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Physicochemical Stabilities of Carthamins
from Safflower Petals as Food Colorants
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The physical and chemical stabilities of carthamin of red pigment from safflower petals were investigated at
various conditions of pHs, temperatures, inorganic ions, sugars, light and polysaccharides. The half-life values at
pH 3.0, 5.0, 9.0 and 11.0 were 5.3, 5.0, 11.0 and 45.0 h, respectively, at 25°C. Therefore, carthamin is unstable
at acidic condition. Carthamin was red, orange and yellow at acidic, neutral and alkaline solutions, respectively.
At pH 3.0, carthamin was thermally unstable and the half lives were 3.62, 9.05 and 48.2 min at 90°C, 70°C and
50°C, respectively. Among various inorganic ions, AIP** stabilized carthamin at acidic condition. At pH 5.0,
carboxymethylcellulose prolonged the half-lives of carthamin at 25~90°C. Carthamin was very sensitive to light

(20,000 lux) and the half-life was 2.32 min at pH 3.0.
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Tablel. Rate constants and half-life values of the thermal degradation reactions of carthamins from safflower petals at various pHs

and temperatures

Temperature Rate constant (sec™ X 10%) Half-life (min)
0 pH3.0 pH5.0 pH7.0 pH 11.0 pH 3.0 pH5.0 pH7.0 pH11.0
90 325 23.1 16.4 1.83 355 5.00 424 37.8
70 108 104 499 043 107 11.1 148 162
50 1.44 1.56 1.08 0.12 482 444 64.1 558
25 0.37 0.40 0.10 0.03 308 290 665 2708
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Fig. 1. Stability of carthamins from safflower petals in various
pHs at 25°C.

Carthamin preparations were dissolved in 0.1 M citrate(pH3.0),
0.1M acetate(pH 5.0), 0.1 M phosphate (pH 7.0), and 0.1 M MOPS
(pH 11.0) buffers at 25°C and measured for absorbance changes at
absorption maxima of each pH.
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Table 2. Rate constants and half-life values of thermal degradation reactions of carthamins from safflower petals in various

inorganic ion solutions at pH 3.0 and pH 5.0

Rate constant (sec™ X 10%) Half-life (min)
Tempera-
wre (°C) pH3.0 pH3.0
l)Con Na+ K+ C al+ M g2+ Zn2+ A13+ l)C 'on Na+ K+ C a72+ M g2+ Zn2+ Al3+
90 325 26.1 27.1 30.0 255 253 37.1 3.55 443 4.26 3.85 453 4.57 3.11
80 18.5 16.5 16.3 14.5 15.1 16.8 5.05 6.24 7.00 7.09 797 7.65 6.87 229
70 10.8 7.37 7.69 135 7.84 8.61 1.99 10.7 15.7 15.0 8.55 14.7 134 57.8
25 0.37 0.34 0.34 0.59 0.36 0.38 0.13 308 336 336 195 315 299 867
Rate constant (sec™ X 10%) Half-life (min)
Tempera-
wre (°C) pH5.0 pHS5.0
"Con  Na* K* Ca* Mg®¥ Zn®* A*  "Con  Na' K* Ca®* Mg*  Zn*  A¥
90 23.1 29.2 269 28.5 15.0 - 452 5.00 3.96 429 4,05 7.7 -- 2.55
80 16.7 20.3 20.3 15.5 12.0 - 329 6.92 5.09 5.69 745 9.62 -- 351
70 104 7.24 6.49 7.23 3.01 -- 0.88 11.1 159 17.8 159 383 -- 131
25 0.39 0.39 0.39 0.57 0.31 0.35 0.09 290 293 296 201 375 331 1298

Deontrol with no metal ions
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Table 3. Rate constants and half-life values of light induced
degradation reactions of carthamin from safflower petals in pH
3.0 and pH 5.0 at 25°C

Light Dosage Rate constant (sec X 10% Half-life (min)
(lux) pH3.0 pH 5.0 pH3.0 pH 5.0
20,000 0.83 1.57 139.4 73.46
0 0.37 0.40 308.6 290.1
ARt ol# g A 7 L] ARrH R HAZE
ATt pH 5.0 ZAME= 9 ocA AL, vlxel st
T A7) wel w1y Aad b, 25°CY A, tixT
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Table 4. Rate constants and half-life values of thermal degradation reactions of carthamins from safflower petals in various sugar

solutions in pH 3.0 and pH 5.0

Rate constant (sec”’ X 10%) Half-life (min)
Tempera-
P pH 3.0 pH 3.0
YCon Gle Gal Mal Fru Suc YCon Glc Gal Mal Fru Suc
90 325 29.8 323 29.2 28.6 323 3.55 3.86 3.56 3.94 4.02 3.56
80 18.5 179 193 18.3 16.8 18.1 6.24 6.44 5.96 6.31 6.87 6.37
70 10.8 113 11.8 10.9 11.0 11.8 10.7 10.2 9.71 10.5 10.4 9.78
25 0.30 0.25 0.27 0.27 0.29 0.26 385 447 425 420 391 443
Rate constant (sec™ X 10%) Half-life (min)
Tempera-
wre (°C) pHS5.0 pH5.0
UCon Gle Gal Mal Fru Suc “Con Glc Gal Mal Fru Suc
90 23.1 293 294 289 28.7 295 5.00 394 392 398 401 391
80 16.7 16.8 16.9 26.2 19.9 19.9 6.92 6.84 6.81 4.39 5.78 5.80
70 104 10.7 102 10.0 12.2 11.7 111 10.7 11.2 11.5 945 9.83
25 0.31 0.27 0.26 0.25 0.26 0.27 372 433 441 465 446 420

Ycontrol with no sugars
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Table 5. Rate constants and half-life values of the thermal degradation reactions of carthamins from a safflower petals in various

polysaccharide solutions in pH 3.0 and pH 5.0

Rate constant (sec” X 10%) Half-life (min)
Temg)ecr;lture pH3.0 pH3.0
Control Starch Gum” Alginic? cMC? Control Starch Gum Alginic CcMC
90 325 100.0 41.1 29.7 31.1 3.55 1.15 281 3.88 371
80 18.5 20.1 18.4 16.8 18.2 6.24 5.74 6.27 6.87 6.34
70 10.8 9.29 13.0 10.6 11.3 10.7 124 8.92 10.9 10.2
25 0.37 0.27 0.31 0.31 0.29 308 435 367 371 395
Rate constant (sec” X 10%) Half-life (min)
Temg)ecr?mre pH 5.0 pH5.0
Control Starch Gum" Alginic® cMC® Control Starch Gum Alginic CMC

90 23.1 434 26.8 23.1 224 5.00 2.66 4.34 501 5.16
80 16.7 17.3 229 17.6 16.6 6.92 6.67 5.06 6.56 6.95
70 104 10.6 11.3 9.89 9.31 111 10.9 10.2 11.7 124
25 0.39 0.25 0.30 0.33 0.30 290 469 386 347 387

YGum Arabic

P Alginic acid

JCMC: carboxymethylcellulose
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