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Abstract: Red kidney bean cells were isolated under atmospheric hydrothermal treatment with varying temperatures
and incubation periods to elucidate how these conditions affect the structure and in vitro digestibility of starch in bean cells. A
comprehensive analysis was conducted using a combination of morphological, X-ray diffraction, thermal property, and in vitro
simulated digestion analyses. Results indicated that red kidney bean cells isolated at 80-100 ‘C maintained their morphological integrity.
The starch within these cells was not fully gelatinized, and the crystal structure was partially disrupted, retaining a degree of relative
crystallinity (12.97%~16.54%). Compared to processing duration, temperature imposed a more significant impact on the starch crystal
structure. With an increase in heat treatment temperature (80~100 “C ) and incubation period (25~45 min), increases were observed in the
fluorescence intensity of the intracellular dextran isothiocyanate probe, in vitro digestion rate of starch (0.004 6~0.006 6 min '), and degree
of digestion (56.25%~69.25%). Between 80 and 90 ‘C, cell wall permeability was the major influencing factor of starch digestibility;
both cell wall permeability and starch crystallinity simultaneously affected starch digestibility in cells when the temperature rose to
100 °C . Therefore, by modulating the temperature and duration of atmospheric hydrothermal treatment, the digestive properties of
starch contained in red kidney bean cells can effectively be regulated. This study identified changes in the nutritional characteristics
of starch components in legumes during thermal processing, providing theoretical guidance for the development of legume-based
functional foods.
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Fig.1 Light, polarized light and confocal scanning laser microscopic images of red kidney bean cells incubated with different

hydrothermal treatments
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Fig.2 X-ray diffraction pattern and crystallinity analysis

of native starches and starches within red kidney bean cells
under hydrothermal treatments
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Table 1 Thermal properties of starches in red kidney bean cells incubated with different hydrothermal treatments

o b | ]
i=1=4
T,/C T,)C T,)C AH/(J-g") T,/C T)C T,/C AH/(J-g ")

Starch 61.39+0.13°  72.21+0.08°  82.19+0.24° 19.33+0.11° — — — —
Raw-60 ‘C-45 min 74.50+0.13°  80.62+0.25°  87.49+0.08° 5.27+0.14°  92.56+0.23" 97.59+0.10°  101.66+0.06°  4.87+0.08"
HT-80 ‘C-25min  84.19+0.12°  87.11+0.42°  92.14+0.26" 7.48+0.36" 94.33+0.28" 98.89+0.59°  102.52+0.68° 4.31+0.17°
HT-80 C-35min  84.17+0.12°  85.61+0.10°  91.20+0.15° 8.73+£0.14™  94.27+0.35" 98.56+0.34™  102.84+0.09™  3.83+0.08°
HT-80 C-45min  84.50+0.15"  90.78+0.09°  95.84+0.09°  8.95+0.20°  97.33+0.39" 100.44+0.34" 103.36+0.29"  1.53+0.03°
HT-90 ‘C-25min  51.51+0.56"  60.06+0.10%  70.43+0.12" 5.26+0.36°  92.27+0.30° 98.11+0.10  102.53+0.49°  3.63+0.27°
HT-90 ‘C-35min  51.37+0.23%  59.89+0.35%  70.08+0.28" 5.30+0.26°  93.69+0.14° 98.89+0.35" 103.73+0.55  2.61+0.12¢
HT-90 C-45min  51.35£0.36°  59.61+0.19°  70.20+0.08"  5.31+0.13°  93.50+0.19° 98.28+0.09°°  102.63+0.26™  2.44+0.16"
HT-100 ‘C-25 min  50.40+0.39°  60.17+0.34"  74.73+0.19"  8.81+0.12" — — — —
HT-100 ‘C-35min  50.77+0.08°  60.11£0.10°  73.74+0.25% 8.37+0.51* — — — —
HT-100 ‘C-45 min  50.52+0.34°  60.00+£0.29"  74.03+£0.29°  8.17+0.61° — — — —

E: RIS FAERIRGNEFERFHELARE ZF (P<0.05).
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Fig.3 Thermograms of starch in red kidney bean cells under

various hydrothermal treatments
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Fig.4 Confocal scanning laser microscopic images of red kidney
bean cells incubated with different hydrothermal treatments

7E: a ) Raw-60 ‘C-45 min, b 2% HT-80 ‘C-25 min, ¢ #
HT-80 ‘C-35 min, d % HT-80 ‘C-45 min, ¢ 4 HT-90 ‘C-25 min, f
# HT-90 ‘C-35min, g HT-90 ‘C-45min, h % HT-100 C-25 min,
i 4 HT100 ‘C-35min, j % HT-100 ‘C-45min. F70 % Fluorescein
isothiocyanate-dextran 70 kDa, #7A. (50 pm ).
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Table 2 Starch digestion parameters of red kidney bean cells incubated with different hydrothermal treatments

B RDS/% SDS/% RS/% SDS+RS/% k/min" Cyu/%
Raw-60 ‘C-45 min 13.91 £0.38" 22.49 £0.8"% 63.31 £0.64° 85.79 + 0.55" 0.0036 48.18 £0.37
HT-80 C-25 min 22.29 +0.28¢ 21.36 +0.09° 56.29+0.27° 77.65+0.19° 0.0046 56.25+0.19'
HT-80 C-35 min 24.73 £0.19" 21.97 £ 0.69* 53.29 £0.86° 7527 +0.19° 0.0049 58.67%0.11"
HT-80 ‘C-45 min 25.91+0.29° 22.00 £ 0.59* 51.72£0.36°  73.72£0.74% 0.0053 61.73 £ 0.22¢
HT-90 C-25 min 25.68 = 0.48 24.76 £ 0.47" 49.68 £0.22°  74.44£0.67 0.0056 63.57£0.11°
HT-90 ‘C-35 min 26.98 + 0.84° 24.77 £ 0.59™ 48.17+0.57"  72.94+0.97* 0.0058 65.10 £0.18°
HT-90 C-45 min 28.30 £0.19° 2426 £0.91™ 47.62 £0.88" 71.88 £0.17" 0.0061 66.83 +0.29"
HT-100 ‘C-25 min 27.69 £ 0.86% 25.54+0.05" 46.77+0.81%  72.31+0.86" 0.0062 67.61£0.11°
HT-100 ‘C-35 min 29.85+0.56" 25.60 + 0.98" 43.98 +0.85" 69.58 * 1.35¢ 0.0065 69.160.11°
HT-100 ‘C-45 min 32.93+0.59° 23.14 +0.45% 44.22 +0.85" 67.37 £0.85" 0.0066 69.65%0.19°

E: R FAERRRGNEFEHATHBELAILE 27 (P<0.05), kAt 24, Cy 4 180 min BH# 4 A2 E.
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Fig.5 In vitro digestion curves of starches in red kidney bean

cells incubated with different hydrothermal treatments
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