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 Abstract: Bioactive peptides with potential health benefits and metabolic functionality have been 

identified from plant-based food. The aim of this perspective is to report the recent progress in the 

research of plant-derived bioactive peptides using the combination of omics technologies and 

bioinformatics tools. Studies examining bioactive peptides with identified amino acid sequences and 

well-characterized biological functionalities are highlighted. Various software, webtools and 

workflows for analyzing and interpreting the biological data acquired from different omics 

approaches are discussed. The emerging evidence from the integration of proteomics and 

metabolomics data with advanced laboratory analytical methods supports more potential 

applications in the envisioned development of nutraceutical and therapeutic products. 

Notwithstanding, much works are mandatory to resolve those lied-ahead challenges before realizing 

the proposed applications of plant peptides. 
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1. INTRODUCTION 

Plant-based food has been actively investigated as source 
of protein and bioactive peptides. The conventional hydrolysis 
of proteins can be carried out using chemical, enzymatic, or 
fermentation methods to produce functional peptides, 
containing 2-20 amino acid residues, which are known as 
bioactive peptides. The degree of hydrolysis affects the overall 
size, structural configuration, and amino acid composition of 
the peptides. These bioactive peptides possess different health 
promoting benefits, such as immunomodulatory, antihy- 
pertensive, antioxidant, antiproliferative, hypocholesterolemic, 
metal chelating and anti-inflammatory activities. Several 
factors, such as different proteases, duration of hydrolysis, 
enzyme-to-substrate (E/S) ratio, and types of protein 
substrates, have an impact on the degree of hydrolysis and the 
emergence of these biological activities [1]. To identify 
bioactive peptides, many approaches have been utilized 
previously, such as conventional extraction, fractionation and 
purification. However, these approaches have many 
shortcomings, such as limited quantities of bioactive peptides 
being purified and the precise identity of these bioactive 
peptides is not known. 
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To investigate bioactive peptides systematically, the 
integration of omics technologies and bioinformatics tools 
has been paid considerable attention. In recent years, the 
unveiling of omics based information provides new insights 
into functional potential, mechanism of action, metabolism, 
and safety of specific biological functioning proteins and 
peptides [2]. This information assists the future development 
process of nutraceutical products and avoids the occurrence 
of toxicity. Therefore, these combination approaches 
enhance the quality and functionality of bioactive peptides. 

Recent advances in high-throughput omics technologies 
bring new opportunities and challenges for the precise 
integration of bioinformatics data with cutting-edge analytical 
methods. The omics approaches are powerful tools in deter- 
mining biological data at the molecular level. They are 
generally categorized into genomics, transcriptomics, prote- 
omics, and metabolomics based on analysis of total DNA, 
expressed RNA, transcripts, proteins, and metabolites, 
respectively [2, 3]. Due to their extensive applications in 
different fields, a surge in multi-omics disciplines, such as 
foodomics, nutrigenomics, and lipidomics, is gaining large 
momentum [4]. The use of omics technology in the discovery 
of bioactive peptides has accelerated the advancement of skills 
and knowledge into a broader perspective. For instance, 
reversed-phase liquid chromatography mass spectrometry 
(RPLC-MS) acts as a golden standard in proteomics and 
metabolomics. For proteomics, the use of hydrophilic inter- 
action chromatography (HILIC) or electrostatic repulsion 
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Table 1.  Identification of bioactive peptides using various omics approaches. 

Source Peptide(s) Bioactivity Omics Approach Refs. 

Distilled spent grain PR ACE inhibition Proteomics [8] 

Zein 

PP, PPP, LPP, HL, PPPVHL, FY, GI; 

PP, LP, PV, HL, VH, PF, PL, PPPP, MP; 

PPPV, VHLP, PPPVHL, LPPPV; 

HLPPPV, LPPPVH; 

HL, PW, LLPF, MM; 

IL, LL, VL, LI; 

YP, VW 

ACE inhibition; DPP-IV inhibition; 

Anti-amnestic activity; 

Antioxidant activity; Glucose 

uptake stimulation; α-glucosidase 

inhibition 

Proteomics [9] 

Salacca zalacca fruits SZ1, SZ2, SZ3, SZ4 
α-glucosidase inhibition; Ferric 

reducing antioxidant power 
Metabolomics [11] 

 
hydrophilic interaction chromatography coupled with mass 
spectrometry (ERLIC-MS) to characterize complex proteomes 
has been explored at peptide and protein levels, revealing the 
unique separation and orthogonality of HILIC compared with 
RPLC. HILIC resolves peptides or proteins with the same 
amino acid composition but having different post-translational 
modifications (PTMs), such as acetylation, glycosylation, 
phosphorylation, deamidation and methylation. For example, 
the application of UHPLC-HILIC-MS/MS method to quantify 
40 endogenous metabolites of amino acids and their 
derivatives in cell lysates within 10 min [5]. Metabolomics 
approaches are used to discover the organism's metabolism 
before and after the intervention of functional compounds, 
identify effective metabolites/biomarkers, and predict the 
interventional effects and mechanism. For metabolomics, the 
use of HILIC-MS shows efficacy in the analysis, 
identification, and quantitation of more polar bioactive 
compounds. However, it will not be efficient in resolving the 
complexity of the proteome without the integration of 
bioinformatics. 

To cope with the numerous data generated from omics 
technologies, bioinformatics plays a crucial role in this term. 
Various software, webtools and workflows were developed 
to filter, process, analyze, and interpret the biological data 
acquired from different omics approaches [2]. For instance, 
Mascot is a popular and robust software search engine that is 
widely utilized in identifying proteins from peptide sequence 
databases based on MS data [6]. Similarly, a more recent 
software, ACD/Spec Manager v.12.00 can serve for a similar 
functions to process MS data either manually or automate 
routine pipelines [5]. Apart from that, bioinformatics tools 
such as AutoDock, Vina, GOLD, and MOE-Dock also have 
been developed to reveal the interactions between two 
biomolecules, especially between inhibitors and proteins, 
which are termed molecular docking [7]. Furthermore, to 
investigate the physiological changes and metabolism in 
plant-based food, comparative studies using different omics 
approaches are mandatory. This has involved higher 
computing power and more sophisticated bioinformatics 
tools compared to a single set of omics data alone. Thus, it is 
important to address the role of bioinformatics while 
discussing omics approach in food science.  

Due to the advances in technology, many recent research 
articles addressed the use of omics approaches combined with 
sophisticated bioinformatics tools, especially proteomics and 
metabolomics, individually or in combination in identifying 
bioactive peptides (Table 1). Recently, a new bioassay-guided 
proteomics, de novo Biolynx peptide sequencer based on 
ultraperformance liquid chromatography quadrupole time-of-
flight mass spectrometry (UPLC-Q-TOF-MS), and electro- 
spray ionization with triple-quadrupole mass spectrometry 
(ESI-QQQ-MS) were applied in identifying 22 peptides with 
angiotensin converting enzyme (ACE) inhibitory or anti-ACE 
activities from distilled spent grain. PR (272 Da) was 
determined as the most abundant (92.14 μg g

−1
 dry weight) 

anti-ACE (IC50 50 mmol/L) peptide using molecular docking 
simulation [8]. In silico proteolytic digestion together with 
nano-LC-MS/MS analysis on prolamine proteins revealed 420 
peptides originating from 71 proteins, of which 116 were 
predicted to be bioactive peptides. Some of them possessed 
more than one functionality, including anti-ACE (PP, PPP, 
LPP, HL, PPPVHL, FY, GI), anti-DPP IV (PP, LP, PV, HL, 
VH, PF, PL, PPPP, MP), anti-amnestic (PPPV, VHLP, 
PPPVHL, LPPPV, HLPPPV, LPPPVH), antioxidant (HL, 
PW, LLPF, MM), anti-α-glucosidase (YP, VW), and glucose 
uptake stimulation (IL, LL, VL, LI) activities [9]. On the other 
hand, applying conventional procedures on Zizyphus jujuba 
fruit protein fractions [10] revealed only two peptides, IER 
(IC50 0.060 mg/mL) and IGK (0.072�mg/mL), with potent 
ACE inhibition. This further indicates that the utilization of 
omics technology can facilitate the exploration and study of 
bioactive peptides in terms of quantity and functionality within 
a short period of time. In a study of metabolite profiling of S. 
zalacca fruit flesh using LC-QTOF-MS/MS, 4 bioactive 
peptides, SZ1, SZ2, SZ3 and SZ4, were identified [11]. Their 
molecular interactions were predicted using in silico docking 
simulation method to elucidate the possible mechanisms of α-
glucosidase inhibition and ferric reducing antioxidant power. 
The hydrophobic and hydrogen bonding interactive sites for 
both functions, such as THR274, SER298, ILE272, GLN239, 
LYS156, ASP242, ASN415, HIE280, ARG315 and GLY309, 
were disclosed.  

Furthermore, omics approaches have been currently 
applied to investigate physiological changes in fruits at 
different growing stages (Table 2). These studies aimed to 
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Table 2.  Peptides, proteins and metabolites detected during the ripening metabolism using various omics approaches. 

Source Protein/Peptide/Metabolite Metabolism Omics Approach Refs. 

Exogeneous methyl 

jasmonate (MeJA) 

treated tea leaves 

337 (12h), 246 (24h), 413 (48h) DEPs; 

266 nonvolatile and 100 volatile 

metabolites 

Aroma biosynthesis and 

catabolism 

Proteomics and 

metabolomics 
[12] 

Peach fruit 1663 DEPs 

Cell wall and sugar metabolism; 

Aroma and color changes; 

Glycogen and isocitrate 

metabolism; Protein localization 

Transcriptomics and 

proteomics 
[13] 

Lycium barbarum, 

Lycium ruthenicum 

fruits 

DEPs 

Chromoplast-biogenesis; 

Plastoglobules localization; 

Anthocyanin synthesis and 

accumulation 

Genomics and 

transcriptomics 
[14] 

Tomato fruit 145 DEPs 

Cell wall metabolism; Vesicle-

mediated transport; Hormone 

biosynthesis; Secondary 

metabolism; Lipid metabolism; 

Protein synthesis and degradation; 

Carbohydrate metabolic 

processes; Signaling and response 

to stress 

Transcriptomics and 

proteomics 
[15] 

Tomato fruit 
70 cys-containing peptides 

13 redox-sensitive proteins 

Cell wall degradation; Ethylene 

biosynthesis 
Proteomics [16] 

Mangosteen 277 DEPs 

Ethylene biosynthesis; 

Carbohydrate metabolism; Cell 

wall modification; Secondary 

metabolite biosynthesis 

Proteomics [17] 

Prunella vulgaris L. 1910 DEPs 

Stress-responsive; Chlorophyll 

degradation; Inhibition of 

chlorophyll biosynthesis; 

Increased abundance of 

transketolase; Tricarboxylic acid 

cycle; Phenylpropanoid 

biosynthesis and metabolism 

Proteomics [18] 

Abbreviation: DEP, differentially expressed proteins. 

 
monitor the postharvest ripening, preservation of fresh 
produces and nutritional values. For example, iTRAQ-based 
proteomics analysis was performed [12] to identify proteins 
that expressed differently and were involved in the 
physiological changes of tea leaves during the priming 
process with exogenous methyl jasmonate (MeJA). It was 
followed by MS-based metabolomics analysis to identify 
different metabolites that assisted the understanding of tea 
aroma biosynthesis and catabolism. In terms of tea leaf 
quality improvement, these integrated proteomic and 
metabolomic techniques can be applied to further investigate 
bioactive peptides in different processing steps. With the aid 
of LC/MS-MS, 1663 differentially expressed proteins 
(DEPs) were identified from 2740 proteins (131435 spectra) 
of peach fruit [13]. Transcriptomics approaches elucidated 
the 26% gene codes for proteins that were highly expressed 
in ripe fruit. Quantitative results showed 15% of proteins 
involved in glycogen and isocitrate metabolism, protein 
localization in mature fruit, and cell wall modification in ripe 

fruit. These data could be potentially used in developing 
methods to monitor the shelf life of fresh produces during 
storage and transportation. Similarly, a study [14] reported 
that the increase of DEP is related to anthocyanin synthesis 
and accumulation in the ripening of Lycium ruthenicum fruit. 
High number of photosynthesis-related proteins [IIL1 
(HG16024.t1, UGT73B3 (HG12463.t1), ZDS (HG26423.t1), 
DXR (HG24457.t1), MECPS (HG26684.t1), CYCB2 
(HG22121.t1), ZISO (HG08646.t1)] in Lycium barbarum 
significantly discriminated both of them in terms of 
nutritional quality and antioxidant compound production. 

Another study [15] integrated proteomics and 
transcriptomics data from the membrane proteome of tomato 
fruit pericarp during ripening. Several software and 
databases have served different purposes, for example, 
homology-based comparisons with TAIR10 protein 
database, prediction of an N-terminal signal peptide for 
translocation into the endoplasmic reticulum by SignalP, 
expanding annotation data from Gene Ontology and 
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Reactome pathways, obtaining information on annotated 
genes from TOMATOMICS database, and gaining 
information on pathways and biochemical reactions from 
SolCyc database. Abundances of DEPs (145) were identified 
from 1315 proteins. They are involved in the process of fruit 
ripening, such as cell wall metabolism, vesicle-mediated 
transport, hormone biosynthesis, secondary metabolism, 
lipid metabolism, protein synthesis and degradation, 
carbohydrate metabolic processes, signaling and response to 
stress. A study [16] reported 70 cysteine-containing peptides 
that were released from 51 proteins of tomato fruit as redox-
sensitive sites of targeted enzymes in moderating the 
ripening process. The researchers applied iodoacetyl tandem 
mass tag (iodoTMT)-based redox proteomic techniques to 
elucidate molecular interactions between reactive oxygen 
species (ROS) and peptides in different metabolic pathways. 
The significant change of 13 redox-sensitive proteins could 
be used as biomarkers in cell wall degradation and ethylene 
biosynthesis. Moreover, a total of 3397 proteins were 
identified from mangosteen fruit using Sequential Windowed 
Acquisition of Theoretical-Mass Spectra (SWATH-MS) 
analysis [17]. Furthermore, 277 DEPs were determined 
during the ripening process and associated with ethylene 
biosynthesis by 1-aminocyclopropane-1-carboxylate oxidase 
(ACO), carbohydrate metabolism by pyruvate kinase (PK), 
cell wall modification by polygalacturonase (PG) and 
secondary metabolite biosynthesis by phenylalanine 
ammonia-lyase (PAL). Although 5 benzophenone synthase 
(BPS) proteins were identified, they were not expressed 
differently. Further study is suggested to analyze the 
xanthone biosynthesis pathways. Similar proteomic 
techniques were also applied for studying the growing stages 
of traditional medicinal plants to understand the molecular 
mechanisms during maturation and to monitor the harvesting 
process [18]. A total of 1910 DEPs from 7655 proteins were 
identified with associations with energy synthesis and 
metabolism, post-translational modifications, and molecular 
chaperone functions. Specifically, the study discussed stress-
responsive proteins in fruit ripening and seed development, 
degradation, and inhibition of chlorophyll, increased 
transketolase, tricarboxylic acid (TCA) cycle, 
phenylpropanoid biosynthesis and other metabolisms during 
ripening.  

CONCLUSION 

The combination of omics approach and bioinformatics 
brings new perspectives into bioactive peptides and fruit 
ripening metabolism research. However, challenges still lie 
ahead in developing a strong foundation for the predicted 
applications of these plant-based peptides in nutraceuticals. 
Producing reliable data is one of the major concerns, which 
depends on appropriate experimental designs, up-to-date 
databases, and bioinformtics software. Moreover, in-depth in 
vivo and clinical studies are still lacking to realize the 
absorption, distribution, metabolism, and excretion (ADME) 
profile of all bioactive peptides [19]. Specifically, the 
integration of various omics technologies should be 
considered as next generation research to construct a 
comprehensive understanding on the biological processes of 
nutraceuticals intervention on metabolic disorders [20]. 
Projections on the use of safer, more efficient, and 
sustainable analytical methods to produce high sensitivity, 

accuracy, and precision data can assist in establishing 
regulations on applying bioactive proteins or peptides in 
food products. In this way, it can assure the safety and well-
being of the consumers. 
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