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as glycolysis or sucrose cleavage, while multiple metabolites engaged crop improvement strategies,may gomplexitio di erential gs7al
in broader metabolic networks, including carbon partitioning and

energy metabolism. e di erential regulation of metabolic pathways

observed between single and multiple metabolites suggests the presence

of distinct regulatory mechanisms. Single metabolites may be subject

to feedback inhibition or substrate limitation [9], whereas multiple

metabolites may undergo complex regulatory interactions mediated by

enzyme kinetics and allosteric regulation.

e contrasting dynamics of single and multiple metabolites
underscore their functional signi cance in starch digestion. Single
metabolites may serve as immediate substrates for energy production
or biosynthesis, while multiple metabolites contribute to metabolic

exibility and resource allocation. e ndings provide insights into
the regulatory mechanisms governing starch metabolism in plant cells.
Understanding how single and multiple metabolites are utilized and
regulated can inform strategies for enhancing plant growth, stress
tolerance, and yield potential [10]. Applications in crop improvement
manipulating the balance between single and multiple metabolites may
o er novel approaches for crop improvement. Targeted metabolic
engineering aimed at modulating speci ¢ pathways or enzyme
activities could enhance starch accumulation, nutrient utilization, and
overall plant performance.

Future research directions may involve elucidating the molecular
mechanismsunderlyingthedi erential regulation of singleand multiple
metabolites. Integrating transcriptomic, proteomic, and metabolomic
approaches could provide a comprehensive understanding of
metabolic regulation in plant cells. In conclusion, this study highlights
the importance of considering both single and multiple metabolites in
the context of starch digestion and metabolic regulation. By elucidating
the dynamic interplay between di erent metabolites, we advance our
understanding of plant physiology and pave the way for innovative
strategies in crop improvement and biotechnology.

Conclusion

In this study, we conducted a comparative analysis of metabolites
during in vitro starch digestion in heartbeat cotyledon cells, focusing on
the distinction between single and multiple metabolites. Our ndings
revealed dynamic changes in metabolite pro les and di erential
utilization kinetics between single and multiple metabolites. Single
metabolites demonstrated rapid consumption kinetics, while multiple
metabolites exhibited sustained utilization patterns throughout the
digestion process.  ese observations underscore the functional
signi cance of both single and multiple metabolites in starch
metabolism and plant physiology.

e di erential regulation of metabolic pathways associated with
single and multiple metabolites suggests the presence of distinct
regulatory mechanisms. Understanding these mechanisms is crucial
for unraveling the complexities of starch metabolism and metabolic
regulation in plant cells. Moreover, our ndings have implications for
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