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Abstract: In this work, millet was used as the raw material for investigating the production process of millet porridge oil. The sensory
score, soluble solids content and iodine blue value were used as evaluation indicators. The effects of soaking time, soaking temperature and
cooking time on the quality of millet porridge oil were studied by single factor experiments, and the optimal levels of these factors were
determined. On the basis of these results, the Box-Behnken experiment design was further used to construct a polynomial regression equation
model, and through response surface tests, the optimal process parameters for producing millet porridge oil were determined: soaking time 41
min, soaking temperature 51 ‘C, cooking time 47 min. Under these conditions, the sensory score of millet porridge oil was 84.80, the soluble
solids content was 4.79 g/100 g, and the iodine blue value was 0.48 (which were close to the theoretical values, indicating that the data were
reliable). In the meantime, the product obtained under such processing conditions exhibited shear thinning characteristics, which is beneficial not
only to the people with difficulty in swallowing, but also to the pumping and perfusion processes in industrial production. This research provides
a theoretical basis for the industrial production of millet porridge oil.
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Table 2 Sensory score table
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Fig.3 Effect of cooking time on the quality of millet porridge oil
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Table 3 Experimental design and results for response surface analysis
RIS RAME/min FRBEIC  AXME/mMIn AEIRSS  TIEKEHM(0100g) AAEE

1 0 0 0 85.20 481 0.463
2 0 0 0 85.60 4.80 0.474
3 0 1 -1 76.80 4.47 0.453
4 -1 0 -1 79.20 4.42 0.422
5 0 1 1 79.60 4.83 0.498
6 0 0 0 85.40 4.78 0.478
7 1 0 1 79.80 4.82 0.498
8 1 1 0 77.20 4.69 0.495
9 0 -1 -1 78.60 443 0.426
10 -1 1 0 78.60 4.65 0.478
11 -1 -1 0 78.00 457 0.451
12 0 0 0 86.20 4.80 0.474
13 1 0 -1 76.20 444 0.439
14 0 -1 1 81.20 4.75 0.485
15 -1 0 1 76.60 4.76 0.487
16 1 -1 0 79.60 4.59 0.454
17 0 0 0 86.40 4.78 0.462
* 4 BREIFHNNELZE S
Table 4 Analysis of variance for response surface regression model
7 AR 75 An AR #7r F1E pfa
Model 211.468 9 23.496444 43.146671 <0.0001
A-IZ LB 18] 0.02 1 0.02 0.0367261 0.8535
B-iz s A 3.38 1 3.38 6.2067156 0.0415
C-A& A AT 1) 512 1 5.12 9.4018888 0.0182
AB 2.25 1 2.25 41316894 0.0816
AC 9.61 1 9.61 17.646905 0.0040
BC 0.01 1 0.01 0.0183631 0.8960
A? 76.231684 1 76.231684 139.98473 <0.0001
B2 41.911684 1 41.911684 76.962694 <0.0001
c? 53.212737 1 53.212737 97.714889 <0.0001
KE 3812 7 0.5445714
X IR 2.74 3 0.9133333 3.4079602 0.1336
iR £ 1.072 4 0.268
EAn 215.28 16
R?=0.9823 R2Adj =0.9595
22 R E R R LA & 3 fn. DORIBETE] AL RIIERE B Z5ENTE C
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221  VAREIRS Hy v AR 6 76 R IR IR 45 R J5FE A Y1=85.76000+0.050000A-0.65000B+0.80000C
il -0.75000AB+1.55000AC+0.050000BC-4.25500A-3.15
2211 MR IRIGAE R BT 2 500B°-3.55500C7, R*=0.9823, K1k %%k R*aq= 0.9595,
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Fig.4 Response surface and contour maps of the effects of
interaction on sensory scores of millet porridge oil
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Table 5 Results of response surface analysis of variance of soluble solids

7 ERIR 75 A= A EA 2 F1a pfa

Model 0.3699828 9 0.0411092 165.28211 <0.0001

A-iZiaRtE - 0.0027011 1 0.0027011 10.860041 0.0132

B-iz/@B /% 0.0120901 1 0.0120901 48.609101 0.0002

C-F& AR 0.243602 1 0.243602 979.41702 <0.0001

AB 0.0001322 1 0.0001322 05317194 0.4896

AC 0.000529 1 0.000529 2.1268775 0.1881

BC 0.000576 1 0.000576 23158439 0.1719

A2 0.0329593 1 0.0329593 132.51478 <0.0001

B? 0.0272683 1 0.0272683 109.63397 <0.0001

c 0.0385822 1 0.0385822 155.12219 <0.0001
"E 0.0017411 7 0.0002487

KA 0.0010083 3 0.0003361 1.834516 0.2811
LhiR £ 0.0007328 4 0.0001832

¥e 0.3717239 16
R°=0.9953 Ra;=0.9893
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Table 6 Results of response surface analysis of variance for iodine blue value

7 £ R 75 A B wE H7r F1& piE
Model 0.008508852 9 0.0009454 17.609119 0.0005
A-iZaaE 0.000276125 1 0.0002761 5.1429807 0.0577
B-iZ#8E  0.001467014 1 0.001467 27.323944 0.0012
C-#% ARl 0.006460056 1 0.0064601 120.3221 <0.0001
AB 0.000044444 1 0.0000444 0.8278023 0.3932
AC 0.000008028 1 0.0000080 0.1495218 0.7105
BC 0.0000466944 1 0.0000467 0.8697098 0.3821
A? 0.0000242526 1 0.0000243 0.4517187 0.5231
B? 0.0000131415 1 0.0000131 0.2447681 0.6359
c? 0.000168001 1 0.0001680 3.1291146 0.1202
HE 0.000375828 7 0.0000537
KAUR 0.00016125 3 0.0000537 1.0019677 0.4783
iR £ 0.000214578 4 0.0000536
Ba 0.00888468 16
R%=0.9577 R2Adj =0.9033

2.3 K N W A T YA R KR I

B 5 RIMTZ&ETHIERKIEH
Fig.5 Millet porridge oil produced under the optimum
technological conditions
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Fig.6 Curve of apparent viscosity of millet porridge oil with
shear rate
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