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Table 1. Independent variables and their levels used in the CCD design

Coded Level

1 0 " Symbol Independent Variables
NaOH 50% Acetone + 50% NaOH Acetone X4 Solvent type

1 3 5 Xa Solvent/Solid ratio (ml/g)

6 4 2 X3 Time (min)

65 45 25 X4 Temperature (°C)
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Table 2 Experimental conditions from the CCD and the experimental results for color extraction from
Annatto seeds and their responses (Yield, Color purity and yield of bixin/norbixin)

No solvent Solvent/Solid Time  Tempeature(® Yield Purity Bixin/norbixin
ratio (h) O (%) (%) Yeild
1 -1 1 2 25 0.78 7.45 0.06
2 1 1 2 25 3.54 2.37 0.08
3 -1 5 2 25 1.93 18.66 0.36
4 1 5 2 25 9.49 2.36 0.19
5 -1 1 6 25 0.76 7.61 0.06
6 1 1 6 25 1.56 1.57 0.02
7 -1 5 6 25 1.79 17.57 0.31
8 1 5 6 25 12.12 2.88 0.34
9 -1 1 2 65 0.99 12.23 0.12
10 1 1 2 65 1.33 2.33 0.03
11 -1 5 2 65 1.92 12.22 0.23
12 1 5 2 65 17.88 2.04 0.36
13 -1 1 6 65 0.68 11.31 0.08
14 1 1 6 65 3.18 0.03 0.00
15 -1 5 6 65 2.34 26.5 0.62
16 1 5 6 65 11.84 0.28 0.03
17 -1 3 4 45 0.8 7.04 0.06
18 1 3 4 45 6.97 3.36 0.23
19 0 1 4 45 1.12 5.73 0.06
20 0 5 4 45 11.93 4.98 0.59
21 0 3 2 45 491 9.03 0.44
22 0 3 6 45 1.55 6.13 0.09
23 0 3 4 25 5.18 9.07 0.47
24 0 3 4 65 5.71 2.9 0.17
25 0 3 4 45 6.105 5.69 0.54
26 0 3 4 45 4.745 7.54 0.47
27 0 3 4 45 6.135 7.79 0.58

* In solvent type, -1: Acetone, +1: NaOH and 0: 50% Acetone and 50% NaOH
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Table 3. Analysis of variance of different models for yield of Annatto

Adjusted R-  Predicted R-

Source Std. Dev R-Squared Squared Squared press
Linear 2.66 0.7001 0.6456 0.4905 264.17
2F1 1.93 0.8852 0.8135 0.5134
Quadratic 191 0.9154 0.8166 0.4190 Suggested
Cubic 1.84 0.9739 0.8302 -4.7358

Sy Ky s ek LI ojlas I gl 4 VSS s

ol 0 03y OLES ol C‘J,;:Lw\

Fig 1 Left to right: annatto seeds, annatto extract, annatto natural color

W
G

Table 4 Analysis of variance and significance of regression coefficient for yield of Annatto

(Quadratic model)
Source Sum of Squares DF Mean Square F Value Prob >F
Model 474.63 14 9.27 33.90 0.0002
Xi-solvent 173.72 1 173.72 47.51 <0.0001
X,-solvent/solid ratio 182.40 1 182.40 49.88 <0.0001
X5-Time 2.68 1 2.68 0.73 0.4084
X4-Temperature 4.22 1 4.22 1.16 0.3036
X, 291 1 291 0.79 0.3902
Xy’ 6.39 1 6.39 1.75 0.2107
X5’ 7.59 1 7.59 2.08 0.1752
X4 0.63 1 0.63 0.17 0.6843
X, X? 85.33 1 85.33 23.33 0.0004
X x* 0.76 1 0.76 0.21 0.6564
X, X* 2.93 1 2.93 0.80 0.3881
XoXs 0.45 1 0.45 0.12 0.7331
XXy 5.19 1 5.19 1.42 0.2567
X3X4 1.31 1 1.31 0.36 0.5613
Residual 43.88 12 3.66 - -
Lack of Fit 42.62 10 4.26 6.76 0.1356
Pure Error 1.26 2 0.63 - -
Cor Total 518.52 26 - - -
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Fig 2 Response surface plot of the interactional effect

Table 5 Analysis of variance of different models for color purity of Annatto

Source Std. Dev R- Adjusted R-  Predicted R- press
Squared Squared Squared
Linear 3.73 0.6867 0.6297 0.4854 502.58
2F1 3.27 0.8253 0.7161 0.2714 711.57
Quadratic 3.51 0.8484 0.6716 0.0563 921.64  Suggested
Cubic 2.54 0.9735 0.8279 -4.5428 5413.26
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Table 6 Analysis of variance and significance of regression coefficient for color purity of Annatto

(Quadratic model)
Source Sum of Squares DF Mean Square F Value Prob >F
Model 828.61 14 59.19 4.80 0.0049
X;-solvent 593.63 1 593.63 48.12 <0.0001

X,-solvent/solid ratio 75.48 1 75.48 6.12 0.0293
X;3-Time 1.50 1 1.50 0.12 0.7336
X4-Temperature 5.000E-003 1 5.000E-003 4.053E-004 0.9843
X,? 0.34 1 0.34 0.028 0.8702
X, 0.11 1 0.11 9.258E-003 0.9249
X5? 10.43 1 10.43 0.85 0.3759
X,? 0.45 1 0.45 0.037 0.8514
X, X2 76.96 1 76.96 6.24 0.0280
X, x? 17.58 1 17.58 1.42 0.2557
X, X* 14.96 1 14.96 1.21 0.2924
X5X;3 15.62 1 15.62 1.27 0.2824
XXy 3.36 1 3.36 0.27 0.6113
X3X, 6.90 1 6.90 0.27 0.4688

Residual 148.02 12 12.34 0.56 -
Lack of Fit 145.39 10 14.54 - 0.0858

Pure Error 2.63 2 1.32 11.05 -

Cor Total 976.63 26 - - -
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Fig 3 Response surface plot of the interactional effect
of solvent type and S/S on the color purity during
Annatto extraction
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Table 7 Analysis of variance of different models for the yield of bixin/norbixin ratio

Source Std. Dev R- Adjusted R-  Predicted R- press
Squared Squared Squared

Linear 0.18 0.3565 0.2395 0.1074 0.97

2FI 0.20 0.4032 0.0302 -0.8690 2.02

Quadratic 0.18 0.6376 0.2148 -0.9027 2.06

Cubic 0.20 0.8456 -0.0033 -28.5141 31.95
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Table 8 Effects of preservation conditions on color changes of annatto

Time Color charachteristics
(Week) Storage condition L a b

Light- 25°C 15.96+0.035 9.91+0.05 4+0.05

0 Dark- 25°C 15.96+0.035 9.91+0.05 4+0.05
Dark- 4°C 15.96+0.035 9.91+0.05 4+0.05
Light- 25°C 16.12+0.23 11.6+£0.3 5.99+0.11

2 Dark- 25°C 15.65+0.1 11.31+0.08 5.9440.06
Dark- 4°C 14.85+0.3 11.84+0.31 6.139+0.3
Light- 25°C 16.53+0.41 12.184+0.37 6.86+0.22

4 Dark- 25°C 16.14+0.37 11.59+0.29 6.324+0.16
Dark- 4°C 14.65+0.19 11.43£0.13 5.85+0.08
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Table 9 Mean of CIE parameter changes in

different condition during 2 months.

37°C 25°C Storage  Time
b a L b a L condition  (week)
29.25+0.05 16.85+0.11 52.11+0.24 29.25+0.05 16.85+0.11 52.11+0.24 light 0
29.25+0.05 16.85+0.11 52.11+0.24 29.25+0.05 16.85+0.11 52.11+0.24 Dark
30.28+0.08 19.04+0.04 49.37+0.41 29.86+0.09 18.74+0.47 48.30+0.08 light 4
29.69+0.16 16.75+0.17 51.16:0.24 28.48+0.08 19.04+0.24 47.76+0.24 Dark
29.06+0.17 18.80+0.14 49.31+0.53 30.57+0.22 15.15+0.38 52.32+0.45 light 8
28.80+0.138 14.924+0.255 48.38+0.3 28.93+0.20 19.15+0.26 47.46+0.58 Dark
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In this research, the effects of solvent type, solvent to seed ratio, temperature
and time of extraction on the yield, the color purity and the yield of bixin/
norbixin of annatto were studied. Central Composite Design with 4 parameters
including of solvent type (acetone, NaOH and acetone-NaOH), solvent to seed
ratio (1:1 to 5:1 ml/g), time (2-6 h) and temperature of extraction (25-65 °C) in
three levels (-1, 0 and +1) was employed. The results indicated that the
quadratic model was significant for the yield of annatto and R2 = 0.915,
indicating that 91.5 % of the change in the responses could be predicted by the
fitted model. In addition, the temperature and time of extraction had no any
significant effect on the extraction yield. The maximum yield was predicted by
NaOH under the 46.41 °C, 2.05 h and solvent to seed ratio of 5:1, which was
13.31 %. The quadratic model was significant for the color purity of annatto and
R2 = 0.848. By changing the solvent from acetone to NaOH and increasing the
solvent to seed ratio, the color purity increased. Furthermore, bixin/ norbixin
yield, which is the weight ratio of bixin or norbixin to annatto seed, was
determined and calculates as a comprehensive response. The most effective
factor in the color change of annatto powder was determined as light and if it
removed, using suitable packaging, it would be possible to maintain the best
quality of the powder .Similar results were obtained regarding the stability of
annatto dye in the whey powder .
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