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Abstract: In order to improve the rehydration characteristics of instant dry rice noodles, the effects of adding pregelatinized
glutinous rice starch (PGRS) on the gelatinization, pasting and rheological properties of rice flour and the structure, food
quality and starch digestibility of the instant dry rice noodles made of the rice flour were investigated. The results showed
that adding 2%~8% PGRS reduced the gelatinization onset temperature of the rice flour by about 2.9 C, increased the
enthalpy by more than 24%, increased the pasting viscosity by more than 6%, and weakened or enhanced the elasticity of
the paste gel. When the addition amount of PGRS was 4%, the rehydration time was shortened to 280 s, and the texture and
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sensory quality remained good. When the addition amount of PGRS was < 6%, the digestion resistance of instant dry rice

noodles was enhanced, and the content of resistant starch (RS) increased by more than 33%. Therefore, the addition of

PGRS could improve the rehydration characteristics of instant dry rice noodles and increase its RS content. This study

provided a reference for applying PGRS to improve the quality of rice products.

Key words: instant dry rice noodles; rice flour; pregelatinized glutinous rice starch; physicochemical properties; quality

K REREE T IEREEZ —, HHIKHE
Witk . 5 L s 43 i A& s, AT AR HE K 435 15
SRR TR TR, TR ELEA R
A | fitfiz D R UL ST PR B R T S A .
THET KA PO vl B i T8, S22
JE BRI A R S T K HH L, B &
FAOTE PR, (B RE 2 sa 2 K B Al < 1 2 AR
P, AR R AZE PR AL ), ZE I
FRHR 45175 5 RV A TR APEE S L S AR H R R R
SRR TR TR Z KBkl . BRI, SR FHTR RN
ZERPREIBTZZEIEG INA: PP S, TR B e MR EMNEE IR B
AN H 58 SR SR K A &) 3 KB AR IR XL
RS R . B, FEAIE IR A WAk
o A AR BB BT IR O T 8 s T 1 S /K AR
T BRI IR A r=ge A r= L TE 2 SR
A SR T 2K 7 s o

TOURA Ak T W3 2 — T 4 B A P B Wy, 3 e P v
TR TR . P simiss TR 7 ik 4, 255 WK gk
T A FERG BV A, O E ARG BBRFRI4E )1z
MAAFEMS T, BRI, SSIMPusitLiE sy
AT DARSARORE KA R (0 285 B T 14 i R e ™ | 34 m
K ERER LS 5 0 PRI e S oK R AEZAET Fd =
e AN E S 435 A8 1 AR PR U0 TIORE AR K UE A
(Pregelatinized glutinous rice starch, PGRS) 1E & LU
FERKTER R R UL TE RS, W H T sk As
A ZEPE RN B AR RREET Y, I8 Tl 2 e Bk T a2,
PGRS AMUGIH & HORI b IE R — A B A U0 R ik
PERMRACPEN, i HL-5 K0 JFR K B [RIF 2 TE:
Hokighte . FEik, ¥n PGRS #l £ T KBHR AT gEWT
DATEASISATORAS [ R (B B i Joa i A e T
KA 8 SRR, (B DLAA SCHE -

SH T fE PGRS XKy S /K Fp A i 2 i,
i T 25 )% PGRS $i i K il i BT R P AR
A5 TR IE R K i P 08 8 FHES I, g
T AN 2%~8% PGRS X KKy BRAAA: 57 K H 7 (e
T B Y
1 #MRERFE
L1 MRI5LER

BRSOk rmAZREESEHERE R, T2
YRS TTOMIAEAT KIER (PGRS) T HETEE &L
B A RS A 5 o~ B3 B (10 U/mg) - & 8 H
(400 U/mg) J=[H Sigma 2\ Fl; a-1,4-4 2 H HERT
(100000 U/mg) _EIREIR AT A= RHEAT BROS W5 4
EPHEIRGR A Z IR 2L Megazyme 2 Al 5 HoAth 43 B

TRk B = oy AT e g i) o

Q2000 2= 7~ 1 il H: AL S E TA A Al
SUPER-4 PR B 43 BT A% Hfg L 38 2\ 7] ; DHR-
2 AR SEE TA NH]; SZ-30 Kl ) M AR
B MY FR 2 F] ;s Rigaku SmartLab SE FY X-Gf 2k
MY HASHH 22/ 7] IR Tracer-100 fH B H-2T 4G
A B (P E)D) A R A TA XT Plus
JEA4Y  FL[FE Stable Micro System 2\ F]
1.2 SLWHE
1.2.1 KRBT 45 M PGRS FUESIN B Rk T8
Jtit 100 Hfigki5 Ik ¥y, =% Wang S50 HHUM
ARTERT A RS KA S i A5, $2e R KAy 13k
R, B 0%, 2%. 4%. 6%. 8% PGRS(w/w) ¥
IR AN IR G213k PGRS NinEA 225
PRI i o
1.2.2 FOKEREM LR E I &% Lu &)
Rk, JefE 3.0 mg KKK EE G AT 6.0 mL 25
VR IR A &5 2 B AR 2 s R R S ICE A 4 °C S
24 h, J5 LA 10 °C/min B ZPGHES M 30 C FAE
120 °C.,
1.2.3  FORBIESh ORI R I e 2% 2 ki
SRV ) 7 s, A PR AT SR v T e R
TR KR fi A S A
1.2.4 JOKRMPI AR 2 Re eIz R ARG
FE 1.2.3 WIS IR A A 2245 . 2% Yang
L0 RO TT I, SRS 40 mm ., 2°FIMERRFT 1000 um
BIMEBR . E 25 °C T, fEH 0.1~1000 s Ay BT UIFEF
IR KBRS T A8 R, 31 Herschel—
bulkley #, W= (1) PR, S5 n f1 K 758
ARS8 75 25 °C T FIAE &b A9 £ PR R AR Y L Y, A3
0.1~100 rad/s BRI FE TR P IR AR R AR i B4
A, 159 2 S A AR S A RER i G RIIFEA
i G", RS GF G RFEM IEVIHE tan 6.

LD
Hrh: o FIORBYIN JJ, Pa; 0, FosJEARN. T, Pa;
K R R 2L, Pa-s; yFRONBI YIS, 7' n FRIRIL
ShREERR S
1.2.5 JHETFRBIH e B 1.2.1 #8510 SRRk
FER 57K (60%, w/w)IE5IRA, AN 2 mm FLAAE
H PR URHR G ET R CRB, KRB E 25 C K
#Ak 2 h J5AE 60 °C F T4 90 min ZRAS 5 {E T2K 47
T, P B

o=0,+Ky"



CHETE SRR ] BB A BB SE RAN B S H5 (TR B2 - 149 -

1.2.6 JFETKBIY X SHERATHH T i X Bk
R T I7 (T AOks B4 a1 . 7E 40 kv HI
50 mA 54F, L 10°/min FYH T 4°~60° 20 70
FRIFFHAS AR TR &

1.2.7 7B K 0 B i AR s T AN dr
2.0 mg AR IT B T RAGFE T 5 200.0 mg IRIGFF 72
SFEEFE R A, LA 4 om ! B4 BERTF 4000~500 cm !
I8 B HE AR SR, SR OMINC 4K 14 X 1200~
800 cm ' Jiu [l Y I EA T RLER AL I, M B FUS
1047, 1022, 995 cm™ &by )&, 7134 1047 cm™
5 1022 em™ PGSR E FLAE (R, 047/1020) FT 1022 cm™
55995 em™ MUIEEEE FUIE (R | 000/905) o

1.2.8 KMy & /K B (8] A 7K 8 2 2R A I 2
ARYEET B RS FA 04 i s Jr KA 1 52K
], FERS VRS M. FH 20 £ 5 R Ak K et 5 -+
LSS, 4 min J5RE 10 s BUH RS S FHBE RS A2
WSS EENE L, S5 — O By U R 1
RIS R e B S A S = G D L1 PP s [ e e S g =
it AR K v B KA AL S, 76 105 °C TRRERR
Gt TR E, R E R S TR T E R
B E 43 LB A 8 TR R =K R 3

1.2.9 JrfE-T KRBy A AT TR 2 oK
A7 Ko 2647 TPA MR, i A P/36 R #4:3k,
MERT . P SRR 1 mm/s, JESE LN 75%, fi
KI1HR S g, 4RGN S s.

1.2.10 7T KRB ECE PEM 10 45 B4
R BCE IR 2 T B TP BRI AR I S 2
B IKJG B TR &, AYEZS2% T/CCOA4-2019
il PPN ARE (UnZR 1 Biss) A T1E43

1211 ET B EB AR E AR Lu
SEDT AR ARG ML T Ak T 10 2 D7 {1 KoBy 2 K
JE ITERITI AR . B = /KIS TR R S A
pH6.8 1) LR EL 2% vhi# (0.2 mol/L) H, Ff-4E 37 C
LA 150 v/min B BEFEEFES; INA 1 mL o-3EH#
B (75 U/mL) R O ERES I 0 2 min J5, Bk
IIA 1 mol/L hMEwer: pH Y2 2.0 IFIA 1 mL
B 2 B S N 3 (2000 U/mL) A48 8 3R 5% 12 5
120 min; 4201 A 0.2 mol/L Z.FRENE WK pH Y47

= 52 A 3 mL & o-TEMEF(35 U/mL)F a-1,
AP ERY I (35 U/mL) B B IR/ N iz R BE
JZNE 5 he MRS/ IN 2 0. 20, 60, 90, 120 min
A, SEBPECH 0.1 mL S R MR AT 8 /K Kl 15 min,
R J5 FH GOPOD i1 Gl < 5 400 & i, I3 AR
AR AR L, S PUH AL TE R (Rapidly digestible
starch, RDS) . 2 /ML €4 (Slowly digestible starch,
SDS) FIHUETERS (Resistant starch, RS) Y& o

HHE %) = G'”T—XSO'9><100 @)
RDS(%) = wxm W &D)
SDS(%) = w x 100 X @
RS(%):WX]OO X (5

P RDS. SDS #1 RS 435 R Pl fb i 45
T2 I AL TER PP VER 1 & 1, %3 Go Gag Grag 77
BNZERBI N IE AL 0. 20 F1 120 min B 52 87490 19
AN i, mg; TS FONFES I RTS8 &, FHAE
/INETHEAR S W JE RN RS R, mg.
1.3 #IEAIE

{#iH] SPSS 19.0 A FFAIRIER J5 2253 TF1l Duncan
1 ARG 56 (P<0.05) 3 HT s, I FHPAR IR ORI AL AR
FRA R 2R ) 5 — U R i) P B EAAR IR 22
FREEH . Origin 2021 #4424 Kl, 3/ OMNIC
8.0 FRMF S HTLT A GRS ]
2 FERE5HH
2.1 &H0 PGRS 3 AR AR RN

TAHBRESLTE 65~85 °C YN HEL T anE 1A
JIT 7N B UE R R AL I R4, TR PGRS X R KMy #I 1k
Pk iy BASE AN 1B FRas . 8 hIl PGRS fili kok
A3 AR Al W ARG 1] D B (IR] 1A, R0 4 i
(Onset temperature, T,,) i3 AR #ES{H (Enthalpy,
AH) B3R (P<0.05) (K] 1B), {BXF AL 0GB 15
LR IR B B (P>0.05) . HARIF, B
i 2%. 4%. 6%. 8%PGRS M fili KA M i) T, FEAIK
245 2.9 °C; BRI 2% 4% . 6%PGRS i kK AH

R IMET R E PR bR

Table 1 Sensory evaluation criteria for instant dry rice noodles
PEIREE AMEOD) PEIMbRiE
@ 10 KB RIBERISEBE IR €, AR W BBEAL, JG5E (8~1043); 588 — R (4~743); B R MG . R IK, 5222 (1~353)
M 10 AR LI SRR 5] NI, %@)‘ﬁi’%(&lgﬁ); REFOCH | A Dt A AR (5~771);
FRIHAS , AR L IR BURIZYR (2~451)
ffi i 25 FHA WK I F1 I G (21~2543 ) s FEEREREAE (14~2073); REXARTE (0~1343)
P 20 MELPGE A KR A 7 20 10 5 38R/ SRR A (15~2043 ) b — i (8~1443); itk 22 (3~741)
Mtk 10 MELER A RO G A AR E s BT L ARSI (8~1043 )5 FHRG T (5~743) 5 Wi (2~443)
T 10 Fl IR R YT AR B S I 0 (8~1073); BOGHE (4~743); LEHERES . A3 (0~343)
ML MR- 10 KA AL /N W RELIR . FRRAF (8~10743); B IE MRS . FER—fB (5~743); MR REME . FUg&Z 2 (2~443)

JEUUS 5

A SRR ORI : BRI AR (593) s SEASTC SRR (3~400); A SRR (1~253)




- 150 - £ Tl B4

2026 4F 3 A

K24y 39.5%, MiAIN 8%PGRS FH i AH 3 k3%
A 24.6%. T, ARFEREIRTEN TCRETE X G544 T if) 5
ERTELEE, T AH P 52 B R G A5y XUHBL e 245 ) T 7 4
P, T PGRS JE WU LIE RS, [ GE K B0k 45
M EBREIR, YA ORI SR 3k 757K 51
Zy M S E F T S B E AR ERY, BT LATR ST IOk
e PGRS AT LAE o 18 S ] A A6 KK G #y i
L AR B K 7 SCBRAR TR B 4 T, SR, ZERI 7K
HEEHAZR T 1:2 MNEOLT, USTINAR 5 e 7K i Bk i
PGRS 2 i KK BE By W1 16 T 58 A1l FH 21 14 7K 53 0
231 TR NS S A R IR G A R4 44 T
TR, A TE AH B K, %I 8% PGRS
KK AH 3R /N SR AR T BES2 8% HUWR
Jon e LA IO AR i e 4 R K B Ay 5 R I B A
PGRS #25F7K 515200 AH FYRREE

A | = 8% = %= — 4%~ = = 2% —— 0%
Ele—m. . - o
Rl Trt~rmim T
2l - _
5 N
.
65 70 75 80 85
I ()
CIr, Ean
80-
B 20 a b b a b a b 5
4 —I—.i. r— —z—} _I_b
60 b,
504 ; =
£ 40 =
= 304 L, =
20
L1
10
0 0
0 2 4 6 8

PGRST N (%)

1 ORI ARG K TR TR I X IR A P 1) 52 )
Fig.1 Effect of PGRS addition amounts on the gelatinization
of rice flour
TE: A LI ZR, B OIS HG T, AH 23516 KKKy
R B RS 0 s 2 RN EAKE (L AN TR/ NS 7R A i 18] 25 57

#(P<0.05), 151 2, I 5~ 8 [al.,

2.2 ANPGRS XA BRI A9 2200

BN PGRS X KKy O R i s2m an il 2 e
TRo BN PGRS i KK 4 B il 28 % 4= T LATA) B
P B2 A = B9 AE AR (&L 2A) , i 256 )3 2 B AR 3 K
(E 2B), {HXF A fi (B A0 (0] A= A8 A =35 1 5 )
(P>0.05). BRI, B0 2%. 4%. 6%. 8% PGRS
PUSEFT AR I FEEE IS KLY 6.6% . BHEFERIK
244 10.3%; T8N 4% ., 6% PGRS Il KKy BULAE Tl
BERI I 6.6%, RN 2% . 8% PGRS X K KA 1)
ZAHFHRERA P2 (P>0.05) o FHTHREKIERY

JUFA & EAEGER Y, PGRS 19 2 502 45 vE
Ay, PRI ZEZK v 5 38 e T8l ROKTER i R/ L,
E L ZS I PGRS 238 RRASy R AR 25 114 8 B B AR 1
Ko T34k, PGRS S FARTT Be SRAALIS 10 ROKTER 53
TAHEAEH, Z 5K RTEM /T EHF S fhad BRI fxt
ZEIL R AR, T2 M) 5 LI RN B A E FH T BB A7
TENE AL, FILEInE AR PGRS X KO 2
(EFHE A 255 .

0% - —2% 4%—- — 6% 8%

A 3000 ~100
23007 R 2 %0
—~ 2000 80 ~
5 £
= 1500 F70
i@ =
10001 60
500 1 50
o . 40
0 2 4 6 8 10 12 14

18] (min)

—o— IE{HZHY —m— BEBY —a— K{HFHE
B 3500

~ 2500
=9}
L
B 2000 . . . a
s
15004 r’/”"‘::__.gtg_—'_——g
b
1000
500 r
0 2 4 6 8

PGRS#SIE (%)
K2 TORIACRE K TER TIN5 K BT 2k (A) 5
I (B) 52w
Fig.2 Effect of PGRS addition amounts on the pasting curve
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Fig.4 Effect of PGRS addition amounts on the X-ray
diffraction patterns of the instant dry rice noodles
made of the rice flour
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Fig.5 Effect of PGRS addition amounts on the Fourier
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characteristics of the instant dry rice noodles made
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Fig.7 Effect of PGRS addition amounts on the texture characteristics (A, B and C) and sensory quality (D) of the rehydrated instant
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