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Abstract

The increasing scientific interest in naturally derived bioactive compounds has intensified attention toward palm oil-derived 
phenolic constituents due to their potential roles in oxidative stress modulation and cellular antioxidant regulation. Palm oil pheno-
lics, including caffeoylshikimic acid and protocatechuic acid derivatives, have been increasingly investigated in biomedical studies 
related to oxidative injury, inflammatory signalling, and disease-associated cellular dysfunction. The research sought to systemat-
ically evaluate the current body of scientific literature concerning the antioxidant activities of phenolic compounds derived from 
palm oil across a broad spectrum of human disease models. This research employed a Systematic Literature Review (SLR) approach 
based on PRISMA guidelines using secondary data retrieved exclusively from peer-reviewed articles indexed in Scopus and PubMed. 
Data collection involved keyword refinement, relevance screening, publication year limitation (2019–2026), full-text eligibility as-
sessment, and duplicate removal, resulting in 32 eligible studies included in the final synthesis. Data analysis was conducted using 
thematic synthesis and comparative interpretation to identify recurring antioxidant-related mechanisms. The findings revealed five 
dominant mechanistic themes, including Reactive Oxygen Species (ROS) scavenging, enhancement of endogenous antioxidant en-
zymes, regulation of redox homeostasis, modulation of inflammatory signalling pathways involving NF-kB and MAPK, and preserva-
tion of mitochondrial integrity. Several studies also reported reductions in lipid peroxidation, inflammatory cytokines, and oxidative 
cellular injury across metabolic, cardiovascular, neurodegenerative, and cancer-related models. Overall, palm oil-derived phenolic 
compounds demonstrate multifaceted antioxidant-associated biological activities within contemporary biomedical research. Future 
studies should prioritise standardised clinical investigations and bioavailability evaluation to strengthen translational relevance.
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Introduction
Oxidative stress has become one of the most extensively 

discussed biological phenomena in contemporary biomedical 
research due to its close association with the onset and progression 
of diverse chronic degenerative diseases. Overproduction of 
ROS alongside inadequate endogenous antioxidant activity may 
contribute to cellular disturbances, structural biomolecular  

 

damage, inflammatory cascades, mitochondrial malfunction, and 
degenerative changes in multiple physiological systems [1]. The 
overproduction of oxidative species has been implicated in the 
underlying mechanisms of cardiovascular disorders, metabolic 
syndrome, neurodegenerative diseases, diabetes mellitus, chronic 
inflammatory conditions, and several forms of cancer, thereby 
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positioning antioxidant-related interventions as an important 
area of scientific investigation [2]. Scientific interest has recently 
expanded toward naturally occurring compounds from botanical 
sources due to their possible effectiveness in modulating oxidative 
signalling pathways and preserving redox homeostasis under 
pathological circumstances [3]. Among various natural bioactive 
sources, palm oil has attracted growing scientific interest due 
to the presence of multiple antioxidant-associated constituents, 
including tocopherols, tocotrienols, carotenoids, sterols, and 
phenolic compounds [4]. Although palm oil is widely recognised for 
its economic and industrial relevance within the global agricultural 
sector, current biomedical research has increasingly explored 
its compositional diversity and potential biological significance 
beyond its conventional nutritional applications [5]. Particular 
attention has recently been directed toward palm oil-derived 
phenolic compounds because these metabolites possess chemical 
structures capable of donating hydrogen atoms, stabilising free 
radicals, and influencing oxidative signalling pathways involved 
in cellular defence mechanisms. As a result, palm phenolics have 
emerged as a promising area of investigation within antioxidant 
and disease-related biomedical studies.

The class of phenolic secondary metabolites is distinguished 
by hydroxylated aromatic architectures that exhibit the ability 
to interact with reactive oxygen species and catalytic transition 
metals in oxidative pathways. Within palm oil matrices, 
several phenolic constituents have been identified, including 
caffeoylshikimic acid, protocatechuic acid, hydroxybenzoic acid 
derivatives, p-hydroxybenzoic acid, and other phenolic acid-related 
metabolites that may contribute to antioxidant activity through 
multiple biochemical pathways [6]. Studies conducted under 
experimental conditions have demonstrated that these compounds 
possess the potential to engage in radical scavenging activities, 
inhibit lipid peroxidation, regulate antioxidant enzyme networks, 
and influence oxidative stress-related inflammatory pathways. 
Furthermore, several investigations have suggested that palm 
phenolic compounds may contribute to mitochondrial protection, 
preservation of membrane integrity, and attenuation of oxidative 
biomolecular damage under stress-related pathological conditions 
[7]. The growing scientific interest surrounding palm phenolics is 
also associated with increasing recognition that oxidative stress 
does not operate as an isolated biological mechanism but rather 
interacts dynamically with inflammatory pathways, metabolic 
disturbances, endothelial dysfunction, and apoptosis-related 
signalling [8]. Consequently, antioxidant compounds capable of 
influencing interconnected oxidative and inflammatory processes 
have become highly relevant in disease-oriented biomedical 
research. Previous studies involving palm oil-derived phenolics have 
explored their biological activities across a variety of experimental 
contexts, including diabetic models, cardiovascular dysfunction, 
neurodegenerative injury, hepatic oxidative stress, inflammatory 
disorders, and cancer-associated oxidative environments [9]. 
However, despite the increasing volume of available evidence, 

current findings remain dispersed across diverse experimental 
platforms, biological models, extraction methods, and analytical 
approaches, resulting in substantial heterogeneity within the 
literature.

The complexity of the available evidence creates several 
important scientific challenges. First, antioxidant outcomes 
reported across studies frequently differ depending on the type of 
phenolic extract, experimental dosage, disease model, and evaluated 
biomarkers, making direct comparison between studies difficult 
[10]. Second, some investigations focus primarily on direct radical 
scavenging mechanisms, whereas others emphasise intracellular 
signalling modulation, inflammatory regulation, or mitochondrial 
protection, thereby generating fragmented mechanistic 
interpretations. Third, although numerous experimental studies 
report beneficial antioxidant-associated effects, the biological 
pathways through which palm phenolic compounds influence 
oxidative stress-related diseases remain incompletely synthesised 
within a unified analytical framework [11]. As a result, there 
remains a need for a structured and evidence-based synthesis 
capable of integrating mechanistic findings from different 
disease models while identifying dominant antioxidant-related 
pathways consistently reported across the literature. Another 
important consideration involves the increasing scientific demand 
for evidence-based evaluation of bioactive compounds using 
transparent and reproducible review methodologies. In biomedical 
and nutritional sciences, systematic literature reviews have become 
increasingly important because they allow researchers to critically 
synthesise heterogeneous evidence while minimising subjective 
interpretation bias. Compared with conventional narrative 
reviews, the systematic literature review approach provides a more 
rigorous framework for study selection, data extraction, thematic 
synthesis, and methodological transparency [12]. Such an approach 
is particularly relevant for research areas characterized by rapidly 
expanding evidence and diverse experimental methodologies, 
including antioxidant studies involving natural phenolic 
compounds. Therefore, adopting a systematic review framework is 
essential to provide a clearer understanding of the current scientific 
landscape concerning palm oil phenolics and their antioxidant-
related biological relevance.

In addition, contemporary biomedical investigations 
increasingly emphasise mechanistic interpretation rather than 
solely descriptive antioxidant observations. The significance 
of antioxidant compounds is no longer evaluated exclusively 
through general radical scavenging assays, but also through their 
ability to influence signalling pathways associated with oxidative 
injury, inflammatory cascades, cellular apoptosis, mitochondrial 
dysfunction, and redox-sensitive gene regulation. Consequently, 
understanding the mechanistic dimensions of palm oil phenolic 
compounds may provide broader insight into their potential 
biological relevance within disease-associated conditions. 
Multiple recent investigations have reported that palm phenolic 
compounds are associated with the modulation of signalling 
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pathways such as Nrf2, NF-kB, MAPK, and oxidative stress-
sensitive antioxidant enzymes. However, these findings remain 
distributed across separate experimental investigations and 
have not yet been comprehensively synthesised within a disease-
oriented systematic review framework. Despite the increasing 
number of publications related to palm oil bioactive compounds, 
literature specifically focusing on palm oil-derived phenolics and 
their antioxidant potential across human disease models remains 
relatively limited compared with broader discussions concerning 
tocotrienols or carotenoids. Moreover, previous reviews have often 
concentrated on nutritional composition, industrial applications, 
or general antioxidant activity without extensively integrating 
disease-specific mechanistic evidence. This gap indicates the 
need for a focused systematic synthesis capable of evaluating 
how palm phenolic compounds interact with oxidative stress-
related biological pathways in different pathological contexts while 
maintaining analytical consistency across heterogeneous studies. 
Consequently, this study seeks to provide a structured synthesis 
of current scientific literature concerning the antioxidant potential 
associated with phenolic compounds derived from palm oil in 
various human disease conditions. Using a Systematic Literature 
Review (SLR) approach based exclusively on peer-reviewed 
secondary data retrieved from scientific databases, this review 
seeks to identify dominant antioxidant mechanisms, characterize 
disease-associated biological effects, and examine the principal 
molecular pathways influenced by palm phenolics under oxidative 
stress-related conditions. By integrating findings from in vitro, in 
vivo, and clinically oriented investigations, this review is expected 
to contribute a comprehensive evidence-based understanding of 
the mechanistic relevance of palm oil phenolic compounds within 
contemporary biomedical research.

Considering these objectives, the current review examines the 
following research questions:

RQ1: How do palm oil-derived phenolic compounds modulate 
oxidative stress and antioxidant-related molecular pathways across 
different human disease models?

RQ2: What are the dominant biological mechanisms and 
disease-specific effects consistently associated with the antioxidant 
activities of palm oil phenolic compounds in contemporary 
biomedical studies?

Literature Review
The literature review in this study is organized into several 

interconnected themes discussing the biochemical characteristics 
of palm oil phenolic compounds, their antioxidant-related 
mechanisms, their involvement in oxidative stress modulation, 
and their potential biological relevance across multiple disease-
associated models. Through thematic synthesis of previous 
scientific findings, this section aims to provide a structured 
understanding of the current evidence concerning the mechanistic 
roles of palm-derived phenolics within oxidative stress-related 

biomedical research contexts.

Palm Oil Phenolic Compounds as Bioactive Constituents 
in Biomedical Research

The growing scientific interest in naturally derived bioactive 
compounds has intensified research concerning the potential 
biological properties of plant-associated phenolics in disease-related 
conditions. Within this context, palm oil has received increasing 
attention not only because of its economic and industrial significance 
but also due to the presence of diverse antioxidant-associated 
compounds embedded within its biochemical composition [13]. 
In addition to tocopherols, tocotrienols, and carotenoids, palm oil 
contains several phenolic constituents that have been increasingly 
investigated for their possible roles in oxidative stress modulation 
and cellular protection. These phenolic compounds are primarily 
associated with the aqueous fraction generated during palm oil 
processing and have demonstrated measurable antioxidant activity 
across various experimental systems. Phenolic compounds are 
characterized by aromatic ring structures containing hydroxyl 
functional groups capable of interacting with reactive oxygen species 
and free radicals. Through this structural arrangement, phenolic 
compounds can donate hydrogen atoms or electrons, supporting 
the stabilisation of free radicals and inhibition of oxidative reaction 
sequences. Prior scientific findings have identified multiple palm 
oil-derived phenolic substances, including caffeoylshikimic acid, 
protocatechuic acid, p-hydroxybenzoic acid, vanillic acid-related 
derivatives, and other low-mass phenolic metabolites [14]. 
Experimental data have suggested that these compounds may 
exert antioxidant-related effects through direct radical scavenging 
mechanisms and control of redox-sensitive intracellular signalling 
pathways. Recent literature has increasingly emphasized that the 
biological relevance of palm phenolic compounds extends beyond 
simple antioxidant classification. Rather than functioning solely 
as passive radical neutralizers, these compounds may participate 
in broader cellular regulatory processes associated with oxidative 
balance, inflammatory signalling, mitochondrial preservation, and 
stress-response adaptation. Consequently, palm phenolics have 
emerged as relevant subjects within biomedical and nutritional 
investigations examining oxidative stress-associated pathological 
conditions.

Oxidative Stress and Disease-Associated Cellular 
Damage

A state of oxidative stress arises when reactive oxygen 
species are produced in quantities greater than the capacity of 
endogenous antioxidants to counteract them. Under normal 
conditions, reactive oxygen species participate in several cellular 
functions, including signalling regulation, immune responses, and 
metabolic homeostasis. However, uncontrolled ROS production 
may contribute to oxidative injury involving lipids, proteins, 
nucleic acids, and mitochondrial structures. Sustained oxidative 
imbalance is considered an important factor underlying the 
progression of several chronic disorders, including diabetes 
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mellitus, cardiovascular diseases, neurodegenerative conditions, 
inflammatory diseases, and cancer-associated cellular irregularities 
[15]. The literature consistently demonstrates that oxidative stress 
is closely interconnected with inflammatory signalling pathways 
and metabolic dysfunction. Increased ROS concentrations may 
promote activation of NF-kB-mediated signalling, leading to 
elevated production of inflammatory cytokines and progression 
of tissue damage [16]. Simultaneously, oxidative stress may impair 
mitochondrial function, reduce ATP synthesis efficiency, destabilise 
cellular membranes, and promote apoptosis-related signalling. 
Because of these interconnected mechanisms, antioxidant 
compounds capable of modulating oxidative stress pathways have 
become increasingly important within disease-oriented biomedical 
research. Several studies have highlighted that natural phenolic 
compounds may contribute to antioxidant defence through multiple 
biological mechanisms [17]. In addition to radical scavenging 
activity, phenolics may influence endogenous antioxidant enzymes, 
maintain intracellular redox equilibrium, and regulate oxidative 
stress-responsive genes. These multidimensional properties have 
contributed to growing interest in evaluating palm oil-derived 
phenolic compounds within experimental disease models involving 
oxidative injury and inflammation-associated cellular dysfunction.

Antioxidant Mechanisms of Palm Oil Phenolic 
Compounds

Different experimental approaches, including biochemical 
assays, cell-based investigations, and disease model studies, have 
been applied to evaluate the antioxidant properties of palm oil 
phenolics. Palm-derived phenolic extracts have been reported to 
exhibit antioxidant activity through scavenging of hydroxyl radicals, 
superoxide anions, and peroxide-associated oxidative species. 
Results derived from DPPH, ABTS, FRAP, and lipid peroxidation 
studies consistently demonstrate an association between elevated 
phenolic concentration and stronger antioxidant activity [18]. Such 
findings suggest that phenolic composition represents a significant 
determinant of the antioxidant potential associated with palm-
derived bioactive fractions. Beyond direct radical neutralisation, 
the literature increasingly indicates that palm phenolic compounds 
may influence endogenous antioxidant defence systems [19]. 
Studies using experimental models have demonstrated that 
phenolic-rich palm extracts may promote higher activity levels of 
antioxidant enzymes, including SOD, CAT, GPx, and glutathione-
associated systems [20]. In several oxidative stress models, 
improvements in antioxidant enzyme activity were accompanied 
by reductions in Malondialdehyde (MDA) levels, decreased lipid 
peroxidation, and attenuation of oxidative protein damage. These 
observations suggest that palm phenolics may support cellular 
redox stability through both enzymatic and non-enzymatic 
mechanisms. Recent mechanistic studies have further proposed 
that palm phenolic compounds may regulate intracellular signalling 
pathways associated with oxidative stress adaptation [21]. Several 
experimental observations have linked Nrf2 signalling activation 

with enhanced transcription of genes related to antioxidant response 
elements and cellular antioxidant defence. Increased transcription 
and expression of HO-1, NQO1, and glutamate-cysteine ligase have 
been documented following exposure to phenolic-rich compounds 
[22]. These findings indicate that antioxidant effects may involve 
coordinated regulation of cellular defence pathways rather than 
isolated chemical scavenging activity alone. Moreover, several 
investigations have suggested that palm phenolics may contribute 
to preservation of mitochondrial integrity under oxidative stress 
conditions. Mitochondria are particularly vulnerable to ROS-
induced injury because of their central role in energy metabolism 
and electron transport activity. Oxidative mitochondrial damage 
may result in membrane depolarisation, impaired ATP synthesis, 
and activation of apoptosis-related cascades [23]. Experimental 
studies involving palm phenolic supplementation have reported 
improvements in mitochondrial membrane stability, reductions 
in oxidative mitochondrial injury, and attenuation of apoptotic 
signalling markers. Such observations highlight the broader 
biological relevance of palm phenolic compounds within oxidative 
stress-associated disease mechanisms.

Palm Phenolics in Disease-Oriented Experimental 
Models

Current literature demonstrates increasing application of 
palm oil phenolic compounds across multiple disease-associated 
experimental contexts. Diabetes mellitus and metabolic syndrome 
represent among the most frequently investigated models because 
chronic hyperglycemia is strongly associated with oxidative stress 
generation and inflammatory dysregulation. Several studies 
have reported reductions in ROS accumulation, improvements in 
antioxidant enzyme activity, and attenuation of oxidative tissue 
injury following phenolic administration in diabetic experimental 
systems [24]. Some investigations additionally observed partial 
improvement in glucose-associated metabolic imbalance together 
with reduced inflammatory biomarker expression. Cardiovascular 
disease models also constitute a major area of investigation 
concerning palm phenolic antioxidant activity. Cardiovascular 
pathology is frequently associated with oxidative stress-mediated 
endothelial dysfunction, vascular inflammatory activation, and 
oxidation of low-density lipoproteins. Previous studies involving 
palm phenolics have demonstrated reductions in lipid peroxidation, 
improved endothelial oxidative balance, and attenuation of vascular 
inflammatory signalling [25]. Although outcomes vary depending 
on dosage, extraction composition, and experimental conditions, the 
overall evidence suggests potential antioxidant-associated vascular 
protective effects within oxidative cardiovascular environments.

Neurodegenerative disease-related studies have similarly 
attracted increasing scientific attention due to the recognised role 
of oxidative injury in neuronal degeneration. Neurons possess 
relatively high metabolic demands and are particularly sensitive to 
oxidative stress-induced mitochondrial dysfunction. Experimental 
investigations involving palm phenolics have reported reductions 
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in neuronal ROS accumulation, decreased oxidative cytotoxicity, 
and modulation of neuroinflammatory pathways [26]. Some studies 
additionally suggest that antioxidant-associated preservation 
of mitochondrial function may contribute to improved neuronal 
survival under stress-related conditions. Cancer-associated 
oxidative environments have also been explored within the 
literature concerning palm oil phenolics [27]. Importantly, current 
biomedical investigations generally do not position palm phenolics 
as direct anticancer agents; rather, these compounds are more 
frequently evaluated in relation to oxidative stress modulation, 
inflammatory signalling regulation, and protection against oxidative 
biomolecular damage. Several experimental studies have reported 
reductions in oxidative DNA injury, suppression of inflammatory 
oxidative mediators, and improvements in antioxidant biomarkers 
following administration of palm-derived phenolic fractions 
[28]. Nevertheless, substantial heterogeneity remains regarding 
extraction methods, experimental protocols, and disease-specific 
outcomes, indicating the need for more integrated mechanistic 
evaluation across biomedical contexts.

The Need for a Systematic Synthesis of Current Evidence

Despite the expanding body of literature concerning palm oil-
derived phenolic compounds, current evidence remains fragmented 
across multiple experimental systems, disease categories, and 
analytical approaches [29]. Variations in extraction techniques, 
phenolic composition, administered dosage, experimental duration, 
and evaluated biomarkers contribute to considerable heterogeneity 
in reported outcomes. Additionally, several studies emphasise direct 
antioxidant measurements, whereas others focus on inflammatory 
modulation, mitochondrial preservation, or molecular signalling 
regulation, making comprehensive interpretation increasingly 
difficult. The absence of an integrated synthesis creates important 
limitations for understanding the broader mechanistic relevance of 
palm phenolics within disease-associated oxidative stress research. 
Consequently, a systematic literature review approach becomes 
essential to critically evaluate, organize, and synthesise the 
available scientific evidence using transparent and reproducible 
methodological procedures. Through structured thematic analysis, 
current findings may be integrated into a more coherent framework 
capable of clarifying dominant antioxidant mechanisms, identifying 
recurring disease-related patterns, and highlighting areas requiring 
further biomedical investigation.

Methodology
In the present study, a Systematic Literature Review (SLR) 

based on the PRISMA framework was conducted to systematically 

analyse the antioxidant roles of palm oil-derived phenolic 
compounds in various human pathological models. Growing 
scientific interest has increasingly highlighted palm oil phenolics 
as important bioactive constituents due to their potential roles in 
modulating oxidative stress, neutralising reactive oxygen species, 
and contributing to cellular protective mechanisms associated 
with chronic disease conditions. Several studies have investigated 
the biological activities of these phenolic compounds across 
experimental and disease-related contexts, including metabolic 
disorders, cardiovascular dysfunction, cancer-associated oxidative 
stress, and inflammatory conditions. However, the available 
evidence remains dispersed across multiple experimental 
platforms, including in vitro investigations, in vivo animal studies, 
and clinically oriented research, often with substantial variability 
in methodological design, evaluated biomarkers, and reported 
mechanistic outcomes. Such heterogeneity creates the need for 
a structured and transparent synthesis capable of integrating 
current scientific findings into a coherent analytical framework. 
Therefore, the present review was conducted exclusively using 
secondary data derived from peer-reviewed scientific publications 
indexed in Scopus and PubMed, without involving primary research 
procedures such as field observations, interviews, or focus group 
discussions, thereby maintaining consistency with evidence-based 
SLR methodology (Figure 1).

The PRISMA workflow presented in Figure 1 illustrates 
the sequential stages of identification, screening, eligibility 
assessment, and final inclusion implemented throughout the 
systematic review process.During the initial identification stage, a 
broad literature search using the keywords “phenolic compounds 
AND palm oil” yielded 437 records from Scopus and 141 records 
from PubMed, resulting in a total of 578 identified publications. 
To improve thematic specificity and increase the relevance of 
retrieved studies, a more focused Boolean search strategy was 
subsequently employed using the following query: (“palm oil” OR 
“palm phenolics” OR “palm oil phenolic compounds” OR “oil palm 
phenolics”) AND (“antioxidant activity” OR antioxidant OR “oxidative 
stress” OR “free radical scavenging”) AND (“human disease model” OR 
“disease model” OR disease OR diabetes OR cancer OR “cardiovascular 
disease”) AND (“bioactive compounds” OR polyphenols OR phenolics 
OR phytochemicals). This refined search generated 67 records from 
Scopus and 46 records from PubMed. At this stage, 465 publications 
were excluded because they did not sufficiently correspond with 
the predefined scope and objectives of the review, resulting in 
113 potentially relevant studies. Minor adjustments in search 
syntax were applied where necessary to accommodate differences 
in indexing structures between databases while preserving 
conceptual consistency across search platforms.
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Figure 1: PRISMA protocol applied in the Systematic Literature Review process.

In the subsequent screening phase, publication years were 
restricted to the 2019–2026 period to ensure the inclusion of 
recent and scientifically relevant literature. Application of this 
criterion resulted in the exclusion of 49 studies published outside 
the selected timeframe, leaving 64 articles eligible for further 
assessment. The eligibility stage then involved evaluation of full-text 
accessibility to support comprehensive extraction and synthesis 
of scientific data. A total of 25 articles were excluded because 
full-text versions were unavailable or inaccessible, reducing the 
eligible dataset to 39 studies. During the final verification and 
deduplication process, seven duplicate records originating from 
overlapping database indexing were identified and removed from 
the analysis. Consequently, a final total of 32 peer-reviewed articles 
fulfilled all predefined inclusion criteria and were retained for 
qualitative synthesis and thematic evaluation. All bibliographic 
records and citation data were systematically organized using 
Mendeley Desktop to facilitate reference management, duplicate 
identification, citation consistency, and traceability throughout the 
review process. The selected studies were examined in full text, and 
relevant information concerning study characteristics, investigated 

phenolic compounds, antioxidant mechanisms, disease models, 
oxidative stress biomarkers, and principal biological findings was 
extracted and synthesised using a qualitative thematic approach. 
This analytical strategy enabled the integration of heterogeneous 
evidence into a comprehensive framework capable of explaining 
the antioxidant-related biological activities associated with palm 
oil phenolic compounds across multiple disease contexts. Through 
rigorous adherence to PRISMA guidelines and the implementation 
of a transparent, reproducible, and evidence-oriented methodology, 
the present study contributes a systematic synthesis of current 
scientific knowledge regarding the therapeutic and mechanistic 
relevance of palm oil phenolics within contemporary biomedical 
research.

Results
In this study, a total of 32 peer-reviewed articles published 

between 2019 and 2026 were systematically analysed, 
encompassing in vitro experiments, in vivo animal investigations, 
mechanistic cellular studies, and several clinically oriented 
investigations related to the antioxidant potential of palm oil-
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derived phenolic compounds. Through thematic synthesis and 
comparative interpretation, five major interconnected themes 
were identified: (1) free radical scavenging and oxidative stress 
reduction, (2) modulation of endogenous antioxidant enzymes 
and redox homeostasis, (3) regulation of inflammatory signaling 
pathways associated with oxidative injury, (4) mitochondrial 
protection and cellular survival mechanisms, and (5) disease-
specific antioxidant effects across metabolic, cardiovascular, 
neurodegenerative, and cancer-related models. The thematic 
distribution demonstrates that free radical scavenging and oxidative 
stress reduction represented the most dominant research focus, 
appearing in 24 studies (75.0%). This was followed by modulation 
of endogenous antioxidant enzymes and redox homeostasis in 21 
studies (65.6%), regulation of inflammatory signalling pathways in 
19 studies (59.4%), mitochondrial protection and cellular survival 
mechanisms in 14 studies (43.8%), and disease-specific antioxidant 
investigations distributed across multiple pathological models. 
Diabetes and metabolic syndrome emerged as the most frequently 
investigated disease contexts, accounting for approximately 34% 
of the reviewed studies, followed by cardiovascular-related models 
(22%), neurodegenerative conditions (19%), and cancer-associated 
oxidative stress models (15.6%). Several studies simultaneously 
contributed to multiple thematic categories, indicating that oxidative 
stress regulation, inflammatory modulation, and mitochondrial 
preservation are biologically interconnected processes rather than 
isolated mechanisms.

The predominance of oxidative stress-related and endogenous 
antioxidant themes reflects the current scientific emphasis on 
establishing fundamental biochemical and molecular mechanisms 
underlying the antioxidant activities of palm oil phenolic compounds, 
particularly within controlled experimental systems. In contrast, 
mitochondrial regulation and disease-specific translational 
investigations remain comparatively less explored due to their 
greater biological complexity, methodological variability, and the 
limited availability of clinically oriented studies. This thematic 
distribution suggests that although the mechanistic foundation 
concerning palm phenolic antioxidant activity is increasingly well 
established, further integrative and translational investigations 
remain necessary, particularly studies involving standardised 
clinical protocols, bioavailability evaluation, and molecular pathway 
validation across diverse human disease conditions.

Free Radical Scavenging and Oxidative Stress Reduction

One of the most consistently reported findings across the 
reviewed studies was the direct free radical scavenging activity of 
palm oil phenolic compounds. Among the 32 included articles, 24 
studies specifically evaluated oxidative stress biomarkers, Reactive 
Oxygen Species (ROS) generation, lipid peroxidation, or radical 
scavenging capacity using biochemical and cellular assays. Several 
investigations demonstrated that palm-derived phenolics exhibited 
strong antioxidant activity against hydroxyl radicals, superoxide 
anions, and hydrogen peroxide-induced oxidative damage under 

both in vitro and in vivo conditions [30]. Multiple studies reported 
significant reductions in intracellular ROS accumulation following 
treatment with palm oil phenolic extracts. In human endothelial 
cell models exposed to oxidative stress, ROS production decreased 
by approximately 28%–54% after administration of palm phenolic 
fractions at concentrations ranging from 25 to 100 µg/mL [31]. 
Similar findings were observed in hepatocellular and neuronal cell 
models, where palm phenolic supplementation reduced oxidative 
injury markers by nearly 40% compared with untreated control 
groups. In several animal-based investigations, Malondialdehyde 
(MDA), a commonly used indicator of lipid peroxidation, decreased 
between 21% and 47% following dietary supplementation with 
palm phenolic compounds [32].

The reviewed evidence also demonstrated that antioxidant 
effects were closely associated with the phenolic composition 
of palm oil extracts. Compounds including caffeoylshikimic 
acid, protocatechuic acid, hydroxybenzoic acid derivatives, and 
gallic acid-related metabolites were repeatedly identified as 
major contributors to radical scavenging activity [33]. Several 
studies reported that total phenolic content positively correlated 
with antioxidant capacity measured through DPPH, ABTS, and 
FRAP assays, with correlation coefficients ranging from 0.72 to 
0.91 [34]. In some experiments, antioxidant activity increased 
proportionally with phenolic concentration, suggesting dose-
dependent radical neutralisation mechanisms [35]. Additionally, 
the reviewed studies indicated that palm phenolic compounds 
may contribute to membrane stabilisation under oxidative 
conditions. Experimental findings demonstrated reduced 
membrane lipid oxidation, preservation of cellular morphology, 
and decreased oxidative protein modification in cells treated 
with palm phenolic extracts [36]. In oxidative stress-induced 
liver injury models, histopathological analyses showed lower 
hepatocellular degeneration scores and reduced inflammatory 
infiltration following antioxidant intervention using palm-derived 
phenolics [37]. These observations collectively suggest that palm 
oil phenolics possess biologically relevant antioxidant properties 
capable of mitigating oxidative cellular injury across multiple 
disease-associated experimental systems.

Modulation of Endogenous Antioxidant Enzymes and 
Redox Homeostasis

Another major theme identified from the reviewed literature 
involved the ability of palm oil phenolic compounds to regulate 
endogenous antioxidant defence systems and maintain intracellular 
redox balance. A total of 21 studies examined enzymatic antioxidant 
markers including Superoxide Dismutase (SOD), Catalase (CAT), 
Glutathione Peroxidase (GPx), Glutathione Reductase (GR), and 
Reduced Glutathione (GSH) levels following exposure to palm 
phenolic compounds [38]. Several investigations demonstrated 
substantial increases in antioxidant enzyme activity after treatment 
with palm-derived phenolics. In rodent diabetic models, SOD 
activity increased between 18% and 46%, while catalase activity 
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improved by approximately 22%–39% relative to untreated groups 
[39]. Similar patterns were observed in cardiovascular and hepatic 
oxidative stress models, where GPx activity increased by nearly 30% 
following dietary administration of phenolic-rich palm extracts 
[40]. Enhanced glutathione concentrations were also frequently 
reported, with intracellular GSH levels increasing by 15%–41% 
depending on experimental dose and duration. Mechanistically, 
several studies suggested that palm phenolics may activate redox-
sensitive transcription pathways associated with antioxidant gene 
expression. Upregulation of nuclear factor erythroid 2-related 
factor 2 (Nrf2) signalling was documented in multiple cellular 
investigations, leading to increased transcription of antioxidant 
response element (ARE)-regulated enzymes [41]. Some studies 
observed elevated expression of heme oxygenase-1 (HO-1), NAD(P)
H quinone dehydrogenase 1 (NQO1), and glutamate-cysteine ligase 
following phenolic exposure [42]. These findings indicate that 
palm phenolic compounds may exert antioxidant effects not only 
through direct radical scavenging but also through modulation 
of endogenous cellular defence systems. Several articles further 
reported improvements in redox equilibrium under pathological 
conditions associated with chronic oxidative stress. In obesity-
related metabolic models, palm phenolic administration reduced 
oxidative imbalance by lowering oxidised glutathione levels while 
simultaneously increasing total antioxidant capacity. In ischemia-
related injury models, restoration of antioxidant enzyme activity 
was associated with reduced tissue degeneration and improved 
biochemical stability [43]. These observations collectively suggest 
that palm oil phenolics may contribute to maintaining intracellular 
redox homeostasis under physiologically stressful conditions.

Regulation of Inflammatory Signalling Pathways 
Associated with Oxidative Injury

The interaction between oxidative stress and inflammatory 
signalling emerged as another dominant theme within the reviewed 
literature. Among the included studies, 19 investigations specifically 
explored inflammatory biomarkers, cytokine production, or 
signalling pathways associated with oxidative damage [44]. 
The findings consistently demonstrated that palm oil phenolic 
compounds may influence oxidative stress-related inflammatory 
responses through modulation of multiple molecular pathways.

Several studies reported reductions in pro-inflammatory 
cytokines following administration of palm phenolic extracts. 
Tumour necrosis factor-alpha (TNF-α) levels decreased between 
17% and 49% across various inflammatory disease models. 
Interleukin-6 (IL-6) and interleukin-1 beta (IL-1β) concentrations 
also demonstrated measurable reductions after antioxidant 
intervention using palm phenolic compounds [45]. In macrophage 
and endothelial cell models exposed to inflammatory stimuli, palm 
phenolics reduced nitric oxide production and suppressed inducible 
Nitric Oxide Synthase (iNOS) expression [46]. The reviewed 
evidence further indicated that these anti-inflammatory effects 
were strongly interconnected with oxidative stress modulation. 

Multiple studies identified inhibition of nuclear factor kappa B (NF-
kB) activation following phenolic treatment, resulting in decreased 
transcription of oxidative stress-associated inflammatory 
mediators. Suppression of Cyclooxygenase-2 (COX-2) expression 
and reduced activation of Mitogen-Activated Protein Kinase 
(MAPK) signalling pathways were also reported [47]. In several 
experimental models, simultaneous reductions in ROS production 
and inflammatory cytokine release suggested coordinated 
antioxidant and anti-inflammatory mechanisms. In cardiovascular 
disease-related models, reductions in vascular inflammation were 
associated with decreased endothelial oxidative damage and 
improved nitric oxide bioavailability [48]. Similar observations 
were identified in neuroinflammatory investigations, where palm 
phenolic supplementation reduced microglial activation and 
oxidative neuronal injury. These findings collectively demonstrate 
that palm oil phenolic compounds may influence inflammatory 
signaling networks closely associated with oxidative stress-related 
pathological progression.

Mitochondrial Protection and Cellular Survival 
Mechanisms

Mitochondrial dysfunction was identified as a recurring 
pathological feature across many disease models included in 
the reviewed studies. Fourteen articles specifically examined 
mitochondrial integrity, membrane potential preservation, ATP 
production, apoptosis regulation, or cellular survival pathways 
associated with oxidative injury [49]. Several investigations 
demonstrated that palm phenolic compounds contributed to the 
preservation of mitochondrial membrane stability under oxidative 
conditions. In neuronal and hepatic cell models, mitochondrial 
membrane depolarisation decreased by approximately 20%–44% 
following treatment with palm-derived phenolics. Improved 
mitochondrial ATP synthesis and enhanced respiratory efficiency 
were also reported in several oxidative injury models [50]. 
Apoptosis-related biomarkers were similarly influenced by 
antioxidant intervention. Reduced caspase-3 activation and 
lower Bax/Bcl-2 apoptotic ratios were observed in multiple 
experimental systems exposed to palm phenolic compounds [51]. 
In ischemic and neurodegenerative disease models, antioxidant 
supplementation reduced DNA fragmentation and improved 
cellular survival rates compared with untreated oxidative stress 
groups. Some investigations reported reductions in apoptotic cell 
populations ranging from 18% to 36% after phenolic treatment 
[52]. Mechanistically, several studies proposed that mitochondrial 
protection was linked to reductions in ROS-induced mitochondrial 
permeability transition and stabilisation of electron transport 
chain activity. Enhanced mitochondrial antioxidant enzyme activity 
and reduced oxidative protein damage were also frequently 
documented [53]. These findings suggest that palm oil phenolic 
compounds may contribute to cellular resilience by preserving 
mitochondrial function and reducing oxidative injury-induced 
apoptosis.
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Disease-Specific Antioxidant Effects Across Human 
Disease Models

The reviewed studies collectively demonstrated that the 
antioxidant activities of palm oil phenolic compounds were 
investigated across a wide range of disease-associated models. 
Diabetes and metabolic syndrome represented the most 
frequently studied conditions, appearing in approximately 34% 
of the included articles. Several diabetic model studies reported 
improvements in oxidative biomarkers, reduced hyperglycemia-
associated ROS production, and enhanced antioxidant enzyme 
activity following palm phenolic supplementation. In some 
investigations, fasting blood glucose levels decreased by 12%–
27%, accompanied by significant reductions in oxidative tissue 
damage [54]. Cardiovascular-related disease models accounted 
for approximately 22% of the reviewed literature. These studies 
commonly reported improvements in endothelial oxidative 
balance, reduced lipid peroxidation, and attenuation of vascular 
inflammatory responses. In hypercholesterolemic animal models, 
palm phenolic administration reduced low-density lipoprotein 
oxidation and improved antioxidant status indicators [55]. Several 
studies also observed reductions in arterial oxidative injury 
markers and partial restoration of endothelial function.

Neurodegenerative and neuronal oxidative stress models 
comprised approximately 19% of the included studies [56]. 
The findings suggested that palm oil phenolic compounds may 
contribute to neuroprotective antioxidant mechanisms by 
reducing neuronal ROS accumulation, preserving mitochondrial 
function, and attenuating neuroinflammatory signalling [57]. In 
several neuronal cell studies, oxidative stress-induced cytotoxicity 
decreased by nearly 30% following phenolic treatment [58]. 
Cancer-related oxidative stress investigations represented another 
important category identified in the reviewed evidence [59]. 
Rather than functioning as direct anticancer agents, palm phenolic 
compounds were more frequently associated with modulation of 
oxidative environments linked to cellular injury and inflammatory 
progression [60]. Several studies demonstrated reductions in 
oxidative DNA damage and decreased inflammatory oxidative 
biomarkers in experimentally induced cancer-related models [61]. 
Collectively, the thematic findings derived from the 32 included 
studies indicate that palm oil-derived phenolic compounds 
possess multifaceted antioxidant-related biological activities 
across diverse disease-associated conditions. Although variations 
in experimental design, dosage, extraction methods, and disease 
models remain evident throughout the literature, the reviewed 
evidence consistently supports the relevance of palm phenolics 
in modulating oxidative stress, preserving cellular redox stability, 
and contributing to antioxidant defence mechanisms within 
contemporary biomedical research contexts.

Discussion
The present systematic literature review synthesizes evidence 

from 32 peer-reviewed studies to address two interconnected 
research questions concerning the antioxidant-related mechanisms 
and disease-associated biological effects of palm oil-derived 
phenolic compounds. By integrating findings obtained from in 
vitro experiments, in vivo investigations, and several clinically 
oriented studies, the present discussion provides a structured 
interpretation of how palm phenolics influence oxidative stress 
pathways, endogenous antioxidant systems, inflammatory 
signalling, mitochondrial stability, and cellular resilience across 
multiple pathological contexts. The reviewed evidence collectively 
demonstrates that palm oil phenolic compounds possess 
biologically relevant antioxidant-associated properties, although 
the magnitude and consistency of these effects remain influenced 
by experimental variability, extraction composition, disease model 
selection, and methodological heterogeneity.

Modulation of Oxidative Stress and Antioxidant-Related 
Molecular Pathways (Addressing RQ1)

In response to the first research question, the reviewed studies 
consistently indicate that palm oil-derived phenolic compounds 
modulate oxidative stress through a combination of direct radical 
scavenging mechanisms and indirect regulation of intracellular 
antioxidant pathways. Across the analyzed literature, reductions 
in Reactive Oxygen Species (ROS) accumulation represented 
one of the most consistently reported findings, particularly in 
oxidative stress-induced cellular models involving endothelial 
dysfunction, neuronal injury, metabolic disorders, and hepatic 
oxidative damage [62,63]. Several studies documented reductions 
in ROS production ranging from approximately 25% to 58% 
following administration of palm phenolic extracts, depending on 
dosage concentration, treatment duration, and disease-associated 
experimental conditions [64,65]. These observations suggest that 
palm phenolics possess measurable antioxidant activity capable 
of attenuating excessive oxidative burden within biologically 
relevant pathological environments. At the molecular level, 
the antioxidant properties of palm phenolics appear strongly 
associated with their chemical composition. Compounds including 
caffeoylshikimic acid, protocatechuic acid, gallic acid derivatives, 
and hydroxybenzoic acid metabolites were repeatedly identified 
as major contributors to antioxidant activity due to their hydroxyl-
containing aromatic structures capable of donating electrons or 
hydrogen atoms to unstable reactive species [66]. This radical 
stabilization mechanism contributes to interruption of oxidative 
chain reactions and reduction of lipid peroxidation-associated 
cellular injury. Several studies additionally reported significant 
decreases in Malondialdehyde (MDA) concentrations, with 
reductions commonly ranging between 20% and 47% following 
phenolic administration in oxidative stress-related models [67]. 
Because MDA is widely recognized as a biomarker of membrane 
lipid oxidation, these findings indicate that palm phenolics may 
contribute to preservation of cellular membrane integrity under 
oxidative conditions.
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Importantly, the reviewed evidence further demonstrates 
that the antioxidant effects of palm phenolics are not exclusively 
dependent on direct radical neutralization. Multiple investigations 
observed improvements in endogenous antioxidant defense 
systems following exposure to phenolic-rich palm extracts. 
Increased activity of Superoxide Dismutase (SOD), Catalase (CAT), 
Glutathione Peroxidase (GPx), and glutathione-associated enzymes 
represented recurring findings across diabetic, cardiovascular, and 
inflammatory disease models. Reported increases in antioxidant 
enzyme activity generally ranged between 15% and 45%, 
suggesting that palm phenolics may strengthen intrinsic cellular 
defense capacity in addition to reducing oxidative stress directly 
[68]. Several mechanistic studies proposed that these effects are 
mediated through activation of redox-sensitive signaling pathways 
associated with cellular antioxidant adaptation. In particular, 
nuclear factor erythroid 2-related factor 2 (Nrf2) signaling 
emerged as one of the most frequently discussed molecular 
mechanisms within the reviewed literature [69]. Activation of 
Nrf2 was associated with increased transcription of antioxidant 
response element-regulated genes, including heme oxygenase-1 
(HO-1), NAD(P)H quinone oxidoreductase 1 (NQO1), and 
glutamate-cysteine ligase. Such findings suggest that palm 
phenolic compounds may contribute to sustained antioxidant 
regulation by enhancing endogenous protective mechanisms 
rather than functioning solely as transient radical scavengers. 
Nevertheless, despite the generally consistent antioxidant-related 
outcomes, substantial variability remains evident across the 
reviewed studies. Differences in extraction procedures, phenolic 
composition, administered dosage, exposure duration, and disease 
models contributed to considerable heterogeneity in reported 
antioxidant efficacy. In vitro studies frequently demonstrated 
stronger reductions in oxidative biomarkers compared with in 
vivo investigations, likely reflecting differences in bioavailability, 
metabolic processing, and physiological complexity [70]. Similarly, 
limited clinically oriented studies often reported more moderate 
antioxidant responses than tightly controlled experimental 
systems. These observations indicate that although the antioxidant 
potential of palm phenolics is strongly supported mechanistically, 
translational interpretation requires careful consideration of 
experimental context and biological variability. Collectively, the 
synthesised evidence supports the conclusion that palm oil-derived 
phenolic compounds modulate oxidative stress through integrated 
antioxidant mechanisms involving direct ROS neutralisation, 
enhancement of endogenous antioxidant enzymes, and regulation 
of redox-sensitive molecular signalling pathways. The consistency 
of these findings across diverse disease-associated models 
strengthens the biological relevance of palm phenolics within 
oxidative stress-oriented biomedical research.

Dominant Biological Mechanisms and Disease-Specific 
Antioxidant Effects (Addressing RQ2)

Addressing the second research question, the reviewed literature 
demonstrates that several interconnected biological mechanisms 
consistently underlie the antioxidant-associated activities of palm 

oil phenolic compounds across different disease models. Among 
these mechanisms, regulation of inflammatory signalling pathways 
emerged as one of the most dominant themes identified throughout 
the reviewed evidence. Oxidative stress and inflammation are 
closely interconnected biological processes, and several studies 
demonstrated that palm phenolics may simultaneously influence 
both pathways through coordinated molecular regulation. One of 
the most consistently reported anti-inflammatory mechanisms 
involved suppression of nuclear factor kappa B (NF-kB) activation 
[71]. NF-kB functions as a major transcription factor regulating 
the expression of multiple pro-inflammatory cytokines and 
oxidative stress-responsive genes. Across several studies, palm 
phenolic supplementation was associated with reductions in NF-kB 
activation ranging from approximately 28% to 63%, accompanied 
by decreased expression of tumour necrosis factor-alpha (TNF-α), 
interleukin-6 (IL-6), and interleukin-1 beta (IL-1β). In macrophage 
and endothelial cell models exposed to inflammatory stimuli, 
reductions in nitric oxide production and inducible nitric oxide 
synthase (iNOS) expression were similarly reported following 
phenolic treatment.

In addition to NF-kB suppression, several investigations 
identified modulation of mitogen-activated protein kinase (MAPK) 
signalling pathways as another important biological mechanism 
associated with palm phenolics [72]. The MAPK pathway plays an 
important role in regulating inflammatory responses, oxidative 
adaptation, apoptosis, and cellular stress signalling. Studies 
evaluating phosphorylation levels of p38 MAPK, Extracellular 
Signal-Regulated Kinase (ERK), and c-Jun N-Terminal Kinase (JNK) 
observed measurable reductions following administration of palm 
phenolic compounds. These signalling changes were frequently 
accompanied by decreased inflammatory cytokine production 
and attenuation of oxidative tissue injury, suggesting coordinated 
regulation of oxidative-inflammatory interactions. Another 
dominant mechanism identified in the reviewed studies involved 
preservation of mitochondrial integrity and cellular survival 
pathways. Mitochondrial dysfunction is widely recognised as a 
major contributor to oxidative stress-related disease progression 
because excessive ROS accumulation may destabilise mitochondrial 
membranes, impair ATP synthesis, and activate apoptosis-
associated cascades [73]. Several neuronal, hepatic, and metabolic 
disease models demonstrated that palm phenolic administration 
contributed to stabilisation of mitochondrial membrane potential, 
reduction of oxidative mitochondrial injury, and improvement 
of mitochondrial respiratory efficiency. In some investigations, 
reductions in mitochondrial membrane depolarisation ranged from 
20% to 44%, indicating biologically relevant protective effects under 
oxidative stress conditions. Apoptosis-related signalling markers 
were similarly influenced by palm phenolic supplementation. 
Multiple studies reported reductions in caspase-3 activation 
and lower Bax/Bcl-2 apoptotic ratios following treatment with 
phenolic-rich extracts [74]. These changes were associated with 
improved cellular survival and reduced oxidative cytotoxicity 
in several disease-associated experimental systems, including 
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ischemic injury models and neurodegenerative oxidative stress 
conditions [75]. Such findings suggest that antioxidant activity 
associated with palm phenolics extends beyond ROS neutralisation 
and may contribute to preservation of broader cellular survival 
mechanisms.

The reviewed literature also revealed important disease-
specific antioxidant patterns across different pathological models. 
Diabetes mellitus and metabolic syndrome represented the most 
extensively investigated categories within the analysed studies. 
Chronic hyperglycemia is strongly associated with excessive 
ROS generation, oxidative tissue injury, endothelial dysfunction, 
and inflammatory activation. Several diabetic model studies 
demonstrated that palm phenolic supplementation reduced 
oxidative stress biomarkers, enhanced antioxidant enzyme 
activity, and attenuated inflammatory signalling associated with 
metabolic imbalance [76]. Some investigations additionally 
reported reductions in fasting blood glucose levels ranging 
between 12% and 27%, suggesting potential interactions 
between oxidative regulation and metabolic homeostasis [77]. 
Cardiovascular disease models similarly demonstrated recurring 
antioxidant-associated effects linked to vascular oxidative balance 
and endothelial protection. Palm phenolic administration was 
frequently associated with reductions in lipid peroxidation, 
decreased low-density lipoprotein oxidation, and attenuation 
of vascular inflammatory responses [78]. Improvements in 
nitric oxide bioavailability and partial restoration of endothelial 
function were also reported in several hypercholesterolemic 
and oxidative vascular injury models. Although these findings 
remain primarily preclinical, they collectively suggest that palm 
phenolics may influence oxidative mechanisms associated with 
vascular dysfunction. Neurodegenerative and neuronal oxidative 
stress models represented another important category identified 
throughout the reviewed literature. Because neuronal tissues 
possess high oxygen demand and limited antioxidant reserve 
capacity, oxidative stress is considered a central mechanism in 
neuronal degeneration and mitochondrial dysfunction. Several 
studies reported that palm phenolic compounds reduced 
neuronal ROS accumulation, improved mitochondrial stability, 
and attenuated neuroinflammatory signalling [79]. In some 
neuronal cell investigations, oxidative cytotoxicity decreased 
by approximately 30% following antioxidant intervention using 
palm-derived phenolics. These findings support the possibility 
that antioxidant-related neuroprotective mechanisms represent 
an important dimension of palm phenolic biological activity. 
Despite these generally consistent observations, several limitations 
remain evident across the available evidence. Most studies were 
conducted using experimental cellular systems or animal models, 
while clinically oriented investigations remain relatively limited in 
number. Furthermore, substantial heterogeneity exists regarding 
extraction methods, phenolic standardisation, dosage protocols, 
and measured biomarkers, thereby complicating direct comparison 
between studies [80]. Variability in disease severity, intervention 
duration, and analytical techniques also contributes to inconsistent 

reporting across experimental platforms. Consequently, although 
the mechanistic evidence supporting antioxidant-related biological 
activity remains substantial, caution is necessary when extrapolating 
preclinical findings toward broader clinical interpretation.

The findings of this systematic review have several important 
implications for future biomedical and nutritional research. First, 
the consistent evidence concerning oxidative stress modulation, 
inflammatory pathway regulation, and mitochondrial protection 
highlights the relevance of palm oil-derived phenolic compounds 
as important subjects within antioxidant-oriented biomedical 
investigations [81]. Second, the predominance of preclinical 
studies emphasises the need for more rigorously designed clinical 
investigations involving standardised extraction procedures, 
clearly defined dosages, validated biomarkers, and longer 
intervention durations to improve translational understanding. 
Future studies should also prioritize evaluation of bioavailability, 
metabolic transformation, and synergistic interactions among 
phenolic constituents within complex palm-derived matrices. In 
addition, advanced omics-based approaches and systems biology 
frameworks may provide deeper insight into molecular networks 
influenced by palm phenolics under disease-associated oxidative 
conditions. Collectively, these directions may contribute to a more 
comprehensive understanding of the biological significance of 
palm oil phenolic compounds while strengthening evidence-based 
interpretation within contemporary biomedical research contexts.

Conclusion
The evidence synthesised from the 32 selected studies 

demonstrates that palm oil-derived phenolic compounds possess 
biologically relevant antioxidant-associated activities across 
multiple disease-related experimental models. The reviewed 
literature consistently indicates that these phenolic constituents 
contribute to oxidative stress modulation through interconnected 
mechanisms involving direct Reactive Oxygen Species (ROS) 
scavenging, reduction of lipid peroxidation, enhancement of 
endogenous antioxidant defence systems, and regulation of 
redox-sensitive molecular signalling pathways. Collectively, these 
mechanisms support the role of palm phenolics in maintaining 
intracellular oxidative balance under conditions associated 
with metabolic dysfunction, inflammatory injury, mitochondrial 
impairment, and chronic oxidative stress. The findings further 
reveal that activation of antioxidant-related pathways, particularly 
those associated with nuclear factor erythroid 2-related factor 
2 (Nrf2), heme oxygenase-1 (HO-1), glutathione regulation, and 
antioxidant enzyme activity, represents one of the most consistently 
reported molecular responses following administration of palm 
phenolic compounds. Simultaneously, suppression of oxidative 
stress-associated inflammatory signalling, including modulation 
of nuclear factor kappa B (NF-kB), pro-inflammatory cytokines, 
and Mitogen-Activated Protein Kinase (MAPK) pathways, emerged 
as another dominant biological mechanism recurrently identified 
throughout the reviewed studies. These observations indicate 
that the antioxidant effects of palm oil phenolics are not restricted 
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to direct chemical radical neutralisation alone, but also involve 
coordinated regulation of broader cellular defence and stress-
response systems.

Across disease-oriented models, the antioxidant-associated 
effects of palm phenolics were most frequently observed in 
diabetes and metabolic syndrome investigations, followed by 
cardiovascular, neurodegenerative, hepatic, and inflammation-
related experimental systems. In these models, palm phenolic 
supplementation was repeatedly associated with reductions 
in oxidative biomarkers, improvements in antioxidant enzyme 
activity, preservation of mitochondrial integrity, attenuation of 
inflammatory signalling, and enhancement of cellular survival 
mechanisms. Although the magnitude of these responses varied 
according to dosage, extraction methods, disease conditions, and 
experimental design, the overall evidence demonstrates substantial 
consistency regarding the antioxidant-related biological relevance 
of palm oil phenolic compounds within contemporary biomedical 
research contexts.

Nevertheless, the current evidence base remains dominated 
by preclinical investigations, while clinically oriented studies 
remain comparatively limited. Variability in phenolic composition, 
extraction standardisation, intervention protocols, and evaluated 
biomarkers also contributes to methodological heterogeneity 
across the literature. Consequently, additional well-designed human 
studies using standardised analytical and experimental approaches 
remain necessary to strengthen translational interpretation and 
improve comparability between future investigations. Overall, 
the present systematic literature review demonstrates that palm 
oil-derived phenolic compounds represent important bioactive 
constituents with multifaceted antioxidant-associated properties 
across diverse disease-related models. The integrated modulation 
of oxidative stress pathways, endogenous antioxidant defences, 
inflammatory signalling, and mitochondrial stability identified 
throughout the reviewed studies highlights the continuing scientific 
relevance of palm phenolics within biomedical and nutritional 
research focused on oxidative stress-associated disorders.
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