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Abstract: In order to reduce the digestion rate of corn starch (CS) and increase the content of resistant starch (RS), this
study used heat moisture treatment (HMT) to prepare starch-protein complexes by combining CS with a soy protein isolate
(SPI) or ovalbumin (OVA). The effects of the mass fractions of proteins (5%, 10%, 15%, and 20%) on the physicochemical,
rheological, and digestive properties of the starch-protein complexes were studied. Differential scanning calorimetry
and dynamic viscoelasticity revealed that the swelling of starch granules was limited by the addition of proteins. X-ray
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diffraction data showed that the crystallinity of corn starch decreased from 28.75% to 24.92% and 25.29% after the addition

of SPI or OVA, respectively. Scanning electron microscopy showed that the added proteins wrapped around the starch

granules and acted as a physical barrier inhibiting starch digestion. Moreover, in vitro digestion analysis showed that SPI

and OVA additions lowered the rapidly digestible starch (RDS) content of corn starch by 10.39% and 14.9%, respectively.

In conclusion, addition of both proteins decreases starch digestibility, and the OVA has a stronger inhibitory effect on

the digestibility of starch than SPI. The findings of this study provide insights for developing low glycemic index foods

containing starch-protein complexes.
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Table 1 Effect of protein type and amount on pasting properties of corn starch-protein complex

5 MEAE AL JE [P BALREJE [P BR fFA8L/cP RAFEE cP =] A4 {8 /cP #im A/ C
CS 1383.00£4.96°  1144.00£9.09° 239.00+£5.71° 1413.00£7.36°  269.00+9.84°  85.62 £0.20"
H-CS 1123.00 £7.41° 869.00 + 3.74° 254.00 £4.49°  1116.00£7.40°  247.00£5.24"  81.35+£0.35

H-CSSPI-5%
H-CSSPI-10%
H-CSSPI-15%
H-CSSPI-20%
H-CSOVA-5%

H-CSOVA-10%
H-CSOVA-15%
H-CSOVA-20%

1 584.00 * 8.29°
1 460.00 + 14.97°
1365.00 + 11.89"
1268.00 * 24.09°
1554.00 +11.03"
1 464.00 + 6.48°
1381.00 +2.83¢
1374.00 + 13.44°

1 353.00 +2.94°
1185.00 +£9.27°
1086.00 + 6.34"
1.003.00 * 15.94
1 342.00 + 8.60°
1242.00 +4.49
1166.00 = 3.29°
1 133.00 + 8.98°

231.00 £5.71%
275.00 5.79"
279.00 + 5.66"
265.00 + 8.22°
212.00 +2.62"
221.00 +2.87
214.00 = 1.25"
241.00 + 7.48°

1 669.00 +10.65"
1645.00 = 11.81°
1 543.00 +15.75
1 465.00 +29.57°
1 644.00 * 4.98°
1565.00 +8.17°
1 469.00 * 0.00¢
1 418.00 + 8.05°

316.00 + 7.93"
460.00 +3.29"
457.00 +9.41°
462.00 + 14.63°
302.00 * 6.94°
323.00 £7.07°
302.00 +3.29
285.00 £5.31%

79.12 £ 0.06%
77.93 +0.45'
78.07 +0.20"
78.90 £0.18%
79.37 £0.16°
79.10 +0.04%
79.12 £0.02
78.73 0.02°

E: R AR AR A T AR REEZF (P<0.05).
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Table 2 Effect of protein type and amount on texture properties of corn starch-protein

H o RE /g e AR kY 4 = A

CS 39.09 + 1.44° 0.71 +0.11% 0.36 = 0.09° 10.02 +0.742° 0.13+0.13®

H-CS 34.92 +0.29° 0.83 £0.19° 0.46 +0.24° 1332+ 1.07° 0.11+0.21°
H-CSSPI-5% 44.33+2.26° 0.800.17°  0.40 £0.09" 14.23 £0.59" 0.12 0.08®
H-CSSPI-10% 36.46 +0.89° 0.74 +0.12° 0.39 £0.13° 10.76 +0.38™ 0.13+0.19®
H-CSSPI-15% 32.65 +0.25° 0.71 £0.11° 0.39£0.12° 9.233 +0.37° 0.14 +0.05"
H-CSSPI-20% 12.33 +0.19" 0.61=0.01" 0.36 = 0.03° 2.743 £0.93" 0.14 0.12°
H-CSOVA-5% 43.29 +0.36" 0.79 +0.07° 0.42 = 0.09" 14.31 +0.33" 0.13 +0.08®
H-CSOVA-10% 36.20 * 0.86° 0.78 +0.08" 0.42 £ 0.06" 11.80 +0.59" 0.12+0.12°
H-CSOVA-15% 14.80 + 0.28° 0.70 +0.02*  0.39%0.07° 4.100 +0.18° 0.12 £0.05%
H-CSOVA-20% 14.12 +0.28 0.68 +0.02° 0.39 £0.08" 3.787 £0.157 0.13 £0.04"

E: R AR LR T AR REEZF (P<0.05).
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Fig.2 Swelling power of corn starch-protein complexes
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Table 3 Effect of protein type and amount on thermal properties of corn starch-protein complex

A To/C Tp/C Te/C AH/(J/g)
CS 62.03 +0.17° 67.75+0.25" 7478 +0.11 3.90 +0.18"
H-CS 63.71 £0.26" 69.74 +0.16° 81.68 £0.27° 3.52+0.16°
H-CSSPI-5% 64.69 * 0.69° 70.16 £0.26f  79.58+0.15°  3.15+0.08"
H-CSSPI-10% 64.76 = 0.77° 70.55£0.25%  78.19+0.66°  3.27 +0.49%
H-CSSPI-15% 65.23 +0.09™ 70.64 +0.16 78.38+0.29°  3.15+0.15°
H-CSSPI-20% 64.96 +0.55™ 70.78 +0.09° 78.24 0.31° 3.02+0.11°
H-CSOVA-5% 65.05+0.13" 70.51 £0.12° 80.13 +0.08" 3.56 £0.07°
H-CSOVA-10% 65.55 0.26" 71.17 £0.12° 79.73 023"  3.38+0.05%
H-CSOVA-15% 66.01 0.02° 71.45+0.03 79.48£0.19°  3.24+0.05%
H-CSOVA-20% 66.16 * 0.68" 71.81 £0.08° 79.43+£0.58"  3.31+0.07%

E: RIS AR EARERTEARE £/ (P<0.05);T0: ARIWSHRE, Tp : VAR, Te . 4 RAIRE, AH : #1405,
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Table 4 Effect of protein type and amount on the in vitro digestibility of corn starch-protein complex

4 RA
Z:8
RDS/% SDS/% RS/% SDS+RS/%
CS 13.08 +0.007° 24.86 £0.017° 62.06 + 0.024 86.92 +0.07"
H-CS 32.92 +0.02" 12.52 +0.09° 54.56 +0.03° 67.08 +0.02°
H-CSSPI-5% 25.55 £0.08° 29.76 £ 0.06° 44.69 +0.04" 74.45 +0.08°
H-CSSPI-10% 25.42 £0.02° 15.51 £0.08° 59.07 £ 0.02° 74.58 +0.02°
H-CSSPI-15% 20.40 £0.01° 10.52 £ 0.08° 69.08 +0.06" 79.60 £0.12"
H-CSSPI-20% 20.10 £0.01° 12.47 £0.01° 67.43£0.01° 79.90 £0.01°
H-CSOVA-5% 2936 £0.01° 6.11 £0.01% 64.53 £0.01" 70.64 £0.01°
H-CSOVA-10% 28.15+£0.01° 19.36 £0.01° 52.49 £0.01° 71.85+0.01°
H-CSOVA-15% 21.87 £0.02° 12.69 £0.01° 65.44 £0.01" 78.13 £0.02"
H-CSOVA-20% 21.57 £0.01° 9.53 £0.02" 68.90 + 0.02" 78.43+0.01°
. ARA
RDS/% SDS/% RS/% SDS+RS/%
CS 56.30 £ 0.01" 38.78 £0.03" 4.92 £0.03° 4370 £0.01f
H-CS 53.62£0.01° 24.16£0.01" 2222 £0.01™ 46.38 £ 0.01
H-CSSPI-5% 52.84 £ 0.01"™ 34.04 +0.02° 13.12 £0.02° 47.16 £0.01*"
H-CSSPI-10% 50.41 £0.01" 29.71 £0.02°* 19.88 £ 0.04" 49.59 +0.01°*
H-CSSPI-15% 49.11 £0.03"* 25.82+0.01¢ 25.07 £ 0.04® 50.89 £ 0.03"*
H-CSSPI-20% 45.91 £0.02%" 28.32£0.01¢ 25.77+0.01° 54.09 £0.01"™
H-CSOVA-5% 50.85 £ 0.03" 29.10£0.01% 20.05 £ 0.03™ 49.15+0.03*
H-CSOVA-10% 48.25 £ 0.04° 30.57 £ 0.02 21.18 £0.03° 51.75 £0.03*
H-CSOVA-15% 44.87 +0.02 36.03 £ 0.02° 19.10 £ 0.01™ 55.13 £0.02%
H-CSOVA-20% 41.40 £ 0.02" 47.07£0.01° 11.53 £0.05° 58.60 £ 0.02"

E: B3 RE) bARAT AR BF £7F (P<0.05); RDS : ik sy, SDS: ZIZHEA, RS: kEH.

3 if

75N SPI 8% OVA X CS I HAL P 5 A9 A0 1 g
A REH . SPI B OVA [MAFELESE T T KiEk
Wik, FRAR T FoKTER ORI IR R . @ s
W 5% ) B 0 AL T R R TR R A, 1N
TFUER AL B B P . RSN AL SIS R B, IS
SPI 8¢ OVA 53 RDS & & W& f#{%, 1 SDS 1 RS
TR, FESH0N 20% B SPI/OVA fii &
KUEHR ) RDS 7 & 4 5l FEAK 1 10.39% 1 15.90%,
OVA R T K UE Ky RDS IR 23 (P<0.05) K
T SPI. H-CSSPI Al H-CSOVA i 2 Rl fig 5 —
F AR 30 I K2 7 A 25 00 5 5 Th 1) 22 2
Ko LEENT, WNINRE SN 15% 1 OVA £ [
IR EKTE R RDS & & = 2K 773 A HMT %
FUEk - EARE A YRR BT A S pE
o, R R R, T R N TR R R
ARSI .
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