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Abstract: The processing technology, physicochemical properties, and flavor of low-estimated glycemic index (eGI)
reconstituted rice were investigated. Using a twin-screw extruder, a low-GI reconstituted rice suitable for consumption by
diabetic patients was prepared from regular white rice flour as the main ingredient and white kidney beans, chickpeas, and

3 30He R

B Rz, MO T8 5 AReGUA R A H KRR T 2 BRI SRR [T]. 304K £ W BHE,2024,40(10):14-25.

LYU Qingyun, CHEN Kuan, JIANG Lei, et al. Processing technology, physicochemical properties, and flavor of low-
egi reconstituted rice [J]. Modern Food Science and Technology, 2024, 40(10): 14-25.

is HER: 2024-02-03
HEewmH: BRESAMALITXIITE (2023YFF1104604-01 ; 2018YFC2001804-4) ; it B ESFLITRIIE (2022BADI128) ; #dt& R3]

S AL RET (2022BGE247) ; mREAEEREERIIEM (202305AF150003)
fEE@N: BT (1980-), B, #t, BT, ARAE: SMEEFLFIA, E-mail: lqingy2018@whpu.edu.cn

14



MK ERBHL

Modern Food Science and Technology

2024, Vol.40, No.10

mulberry leaf extracts as excipients. The optimal extrusion process parameters were determined to be a screw speed of

110 r/min, temperature of 116 ‘C , water addition of 23%, and feed rate 18 kg/h using one-way tests and response surface

methodology for optimization. Using these parameters, the overall rating was 85.2 and the eGI of the rice was 53.81.

The gelatinization, textural, cooking, and flavor properties of the low-eGI reconstituted rice were subsequently compared

with those of regular white rice, The results revealed that the hardness, absorptive capacity, and solubility of the low-eGI

reconstituted rice were all significantly higher than those of the white rice. Furthermore, scanning electron microscopy

observations revealed that compared with the regular white rice, the low-eGI reconstituted rice was characterized by a

rougher surface and a looser more porous structure. In terms of flavor, the low-eGI reconstituted rice was established to have

larger amounts of specific flavor compounds that imparted a unique fragrance and reduced odor. Our findings accordingly

provide fundamental information to enhance the manufacturing and quality of low-eGI reconstituted rice.
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Fig.1 Effect of extrusion temperature on sensory evaluation
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Table 3 Response surface experiment

FihE {Ax- ?ﬁ/}— B- ‘ﬁ?\#fﬁi‘i% C- #ﬂ:ﬂa ) gh
w2/ C /(r/min) MmKE Y RN/
1 115 100 21 76.74
2 115 110 23 84.99
3 115 100 25 75.06
4 110 110 21 73.73
5 120 120 23 77.19
6 115 110 23 86.15
7 110 110 25 77.42
8 110 100 23 76.44
9 120 100 23 78.24
10 120 110 25 78.12
11 115 110 23 85.32
12 115 120 21 77.96
13 110 120 23 74.58
14 115 110 23 86.35
15 120 110 21 80.93
16 115 110 23 84.89
17 115 120 25 74.68

E: BB GRS AL RA R TR b 30%. #ok
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Table 4 Regression model variance analysis table
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A-FERE 1894 1 18.94 14.19 0.01 **
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Table 5 Sensory evaluation results of cooked rice from

different samples
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Table 6 Sensory evaluation results of different samples of raw rice
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Fig.5 Pictures of low GI composite extruded rice, extruded
white rice, and ordinary white rice
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Table 7 In vitro hydrolysis index and glycemic index of
different samples

H o HI/% eGI
FEa K 62.07 0.50 73.78 +0.28
&k eGl 44 EK 2568070 53.81%0.30
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Fig.7 Cooking characteristics of different samples
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Table 8 Gelatinization characteristics of different samples

Ao MEMEFEE Jp  RARAEE/cp  AAfRE/cp REEE/p @AAf/cp  EEATIE /min MMLIEJE/C
L@ AR 41103 +109.3" 2973.5+75.3" 1136.6£51.5" 4767.0+70.4" 1793.0+304" 6.6+0.0° 843+0.4
HEA K 495.6+10.2° 106.5+2.5°  389.0+15.0° 196.5+9.5° 77.7£4.3° 2.7+0.2° —

K eGl LAFEK  4265+16.5°  233.0+7.8 193555  3555+145" 122.5%50°  4.9%0.1° —
E: ARNEFERTEFEE (P<0.05), FF.
&9 TR mMEE B
Table 9 Texture characteristics of different samples

# 5 R Ig FhEM/(g:s) 5k ik Ji A OBl ) 5

LAk 2993.40 £ 130.30" -16.74+2.63" 0.48£0.04" 863.00*15.11"° 1571.25+49.40" 0.58 £0.01" 0.44 +0.01°

FEE K 4429.19 £150.24" -54.65£3.73° 0.89 +0.02° 2 957.79 + 170.07° 3 975.47 £ 140.29" 0.90 £ 0.05° 0.78 £ 0.04°

1% eGI BAH/EA 6482.96+140.50° —12.3 +1.55" 0.80 % 0.05" 3 612.64 + 170.50° 5253.21 = 139.50° 0.73 £ 0.03" 0.65 + 0.01°
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Fig.8 Top view of volatile flavor compounds in the sample
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Fig.9 Comparison of volatile flavor compounds in samples
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Fig.10 Top view of volatile flavor compounds in the sample
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Fig.11 Comparison of volatile flavor compounds in samples
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FE RS 65 MR &Y. XSGV KL H
BRI R AR . BSR BETIE R R RN 2
L ol 25 F157).

Bl 12 A PO Fh R OKFE & R VOCs 1 48 2 B3,
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AHEKFF T NAL RN R -2- SEMEEE. AR
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FEHNAR. 7 T &HHERESERD T, 1B
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= 10 H#mHAVOCSHIER
Table 10 Information on VOCs in the sample

e AT

e edh T S 2T X s 2 CAS 5  AaxdtRE48dk
1 EFR 851.64 1.94 CH,,0, 144.2 124-07-2 2087.8
2 FALR P B 588.68 1.46 CyoH,50, 170.3 706-14-9 1735.0
3 (E);lkﬁ(zf?%?j’ ’% )%31};]6 679.80 1.41 C;H, {0 190.3 23726-93-4 1857.3

----- ;1 1- ¥ &8k -4--[-(2)-1- A 1R 654.65 1.25 C,H,,0 148.2 104-46-1 18235
5 R -2- THiEk 743.88 1.26 CH,,0, 114.1 13419-69-7 1943.3
6 KB 713.05 1.31 CH,,0 1222 60-12-8 1901.9
7 Aot B 715.20 1.22 CyoH,s0 154.3 106-24-1 1904.8
8 2- ¥R -4- FAKE 787.17 1.18 C:H,,0, 138.2 93-51-6 2001.3
9 TAFT ¥z 278.96 1.57 CeH,0 102.2 108-11-2 13195
10 4- A -1- RBF 289.05 1.37 CH,,0 102.2 626-89-1 1333.1
11 3- 4 -2- TH 282.16 1.34 C,H,0, 88.1 513-86-0 13238
12 2- A 120.75 1.40 CH,0 142.2 821-55-6 1107.3
13 B -2- ¥ Mt 93.11 1.29 CH,,0 126.2 2548-87-0 1070.0
14 AT KRB 116.96 1.25 C,H,0, 124.1 90-05-1 11022
15 S 71.36 1.24 CH;0 120.2 122-78-1 10385
16 AL 439.47 1.13 C;H,0, 74.1 79-09-4 1534.9
17 R 424.73 1.32 C,H,,0, 178.2 93-16-3 1515.1
18 AR 44330 1.26 C;H,0, 74.1 79-09-4 1540.0
19 F T8 426.77 1.37 C,H;0, 88.1 79-31-2 1517.8
20 AR 457.26 1.35 C;H,0, 74.1 79-09-4 15587
21 5- WA 2- R FEE 586.77 1.15 C,H,0S 126.2 13679-70-4 1732.5
22 L- & 7B 665.13 1.17 C,H,,0 152.2 99-48-9 1837.6
23 RX -2,4- B =Nk 59.54 1.18 CH,,0 110.2 4313-03-5 1019.0
24 RX -2- +—Mdt 610.18 1.57 C,H,0 168.3 53448-07-0 1763.9
26 TAzF A B 790.79 1.32 CH,,0, 142.2 698-76-0 2 006.2
27 3- XA T 697.915 1.91 C,H,,0, 178.2 2021-28-5 1881.6
28 (E);%(ngjg?ji% }%315;]6‘ 615.92 138 C:HO 1903  23726-93-4 1771.6
29 Jz%ﬁg_ 435.51 1.48 CH,0 130.2 111-87-5 1529.6
30 T 8% T.Bs 79.64 1.18 CH,,0, 116.2 105-54-4 10509
31 N3 229.30 1.49 CsH,,0 88.1 71-41-0 12529
32 F TR 432.26 1.42 C,H;0, 88.1 79-31-2 15252
33 B -2,4- e Wnlk 436.15 1.66 C,H,,0 110.2 4313-03-5 15304
34 KB 119.81 1.30 CH,,0 122.2 60-12-8 1106.0
35 LB A B 467.41 1.23 C,,H,,0, 196.3 76-49-3 15723
36 2- LB 750.52 1.46 CH,NO 109.1 1072-83-9 1952.2
37 A X, -3- F Hi B3 459.63 132 CH,0 128.2 20125-84-2 15619
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5 ot M A I == SRS CE L e
38 A R M B 330.27 1.19 C:H,,0 126.2 110-93-0 1388.4
39 KV 8L T By 463.64 1.19 C;H;0, 136.1 93-58-3 1567.3
40 Aot B2 658.71 1.69 C,H,;50 154.3 106-24-1 1829.0
41 FETE R 606.80 1.67 CyoH,s0 1543 106-25-2 1759.4
42 F IR M B3 678.02 1.48 C:H;0, 112.1 80-71-7 1854.9
43 KT B 679.09 1.52 C,H,0 108.1 100-51-6 1856.3
44 MBS 436.73 1.58 C,,H,,0, 184.3 104-67-6 1531.2
45 2- WA 3- P T AvA 177.10 1.30 CoH,,N,0 166.2 24168-70-5 1182.9
46 T B = LB 170.29 1.26 C:H,,0, 174.2 123-25-1 1173.7
47 THAREF By 178.67 1.20 C,H; 0, 140.1 4940-11-8 1185.0
48 EFER 460.02 1.44 CH,0 130.2 111-87-5 1562.4
49 5- F Ak ik 460.02 1.44 CH:0, 110.1 620-02-0 1562.4
50 IR 218.40 1.25 CsH,,0 88.1 71-41-0 12383
51 2- B 179.74 1.42 C,H,,0, 128.2 18999-28-5 1186.4
52 —AEA R 110.96 1.26 CH,.S, 150.3 629-19-6 1094.1
53 B -2,4- Wik 55.92 1.19 CH,,0 110.2 4313-03-5 1012.4
54 R = 96.19 1.15 CH,S, 94.2 624-92-0 1074.2
55 2- WAook 228.75 1.04 CsHeN, 94.1 109-08-0 12522
56 T B Thg 71.37 1.22 CH,,0, 116.2 105-54-4 1038.5
58 2- WAk -3- A 4wk 136.12 1.16 CeH:0, 126.1 118-71-8 1127.9
59 4- T 2- F A REy 252.22 1.25 CoH,,0, 152.2 2785-89-9 1283.7
60 2,6- =¥ AL RE 296.72 1.27 CH,,0, 154.2 91-10-1 1343 .4
61 R -2- Thi -1- B 328.04 1.48 C.H,,0 100.2 928-95-0 1385.4
62 2,5- = Hoiok 277.27 1.51 C4H,N, 108.1 123-32-0 13173
63 Aot B 444.59 1.62 CoH,s0 154.3 106-24-1 1541.7
64 F IR B3 661.38 1.15 C:H;0, 112.1 80-71-7 1832.6
65 KA R F By 606.98 1.25 CH{0, 152.1 119-36-8 1759.6
25 A ARA 854.07 1.58 2091.1
57 FARA 110.46 1.33 1093.5
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Fig.12 Fingerprint of VOCs in the sample
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