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Effect of extrusion temperature and material moisture on the damaged
starch content of brown rice flour and noodle quality
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Abstract: The brown rice flour was extruded at different extrusion temperature and material moisture,and the
extrusion modified brown rice flour was then mixed with wheat flour(1:1,w/w) to make noodles. The effects of
extrusion temperature and material moisture on the damaged starch and noodle quality were systematically
studied,and the correlation between damaged starch content of brown rice flour and noodle quality was
analyzed. The results showed that the damaged starch content of brown rice flour was significantly reduced
with the increase of the material moisture,and the UCDc was to the minimum value of 14.9 at the material
moisture content of 25%. As the extrusion temperature increased,the damaged starch content decreased and
then increased,and the UCDc data got to the lowest value of 14.9 at 120 °C. Correlation analysis showed that,
the cooking loss of brown rice noodles significantly increased with the increase of damaged starch content,
however,firmness,hardness and chewiness decreased and the overall quality of noodles declined. When the
extrusion temperature and material moisture were 120 °C and 25% respectively,the UCDc value of damaged
starch content got to 14.9,and the brown rice noodle quality was relatively good at this condition.

Key words : brown rice flour;extrusion;damaged starch;brown rice noodle ; quality

FE 5 ES . TS201.1 X ERFRIRAD ;A X E % 5:1002-0306(2015)18-00123-04

doi: 10.13386/j.issn11002-0306.2015.18.016

BEKOR BT REOK ORI IR 38, S K B TR 5 THT 2% A JTOBEZE (1) ) i, JEHRZE A . %10
RN A REAR 22 45 T DR A DL B N SR 48 5L, AHE R YT P T T LR = B, KRR s Ry S
IR R KRy 28 5 B Hs e S 5 48 n 3 TR o il INRRRE T T S5, AT T 5 R AR 5, i AR
P KT 2% 5 [F) INF R SR T 5% s XM Ko s n 225 5%, JSURMEY TR AR 115 SR AN TR S A5 AR 5 s 3

Wi B #:2014-12-19

EEBN A2 (1988-), %, AUEAF 2 &, BF 575 16 : 494K iR m T, E—mail : 15712814246@126.com.
*ERAEE ER(1972-), B £ BT A, FHRT A 6 AR A T, E-mail : th@chinagrain.org.,
HEETH . b RN ST TR AAHT L 417 (2X1303)

20155 5184 123



J@étﬂ%&

Scence and Technology of Food Industry

TR b g5 R R T R AR T MO AR A, X R AR Ak B AR 1
0T i B A 2R P A Y SR T 2 A O AR S T
Ak ZE ST

TE R R KM v ) T Ry, B B R R R
ARAY, B NI — 2l 43, Aok [ Py AMiF 5T R B, TR
A3 T R T R THT 4% R B AR T, A R B e
oy BTN 4% 25 28 401 2 S5 18 207, < 51 4% v dy 2k
1 5 THT 45 1008 R BB 25 PS5 A DG S5 08 B At —
FEAE WL ZK 53 FH T SA AR T U8 00 B Ak T 75 7K 43 1
T L N AT, AR R oh, TRk Hh ey BL— o 5=
A4, < I Rl RN G R RIURL A e = A T SUAE A, AR YR
SD maticF5 457 T8 A3 W o A3 R B , 3 ol i 412 K R i &7
B U7 B2 15 e A 5 380 S 9 R A e 22 B
A R S BN, 10 S S AN I N S R
B BSOS o B AL G e L 5 L ) &5 5 T iR e I =
W), AR IW A 05 GE RS o DG FB HRIX Rh HACR BY 1) [
I 7 2 B sE s B . H Rt s AE X g2,
Ayoub®WFFL TG BY U] J7 X 55 11 8 I 0 ALK b T R 5
M), 5 H R T s S AEATE G Ry Fe o0 R A 1T S Ay R 405
BB, P SRS R £ e

ML 90 51 56 455 S S s, MR A T 4% A SO R KAy
R R R A K THI 4% S ) AN K, AR AT 90 38 BOAS 7] 5%
TR BE FVPRL K 73 5548, 28 GE 0T 5 355 s 3 F A SR B
DI 7] B A FE SR KR 43493 U Ky 25 R THI 4% o5 JBT 1) 5
M), 53 BT P 35 2 TR AH DG .
1 #wRtEAE
1.1 MES5NE

RREK 390w K v A A KOk s 7N 22 K
iR R =N TR N i e

SLG30-1VXUMEAT $f = S2 30 ML 5F rd 2% 11 i B
B IT KA BR2S  s SDmatic 33 497 5 B 52 4 vk E45
PR A ] JHMZ 200236 FRIFL db st 4505
TR AR JE P Ly s IMTD—168/14052 56 10 4581 b
B AEAER B AR A R A =] s PRX-35013 %7 G2 A\
AAEFE TR BE AR S IO AN AR ] s TAXT2i Plus
JR kA 9E]E Stable Micro System 2 7] o
1.2 XWHZE
1.2.1  BPHREKR & R RS . 43 ) A LA
AN A s 45 TR 5 R B2 AL - 35 9 BE 80 100,
1201140 °C (UK 5325% , MR FF 54331220 v/min) ; P81 /K
5315%20%25% Gl B 120 °C, B2 #534220 r/min) ;
RIS
1.2.2 TANIH# EH RO SN k1
Cw/w) TBE LG S N 36 7K A 1 A 5 7K 3824 33 %, 55 #h i
0.3 g/100 g, IR A5 )5 B TR BE30 COREE85%
24 R 45 min, SR 5 TH A HLHDN 952 mm. J&
1.1 mm[WTHI 45, 55 U120 em KA E N, 26 BT
REHE R IRE KA 5 /N 22 Ry 4 101 Gw/wd BT LB TG 725
PO 4% 5 WACAR S H BEAT AR Y 45 S et
1.2.3 A ERm S iaillE KA M3 SD maticHi i
TE MM 2 A 52 1.0 g% H Rl KRy w3495 T M 2
LLUCDcAH -
1.2.4  [HIZCZEABFEE SR meLry vk, 28 245k

124 55155185

R

MRS Wit

BFE TR K R I IR

1.2.5 SR RF M e dme A AT IS TRDRE T 4% A
2o, 53 FoK e Wi, IR E T UKK R min /e
A7, LUARFRE IR 45 i T AR a1 SAR THI 4% LLAH [A) i) gE
SPATE T3 &, FAA/LKB-FFHTHDP/PFS P ANk 43
IR THT 4% 1747 10 SIS ORGP, AR AR ) — ok, BT
YIME .

A/LKB-F#R S Z= %40 WA 0038 A/ 5 35 5 43 )
2435.0.1.0F11.0 mm/s, 47 2 75% , # s8N )5 o,
PR S 45 2 Ta) (RN T TE] B 5 so M SIZ S SN 3R SKISZ 1)
I KR IF, A7 R g.

HDP/PFSER S Z3 %« WU HT 03X R0 f 38 % 45 31
241.0.0.5F110.0 mm/s, & 171000 g, K4 TA]2 s
1.2.6 o SLIGHAT kel L B,
5K FH SPSSHH Excel A 3EAT G v 43 M Ab T .

2 HREHN

21 FEREXMNRGEMSESEERRNZIME
2.1.1  FFW X AL e S R R 1T
TN R K 53 25% , MR AT 5 380220 v/min i, B AE B
H e BE 1 v, BT vk & 5 R RS R, AR
120 CHFUCDcIA 2 5 AR 14.9, 1] HE M) J DR i %
TRAR I, VE Aoy BURL WS WAL 8 1 25 /), S Bt xf: DA DK 284, )

T PR 2 A3 BURST A 28 K91 4 T L 4 AR A e 3 5 9L 8 v et
Wkl P9 BEER i, VERY S R AE I, Mg 2b T e R
or B3R R R S, (R S Rl i, R 2R ) A Ak &
He, $ndi i ve ks S UBT R 120 CCHHi0i i
B s A%, v LA A RK 5325% , BRI E 120 °C
ZAE R e A R R AR R . LorenzZ5WIFSY T
PA 5 OK 453 18%, #ih FET75~110 °C, BF ] 1 h) Xf /N 52
TER KRS TR R S A, 75 R G 8 B X e
FRI RO &5 44 X =Bk 2R A7 B 290 o0 A R 7 P S A ok
e/ o T LA A 5 355 e J5E 110 AR A 2 3 Sk 40 A e )
R W IR R B I 114 2 JHG DR 8 5 17 TR0 82 3 i) g Ry S0RE T
2 B UIE 7, 10 S 80 M 354
2.1.2  J5F Hs Il 5 THT 4% 775 250 0 RN o A4 4R A 1F) s )
R AT 50, 55 e U5 T vy 5 THT 45 W SR 3 i, 1RSI
JEEPF IS 5 Rl A XA ST 0 S S BE N, B L 120 °C
HeJ THT 4% 28 785 408 SR 70 A 21 B (R AH.16.32 %, [F] B il i3
IR WE A 325 B d5 r L, 43 31 24 6569.55 ¢F114204.83
2o MIBEIA IR IR , e IR KOR) FE 4 W Ak, 353495 v Ay
B D, 2 B 5 I M 4% 4 K 4 A, T 4% TR P R
BT, X 55 4 2 P I 5 45 18 — B, W3405 Ve K A
5 v TR TRy 2V b 38 (100 °C,25%, 1 h) , d HAE
G T-RIAL BT 75 7K 0 45 114 WAL, G882 val /) TR 453
A0 3 A3 o T 4% W TR 1P 5 AV T, 9T T 4% B R A 11
JRAPE . 2P IR RS IA 3140 CHY, F5F HKopy H
A5 T M B B 22, AR AR O, N N 381 e i A AR
PP T, S AT 4% 5 ST R i e
HIT 2 9ok /) 5 BEAA T T AL
22 PRGN BGENSESEERRHZ T
2.2.1  WRAR S XTI veky S B s K20y
N MBI EE120 °CL AT #5220 v/min, FE3HE )



ﬁ.‘%:im}iil

W (d
% 5 % i
m :" Vol.36,No. 18,2015
R ARG Rl FE AT RE KR 105 0 Ky 25 B IR 4% it SR
Table 1 The damaged starch content and noodle qualities of brown rice flour at different extrusion temperatures
PORWE (O B & #UCDe TKF (%) HURF %) R (9 T (o) Ktk (@ MHHEPE ()
30 19.15+0.05* 60.81+0.00° 17.96+0.00" 229.20+8.22° 6386.74+92.28" —74.25+4.97" 4133.99+55.94"
100 17.75+0.15" 62.10£0.02* 18.57+0.00" 214.65+4.56 6109.18+88.62* -70.07+6.85" 3933.40+81.46°
120 14.9+0.10° 62.13+0.01° 16.32+0.01* 210.61+7.78" 6569.55+111.37° -84.72+1.97* 4204.83+70.82°
140 18.70+0.19¢ 62.13£0.01* 19.01x0.00" 198.22+7.30° 6326.54+173.34" -84.62+8.68* 3996.05+163.33*

VI WIBLK 9325%  BRFT 6 19220 v/min B 271 3 B bl i 22 20755 (0 7 B8R B 1) LUAL AR 22 57 S 2 1 I 7 B R 22
SR, AN AT RER IR 22 57 53 (p<0.05, Duncan”’s multiple test) ; 2]
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Table 2 The damaged starch content and noodle qualities of brown rice flour at different material moisture
WEDK ) (%) HAOER &5 UCDe WK (%) HIKRH% (%) R (o) L (o) Rt (@ [FRERENE)
15 25.05+0.15° 61.35£0.02* 18.93+0.00" 202.37+7.77" 6214.64+105.98* -86.82+12.84* 3746.36+129.28"
20 18.45+0.05" 60.71£0.00* 18.01+0.01" 209.00+4.20° 6156.51£94.00° -72.44x3.02" 3848.51+80.21*
25 14.9+0.10° 62.13£0.02* 16.32+0.01* 212.32+£7.07* 6569.55+111.36" -84.72+1.96* 4204.83+70.8154"

VE: FRIEE 120 °C, 554220 1/min.

ALK S3 IR I, 55 R KA o 54495 U K 2 1 B Rk
/NS TEIK 53 25% W), 453405 V€ #7528 UCDe ik 2 i IR AH
14.9, 3% & TRk o 8] 7 AEH , 23 T 57
JE Ik FE X JrUR Ay 1 i Z 85 D) R0 EE AR FH , B AIG T ks
KoM TR 4 B A AR E AT 92D T A% T R
Lawton"VJF FE 1, & B0, 33 4 $4% 1) el B2 R0 394 in 4 kel 7K
G3 A] IAS S A A ) R T AN S B, AT o> T
PUGIER 55 SRR S BN 20309% 8, 55
W) 7K 3 A v LT b R LAY 1R, A T Ik B AR
W] (R HTORE A FE, 75 IR B2, At A 1 0 T S 56
FAR G 25, AR Z A PN .
2.2.2  WPBLIK 350 TH 4% 2% 280 5 ST RUTTRA R 2 (1) 57 1)

2T A, B i BT 120 °C W8T 44340220 1/min
] B PR S B 3G0, 33405 58 Ay S BRI TR 4% 2858
PR FIB TP /)N 5 U ST R AR R R ML 3R T K,
PR IK 53 25% W 43 Ak B dpe KA 212.32 2.6569.55 ¢
F14204.83 go {HAF—FLIE, fEHTM &I & IR bk
L, A IR K 53 BTG (15%) W 355 A KAy i), 1T 14
ek i Rl e i S e e 2 TR 2 TR AS T
A, T 24 MR K 53 55 v (25%) I, AEAH [H] B 1T 5 7K
BTG OL R, TR 114 3 THI T 3 5 R AE Jie v A4 31 1R K o
o AIHEM IR DL, MR K S AR, B RS KM
R 5497 T A TR AR v THT TR 7K SR v AEAH TR 2 K
N, 1 FAR A, £E R R e R AR AR B ) R,
SO SR GE R A 2, R A3, IX 5 Heo %5
TG — 3, TV AT, KKy H 40497 T Hy 7 T 1Y
151 H A BURAd ) e it s T3 VA R B, 3405 T K 2
AL, PrhrAh S A 355

55 s S0P A oy A A FIORA AL, 3900 T THT 4% 1 Ak

JEME, 2% T R MIFEPE , IX H Chung 252 (I WF 57 45 18

AR TR I TR K o S M AT E R RIAL, ARl R
i T 4% PR 08 5 R S P A

(R iy SR I sE iy BAn B hn 74 i k. R

W 5 7P I 45 303 K R e v (10% LA 1D, AT BE Y 5L
T3P A s — 77 THUVRS KoK B8 N B 4% v A e T THIJT 2R

F AT 4% W9 2% S5 A A2 25 5 55— 7 T, B s W] g 3 2L
HR I TORNGE Ky B B A BE AR R, A S AE A NS
I HGHN T 28 AR IR,

23 ARYBKSGMFEREZGTRHENSE
SmE&mRMEXMYE

K3 OANFIGEHSHR BERIELR 2 25 A T REK T 4% fif ot S5 i K
B Ui e b & RS
Table 3 The correlation between noodle qualities and the
damaged starch content of brown rice flour at different extrusion

temperature and material moisture
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