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Abstract

This paper describes a methode to extract yellow pigment from curcuma and turmeric containing natural color curcumin
whose target color indexes of Z, a, and b were 87.0 7.43, and 88.2, respectively. The pH range and extraction temperature
used for the reaction surface analysis method were from pH 3 to pH 7 and between 40 and 70C, respectively for both natural
products. A central synthesis planning model combined with the method was used to obtain optimal extraction conditions
to produce the color close to target. Results and regression equations show that the color space and difference of curcuma
and turmeric have the greatest influence on the value. In the case of curcuma, the optimum conditions to satisfy all of the
response theoretical values of color coordinates of L (74.67), a (5.69), and b (70.08) were at the pH and temperature of 3.43
and 54.8 C, respectively. The experimentally obtained Z, a, and b, values under optimal conditions were 72.92, 5.32, and
72.17, respectively. For the case of turmeric, theoretical numerical color coordinates of Z, a, and b, under the pH of 5.22
and temperature of 50.4 C were 82.02, 7.43, and 72.86 respectively. Whereas, the experiment results were Z (81.85), a (5.39),
and b (71.58). Both cases showed an error range within 1%. Therefore, it is possible to obtain a low error rate when applying
the central synthesis planning model to the reaction surface analysis method as an optimization process of the dye extraction
of natural raw materials.
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Table 1. CIE Chromaticity Analysis according to L-a-b Value of Natural Dye from Curcuma
pH Temperature [ C] L a b AFE color
40 83.2 3.7 54.0 34,7
50 79.3 42 574 320
23 60 89.6 32 50.3 383
70 90.5 -0.6 49.4 40.0
40 68.1 53 76.0 227
50 67.1 7.9 79.3 21.8
>0 60 69.1 22 71.1 253
70 75.1 -1.6 64.2 283
40 721 33 65.3 27.7 I
50 703 53 69.1 255 ]
70 60 73.0 3.0 60.5 31.4
70 64.7 2.4 532 427 ]
40 50.7 39 512 52.0 ]
50 31.0 8.1 384 75.0 ]
56 60 247 8.2 29.1 85.9 ]
70 223 73 252 90.4 ]
40 119 25.0 99 110.0 ]
50 10.2 78.8 77 111.8 ]
115
60 8.6 14.8 42 1152 ]
70 8.0 10.4 32 116.1 ]
Table 2. CIE Chromaticity Analysis according to L-a-b Value of Natural Dye from Tumeric
pH Temperature [C] L a b AFE color
40 83.3 6.2 59.8 287
50 90.2 7.0 57.9 30.5
23 60 37.1 8.7 66.3 220
70 65.9 23 80.1 232 ]
40 77.9 1.7 64.4 262
50 822 49 727 16.5
>0 60 742 13 67.8 249
70 732 32 67.0 25.7
40 69.1 42 70.1 257
50 60.0 8.1 68.1 337 ]
7o 60 64.2 8.2 59.1 37.0 ]
70 63.1 73 65.5 33.0 ]
40 416 10.1 51.0 58.8 ]
50 232 10.6 27.1 88.5 ]
86 60 205 8.3 24 93.6 ]
70 13.6 93 119 105.9 ]
40 159 315 13.1 106.3 ]
50 10.2 15.4 10.5 109.6 ]
s 60 0.1 132 77 123 e —_—
70 153 115 9.4 106.6 ]
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Table 3. Basic Experiment Setup of Response Surface Methodology
Cl C2 C3 Cc4 C5 C6
Std. No. Run No. Point type Block Time [min] Temp. [TC]
1 3 1 1 1 3.0 70.0
2 9 2 0 1 5.0 55.0
3 1 3 1 1 3.0 40.0
4 2 4 1 1 7.0 40.0
5 5 -1 1 5.0 76.2
6 13 6 0 1 5.0 55.0
7 7 7 -1 1 5.0 33.8
8 11 8 0 1 5.0 55.0
9 6 9 -1 1 7.83 55.0
10 5 10 -1 1 2.17 55.0
11 12 11 0 1 5.0 55.0
12 10 12 0 1 5.0 55.0
13 4 13 1 1 7.0 70.0
o] pHS} FE2E HAE 27 pH = 3~79} FE25E = 40~70 C
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Figure 1. 3D surface and contour graph of curcuma CIE lab. according
to various variables.
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Figure 2. Perturbation plot for the effect of variables on color coor-
dinates for curcuma.
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Figure 3. Multiple optimization graph of curcuma CIE lab. color space.
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Figure 5. Perturbation plot for the effect of variables on color coor-
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