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1.1 #ME5iF

RIK 5 Fp . 8 2210 BN 31, B dl 91, B4
BT 9 5 WA KRR T At

BEOK i FEAE AT 2 5 (BB 9031 468 18,
e PG RO A R R R AL S O vl 6 5 1l
FRERK IR

A3176 o-VEKIEE (JEUE), S Sigma 23 ;
P816235 B & M (F U5 ),A800618 & #; i 4 Hif
TG, 22 va bRAE AR A BR 2 | e B T
Lioa 5711 By R ES st o T 8
1.2 UE5E&

FW100 /& 3B R HL, KEe T 28 ke A fR
75 A s DF=101S T8 gy e fE 2% S 74
X E8 A BRFTAE A 7] s DHG-9053 A Hi, #AH iR & KU+
BRAR, RS 2 SR g A A RN W] LXJ-1IB IR 3
KRERZEB O, LBLERUET ;RVA
4800 PRl BE AL, B4 R RBRA L A L ( ) A
B H];DSC 25 2278 H 4 5 # HR 10 i 428 43
MY, 36 [ TA A ;EVO LS10 F 4 7 W s,

SRR A F

1.3 Fi&

1.3.1  FEAh &

L3.1.1 JOKRFER S 10 R R ORK -+
EEHKEN 12% , FyiEid 100 B, T4 k6
A5 H

1.3.1.2 BB R B KOKFIK % BT & L

1o 1R G AT ORI ORI 28 A b B, R TR

fa 0y A B ROk, TR R TR IR S 120
C,EEEHE NS v/min, AR KB B R E 100 H
i, T REDC A A
1.3.2 BB NE oS RE R (ER
PR 2 A E bR E 5 oK 3 i E ) (GB
5009.3-2010) (1 b % 2 W R b 1 5 TE B
B 5E Y (GB 5009.9-2016) FI{ KK F4ETE R &
B AU 2 Y (GB/T 15683-2008) Hh AL 1Y 7 i,
TEFE S K 3 ETE K T ELEEVE R
1.3.3  MifbReEr e SIERRE (ROK K
KA AR PRI e PRERS BE0%) (GB/T 24852~
2010) H 4 77 350 7 KK BOK M (0 R AR P
1.34 WIjEHEFMNE 2% Meng 55 J7
PRGBS, BT R HER PR 5~8 mg
1.3.1 15 25 3R o il 45 A B i | 8 T 257 4 A
(DSC) L&A & 2R J5 F R R HLK 40 &% B, i
#E DSC W FE AL LT HH ., DS ARERS
o, EA RS, i & 40 mL/min, FHE #5410 °C/
min , Y B 0 5E 6 BBl 30~95 °C., i FH 4k M DSC ith
271 R IR TR (To) | W (B TR (Tp) & 1k i B
(Te) FRIALAS (AH) .
1.3.5  GASHFEMEIIIGE AR R T A R
BIAL R 2 5 A R, B 20 BT K7 HE B R
HU3.0 g KERL, BHL 25 mL 258 7K B R 2 2508
F I (DSC) & s &b, R JE B P2
TH&E T RE S, (S EI, IR R
50 °C., K FE A 50 CINEE 95 C(THIHE % 12
°C/min), 7E 95 CH R EF 3 min, KGR H 2 50 C
(B EEFEH 12 C/min) , FFFE 50 C T FAHF 2 min,
BRNFIMAE S . 2% Ma 25000 07 B IRV 3E 418
M, FEHEAT AR IR 2 F, B A AR
i, 1919 0 A8 Kb ~F B i 26 1 280 L DX

RS T AR I o . I HL3E B AR 40 mm 2°1
MG B, e 4% 6] B 5K 49 wm, 190 725 | RE & bl
B BN P AR AR b, IR 1 TE 25 CF P4 3
min, Y] FVEHR 0.1~100 s, 10 52 #F 5 3 2

AP AR A . Je Hoak H B A28 40 mm 0°1
SEHR, PR A% 1] BRI BN 1.0 mm, 190 A8 | 1 45 %35
B4 0.1~100 rad/s, I 5 £ 5 i BEA & (G ) A 4t
FERLEE (G”)
1.3.6  JKIEME(S)FEIKEE S (SPYllE =%
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Sun ZFRUY T IAEE B, K 0.2 g FER A
SYHCEE 10 mL & 8 F K in# & 30 °C, F4F 30
min, BF8 5 min BREBFEES . RS MO
1E 3 000 r/min T #5.0> 20 min, BF AR A T4
A, & F R 105 CT 2= E 5 S M SP (13T
LA (DR (2),

S(qz>::§%fx100 (1)
0

SP(glg) = m (2)

X amo FRE S B gmy N LT WROHE R
A B, gsmy N T TTER TR g,
1.3.7 KB IEBRIMEIERIE 2% Zhang
SRR VTP Ty Bk VRIS 8 2k, #F 50 mg K
i A2 mL R B FOKMAGE A 2 DI 15
mL B.O0E T, BN 10 min, B E 37
C,MA 2 mL #FHBREW (pH 2) F1 1 mg 3 000 Ulg
(¥ 2 11,37 °C 150 t/min /K HR % 30 min, 48
JE RS 4 mL BEER AN ZZ v (pH 5.2) A1 1 mL
AW (290 U/mL % IR o—3E B8 , 15 U/mL
T 53 4 2 T ) VRS R R A IO SR SRR B Y
v FERE o A, 430,20, 120 min f97K
f# 1 mL, I35 4 mL 19 95% £ BEIR G DL 2 1k T
BB, RA P LA 8 000 t/min 3 BE B0 5 min,
TAH B KA R 2 (DNS ¥ )W b I8 W i) A 2
i A E(3) L (4) L (5)THE PO AL TE Ry
(Rapidly digestible starch, RDS). 12 jH fk %€ ¥;
(slowly digestible starch, SDS)FIHTM:TEH) (resis-
tant starch, RS)HWJ& &,

Gy FG

RDS (9%)=“2FC %0.9x100 (3)
SDS<%0=15%%§ﬁLx09x100 (4)
Ry%ﬁﬁﬂ%%@inw (5)

A FG SR O min B A Y 78 28 4 1Y
i, RIRE O A A A0 0 E R me; G 2 R
20 min I it A T ) 2 5 19 B mg; G S T
120 min A A 8 HH 46 26 B8 04 B, mg s TS J& R IR A
mi A B TE R i, me ;0.9 2 T A B v Ry 1Y %
1.3.8 4 i 7 0BT (SEM) OS5 F 48 HX

T R R S, AT T TE AT RS A A R
B G b, FHYEE RS & LRI 24
FES, ARG R SRR 5 — R B B I S B
AN 64T 28 3 4, PR A A LB AR T =
TE 10 kV BN R R id SRR S RO IE S |
1.4 BUESHH

AR E R 3, A R A A L T
HbpE2E " Ron o Bd b 3 4R 18 45 5k
SPSS 18.0 4t it # /4 Al origin 2021 # 4, A ik
55 i MK R0E S P<0.05

2 ZBR55H
21 HEKkHS BEMEEHREMSE
2101 FEROKS SR REITLAES, R
KK FKBEIEAME LT, L& E T4 H
BRI KB K S EA R EES, REKER
17K 53 & B AE 5.66%~8.10% 2 8], H KKK Ir 5
i LOAH R JOBEK B S OK B RRAR T 30% L . BRia
B 6 5 I TR KRy 2 4h, HTORIOK FOBE K I T i
KA KA E A 0 22 R AR TR T Y e T A Y
YIERT , KOKTE 8 & A= WAk WAL TE #5373 [l AR
FH 308055 5 [, 76 i AR FH R 7K 43 300 DK Ky
b, DRI A 7 K o S AR Y
an R A2 4 [ SRR ME T A LK Y
IR SR SR <690, BRI T 4440 i T3%
B EBES BN 2Z TR S8 T 7 i &S K
() 5 [\ AEAEAR TR S5 4, KM 7K 43 3 AR, X

F1 AEASRMAKMIBHKBKIESLER
Table 1 Moisture content of rice flour processed

by different varieties rice

AR KAy KaeE/%
bR VoA 2Ly 6.83 £ 0.09"
&) 4 31 6.23 + 0.24"

x4 91 5.73 £ 0.09°

EE 5.90 + 0.06°

BF 95 5.67 £0.69°

AR A 6 5 8.10+0.21°
A 5.90 £0.01°

A2 5 5.73 £0.03°

#9031 5.66 +0.24°

AR 18 6.57 £0.19"

TE AR /NG SRR 22 53 .25 (P<0.05)
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YRR AT RE T 5 i T A G B A 7= . FAKE 6
SN TR KAy S A R, SR A A
WIEEET1, AN TRAT 6 EARZ R K & ok
¥y FEAR R S5 0E T, T BE R B AL 45 0 2 o i K 4y
2,12 BIEMAEEER SR SORRERAE
% E T2 2L AZ AL R AN R BT Ak R 2
T K D 93 L% U A9 S 3z 38 0 T JURERT N
T T ZAR520 10 Rk K Fom T Ko v B
o3 R B A S AN SR 2 TR . R LRk AL BE A
I ELBE VE By % 11 4 WIAE 78.0%~85.4% F 14.1%~
16.8% 1 [Fl 5 KA v B 3 b3 A1 LB JE #3712t o BT
79.4~88.6% 1 16.2%~21.5%5 [Fl . ik o B 4 ¢
3 B o o v TORECK AN [ b A R K )R
T2 FBK KRG TR RS
R il ol VAR A b ND NI E 1

ELHEE S EE ALK KR T8 1 He 8K, Rl e 2
PRI oA R oK HR ) S 93 e A A 3k AR v S R I K i
VERY SR ELEEVE M BRI Ok, RECK BT E
FEVERY B i T L FLEVE R I K BE ) LU ST AEVE By
I, LR 2 P R K B AR 78 ) il oK B 2% B 1 ik
R A PN N A 2= N B o O 51 < R
VERY B2 | ELREVE Ry B L A9 B

BRENT: 9 5 REAER 2 5 MR 9031 41, K
Hy rh LT R B R L R ROK s, T RE R
— B TR B AR T RORK & i, BE
WMTEFES I L E BT, B 9 5 LR 2 S
KL 9031 b UE By 1 £ s A7 A AIG , AT B2 |l T L E
W 454 5y 52 v R SR FRT IR 35 U] Jy R ), A fi
BCRIR 5N T8 L TER G B AR A R TR i 2 &)
IR ARk

®2 FERMAKE T A EKH B MRS RS R

Table 2 Total starch and amylose content of different rice and rice flour samples

2 R KRR Z/% KB EEBDEEID RKEAABEHREZI% KHABEHEEZ/%
A K o 78.4 +1.2¢ 80.2 +0.5¢ 14.3 £0.1¢ 17.0 £ 0.3
414 31 78.9 £ 0.6 88.1 + 1.1* 16.5 £0.5" 16.9 £0.5°
E 4 91 82.9 0.7 88.6 +0.8" 15.0 £0.2° 16.2 +0.2¢
N 844 +1.1° 86.9 = 0.4* 14.9 + 0.3 17.4 + 0.6
BF 95 81.2+£0.8" 79.4 £ 0.6° 16.8 £0.5° 19.5+0.1°
AR AL 6 F 78.8 0.9 81.3 £ 0.4* 16.3 £0.3" 19.1 +0.1°
A 84.8 £0.8° 87.6 £ 0.3 14.1 £0.1¢ 18.1 £0.1°
WieE 2 5 85409 83.3+0.9 14.4 + 0.3 19.7+£0.2"
#9031 85.0+1.0¢ 82.8 £ 0.5 14.1 £0.2¢ 18.1 £0.5
AR 18 78.0 = 1.1¢ 86.2£0.8" 14.4 £ 0.7 21504

A B R [ 4 7 B R 25 5 1 25 (P<0.05) .

2.2 HEMMAFHEST

10 Bl RK SRR N 36 3 BT7R , fEFE B 35 2%
5o 10 P ORK Y To Tp Te F1 AH 43 5 7E 53.2~
67.1 °C .64.8~74.2 °C 71.0~79.3 °CHl 4.15~5.45 ]/
g Wl AR, Tp (82 m B & AR e M
AH Fmre R BIALTT 5 58 28 (8, BRI Ak i 7 1
AT, HI R 3 TN AR HOBEOR i VRS E T e, X
AR R TRIK LOBE K TR 25 5 & AR VE M IR0 A= | T
VE B R0 A T BRI IR S M R Y B T A,
SECHIOK 0 Tp B TROK; 615 9 510 AH 5
%, AT Z R ARBE R T fk . BRI AH %

i LERIK =, 1T RE R R T RE K U R 45 48 45 i
o, AR T B A e o O e T, A RS R IR
BEVE M 5 0B B IR To [ Tp \Te FUMI 1L &S
AH RHAHOCHR 45 5 25 TE M ik 2R B2 52 1E A
FRFR, W LA Y o o B TR Uk A 1A
FRRE PEA SZ MR, DT R AR D B AL A BH , ax 54
T B0 ROK T L U Ry o N A A —

K FEG ) DSC M Zean &l 1 fron, nTLLE
Hh KR R S TG AR e B B0 | 50 ) A ) Ao
TR M AR B AEARAE AT AR R P ROK 2R A T4
T TG b I B K T R TR A B R, TE A A
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Table 3 Thermal parameters of different varieties rice samples

XK AL 4% % % (To)/C A8 3% E (Tp)/C kiR E (Te)/C ALK (AH)/()/g)
A K o 3h 63.9 +0.0" 713 +0.1° 77.4 £0.0° 5.43 +£0.03"
4 4 31 62.8 £0.0° 70.6 + 0.0 76.4 £ 0.1 4.76 £ 0.03¢
£ 4591 67.1 £0.1° 74.2 £0.0° 79.3 £0.1° 4.33 +£0.02°
EA4 A 63.7£0.1° 71.8 £0.1° 783 +0.1" 497 +0.01°
T 95 62.1 £0.2 69.6 = 0.1° 71.7 £0.1" 4.15+0.01°
ALK A6 F 53.3x0.1# 66.4 =+ 0.0¢ 73.5£0.1¢ 4.97 +0.02°
A 57.8£0.0° 68.3+0.1' 74.6 £ 0.1 4.98 +0.02°
A2 5 53.2+0.0" 64.8 £ 0.0' 71.0 £0.0° 5.45 +0.02"
#9031 53.6 £ 0.0% 67.9 £ 0.0' 75.0 £0.0° 497 +0.01°
A% 18 53.8£0.1° 65.9 £0.1" 73.5+0.1¢ 5.27 £0.02"

TE AR S A [ /NG 5 B3R 22 53 k25 (P<0.05) ,

ThiE o AFTEFRIW W (EL R 55 1 oy BB T B %

i
Temperature/C BRI OE e R 3% A Kok BB TE A
10 20 30 40 50 60 70 80 90 100 N
00— L R A e B e B N SE S5 R — B
\ 25 FfE 3 AT LA H 10 B oRCK i T/ oKk
-1.0

For T A A i P s B U (R R, T e S B
Flel A (B BT R, R AT RESE th T Ok &

I (— I\ R TR BUS  eAh TR AR 1L v
& | —um ST K VK | B R - T L VE R TS B )
N VLS TR T L R AT, S BOK A i
B I B BRI AR, SR E MRS, R 5 %/ A
i ——— G T TR T KD 7= i i TR R M 4R 0,

-5.0-

B 1 ANE &M KKMI KK DSC # &k
Fig.1

DSC curves of rice flour samples processed

by different varieties rice
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MR, ELEE VA G VA A B VR 7
i e TR A, P ECE A 91 FIBOCR R R

KK B it it 257 6k B 1) T, L3
RETEK sz Ok AR I, BORE BE B M K, oK
R Z80 1 A= (B B S, VR UKL PR 2o I K
BB, 22 T BORNMI B 5 W AR 2 A%, B S
MBEREAL, HB5rVE R o e SR AE R 214
fn, KRBT RS BE PR R TR, 6 Al 2 12 A %L 4)
JLAF R RE 55, LKA il &, & L ik
SRR B O 3 R A R R A R, K
TR 7 i b 22 B BEAIR A S ML SRR R BT 9
SRR 9031 i T 0 K A 78 A 12 56 i 2 A o v
I 2 BE AR AEAE B8N AR5 607 dn Rk
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Table 4 Pasting parameters of different varieties rice samples
XK WA b JE /P R AKFE B[P FBAL/cP R &R cP ) £ {h/cP
b K Vo A 2R 2811 +12° 183212 979 «+ 3¢ 2931+ 10" 1099 + 2"
44 31 2642 + 8 1849 + 2" 794 + 6' 2944 + 13" 1095+ 11°
E45 91 3382 +4 1841 £2" 1542 +2° 2856 £ 5¢ 1015 £ 4
E 2747 +9¢ 1712 +8° 1035 +2° 2744 + 3¢ 1032 + 4
BF 95 2583+ 1" 1695 +2° 887 = 1° 2747 + 14 1052 +2°
H K ANHE 6 5 2 069 + 20" 1356 +22' 713 + 4¢ 2 459 + 22¢ 1103 £2"
H 3149 2" 2057 £1° 1092 +1° 3334+ 1" 1278 £1°
WA 25 2156 £ 7¢ 1587 +6° 569 + 1 2 600 =+ 4° 1012 +34
[ #2 9031 2545+ 2" 1861 +0" 684 + 2" 2912 +2" 1051 +2°
AR 18 2066 £ 18" 1451 + 16° 615+ 4 2536 10 10857
T2 A I A T B /N 7 B 2R 25 5 18 35 (P<0.05)
R 5 AEMIKKMIHKKGMULFESE
Table 5 Pasting parameters of rice flour samples processed by different varieties rice
R#r e A8 55 JE [P RAKFE /P R AL/cP R &5 cP = £ {5 /cP
b K e A 2189 + 16° 714 + 8 1475 +9° 1266 + 8 552+ 1°
4 & 31 2274 + 7 681 + 5 1594 + 14 1093 +6" 412 + 2¢
%491 1633 +15¢ 751 £ 18° 882+ 2 1296 + 10° 545+ 8°
E R 3092 +6° 645 + 4° 2447 + 20 1119+8" 474 £ 5
BT 9 2169 +9° 515+ 11° 1654 +2° 788 + 4° 273 £ 77
AR A 6 5 2744 + 2 727 £ 2 2018 +3" 1276 £2° 550 +2°
A, 2582 +5¢ 579 + 4¢ 2003 1" 972 + 44 393 + 1
A2 5 1921+ 8 554 + 4% 1366 + 4 939 + 21 385 +2¢
#2 9031 1548 + 20" 406 + 18 1142 + 3¢ 750 + 15° 345 £ 5°
2542 18 1622 +11¢# 676 + 12' 947 £ 2" 1026 + 6° 350 = 6°
T AR B AR R /NS P8 308 22 57 3% (P<0.05)
4000 1 g 100 #4000 e | 10
— il
3500 E%ﬁ}: 3500
w _%%ﬁ;f 80 o & - 80 STJJ
g 2500 218 T 32500 . g
LIRS T e = o
2 1500 o E 1o0d .
- 1000
500 300
0 5 S 40 g 200 400 600 i
I ] i il
Time/s Time/s

2 AN[E) R KR A L 4 1 e

Fig2 RVA curves of different varieties rice samples

E 3

A [B) R 0 oK 5K 0 T B B S 93 AR L 4 e o £

Fig.3 RVA curves of rice flour samples processed

by different varieties rice
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KB BI L RARM A BT UIAR AL I T W] &, B
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AL LLA 10 Bl K K m T ok ef, BRE
9031 MY R A MK WIFE BT V) J1 AVE T, W &b
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Apparent viscosity/(Pa-s)
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Fig.4 Steady shear flow curves of rice samples
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processed by different varieties rice
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Fig.6 Dynamic rheological curves of rice samples
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Table 6 In witro digestibility of starch in rice flour samples processed by different varieties rice

KA RDS/% SDS/% RS/%
Ah K ] 60.57 £2.57¢ 39.26 £ 2.57° 0.25 +0.01¢
4 A& 31 64.34 +3.71¢ 35.43 + 3.80* 0.34 +£0.01*
E 4591 77.24 +0.36 22.56 + 0.49° 0.29 +0.01"
EN 77.44 £7.34" 22.36 +7.29* 0.30 + 0.00"
T 95 82.91 +5.89° 16.90 + 5.76° 0.28 + 0.00"
&3 AL 6 5 74.53 + 4.55" 25.29 +4.42° 0.28 £ 0.01"
H 81.79 + 5.69° 18.02 + 5.73* 0.27 £ 0.01°
25 73.63 £ 4.26™ 26.19 £4.13¢ 0.25 +£0.01¢
I #2 9031 82.83 +2.45° 16.99 +2.32¢ 0.26 £ 0.01
AR 18 77.36 +3.79 22.45 + 3.66" 0.28 £ 0.01"

TE AR G P AS TR NG R 3R 28 57 3 (P<0.05)

> A Vo o 23
Date :27 Jul 2023 — = 10 Signal A= SET Date 27 Jul 2023
Time :18:04:53 . = Mag= 100X Time :19:35:05

()W 5 22 (b) Bl 31

| | (16 . i
EHT= 1000 kV i = Date :27 Jul 2023 = = Signal A= SE1 Date :27 Jul 2023
WD= 9.0 mm - Time :18:29:58 . = 9. Mag= 100X

(c)EA/H91 (d) E5HF

EHT=1000kV Signal A= SE1 — EHT= 1000 kV Signal A =SE1 Date 27 4ul 2023 p—
WD= 9.5mm Mag= 100X Time :11:17:21 . WD = 9.0 mm Mag= 100X Time :19:25:04

()Pl 9 % (DMK 6 5



24 % H8M

KK F Fl A 2L 45 )UK By BAL e R 6 % e 307

Y
EHT=1000 kv

STt
WD= 9.5mm Mag= 100X
(g) %

EHT=10.00kV Signal A= SE1
wD= 9.0 mm Mag= 100X

(i) FKE 9031

Date :27 Jul 2023 —
ZEISS|
-

Date :26 Jul 2023 ZEISS
Time :11:03:17 o —

Date :28 Jul 2023
Time :10:58:37

EHT=10.00kV Signal A = SE1
WD = 9.5mm Mag= 100X

() HE 18

|
Date :28 Jul 2023 _—
Time :11:34:34

B 10 A[E &K I A KRB EEBREE K

Fig.10 SEM images of rice flour samples processed by different varieties rice

3 Hig

AILIAWFFE T 10 Tl A [8] & Bl RS (5 AL
K5 FORER ) Xob HE 2R R BT RN TR 224 LK A
i TR R, B ISRt Aot O T A Kby
FEARHAL AR WAL AR R SN A
R eUkay EEATTINNIEE S S| WIS 7 N
KA BB At sk e v T AR A DT T 2R A
8, R A fiy b b A & I T2 ALK
B ROK S A, e 258 % R B A LR A B R A
(R BEAR KR PR GF TR S MR 2 I AL S5 4 A 7
JITE RO S AR, ORIK R R TE 9 5 FITRE K A Bl
KL 9031, ik %2 4y LK By 9 0 T J50REE B A
U o X5 B LK o T Al 0L v A B K B
T A OR D IURE B AL GE AN AR, AR5 N
LA LK 0 T SO0 255 5 v A A e 4R T —
SE I BE AR, B L ORI 5 A IR A 158 14
5y

& % x #t

[1]  FAY, Fue3, LANDL T, %, &3R4 )LHha

5]

i R R AR DL 5 D). b A 4 fd R 5, 2021,
32(12): 1836-1842.

WANG Q, WANG X Y, LANDL T, et al. The de-
velopment status and trend of global complementary
foods for infant and young children[J]. Chinese Jour-
nal of Woman and Child Health Research, 2021,
32(12): 1836-1842.

ANTIGNANI A, FRANCAVILLA R, VANIA A, et
al. Nutritional assessment of baby food available in
[taly[J]. Nutrients, 2022, 14(18). 3722.

X057 . SRy )L IR K TC 7 MG Ak B T RESTAN BT 5
[D]. 5BH. SRMIKAE, 2018.

LIU F H. Study on formula optimization and func-
tion evaluation of nutritive rice powder for the infant
[D]. Guiyang: Guizhou University, 2018.
PALACIOS C, BOLTON J, WANG W ],
Development and pilot testing of the baby—feed web

et al.

application for healthcare professionals and parents
to improve infant diets[J]. International Journal of
Medical Informatics, 2023, 174. 105047.

J X F, XIAO Y P, WANG W, et al. Mycotox-
ins in cereal-based infant foods marketed in Chi-
Food

na: Occurrence and risk assessment [J].



308 hE | % 2024 445 8 1
Control, 2022, 138 108998. A5 PR R K & R PE R B2 A (D). & A RS, 2019,

[6] PASCARI X, MAEIN S, RAMOS A J, et al. De- 40(1): 108-116.
oxynivalenol in cereal —based baby food production ZHAO 7 H, LIU L, ZHANG M W, et al. Com-
process. A review[]]. Food Control, 2019, 99: 11- bined effect of enzymatic pretreatment and extrusion
20. on quality properties of brown rice flour[J]. Food

[7] WA ANREBUN. 2024 45155 & BOF TAE R & [EB/ Science, 2019, 40(1): 108-116.

OL]. (2024 -01-24)[2024 02 -18]. http ://www.hunan. [14] skes=a ) JRULDL, BXsm, A5, B Ak b 30 X 22 4))
gov.cn/hnszf/szf/2£gzbg/202402/120240218_32861663. DU Ky 3L 1A S0 3 Ak e P 9 52 i [, v AT o 2
himl. 2, 2020, 20(1). 158-165.

The People’s Government of Hunan Province. 2024 ZHANG T T, XING B B, ZHAO Q, et al. Effects
Hunan provincial government work report [EB/OL]. of extrusion treatment on physicochemical properties
(2024 -01 -24) [2024 —02 —18]. http://www.hunan.gov. and in wvitro digestibility of infant rice powder [J].
en/hnszf/sz{/z£gzbg/202402/120240218_32861663.html. Journal of Chinese Institute of Food Science and

[8] FHres, Efs, Zeri, . b EREHE T 2 Technology, 2020, 20(1): 158-165.

FHE RSN R, 2011, 26(1): 1-10. [15] SKZRME, B, @& SCH], A5, K 50ROk 240 5 )
YU Y X, LU Z H, AN H Z, et al. Reprot on ad- B LK R )] &M 5P, 2021,
vances in rice processed products in ChinalJ]]. Jour- 37(1): 193-198.

nal of the Chinese Cereals and Oils Association, ZHANG R B, YAN J C, GAO W M, et al. Effects
2011, 26(1): 1-10. of the combination of the eating quality of japonica

91 EJ5. FERCKA P 5 28 M3 5 i 5E[D]. dba . rice and indica rice on rice noodles for infants[]].
R E RO BR2EBE, 2004. Food and Machinery, 2021, 37(1): 193-198.
WANG F. Study on China’s indica rice production, [16] LREELs, R4, REME, 5. R T M E 1L
consumption and trade[D]. Beijing: Chinese Academy Xof A W AL P BT it RORS GE PE R R [T]. B
of Agricultural Sciences, 2004. Bl 2020, 41(21). 73-83.

[10] ¥, 28, KER, F. FHRBEY IS QIU T T, XIONG H, ZHU X M, et al. Effect of
G A R A Y0 KR o T B (D). B R, 2018, drum drying and extrusion on physicochemical prop-
39(19): 36-43. erties and storage stability of black grains[J]. Food
ZHOU X Q, PENG C, ZHANG Y R, et al. Quali- Science, 2020, 41(21): 73-83.
ty analysis of early indica rice cultivars and their [17] FERREIRA S M, CALIARI M, SOARES J] M S,
suitability for processing of pressed fresh noodles|]]. et al. Infant dairy—cereal mixture for the preparation
Food Science, 2018, 39(19). 36-43. of a gluten free cream using enzymatically modified

[11] skEZR, MBEF, Z8B, 5. K560 rice flour[J]. LWT -Food Science and Technology,
il 5T B B KB I L 3E R R S AT (D] B R AA 2014, 59(2): 1033-1040.

2020, 41(23). 42-48. [18] AYSELIA M T, YILMAZ M T, CEBI N, et al
ZHANG Y R, ZHOU X Q, PENG C, et al. Anal- Physicochemical, rheological, molecular, thermal
ysis of the quality and suitability for fresh rice noo- and sensory evaluation of newly developed comple-
dle processing of rice at different storage times|[J]. mentary infant (6-24 months old) foods prepared-
Food Science, 2020, 41(23). 42-48. with quinoa  (Chenopodium quinoa Willd.) flour[J].

[12] B&&, D, 20, S5 ASTE R RO X KoK Food Chemistry, 2020, 315. 126208.

AT A JR T S A R P S i () L R[], XAk AR S [19] MENG R, WU Z Z, XIE H Q, et al. Preparation,
&, 2014, 35(20): 72-75. characterization, and encapsulation capability of the
LU F, MA T, LI X H, et al. Sensory and textural hydrogel cross—linked by esterified tapioca starchl]].
characteristics of bread prepared from wheat flour International Journal of Biological Macromolecules,
and several kinds of rice flour[J]. Food Research 2020, 155. 1-5.

And Development, 2014, 35(20). 72-75. [20] MA Y S, PAN Y, XIE Q T, et al. Evaluation

[13] MW, XN&E, ki, & WEEfH -5 5 A ) 4 studies on effects of pectin with different concentra-



5524 4 A5 8 W

KK b 25 B 4 )UK K FAL & JiT 89 7 v

309

[21]

[22]

(23]

[24]

[25]

[26]

Abstract

tions on the pasting, rheological and digestibility
properties of corn starch[J]. Food Chemistry, 2019,
274. 319-323.

SUN Q J, HAN Z J, WANG L, et al. Physico-
chemical differences between sorghum starch and
sorghum flour modified by heat—moisture treatment|]J].
Food Chemistry, 2014, 14. 756-764.

ZHANG G P, XUAN Y, LYU F, et al. Mi-
crostructural, physicochemical properties and starch
digestibility of brown rice flour treated with extrusion
and heat moisture[]]. International Journal of Biologi-
cal Macromolecules, 2023, 242(P1). 124594.
LS. B e 52 o JROK JE 03 i S A A A A
HAPEMBFZED]. MA: mEKR%, 2019.

YE J P. Impact of extrusion modification on freeze—
thaw stability and in wvitro digestibility of rice starch
[D]. Nanchang: Nanchang University, 2019.
XW—, BIFTF, RN, GE TIOMIAL X S 4
PALYE BT RS2 [T]. R A, 2017, 32(9):
56-61.

LIU S Y, ZHAO F F, ZHOU X L, et al. Effect of
pre —gelatinization on the physical and chemical
properties of whole oat flour[J]. Journal of the Chi-
nese Cereals and Oils Association, 2017, 32(9).
56-61.

e N RSERIE TAETR. &2 E R hniE 240 L
HRHEB &M GB 10769-2010[S]. dbaw . 4R
HEH A, 2010: 4.

Ministry of Health of the People’s Republic of Chi-
food
complementary foods for infants and young children:
GB 10769 -2010 [S].
China, 2010: 4.
WANG R M, XIE Q T, WANG S Y, et al. The

structural, functional and digestive characteristics of

na. National safety standard, cereal —based

Beijing: Standards Press of

acorn starch after combined debranching and heat—

moisture treatment and their relationships[J]. Interna-

[27]

[29]

(30]

[31]

[32]

(33]

tional Journal of Food Science and Technology,
2022, 57(12): 7622-7633.

ZHONG Y Y, QU J Z, LI Z H, et al. Rice starch
multi —level structure and functional relationships|[J].
Carbohydrate Polymers, 2022, 275. 118777.

LI P, HE X W, DHITAL S, et al. Structural and
physicochemical properties of granular starches after
treatment with debranching enzyme|[]].
Polymers, 2017, 169: 351-356.
AMIN T, NAIK H R, HUSSAIN S Z,

vitro  digestion,

Carbohydrate

et al. In
physicochemical and morphological
properties of low glycemic index rice flour prepared
through enzymatic hydrolysis[J]. International Journal
of Food Properties, 2018, 21(1): 2632-2645.
R, TKRAAL, HhOKER, A ARV R -5 R
i Al 25 B R oK Ry o R 43 P RN 0T AL (D]
AR B, 2020, 10(36): 200-209, 156.
DAI X H, ZHANG M W, MA Y X, et al. Enzy-
molysis improved the dispersibility and predigestion
of instant rice flour[J]. Morden Food science and
Technology, 2020, 10(36): 200-209, 156.

CAPPA C, LUCISANO M, BARBOSA -CANOVAS
G V, et al. Physical and structural changes induced
by high pressure on corn starch, rice flour and
waxy rice flour [J]. Food Research International,
2016, 85: 95-103.

CHEN P, XIE Q T, WANG R M, et al. Effects of
pullulanase enzymatic hydrolysis on the textural of
acorn vermicelli and its influencing mechanism on
the quality[J]. Food Research International, 2022,
156: 111294.

HUANG T T, ZHOU D N, JIN Z Y, et al. Effect
of debranching and heat —moisture treatments on
structural characteristics and  digestibility of sweet
potato starch[J]. Food Chemistry, 2015, 187 218-
224.

Effects of Rice Varieties on Physical and Chemical Quality of Infant Rice Flour

Xie Qiutao', Li Mengyi®, Su Donglin',

Dai Zhiyong®,

Li Gaoyang?,

Yuan Hongyan®, Zhu Lingfeng"

(‘Hunan Agricultural Product Processing Institute, Hunan Academy of Agricultural Sciences, Changsha 410125
’Hunan Academy of Agricultural Sciences, Changsha 410125
‘Engnice Holding Group Co., Ltd., Changsha 410000)

There are different varieties of rice for infant rice flour processing at home and abroad. In order to explore
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suitable materials for rice flour processing, 5 indica rice and 5 japonica rice with different rice genotypes were selected
to process infant rice flour by drum drying in this research. The suitability of different varieties of rice for processing in-
fant rice flour were investigated by measuring the physiochemical and quality properties of rice and rice flour. The results
showed that the properties of different samples were significantly different. The moisture content of different rice flour
samples prepared by drum drying decreased by more than 30% compared with the raw rice, while the content of total
starch and amylose increased. RDS accounted for the largest proportion in all rice noodle samples, among which RDS of
indica rice Chuangyu9# and japonica rice Yuanli9031 accounted for more than 82%, and rice flour with high RDS con-
tent also had high water solubility. In combination of the physicochemical qualities, gelatinization, rheological characteris-
tics and SEM images, the infant rice flour processed by Chuangyu9# and japonica rice Yuanli9031 have good quality.

Keywords infant rice flour; rice; variety; physical and chemical properties; quality



