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Optimization of the Preparation Process of Frozen Cooked Multigrain Noodles with
High Content of Chickpea
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Technology, Zhengzhou 450001, Henan, China; 3. College of Biological Engineering, Henan University of
Technology, Zhengzhou 450001, Henan, China)

Abstract: Frozen cooked multigrain noodles with high content of chickpea were prepared to meet the demand of
the hyperglycemic population for convenient, healthy, and nutritious staple food. The noodles were prepared
with 40% chickpea flour and 60% wheat flour. The orthogonal test was designed with three factors: chickpea
flour particle size, water addition, and kneading temperature, which were associated with the noodle quality.
The cooking loss, texture characteristics, tensile characteristics, color, and sensory score of the noodles after
10 freeze—thaw cycles were used as indicators to optimize the preparation process. The results showed that the
optimal conditions for the preparation of frozen cooked multigrain noodles with high content of chickpea were
chickpea flour particle size of 100 meshes—120 meshes, water addition of 32 g and kneading at 40 “C. The

noodles prepared under these conditions had excellent cooking and texture properties and good color and taste.
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Table 1 Levels and orthogonal factors for frozen cooked high—

content chickpea multigrain noodles

Sk
KA - = -
AR/ H B hkH/g € FIEE/C
1 40~60 28 20
2 60~80 30 30
3 80~100 32 40
4 100~120 34 50
5 120~140 36 60
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Table 2  Sensory evaluation standard of frozen cooked high—

content chickpea multigrain noodles
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Table 3  Results of cooking loss of frozen cooked high—content

chickpea multigrain noodles

A B C

1 1 1 1 /
2 1 2 2 2.69+0.04
3 1 3 3 2.45+0.16
4 1 4 4 2.40+0.11
5 1 5 5 2.58+0.14
6 2 1 2 2.55+0.07
7 2 2 3 1.29+0.11
8 2 3 4 1.81+0.08
9 2 4 5 2.23+0.17
10 2 5 1 2.51+0.14
11 3 1 3 1.45+0.08
12 3 2 4 2.06+0.10
13 3 3 5 1.61+0.08
14 3 4 1 2.51£0.17
15 3 5 2 1.55+0.13
16 4 1 4 2.56+0.18
17 4 2 5 2.61+0.09
18 4 3 1 1.33+0.08
19 4 4 2 1.40+0.11
20 4 5 3 1.11+0.07
21 5 1 5 2.21+0.16
22 5 2 1 2.37+0.14
23 5 3 2 1.47+0.07
24 5 4 3 2.16x0.13
25 5 5 4 2.69+0.15
K, 10.12 8.77 8.72
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Continue table 3  Results of cooking loss of frozen cooked high—

content chickpea multigrain noodles

giRk4 REMNSLEERWERRERNREFESR
Continue table 4 Results of texture properties of frozen cooked

high—content chickpea multigrain noodles

RIS i AR %
A B C

K, 10.39 11.02 9.66
K; 9.18 8.67 8.46
K, 9.01 10.70 11.52
Ks 10.90 10.44 11.24
k; 2.02 1.75 1.74
ks, 2.08 2.20 1.93
ks 1.84 1.73 1.69
ky 1.80 2.14 2.30
ks 2.18 2.09 2.25
R 0.38 0.47 0.61
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Table 4 Results of texture properties of frozen cooked high—

content chickpea multigrain noodles

R Lk TR /g
A B C
1 1 1 1 /
2 1 2 2 /
3 1 3 3 1 892.31£22.14
4 1 4 4 1 887.59+11.98

JE s A B%f C T /g
5 1 5 5 1 688.72+32.91
6 2 1 2 /
7 2 2 3 2 903.98+29.65
8 2 3 4 2685.32+23.83
9 2 4 5 1793.44+22.08
10 2 5 1 1785.19+£18.42
11 3 1 3 4703.42+21.69
12 3 2 4 4 581.75+35.25
13 3 3 5 4 682.75+28.08
14 3 4 1 4 999.45+20.07
15 3 5 2 4 503.38+37.96
16 4 1 4 4942.07+£35.41
17 4 2 5 4 859.82+22.52
18 4 3 1 4 562.64+32.48
19 4 4 2 5 682.97+£31.61
20 4 5 3 5 302.30+40.06
21 5 1 5 5 377.39+£27.75
22 5 2 1 6 130.66+43.38
23 5 3 2 4 674.71+£35.44
24 5 4 3 4 447.75+24.16
25 5 5 4 4 964.78+38.51
K, 5468.62 1502288 17 477.94
K, 916793 18 476.21 14 861.06
Ks 23 470.75 18 497.73 19 249.76
Ky 25349.80 18 811.20 19 061.51
Ks 2559529 18 24437 18 402.12
k, 1 093.72 3 004.58 3 495.59
k, 1 833.59 369524 297221
ks 4 694.15 3 699.55 3 849.95
ks 5069.96 376224 3 812.30
ks 5119.06 3 648.87 3 680.42
R 4 025.34 757.66 877.74
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Table 5 Results of maximum tensile strength of frozen cooked

high—content chickpea multigrain noodles

55 AR ZL8  /g
A B C

1 1 1 1 /

2 1 2 2 /

3 1 3 3 8.47+0.78
4 1 4 4 10.20+0.31
5 1 5 5 7.33+0.75
6 2 1 2 /

7 2 2 3 10.30+0.47
8 2 3 4 11.360.61
9 2 4 5 9.49+0.86
10 2 5 1 /

11 3 1 3 23.34+0.86
12 3 2 4 24.34+0.91
13 3 3 5 22.29+1.06
14 3 4 1 21.84+1.47
15 3 5 2 19.58+1.53
16 4 1 4 31.84+2.74
17 4 2 5 31.08+1.87
18 4 3 1 32.26+2.42
19 4 4 2 32.20+1.53
20 4 5 3 25.17+1.14
21 5 1 5 22.61£1.96
22 5 2 1 19.45+1.10
23 5 3 2 22.13+1.61
24 5 4 3 25.30+1.45
25 5 5 4 20.04+1.14
K, 26.00 62.79 74.55

K, 34.15 76.17 7391

Ks 111.39 94.51 89.58

K, 133.55 105.03 89.78

Ks 105.53 72.12 82.80

k, 5.20 12.56 14.91

k, 6.83 15.36 14.78

ks 22.28 18.90 17.92

ks 26.71 21.01 17.96

ks 21.11 14.42 16.56

R 21.51 8.45 3.18
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Table 6 Results of tensile fracture distance of frozen cooked

high—content chickpea multigrain noodles

R EES : TR
A B C mm

1 1 1 1 /

2 1 2 2 /

3 1 3 3 5.64+0.31
4 1 4 4 8.17+0.54
5 1 5 5 5.22+0.25
6 2 1 2 /

7 2 2 3 8.34+0.18
8 2 3 4 5.82+0.43
9 2 4 5 5.10+0.32
10 2 5 1 /

11 3 1 3 15.52+0.41
12 3 2 4 18.92+1.32
13 3 3 5 17.09+0.81
14 3 4 1 19.75+1.21
15 3 5 2 18.76+0.93
16 4 1 4 22.81+1.07
17 4 2 5 27.07+1.14
18 4 3 1 36.29+1.59
19 4 4 2 28.92+1.37
20 4 5 3 26.02+0.43
21 5 1 5 11.81+0.29
22 5 2 1 14.58+0.32
23 5 3 2 15.19+0.58
24 5 4 3 16.41+0.79
25 5 5 4 19.55+1.48
K, 19.03 50.14 70.62

K, 19.26 68.91 62.87

Ks 90.04 80.03 71.93

K, 141.11 78.35 75.27
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Continue table 6 Results of tensile fracture distance of frozen

cooked high—content chickpea multigrain noodles

HRT REMISLEEREXRMAZHNEBESER
Continue table 7  Results of color properties of frozen cooked

high—content chickpea multigrain noodles

. ES EnAH RN IR
B C mm

Ks 77.54 69.55 66.29
k, 3.81 10.03 14.12
k, 3.85 13.78 12.57
ks 18.01 16.01 14.39
ky 28.22 15.67 15.05
ks 15.51 13.91 13.26
R 2441 5.98 2.48
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Table 7 Results of color properties of frozen cooked high—

content chickpea multigrain noodles

R A AE
A B C

1 1 1 1 /

2 1 2 2 12.09+0.59
3 1 3 3 12.39+0.87
4 1 4 4 12.14+0.31
5 1 5 5 11.11+0.36
6 2 1 2 10.14+0.49
7 2 2 3 10.32+0.45
8 2 3 4 12.75+0.85
9 2 4 5 11.35+£0.94

BES

¥

X5 AE
A B C

10 2 5 1 11.320.21
11 3 1 3 9.89+0.16
12 3 2 4 10.06+0.27
13 3 3 5 9.87+0.19
14 3 4 1 9.30+0.35
15 3 5 2 7.76+0.26
16 4 1 4 7.45+0.17
17 4 2 5 7.97+0.42
18 4 3 1 7.27+0.17
19 4 4 2 7.70+0.26
20 4 5 3 6.10+0.34
21 5 1 5 9.74+0.18
22 5 2 1 10.12+0.49
23 5 3 2 8.07+0.67
24 5 4 3 7.87+0.14
25 5 5 4 6.330.13
K, 47.73 37.22 38.01

K, 55.88 50.56 4576

Ks 46.88 50.35 46.57

K, 36.49 48.36 4873

Ks 42.13 42.62 50.04

ki 9.55 7.44 7.60

ks 11.18 10.11 9.15

ks 9.38 10.07 9.31

ks 7.30 9.67 9.75

ks 8.43 8.52 10.01

R 4.63 1.59 0.86
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Table 8 Results of sensory evaluation of frozen cooked high—

content chickpea multigrain noodles

frN A Lk B
A B C
1 1 1 1 /
2 1 2 2 33.63+2.44
3 1 3 3 37.38+1.75
4 1 4 4 32.00+1.86
5 1 5 5 36.002.09
6 2 1 2 39.71+3.42
7 2 2 3 52.88+2.53
8 2 3 4 42.13+2.96
9 2 4 5 46.13+3.66
10 2 5 1 42.25+1.43
11 3 1 3 63.38+3.11
12 3 2 4 63.88+4.13
13 3 3 5 64.75+2.19
14 3 4 1 63.75+3.18
15 3 5 2 63.63+4.12
16 4 1 4 67.88+3.11
17 4 2 5 72.25+4.26
18 4 3 1 68.13+4.53
19 4 4 2 71.13£3.54
20 4 5 3 66.38+2.65
21 5 1 5 67.38+4.81
22 5 2 1 67.63+3.42
23 5 3 2 66.88+5.37
24 5 4 3 68.50+4.26
25 5 5 4 70.50+2.71
K, 139.01 238.35 241.76
K, 223.10 290.27 274.98
K, 319.39 279.27 288.52
K, 345.77 281.51 276.39
Ks 340.89 278.76 286.51
ki 27.80 47.67 48.35
ks 44.62 58.05 55.00
ks 63.88 55.85 57.70
k, 69.15 56.30 55.28
ks 68.18 55.75 57.30
R 41.35 10.38 9.35
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I S 5 /N A2 H3 A2 T 5 )T 2% P A 3 D 2
S 15, B P I SR, ) 9 v Rl JEE s L
MR AL T 250 AB.Cs, RIRLIE 100 H~120 H il
KA 30 g TR E 40 °C.
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Table 9 Comprehensive results of orthogonal experiments on

frozen cooked high—content chickpea multigrain noodles

i H FWRIF Tk P
B C>B>A ABiCs
T A>C>B ABLCs
EALHLERTIE A>B>C ABCy
AL TN A>B>C ABiC,
AE ASB>C ABIC,
EE A>B>C AB.Cs

12 9 PN, FEARIFGE 1Y 248 bR IE 2R g, feflt
R L2 MAAAE—E TG, T 6 WAgrite T
ZEA AR, AL, DL B AR, SRR AT REAL
AR FRBR IR 7 52, W5 v R A v 7
W AR 4% 6 MR AREY EURIFINE A ASB>C, B
BLEES /K ST RE . DL 6 PP 8 FRAS H A5l
IKFHOR TR T2 s BT, T 45 H 4 12 U 22 il 15
ﬁi}guﬁﬁﬁ*&ﬁ% E/‘JEE7KS|Z%7 ABsC;y ﬁ AB,Cs,
K B 20, 125 0l 5 R 2 2 R AR B
B LR P R A A I B RO IE S S I R e Xk
U4 T2 400 ABCs, BRI 100 H~120 H
KA 32 g FIEREE 40 °C.

3 g

AR S 5k 36k H M g o K R L
3 ANRIFRIEAT 1os(53) IE ST, I X Rt 10 G 9
VAR AT 1 T s R T 2% ) 26 8 S 3R TR R
HKT 45 B 7 (e T 4B | 6 B U PR R AT 4
T, S 2000 2 1l A5 V2 VR AR v P B JEE B 5 23 A T 2% 1Y)
e T2 B SRR 100 H~120 H sk & 32 ¢,
AT B2 2R 40 °C.
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