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Abstract: To improve the dietary fiber content of extruded instant rice and the application value of oats in extruded instant
rice, 6 kinds of pretreatment (high pressure steaming, atmospheric pressure steaming, stir-frying, germination, cellulase
enzyme digestion, a-amylase enzyme digestion) were investigated in the mixture of oat flour and broken rice, using the
mixture of unpretreated oat flour and broken rice flour (oats:broken rice=1:4) as a control, to investigate the pasting
characteristics, degree of pasting, water and water characteristics, and the mixture of six kinds of pretreatment in the

mixture of oat flour and broken rice. The comprehensive quality (rehydration, sensory quality, textural quality)
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characteristics and dietary fiber content of the extruded instant rice were prepared to analyze the correlation between the

raw material characteristics and the quality of the extruded instant rice, and to screen out the most suitable oat pretreatment

method for processing high dietary fiber extruded instant rice. Results showed that the dietary fiber content of extruded

instant rice with the addition of atmospheric pressure steamed oat flour was the highest (7.91%). The germinated oat flour

had a significant effect on the pasting characteristics of the raw material mixtures (P<0.05), which was the most obvious

compared with the other pretreatments. The water solubility index (WSI) of the germinated oat flour added before extrusion
was the highest (4.16%) (P<0.05), while that of the extruded instant rice with the addition of fried oat flour was the highest
(P<0.05). The highest WSI (5.75%) was obtained with the addition of fried oat flour after extrusion. The addition of fried
oat flour had the highest odor and taste scores, and the addition of atmospheric steaming oats had the best sensory and

composite scores. The peak viscosity and grain value viscosity of the raw material mixes were significantly negatively

correlated with the hardness, gelatinous viscosity, and composite scores of their instant rice (P<0.05), and significantly

positively correlated with the sensory scores (P<0.05). Therefore, atmospheric pressure steaming could be used as a

pretreatment of oats for the preparation of high dietary fiber oat-broken rice extruded instant rice with the best composite

quality.

Key words: oats; pretreatment technology; steaming; high dietary fiber; extruded instant rice; quality
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Table 1 Gelatinization characteristics of oat-broken rice mixed flour with different pretreatments

FE& (B K BE (Pa-s) BEANE (Pas) FIH[H (Pa-s) LM (Pas) [ A AE (Pass) WILIREE(C)

ROF 2583.00+62.98¢ 1861.33+55.47° 721.67+22.19¢ 4056.67+42.03¢ 2195.33+23.03" 85.90+0.05°

HOF 2832.67+71.11° 2217.67+151.50° 615.00+127.39™ 4534.67+10.97° 2317.00+143.71¢ 86.70+0.83"

AOF 2805.67+44.86° 2177.67+63.54¢ 628.00+19.47* 4476.33+31.18" 2298.67+62.00° 86.18+0.49°

FOF 2764.00+27.87° 2156.33+24.01¢ 607.67+20.98" 4346.00+49.67° 2189.67+29.70% 85.85+0.05°

COF 2428.67+37.86° 1725.33+13.01° 703.33+37.81° 3838.00+42.03° 2112.67+40.20 85.90+0.93°

SOF 2072.00£57.86" 1536.67+104.98° 535.33+58.16" 3708.67+£20.79° 2172.00£105.59" 86.17+0.42°

GOF 738.00+55.15 600.00+48.08" 138.00+7.07° 1368.00+86.27" 768.00+38.18° 93.00-+0.64
He/ME 738.00 600.00 138.00 1368.00 768.00 85.85
R AE 2832.67 2217.67 628.00 4534.69 2317.00 93.00
PRiEZE 746.21 569.74 197.98 1101.14 551.29 2.62

5 R E(%) 32.20 32.49 35.09 29.28 27.46 3.01

T SN RNG FhERoR 2257 235 (P<0.05), R2~K5[.
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Fig.1 Gelatinization degree of oat-crushed rice mixed powder
with different pretreatments before and after extrusion
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23 ARFTIEFREZ- KRS MBTERIEKEF T
S0

AN [RIFA BRI - KR SR B R RS /KA R R
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S AR S R EE LRI R, SR 2 nTAN, BRI AT IK
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WAL 1 SPZF B R ¥ & K, i85 8] T 12.29%
12.24%, 15 B % i 71 Ab B HE 22 X 4% & A9 WAL
SP SZMu LK . WSI T2 R BLTEMY 43T MR R L,
WST kAR, DU 1 R A At kRS, B T, s
T GOF SFHAREMAAR L, WST £ 238 H11(P<0.05),
X R R THESE R TE R R R R AR St A o 5Z
ZENHLL R LA, JERy & S B A JR 25 JE A i K i
BRI U0, B R AT B S AR AL BEAE Sy WST i,
A BRARMEASFPRL HB DT 5 A m, AE iR R, vER-IE
BEEYAER, [F SRR TR, HEHE)E,
6 FhHIALFEAL AT WSI H K TFH0 ROF AITR-& 87,
HApysn FOF IR-E KA WSI ok, S5 HAbRE 225
W35 (P<0.05), AT RS2l A5 /i S PR IR I i Ak
ST GEAS 43T L5 R0 e S AR IR

WAI 3 1iF 38 Ky W 7K 1 Bk T2 Bl #E i 1 fiE
WAL BRI, B KA N FRTE BRI 8% 7855, KD
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KTFEIN ROF BYTRA K, LAV INiAb B (7R 22 A
By T4 &S TEB oK BB T 5 W AESY R S5 A AR &L 19
WAL F1 SP #J/]NF ROF, Ut W57 & BEMSE 5 KR
B8, HARBFERTEIN FOF 1R-& 1 WAT Fll SP
K, RS /)N, X0 HE S5 TER I UORIbAT ¢,

F 2 R PAL B - AR A B BT R IS K B RS2

Table 2  Effects of different pretreatments of oats on hydration characteristics of extruded instant rice

e WSI(%) WAI(g/g) SP(g/g)

" BT FrEIR FOERT FEIR R FIE
ROF 3.50+£0.01% 4.64+0.19" 1.54+0.76" 5.77+0.02° 1.60+0.79* 6.05+0.01°
HOF 3.09+0.12° 5.15+0.00 2.11£0.03% 5.73+0.27° 2.18+0.04% 6.05+0.29"
AOF 3.33+0.02° 4.90+0.02% 2.16+0.02% 5.74+0.01° 2.23+0.02% 6.03+0.01°
FOF 3.41+0.05" 5.75+0.13° 2.36+0.06 4.95+0.47" 2.44+0.06 5.25+0.50°
COF 3.57+0.02¢ 5.10£0.17° 2.14£0.02% 5.42+0.37* 2.2240.02% 5.71+£0.38®
SOF 3.51£0.15" 4.69+0.03" 2.17£0.02% 5.30£0.28% 2.2540.02% 5.56+0.29®
GOF 4.16+0.12¢ 4.99+0.01° 2.04+0.02% 5.39+0.19% 2.13£0.02* 5.67+0.20®

e/ IME 3.09 4.64 1.54 4.95 1.6 5.25
R AE 4.16 5.75 2.36 5.77 2.44 6.05
bRt 0.33 0.37 0.25 0.30 0.26 0.30
A5 R (%) 9.36 7.35 12.29 5.45 12.24 522
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Fig.2 Effects of different pretreatments of oats on dietary fiber
of instant rice

2.5 RMAERAIER M SRR THESESEX
TR BRI RIR N
AN [ FALL BHE 22 Yok o e £ 2T 445 5 UK A o

R SE M AN 36 3 FTas . R 3 AT, (KR
FOVREEJEE | R P AT M A A8 S 2R 25, HE e g
FAR S BB, IR T T 26.58%, Pt IS INAS [F] Fiikb
FRAHEZE X5 R 7 K DR A A R R, i 1A RS
IIMRZERIRARAF IR A N ER LS A 150, Horp 6 P
INTI AL FHIRES (455 s (s KA A 8 5 R E IR R 32 R
T ROF-IR, [T KA (%) Rl 2 R0 nE 4 3= 22 5 e M kL
IKGAE A PO, IRt 4 IOk /K 438 B i g i
=, FEEENE 6 FhRE R TAL B S K 43 & i
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0.05), BiH] FOF-IR Yot il JBi i 25 . AR YR AES 4]
BARTEARF FE S5 SRR, B R 7 (KU TiAe S s e dr
P8RS RIS et b T AV SR B s (R KA it S DAY 114
AR, DL S 2 ARYE, 1A Sl PR AR
I/ INHATHEF AT 15 AOF-IR>SOF-IR>GOF-IR>HOF
-IR>COF-IR>FOF-IR>ROF-IR, i} AH 7l &b B G A 54
G i T B LT A R AR R ) b T
2.6 RMAEFCIEFE X S ERTHEFE S EKRK
SRR

AR FHAL eSS R iy e B £ 455 R 7 (KR E
IKEFPERIRZIANZE 4 s . S OK B [a] FIE /K 2581
T A KA it 5T ) B bR, I 4 AT, 7 RPEERTT
T RAR 4 52 7K Bsk 18] 725 53 R0, WEBHAS [R] A T A ER
T 2 v i B AT A4 R 7 (AR S K B[R] () S %58
R BRI T AL FHAHERE B3 1) v M B 4T A Ty (R R
B2 KSR KR8 T8, T RE: H T P H S 380He
2B AT PR B AT Y S B N R B A Y ZH 2
SR AR ARG AL, 15 52 K R R A5 B e 35 BT, Hoh
FOF-IR Fl1 COF-IR B 7K Bt a] Fi A2 7K R4 T HiAth
e o
2.7 ARMARFIEFREINFESERREE AR
ZEEMHSN

AR T A BEHESE X} 3 T B AR 4 R 7 R R %
BN 3 R M 3 JaT L A& B, AS[R] 1 4k

K3 USRI TIAL BRAREAE X R e B R B T D7 (R AR SR 5 ) 2 e

Table 3  Effects of different pretreatments of oats on texture properties of high dietary fiber extruded instant rice

FE TR (g) P (s) AR B FTE(g-s) A (g) [EIF=E e
ROF-IR 384.87+233.29° 1.04£0.09® 0.79£0.05% 331.93+59.65° 264.99+170.31° 0.80+0.15%
HOF-IR 458.13+144.99® 1.01£0.08% 0.80:£0.04% 376.70+123.07 413.97+184.45%¢ 0.87+0.10°
AOF-IR 609.30+259.27° 1.00+0.08* 0.78+0.05% 493.72+202.54° 545.69+207.78° 0.83+0.1%°
FOF-IR 420.48+73.07* 0.9240.09° 0.75+0.09* 345.70+191.11% 302.50+50.32° 0.72+0.20°
COF-IR 453.23+121.00® 1.11£0.31° 0.83+0.03% 375.93+106.40™ 358.26+105.66™ 0.85+0.07°
SOF-IR 566.65+63.54 1.00+0.03*® 0.85+0.01¢ 478.84+55.24% 470.33+61.90 0.89+0.05"
GOF-IR 559.60+108.16® 1.08+0.19® 0.84+0.01¢ 469.73+90.98% 531.75+133.54° 0.89+0.05"
/MA 384.87 0.92 0.75 331.93 264.99 0.72
KA 566.65 1.11 0.85 493.72 545.69 0.89
PR 84.79 0.06 0.04 68.09 109.63 0.06

5 R E(%) 17.19 6.03 438 16.59 26.58 7.36
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Table 4 Effects of different pretreatments of oats on
rehydration properties of high dietary fiber extruded instant rice

FE S & 7K BF1E] (min) HKE(%)
ROF-IR 6.17+0.58° 3.67+0.11°
HOF-IR 7.00+0.50° 3.97+0.10%
AOF-IR 6.83+0.29" 3.83+0.02%
FOF-IR 8.50+0.50° 4.1840.00°
COF-IR 8.50+0.00° 4.1440.20°
SOF-IR 8.17£0.29° 3.70+0.08"
GOF-IR 8.33£0.29° 3.67+0.08"
fe/ME 6.17 3.67
SN 8.50 4.18
bR 0.95 0.22

A5 FE(%) 12.49 5.57
—— ROF-IR
—— HOF-IR
AOF-IR
—— FOF-IR
s COF-IR
S {4 —— SOF-IR
GOF-IR

WL
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Fig.3 Effects of different pretreatments of oats on sensory
quality of high dietary fiber extruded instant rice
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Table 5 Effects of different pretreatments of oats on sensory

score and comprehensive score of high dietary fiber
extruded instant rice

B REVFS HE# LEETIY He&

ROF-IR 75.38+9.27" 6 —-0.72 6
HOF-IR 75.50:£6.44™ 5 —0.12 5
AOF-IR 77.50+5.18"™ 2 0.94 1
FOF-IR 81.75+6.02° 1 -1.22 7
COF-IR 75.88+6.62" 3 -0.09 4
SOF-IR 75.75+7.13® 4 0.36 3
GOF-IR 70.38+8.28" 7 0.85 2
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Fig.4 Correlation analysis between physicochemical properties
of oat-broken rice mixed flour with different pretreatments
and quality of extruded instant rice
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