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Analysis of Metabolite Diversity in Apple Processing Based on High
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Abstract: By analyzing the intrinsic mechanisms of how fermentation affects apple quality, this study provides a scientific
basis for the functional components and metabolic regulation mechanisms of apples, supporting the in—depth development of the
apple industry. In this research, non-targeted metabolomics technology was utilized to analyze the diverse differential metabolic
compounds generated during the processing of apples under high temperature and high humidity conditions. Various methods such as
principal component analysis (PCA), cluster heat maps, partial least squares discriminant analysis (PLS—DA), and KEGG pathway
enrichment were utilized to evaluate the metabolomic data. PCA revealed significant stage—wise changes in the metabolic composition
of apples during different fermentation processes. Metabolite identification indicated the presence of 314 metabolites, with lipids and
lipid-like molecules accounting for the largest proportion, reaching 44.61%. Utilizing cluster dendrograms and orthogonal partial least
squares discriminant analysis (OPLS=DA), it was revealed that the metabolite levels in the apple samples at the end of fermentation
were significantly higher than those in the unfermented samples, effectively distinguishing apple samples at different fermentation
stages. Further, KEGG pathway analysis pointed out that the biosynthesis of phenylpropanoids and the metabolism of phenylalanine
in apples were very active during fermentation, and specific pathways for the biosynthesis of cornoside and sphingolipid metabolism
were activated under high temperature conditions, which have an important impact on the high—temperature adaptability and flavor
formation of apples.
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A-vs-B
Phenylpropanoid biosynthesis
ABC transporters
Flavonoid biosynthesis
Riboflavin metabolism
Stilbenoid, diarylheptanoid and gingerol biosynthesis
Biosynthesis of cofactors
Pantothenate and CoA biosynthesis
Thiamine metabolism
beta-Alanine metabolism
Sphingolipid metabolism
Starch and sucrose metabolism
Zeatin biosynthesis
Galactose metabolism
Phenylalanine metabolism
Flavone and flavonol biosynthesis
Glycerophospholipid metabolism
Folate biosynthesis
Anthocyanin biosynthesis
Cysteine and methionine metabolism
Ubiquinone and other terpenoid-quinone biosynthesis

KEGG pathway
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KEGG pathway

00 05 10 15 20 25 30 35
-log10(p value)

A-vs-D
Phenylpropanoid biosynthesis
Sphingolipid metabolism B Metabolism
Phenylalanine metabolism
Glycerophospholipid metabolism
Biosynthesis of cofactors
Riboflavin metabolism
Vitamin B6 metabolism
Pantothenate and CoA biosynthesis
Thiamine metabolism
beta-Alanine metabolism
Zeatin biosynthesis
ABC transporters
Glycine, serine and threonine metabolism
Lysine degradation
Folate biosynthesis
Isoflavonoid biosynthesis
Anthocyanin biosynthesis
Cysteine and methionine metabolism
Arginine and proline metabolism
Metabolic pathways
T T T T T T T T T T T 1
00 02 04 06 08 10 12 14 16 18 20 22
-log10(p value)

B Environmental Information Processing

KEGG pathway

B-vs—C
Phenylpropanoid biosynthesis
ABC transporters B Metabolism
Phenylalanine metabolism
Glycerophospholipid metabolism
Biosynthesis of cofactors
Riboflavin metabolism
Stilbenoid, diarylheptanoid and gingerol biosynthesis
Vitamin B6 metabolism
Pantothenate and CoA biosynthesis
Thiamine metabolism
beta-Alanine metabolism
Sphingolipid metabolism
Starch and sucrose metabolism
Galactose metabolism
Glycine, serine and threonine metabolism
Flavone and flavonol biosynthesis
Folate biosynthesis
Isoflavonoid biosynthesis
Tropane, piperidine and pyridine alkaloid biosynthesis
Flavonoid biosynthesis
T T T T T T T T T T T T 1
0.0 02 04 0.6 08 10 1.2 14 16 1.8 20 22 24
-log10(p value)

B Environmental Information Processing

KEGG pathway




8 34 KOWE, S TR TSR T R AR P i Z R A

* 721

B-vs-D
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ABC transporters
Sphingolipid metabolism
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Purine metabolism
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Isoflavonoid biosynthesis
Anthocyanin biosynthesis

KEGG pathway
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