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ABSTRACT: Objective To study the optimal application conditions for alginate lyase and construction the
optimal process for a specialized composite enzyme preparation targeting Ascophyllum nodosum. Methods The
optimal reaction conditions of alginate lyase were determined by the control variable method. Based on these optimal
conditions, Ascophyllum nodosum was selected as the research material, and cellulase, pectinase and papain were
used for composite enzyme preparation. The optimal technological parameters for compound enzymatic hydrolysis of
Ascophyllum nodosum were obtained via response surface methodology. Under the optimized conditions,
Ascophyllum nodosum from different geographical populations (Peru, Chile and France) were subjected to enzymatic
hydrolysis. Using the extraction rate of alginate oligosaccharides as the evaluation index, the degradation capacity of
the compound enzyme preparation against seaweed from different origins was analyzed. By comparing the extraction
rate of alginate oligosaccharides and the solid conversion rate of enzymatic hydrolysis products, the hydrolysis
efficiency of the composite enzyme preparation was verified. Results The optimal application conditions for the
alginate lyase were an enzyme dosage of 0.50%, pH 7.5, reaction time 18 h and hydrolysis temperature 45 °C. The
optimal process conditions for the composite enzyme preparation of Ascophyllum nodosum enzymatic hydrolysis
were cellulase 1.82%, pectinase 1.2%, papain 1.5% and alginate lyase 0.6%, solid-liquid ratio was 1:25 (g:mL), with
an enzymatic hydrolysis temperature of 45 °C, pH 7.22 and a reaction time of 18 h. Under these conditions, the
extraction rates of alginate oligosaccharides was 14.46%. Conclusion By analyzing the degradation effects of the
composite enzyme preparation from this study on Ascophyllum nodosum from different sources, it is found that this
composite enzyme preparation effectively degrades Ascophyllum nodosum from various sources, and its enzymatic
efficacy surpasses that of commercially available composite enzyme preparations on the market. The composite
enzyme preparation constructed in this study can directly enzymolyze Ascophyllum nodosum to prepare alginate
oligosaccharides, realizing the direct utilization of seaweed resources. It provides a new idea and technical reference
for the low-cost preparation of functional alginate oligosaccharides and the development of related agricultural
biological products.
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Table 1 Composition of different brown algae (g/100 g, dry weight)
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A > — 24.80 14.40 1.80 — 18.50 —
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Table 3 Regression coefficients and significance test

TrZEkIR PIiA AME Ui F P

B 0.012 27  4.62E-04  2.240 0.0216
A 1.47E-04 1 1.47E-04  0.710 0.4067
B 8.14E-05 1 8.14E-05  0.390 0.5355
c 1.19E-05 1 1.19E-05  0.058 0.8120
D 6.10E-05 1 6.10E-05  0.300 0.5915
E 1.14E-03 1 1.14E-03  5.510 0.0268
F 9.51E-05 1 951E-05  0.460 0.5034

AB  926E-04 1  926E-04  4.480 0.0439

ES -1 0 1
AT RRIGIINE) % 1.5 2.0 2.5
BCRBEEG AN/ % 0.5 1.0 1.5
COR AR RS )/ % 0.5 1.0 1.5
D(HE B IR ZR BRI )/ % 0.4 0.5 0.6
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