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LIANG Xia*? ZHOU Bai-ling*?, WANG Hai-ping’, REN Yuan?

(1.Shanxi Functional Food Research Institute of Shanxi Agricultural University/Shanxi Key Laboratory of Special
Agricultural Products Processing, Taiyuan 030031, China)(2.Key Laboratory of Crop Gene Resources & Germplasm
Enhancement on Loess Plateau, Ministry of Agriculture, Taiyuan 030031, China)

Abstract: Quinoa was used as the main raw material to produce eight-ingrediet porridge. The nutritional evaluation of eight-ingrediet
porridge was carried out by lysine AAS model recommended by FAO / WHO. The raw material ratio was optimized and the process parameters
were optimized by orthogonal test and response surface methodology. The results showed that the best ratio of grains to beans, the ratio of
quinoa, barley kernel and oat, the proportion of red kidney beans, white lentils, peanuts, mung beans and adzuki beans in beans were 60:40,
30:10:15 in grains, 15:10:5:5:5, respectively. Under these conditions, the lysine content of eight-ingrediet porridge, the lysine AAS, the sensory
evaluation value were 4.61%, 83.82%, 80.4, respectively. The results of orthogonal test showed that the viscosity of eight-ingrediet porridge was
the highest under the condition as follows: CMC of 0.02%, konjac powder of 0.08%, xanthan gum of 0.18%. The results of response surface
methodology showed that the optimized process conditions were as follows: autoclaving time of 42 min, solid-liquid ratio of 32%, sucrose ester
addition of 0.16%, sodium tripolyphosphate of 0.11%. There was a good correlationship between the predicted value and the actual value (R? =
0.9248), and the sensory evaluation value was 85.5. Under the above conditions, the eight-ingrediet porridge was rich and full in taste and bright
brown red in color, the grains were complete and chewy, the taste of beans was soft and a few grains have slight cracks, the eight-ingrediet
porridge was viscous and has slight stratification after standing. The processing technology of quinoa eight-ingrediet porridge provided by this
work could have a practical application in the diversified development of quinoa products.
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Table 1 Sensory evaluation standard of eight-ingrediet porridge
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Table 2 Physical and chemical indexes of raw materials
At B RI% AELRE J51% ALET 21% 1% K2 1% BRAA A%
nE 15.21+0.15 2.760.09 2.800.06 1.62+0.02 12.3020.11 65.47+1.31
X A= 10.730.11 2.45+0.12 3.32+0.08 1.55+0.05 12.52+0.14 69.65+1.22
F 3 11.96+0.13 3.2240.17 2.4620.11 1.83+0.07 12.01%0.17 68.70+1.09
biXd 25.600.25 1.58+0.08 4.27+0.09 3.3620.11 10.190.21 55.38+1.07
g 20.82+0.18 1.7020.07 4.83+0.13 3.94+0.09 10.67+0.25 58.29+1.33
%a 25.35+0.22 1.5420.10 3.55+0.15 3.68+0.06 8.65+0.22 57.59+1.36
g 23.47+0.28 1.97+0.15 3.710.08 3.500.02 10.3520.17 56.46+1.14
ami 23.17+0.31 2.560.16 3.77+0.07 3.130.04 9.02+0.19 58.64+1.42
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Table 3 Raw material ratio of eight-ingrediet porridge
sihe RE RAE Bk SES Gk3 it RE ks oniORE mRE AT
30 5 20 15 15 5 5 5 431 7842 810
30 10 15 15 15 5 5 5 4.40 80.05 82.5
>3 30 15 10 15 15 5 5 5 4.37 79.53 84.3
30 20 5 15 15 5 5 5 4.40 80.01 80.6
35 5 20 15 10 5 5 5 4.57 83.16 78.9
55 . 35 10 15 15 10 5 5 5 461 83.82 80.4
2RI ' 35 15 10 15 10 5 5 5 4.54 82.57 81.5
35 20 5 15 10 5 5 5 450 81.84 79.7
40 5 20 10 10 5 5 5 4.92 89.53 74.6
6535 40 10 15 10 10 5 5 5 4.86 88.40 76.3
40 15 10 10 10 5 5 5 4.83 87.84 75.2
40 20 5 10 10 5 5 5 4.89 88.92 777
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Table 4 Factors and levels of orthogonal test

*F ACMCI%) ~ BUEFH/%)  COERI/%)
1 0.01 0.06 0.12
2 0.02 0.08 0.15
3 0.03 0.10 0.18

x5 EXRWHEN

Table 5 Variance analysis of orthogonal test

KI5 A B C *5/%/(MPa-s)
1 1 1 1 880.00
2 1 2 2 1570.00
3 1 3 3 1620.00
4 2 1 2 1730.00
5 2 2 3 1900.00
6 2 3 1 1450.00
7 3 1 3 890.00
8 3 2 1 1350.00
9 3 3 2 1540.00

K1 1356.67  1166.67 1226.67
K2 1693.33  1606.67 1613.33
K3 1260.00  1536.67 1470.00

MES 336.67 440.00 386.67
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EEZ ¥ AsB,Cs, Hl CMC 7R IITE: 0.02%. JBE R
I 0.08%- #&FEEANINE 0.18%H, /\F HkkiE
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Table 6 Central composite factor level table # S0
KR 401 ’
£F Skl Ry ————————— , , , , ,
1 0 1 W40 50 60 70 80
% /E K i B ia /min Xy X, 30 40 50 R4 S IE
R EI% X X, 30 32 34 E 10 BREWSLMMESTUMEZ [BA9HEX S
FEAEBS A E % X3 X; 013 015 0.17 Fig.10 Correlation between measured and predicted sensory
ZREBBANIIEI%N Xy X, 008 010 0.2 scores
% 7 Box—Behnken I 1%& it K4k
Table 7 Experiment design and results of Box-Behnken
o L ‘ ‘ . . RED
5 BERARNG KR BB E/% ZRABANN I E% P ey
1 -1 -1 0 0 415 44.3
2 1 -1 0 0 53.6 58.5
3 -1 1 0 0 65.6 65.0
4 1 1 0 0 66.7 67.8
5 0 0 -1 -1 78.7 79.2
6 0 0 1 -1 814 83.6
7 0 0 -1 1 79.8 80.3
8 0 0 1 1 78.7 82.0
9 -1 0 0 -1 67.2 66.7
10 1 0 0 -1 77.6 76.0
11 -1 0 0 -1 66.7 66.7
12 1 0 0 1 754 73.8
13 0 -1 -1 0 56.3 54.6
14 0 L -1 0 80.9 80.9
15 0 -1 1 0 71.0 69.4
16 0 1 1 0 74.3 73.8
17 -1 0 -1 0 59.0 59.6
18 1 0 -1 0 70.5 70.5
19 -1 0 1 0 67.2 65.6
20 1 0 1 0 74.3 72.1
21 0 -1 0 -1 67.8 65.6
22 0 1 0 -1 814 79.2
23 0 -1 0 1 68.3 66.1
24 0 1 0 1 79.2 79.8
25 0 0 0 0 84.7 85.2
26 0 0 0 0 85.2 85.8
27 0 0 0 0 85.8 85.2
28 0 0 0 0 85.3 85.1
29 0 0 0 0 85.5 85.5
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SKH SAS B xBTS i AT [ B Ty 25 4y

M, ZEFRIFK 8,

FHEE 8 FI L, AEGFTi FH 1) — Ik 2 i B A
R R ETE (p<0.01); i R R?=0.9248,
22 IR R Y40 PR TR AN S 48 2 1) A AR B oL &
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1) 88.96% KR T Tk IR 2R, Aefs LAt iy iR &K
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Table 8 Analysis of variance results of RSM test

FERR % #4110 f W /% /DF #7107 F1{& P&
ARA 2769.57 14 0.075 12.30 <0.0001
Xy 175.57 1 0.072 10.92 <0.0052
X, 654.16 1 0.22 40.68 <0.0001
Xa 118.75 1 0.013 117 0.0298
Xs 1.84 1 1.008E-003 0.11 0.7401
XX, 1 30.25 1.000E-002 0.1918 0.0330
X Xs 1 0.09 1.600E-003 0.9414 0.0262
X Xs 0.72 1 2.250E-004 0.045 0.8971
XoXa 0.038 37.82 0.038 0.1474 0.0395
XoXs 6.250E-004 1.82 6.250E-004 0.7414 0.5690
XaXs 1.225E-003 2.4 1.225E-003 0.7049 0.6521
X2 0.46 215.23 0.46 <0.0001 <0.0001
X7 031 73.26 0.31 <0.0001 <0.0001
X3 0.030 124.16 0.030 0.048 0.0148
X 1.126E-006 8.03 1.126E-006 0.4914 0.4914
#E 22.15 14 2.018E-003
PEDE 224.49 10 2.806E-003 136.05 0.0001
# AR 0.66 4 5.000E-005
BFm 2994.72 28
R°=0.9248 Rag’=0.8896
2102 R EHHT
AR [ ARSI e b o b7 T ]
90 r'//// T N I — T 7 :E
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4w _
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