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chestnut food industry. It is of great significance to select reasonable processing methods to regulate the
digestion and retrogradation properties for the development of nutritious and healthy chestnut foods with
high quality. Therefore, the effects of pullulanase enzymatic hydrolysis coupled with hydrothermal treatment
on digestibility, long-term retrogradation and multi-scale structure of chestnut starch were investigated.
Results showed that enzymatic hydrolysis increased amylose content, and changed chain length distribution.
Short-range ordered and crystalline structures were also improved, and the starch digestibility were also reduced.
Hydrothermal treatment promoted starch chain interactions, and improved short-range ordered, crystalline
and nano-aggregate structures of starch, leading to the lower starch digestibility. During long-term
retrogradation, due to the increase of shorter A chains and the decrease of Bl chains which are easy to
rearrange, starch crystalline and nano-aggregate structures decreased, which retarded starch retrogradation.
Hydrothermal treatment promoted the interactions among A chains and other molecules, and further inhibited
the degree of starch molecule rearrangement, which could lead to the lower degree of retrogradation.
Therefore, enzymatic hydrolysis coupled with hydrothermal treatment can be used as an effective method to
regulate the digestion and retrogradation performance of starch, which could promote the development of
chestnut starch-based foods with slower digestion rate and lower retrogradation degree.

Key words: chestnut starch; pullulanase hydrolysis; hydrothermal treatment; digestibility; retrogradation;
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Tablel Digestibility of chestnut starchws under
enzymolysis and enzymolysis coupled with

hydrothermal treatment %
FE S A RDS SDS RS
Cs 80.17+2.01°  13.68+1.48° 6.16+2.38%
ECS-15U 49.41£0.61¢  45.71£2.65° 4.88+2.03¢
ECS-25U 44.25+0.75°  46.42+1.39° 9.34+2.04°
ECS-45U 50.58+0.90¢  41.66+0.90° 7.76+1.12°
ECS-75U 57.00+2.08°  37.59+0.95° 5.41+1.95%
ECS-125U 68.37+0.52°  28.60+0.98¢ 3.04+0.51°
Cs 80.17+2.01°  13.68+1.48° 6.16+2.38¢
HECS-80°C 72.38+0.75°  24.60+0.31° 3.02+0.99¢
HECS-90°C 70.23+0.90°  23.57£1.11% 6.20+0.35°
HECS-100°C  67.65+0.51°  22.52+1.21*  9.83+0.75"
HECS-110°C  63.47+1.15°  22.99+0.71°  13.54+0.52°
HECS-120°C  66.45+2.12°  22.29+1.25"  11.25+0.88°
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Table2 Retrogradation properties of chestnut starches under enzymolysis and enzymolysis coupled with hydrother mal treatment

FE a2 T,/°C T,/°C TJ/°C AH/ (J/g) m] A= BE /%
cs 71.22+0.16 76.21+0.38" 87.20+0.04 17.87+0.29* -
CS-0d 50.91+0.17¢ 60.89+0.47" 65.73+0.36" 0.70+0.03" 0.00
CS-3d 54.46+0.19° 64.98+0.21¢ 78.17+0.06° 4.70+0.32¢ 22.38
CS-7d 51.82+0.03¢ 66.15+0.40° 78.65+0.06° 5.38+0.30¢ 26.19
CS-14d 50.16+0.30° 65.15+0.08¢ 79.31£0.33¢ 6.73£0.07° 33.74
Cs-21d 47.324+0.34" 63.31+0.18¢ 84.08+0.27° 9.31+0.15° 48.18
ECS 76.41+0.23" 79.35+0.01* 90.47+0.15 14.44+0.01* -
ECS-0d 58.17+0.25° 62.00+0.18¢ 66.67+0.23° 0.36+0.10" 0.00
ECS-3d 53.43+0.12° 63.47+0.45¢ 79.38+0.16° 2.39+0.09° 14.06
ECS-7d 51.84+0.27¢ 63.34+0.47¢ 76.77+0.29¢ 3.73+0.13¢ 23.34
ECS-14d 53.61+0.04° 65.86+0.08° 78.10+0.41¢ 5.744+0.30° 37.26
ECS-21d 47.45+0.45¢ 63.44+0.32¢ 80.49+0.45° 6.52+0.42° 42.66
HECS 73.37+0.34° 79.74+0.04* 92.12+0.09* 14.38+0.28" -
HECS-0d 57.43+0.43° 61.65+0.40° 65.29+0.31F 0.48+0.08" 0.00
HECS-3d 59.59+0.09° 66.98+0.04¢ 74.15+0.05° 1.96+0.12° 10.29
HECS-7d 55.68+0.20¢ 64.73+0.16° 75.62+0.32¢ 2.29+0.08¢ 12.59
HECS-14d 52.26+0.39¢ 66.49+0.01° 79.67+0.05° 3.91+0.10° 23.85
HECS-21d 49.96+0.43° 68.11+0.36° 80.88+0.15° 5.22+0.16° 32.96

®3 EBREREBHEBSENLERERENNESD

Table3 Chain structure of chestnut starches under enzymolysis and enzymolysis coupled with hydrothermal treatment

b ABETER B L/% THER (DPél%g, %) (13<grl><ﬁz%4, %) (25<]§I2’fl3§6, %) (ijff %)
CS 21.98+0.73° 22.07+£0.45"  23.14+0.16° 48.41+1.41° 13.54+0.52° 14.91+1.05°
ECS 24.9240.74° 22.31£0.07°  24.45+0.01° 43.92+0.35° 16.18+0.16° 15.47+£0.19°
HECS 25.85+0.75° 22.31+0.11*  24.41£0.19° 44.30+0.10° 15.81+0.01° 15.49+0.28°
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Fig.1 Theinfrared spectrogram of chestnut starch
chestnut starches under enzymolysis and
enzymolysis coupled with hydrothermal treatment
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Fig. 2 The XRD pattern of chestnut starches under
enzymolysis and enzymolysis coupled with
hydrother mal treatment
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Table4 Short-range ordered, crystalline and aggregate structures of chestnut starches under
enzymolysis and enzymolysis coupled with hydrothermal treatment

ﬁl:ll__lll RC/% A (RC)* A—type/% B—type/% R1047/1022 o Aa
Cs-0d 8.20+0.68° . 61.2240.55"  33.6540.76°  0.355 9+0.001 8° 0.76+0.01¢ .
,  11.95x0.54 . 0.20+0.02
Cs-21d 20.15+0.40 39.34+0.96 48.25+0.44"  0.613 5+0.002 2° 0.96+0.02°
ECS-0d 12.77+0.42° . 78.1240.86°  17.56+0.93  0.379 4:0.005 9° 0.64+0.01° .
9.89+0.44 . 0.09+0.01
ECS-21d 22.66+0.45° 48.67£0.76°  48.72+0.26"  0.778 4+0.002 1° 0.75+0.01
HECS-0d 16.600.07° 65.65+0.72°  22.98+0.18°  0.609 9+0.005 8° 0.87+0.01°
7.29£0.52° . . . . 0.04+0.02°
HECS-21d  23.89+0.97° 41.89+0.43 41.90£0.35"  0.749 3+0.003 4 0.910.02

T * ARC)FITRGEM 21 d G BIARXT S5 BE I ZE(H ;A ()RR HERE 21 d 1G22 E 4502 (H
Note: A (RC ) means the difference of RC before and after 21 days of storage; A (o) means the difference of o before and after 21 days

of storage.
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Fig.3 SAXScurvesand their fitting curvesfor fractal
structure of chestnut starches under enzymolysis and
enzymolysis coupled with hydrothermal treatment
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