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Abstract: In this paper, intact cotyledon cells isolated from pinto bean were used as a whole food model and kidney bean starch was used
as the control, the effects of four heat processing methods (normal-pressure cooking/boiling, high-pressure cooking/autoclaving,
high-temperature baking and deep frying with oil) on the particle morphology, crystalline structure and in vitro digestion kinetics of starch in
intact pinto bean cells were studied. The results showed that after high-pressure and normal-pressure cooking, the birefringence polarization
cross of pinto bean cells was significantly weakened, the crystallinity decreased by about 12%, and the gelatinization peak could not be detected.
However, high-pressure and normal-pressure cooking destroyed the granular structure of pinto bean starch and caused the disappearance of the
birefringence polarization cross. The deep frying and high-temperature baking did not change significantly the morphology of pinto bean cells
and starch but decreased the enthalpy of gelatinization and relative crystallinity. The digestion rate of pinto bean cells with/without different heat
treatments decreased in this order: high-pressure cooking (89.45%, 0.0132 min") > normal-pressure cooking (47.77%, 0.0033 min™) >
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high-temperature baking (3.15%, 0.0001 min™) ~ deep frying (2.31%, 0.0003 min") ~ untreated (1.80%, 0.0001 min™). Regardless of the
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thermal processing methods, the apparent digestion rate and degree of digestion of pinto bean cells were much lower than those of the starch
subjected to the same heat treatment, possibly due to the adsorption of digestive enzymes and physical barrier effect of substances such as cell
walls and intracellular proteins. The research results indicate that low GI pinto bean products can be obtained by high-temperature baking and
deep frying with oil.
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Fig.1 Light micrographs pictures and scanning electron micrographs of pinto bean starch and cell treated by different heating process
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Fig.2 X-ray diffractograms of pinto bean starches (a) and cells (b)
treated by different heating process
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Table 2 Thermal properties and relative crystallinity of pinto bean starches and cells treated by different heating process

A Ty (C) T/ (C) T/ (C) AH/ (J/g) Aaxt4E ah B/ Y%
S 61.8+0.2° 71.5+0.1¢ 79.9+0.1° 12.740.3° 36
S-Fried 64.4+1.1%° 72.1+0.24 79.3+0.3° 9.0£0.1° 28
S-Baked 58.6+0.0° 65.6£0.2° 72.0+1.24 7.940.1° 35
S-Boiled - - 22
S-Autoclaved - - 20
C 66.8+0.1° 73.7£0.0° 84.4+0.6° 9.8+0.7° 19
C-Fried 65.4+0.8" 84.6+0.5% 96.3+0.5° 9.2+0.1° 14
C-Baked 65.7+1.7° 83.4+0.2" 96.0+0.2" 8.340.3% 13
C-Boiled - - 6
C-Autoclaved - - 7

E: PTA SRR Z R SR M P AFAREATEIRE, B FARERRFERTFHMEEZRE (p<0.05). T, WHRE;

Ty ALRE; T #abiBE; AH: BA.

24 AT R E T REM K 4IRS

H 5 71 5F % v

R 3 AEARM LA RABENEE RN/ MRS e R R
TEIGRREBIAR 180 min FEFFERHE
Table 3 Apparent digestion rate coefficient (k, min™) and
reducing sugar released (%o) after 180 min digestion of pinto

bean starches and cells treated by different heating process

H o AR E Yo Kk/min™
S-Autoclaved 98 4+1.4° 0.0186°
S-Boiled 99.4+0.7* 0.0231°
S-Baked 73.940.3° 0.0072¢
S-Fried 62.9+2.04 0.0054°

S 61.1+0.74 0.0053°
C-Autoclaved 89.5+1.1° 0.0132°
C-Boiled 47.8+0.2° 0.0033"
C- Baked 3.2+0.3° 0.00018
C-Fried 2.3+0.57 0.00038

C 1.8+0.1° 0.00018

E TR BARIR R R e AT EARER £,
H—7| FARERR FHEFTFHEEE TR (p<0.05).
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Fig.3 Digestograms of pinto bean starches (a) and cells (b)
treated by different heating process
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Fig.4 First-order plots of pinto bean cells and starch treated by

different heating process

E: a: S; b: C; c: S-Fried; d: C-Fried; e: S-Baked;
f: C-Baked; g: S-Boiled; h: C-Boiled; i: S-Autoclaved; j:
C-Autoclaved.
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