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Interactions between Gallic Acid and Rice Starch
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Abstract: The effects of gallic acid on the solubility, swelling, gelatinization, and rheological properties of rice starch, and the
characteristics of the molecular and crystal structures of gallic acid-starch complexes were investigated. The results demonstrate that gallic acid
significantly increased the solubility and reduced the swelling, gelatinization temperature, and gelatinization enthalpy of rice starch (p<0.05).
This suggests that gallic acid could inhibit the gelatinization of starch and reduce its thermal stability. Gallic acid decreased the gelatinized
viscosity and setback values of the treated rice starch, indicating that gallic acid reduced the cross-linking between the starch chains and inhibited
the retrogradation of the rice starch. These gallic acid and rice starch mixtures represent a typical pseudoplastic fluid, and demonstrated the
associated shear-thinning characteristics. The addition of gallic acid significantly reduced the storage modulus and loss modulus of starch gels,
and the viscoelasticity of gallic acid-starch gel systems. This indicates that gallic acid has a destructive effect on starch gel structure. Infrared
spectroscopy showed that the peak intensity ratio of the gallic acid-starch complex, at 1045/1022 cm, decreased, suggesting that the addition of
gallic acid reduces the order structure of rice starch. In addition, the data suggests that these two products primarily interact via the production of
hydrogen bonds. X-ray diffraction demonstrated that these complexes formed a new diffraction peak at 12.7 °, indicating that gallic acid
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interacts with rice starch to form a unique crystal structure. This study provides theoretical guidance for the application of gallic acid in the

improvement of starch-based functional foods.
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Table 1 Effect of gallic acid on water solubility index, swelling
power and pH of rice starch

H o BRI MEIRE(glg)  pHAA
RS 5.9840.22°  15.02+0.66°  7.09+£0.02¢
RS+5%GA  6.82+0.33°  9.27+0.18"  3.11%0.02°
RS+10%GA  10.42+0.41°  9.76+0.23"  2.87+0.02°
RS+15%GA  13.93£0.19¢  9.86£0.2°  2.71+0.02°
RS+20%GA  18.73+0.24°  11.03+0.17°  2.71+0.01°
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Table 2 Effect of gallic acid on gelatinization temperatures and enthalpy of rice starch

H o AR To/'C ML EIRE Tp/'C  BMLRLRE To/C LA AH/(T/g)
RS 63.60+0.22¢ 69.70+0.22¢ 76.03+0.83" 12.59+0.25°
RS+5% GA 59.60+0.51° 66.43+0.17° 73.53+0.40° 10.53+0.06°
RS+10% GA 52.33+0.41° 63.27+0.37° 71.40£0.57° 9.62+0.26°
RS+15% GA 50.70+0.16" 56.23+0.19° 63.77+0.62° 12.5340.54"
RS+20% GA 50.63+0.21° 56.43+0.56" 64.30+1.28" 13.18+0.25°
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Table 3 Effect of gallic acid on pasting properties of rice starch

Hon AR cp  RMIRE/SC RAKEEE /op YABHEE /o A g8/ cp = 4 {8 /cp
RS 3629.30+14.82¢  74.0040.429  1324.0043.27%  2376.33+838°  2305.30+15.69° 1052.33+9.84¢
RS+5%GA  3591.00£1627°  74.02+0.40°  1667.67+18.66° 2267.33+15.58%  1923.33+34.89°  599.67+3.68b°
RS+10%GA  3444.00+4.97°  72.65+0.07° 1191.33+13.60° 1767.67+3.68°  2252.67+12.71 576.33+10.21°
RS+15%GA  3391.67+8.38"  71.02+0.05°  883.33+6.18°  1504.33+2.36°  2508.33+13.89¢  621.00+5.10°
RS+20%GA  3370.674£20.98°  69.1540.42°  744.67+8.18°  1312.33£6.60°  2626.00425.66° 567.67+1.70°
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Fig.1 Static rheological curves of gallic acid and rice starch
mixtures
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Table 4 Herschel-Bulkley parameters for gallic acid and rice starch mixtures

.. AT TATE
b /Pa K N R? /Pa K N R?
RS 10.34+0.50%  2.415+0.184™  0.499+0.008° 0.9993 2.72740.167°  1.793+0.094°  0.549+0.004*  0.9993
RS+5% GA  5.07+0.10°  1.884+0.135"  0.501+:0.010° 0.9992 1.568+0.031°  1.102+0.027*  0.586+0.003°  0.9998
RS+10% GA  5.20+£0.33*  2.040£0.239"  0.486+0.012°  0.9983 1.53940.127°  1.059+0.079°  0.589+0.004°  0.9997
RS+15% GA  7.16£033°  2.038+0.085"  0.489+0.005° 0.9973 1.837+0.03°  1.140£0.035"  0.584+0.003°  0.9997
RSH20% GA  8.18+031°  2.794+0.376°  0.444+0.017* 0.9941 2.098+0.032°  1.286+0.033° 0.569+0.001°  0.9997

=5 BRTFHREAKEMREHR RN RTHE
Fig.5 Dynamic rheological properties of gallic acid and rice starch mixtures
H T6omax G’ max tandys ¢ Gyomz
RS 81.65+0.55° 2694.50+39.50° 0.13+0.002° 697.80+9.40° 0.16+0.003* 928.50+5.40° 0.08+0.003* 1103.50+2.50° 0.18+0.006
RS+5%GA 78.30£0.20% 2347.50+6.50% 0.10£0.003" 248.20+6.40¢ 0.18£0.002° 317.90+6.70° 0.12£0.007° 430.35+11.05% 0.25+0.004°
RS+10%GA 76.05+0.35° 2287.50+18.50° 0.10+0.007* 112.60+4.20° 0.22+0.003° 144.40+3.90° 0.16£0.006° 215.95+10.05° 0.38+0.007°
RS+15%GA 74.10+0.30° 2152.50+8.50° 0.10£0.006° 70.75+0.76° 0.26£0.008° 87.97+2.98° 0.22+0.003¢ 160.95+1.45° 0.44:0.010"
RS+20%GA 72.55+0.05" 1966.50£15.50° 0.11£0.002° 53.72+0.37* 0.29£0.007° 59.17+1.36* 0.26£0.001° 116.31£1.30* 0.53£0.001°
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Fig.2 Infrared spectra of rice starch and gallic acid complexes
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Fig.3 Diffraction of rice starch and gallic acid complexes
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= 6 EAMFT-IR REFUKILR 1047 51022 om' BIIESBEELEELEE
Table 6 The ratios of the absorbance of the bands at 1047 cm™/1022 cm™ for deconvoluted FT-IR spectra of complexes

FEA RS 5% GA

10% GA 15% GA 20% GA

M= Al 1.3+0.003°

1.2120.007¢  1.1440.003°

1.01£0.001°  0.76+0.002
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