aa00%"
6 44.16" #2375 4426"  a418"  43.06™" 43828 4365
8 4385 458" 4426 4315 4404° 4397 42.66™ 4313 43.16™
10 43677 4429* 4398 4259™ 4338 43647 4152 0748 40262
12 43.28% 4065 372" 41.82%" 43.62°° 43470 4064 201~ 4197

Hunter b
0 2142 2142 2142 2142 21.42° 21.42% 21.42* 21.42° 21.42°
2 21.86" 2163 2175% 2187 2174% 21 2227 2195 21879
4 221 2178 219970 2239 2103 2212 2284 236" 22.56*"
6 22.52* 200" 2220% 22887 2213 243" 2375 2296  23.m*°
8 22,80 2233 2257%  23.58° 257 22769 24617 2357° 2364
10 2311 262" 2289 2424 294" 2302 2582 24120 2432
12 23.57" 2™ ™t om0 23.15% 2329 2666 2481 2510

The different superscripts (a, b, ¢, d, e, £, g) in the same column under the same Hunter
parameter and different superscripts (A, B, C, D, E, F, G, H, 1) in the same row denote

the siginificant differences (p<<0.05).
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Change of carotenoids color in AE value during storage in different
condition. {a) sample from dry process oil ; (b) sample from wet

process oil.
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R, values of standard 3-carotene and carotenoids extract from dry and

wet oils in different solvent,

Solvent Rr

Standard B-carotene  Extract of dry Extract of wet

process oil process oil

10% benzene in petroleum ether 0.575 0.525 0.513
light petroleum ether (40-60°C) 0.26 0.363 0.350
0.838

2% acetone in petroleum ether 0.963 0.863
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Thin layer chromatography of standard fi-carotene and carotenoids
extract in the solvent system of 10 % benzene in petroleum ether : (a)
standard B-carotene ; (b) carotenoids extract of dry process oil ; (¢)

carotenoids extract of wet process oil.
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HPLC profiles of sample : (a) standard B-carotene ; (b) carotenoids

extract of dry process 0il ; (c) carotenoids extract of wet process oil.
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NMR profiles of sample : (a) carotenoids extract of dry process oil ; (b)

carotenoids extract of wet process oil ; (c) standard B-carotene.





