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The membrane may be a key 
factor influencing browning: a 
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Fresh-cut fruit and vegetables are susceptible to browning during storage and 
subsequent consumption. The cell membrane acts as a vital structural barrier, 
compartmentalizing various substances within living organisms. The fresh-cutting 
process induces mechanical injuries, disrupting these membranes and resulting in the 
leakage of cellular contents. This facilitates direct contact between substances and 
enzymes that mediate browning reactions. This mini review explores the potential 
roles of cell membranes in the browning of fresh-cut fruit and vegetables from 
a multi-omics perspective, aiming to provide novel insights into the underlying 
mechanisms of browning in fresh-cut fruit and vegetables. Considering potential 
roles of cell membranes in blocking the browning of fresh-cut fruit and vegetables, 
future studies should focus on elucidating the precise mechanisms by which 
membranes regulate browning reactions, aiming to provide directions for the 
development of more effective intervention strategies.
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1 Introduction

Fresh-cut fruit and vegetables are a convenient form of ready-to-eat fresh food (1). Their 
appeal lies in their convenience, freshness as well as high edible rate, leading to a surge in 
popularity among consumers (2). However, these products are highly susceptible to browning 
after peeling or cutting, a process that not only diminishes their visual appeal but also reduces 
their nutritional value and shelf life (3).

The browning in fresh-cut products can be classified into enzymatic and nonenzymatic 
types (4, 5). Enzymatic browning is primarily driven by phenolase enzymes, particularly 
polyphenol oxidase (PPO) and peroxidase (POD) (6). In contrast, nonenzymatic browning 
occurs independently of phenolase and may include processes such as ascorbic acid oxidation, 
the Maillard reaction, and caramelization (7). For example, browning in most fruit or vegetable 
species, such as pear, apple, and potato, is enzymatic (8–10). However, in other species such 
as Chinese water chestnuts, the absence of phenolase substrates leads to browning after peeling 
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(11, 12). These studies indicate that the mechanisms underlying 
browning in fresh-cut products are highly complex, involving both 
enzymatic and nonenzymatic processes.

Therefore, understanding the browning mechanisms of fresh-cut 
fruit and vegetables is essential for developing effective preservation 
strategies. While numerous studies have concentrated on 
understanding the browning mechanisms at both physiological and 
molecular levels, the roles of cell membrane influencing this process 
have garnered less attention. Multi-omics is an integrative approach 
that offers a comprehensive understanding of complex biological 
processes by simultaneously analyzing various types of omics data 
(13), such as genomics, transcriptomics, proteomics, and 
metabolomics. In this review, we explored the potential roles of cell 
membranes in the browning process of fresh-cut products from a 
multi-omics perspective, aiming to provide valuable insights for 
developing strategies to mitigate browning.

2 The roles of membranes in blocking 
the browning of fresh-cut produce

The cell membrane of eukaryote is a complex structure that 
functions as a selective barrier, regulating the influx and efflux of 
substrates (14). It is primarily composed of a diverse array of lipids 
and proteins (15). Under normal conditions, substrates and enzymes 
involved in browning are compartmentalized within distinct 
subcellular organelles by biological membranes (16). Fresh-cut 
operations, such as peeling or cutting, compromise cell integrity and 
disrupt compartmentalization (17). As a result, components that were 
previously separated within distinct subcellular organelles come into 
direct contact, triggering the browning process.

PPO and POD are two key enzymes that contribute to the 
oxidation of phenolic substrates in enzymatic browning. This process 
occurs through the enzymatic oxidation of monophenols or 
o-diphenols, leading to the production of o-quinones, which then 
undergo subsequent condensation or polymerization reactions (18). 
PPO, primarily located in chloroplasts, catalyzes the oxidation of 
various phenolic compounds to o-quinones (19). In contrast, POD, 
which is potentially found in cell walls, vacuoles, and apoplasts (the 
space outside the plasma membranes), functions in the oxidoreduction 

of hydrogen peroxide and various reductants (16). Most phenolic 
compounds, however, are stored in vacuoles (18). The loss of cellular 
compartmentalization allows PPO and/or POD to come into direct 
contact with phenolics, leading to the oxidation of phenolics and the 
formation of brown polymers (20). The above discussions indicate that 
the degradation of membranes occurs prior to the browning reactions, 
highlighting the role of membranes in regulating this process. Building 
on this hypothesis, we  propose a model to illustrate how the cell 
membrane functions to block the interaction between phenolics and 
phenolase such as PPO (Figure 1).

Biological membranes are characterized by a phospholipid bilayer 
(21). Numerous studies have demonstrated that fresh-cut operations 
stimulate the activity of lipid metabolism enzymes, including 
phospholipase (PL) and lipoxygenase (LOX), leading to the 
degradation of membrane lipids. PLs catalyze the initial steps of lipid 
hydrolysis, while LOXs facilitate the oxygenation of polyunsaturated 
fatty acids, leading to the peroxidation of membrane lipids (22). The 
relationship between browning and the activity of PLD and LOX has 
been documented in fresh-cut potato (23), taro (24), and eggplant (25).

Furthermore, fresh-cutting triggers a burst of reactive oxygen 
species (ROS), which contributes to the oxidation of 
biomacromolecules, particularly membrane lipids. This oxidative 
stress leads to functional defects in membranes, including altered 
permeability and stability (26). Moreover, elevated ROS levels may 
also act as signaling molecules, mediating browning reactions (27). 
For instance, melatonin (MT) has been shown to effectively reduce 
browning in various fresh-cut food species (3). Concurrently, the 
increased ROS levels induce the production of endogenous MT, 
thereby influencing the redox homeostasis of fruit and vegetables 
during the postharvest period (28).

3 Multi-omics approaches used to 
reveal the involvement of membrane 
in browning of fresh-cut produces

3.1 Genomics analysis

Genomics analysis examines genetic variability within species 
and identifies genes or pathways closely associated with specific 

FIGURE 1

A proposed model illustrating how the cell membrane functions to block the interaction between phenolics and phenolases such as PPO. 
(A) Phenolics and phenolases are separated under normal condition. (B) Phenolics and phenolases are directly contacted after fresh-cutting.
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traits (29). However, researches aimed at identifying key genes or 
modules that regulate the browning of fruit and vegetables remains 
limited to date. Most studies have concentrated on genome-wide 
analyses or genome-wide association studies (GWAS). For instance, 
in banana (Musa acuminata), 10 PPO genes were successfully 
identified based on a high-quality genome sequence, with MaPPO1 
and MaPPO6 identified as the primary contributors to fruit 
browning (30).

Thioesterase regulates the flow of various substrates by releasing 
CoA from intermediates and products of β-oxidation (31). In water 
yam (Dioscorea alata), two SNP markers located on chromosome 5 
were significantly associated with oxidative browning of the tuber 
through GWAS, and suggested that genes with thioesterase domain 
may play an important role in tuber browning (32).

The enhanced LOX protein activity or gene expression leads to the 
peroxidation of membrane lipids and subsequent browning of 
fresh-cut produces (33). Treatments with methyl jasmonate (MeJA) 
induce effects similar to those of wounding stress (34), and the 
expression of two LOX genes, MaLOX2-4 and MaLOX9 identified 
through genome-wide analysis, was significantly induced following 
MeJA treatment in banana (35). Within the same species, some 
varieties are susceptible to browning while others are not. Therefore, 
researchers could compare the genetic variability among these 
varieties to identify key membrane-related contributors to browning 
through comparative genomics analysis.

3.2 Transcriptomics analysis

Transcriptomics analysis measures gene expression patterns to 
elucidate molecular changes at transcript level (36). Comparative 
transcriptomics is the most widely used omics approach for revealing 
the mechanisms underlying the browning of fresh-cut produces. This 
analysis can identify differentially expressed genes (DEGs) in response 
to fresh-cutting or during the browning process.

A previous study investigated the browning mechanism of 
fresh-cut eggplant by comparing transcriptomic differences between 
browning-resistant (‘F’) and browning-sensitive (‘36’) cultivars (24). 
The results showed that numerous DEGs and differentially 
accumulated metabolites (DAMs) were associated with lipid 
metabolism, as revealed by the integrated analysis of transcriptome 
and metabolome data, suggesting the increased expression of 
membrane lipid-degrading enzymes might accelerate the browning of 
fresh-cut eggplant. Preharvest selenium (Se) treatment significantly 
reduced the browning potential of fresh-cut apples. Transcriptome 
analysis revealed that genes involved in membrane lipid oxidation, 
such as LOX and PLD, were notably downregulated following Se 
treatment (37).

In fresh-cut taro, genes involved in the linoleic acid metabolic 
pathway were induced after peeling, with expression levels rising in 
tandem with aggravated browning (23). The application of cinnamic 
acid (CA) was found to effectively inhibit browning in cold-stored taro 
slices, and the downregulated DEGs resulting from CA treatment were 
significantly enriched in the membrane lipid metabolism related 
pathways, as revealed by comparative transcriptomics and weighted 
gene co-expression network analysis (38). These studies demonstrate 
that membrane lipid metabolism may play a critical role in the 
browning process of fresh-cut produces.

3.3 Proteomics  analysis

Proteomics analysis utilizes high-throughput technologies to 
comprehensively evaluate the qualitative and quantitative aspects of a 
sample’s entire protein repertoire (39). Compared to transcriptomic 
or genomic data, proteomic information provides more direct insights 
into the functional molecules involved in biological processes, since 
protein levels and activities cannot be fully predicted from RNA or 
DNA data alone (40).

Recent proteomic studies have investigated protein modifications 
during the browning process of fresh-cut produces. In ‘Fuji’ apple, 
KEGG enrichment analysis of differentially expressed proteins (DEPs) 
identified significant alterations in multiple metabolic pathways, 
including carbon metabolism, amino acid biosynthesis, and secondary 
metabolite biosynthesis. Moreover, authors had observed a significant 
increase in the abundance of O-methyltransferase 1 protein following 
browning in T-type apples (41). Using iTRAQ proteomics, researchers 
identified over 1900 DEPs when comparing yellow fresh-cut yam to 
white fresh-cut yam. The upregulated DEPs in yellow yam showed 
significant enrichment in several biosynthesis pathways, such as 
carotenoid biosynthesis and phenylpropanoid biosynthesis (42).

From a membrane lipid metabolism perspective, studies in pear 
fruit revealed that browning-related DEPs primarily participated in 
the linoleic acid and fatty acid biosynthesis pathways (43). In fresh-cut 
lettuce browning, researchers observed increased LOX activity during 
the browning process. Metabolomic and proteomic analyses further 
demonstrated that stem browning highly correlated with decreased 
unsaturated fatty acid content, while fresh-cut-induced ROS 
contributed to fatty acid oxidation (44). These studies further highlight 
the roles of cell membrane in the browning of fresh-cut produces.

3.4 Metabolomics analysis

Metabolites are small molecules that represent the end products 
of cellular processes and are crucial for understanding the biochemical 
state of living organisms (45). Metabolomics analysis identifies these 
metabolites using GC–MS or LC–MS technologies, and could employ 
comparative strategies to capture changes in metabolite levels 
among samples.

Metabolomics analysis has been widely applied to elucidate 
potential mechanisms in fresh-cut products. Comparative 
metabolomics studies have revealed that, during the browning process 
of fresh-cut apples, the accumulated metabolites are primarily phenols 
and lipids (37). Similarly, during the browning of fresh-cut taro, the 
abundance of 11 metabolites consistently increased, with 10 of them 
being linolenic acid and the derivatives, as well as hydroperoxides 
(24). These researches clearly indicate the involvement of lipid 
metabolism, particularly membrane lipid metabolism, in the 
browning process.

4 Conclusion

In summary, the membrane is a vital structural component of 
plant cells that significantly influences the browning of fresh-cut 
produces. By employing a multi-omics approach, researchers could 
gain deeper insights into the complex interactions among membrane 
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disorder, signaling transduction, and biochemical reactions that lead 
to browning. These understandings would help the development of 
targeted interventions designed to effectively mitigate browning, 
ultimately enhancing the quality and shelf life of fresh-cut products.

Author contributions

XY: Writing – original draft. ZZ: Writing – original draft. WL: 
Writing – original draft, Funding acquisition. CZ: Writing – original 
draft. BW: Conceptualization, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. The Key 
Research Platform and Project of Guangdong Province of Educational 
Department (No. 2024GCZX006) and the College Student’s 
Innovation and Entrepreneurship Training Program of Education 
Department of Guangdong Province (No. S202410576028) provided 
financial supports for this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that Gen AI was used in the creation of this 
manuscript. Generative AI (ChatGPT 3.5) was used solely to check the 
spelling and grammar of the text.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Tang TT, Zhang M, Mujumdar AS. Intelligent detection for fresh-cut fruit and 

vegetable processing: imaging technology. Compr Rev Food Sci Food Saf. (2022) 
21:5171–98. doi: 10.1111/1541-4337.13039

 2. Xiao YH, Zhang JL, Jiang YY, Yuan Y, Xie J, He JM, et al. Cinnamic acid treatment 
reduces the surface browning of fresh-cut taro. Sci Hortic. (2022) 291:110613. doi: 
10.1016/j.scienta.2021.110613

 3. Xiao YH, Xie J, Wu CS, He JM, Wang B. Effects of melatonin treatment on browning 
alleviation of fresh-cut foods. J Food Biochem. (2021) 45:e13798. doi: 10.1111/jfbc.13798

 4. Sui X, Meng Z, Dong T, Fan X, Wang Q. Enzymatic browning and polyphenol 
oxidase control strategies. Curr Opin Biotechnol. (2023) 81:102921. doi: 
10.1016/j.copbio.2023.102921

 5. Du Y, Tian Q, Li G, Yi J, Hu X, Jiang Y. Advanced application of slightly acidic 
electrolyzed water for fresh-cut fruits and vegetables preservation. Food Res Int. (2024) 
195:114996. doi: 10.1016/j.foodres.2024.114996

 6. Dou Y, Chang C, Wang J, Cai Z, Zhang W, du H, et al. Hydrogen sulfide inhibits 
enzymatic browning of fresh-cut Chinese water chestnuts. Front Nutr. (2021) 8:652984. 
doi: 10.3389/fnut.2021.652984

 7. Buvé C, Pham HTT, Hendrickx M, Grauwet T, Van Loey A. Reaction pathways and 
factors influencing nonenzymatic browning in shelf-stable fruit juices during storage. 
Compr Rev Food Sci Food Saf. (2021) 20:5698–721. doi: 10.1111/1541-4337.12850

 8. Wen YT, Liang YQ, Chai WM, Wei QM, Yu ZY, Wang LJ. Effect of ascorbic acid on 
tyrosinase and its anti-browning activity in fresh-cut Fuji apple. J Food Biochem. (2021) 
45:e13995. doi: 10.1111/jfbc.13995

 9. Zheng H, Liu W, Liu S, Liu C, Zheng L. Effects of melatonin treatment on the 
enzymatic browning and nutritional quality of fresh-cut pear fruit. Food Chem. (2019) 
299:125116. doi: 10.1016/j.foodchem.2019.125116

 10. Zhang Z, Peng Y, Meng W, Pei L, Zhang X. Browning inhibition of seabuckthorn 
leaf extract on fresh-cut potato sticks during cold storage. Food Chem. (2022) 
389:133076. doi: 10.1016/j.foodchem.2022.133076

 11. Pan YG, Li YX, Yuan MQ. Isolation, purification and identification of etiolation 
substrate from fresh-cut Chinese water-chestnut (Eleocharis tuberosa). Food Chem. 
(2015) 186:119–22. doi: 10.1016/j.foodchem.2015.03.070

 12. Li F, Hu Y, Shan Y, Liu J, Ding X, Duan X, et al. Hydrogen-rich water maintains 
the color quality of fresh-cut Chinese water chestnut. Postharvest Biol Technol. (2022) 
183:111743. doi: 10.1016/j.postharvbio.2021.111743

 13. Subramanian I, Verma S, Kumar S, Jere A, Anamika K. Multi-omics data 
integration, interpretation, and its application. Bioinform Biol Insights. (2020) 
14:1177932219899051. doi: 10.1177/1177932219899051

 14. Mongrand S, Stanislas T, Bayer EM, Lherminier J, Simon-Plas F. Membrane rafts 
in plant cells. Trends Plant Sci. (2010) 15:656–63. doi: 10.1016/j.tplants.2010.09.003

 15. Cheng X, Smith JC. Biological membrane organization and cellular signaling. 
Chem Rev. (2019) 119:5849–80. doi: 10.1021/acs.chemrev.8b00439

 16. Zhang WL, Pan YG, Jiang YM, Zhang ZK. Advances in control technologies and 
mechanisms to treat peel browning in postharvest fruit. Sci Hortic. (2023) 311:111798. 
doi: 10.1016/j.scienta.2022.111798

 17. Ali A, Yeoh WK, Forney C, Siddiqui MW. Advances in postharvest technologies 
to extend the storage life of minimally processed fruits and vegetables. Crit Rev Food Sci 
Nutr. (2018) 58:2632–49. doi: 10.1080/10408398.2017.1339180

 18. Honda M, Nakatsuka A, Esumi T, Yamauchi N, Yoshikiyo K, Tamura F, et al. 
Enzymatic tissue browning caused by biological membrane degradation in the young 
immature fruit of ‘Moriya’persimmon (Diospyros kaki Thunb.). Sci Hortic. (2024) 
323:112555. doi: 10.1016/j.scienta.2023.112555

 19. Taranto F, Pasqualone A, Mangini G, Tripodi P, Miazzi MM, Pavan S, et al. 
Polyphenol oxidases in crops: biochemical, physiological and genetic aspects. Int J Mol 
Sci. (2017) 18:377. doi: 10.3390/ijms18020377

 20. Lin Y, Lin H, Zhang S, Chen Y, Chen M, Lin Y. The role of active oxygen 
metabolism in hydrogen peroxide-induced pericarp browning of harvested longan fruit. 
Postharvest Biol Technol. (2014) 96:42–8. doi: 10.1016/j.postharvbio.2014.05.001

 21. Watson H. Biological membranes. Essays Biochem. (2015) 59:43–69. doi: 
10.1042/bse0590043

 22. Sun Y, Sun H, Luo M, Zhou X, Zhou Q, Wei B, et al. Membrane lipid metabolism 
in relation to core browning during ambient storage of ‘Nanguo’ pears. Postharvest Biol 
Technol. (2020) 169:111288. doi: 10.1016/j.postharvbio.2020.111288

 23. Wang T, Yan T, Shi J, Sun Y, Wang Q, Li Q. The stability of cell structure and 
antioxidant enzymes are essential for fresh-cut potato browning. Food Res Int. (2023) 
164:112449. doi: 10.1016/j.foodres.2022.112449

 24. Wang B, Wang G, Yuan X, Jiang Y, Zhu Y, Wang Y, et al. Metabolomics and 
transcriptomic profiles reveal membrane lipid metabolism being an important factor of 
sliced taro browning. Postharvest Biol Technol. (2024) 214:113000. doi: 
10.1016/j.postharvbio.2024.113000

 25. Liu X, Xiao K, Zhang A, Zhu W, Zhang H, Tan F, et al. Metabolomic analysis, 
combined with enzymatic and transcriptome assays, to reveal the browning 
resistance mechanism of fresh-cut eggplant. Food Secur. (2022) 11:1174. doi: 
10.3390/foods11081174

 26. Wang C, Meng L, Zhang G, Yang X, Pang B, Cheng J, et al. Unraveling crop 
enzymatic browning through integrated omics. Front Plant Sci. (2024) 15:1342639. doi: 
10.3389/fpls.2024.1342639

 27. Jacobo-Velázquez DA, González-Agüero M, Cisneros-Zevallos L. Cross-talk 
between signaling pathways: the link between plant secondary metabolite production 
and wounding stress response. Sci Rep. (2015) 5:8608. doi: 10.1038/srep08608

https://doi.org/10.3389/fnut.2025.1534594
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1111/1541-4337.13039
https://doi.org/10.1016/j.scienta.2021.110613
https://doi.org/10.1111/jfbc.13798
https://doi.org/10.1016/j.copbio.2023.102921
https://doi.org/10.1016/j.foodres.2024.114996
https://doi.org/10.3389/fnut.2021.652984
https://doi.org/10.1111/1541-4337.12850
https://doi.org/10.1111/jfbc.13995
https://doi.org/10.1016/j.foodchem.2019.125116
https://doi.org/10.1016/j.foodchem.2022.133076
https://doi.org/10.1016/j.foodchem.2015.03.070
https://doi.org/10.1016/j.postharvbio.2021.111743
https://doi.org/10.1177/1177932219899051
https://doi.org/10.1016/j.tplants.2010.09.003
https://doi.org/10.1021/acs.chemrev.8b00439
https://doi.org/10.1016/j.scienta.2022.111798
https://doi.org/10.1080/10408398.2017.1339180
https://doi.org/10.1016/j.scienta.2023.112555
https://doi.org/10.3390/ijms18020377
https://doi.org/10.1016/j.postharvbio.2014.05.001
https://doi.org/10.1042/bse0590043
https://doi.org/10.1016/j.postharvbio.2020.111288
https://doi.org/10.1016/j.foodres.2022.112449
https://doi.org/10.1016/j.postharvbio.2024.113000
https://doi.org/10.3390/foods11081174
https://doi.org/10.3389/fpls.2024.1342639
https://doi.org/10.1038/srep08608


Yuan et al. 10.3389/fnut.2025.1534594

Frontiers in Nutrition 05 frontiersin.org

 28. Li N, Zhai K, Yin Q, Gu Q, Zhang X, Melencion MG, et al. Crosstalk between 
melatonin and reactive oxygen species in fruits and vegetables post-harvest preservation: 
an update. Front Nutr. (2023) 10:1143511. doi: 10.3389/fnut.2023.1143511

 29. Civelek M, Lusis AJ. Systems genetics approaches to understand complex traits. 
Nat Rev Genet. (2014) 15:34–48. doi: 10.1038/nrg3575

 30. Qin F, Hu C, Dou T, Sheng O, Yang Q, Deng G, et al. Genome-wide analysis of the 
polyphenol oxidase gene family reveals that MaPPO1 and MaPPO6 are the main 
contributors to fruit browning in Musa acuminate. Front Plant Sci. (2023) 14:1125375. 
doi: 10.3389/fpls.2023.1125375

 31. Carrier DJ, Van Roermund CW, Schaedler TA, Rong HL, IJlst L, Wanders RJ, et al. 
Mutagenesis separates ATPase and thioesterase activities of the peroxisomal ABC 
transporter, comatose. Sci Rep. (2019) 9:10502–13. doi: 10.1038/s41598-019-46685-9

 32. Gatarira C, Agre P, Matsumoto R, Edemodu A, Adetimirin V, Bhattacharjee R, 
et al. Genome-wide association analysis for tuber dry matter and oxidative browning in 
water yam (Dioscorea alata L.). Plan Theory. (2020) 9:969. doi: 10.3390/plants9080969

 33. Li Z, Zhang Y, Ge H. The membrane may be an important factor in browning of 
fresh-cut pear. Food Chem. (2017) 230:265–70. doi: 10.1016/j.foodchem.2017.03.044

 34. Vega-Muñoz I, Herrera-Estrella A, Martínez-de la Vega O, Heil M. ATM and ATR, 
two central players of the DNA damage response, are involved in the induction of 
systemic acquired resistance by extracellular DNA, but not the plant wound response. 
Front Immunol. (2023) 14:1175786. doi: 10.3389/fimmu.2023.1175786

 35. Liu F, Li H, Wu J, Wang B, Tian N, Liu J, et al. Genome-wide identification and 
expression pattern analysis of lipoxygenase gene family in banana. Sci Rep. (2021) 
11:9948. doi: 10.1038/s41598-021-89211-6

 36. Zhong Y, Wang L, Ma Z, Du X. Physiological responses and transcriptome analysis 
of Spirodela polyrhiza under red, blue, and white light. Planta. (2021) 255:11. doi: 
10.1007/s00425-021-03764-4

 37. Wang X, Zhang X, Jia P, Luan H, Qi G, Li H, et al. Transcriptomics and 
metabolomics provide insight into the anti-browning mechanism of selenium in freshly 
cut apples. Front Plant Sci. (2023) 14:1176936. doi: 10.3389/fpls.2023.1176936

 38. Wang Y, Ye H, Lin W, Wang G, Luo T, He J, et al. Cinnamic acid application 
inhibits the browning of cold-stored taro slices by maintaining membrane function, 
reducing flavonoid biosynthesis and enhancing glutathione metabolism. Postharvest Biol 
Technol. (2024) 218:113180. doi: 10.1016/j.postharvbio.2024.113180

 39. Altelaar AM, Munoz J, Heck AJ. Next-generation proteomics: towards an 
integrative view of proteome dynamics. Nat Rev Genet. (2013) 14:35–48. doi: 
10.1038/nrg3356

 40. Mathabe PMK, Belay ZA, Ndlovu T, Caleb OJ. Progress in proteomic profiling of 
horticultural commodities during postharvest handling and storage: a review. Sci Hortic. 
(2020) 261:108996. doi: 10.1016/j.scienta.2019.108996

 41. Wang L, Tang T, Wang W, Zhang J, Wang Z, Wang F. Multi-omics landscape of 
DNA methylation regulates browning in "Fuji" apple. Front Nutr. (2022) 8:800489. doi: 
10.3389/fnut.2021.800489

 42. Guo S, Wang D, Ma Y, Zhang Y, Zhao X. Combination of RNA-Seq transcriptomics 
and iTRAQ proteomics reveal the mechanism involved in fresh-cut yam yellowing. Sci 
Rep. (2021) 11:7755. doi: 10.1038/s41598-021-87423-4

 43. Wang JW, Zhou X, Zhou Q, Liu ZY, Sheng L, Wang L, et al. Proteomic analysis of 
peel browning of ‘Nanguo’ pears after low-temperature storage. J Sci Food Agric. (2017) 
97:2460–7. doi: 10.1002/jsfa.8060

 44. Zhang L, Wang Z, Zeng S, Yuan S, Yue X, Tian T, et al. Browning mechanism in 
stems of fresh-cut lettuce. Food Chem. (2023) 405:134575. doi: 
10.1016/j.foodchem.2022.134575

 45. Baker SA, Rutter J. Metabolites as signalling molecules. Nat Rev Mol Cell Biol. 
(2023) 24:355–74. doi: 10.1038/s41580-022-00572-w

https://doi.org/10.3389/fnut.2025.1534594
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3389/fnut.2023.1143511
https://doi.org/10.1038/nrg3575
https://doi.org/10.3389/fpls.2023.1125375
https://doi.org/10.1038/s41598-019-46685-9
https://doi.org/10.3390/plants9080969
https://doi.org/10.1016/j.foodchem.2017.03.044
https://doi.org/10.3389/fimmu.2023.1175786
https://doi.org/10.1038/s41598-021-89211-6
https://doi.org/10.1007/s00425-021-03764-4
https://doi.org/10.3389/fpls.2023.1176936
https://doi.org/10.1016/j.postharvbio.2024.113180
https://doi.org/10.1038/nrg3356
https://doi.org/10.1016/j.scienta.2019.108996
https://doi.org/10.3389/fnut.2021.800489
https://doi.org/10.1038/s41598-021-87423-4
https://doi.org/10.1002/jsfa.8060
https://doi.org/10.1016/j.foodchem.2022.134575
https://doi.org/10.1038/s41580-022-00572-w

	The membrane may be a key factor influencing browning: a mini review on browning mechanisms of fresh-cut fruit and vegetables from a multi-omics perspective
	1 Introduction
	2 The roles of membranes in blocking the browning of fresh-cut produce
	3 Multi-omics approaches used to reveal the involvement of membrane in browning of fresh-cut produces
	3.1 Genomics analysis
	3.2 Transcriptomics analysis
	3.3 Proteomics analysis
	3.4 Metabolomics analysis

	4 Conclusion

	 References

