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Abstract: Rice is the primary staple food for people in China. However, people with obesity and the diabetes are
discouraged from consuming rice due to its high glycemic index (GI). A low-GI extruded rice was prepared using the
extrusion technique. The rice had good appearance, quality, and taste. Extrusion technique was employed to ensure that
the extruded rice closely resembles natural rice. Rice flour was used as the main material, and a mixture of mulberry leaf
extract and resistant starch was added for their bioactive function of GI reduction. Monoglycerides, oat bran, and soybean
polysaccharides were added to modify the properties of the extruded rice. The glucose release rate during in vitro digestion
significantly decreased (from 0.060 to 0.025 min™') when the mixture of mulberry leaf extract and resistant starch was
added, and the estimated GlIs for the finished extruded rice samples were < 46.93. Moreover, their structure was compact
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and tightly packed and their morphology was intact. The addition of monoglycerides and oat bran enhanced the hardness of

the extruded rice and reduced its adherence, whereas the addition of soy polysaccharides improved its appearance and made

the extruded rice softer and more glutinous. The total sensory evaluation score for the extruded rice prepared with soybean

polysaccharides, mulberry leaf extract, and resistant starch as the functional components was the highest, and its sensory

characteristics were closest to that of natural rice amongst the modified, low-GI versions. This suggests that this preparation

method is superior and more suitable for low-GI extruded rice.
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Table 1 Formula of the recombinant rice
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Table 2 Standard for sensory evaluation
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Fig.1 Microstructure and macro-morphology of the

recombinant rice without cooking
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TS REH AN EAK, XAlae&H THEAKD
il A T FE WS B R AR TR, PN IR A A R AR
KA T —EFEEERIIAL, PR P ) % 1 B A OK (1 R
B TE R & B L RIRAOK D, 288 R R oK % AH
XTEAR . XTECAR I T A R ol & B 2K, R
4l FOKR i 2 K (RO) FIMR KR S50 T i
PEVERT FRMHEIY). RHERMEAK (R2. R3)
IR TR TEZER (147.50%), PHHIEZARZILFE
W= ORI RE A Y . TSN T BRI R 2 b
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*3 BAKNEERE (%)
Table 3 Cooking quality of the recombinant rice

# 5 B K F HARKFE JE IR 3
RO 150.10+2.86"  6.50%0.76"  125.40 +4.49¢
R1 146.25+3.04°  425+0.09°  113.05+0.40°
R2 146.14 484"  433+0.28 134.05 +2.35
R3 109.04 +3.94°  471+027  113.53 +1.08"
R4 110.60 £9.24°  3.43+0.02°  132.44+4.63"
KKK 17299+356"  11.44+095  174.83 +2.97°

E: RAAERRANNEFEATAALE LR
(P<0.05),
RBIVRFRME T 2R ORI T
KB EN, &R ZEETRFEER T KR
(RS gk, Eid B ERA RS S

KK HUE IR B, [R5 M K ARCBURE ) 56 B
HY, RRKKEE AR R (11.44%), &
B He il 2% 1) B 2K R 28 A R B PR AR . X T
RE5 ORI EE M A O, KRR KK I 38 45 # 3%
NS, KRR BE S REP RS RAERM, S
B2 Moy . A B ) E AR R 3
WONE®E, HomkatERiy (HD, FEX
IR A A BRI L R B AE KRN . B Ak, AR
PrbEvER . SRR EHK (R1. R2. R3 A
R4) HILLFRBIMAIFES (RO RILH BRI E
PR (4.18%).

RN 28 2 48 40 75 5 BIOKRORL b 28 2 AT oKL Y
EARLGAE, BT IORZEE T 5 MR . RAR
KRB 2R e R, 1% 5 7% AT AT 2 e b AR A B
o SR RAEL, DL R ZEE R B AR & oK
RA . T 2L BT E AR e Ry O R AR A,
P 0 45 R RN 5428 B0 DA R 28 38 i R PR R /K R
i, Rl 2K BRI 2R AR R/

213 RABTHEKGRMER

R4 WIS T 2B AR E LR AR IR KK
AR AEBE R, PR [Bl & ) MUK B 1 7
H, 25825 H R AR KRR A ] 46 1) 4K TG
FUEZER, RICKIA R RS THEAK, X
HHAFMEE AR (B D X A FZ4H 5>
& EALK, N7 KRE 2R EA KA T3
b dt, AR SRR R PR RE D, SE I
B KRG R G T BB P 4% S5 M3 550 .
G, 3 R B ALK ) 2L 53 %o 0 705 3 RO R AR G B
P AR BORFEM o AS IR SR A S5 - SR B (1)
ZK (R RURE PR B S i T Al Kok o) &% (i B 410K
(ROD, XAAFRCEMAIRIERG H . a0t
BeJE, RI (R2) FORSBIPE RS TR, 00 20
Kok il % M E KRS (RO X ATAER BT TR
AR R SRl T R &, Hh e 7oK
(Y TR 2 RERS, B T 2 HE R R A
R AR AR EADKAE S (R3 AT R4) R B IR
ETt.

R AT 1, 2 ROR il 26 1 2K 8 2% 3
Fifh 5 RRKAKEBONIEIL . ININGIVETE . FH§E
KU RN 22 W AT DA A 2 ZEL K R SE D BORG T Al
J5i AT LA 24 S 2K TR PR B A A AR, A iR
J o3 A B AR B RGE T BOR I, AT S s N —
SE B TR S AR IO RE L, PR B4
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Table 4 Texture properties of the recombinant rice after cooking

AR BN 2l = 5 MR F B /(N-s)
RO 235+0.18° 0.96 * 0.03" 0.44 = 0.02° 0.90 = 0.05* 3.89 +0.88"
R1 1.28 +0.18° 0.96 + 0.03" 0.36+0.01° 0.86 = 0.04"™ 13.88 +1.34°
R2 1.79+0.15° 0.91 +0.03* 0.44 +0.01° 0.92 +0.03" 4.06 = 0.47%
R3 2.11£0.39® 0.85 % 0.06™ 0.34 +0.03" 0.85 = 0.04"™ 8.19 +0.05°
R4 0.81+0.77° 0.85 % 0.05° 0.32 0.02° 0.83 +0.06™ 18.28 +0.97°
RARK 2.134+0.49" 0.92 +0.06" 0.42 +0.03" 0.82 % 0.04° 3.15 % 0.65
E: RO AERRRHINEFHRATEHRNZH 23 (P<005).
* 5 HEREAXNBREITEN
Table 5 Sensory evaluation of the recombinant rice after cooking
2 Aok e, RiE O RRIEM R M £ 3 ok BIRSH AR

RO 16.13£2.59™ 6.75+0.71" 4.88+2.10" 4.50 £0.76" 7.75 +2.66™ 7.63 = 1.77" 7.63 £ 1.06" 20.50 +2.33* 4.50 +0.53" 80.25 £ 6.67°

Rl 14.38%2.00° 3.63 +0.92° 3.50 +2.62" 4.25=0.89" 3.88+0.64° 625+ 158" 7.13+1.81° 15.75+3.58° 3.25%0.46" 62.00*7.78°

R2 1450 £1.41° 3.50£0.76" 3.38 £2.26" 4.25+0.71" 7.00 = 1.93" 7.75 £ 1.67" 7.13 £ 1.25" 18.38 £2.77" 3.88 + 0.83" 69.75 + 6.80"

R3 15.50+£2.14™ 3.13£0.83" 3.25+2.12° 4.13 £0.83" 6.38 £ 1.41" 7.13 £1.73™ 6.38 £0.92° 15.88 £2.47° 3.75+0.71" 65.50 + 6.50"

R4 15.25+2.66" 3.88 £1.25° 7.13+1.36" 4.13 £0.83* 5.50 £ 0.76™ 7.00 + 1.69™ 6.88 £2.17° 17.63 £2.92™ 3.88 +0.64a" 71.25+8.01"

R
o 17.50£2.51° 7.50£0.93" 6.00 £0.93" 4.75+£0.46" 8.13£2.75" 8.75+1.16" 7.63 £1.06° 21.00 £ 1.85" 4.50 £0.53" 85.75*6.50°

P
Xk

E: RIERATRRGNEFEATEARE LR (P<0.05).
214 RAEEEKNE I RBEAMILEAH

b — D W 5% 28 75 8 1 2H K I 2 WL T S5 R AW
ZER, W 2 . GRAEEJERIRBRIKINI A,
TOORL T 25 (B v, X 5 78 0 R ROK 20 i
KR I A e AHIR R IR KK B K AR A B
X EZE, MEREEEDREH - (X3, &
B e i) 2% 1) 2 ZH oK A WL b ROk e M i, AR AR
AT ORI KL 2 B 5 Al KoK ] 46 (1 B 4K
(ROY AN[E, dRhn T St SEE i s 40K A F 3k
PR, B SRR T, X2 B S
B h A — R ad s (i, £ER. 0
YIRS SE.

O, 28 2838 )5 1) JE 2K R R AR ROK I i
T R — 5 B M B 450 (B 2b). GBS
(R AR IR B W FLA /S HL B, i 4l KK R il 45 1
ABIEEMAK (RO MMFLELR, XEERZHFNE
HARAER R AR, 3 32 SR RRLRK A ek 43
T2 T8 BN IR T 350 K R S 4 A 45 44 AL
KA. IINPTrEEs. JH-RE. S ERM
MEEFR G, Frfe 78 2 5 1 2R I I FL K /N I i AR
1335 5] HEUR, 1X 0] B2 R A ax Se i3 in 4 Jo A4tk
KA HR R Ky 1 ot A B el T AE ELAE M 25 6 7
—ild, AR TSR T KRG 2 RENAREE
46

AR FLIA K, HALEEW R, XAlfeR
M1 T 2 WE RIS NG N 7 AR RS AHEE,  4H o) 1 B
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Fig.2 Macro-morphology (a) and microstructure (b) of the

recombinant rice after cooking
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Table 6 Data from in vitro digestion of the recombinant rice after cooking

# 3 RO RI R3 R4 RAKK
C,/(mg/g) 832.84+33.52 702.06+87.13 421.81+1547 640.51+56.47 804.02+27.57 772.93+46.79
K/min™' 0.079+0.010  0.011£0.002  0.025+0.002  0.016+0.003 0.010 +0.001 0.060+0.011
7 0.968 0.992 0.996 0.991 0.999 0.942
HI/% 94.12 44.61 35.52 44.93 43.55 83.30
eGI 89.33 46.66 38.81 46.93 45.74 80.01
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KAREREEBERMH®E R, HUKHICKN
o RTREHIKIE T = GL & 5, AR S = I pE
NBER H B e s g . g R
KRR AN BE RO MUBE S Bh i 52, AR ERH T
— i AR i 5 A 1 JBAEL A AR G ZH K (1)
BT ARAKK AEERE, AN Er B U & 14 R 231
SHRIAGTEE Ry, RIS I e #e
ER B UL KK T 22 ) A5 B 2E K I b SRR PR TR Y
PRANEAARIGSE FAER, Wi T SR A
o (0 LUK AR AT PR TBOER . (<0.025 min ) ¥ &
FZART R KK (0.060 min™) F14l K K ¥y i £
HAK (0.079 minD, Fifd eGI <4693, J& T
fiK G & dtie BAh, FF He il 2% 1 3 40K PN 3 45 1) 55
B, REJGPR SRR, BB RTE A
2. IBIEBLS . FH R AN e Bk R BT N mT AR T
HAK (R2. R3) PRSP ARAE L, [F]I BegoK
PRIV R . IR, (ECRRLAN R IR
FrRfE. mdsn T RS2 ELK (R REEE
OB R TOBEE, BRAMRG S, AR, Rk S
BEWR . IR0 A5 T 45 B R I 05, E SR A
VR, HRIOKIRE R AR o B4, A
P T H e, KRS 2R RARIE R MR, ol
DL A2 9 T8 0 R AR R B B sk . R, %
fi I S b3 B AL K &2 2 B4R i &I GT B 4K
R AET T, ATl & M E AR (R4 AR 2 4F
IRNFEX KR E BT 22 508K, L]
o288 i TR 1) 23 20 SR P e o

I Sk

[1] BARLOW P, MCKEE M, BASU S, et al. The health
impact of trade and investment agreements: a quantitative
systematic review and network co-citation analysis [J].
Globalization and Health, 2017, 13(1): 1-9.

[2] LIU J, LIU M, CHAI Z, et al. Projected rapid growth in

48

spatio-temporal study from 2020 to 2030 [J]. The Lancet
Regional Health-Western Pacific, 2023, 33: 100700.

[3] JUKANTI A K, PAUTONG P A, LIU Q, et al. Low
glycemic index rice-A desired trait in starchy staples [J].
Trends in Food Science & Technology, 2020, 106: 132-
149.

[4]  5KPFHARGIH H ALK A7 e Ak S & F il s A 2 AL
REMEH FL D] H R P e K %%,2021.

[5]  XUSCHE, M BRI BT K 5,5 0w R A D 4% 8 A K
AR AR AN ,2019,21:39-41.

[6]  ZEUB MBIk, 5K i, 55 K AR R - A XS TR T2
PAL[I]. B FHEL,2016,41(6):86-92.

[7] AR, 22 AR R S ARG R G S 4 4 ALK I T 12
WAL [I] M & 5 1E,2022,35(6):30-35.

[8]  WRAESR. LKt e 18 A1 T S ARG H LK )
] 2 [D]. A8 30T B Tk K 52,2023,

[91 XU e, 77 e, X0 = X, A5 AN [R] VA A ont 55 s B 4K
A BRCHE H5ORT SR AR M J5 AR SR [ 7 R 2 41,2020,
20(3):96-102.

[10] DOI K, KOJIMA T, FUJIIMOTO Y. Mulberry leaf extract
inhibits the oxidative modification of rabbit and human
low density lipoprotein [J]. Biological and Pharmaceutical
Bulletin, 2000, 23(9): 1066-1071.

[11] ZR5R S RERE PR K BRG 7 ROCR IOBE 72 (D] R - P A
BB ,2012.

[12] Vg ol oK 2, T8 b R SORR o 22 00 e AR 3 )
Ll it o M B R I s 0 A AR R B FE A L ROK
AR E R BURE I T (M) AE R R IL R
T % o M e e 2 ey, o ] bR A B R 5
£2,2008:16.

[13] QUIGLEY M E, HUDSON G J, ENGLYST H N.
Determination of resistant short-chain carbohydrates
(non-digestible oligosaccharides) using gas—liquid
chromatography [J]. Food Chemistry, 1999, 65(3): 381-
390.

[14] TAN X, LI C, BAI Y, et al. The role of storage protein
fractions in slowing starch digestion in chickpea seed [J].
Food Hydrocolloids, 2022, 129: 107617.

[15] WU J, MCCLEMENTS D J, CHEN J, et al. Improvement



MK ERBHL

Modern Food Science and Technology

2024, Vol.40, No.10

[16]

(17]

(18]

in storage stability of lightly milled rice using superheated
steam processing [J]. Journal of Cereal Science, 2016, 71:
130-137.

a7 4, T XA, KA 30, 55 S - D 308 o3 5 A R
FL[I] AR 5 %64%,2022,2:39-41.

ESPINOSA-RAM REZ J, RODR GUEZ A, DE LA
ROSA-MILL N J, et al. Shear-induced enhancement of
technofunctional properties of whole grain flours through
extrusion [J]. Food Hydrocolloids, 2021, 111: 106400.
R G R TR AR A7 T & e i s e R AT 7T [D].
2z DY 1AL K 22,2011

[19] WANG S, CHAO C, CAI J, et al. Starch-lipid and starch-

lipid—protein complexes: A comprehensive review [J].
Comprehensive Reviews in Food Science and Food Safety,
2020, 19(3): 1056-1079.

[20]

(21]

[22]

(23]

FEFBR I A H 5 5 ALK& H i s e Ak
B [I]. AR I 2% 412,2024,39(5):196-206.

R AN R] SO J7 v 455 s B 2E K JSURH i 55 e B I
LZZHUNHTFE[D] AT H MARALK2,2019.

LIU X, ZHAO J, ZHANG X, et al. Enrichment of soybean
dietary fiber and protein fortified rice grain by dry flour
extrusion cooking: the physicochemical, pasting, taste,
palatability, cooking and starch digestibility properties [J].
RSC Advances, 2018, 8(47): 26682-26690.

B 8. GUE I 5 J7 02 A0 5 PR 3R S ARG A it 2R B 2
THREMIIT TEE e [J]. B H2,2023,40(3):350-360.

[24] FAROOQ A M, DHITAL S, LI C, et al. Effects of palm oil

on structural and in vifro digestion properties of cooked
rice starches [J]. International Journal of Biological
Macromolecules, 2018, 107: 1080-1085.

49





