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The process optimization of millet instant porridge
production with twin-screw extruder
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(1 College of Food Science and Engineering, Tonghua Normal University, Tonghua 134002, China;
2 College of Food, Northeast Agricultural University, Harbin 150030, China)

Abstract: [Objective]l To develop a kind of instant porridge with a lower glycemic index by the twin-screw
extrusion processing using millet flour as the main raw material to mix with defatted soybean flour, and optimize
the processing technology. [Method] The mix ratio of defatted soybean flour was determined according to the
FAO/WHO standard model. Based on the single-factor test, the Box-Behnken Design (BBD) method was used
to design and optimize the experiment. The effects of extrusion temperature, screw speed, material moisture
content, and oven temperature on the quality of instant porridge were studied to finally determine the optimal
processing technology condition. [Result] When the addition amount of defatted soybean flour was 30% (w),
the essential amino acid scores were all greater than one after complementing with millet flour, which complied
with the FAO/WHO standard mode. The optimal processing conditions were the extrusion temperature of 145 C,
the screw speed of 220 r/min and the material moisture content of 35%. Under the optimized conditions, the

product with higher gelatinization (86.72%), lower glycemic index (63.21), high rehydration rate (305%) and
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high sensory score (93 points) was obtained. [Conclusion] The process conditions have significant effects on

the physicochemical property and eating quality of instant porridge, and their change law provides a theoretical

basis for the development of other related products.
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Fig. 1 Preparation process of millet instant porridge
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Table 2 The scores of essential amino acids in raw materials of millet instant porridge
JERH e WhE FARE OER BER SRR OBERR AR
Raw material R lle P& Met [ Phe  Try Thr Lue Lys Val
/K Millet 1.22 1.25 1.86 2.32 1.31 2.66 0.42 1.46
/NAR=KE (w=10%) Millet-defatted soybean flour ~ 1.28 1.19 1.81 2.11 134 242 0.63 1.41
/K=K E (w=20%) Millet-defatted soybean flour 1.33 1.11 1.74 2.04 1.36 2.28 0.91 1.39
/INK—K . (w=30%) Millet-defatted soybean flour ~ 1.37 1.05 1.63 1.97 140 213 1.16 1.36
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Fig.2 Effects of extrusion temperature on quality characteristics of millet instant porridge
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Fig. 3 Effects of screw speed on quality characteristics of millet instant porridge
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Fig. 4 Effects of moisture content of material on quality characteristics of millet instant porridge
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Fig. 5 Effect of baking temperature on quality characteristics of millet instant porridge

INKFERM I I Z &M
T A4S B0 S IR I 5 R /N K s i T T2 5%
%, {8 H Design-Expert 84, it 17 3 FZ& 3 KF
Wi S T 4 B, e 8 SR 3k 3 Fs . Bk 3 1T
LB, 5 1 A5 500 T ML BE s, 28 3 4
WIS AR N TR TR BRI, 58 4 IR 5 N I
FOKEER, 5 17 AR5 5404 TR E V> &
183 Design-Expert #4, % 77 (8 /NK S I 4L
BE (YY)~ FHREFR 2L (V) RIKZE (Y3) FURE F45
(Yy) AT BIH 3 Hr, 43 208 B B =k BUEJTRE, a0
T A Fn. TR 4 F BB v A AL RE () B

2.3

T RE R PE FAEON 10.55, XTRIET P24 0.002 6
(P<0.01), Ut B b A5 B 40L& P Al 0 55 2R UL I F oAy
0.49, XM P 2N 0.710 5(P>0.05), 1B Sl PE A &
F, RISV Bl N R ZE 8D, [BE ALY 5 S R il
PAFEER . R ML 1, SRR B GT, W1k
FE (Y)) BT RERT R? 4 0.934 1, B A7 o] LA
fE RN NAE 93.41% 7840 . 25 LRTIR, MRl 7 72
A LR e b 23 A A PRIURA A0 BE i b o R B, %o At
3 ANBLRY Ty FE AT A R 4 B, B AR 4 25 BT,
X 3 AMEL R AR AT DG THRE 4R B K R
B PR HEAT AR G b SR A0 23 A



130 HErg RO K 2= 4R (http://xuebao.scau.edu.cn/zt/hnny _zr/ch/index.aspx)

42 B

*3 AEKMIIZ=ZEHR=/KFHINERES TR

Table 3 Response surface analysis results of three factors and three levels of instant porridge processing technology

- FORIRAE/C  BEFFRE/ (rmin)  wOK)/% WL/ % THHEE 2 SIRE% BE VD
No. Extrusion Screw Moisture Degree of Glycemic Rehydration Sensory
temperature speed content gelatinization index rate score
| 160 200 36 92.15 77.54 328 87
2 140 200 33 88.06 80.97 332 91
3 140 220 36 91.41 56.88 316 94
4 120 220 33 84.67 60.02 334 89
5 140 200 33 85.31 81.27 328 93
6 120 200 30 85.56 72.25 326 86
7 140 200 33 85.36 81.24 333 90
8 120 200 36 86.25 70.56 315 88
9 160 180 33 85.24 74.23 325 87
10 120 180 33 83.06 64.31 320 87
11 140 180 30 87.62 67.58 321 90
12 140 200 33 85.29 80.52 327 91
13 140 200 33 85.27 80.97 332 92
14 140 220 30 85.47 77.12 329 90
15 160 200 30 84.22 80.62 327 80
16 160 220 33 84.06 66.31 331 87
17 140 180 36 91.52 66.12 316 95
x4 BIEREEARERSHER
Table 4 Regression equation of single index and analysis result
EizE PR R - » AT Lack of fit &
Indicator Model equation F P
WL (Y) Y,=85.86+0.774—0.23B+2.31C—0.74B+ 10.55  0.002 6 0.49 0.7105 09341
Degree of gelatinization 1.814C+0.51BC—-1.784°+0.18B°+3.97C"
FHHETRHU(Y>) Y,=80.99+3.954—1.368—3.43C—0.914B— 1250  0.0016 232.05 0.0652  0.9403
Glycemic index 0.354C—4.45BC-3.104>-11.67B*-2.65C"
FIKE(Y3) Y3=345.60+0.54—3.50B—5.00C—2.004B— 41.18 <0.000 1 1.55 03324 09838
Rehydration rate 2.00BC-8.804°-9.305°-15.80C"
BREVE(Y,) Y,=91.40-1.134+0.13B+2.25C—0.504B— 1593  0.0007 1.09 04495 09535

Sensory score

0.25BC-5.544*+1.558°-0.70C"

)A: F/EBJE/C; B: BAF 453 /(rmin )5 C: w(K)/%

1)A4: Extrusion temperature; B: Screw speed; C: Moisture content
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