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ABSTRACT

Perioperative immunonutrition is a critical component of Enhanced Recovery After Surgery (ERAS) protocols,
as it modulates immune responses, reduces oxidative stress, and supports metabolic stability following surgical
trauma. In parallel, increasing attention has been directed toward plant-derived bioactive compounds as com-
plementary elements in perioperative nutritional strategies. Palm oil is recognized as a rich source of lipid-sol-
uble bioactive compounds, particularly tocotrienols and carotenoids, yet their relevance within ERAS-oriented
immunonutrition has not been systematically synthesized. This study examines the characterization, applica-
tion, and evaluation of palm oil-derived bioactive compounds in perioperative immunonutrition and their rel-
evance to Enhanced Recovery After Surgery (ERAS) principles. A systematic literature review was conducted
using the Scopus database. An initial search with the keywords Immunonutrition AND Nutrition identified 1,226
records, which were refined using targeted search terms, publication year (2019-2025), and Open Access/Open
Archive criteria, resulting in 30 peer-reviewed studies included in the final analysis. Data were analyzed us-
ing thematic synthesis. Five dominant themes emerged: bioactive compound composition and bioavailability;
immunomodulatory and anti-inflammatory effects; antioxidant capacity and modulation of oxidative stress;
metabolic and nutritional support for postoperative recovery; and translational relevance to ERAS-oriented im-
munonutrition strategies. Overall, the evidence indicates that palm oil-derived bioactive compounds function as
supportive components of perioperative immunonutrition without reported adverse effects. Future research is
recommended to further evaluate these compounds through randomized controlled trials integrated explicitly
into ERAS protocols to strengthen their clinical applicability.

Keywords: Palm 0Oil Bioactives; Perioperative Immunonutrition; Enhanced Recovery After Surgery; Tocotrien-
ols; Systematic Literature Review
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Introduction

Major surgical procedures continue to pose significant physio-

increased oxidative stress, all of which may compromise wound heal-
ing, increase infection risk, and impair functional recovery. Conse-
quently, perioperative strategies aimed at attenuating these adverse

logical challenges, particularly in relation to immune dysfunction,
metabolic stress, and oxidative imbalance during the perioperative
period. Despite advances in anesthetic techniques, minimally invasive
surgery, and postoperative care, surgical stress responses remain a
major determinant of postoperative morbidity, delayed recovery, and
prolonged hospitalization [1]. These responses are characterized by
systemic inflammation, immunosuppression, insulin resistance, and

responses have become a central focus in contemporary surgical
care pathways. Enhanced Recovery After Surgery (ERAS) protocols
represent a paradigm shift in perioperative management, empha-
sizing multimodal, evidence-based interventions designed to reduce
surgical stress and accelerate recovery [2]. Nutritional optimization
is recognized as a core component of ERAS, given its critical role in
maintaining immune competence, preserving metabolic homeostasis,
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and supporting tissue repair. Within this framework, perioperative
immunenutrition, defined as targeted nutritional interventions en-
riched with specific bioactive nutrients, has gained increasing atten-
tion as a means of modulating inflammatory and immune responses
associated with surgical trauma.

Immunonutrition formulations have traditionally focused on
nutrients such as omega-3 fatty acids, arginine, glutamine, and nu-
cleotides, which have demonstrated varying degrees of efficacy in
improving postoperative outcomes [3]. However, growing evidence
suggests that plant-derived bioactive compounds may also contrib-
ute meaningfully to perioperative immune modulation and metabolic
support [4]. These compounds, including specific lipid-soluble anti-
oxidants and anti-inflammatory agents, offer mechanistic pathways
highly relevant to the pathophysiology of surgical stress, particularly
through regulation of cytokine signaling, oxidative balance, and cel-
lular energy metabolism. Among plant-based lipid sources, palm oil
has emerged as a nutritionally distinctive matrix due to its unique
composition of bioactive compounds, notably tocotrienols, tocopher-
ols, carotenoids, phytosterols, and phenolic constituents [5]. Unlike
many commonly used vegetable oils that are dominated by tocopher-
ol-based vitamin E isoforms, palm oil is characterized by a high pro-
portion of tocotrienols, which exhibit distinct biological activities, in-
cluding enhanced antioxidant potency, anti-inflammatory effects, and
potential immunomodulatory properties. Additionally, red palm oil
varieties provide substantial amounts of provitamin A carotenoids,
contributing to antioxidant defense and immune regulation [6].

From a nutritional science perspective, the biochemical profile of
palm oil-derived bioactive compounds aligns closely with several key
objectives of perioperative immunonutrition. Tocotrienols have been
shown to modulate nuclear factor-kappa B (NF-kB) signaling, reduce
pro-inflammatory cytokine production, and enhance endogenous
antioxidant enzyme activity, mechanisms that are directly relevant
to mitigating surgical stress responses [7]. Carotenoids contribute
to redox balance and immune cell function, while phytosterols and
phenolic compounds may exert complementary effects on lipid me-
tabolism and low-grade inflammation. Importantly, these compounds
are naturally embedded within a lipid matrix that facilitates intesti-
nal absorption, a critical consideration in perioperative nutritional
interventions [8]. Despite these promising biochemical and mecha-
nistic attributes, the role of palm oil-derived bioactive compounds in
perioperative immunonutrition remains fragmented across diverse
research domains. Existing studies are dispersed among experimen-
tal models, clinical nutrition trials, and translational research, often
focusing on individual compounds rather than integrated perioper-
ative outcomes [9]. Furthermore, while ERAS guidelines increasingly
emphasize individualized and function-oriented nutritional strat-
egies, the explicit integration of palm oil-derived bioactives within
ERAS-oriented immunonutrition protocols has not been comprehen-
sively synthesized [10].

This lack of synthesis presents a critical knowledge gap. On one
hand, palm oil-derived bioactive compounds are supported by a sub-
stantial body of biochemical and nutritional evidence suggesting po-
tential relevance to perioperative care [11]. On the other hand, con-
cerns regarding general dietary fat intake and public perceptions of
palm oil have occasionally overshadowed objective, evidence-based
evaluations of its functional components in clinical nutrition contexts
[12]. A rigorous, methodologically transparent synthesis is therefore
necessary to clarify the extent, quality, and translational relevance of
existing evidence while maintaining a neutral, scientifically ground-
ed perspective. Systematic Literature Review (SLR) methodology
provides a robust framework for addressing this gap, enabling the
structured identification, appraisal, and synthesis of peer-reviewed
evidence without introducing empirical assumptions or fictitious
data collection. By systematically aggregating findings across multi-
ple study designs, an SLR can elucidate recurring themes, quantify
reported effects, and assess consistency across biochemical, immu-
nological, antioxidant, and metabolic outcomes relevant to periopera-
tive care. Importantly, an SLR approach is particularly well-suited for
evaluating emerging interdisciplinary topics such as the intersection
of lipid bioactives, immunonutrition, and ERAS, where randomized
controlled trials embedded directly within standardized protocols
may still be limited.

Within this context, a focused SLR examining palm oil-derived
bioactive compounds in perioperative immunonutrition offers the
opportunity to advance current understanding in several ways. First,
it enables clarification of the compositional and bioavailability char-
acteristics of these compounds as reported in clinical and translation-
al studies. Second, it allows systematic evaluation of their reported
immunomodulatory and antioxidant effects in perioperative or sur-
gery-related settings. Third, it provides insight into metabolic and
recovery-related outcomes that align with ERAS objectives, such as
reduced inflammatory burden, improved nutritional tolerance, and
accelerated postoperative recovery. Therefore, the present study aims
to systematically review and synthesize peer-reviewed evidence on
the role of palm oil-derived bioactive compounds in perioperative im-
munonutrition, with specific emphasis on their potential applications
within Enhanced Recovery After Surgery (ERAS) protocols. By con-
solidating findings from experimental, clinical nutrition, and trans-
lational research, this review seeks to provide a comprehensive and
balanced assessment of current evidence, identify dominant thematic
patterns, and highlight translational implications for ERAS-oriented
nutritional strategies. The specific objective of this Systematic Litera-
ture Review is to evaluate how palm oil-derived bioactive compounds
have been characterized, applied, and assessed in perioperative im-
munonutrition contexts, and to determine their relevance to the prin-
ciples and outcomes of ERAS protocols.

Based on this objective, the following research question is formu-
lated to guide the synthesis and subsequent discussion:
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o RQ: How do palm oil-derived bioactive compounds contrib-
ute to immunological, antioxidant, and metabolic outcomes relevant
to perioperative immunonutrition within the framework of Enhanced
Recovery After Surgery (ERAS) protocols, as evidenced by existing
peer-reviewed literature?

Literature Review

Perioperative immunonutrition has emerged as an increasingly
important component of Enhanced Recovery After Surgery (ERAS)
protocols, reflecting a growing recognition of the role of targeted nu-
tritional strategies in modulating immune responses, oxidative stress,
and metabolic disturbances induced by surgical trauma. Recent ad-
vances in clinical nutrition research have expanded the scope of im-
munonutrition beyond conventional substrates to include bioactive
compounds with antioxidant and anti-inflammatory properties. With-
in this context, plant-derived lipid bioactives have attracted attention
for their physiological functionality, safety profile, and compatibility
with perioperative nutritional support systems. Among these sourc-
es, palm oil-derived bioactive compounds have been frequently exam-
ined in the literature for their biochemical composition and potential
relevance to perioperative care, warranting a structured synthesis of
existing evidence to clarify their role within ERAS-oriented immuno-
nutrition strategies.

Perioperative Immunonutrition and Enhanced Recovery
After Surgery (ERAS)

Enhanced Recovery After Surgery (ERAS) protocols have been
widely adopted as evidence-based, multimodal strategies to reduce
surgical stress, preserve physiological function, and accelerate post-
operative recovery across a broad range of surgical disciplines [13].
Central to ERAS is the optimization of perioperative nutrition, which
has been increasingly recognized as a critical determinant of immune
competence, metabolic stability, and clinical outcomes following
surgery [14]. Surgical trauma induces a complex systemic response
characterized by inflammation, oxidative stress, insulin resistance,
and transient immunosuppression, all of which contribute to postop-
erative complications and prolonged hospitalization. Perioperative
immunonutrition has emerged as a targeted nutritional approach
designed to modulate immune and inflammatory responses by pro-
viding specific nutrients with immunoregulatory properties [15].
Conventional immunonutrition formulations have primarily focused
on amino acids such as arginine and glutamine, omega-3 fatty acids,
and nucleotides [16]. However, recent literature has expanded this
paradigm by emphasizing the potential role of bioactive lipid-derived
compounds with antioxidant and anti-inflammatory properties as
complementary components of immunonutrition strategies. Within
this evolving framework, plant-derived bioactive compounds have
gained increasing attention due to their biological activity, safety pro-
file, and compatibility with clinical nutrition systems.

Bioactive Compounds in Clinical and Perioperative Nutri-
tion

Bioactive compounds are defined as non-essential dietary con-
stituents that exert physiological effects beyond basic nutritional
functions, often through modulation of cellular signaling pathways,
gene expression, and oxidative balance. In the context of periopera-
tive care, bioactive compounds with antioxidant, immunomodulatory,
and metabolic regulatory properties are particularly relevant, as they
may attenuate surgery-induced oxidative damage and inflammatory
dysregulation [17]. Clinical nutrition literature has increasingly doc-
umented the role of lipid-soluble bioactives, including vitamin E iso-
forms, carotenoids, phytosterols, and phenolic compounds, in main-
taining immune homeostasis and reducing oxidative stress. These
compounds have been shown to influence key biological processes,
including cytokine production, lipid peroxidation, and mitochondrial
function, which are critical determinants of postoperative recovery
trajectories [18]. Importantly, integrating bioactive compounds into
perioperative nutrition regimens aligns with ERAS principles, em-
phasizing early nutritional intervention, metabolic preservation, and
minimizing physiological disruption.

Palm Oil as a Source of Bioactive Lipid Compounds

Palm oil has been extensively characterized in the nutritional sci-
ences as a naturally rich source of lipid-soluble bioactive compounds,
particularly tocotrienols, tocopherols, carotenoids, phytosterols, and
minor phenolic constituents. Unlike many vegetable oils that pre-
dominantly contain tocopherols, palm oil is distinguished by its high
tocotrienol content, which accounts for approximately 65-70% of its
total vitamin E fraction [19]. Tocotrienols have attracted significant
research interest due to their potent antioxidant and anti-inflamma-
tory properties, as well as their distinct biological activities compared
to tocopherols. Red palm oil, in particular, is recognized for its high ca-
rotenoid concentration, primarily -carotene and a-carotene, which
contribute to provitamin A activity and antioxidant defense [20]. Phy-
tosterols present in palm oil have also been associated with modula-
tion of lipid metabolism and inflammatory signaling, although their
concentrations are relatively modest compared to tocotrienols and
carotenoids. The compositional profile of palm oil-derived bioactives
positions it as a potentially relevant lipid source for clinical nutrition
applications, including perioperative immunonutrition [21].

Immunomodulatory Effects of Palm Oil-Derived Bioactive
Compounds

A growing body of experimental and clinical nutrition literature
has examined the immunomodulatory effects of palm oil-derived bio-
active compounds, particularly tocotrienols. These studies consistent-
ly report that tocotrienols influence inflammatory signaling pathways
by downregulating nuclear factor-kappa B (NF-kB) activation and
reducing the production of pro-inflammatory cytokines such as tu-
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mor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6) [22]. Such
mechanisms are highly relevant in the perioperative context, where
excessive inflammatory responses are associated with increased risk
of postoperative complications and delayed recovery. Clinical nutri-
tion studies have further demonstrated that diets enriched with anti-
oxidant-rich lipid sources, including palm oil fractions, are associated
with improved immune cell profiles, including enhanced lymphocyte
proliferation and reduced markers of systemic inflammation [23].
While many of these studies were not conducted exclusively in sur-
gical populations, their findings provide mechanistic insights that are
transferable to perioperative immunonutrition strategies. Important-
ly, no evidence of adverse immunological effects attributable to palm
oil-derived bioactives has been reported in the reviewed literature,
supporting their safety and tolerability in clinical settings.

Antioxidant Properties and Oxidative Stress Modulation

Oxidative stress represents a critical pathophysiological mech-
anism underlying postoperative tissue injury, immune dysfunction,
and delayed wound healing [24]. Surgical procedures induce the
generation of reactive oxygen species (ROS) through tissue trauma,
ischemia-reperfusion injury, and inflammatory activation, necessi-
tating effective antioxidant defense mechanisms. Palm oil-derived
tocotrienols and carotenoids have been consistently identified as
potent antioxidants capable of scavenging free radicals and enhanc-
ing endogenous antioxidant enzyme activity [25]. Comparative anti-
oxidant studies have demonstrated that tocotrienols exhibit greater
lipid peroxyl radical-scavenging efficiency than tocopherols, thereby
improving cellular redox balance. Clinical nutrition research has re-
ported reductions in biomarkers of oxidative stress, such as malondi-
aldehyde and lipid peroxidation products, following supplementation
with tocotrienol-rich fractions [26]. These antioxidant effects are
particularly relevant in perioperative care, where oxidative damage
can impair immune responses and prolong recovery, underscoring
the potential value of palm oil-derived bioactives in immunonutrition
formulations.

Metabolic Regulation and Nutritional Recovery

Metabolic dysregulation, including insulin resistance and altered
lipid metabolism, is a common consequence of surgical stress and is
associated with adverse postoperative outcomes [27]. Immunonutri-
tion strategies aim not only to modulate immune responses but also
to support metabolic stability and efficient energy utilization during
the perioperative period [28]. Several studies in the reviewed litera-
ture have reported that lipid-based nutritional formulations contain-
ing palm oil fractions improve lipid tolerance and metabolic balance
in clinical nutrition contexts. Tocotrienols have been shown to influ-
ence lipid metabolism by modulating cholesterol synthesis pathways
and improving insulin sensitivity, effects that may be beneficial in the
postoperative setting. Improved nitrogen balance and preservation of

lean body mass have also been reported in patients receiving opti-
mized nutritional support enriched with bioactive lipid components
[29]. These metabolic benefits align with ERAS objectives of reducing
catabolism, preserving functional capacity, and facilitating early mo-
bilization and discharge.

Translational Relevance to ERAS-Oriented Immunonutri-
tion

The translational relevance of palm oil-derived bioactive com-
pounds within ERAS-oriented immunonutrition strategies has been
increasingly discussed in recent literature. ERAS guidelines empha-
size the use of safe, evidence-based nutritional interventions that can
be seamlessly integrated into standardized perioperative care path-
ways. Palm oil-derived bioactives, particularly tocotrienols and ca-
rotenoids, demonstrate favorable stability under food processing and
clinical nutrition preparation conditions, supporting their practical
applicability [30]. Although direct randomized controlled trials ex-
plicitly evaluating palm oil-derived bioactives within ERAS protocols
remain limited, converging biochemical, immunological, antioxidant,
and metabolic evidence supports their potential role as complemen-
tary components of perioperative immunonutrition [31]. The litera-
ture consistently frames these compounds as supportive rather than
substitutive elements within broader nutritional strategies, thereby
reinforcing a balanced, evidence-driven perspective. Consequently,
systematic synthesis of existing evidence is warranted to clarify their
functional relevance and inform future ERAS-aligned nutritional re-
search and practice.

Method

This study adopts a Systematic Literature Review (SLR) method-
ology that is rigorously structured in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
framework. The review is designed to systematically identify, evalu-
ate, and synthesize peer-reviewed scientific evidence concerning
the role of palm oil-derived bioactive compounds in perioperative
immunonutrition and their potential applications within Enhanced
Recovery After Surgery (ERAS) protocols. To ensure methodological
rigor, transparency, and replicability, the analysis is exclusively based
on secondary data derived from scholarly publications indexed in the
Scopus database. No primary data collection methods, such as focus
group discussions, interviews, surveys, or clinical observations, were
employed in this study, thereby avoiding the introduction of unveri-
fiable or speculative empirical inputs and ensuring that all analytical
conclusions are grounded in established academic literature. The re-
view follows the sequential PRISMA stages of identification, screen-
ing, eligibility, and inclusion to refine the dataset and to ensure that
only relevant, high-quality, and accessible studies are incorporated
into the final synthesis, as illustrated in Figure 1.
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Figure 1: Systematic Literature Review Process Following the PRISMA Protocol.

Figure 1 illustrates the structured and transparent procedure ap-
plied to identify, screen, and select the scientific literature included in
this review. The identification phase commenced with a broad search
of the Scopus database using the primary keywords Immunonutrition
AND Nutrition, which yielded a total of 1,226 publications. This initial
search was intended to capture the widest possible range of litera-
ture on nutritional interventions affecting immune function in clin-
ical contexts. To enhance thematic specificity and ensure alignment
with the research focus on palm oil-derived bioactive compounds in
perioperative care, the search strategy was subsequently refined us-
ing a targeted Boolean query: (“palm oil” OR “tocotrienol*” OR “ca-
rotenoid*” OR “plant-derived bioactive*” OR “bioactive compound*”)
AND (“clinical nutrition” OR “dietary supplement*” OR “nutritional
support” OR “immunonutrition”) AND (“surgery” OR “perioperative”
OR “postoperative” OR “clinical outcome*”). This refinement step led

to the exclusion of 1,147 publications that did not align with the re-
view’s conceptual scope, leaving 79 records for further evaluation.

During the screening phase, a publication-year criterion was ap-
plied to capture contemporary scientific developments and recent
clinical perspectives, restricting the dataset to studies published be-
tween 2019 and 2025. This temporal filtering removed 32 articles
that fell outside the specified timeframe, leaving 47 publications eligi-
ble for subsequent assessment. The eligibility stage introduced acces-
sibility criteria to ensure that all included studies could be examined
in full and evaluated transparently. Consequently, only articles avail-
able through Open Access or Open Archive sources were retained,
leading to the exclusion of 17 publications with restricted access. The
final inclusion phase resulted in a total of 30 peer-reviewed articles
that satisfied all predefined inclusion criteria and formed the core
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analytical corpus of this systematic review. All selected publications
were systematically organized and managed in Mendeley Desktop to
ensure accurate citation handling, duplicate removal, and consistent
bibliographic metadata. Collectively, the included studies provide a
consolidated and credible evidence base for examining the functional
properties and clinical relevance of palm oil-derived bioactive com-
pounds in perioperative immunonutrition settings. By synthesizing
insights from 30 peer-reviewed publications, this review offers a
structured and balanced assessment of current scientific knowledge
while maintaining a neutral, evidence-based perspective on the palm
oil industry.

Results

The systematic literature review analyzed 30 peer-reviewed pub-
lications examining the role of palm oil-derived bioactive compounds
in perioperative immunonutrition and their relevance to Enhanced
Recovery After Surgery (ERAS)-oriented clinical outcomes. The re-
viewed corpus encompasses a broad range of biochemical, nutrition-
al, immunological, and translational perspectives, providing a com-
prehensive evidence base for understanding how plant-derived lipid
bioactives contribute to immune regulation, oxidative stress control,
metabolic stability, and postoperative recovery processes within
perioperative care settings. Through structured thematic synthesis,
five major and recurrent themes were identified across the included
studies:

1. Bioactive Compound Composition and Bioavailability in Clin-
ical Nutrition,

2.  Immunomodulatory and Anti-Inflammatory Effects in the
Perioperative Period,

3. Antioxidant Capacity and Oxidative Stress Modulation,

4. Metabolic and Nutritional Support for Postoperative Recov-
ery, and

5. Translational Relevance to ERAS-Oriented Immunonutrition
Strategies.

The distribution of these themes across the 30 studies demon-
strates distinct patterns of scholarly emphasis. Inmunomodulatory
and anti-inflammatory effects were addressed in 23 studies (77%),
reflecting strong research interest in mitigating surgery-induced im-
mune dysregulation. Antioxidant capacity and modulation of oxida-
tive stress were reported in 21 studies (70%), underscoring the rec-
ognized role of oxidative damage in postoperative complications and
delayed recovery. Bioactive compound composition and bioavailabil-
ity were examined in 19 studies (63%), highlighting foundational ef-
forts to characterize palm oil-derived bioactives and their suitability
for clinical nutrition applications. Metabolic and nutritional support
outcomes, including energy utilization, insulin sensitivity, and nitro-
gen balance, were reported in 16 studies (53%), indicating moderate

but consistent attention to functional recovery parameters. Finally,
explicit translational relevance to ERAS-oriented immunonutrition
strategies was discussed in 12 studies (40%), suggesting that while
alignment with ERAS principles is increasingly recognized, it remains
an emerging rather than dominant research focus.

The prominence of immunological and antioxidant themes sug-
gests that existing research is primarily driven by outcomes that are
directly measurable, clinically relevant, and closely linked to surgi-
cal stress responses. These domains benefit from well-established
biomarkers and experimental frameworks, facilitating comparative
analysis across studies. In contrast, the comparatively lower repre-
sentation of ERAS-specific translational studies reflects the relative
novelty of integrating bioactive-focused nutritional interventions
into standardized perioperative care pathways, where multifactorial
protocol designs may limit isolated nutritional evaluations. Similarly,
metabolic outcomes, while clinically important, are often treated as
secondary endpoints rather than primary study objectives. Overall,
this thematic distribution indicates that the current body of literature
provides robust mechanistic and functional evidence supporting the
use of palm oil-derived bioactive compounds in perioperative immu-
nonutrition, while highlighting opportunities for future research to
more explicitly contextualize these findings within structured ERAS
frameworks. Following this overview, each thematic cluster is elabo-
rated in detail, synthesizing quantitative and qualitative evidence to
clarify mechanisms, clinical relevance, and translational implications
for perioperative nutritional care.

Bioactive Compound Composition and Bioavailability in
Clinical Nutrition

Across the 30 included studies, palm oil is consistently character-
ized as a nutritionally dense lipid source containing a diverse spec-
trum of bioactive compounds with clinical relevance, most notably
tocotrienols, tocopherols, carotenoids, phytosterols, and phenolic
compounds [32]. Quantitative compositional analyses reported that
crude palm oil contains approximately 600-1,000 mg/kg of total to-
cotrienols, representing nearly 65-70% of total vitamin E content, a
proportion substantially higher than that observed in soybean, sun-
flower, or olive oils, which are dominated by tocopherols [33]. Within
the tocotrienol fraction, y- and 8-tocotrienols were frequently report-
ed as the most biologically active isoforms, accounting for 45-60% of
total tocotrienol content [34]. Bioavailability assessments included in
the reviewed literature demonstrated that tocotrienols derived from
palm oil exhibit favorable pharmacokinetic properties when adminis-
tered orally as part of dietary or clinical nutrition interventions. Plas-
ma concentration studies reported increases of 25-45% in circulating
tocotrienol levels within 2-4 weeks of supplementation at doses rang-
ing from 100 to 300 mg/day [35]. Importantly, several studies noted
that co-administration with lipid-containing meals enhanced absorp-
tion efficiency by up to 30%, underscoring the suitability of palm oil-
based matrices for clinical nutrition applications [36].
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Carotenoids derived from palm oil, particularly -carotene and
a-carotene, were reported at concentrations of 500-700 mg/kg in
red palm oil formulations, contributing significantly to provitamin A
activity and antioxidant capacity [37]. Intervention studies included
in the review demonstrated that consumption of palm oil-based ca-
rotenoid sources resulted in increases in serum retinol equivalents
ranging from 15% to 30% over intervention periods of 4-8 weeks,
indicating efficient intestinal absorption and metabolic conversion
[38]. Phytosterols and phenolic compounds, although present in low-
er concentrations (typically 200-400 mg/kg combined), were associ-
ated with additional functional properties, including modulation of
lipid metabolism and low-grade inflammation [39]. Collectively, these
findings establish palm oil-derived bioactive compounds as nutrition-
ally robust and bioavailable constituents suitable for integration into
perioperative nutrition formulations.

Immunomodulatory and Anti-Inflammatory Effects in the
Perioperative Period

Immunomodulation emerged as one of the most prominent
themes across the reviewed studies, with a substantial body of ev-
idence linking palm oil-derived bioactive compounds to the regula-
tion of inflammatory responses associated with surgical stress [40].
Tocotrienols, in particular, were repeatedly shown to influence key
inflammatory mediators involved in perioperative immune dysregu-
lation. Quantitative findings from clinical nutrition and experimental
studies reported reductions in circulating tumor necrosis factor-al-
pha (TNF-a) levels ranging from 18% to 40% following supplementa-
tion with tocotrienol-rich fractions [41]. Similarly, interleukin-6 (IL-
6), a cytokine strongly associated with postoperative complications
and prolonged recovery, was reduced by approximately 20-35% in
intervention groups compared to controls receiving standard lipid
formulations [42]. Several studies included in the review also exam-
ined broader immunological markers, including lymphocyte counts,
neutrophil-to-lymphocyte ratios, and acute-phase reactants. Results
indicated that patients receiving immunonutrition formulations en-
riched with plant-derived bioactives, including palm oil components,
experienced increases in total lymphocyte counts of 10-22% during
the early postoperative period [43]. Concurrently, C-reactive protein
(CRP) levels were reduced by up to 35% within 5-7 days post-surgery,
suggesting attenuation of systemic inflammatory responses [44].

Although not all studies were conducted explicitly within ERAS
protocols, the immunological outcomes reported align closely with
ERAS objectives of minimizing surgical stress and supporting im-
mune competence. Importantly, none of the reviewed studies report-
ed adverse immunological effects or pro-inflammatory responses as-
sociated with palm oil-derived bioactives, reinforcing their safety and
compatibility with perioperative immunonutrition strategies [45].

Antioxidant Capacity and Oxidative Stress Modulation

Oxidative stress modulation constituted another central theme
in the reviewed literature, reflecting the well-established role of ox-

idative damage in postoperative complications and delayed tissue
healing [46]. Palm oil-derived tocotrienols and carotenoids were con-
sistently identified as potent antioxidants capable of mitigating oxi-
dative stress induced by surgical trauma, anesthesia, and metabolic
disturbances. Comparative antioxidant analyses reported that tocot-
rienol-rich fractions exhibited oxygen radical absorbance capacity
(ORAC) values 40-60% higher than tocopherol-dominant vitamin E
preparations [47,48]. Clinical indicators of oxidative stress were fre-
quently assessed in the reviewed studies, including malondialdehyde
(MDA), lipid peroxidation products, and total antioxidant capacity.
Quantitative results demonstrated reductions in MDA concentrations
of 20% to 45% in patients receiving antioxidant-enriched nutrition-
al support incorporating palm oil-derived bioactives, compared with
those receiving conventional lipid emulsions [49]. Additionally, in-
creases in endogenous antioxidant enzyme activity were consistently
reported, with superoxide dismutase (SOD) and glutathione peroxi-
dase (GPx) activities increasing by approximately 15-28% during the
perioperative period [50].

These antioxidant effects were associated with improved cellular
redox balance, which is critical for wound healing, immune cell func-
tion, and metabolic stability following surgery. Several studies further
suggested that sustained antioxidant support during the periopera-
tive phase may reduce the incidence of postoperative infections and
organ dysfunction, although these outcomes were not always report-
ed as primary endpoints [51].

Metabolic and Nutritional Support for Postoperative Re-
covery

Beyond immunological and antioxidant mechanisms, the re-
viewed studies highlighted the contribution of palm oil-derived bio-
active compounds to metabolic regulation and nutritional recovery in
surgical patients. Lipid-based nutritional formulations incorporating
palm oil fractions were associated with improved energy utilization
and lipid metabolism, as evidenced by stabilized serum triglyceride
levels and improved lipid tolerance during postoperative feeding
[52]. Quantitative analyses reported reductions in postoperative hy-
pertriglyceridemia incidence by approximately 15-25% in patients
receiving bioactive-enriched lipid formulations compared to standard
care [53]. Insulin sensitivity and nitrogen balance were also frequent-
ly evaluated as indicators of metabolic recovery. Several studies re-
ported reductions in insulin resistance indices, such as HOMA-IR, by
12-25% during the early postoperative period in patients receiving
optimized immunonutrition [54]. Improvements in nitrogen balance
of approximately 10-18% were observed, reflecting enhanced protein
utilization and reduced muscle catabolism [55]. These metabolic out-
comes are particularly relevant in ERAS contexts, where preservation
of lean body mass and metabolic stability are key determinants of re-
covery trajectories.

Clinical recovery indicators, including time to first oral intake,
duration of postoperative fatigue, and length of hospital stay, further
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supported the metabolic benefits of bioactive-enriched immunonu-
trition. The reviewed literature reported reductions in hospital length
of stay of 0.8 to 1.5 days on average, aligning with ERAS goals of ac-
celerated recovery and reduced healthcare resource utilization [56].
While these outcomes were influenced by multifactorial ERAS com-
ponents, the nutritional contribution of palm oil-derived bioactives
was consistently found to be supportive rather than detrimental.

Translational Relevance to ERAS-Oriented Immunonutri-
tion Strategies

The final theme emerging from the synthesis concerns the trans-
lational applicability of palm oil-derived bioactive compounds with-
in ERAS-oriented immunonutrition frameworks. ERAS protocols
emphasize evidence-based nutritional optimization to attenuate
surgical stress and enhance recovery, and several reviewed studies
explicitly discussed the compatibility of bioactive-rich lipid sources
with these principles [57]. Tocotrienols and carotenoids were high-
lighted as technologically stable compounds suitable for incorpora-
tion into enteral and oral nutritional supplements commonly used in
perioperative care, with reported thermal stability exceeding 85%
under standard food processing and clinical nutrition preparation
conditions [58]. Safety assessments across the reviewed literature
indicated that palm oil-derived bioactives could be incorporated into
immunonutrition formulations without adverse effects on lipid pro-
files, inflammatory markers, or hepatic function [59]. Reported daily
intake levels in clinical contexts typically ranged from 100 to 300 mg
for tocotrienols and 3 to 6 mg for carotenoids, remaining within es-
tablished safety margins [60]. Although direct randomized controlled
trials specifically embedded within ERAS protocols remain limited,
converging biochemical, immunological, antioxidant, and metabolic
evidence supports the translational potential of these compounds as
complementary components of perioperative immunonutrition strat-
egies [61].

Overall, the synthesis of findings from the 30 included peer-re-
viewed studies provides a coherent, evidence-based foundation for
considering palm oil-derived bioactive compounds in future ERAS-
aligned nutritional interventions. The results consistently indicate
functional benefits without evidence of adverse outcomes, support-
ing a neutral and scientifically grounded perspective on the role of
palm oil-derived bioactives in perioperative clinical nutrition.

Discussion

This systematic literature review was conducted to address the
research question: How do palm oil-derived bioactive compounds
contribute to immunological, antioxidant, and metabolic outcomes
relevant to perioperative immunonutrition within the framework of
Enhanced Recovery After Surgery (ERAS) protocols, as evidenced by
existing peer-reviewed literature? The synthesis of findings from the
30 included studies provides a coherent, evidence-based response to
this question by integrating biochemical, immunological, antioxidant,

and metabolic dimensions central to ERAS-oriented perioperative
care. Rather than relying on isolated empirical observations, the dis-
cussion below interprets converging patterns across experimental,
clinical nutrition, and translational studies, situating palm oil-derived
bioactive compounds within contemporary immunonutrition para-
digms.

Contribution to Immunological Outcomes in the Perioper-
ative Context

The reviewed literature consistently indicates that palm oil-de-
rived bioactive compounds, particularly tocotrienols and associated
lipid-soluble antioxidants, contribute meaningfully to immunolog-
ical modulation during the perioperative period. Surgical trauma is
known to trigger a dysregulated immune response characterized by
excessive pro-inflammatory cytokine release, transient immunosup-
pression, and impaired cellular immunity, all of which are associated
with increased postoperative morbidity and delayed recovery [62].
Within this context, the immunomodulatory effects observed in stud-
ies examining palm oil-derived bioactives align closely with ERAS
objectives of minimizing surgical stress and preserving immune com-
petence. Across multiple studies, tocotrienol-rich fractions were asso-
ciated with downregulation of key inflammatory mediators, including
tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), with
reported reductions generally ranging from approximately 18% to
40% compared to control or standard lipid formulations [63]. These
cytokines are central drivers of systemic inflammatory responses fol-
lowing surgery and are frequently linked to postoperative complica-
tions such as infection, delayed wound healing, and prolonged hos-
pitalization [64]. By attenuating these inflammatory pathways, palm
oil-derived bioactives appear to support a more balanced immune
response rather than inducing broad immunosuppression.

In addition to cytokine modulation, several studies reported im-
provements in immune cell profiles, including increases in total lym-
phocyte counts and more favorable neutrophil-to-lymphocyte ratios
during the early postoperative period [65]. Such changes are clinically
relevant, as lymphopenia and elevated inflammatory cell ratios have
been identified as predictors of adverse surgical outcomes [66]. Al-
though many of the included studies were conducted in broader clin-
ical nutrition contexts rather than exclusively within ERAS protocols,
the immunological mechanisms identified are directly transferable to
perioperative settings. Collectively, the evidence suggests that palm
oil-derived bioactive compounds contribute to immunonutrition
strategies by supporting immune resilience and reducing excessive
inflammatory burden, which are core goals of ERAS-based perioper-
ative care [67].

Antioxidant Effects and Modulation of Oxidative Stress

Oxidative stress represents another critical pathway through
which palm oil-derived bioactive compounds contribute to periop-
erative immunonutrition outcomes. Surgical procedures induce sub-
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stantial oxidative stress through tissue injury, ischemia-reperfusion
events, and inflammatory activation, leading to increased production
of reactive oxygen species (ROS) and subsequent cellular damage
[68]. Excessive oxidative stress has been associated with impaired
immune function, delayed tissue repair, and increased risk of postop-
erative complications [69]. The reviewed literature consistently high-
lights the potent antioxidant capacity of tocotrienols and carotenoids
derived from palm oil. Comparative analyses demonstrated that to-
cotrienol-rich fractions exhibit significantly higher radical-scaveng-
ing efficiency than tocopherol-dominant vitamin E preparations, with
reported increases in antioxidant capacity of approximately 40-60%
across assays [70].

These biochemical properties translate into clinically observable
effects, as evidenced by reductions in oxidative stress biomarkers
such as malondialdehyde (MDA) and lipid peroxidation products in
patients receiving antioxidant-enriched nutritional support [71]. Sev-
eral studies also reported upregulation of endogenous antioxidant
defense systems, including increased activity of superoxide dismutase
(SOD) and glutathione peroxidase (GPx), with activity levels rising by
approximately 15-28% during perioperative or recovery phases [72].
These findings are particularly relevant to ERAS protocols, which em-
phasize preservation of physiological function and minimization of
secondary tissue injury. By enhancing both exogenous and endoge-
nous antioxidant defenses, palm oil-derived bioactive compounds ap-
pear to improve redox balance, thereby supporting immune function,
metabolic stability, and tissue repair following surgery [73].

Metabolic Regulation and Support of Postoperative
Recovery

Beyond immunological and antioxidant mechanisms, the re-
viewed studies provide evidence that palm oil-derived bioactive com-
pounds contribute to metabolic regulation and nutritional recovery
in perioperative contexts. Surgical stress is frequently accompanied
by insulin resistance, altered lipid metabolism, and increased protein
catabolism, all of which can negatively impact recovery trajectories
[74]. ERAS protocols, therefore, prioritize early nutritional interven-
tion and metabolic preservation as central components of perioper-
ative management. Several studies included in this review reported
that lipid-based nutritional formulations incorporating palm oil frac-
tions were associated with improved lipid tolerance and more stable
postoperative metabolic profiles. Quantitative findings indicated re-
ductions in postoperative hypertriglyceridemia incidence by approxi-
mately 15-25% compared to conventional lipid emulsions, suggesting
improved lipid utilization and metabolic handling [75]. In addition,
tocotrienols were shown to influence key metabolic pathways related
to cholesterol synthesis and insulin sensitivity, contributing to reduc-
tions in insulin resistance indices of approximately 12-25% in clinical
nutrition settings [76].

Improvements in nitrogen balance and preservation of lean body
mass were also reported in patients receiving optimized immunonu-

trition formulations enriched with bioactive lipid components. These
outcomes reflect reduced muscle catabolism and more efficient pro-
tein utilization, which are critical for functional recovery, early mobili-
zation, and shorter hospital stays [77]. Although metabolic outcomes
are influenced by multiple components of ERAS protocols, the consis-
tent association between bioactive-enriched nutrition and improved
metabolic indicators supports the conclusion that palm oil-derived
bioactives contribute positively to perioperative nutritional strategies
without evidence of adverse metabolic effects.

Integration within ERAS-Oriented Immunonutrition

Frameworks

When considered collectively, the immunological, antioxidant,
and metabolic effects identified in the reviewed literature provide
a coherent rationale for integrating palm oil-derived bioactive com-
pounds into ERAS-oriented immunonutrition strategies. ERAS proto-
cols emphasize multimodal, evidence-based interventions designed
to attenuate surgical stress, preserve physiological function, and
accelerate recovery [78]. Nutritional optimization is a central pillar
of these protocols, and the evidence synthesized in this review indi-
cates that palm oil-derived bioactives align well with ERAS principles.
Importantly, the literature consistently frames these compounds as
complementary rather than substitutive components of immunonu-
trition. Palm oil-derived tocotrienols and carotenoids are not pre-
sented as standalone interventions but as part of broader nutritional
formulations that also include adequate protein, energy, and micro-
nutrient support [79]. This positioning reinforces a balanced and clin-
ically realistic perspective, reducing the risk of overinterpretation or
unwarranted extrapolation.

From a translational standpoint, several studies highlighted the
technological stability and safety profile of palm oil-derived bioac-
tives, with reported thermal stability exceeding 85% under standard
food processing and clinical nutrition preparation conditions [80]. Re-
ported intake levels in clinical contexts remained within established
safety margins, and no adverse effects on lipid profiles, inflammatory
markers, or hepatic function were documented [81]. These character-
istics support the feasibility of incorporating palm oil-derived bioac-
tives into perioperative nutritional products used within ERAS path-
ways. The findings of this systematic literature review have several
important implications for both clinical practice and future research.
First, converging evidence across immunological, antioxidant, and
metabolic domains supports a neutral, evidence-based consideration
of palm oil-derived bioactive compounds as supportive components
of perioperative immunonutrition strategies aligned with ERAS prin-
ciples. While current evidence does not justify prescriptive recom-
mendations for routine use in all surgical populations, it provides a
scientifically grounded rationale for their inclusion in targeted nutri-
tional formulations where appropriate.

Second, the review highlights the need for future research to ad-
dress existing gaps in the literature. Direct randomized controlled tri-
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als explicitly embedded within ERAS protocols remain limited, and fu-
ture studies should aim to evaluate palm oil-derived bioactives within
standardized ERAS pathways, using clinically meaningful endpoints
such as postoperative complication rates, length of hospital stay, and
patient-reported recovery outcomes. Additionally, dose-response re-
lationships, optimal timing of supplementation, and interactions with
other immunonutrients warrant further investigation to refine clini-
cal applicability. Finally, future systematic reviews and meta-analyses
would benefit from greater methodological harmonization across pri-
mary studies, particularly regarding outcome measures and reporting
standards. Such efforts would enhance comparability and strengthen
the evidence base informing ERAS-oriented immunonutrition. Over-
all, this review contributes to a growing body of literature supporting
a nuanced, evidence-driven understanding of palm oil-derived bioac-
tive compounds in perioperative care, while underscoring the impor-
tance of continued high-quality research to inform clinical practice
and guideline development.

Conclusion

This systematic literature review synthesizes evidence from 30
peer-reviewed studies to elucidate the role of palm oil-derived bioac-
tive compounds within perioperative immunonutrition, particularly
in relation to the principles and outcomes emphasized in Enhanced
Recovery After Surgery (ERAS) protocols. Across diverse clinical nu-
trition, experimental, and translational contexts, the reviewed litera-
ture demonstrates a consistent pattern indicating that these bioactive
compounds contribute meaningfully to key physiological domains rel-
evant to perioperative recovery. From an immunological perspective,
palm oil-derived bioactive compounds, most notably tocotrienols and
associated lipid-soluble constituents, are consistently associated with
modulation of perioperative inflammatory responses. The literature
indicates attenuation of excessive pro-inflammatory signaling along-
side preservation of immune cell function, suggesting a balanced im-
munomodulatory effect rather than generalized immunosuppression.
Such modulation is clinically relevant in the perioperative setting,
where dysregulated immune responses are closely linked to postop-
erative complications, delayed healing, and prolonged hospitaliza-
tion. The immunological effects identified align with ERAS principles
that prioritize mitigating surgical stress and maintaining immune re-
silience during recovery.

In terms of antioxidant activity, the reviewed studies provide con-
vergent evidence that palm oil-derived bioactive compounds possess
substantial capacity to counteract surgery-induced oxidative stress.
Reductions in biomarkers of lipid peroxidation and enhancement of
endogenous antioxidant enzyme activity were consistently reported
across clinical nutrition contexts. By supporting redox homeostasis,
these compounds may indirectly reinforce immune competence and
tissue repair processes, which are critical determinants of postoper-
ative recovery trajectories within ERAS-oriented care pathways. Met-
abolic outcomes represent a further dimension through which palm
oil-derived bioactive compounds contribute to perioperative immu-

nonutrition. The evidence indicates favorable effects on lipid metab-
olism, insulin sensitivity, and protein preservation, all of which are
central to maintaining metabolic stability following surgical trauma.
Improved lipid tolerance, reduced postoperative metabolic distur-
bances, and support of nitrogen balance suggest that bioactive-en-
riched nutritional formulations may complement ERAS strategies
aimed at early mobilization, nutritional adequacy, and functional re-
covery without introducing adverse metabolic effects.

Taken together, the findings of this review indicate that palm
oil-derived bioactive compounds serve as supportive components
within perioperative immunonutrition frameworks rather than as
isolated therapeutic agents. Their documented immunological, anti-
oxidant, and metabolic contributions are consistent with the multi-
modal, integrative philosophy of ERAS protocols. While the current
evidence base does not support overgeneralization or universal
application across all surgical populations, it provides a robust, ev-
idence-driven foundation for considering these compounds within
targeted nutritional strategies in perioperative care. Overall, this re-
view reinforces a nuanced, balanced understanding of palm oil-de-
rived bioactive compounds, positioning them as biologically plausible
and clinically relevant contributors to enhanced recovery paradigms
grounded in the existing peer-reviewed literature.
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