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Abstract: To obtain the optimal process conditions for making the hollow noodles fermented with lactic acid bacteria,
three typical lactic acid bacteria strains of sour dough were selected: Lactobacillus plantarum (Lp), Lactobacillus foodlike
(Lpa) and Lactobacillus fermentum (Lf) . They were combined in a ratio of 1:1:1 with active dry yeast for fermentation to
produce hollow noodles. The amount of lactic acid bacteria and salt added, and the fermentation time were selected as single
factors, while cooking characteristics, texture characteristics, and sensory quality were selected as evaluation indicators. On
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the basis of a single-factor test, the Box-Behnken response surface method was used to optimize the processing of hollow

noodles. The results showed that the optimal process conditions were as follows: based on the mass fraction of flour, the proportion of

lactic acid bacteria was 0.90%, the proportion of salt was 1.10%, and the fermentation time was 110 min. Compared with the control

group, the broken rate and cooking loss rate of fermented hollow noodles prepared under these conditions decreased by 13.33% and

15.54%, water absorption increased by 47.48%, protein in vitro digestibility (IVPD) increased by 13.43%, viscosity decreased by

49.01%, chewability increased by 13.83%, and the overall score was 94.51, which was 0.81% different from the predicted value. In

summary, the optimum conditions for hollow noodles fermented with lactic acid bacteria have been determined as follows: lactic acid

bacteria mass fraction of 0.90%, salt 1.10%, and a fermentation time of 110.00 min. The research provides a theoretical basis and

technical guidance for the quality improvement and industrial processing of hollow noodles.

Key words: response surface; lactic acid bacteria; fermented hollow noodles; cooking characteristics; texture

characteristics; process optimization; in vitro protein digestibility
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Table 3 Effect of Lactobacillus addition on texture characteristics of hollow noodle

= 4% B g Fb /(g sec) BB L b
0 3953.16 +38.18* 153.71£9.49*  0.89+0.00™ 2994.30+9.10"
0.5 3825.97 +70.19° 11133+193"  0.90+0.01" 2755.49 £29.89¢
1.0 4 655.45+29.19° 82.35 +5.65° 0.90 +0.00®  3596.79 +40.37"
1.5 4534.11 £35.12° 12827 +7.17° 0.91+0.01° 3055.53 £22.69"
2.0 425457 +11.26° 151.67+6.59*  0.88+0.01° 2850.95 +49.67°

E: R AR FHATEREE (P<0.05).
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Table 4 Effect of salt addition on texture characteristics of hollow noodle

A% R JE /g Fh /(g sec) g "o /g
0 4361.72 £99.78° 82.71 £9.57° 0.89+0.01°  3153.75+29.39°
0.5 4283.16 *96.39° 79.96 + 6.62° 0.90+0.01°  3036.45+37.47
1.0 4564.93 +131.00° 155.25+28.64° 091 +0.02° 3 140.40 + 14.43°
15 4 453.83 +49.00™ 103.75+20.07°  0.90+0.02°  3349.79 +43.53"
2.0 4 746.20 = 78.00" 146.26 + 11.43"  0.90+0.01° 3 654.16 +37.08"

E: R AR FHATEFEE (P<0.05).
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Table 5 Effect of fermentation time on texture characteristics of hollow noodle

& BB 1A] /min E g FhME /(g sec) e wH o
60 4557.98 +67.95" 144.77 £11.93" 0.91£0.00" 3232.17+24.02°
90 4517.28 +40.44" 154.34 £12.35" 0.90+0.01° 3281.56 £13.90"
120 4564.13 £9.65" 141.63 £28.26" 091+0.01" 3249.48 £53.16"
150 4 433.87 +54.70° 166.97 +23.73" 0.90+0.01" 3118.91 +20.47°
180 4451.20 + 48.60° 155.15 £28.41° 0.90 £0.00" 3124.09 £40.40°

E: R AR FHEATEFEE (P<0.05).
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Table 6 Response surface test design and results

KI5 A B C 5
1 -1 -1 0 70.03
2 1 -1 0 94.11
3 -1 1 0 77.23
4 1 1 0 74.82
5 -1 0 -1 93.32
6 1 0 -1 88.56
7 -1 0 1 93.24
8 1 0 1 84.03
9 0 -1 -1 73.52
10 0 1 -1 80.16
11 0 -1 1 88.15
12 0 1 1 94.96
13 0 0 0 93.87
14 0 0 0 78.96
15 0 0 0 85.35
16 0 0 0 81.84
17 0 0 0 83.91
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Table 7 Analysis of variance of response surface regression model

KR R BEE AT FA1a PiE  REM

AL 99844 9 110.94 81.84 <0.0001  **
12561 1 12561 92.66 <0.0001 **
4792 1 4792 3535  0.0006 @ **
3837 1 3837 2830 0.0011  **

AB  7.84 1 7.84 578 00471 %

AC 00196 1 00196 0.0145 0.9077

BC 03844 1 03844 02836 0.6109

A* 37007 1 37007 27299 <0.0001 **

B> 337.65 1  337.65 249.08 <0.0001 **

c 12.17 1 12.17 898  0.0201 *

KA 949 7 1.36
£ WA 7.55 3 2.52 5.19  0.07238
iR £ 1.94 4 04851

¥4 100793 16
R 0.990 6
R, 09785

A ATEREE (P<005), ** AT E2RMEF
( P<0.01).
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Table 8 Analysis of basic quality of hollow noodles
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