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ABSTRACT: The work aims to study the extrusion process and formulation of nutritional rice paste, so as to expand the
new form of processing and storage of food with spleen strengthening and tranquilizing effect. With japonica rice, lotus
seed, yam and poria cocos as main materials, water content of main materials, barrel temperature and screw speed were
selected as influencing factors on the basis of single factor investigation. Box-Behnken design was used to optimize the
extrusion process of main materials and determine the optimum extrusion process of main materials. With the main mate-
rials prepared by the optimum process as the basic materials, the orthogonal design was used to optimize the addition of
longan powder, sucrose and maltodextrin. The optimum formulation was determined by sensory evaluation. Finally, the
optimum process of the main materials was determined as follows: water content of main materials of 14%, barrel tem-
perature of 160 ‘C, screw speed of 160 r/min and comprehensive score of 307.2. The results showed that the optimization
scheme was feasible. The optimum formulation of rice paste was: adding 15 g longan powder, 10 g sucrose and 15 g
maltodextrin into the 100 g extruded main materials that was composed of japonica rice, lotus seed, yam and tuckahoe

(mass ratio of 4 © 2 I 2 I 1). The optimized process and formulation of rice paste were reasonable and feasible.
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Fig.1 Procedure for preparation of nutritional rice paste with spleen strengthening and tranquilizing effect

1 Box-Behnken

Tab.1 Factors and levels of Box-Behnken design of
main materials extrusion

X1/% Xy/°C X3/(r-min ")
-1 12 150 140
0 14 160 150
+1 16 170 160
24 KMEFEERZER
100 g
5~25¢g 10g 10 g
100 g
15¢g 5~25¢g 10g
100 g
15¢g 10g
5~25 ¢
2.5 KMBEHFEZMRL
3
2
2

Tab.2 Factors and levels of orthogonal design of
rice paste formulation

/g
A B C
1 10 5 5
2 15 10 10
3 20 15 15

2.6 FEMIERRNE
2.6.1 WKENE

2g
30 mL 30 °C
40 min 3500 r/min
15 min 1 [14]
=[(my—my)/my]*x100% (1)
My g m
g m
g
2.6.2 MUWENE
2 100 lg
1" 2f 0*
50 mL
¥ 20 min 10
mg a-1,4- 50 °C 1h
1 mol/L  HCI 2 mL
100 mL 10 mL
0.05 mol/L 10 mL 0.1
mol/L NaOH 18 mL 15 min 2 mL
10%  H,SOy4 0.05 mol/L
Na,S,0; 2
[14]
=[(Vo=V)/(Vo—V2)]x100% (2)
Vo 0 Na,S,0;
mL V, 1" Na,S,0;
mL V, 2F Na,S,0;
mL
2.6.3 KRMBRETERE
15
4
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Tab.3 Sensory scoring criteria
(20 )
18~20 14~17 10~13 <10
20 )
18~20 14~17 10~13 <10
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25~30 20~24 15~19 <15
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Fig.2 Effect of water content of the main materials on water
absorption and gelatinization
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a0l ™ K 2 184 Tab.5 Regression model analysis
[ A B
450 ' : : g0 F P
130 140 150 160 170 -
W (- min-) Xi 34.86 1 34.86 0.29 52.83 0.0002
4 X,  74.42 1 7442 029 122.77 <0.0001"
Fig.4 Effect of screw speed on water absorption and X 64.41 1 64.41 0.29 97.60 <0.0001""

gelatinization *x
XX, 46.92 1 46.92 0.4l 71.10 <0.0001

3.2 I*ﬂ-ﬂ%{«[’,l%ﬂﬂ}ﬁﬁﬁﬁ’m%% Xi X3 1.44 1 1.44 0.41 2.18  0.1831

X X3 23.52 1 2352 041 3564 0.0006"

4
X2 55249 1 55249  0.40 837.20 <0.0001""
4 Box-Behnken X2 264.78 1 26478 0.40 401.22 <0.0001""
Tab.4 Box-Behnken'demgn anfi results of main X32 376 1 376 0.40 570 0.0484"
materials extrusion
1105.57 122.84 —  186.14 <0.0001""

Xi/% Xo/°C  Xo/(rminhy /% /%

9

4.62 7 0.66 — — —
3
4

3.73 1.24 — 557 0.0652
1 -1 -1 0 484.6 87.1 2859
0.89 0.22 — — —
2 1 -1 0 4654 81.9 2737
1110.18 16  — — — —
3 -1 1 0 4863 82.9 284.6
R’=99.58 R?=99.05 0.28
4 1 1 0 486.1 86.1 286.1 . "
44.856 "P<0.05 P<0.01
5 -1 0 -1 491.5 89.5 290.5
6 1 0 -1 484.4 88.1 2863
7 - 0 1 497.9  90.6 295.4 5
8 1 0 1 496 912 2936
9 0 -1 -1 489.7 834 286.6 3.3 ERBH T R/HEFRIE
10 0 1 -1 510  88.1 298.1
1m0 -1 1 5054 879 296.7 13.88% 160.25 °C 160
12 0 1 1 5121 849 2985 r/min 305.8
14%
13 0 0 0 5172 858 301.5 160 °C 160 t/min
14 0 0 0 5156  88.9 302.3 307.2
15 0 0 0 5151 884 301.8
16 0 0 0 5147 904 302.6 3.4 KRS EEEZEER
17 0 0 0 512.1  91.1 3016 A S 4 ok AL 4 , e g 1
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5 P<0.0001 P>0.05
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Fig.6 Effect of longan powder addition on sensory evaluation

of rice paste
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Fig.7 Effect of sucrose addition on sensory evaluation

of rice paste
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Tab.6 Orthogonal optimization results of rice
paste formulation

Alg B/g Cl/g

—_

O 0 9 N B W N

10 5 5 78.2

10 10 10 80.4
79.3
15 5 10

15 10 15

83.6
88.4
15 15 5 81.8
20 5 15 79.5
20 10 5 81.4

20 15 10 82.2

Ki
K,
Ks

79.3 80.4 80.5

83.6 83.4 82.1

81.0 81.1 82.8

43 3.0 2.3

160 °C

15

g

14%

160 r/min 307.2

100 g

I5g 10g
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