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Study on the preparation of reformed brown rice by extruding
LIN Ya-li,ZHANG Hui® ,WANG Li, QIAN Hai-feng, QI Xi-guang

(School of Food Science and Technology , Jiangnan University , Wuxi 214122, China)

Abstract: The reformed brown rice was prepared by extruding using brown indica rice as the raw material. The
processing technology was optimized, and the influence of extrusion parameters and drying conditions on the
properties of reformed brown rice were studied. The optimized extrusion parameters were barrel temperature of
100 °C,water amount of 28% ( the initial moisture content of raw materials was 12% ), and screw speed of
100 r/min. The increasing of drying temperature had negative effects on the texture characteristics, cooking
properties and color of reformed brown rice,and the optimum drying temperature was 45 °C(drying 105 min).The
volatile flavor compounds of reformed brown rice were good, but they were different from that of brown rice.The
hardness and adhesiveness of reformed brown rice were similar to that of rice and the properties of reformed
brown rice were better than that of brown rice and had no significant difference with that of the commercial
reformed rice(p >0.05).
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Fig.1 Barrel structure of twin—screw extruder
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Table 1  The factors and levels of
extrusion orthogonal experiment
=
K —— = : .
i (°C) KR (%) SBATHEE (1/min)
90 22 90
2 100 25 100
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Table 2 Effect of temperature on the quality of reformed brown rice

RECC) T (g) K (g-s) AEL B EIEHR K (% )
80 1433.96 +20.78° -105.23 +7.32° 630.67 +28.62° 57.78 +0.36"
90 1653.57 +82.10" - 112.10 +4.46" 801.74 +47.90" 40.96 +0.53"
100 1864.23 +49.26" - 113.43 +5.20° 1011.71 +29.64° 39.06 +0.18°
110 1879.32 +36.37* -165.35 +11.81" 1117.31 £75.90" 42.15 +2.19"
120 1954.12 +133.37° - 189.82 +16.95° 1197.98 +55.03° 41.76 £0.52"

T B I = ARl 22 5 RIS R R P RER R A B TE2E 5 (p <0.05) 383 4 KT 3£ 8 %K 10 [,
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Table 3  Effect of moisture on the quality of reformed brown rice
Ik (% ) fifi 7 (g) KB (ges) NEL Mg [Py 2 (% )
19 1922.09 +35.33" —133.15 +6.42° 1014.08 +43.63" 46.67 +0.37°
22 1826.58 +38.32"™ -120.74 +4.86" 1009.46 +31.33" 42.65 +2.24"
25 1862.47 +49.57* —113.63 +5.13" 1010.21 +28.96* 39.03 +0.22°
28 1892.98 +61.99° -114.99 +6.34" 982.77 +26.19" 39.88 +1.41"™
31 1769.34 +41.91° -100.28 +3.79° 940.65 £26.61" 48.68 +0.49°
Fd AT OO RE K F LK b A 52 T
Table 4  Effect of screw speed on the quality of reformed brown rice
RT3 1/ min) TRz (g) KB (ges) NEL Mgk BE Pk (% )
80 1790.88 +35.47° -157.83 +12.96" 1007.62 +26.07™ 44.80 227"
90 1928.52 +33.26" -141.39 +5.72° 1009.37 +25.92" 4234 +2.81"
100 1861.25 +48.32" 11221 +5.36* 1011.98 +30.06" 39.02 +1.76°
110 1772.45 +53.05° -106.31 +4.81° 987.46 +23.25" 42.66 +2.65"
120 1768.23 +34.73° -123.99 +4.25" 1041.40 +39.30" 43.09 131"
£S5 FESEOERLE R LR
Table 5 Design and results of orthogonal tests about extrusion factors
LIS ARE Bn/kfe  CHEFFHH EIBEYHIL (%) iRz (g) KB (ges) AL g2
1 1 1 1 43.08 1795.13 -94.7 946.01
2 1 2 2 39.98 1874.92 ~100.09 1053.62
3 1 3 3 37.42 2011.97 -128.69 1287.28
4 2 1 2 45.08 2160.46 -125.14 1281.38
5 2 2 3 38.34 2021.71 -98.14 1143.41
6 2 3 1 41.26 1914.35 -87.78 1076.73
7 3 1 3 46.03 2030.48 -114.71 1242.81
8 3 2 1 41.79 2097.94 -130.43 1217.89
9 3 3 2 39.38 2113.37 -99.22 1264.19
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Table 6 Results and analysis of orthogonal tests of extrusion factors

eI (% ) KRR (gs)
A B C A B C
K, 40.16 4473 42.04 K, -107.83 -111.52 -104.30
K, 41.56 40.04 41.48 K, -103.69 -109.55 -108.15
K, 42.40 39.35 40.60 K, -114.79 -105.23 -113.85
R 2.24 5.38 1.45 R 11.10 6.29 9.54
T TR RE R HZH K ST B 2 BT 5 )
Table 7 Effect of drying condition on the texture and cooking quality of reformed brown rice

THRZEAF(C/min) i (g) KB (g-s) ML WG YR (% )

45/105 1964.75 +33.83* -108.97 +4.46° 1028.31 +31.95° 38.87 £1.43*

55/175 1952.13 +35.95° -111.23 +4.72° 1001.20 +34.16" 42.35 +0.64"

65/50 1945.99 +36.48" -114.93 +4.21° 983.65 +30.00" 46.12 +0.83°

FEFE > K & o AR B AT 45 21, DR P4 2
AR B 4L & S A B Cos R B PE B AR A9 41 5 e
A,BC o ZREFE T b B W40 28 FIRG B , B 28
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1028.31, SUESLELS R A 17,
2.3 MR FHEFEXTHEREAXKm RN
23,1 AN [RE]R O RE T R K EE 2 K A0 R A K
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Fig.2 Drying curves of reformed brown rice
at different temperatures
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Table 8 Effect of drying condition

on the color of reformed brown rice

T oA . . .
. L a b
(°C/min)
45/105 6328 £0.10°  4.87 £0.07°  19.20 £0.09°
55/75 63.60 £0.39"  4.85£0.16"  19.44 £0.24"
65/50 63.96 +0.24"  4.87 £+0.09*°  19.58 +0.22"
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Table 9  The volatile flavor compounds relative content of WY ESEE
cooked reformed brown rice and cooked brown rice - - (%)
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Table 10 Comparison between reformed brown rice ,commercial reformed rice ,brown rice and rice

FEARARK B 2% A ] (min) B2 (g) KB (ges) LM EEPHRR (% )
i SEEER S 55 1964.75 +33.83" -108.97 +4.46" 1028.31 +31.95° 38.87 + 1.43"
MK 6 2063.06 +105.96" -102.89 +4.37* 1065.18 +36.38" 38.09 +0.84"

B/ S 36.5 231635 +68.73° -23.16 +2.16° 609.38 +28.15" 9.12+0.17"
Fk 19 2122.92 +94.64" -96.21 +9.17* 502.43 +23.96° 18.02 +0.04°

BE 60,100,100 .70.60 °C, Jil 7K & 28% , W& AT 5% i
100 r/min,45 °C T4 105 min, B¢ 55 20 K AR 1 35
R IRV B 43 55 0 K R IR A7 AR 25 5, B i T ad #
(R (PR S5 R I, {0t o 5 e 4% 4y o LT 23
P AR N — BB A R B . TR ST A
PR A K 2 K 14 Bl RE FTORY BRHE 322 35 T oK, A &
BN TR, IFH S W EEH KT L

%EAO

[1]EME, #hFR, 2%, F RROGEAFARE LETR
[J].R =& 2011(2) :4-7.

[2] Kise M, Mizukuchi A.Pre — germinated brown rice as
complementary therapeutic diet for hypertension [ J ] .FOOD
STYLE 21,2004 ,8(7) :54-57.

(316 8A ARG 1A 5 44K A A F 05 ok K Ao B
KFegFem [ 1] AR A4 ,2013,29(1) :38-41.

(41 ERR, 70 & A, 5 AR 5 Ol 4 B B A 20 A4 R 22 4L
H e Fm [ ] F B AR $4R,2013,28(5) :1-5.

[5] Zhang Q, Jia F, Zuo Y, et al.Optimization of cellulase
conditioning parameters of germinated brown rice on quality
characteristics[ J].Journal of Food Science and Technology,2015,
52(1) :465-471.

[6]x8, @geir, 25,5 2540 T Mk Ak R EIK
Fifa A S R[] A % T e A135,2014,35(3) . 71-75.
(T1B 3, FE8, N, F AAH N EAE BRI R
# % e [ 1] S ,2013,38(12) :199-203.

[8 ] Pinkaew S, Wegmuller R, Hurrell R.Vitamin A stability in
triple fortified extruded, artificial rice grains containing iron, zinc
and vitamin A [ J ] .International Journal of Food Science &
Technology,2012,47(10) :2212-2220.

[9]Zheng X Z, Liu C H, Chen Z Y, et al. Effect of drying
conditions on the texture and taste characteristics of rough rice
[J]. Drying Technology,2011,29(11) :1297-1305.

[10]Cui L,Pan Z, Yue T,et al.Effect of ultrasonic treatment of
brown rice at different temperatures on cooking properties and
quality[ J].Cereal chemistry,2010,87(5) :403-408.

[11]Camire M E, Dougherty M P, Briggs J L.Functionality of fruit

198 56z zorm

powders in extruded corn breakfast cereals[ J].Food Chemistry,
2007,101(2) :765-770.

[12]£-F KB, 23, % RRZRFQRF X EHEAA
Rekth e T[] 25 A H K5 4R,2012,31(10) .
1039-1045.

[13] Gimenez M A, Gonzdlez R J, Wagner J, et al.Effect of
extrusion conditions on physicochemical and sensorial properties
of corn—broad beans ( Vicia faba) spaghetti type pasta[ J].Food
chemistry,2013,136(2) :538-545.

[14] %2R, 22F AR, F MHRESHEIZEA
R IALHE P Fo et v [ J] A e AH3E,2005 (3 ) :20-23.
[15] & &, Rath, WA, F HFE T LR 7 RIS
Rgeall] gl £ hH K ¥R ,2014,33(4) :381-386.
[16]Liu C,Zhang Y, Liu W, et al.Preparation, physicochemical
and texture properties of texturized rice produce by improved
extrusion cooking technology[ J].Journal of Cereal Science,2011,
54(3) :473-480.

[17] MRk, M4 KA A AR TR A KGR
IEAR[I]. AT A3 ,2009,30(11) :208-210.

(18] B &R, BT, BT, SR AR T IRHEF MK
B LR Bk R A S []] R E AMHEKFR,
2009,28(2) :156-161.

[19]ARF A, KRER,F KABRSE L EGH KA
st R [ V] Aom A s AH,2013,21(2) . 71-75.

B )] & &AE,2009,30(12) :112-116.

[21 ] Kahyaoglu L N, Sahin S, Sumnu G.Physical properties of
parboiled wheat and bulgur produced using spouted bed and
microwave assisted spouted bed drying [ J ] .Journal of Food
Engineering,2010,98(2) :159-169.

[22] 275, # 8F B SPME-GC—MS 5+ R R 4 45 & 4F Fo 45 45 i
6 AR A oA A [T ] A S b5 R B T 02,2008,34(7)
115-121.

[23] B A 7 ATHR, 2458 = B A ERE GC-MS %
TR ik AT RAR B I A 5o Ak o [ ]. o B AR 52 3R, 2007 ,22
(5) :147-150.

[24]#5%, B AR, B Rk, 5 46 & 48 P Rk ) A 7 3
EJ]. A% 5 4 ,2013,34(12) . 106-110.





