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Extrusion pretreatment improves the protein digestibility of black soybean
meal and its effects on the final quality and antioxidant activity of soy sauce

Cheng Xiaoyuan' Ma Chengye® Li Hongjun®

(1. Changzhi Vocational and Technical College, Changzhi, Shanxi 046000, China; 2. College of Agricultural
Engineering and Food Science, Shandong University of Technology, Zibo, Shandong 255049, China)

Abstract: [Objective] To investigate the regulatory mechanisms of extrusion pretreatment on the protein digestibility of black soybean
meal and systematically evaluate its effects on soy sauce quality and antioxidant activity. [ Methods] A mixture of black soybean meal and
flour was pretreated using extrusion technology for soy sauce brewing. Extrusion temperature, screw speed, flour addition, and moisture
content were selected as the main process parameters to investigate their effects on protein digestibility. Under the optimal extrusion
conditions, the raw materials were prepared and further subjected to simulated low-salt solid-state soy sauce fermentation. Amino nitrogen,
total nitrogen, reducing sugar, pH, total acid, ammonium salt, soluble salt-free solids, and antioxidant activity (1,1-diphenyl-2-picrylhydrazyl
[DPPH] radical-scavenging rate and total phenolic content) were measured to evaluate the effects of extrusion modification on soy sauce
quality and antioxidant activity. [ Results] The optimal extrusion parameters were an extrusion temperature of 100.0 °C, screw speed of
205 r/min, flour addition of 15.5%, and moisture content of 17.8%. Under these conditions, the protein digestibility of the extrudate reached
85.25%, representing a 49.23% increase compared with that of unextruded black soybean meal. Compared with the unextruded group, the

amino nitrogen and total nitrogen contents of soy sauce in the extrusion pretreatment group increased by 50.8% and 44.9%, respectively,
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while the reducing sugar content increased by 36.2%. Meanwhile, antioxidant activity was significantly improved, with the DPPH radical-

scavenging rate increasing from 42.6% to 60.3% and the total phenolic content increasing by approximately 42.2%. [ Conclusion ] Extrusion

pretreatment can significantly enhances protein digestibility and, through the synergistic effects of moderate denaturation and starch

gelatinization, improve the enzymatic hydrolysis efficiency and generation of flavor precursors in soy sauce fermentation substrates, while

enhancing the antioxidant function of the product.
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Figure 1 Effect of extrusion temperature on protein

digestibility
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Figure 2  Effect of screw speed on protein digestibility
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Table 4 Effect of optimal extrusion pretreatment on key

quality indicators of black soybean meal soy sauce

sk g K AL a“ff}i%ﬂ P F
Ouf R 4) () /%

FHMABE SR g/100mL  0.6120.03 0.92+0.02 508
AT = ¢/100 mL  1.094+0.05 1.58+0.04 449
pHTH 5.12£0.05 5.34+0.04
ER ¢/100 mL  1.85+£0.06 2.12£0.07 14.6
i JF R ¢/100 mL  2.43+0.10 3.31+£0.12 36.2
B i ¢/100mL  0.11%0.01 0.14+0.01 27.3
A G E: B g/100mL 12,6403 154404 222
L/l s
DPPH [ 1 &3 bR % 426+1.5 683+21 603
He
FENL NSy mg/g 1.874£0.09 2.664+0.11 422
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