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Abstract

The physical and chemical stability of anthocyanins from a Korean pigmented rice variety was investigated at
various conditions of pH, temperature, metal ion, sugar, organic acid and light. The anthocyanin pigments
were relatively stable with half-lives of 36 days (pH 2.0) and 17 days (pH 3.0), while they were decomposed
in a day at neutral and basic pH of 7.0 and 9.0 at 25°C. The anthocyanins also showed high thermal stability
at pH 3.0; the half-lives were 7.4 hr, 23.6 hr and 96.3 hr at 95°C, 75°C and 50°C, respectively. Addition of
di- and tri-valent metal ions at pH 3.0 resulted in the increase of color intensity and stability throughout 21
days of storage periods at 25°C. Most sugars added accelerated the degradation of anthocyanin pigments, so
that fructose showed the greatest degradation effect on the pigments. Addition of citric acid at pH 3.0 in-
creased stability of anthocyanins, while tartaric acid decreased stability. The anthocyanins were very sensitive
on light irradiation with a degradation half-life of 14 hr under 20,000 lux-light dosage at pH 3.0.
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Fig. 1. Stability of anthocyanins from a Korean pig-
mented rice vareity at various pHs. Anthocyanin pre-
parations were dissolved in 0.1 M phosphate (pH 2.0 and
pH 7.0), 0.1 M citrate (pH 3.0), 0.1 M acetate (pH 5.0},
and 0.1 M CHES (pH 9.0) buffers at 25°C and measured
for absorbance changes at absorption maxima of each pHs
during storage periods for 21 days.
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Table 1. Rate constants and half-life values of the ther-
mal degradation reactions for anthocyanins from a
Korean pigmented rice variety in acidic (pH 3.0) and
alkaline (pH 9.0) solutions at different temperatures

Rate constant

p;rrzrt:rc {min™ x 10°) Half-life (hr)
('0) pH 30 pH 90  pH30  pH 90
95 0.156 6.87 7.4 0.168
75 0.049 2.04 23.5 0.566
50 0.012 0.864 96.2 1.68
25 0.004 2838
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Table 2. Effect of metal ions on the retention of anthocyanins from a Korean pigmented rice variety during storage

at 25°C (pH 3.0)

Amax
Concentration 10 mM 100 mM
Storage Time
{days) [ @ 0.5 1 3 7 16 21 0 0.5 1 3 7 16 21
Metal ion

Control 0.836 0.587 0.576 0.478 0391 0.252 0.173]0.863 0.587 0.576 0478 0391 0.252 0.173
Na’ 0.920 0.686 0.661 0517 0473 0.199 0.161 | 1.130 0.750 0.741 0.623 0.545 0.357 0.311
K’ 1.068 0.689 0.67 0570 0521 0310 0.260]1.017 0.726 0.723 0.623 0.556 0.338 0.281
Li* 0.999 0.700 0.685 0.587 0.539 0.355 0.285]1.062 0.712 0.704 059 0.522 0396 0.333
Cu™ 1.021 0.787 0.770 0.674 0.622 0439 0361 |0.836 0.787 1.220 1.052 0.886 0.543 0.400
Mn™ 1.045 0.708 0.670 0517 0382 0.228 (1L170 | 1.348 0.708 0.648 0.200 0.098 0.024 0.018
Ca™ 1.089 0.748 0.737 0.649 0.564 0427 0.382]1.341 0.748 0.940 0.830 0.753 0.637 0.564
Zn™ 1.091 0.791 0.764 0.666 0589 0421 0.35311.561 0.791 1.093 0.958 0.853 0.567 0.584
Ni* 1.022 0.806 0.786 0692 0.635 0352 0.389]1.923 0.806 1.263 1.116 1.041 0.908 0.825
Mg” 1.182 0.742 0.706 0.615 0.537 0461 0.297 [ 1.292 0.742 0.912 0.798 0.706 0.547 0.481
Ba™ 0.982 0.66 0.648 0.546 0490 0312 0.261 | 1.336 0.660 0.920 0.800 0.729 (.588 0.532
Al 1.333 0976 0958 0834 0.726 0547 0460|2508 1.635 1501 1478 1438 1.349 1.255




Table 3. Rate constants and half-life values of the thermal degradation reactions of anthocyanins from a Korean pig-
mented rice variety in acidic (pH 3.0, 25°C) solution with various metal ions (10 mM)

Rate constant (min™ > 10°)

Temperature Half-life (hr)
49 Control K' Ca™ A" Control K Ca™ Al”
90 164 159 180 205 7.04 7.26 6.41 5.63
80 83 79 48 101 13.91 14.62 24.06 11.43
70 28 40 36 56 41.25 28.88 32.09 20.62
25 0.04 0.04 0.03 0.03 288.8 288.8 385.0 385.0
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Fig. 2. Effect of sugar concentrations on the color in-
tensities of anthocyanins from a Korean pigmented rice
variety at pH 3.0. Anthocyanin preparations in 0.1 M
citrate buffer, pH 3.0 containing various concentrations of
sugars were measured for absorbances at 514 nm.
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Fig. 3. Stability of anthocyanins from a Korean pigment-
ed rice variety in various sugar solutions (pH 3.0, 25°C).
Anthocyanin preparations in 0.1 M citrate buffer, pH 3.0,
containing 0.1 M monosaccharides (glucose, galactose, and
fructose) or 0.05 M disaccharide (sucrose and maltose)
measured for absorbance changes at 514 nm for 21 days of
storage periods at 25°C.
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Fig. 4. Stability of anthocyanins from a Korean pig-
mented rice variety in various organic acid selutions
(0.1 M, pH 3.0, 25°C). Anthocyanin preparations in 1M
glycinc buffer, pH 3.0, containing various 0.1 M organic
acids were measured for absorbance changes at 514 nm
for 21 days of storage periods at 25°C.
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Fig. 5. Effect of light on anthocyanins from a Korean
pigmented rice variety at pH 3.0. Anthocyanin preparat-
ion in 0.1 M citrate buffer, pH 3.0 were irradiated with
fluorescent lamp (20,000 lux) at 25°C and measured ab-
sorbance changes at 514 nm with 2 hr intervals.
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