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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.
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Introduction
Major surgical procedures continue to pose significant physio-

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 

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 
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-κB) 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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•	 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 β-carotene and α-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-κB) activation and 
reducing the production of pro-inflammatory cytokines such as tu-
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mor necrosis factor-alpha (TNF-α) 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. Immunomodulatory 
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, γ- and δ-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 β-carotene and 
α-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-α) 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-α) 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.

References
1.	 R Kumar, V Sharma, S Das, V Patial, V Srivatsan, et al.  (2022) Arthrospira 

platensis (Spirulina) fortified functional foods ameliorate iron and protein 
malnutrition by improving growth and modulating oxidative stress and 
gut microbiota in rats. Food Funct 14(2): 1160-1178.

2.	 A Bihola, AK Singh, GK Deshwal, H Sharma (2026) Membrane-based isola-
tion of milk bioactive compounds: Technological advances, nutritional and 
biological significance. Int. Dairy J 173.

3.	 C Sardella,  Alessandra  Fratianni,  Valentina  Scarpino,  Francesca  Va-
nara,  Caroline  Vitone, et al (2026) Balancing nutrition and safety: How 
phytochemicals and mycotoxins from dent and flint × dent corn are affect-
ed by different dry milling strategies. Food Chem 500.

4.	 RM Teixeira, LL De Oliveira, LMR Loureiro, G Von Borries, THM Da Costa 
(2020) Sensory analysis of post-exercise coffee or cocoa milk beverages 
for endurance athletes. Beverages 6(4): 1-11.

5.	 SS Kagueyam José Rivaldo dos Santos Filho, Alex Graça Contato, Cristina 
Giatti Marques de Souza, Rafael Castoldi, et al.  (2025) Green Extraction 
of Bioactive Compounds from Plant-Based Agri-Food Residues: Advances 
Toward Sustainable Valorization. Plants 14(23).

6.	 JM Silva-Jara, C Angulo, C Velazquez-Carriles, AH Martinez-Preciado, M 
Reyes-Becerril (2023) Development, characterization, and immunomodu-
lation performance of spray-dried Moringa oleifera seed extract in Longfin 
yellowtail Seriola rivoliana. Vet Res Commun 47(4): 2041-2053.

7.	 LT Ciobanu, D Constantinescu-Aruxandei, IC Farcasanu, F Oancea (2024) 
Spent Brewer’s Yeast Lysis Enables a Best Out of Waste Approach in the 
Beer Industry. Int J Mol Sci 25(23).

8.	 YV Contreras-Pacheco, VE Gerardo, SB Jorge Alberto, S Ghotekar, M Fellah, 
et al. (2026) Natural sources of bioactive compounds: recent advances in 
isolation, functionalization, and health benefits. Food Res Int 223.

9.	 MS Mia, MM Ahmed, W Zzaman (2025) Valorization of food waste into 

https://dx.doi.org/10.26717/BJSTR.2026.64.010089
https://pubs.rsc.org/en/content/articlelanding/2023/fo/d2fo02226e
https://pubs.rsc.org/en/content/articlelanding/2023/fo/d2fo02226e
https://pubs.rsc.org/en/content/articlelanding/2023/fo/d2fo02226e
https://pubs.rsc.org/en/content/articlelanding/2023/fo/d2fo02226e
https://www.sciencedirect.com/science/article/abs/pii/S0958694625003000
https://www.sciencedirect.com/science/article/abs/pii/S0958694625003000
https://www.sciencedirect.com/science/article/abs/pii/S0958694625003000
https://www.sciencedirect.com/science/article/pii/S0308814625047247
https://www.sciencedirect.com/science/article/pii/S0308814625047247
https://www.sciencedirect.com/science/article/pii/S0308814625047247
https://www.sciencedirect.com/science/article/pii/S0308814625047247
https://www.mdpi.com/2306-5710/6/4/61
https://www.mdpi.com/2306-5710/6/4/61
https://www.mdpi.com/2306-5710/6/4/61
https://www.mdpi.com/2223-7747/14/23/3597
https://www.mdpi.com/2223-7747/14/23/3597
https://www.mdpi.com/2223-7747/14/23/3597
https://www.mdpi.com/2223-7747/14/23/3597
https://pubmed.ncbi.nlm.nih.gov/37420134/
https://pubmed.ncbi.nlm.nih.gov/37420134/
https://pubmed.ncbi.nlm.nih.gov/37420134/
https://pubmed.ncbi.nlm.nih.gov/37420134/
https://www.mdpi.com/1422-0067/25/23/12655
https://www.mdpi.com/1422-0067/25/23/12655
https://www.mdpi.com/1422-0067/25/23/12655
https://www.sciencedirect.com/science/article/abs/pii/S096399692502191X
https://www.sciencedirect.com/science/article/abs/pii/S096399692502191X
https://www.sciencedirect.com/science/article/abs/pii/S096399692502191X
https://link.springer.com/article/10.1007/s44187-025-00584-3


Copyright@ :  Loso Judijanto | Biomed J Sci & Tech Res |  BJSTR.MS.ID.010089. 56828

Volume 64- Issue 4 DOI: 10.26717/BJSTR.2026.64.010089

functional ingredients supports a sustainable strategy for the food indus-
try. Discov Food 5(1).

10.	 M Hemmatinafar, Leila Zaremoayedi, Maryam Koushkie Jahromi, Stac-
ey Alvarez-Alvarado, Alexei Wong, et al. (2023) Effect of Beetroot Juice 
Supplementation on Muscle Soreness and Performance Recovery after 
Exercise-Induced Muscle Damage in Female Volleyball Players. Nutrients 
15(17).

11.	 M Lucarini, Antonio Zuorro, Gabriella Di Lena, Roberto Lavecchia, Ro-
berto Lavecchia, et al. (2020) Sustainable management of secondary raw 
materials from the marine food-chain: A case-study perspective. Sustain 
12(21): 1-11.

12.	 L Wang, Q Meng, CH Su (2024) From Food Supplements to Functional 
Foods: Emerging Perspectives on Post-Exercise Recovery Nutrition. Nutr 
16(23).

13.	 M Arokia Vijaya Anand, WL Wang, CJ Yang, JY Lai, CH Yao (2026) Snail as a 
multifunctional biological resource: Nutritional value and pharmacologi-
cal applications. Food Res Int 223.

14.	 S Atwi-Ghaddar, E Destandau, E Lesellier (2023) Integrated Supercritical 
Fluid Extraction and Pre-Formulation Process of Punica granatum L. Peri-
carp Polar Compounds. Molecules 28(24).

15.	 M Formato, Alessandro Vastolo, Alessandro Vastolo, Alessandro Vastolo, 
Alessandro Vastolo, et al. (2022) Castanea sativa Mill. Leaf: UHPLC-HR 
MS/MS Analysis and Effects on In Vitro Rumen Fermentation and Metha-
nogenesis. Molecules 27(24).

16.	 A Boruah, Ajita Tiwari, Jatin Kalita, Mriganka Shekhar Borah, Robert Mug-
abi, et al. (2026) Effect of drying techniques and solvent extraction on nu-
tritional and functional properties of Ziziphus mauritiana fruit powder. Int 
J Food Prop 29(1).

17.	 RC Martins, M Cunha, F Santos, R Tosin, TG Barroso, et al. (2023) Phenobot 
- Intelligent photonics for molecular phenotyping in Precision Viticulture. 
in BIO Web of Conferences 68.

18.	 N Sachdev, S Goomer, LRK Singh, RK Chowhan (2024) Preparation and 
nutritional characterisation of protein concentrate prepared from foxtail 
millet (Setaria italica). Food Sci Technol Int 30(8): 699-712.

19.	 ID Soares, IG Junqueira, MEM Cirilo, FM Vanin, CEDC Rodrigues (2025) 
Defatted cocoa bean shells as an alternative flour for cookie production 
within a circular economy approach. Food Res Int 221.

20.	 S Smaoui, E Hosseini, ZT Tsegay, T D’Amore, T Varzakas (2024) Sustainable 
valorisation of seafood-derived proteins: Current approaches for recovery 
and applications in biomedical and food systems. Food Biosci 62.

21.	 S Yegin (2025) Solid-state fermentation as a strategy for improvement of 
bioactive properties of the plant-based food resources. Bioresour Biopro-
cess 12(1).

22.	 YT Yaman, S Abaci (2025) An ultrasensitive and rapid electrochemical 
sensing of quercetin in a food supplement based on the ZnO nanostruc-
ture with peptide nanotube nanocomposite. Microchem J 219.

23.	 W Shao, J Zhang, Y Lin, S Cui, S Luo (2019) The selection of a surfactant for 
freshwater microalgae harvesting and separation by the foam separation 
method. Bioprocess Biosyst Eng 42(11): 1721-1730.

24.	 C Espro, Emilia Paone, Francesco Mauriello, Roberto Gotti, Elisa Uliassi, 
et al. (2021) Sustainable production of pharmaceutical, nutraceutical and 
bioactive compounds from biomass and waste. Chem Soc Rev 50(20): 
11191-11207.

25.	 YR Maghraby, RM Labib, M Sobeh, MA Farag (2023) Gingerols and 
shogaols: A multi-faceted review of their extraction, formulation, and 

analysis in drugs and biofluids to maximize their nutraceutical and phar-
maceutical applications. Food Chem X 20.

26.	 S Zhang, L Wang, Y Fu, JC Jiang (2022) Bioactive constituents, nutritional 
benefits and woody food applications of Castanea mollissima: A compre-
hensive review. Food Chem 393.

27.	 H Elhalis (2024) Expanding the Horizons of Saccharomyces cerevisiae: 
Nutrition, Oenology, and Bioethanol Production. Sustain 16(24).

28.	 N Brkljača, Saša Đurović, Sanja Milošević, Uroš Gašić, Dejana Panković, et 
al. (2023) Sequential extraction approach for sustainable recovery of vari-
ous hemp (Cannabis sativa L.) bioactive compounds. Sustain Chem Pharm 
35.

29.	 FM Vella, L De Masi, R Calandrelli, A Morana, B Laratta (2019) Valorization 
of the agro-forestry wastes from Italian chestnut cultivars for the recovery 
of bioactive compounds. Eur Food Res Technol 245(12): 2679-2686.

30.	 MC Coelho, RN Pereira, AS Rodrigues, JA Teixeira, ME Pintado (2020) The 
use of emergent technologies to extract added value compounds from 
grape by-products. Trends Food Sci Technol 106: 182-197.

31.	 CM González, I Hernando, G Moraga (2021) In vitro and in vivo digestion 
of persimmon and derived products: A review. Foods 10(12).

32.	 T Lippolis, M Cofano, GR Caponio, V De Nunzio, M Notarnicola (2023) Bio-
accessibility and Bioavailability of Diet Polyphenols and Their Modulation 
of Gut Microbiota. Int J Mol Sci 24(4).

33.	 J Hu, Yaguang Li, Sepideh Pakpour, Sufang Wang, Zhenhong Pan, et al. 
(2019) Dose Effects of Orally Administered Spirulina Suspension on Co-
lonic Microbiota in Healthy Mice. Front Cell Infect Microbiol 9.

34.	 Z Zhang, Zhuangkun Tian, Chuanzhou Bian, Fayin Tang, Yanting Sun, et al. 
(2025) Development and mechanism of an XOD-targeting fermented tra-
ditional Chinese medicine formula for gout prevention in goslings. Poult 
Sci 104(12).

35.	 Y Cao, Y Li, A Gkerdi, J Reilly, Z Tan, et al. (2022) Association of Nutrients, 
Specific Dietary Patterns, and Probiotics with Age-related Macular Degen-
eration. Curr. Med Chem 29(40): 6141-6158.

36.	 EK Addo, A Gorusupudi, S Allman, PS Bernstein (2021) The Lutein and 
Zeaxanthin in Pregnancy (L-ZIP) study-carotenoid supplementation 
during pregnancy: ocular and systemic effects-study protocol for a ran-
domized controlled trial. Trials 22(1).

37.	 J Limbrunner, J Doerfler, K Pietschmann, J Buentzel, M Scharpenberg, et al. 
(2025) The influence of antioxidant supplementation on adverse effects 
and tumor interaction during radiotherapy: a systematic review. Clin Exp 
Med 25(1).

38.	 A Fernández-Quintela, Iñaki Milton-Laskibar, Jenifer Trepiana, Saioa Gó-
mez-Zorita, Naroa Kajarabille, et al. (2020) Key aspects in nutritional 
management of covid-19 patients. J Clin Med 9(8): 1-24.

39.	 F Wylenzek, KJ Bühling, E Laakmann (2024) A systematic review on the 
impact of nutrition and possible supplementation on the deficiency of 
vitamin complexes, iron, omega-3-fatty acids, and lycopene in relation 
to increased morbidity in women after menopause. Arch Gynecol Obstet 
310(4): 2235-2245.

40.	 MB Gariboldi, Emanuela Marras, Nicole Ferrario, Veronica Vivona, Pamela 
Prini, et al. (2023) Anti-Cancer Potential of Edible/Medicinal Mushrooms 
in Breast Cancer. Int J Mol Sci 24(12).

41.	 P Zafrilla, Pura Ballester, Desirée Victoria-Montesinos, Begoña Cerdá, Javi-
er Marhuenda, et al. (2025) Dietary Bioactive Compounds and Their Role 
in Allergy Prevention: A Comprehensive Review. Nutr 17(22).

42.	 AR Sharma, Yeon-Hee Lee, Altanzul Bat-Ulzii, Srijan Chatterjee, Manojit 

https://dx.doi.org/10.26717/BJSTR.2026.64.010089
https://link.springer.com/article/10.1007/s44187-025-00584-3
https://link.springer.com/article/10.1007/s44187-025-00584-3
https://pubmed.ncbi.nlm.nih.gov/37686795/
https://pubmed.ncbi.nlm.nih.gov/37686795/
https://pubmed.ncbi.nlm.nih.gov/37686795/
https://pubmed.ncbi.nlm.nih.gov/37686795/
https://pubmed.ncbi.nlm.nih.gov/37686795/
https://www.mdpi.com/2071-1050/12/21/8997
https://www.mdpi.com/2071-1050/12/21/8997
https://www.mdpi.com/2071-1050/12/21/8997
https://www.mdpi.com/2071-1050/12/21/8997
https://www.mdpi.com/2072-6643/16/23/4081
https://www.mdpi.com/2072-6643/16/23/4081
https://www.mdpi.com/2072-6643/16/23/4081
https://www.sciencedirect.com/science/article/abs/pii/S0963996925022100
https://www.sciencedirect.com/science/article/abs/pii/S0963996925022100
https://www.sciencedirect.com/science/article/abs/pii/S0963996925022100
https://www.mdpi.com/1420-3049/28/24/8110
https://www.mdpi.com/1420-3049/28/24/8110
https://www.mdpi.com/1420-3049/28/24/8110
https://www.mdpi.com/1420-3049/27/24/8662
https://www.mdpi.com/1420-3049/27/24/8662
https://www.mdpi.com/1420-3049/27/24/8662
https://www.mdpi.com/1420-3049/27/24/8662
https://www.tandfonline.com/doi/full/10.1080/10942912.2025.2602287
https://www.tandfonline.com/doi/full/10.1080/10942912.2025.2602287
https://www.tandfonline.com/doi/full/10.1080/10942912.2025.2602287
https://www.tandfonline.com/doi/full/10.1080/10942912.2025.2602287
https://www.bio-conferences.org/articles/bioconf/full_html/2023/13/bioconf_oiv2023_01018/bioconf_oiv2023_01018.html
https://www.bio-conferences.org/articles/bioconf/full_html/2023/13/bioconf_oiv2023_01018/bioconf_oiv2023_01018.html
https://www.bio-conferences.org/articles/bioconf/full_html/2023/13/bioconf_oiv2023_01018/bioconf_oiv2023_01018.html
https://pubmed.ncbi.nlm.nih.gov/36879485/
https://pubmed.ncbi.nlm.nih.gov/36879485/
https://pubmed.ncbi.nlm.nih.gov/36879485/
https://www.sciencedirect.com/science/article/abs/pii/S0963996925018812
https://www.sciencedirect.com/science/article/abs/pii/S0963996925018812
https://www.sciencedirect.com/science/article/abs/pii/S0963996925018812
https://www.sciencedirect.com/science/article/abs/pii/S2212429224018819
https://www.sciencedirect.com/science/article/abs/pii/S2212429224018819
https://www.sciencedirect.com/science/article/abs/pii/S2212429224018819
https://link.springer.com/article/10.1186/s40643-025-00981-7
https://link.springer.com/article/10.1186/s40643-025-00981-7
https://link.springer.com/article/10.1186/s40643-025-00981-7
https://www.sciencedirect.com/science/article/abs/pii/S0026265X25034319
https://www.sciencedirect.com/science/article/abs/pii/S0026265X25034319
https://www.sciencedirect.com/science/article/abs/pii/S0026265X25034319
https://link.springer.com/article/10.1007/s00449-019-02168-9
https://link.springer.com/article/10.1007/s00449-019-02168-9
https://link.springer.com/article/10.1007/s00449-019-02168-9
https://pubs.rsc.org/en/content/articlelanding/2021/cs/d1cs00524c
https://pubs.rsc.org/en/content/articlelanding/2021/cs/d1cs00524c
https://pubs.rsc.org/en/content/articlelanding/2021/cs/d1cs00524c
https://pubs.rsc.org/en/content/articlelanding/2021/cs/d1cs00524c
https://www.sciencedirect.com/science/article/pii/S2590157523003905
https://www.sciencedirect.com/science/article/pii/S2590157523003905
https://www.sciencedirect.com/science/article/pii/S2590157523003905
https://www.sciencedirect.com/science/article/pii/S2590157523003905
https://www.sciencedirect.com/science/article/abs/pii/S0308814622013425
https://www.sciencedirect.com/science/article/abs/pii/S0308814622013425
https://www.sciencedirect.com/science/article/abs/pii/S0308814622013425
https://www.mdpi.com/2071-1050/16/24/11151
https://www.mdpi.com/2071-1050/16/24/11151
https://www.sciencedirect.com/science/article/abs/pii/S2352554123002474
https://www.sciencedirect.com/science/article/abs/pii/S2352554123002474
https://www.sciencedirect.com/science/article/abs/pii/S2352554123002474
https://www.sciencedirect.com/science/article/abs/pii/S2352554123002474
https://link.springer.com/article/10.1007/s00217-019-03379-w
https://link.springer.com/article/10.1007/s00217-019-03379-w
https://link.springer.com/article/10.1007/s00217-019-03379-w
https://www.sciencedirect.com/science/article/abs/pii/S092422442030618X
https://www.sciencedirect.com/science/article/abs/pii/S092422442030618X
https://www.sciencedirect.com/science/article/abs/pii/S092422442030618X
https://pmc.ncbi.nlm.nih.gov/articles/PMC8701093/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8701093/
https://pubmed.ncbi.nlm.nih.gov/36835225/
https://pubmed.ncbi.nlm.nih.gov/36835225/
https://pubmed.ncbi.nlm.nih.gov/36835225/
https://pubmed.ncbi.nlm.nih.gov/31334136/
https://pubmed.ncbi.nlm.nih.gov/31334136/
https://pubmed.ncbi.nlm.nih.gov/31334136/
https://www.sciencedirect.com/science/article/pii/S0032579125011678
https://www.sciencedirect.com/science/article/pii/S0032579125011678
https://www.sciencedirect.com/science/article/pii/S0032579125011678
https://www.sciencedirect.com/science/article/pii/S0032579125011678
https://pubmed.ncbi.nlm.nih.gov/35546762/
https://pubmed.ncbi.nlm.nih.gov/35546762/
https://pubmed.ncbi.nlm.nih.gov/35546762/
https://pubmed.ncbi.nlm.nih.gov/33888136/
https://pubmed.ncbi.nlm.nih.gov/33888136/
https://pubmed.ncbi.nlm.nih.gov/33888136/
https://pubmed.ncbi.nlm.nih.gov/33888136/
https://pubmed.ncbi.nlm.nih.gov/40691411/
https://pubmed.ncbi.nlm.nih.gov/40691411/
https://pubmed.ncbi.nlm.nih.gov/40691411/
https://pubmed.ncbi.nlm.nih.gov/40691411/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7463687/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7463687/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7463687/
https://pubmed.ncbi.nlm.nih.gov/38935105/
https://pubmed.ncbi.nlm.nih.gov/38935105/
https://pubmed.ncbi.nlm.nih.gov/38935105/
https://pubmed.ncbi.nlm.nih.gov/38935105/
https://pubmed.ncbi.nlm.nih.gov/38935105/
https://pubmed.ncbi.nlm.nih.gov/37373268/
https://pubmed.ncbi.nlm.nih.gov/37373268/
https://pubmed.ncbi.nlm.nih.gov/37373268/
https://www.mdpi.com/2072-6643/17/22/3506
https://www.mdpi.com/2072-6643/17/22/3506
https://www.mdpi.com/2072-6643/17/22/3506
https://pubmed.ncbi.nlm.nih.gov/36839278/


Copyright@ :  Loso Judijanto | Biomed J Sci & Tech Res | BJSTR.MS.ID.010089.

Volume 64- Issue 4 DOI: 10.26717/BJSTR.2026.64.010089

56829

Bhattacharya, et al. (2023) Bioactivity, Molecular Mechanism, and Target-
ed Delivery of Flavonoids for Bone Loss. Nutrients 15(4).

43.	 MC Li, Feiby L Nassan, Yu-Han Chiu, Lidia Mínguez-Alarcón, Paige L Wil-
liams, et al. (2019) Intake of Antioxidants in Relation to Infertility Treat-
ment Outcomes with Assisted Reproductive Technologies. Epidemiology 
30(3): 427-434.

44.	 E Buzigi, K Pillay, M Siwela (2020) Child acceptability of a novel provita-
min A carotenoid, iron and zinc-rich complementary food blend prepared 
from pumpkin and common bean in Uganda: A randomised control trial. 
BMC Pediatr 20(1).

45.	 KB Stephenson, Alex Greenfeld, Michaela G Ryan, Eliza Kleban, Leena 
Kwak, et al. (2025) Egg supplementation for 24 weeks does not improve 
linear growth or reduce small intestinal permeability in Sierra Leonean 
children with moderate wasting: a randomized, blinded, controlled trial. 
Am J Clin Nutr 122(5): 1326-1337.

46.	 LF Laurindo, Victória Dogani Rodrigues, Tereza Lais Menegucci Zutin, 
Mauro Audi, Mayara Longui Cabrini, et al. (2025) Therapeutic Potential 
of Astaxanthin for Body Weight Regulation: A Systematic Review and Me-
ta-Analysis with Dose–Response Assessment. Pharmaceuticals 18(10).

47.	 TDL Keenan, E Agrón, E. Y. Chew, AREDS and AREDS2 Research Groups 
(2023) Dietary nutrient intake and cognitive function in the Age-Related 
Eye Disease Studies 1 and 2. Alzheimer’s Dement 19(10): 4311-4324.

48.	 TL Livingstone, Shikha Saha, Federico Bernuzzi, George M Savva, Perla 
Troncoso-Rey, et al. (2022) Accumulation of Sulforaphane and Alliin in 
Human Prostate Tissue. Nutrients 14(16).

49.	 MG Rossino, G Casini (2019) Nutraceuticals for the treatment of diabetic 
retinopathy. Nutrients 11(4).

50.	 WL Wobeser, Joanne E McBane, Louise Balfour, Brian Conway, M John Gill, 
et al. (2022) A randomized control trial of high-dose micronutrient-anti-
oxidant supplementation in healthy persons with untreated HIV infection. 
PLoS One 17(7).

51.	 FM Kattah, Nayra Figueiredo, Kamilla Kenned Bezerra, Emilly Santos 
Oliveira, Cinara Costa de Melo, et al. (2025) Curcumin Supplementation 
Improves Gastrointestinal Symptoms in Women with Severe Obesity: A 
Double-Blind, Randomized, Placebo-Controlled Trial-A Pilot Study. Nutr 
17(13).

52.	 S Maltz, Aaron T Nacey, Jonathan Maury, Nancy Ghanem, Sylvia Y Lee, et 
al. (2025) Effects of Supplementation with Microalgae Extract from Tet-
radesmus obliquus Strain Mi175.B1.a on Gastrointestinal Symptoms and 
Mental Health in Healthy Adults: A Pilot Randomized, Double-Blind, Pla-
cebo-Controlled, Parallel-Arm Trial. Nutr 17(6).

53.	 ET Jacobs, Jessica Martinez, Ken Batai, Peter Lance, Mario Trejo, et al. 
(2023) Effect Modification of Selenium Supplementation by Intake and Se-
rum Concentrations of Antioxidants on the Development of Metachronous 
Colorectal Adenoma. Nutr Cancer 75(2): 552-561.

54.	 X Li, RR Holt, CL Keen, LS Morse, G Yiu, et al. (2021) Goji berry intake in-
creases macular pigment optical density in healthy adults: A randomized 
pilot trial. Nutrients 13(12).

55.	 E Ros, A Singh, JH O’keefe, (2021) Nuts: Natural pleiotropic nutraceuticals. 
Nutrients 13(9).

56.	 O Tabatabaei-Malazy, M Peimani, S Mohseni, S Nikfar, M Abdollahi, et al.  
(2022) Therapeutic effects of dietary antioxidative supplements on the 
management of type 2 diabetes and its complications; umbrella review of 
observational/trials meta-analysis studies. J Diabetes Metab Disord 21(2): 
1833-1859.

57.	 W Meng, W Chao, Z Kaiwei, M Sijia, S Jiajia, et al.  (2025) Bioactive com-
pounds from Chinese herbal plants for neurological health: mechanisms, 

pathways, and functional food applications. Front Nutr 12.

58.	 SE Abdo, Abeer F El-Nahas, Rabab E Abdellatif, Radi Mohamed, Mohamed 
A Helal, et al. (2024) Combined Dietary Spirulina platensis and Citrus li-
mon Essential Oil Enhances the Growth, Immunity, Antioxidant Capacity 
and Intestinal Health of Nile Tilapia. Vet Sci 11(10).

59.	 M Markoulli, Sumayya Ahmad, Jayashree Arcot, Reiko Arita, Jose Beni-
tez-Del-Castillo, et al. (2023) TFOS Lifestyle: Impact of nutrition on the 
ocular surface: TFOS Lifestyle Workshop: Nutrition report. Ocul Surf 29: 
226-271.

60.	 G Dell’acqua, A Richards, M Julie Thornton (2020) The potential role of 
nutraceuticals as an adjuvant in breast cancer patients to prevent hair loss 
induced by endocrine therapy. Nutrients 12(11): 1-24.

61.	 MC Li, Yu-Han Chiu, Audrey J Gaskins, Lidia Mínguez-Alarcón, Feiby L Nas-
san, et al. (2019) Men’s Intake of Vitamin C and β-Carotene Is Positively 
Related to Fertilization Rate but Not to Live Birth Rate in Couples Under-
going Infertility Treatment. J Nutr 149(11): 1977-1984.

62.	 M Mahdavi, Amir Ghaderi, Pooya Hazegh, Mohammad Hassan Karimipo-
ur Baseri, Neda Vahed, et al. (2024) Oral supplementation with crocin (a 
constituent of saffron) in subjects with cigarette smoking: a clinical trial. 
Naunyn Schmiedebergs Arch Pharmacol 397(8): 5689-5699.

63.	 M Shafiq, M Rafique, Y Cui, L Pan, CW Do, et al. (2023) An insight on oph-
thalmic drug delivery systems: Focus on polymeric biomaterials-based 
carriers. J Control Release 362: 446-467.

64.	 SS Negah, H Ghazavi, F Vafaee, R Rashidi, AR Aminian, et al. (2021) The Po-
tential Role of Green Tea and its Main Constituent (Epigallocat-echin-3-Gal-
late) in Pain Relief: A Mechanistic Review. Curr Drug Discov Technol 18(6).

65.	 F Cota, S Costa, C Giannantonio, V Purcaro, P Catenazzi, et al. (2022) Lu-
tein supplementation and retinopathy of prematurity: a meta-analysis. J 
Matern Neonatal Med 35(1): 175-180.

66.	 AS Barnhart, AL Anthony, K R Conaway, BG Sibbitt, E Delaney, et al. (2024) 
Safety and efficacy of Vitamin C, Vitamin E, and selenium supplementation 
in the oncology setting: A systematic review. J Oncol Pharm Pract 30(4): 
678-696.

67.	 D Sur, Alecsandra Gorzo, Shanthi Sabarimurugan, Saravana Murali Krish-
nan, Cristian Virgil Lungulescu, et al. (2022) A Comprehensive Review of 
the Use of Antioxidants and Natural Products in Cancer Patients Receiving 
Anticancer Therapy. Anticancer Agents Med Chem 22(8): 1511-1522.

68.	 M Lu, Y Cao, J Xiao, M Song, CT Ho (2018) Molecular mechanisms of the an-
ti-obesity effect of bioactive ingredients in common spices: a review. Food 
Funct 9(9): 4569-4581.

69.	 H Machado, Jorge Machado, Christian Alves, Maria-do-Céu Monteiro, 
Agostinho Cruz, et al. (2025) A Narrative Review on Breast Cancer Treat-
ment Supported by Focused and Systemic Phytotherapy. Nutraceuticals 
5(4).

70.	 Z Tsai, Nirmay Shah, Umair Tahir, Neda Mortaji, Sawayra Owais, et al. 
(2023) Dietary interventions for perinatal depression and anxiety: a sys-
tematic review and meta-analysis of randomized controlled trials. Am J 
Clin Nutr 117(6): 1130-1142.

71.	 HT Ahmedah, HA Basheer, I Almazari, KF Amawi (2024) Introduction to 
Nutrition and Cancer. in Cancer Treatment and Research 191: 1-32. 

72.	 A Maugeri, Jana Hruskova, Juraj Jakubik, Sarka Kunzova, Ondrej Sochor, 
et al. (2019) Dietary antioxidant intake decreases carotid intima media 
thickness in women but not in men: A cross-sectional assessment in the 
Kardiovize study. Free Radic Biol Med 131: 274-281.

73.	 S Kassumeh, CM Wertheimer, A Ohlmann, SG Priglinger, A Wolf (2021) 
Cytoprotective effect of crocin and trans-resveratrol on photodamaged 

https://dx.doi.org/10.26717/BJSTR.2026.64.010089
https://pubmed.ncbi.nlm.nih.gov/36839278/
https://pubmed.ncbi.nlm.nih.gov/36839278/
https://pubmed.ncbi.nlm.nih.gov/30789428/
https://pubmed.ncbi.nlm.nih.gov/30789428/
https://pubmed.ncbi.nlm.nih.gov/30789428/
https://pubmed.ncbi.nlm.nih.gov/30789428/
https://pubmed.ncbi.nlm.nih.gov/32873263/
https://pubmed.ncbi.nlm.nih.gov/32873263/
https://pubmed.ncbi.nlm.nih.gov/32873263/
https://pubmed.ncbi.nlm.nih.gov/32873263/
https://pubmed.ncbi.nlm.nih.gov/41193034/
https://pubmed.ncbi.nlm.nih.gov/41193034/
https://pubmed.ncbi.nlm.nih.gov/41193034/
https://pubmed.ncbi.nlm.nih.gov/41193034/
https://pubmed.ncbi.nlm.nih.gov/41193034/
https://www.mdpi.com/1424-8247/18/10/1482
https://www.mdpi.com/1424-8247/18/10/1482
https://www.mdpi.com/1424-8247/18/10/1482
https://www.mdpi.com/1424-8247/18/10/1482
https://pubmed.ncbi.nlm.nih.gov/36939084/
https://pubmed.ncbi.nlm.nih.gov/36939084/
https://pubmed.ncbi.nlm.nih.gov/36939084/
https://pubmed.ncbi.nlm.nih.gov/36014767/
https://pubmed.ncbi.nlm.nih.gov/36014767/
https://pubmed.ncbi.nlm.nih.gov/36014767/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6520779/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6520779/
C://Users/admin/Downloads/journal.pone.0270590.pdf
C://Users/admin/Downloads/journal.pone.0270590.pdf
C://Users/admin/Downloads/journal.pone.0270590.pdf
C://Users/admin/Downloads/journal.pone.0270590.pdf
https://pubmed.ncbi.nlm.nih.gov/40647170/
https://pubmed.ncbi.nlm.nih.gov/40647170/
https://pubmed.ncbi.nlm.nih.gov/40647170/
https://pubmed.ncbi.nlm.nih.gov/40647170/
https://pubmed.ncbi.nlm.nih.gov/40647170/
https://www.mdpi.com/2072-6643/17/6/960
https://www.mdpi.com/2072-6643/17/6/960
https://www.mdpi.com/2072-6643/17/6/960
https://www.mdpi.com/2072-6643/17/6/960
https://www.mdpi.com/2072-6643/17/6/960
https://pubmed.ncbi.nlm.nih.gov/36272100/
https://pubmed.ncbi.nlm.nih.gov/36272100/
https://pubmed.ncbi.nlm.nih.gov/36272100/
https://pubmed.ncbi.nlm.nih.gov/36272100/
https://pubmed.ncbi.nlm.nih.gov/34959963/
https://pubmed.ncbi.nlm.nih.gov/34959963/
https://pubmed.ncbi.nlm.nih.gov/34959963/
https://pubmed.ncbi.nlm.nih.gov/34579146/
https://pubmed.ncbi.nlm.nih.gov/34579146/
https://www.semanticscholar.org/paper/Therapeutic-effects-of-dietary-antioxidative-on-the-Tabatabaei-Malazy-Peimani/43a6e2fd35085233783092a65e627802eab19e8d
https://www.semanticscholar.org/paper/Therapeutic-effects-of-dietary-antioxidative-on-the-Tabatabaei-Malazy-Peimani/43a6e2fd35085233783092a65e627802eab19e8d
https://www.semanticscholar.org/paper/Therapeutic-effects-of-dietary-antioxidative-on-the-Tabatabaei-Malazy-Peimani/43a6e2fd35085233783092a65e627802eab19e8d
https://www.semanticscholar.org/paper/Therapeutic-effects-of-dietary-antioxidative-on-the-Tabatabaei-Malazy-Peimani/43a6e2fd35085233783092a65e627802eab19e8d
https://www.semanticscholar.org/paper/Therapeutic-effects-of-dietary-antioxidative-on-the-Tabatabaei-Malazy-Peimani/43a6e2fd35085233783092a65e627802eab19e8d
https://pubmed.ncbi.nlm.nih.gov/39957765/
https://pubmed.ncbi.nlm.nih.gov/39957765/
https://pubmed.ncbi.nlm.nih.gov/39957765/
https://www.mdpi.com/2306-7381/11/10/474
https://www.mdpi.com/2306-7381/11/10/474
https://www.mdpi.com/2306-7381/11/10/474
https://www.mdpi.com/2306-7381/11/10/474
https://pubmed.ncbi.nlm.nih.gov/37100346/
https://pubmed.ncbi.nlm.nih.gov/37100346/
https://pubmed.ncbi.nlm.nih.gov/37100346/
https://pubmed.ncbi.nlm.nih.gov/37100346/
https://pubmed.ncbi.nlm.nih.gov/33217935/
https://pubmed.ncbi.nlm.nih.gov/33217935/
https://pubmed.ncbi.nlm.nih.gov/33217935/
https://pubmed.ncbi.nlm.nih.gov/31287143/
https://pubmed.ncbi.nlm.nih.gov/31287143/
https://pubmed.ncbi.nlm.nih.gov/31287143/
https://pubmed.ncbi.nlm.nih.gov/31287143/
https://pubmed.ncbi.nlm.nih.gov/38294505/
https://pubmed.ncbi.nlm.nih.gov/38294505/
https://pubmed.ncbi.nlm.nih.gov/38294505/
https://pubmed.ncbi.nlm.nih.gov/38294505/
https://www.sciencedirect.com/science/article/abs/pii/S0168365923005412
https://www.sciencedirect.com/science/article/abs/pii/S0168365923005412
https://www.sciencedirect.com/science/article/abs/pii/S0168365923005412
https://pubmed.ncbi.nlm.nih.gov/33372878/
https://pubmed.ncbi.nlm.nih.gov/33372878/
https://pubmed.ncbi.nlm.nih.gov/33372878/
https://pubmed.ncbi.nlm.nih.gov/32041442/
https://pubmed.ncbi.nlm.nih.gov/32041442/
https://pubmed.ncbi.nlm.nih.gov/32041442/
https://pubmed.ncbi.nlm.nih.gov/37321210/
https://pubmed.ncbi.nlm.nih.gov/37321210/
https://pubmed.ncbi.nlm.nih.gov/37321210/
https://pubmed.ncbi.nlm.nih.gov/37321210/
https://pubmed.ncbi.nlm.nih.gov/34488590/
https://pubmed.ncbi.nlm.nih.gov/34488590/
https://pubmed.ncbi.nlm.nih.gov/34488590/
https://pubmed.ncbi.nlm.nih.gov/34488590/
https://pubmed.ncbi.nlm.nih.gov/30168574/
https://pubmed.ncbi.nlm.nih.gov/30168574/
https://pubmed.ncbi.nlm.nih.gov/30168574/
https://pubmed.ncbi.nlm.nih.gov/37019362/
https://pubmed.ncbi.nlm.nih.gov/37019362/
https://pubmed.ncbi.nlm.nih.gov/37019362/
https://pubmed.ncbi.nlm.nih.gov/37019362/
https://pubmed.ncbi.nlm.nih.gov/39133402/
https://pubmed.ncbi.nlm.nih.gov/39133402/
https://pubmed.ncbi.nlm.nih.gov/30576781/
https://pubmed.ncbi.nlm.nih.gov/30576781/
https://pubmed.ncbi.nlm.nih.gov/30576781/
https://pubmed.ncbi.nlm.nih.gov/30576781/
https://pubmed.ncbi.nlm.nih.gov/31847593/
https://pubmed.ncbi.nlm.nih.gov/31847593/


Copyright@ :  Loso Judijanto | Biomed J Sci & Tech Res |  BJSTR.MS.ID.010089. 56830

Volume 64- Issue 4 DOI: 10.26717/BJSTR.2026.64.010089

primary human retinal pigment epithelial cells. Eur J Ophthalmol 31(2): 
630-637.

74.	 Z Zainal, AZ Othman, AA Rahim, P Meganathan, AK Radhakrishnan (2025) 
Reduction of disease activity in rheumatoid arthritis by tocotrienol-rich 
fraction supplementation: a randomized, double-blind, placebo-con-
trolled trial. Eur J Nutr 64(5).

75.	 D Haojie, S Mukherjee, T Bhattacharya (2025) Review perspective on 
advanced nutrachemicals and anterior cruciate ligament rehabilitation. 
Zeitschrift fur Naturforsch.  Sect C J Biosci 80(7-8): 317-327.

76.	 BLB Pereira, Patrícia P Reis, Fábio E Severino, Tainara F Felix, Mariana G 
Braz, et al. (2017) Tomato (Lycopersicon esculentum) or lycopene supple-
mentation attenuates ventricular remodeling after myocardial infarction 
through different mechanistic pathways. J Nutr Biochem 46: 117-124.

77.	 S Singh, A Shukla, S Sharma (2024) Overview of Natural Supplements for 

the Management of Diabetes and Obesity. Curr Diabetes Rev 20(7): 93-
112.

78.	 D Mafra, Julie A Kemp, Ludmila FMF Cardozo, Natália A Borges, Fabiana B 
Nerbass, et al. (2023) COVID-19 and Nutrition: Focus on Chronic Kidney 
Disease. J Ren Nutr 33(6): S118-S127.

79.	 ME Polcz, A Barbul (2019) The Role of Vitamin A in Wound Healing. Nutr 
Clin Pract 34(5): 695-700.

80.	 OS Ademowo, HKI Dias, I Milic, A Devitt, R Moran, et al. (2017) Phospho-
lipid oxidation and carotenoid supplementation in Alzheimer’s disease 
patients. Free Radic Biol Med 108: 77-85.

81.	 H Wang, Mengdi Jin, Mengtong Xie, Yuqing Yang, Fengyu Xue, et al. (2023) 
Protective role of antioxidant supplementation for depression and anxi-
ety: A meta-analysis of randomized clinical trials. J Affect Disord 323: 264-
279.

Submission Link: https://biomedres.us/submit-manuscript.php

Assets of Publishing with us

•	 Global archiving of articles

•	 Immediate, unrestricted online access

•	 Rigorous Peer Review Process

•	 Authors Retain Copyrights

•	 Unique DOI for all articles

https://biomedres.us/

This work is licensed under Creative
Commons Attribution 4.0 License

ISSN: 2574-1241
DOI: 10.26717/BJSTR.2026.64.010089
Loso Judijanto. Biomed J Sci & Tech Res 

https://dx.doi.org/10.26717/BJSTR.2026.64.010089
https://pubmed.ncbi.nlm.nih.gov/31847593/
https://pubmed.ncbi.nlm.nih.gov/31847593/
https://pubmed.ncbi.nlm.nih.gov/40553171/
https://pubmed.ncbi.nlm.nih.gov/40553171/
https://pubmed.ncbi.nlm.nih.gov/40553171/
https://pubmed.ncbi.nlm.nih.gov/40553171/
https://pubmed.ncbi.nlm.nih.gov/39438142/
https://pubmed.ncbi.nlm.nih.gov/39438142/
https://pubmed.ncbi.nlm.nih.gov/39438142/
https://pubmed.ncbi.nlm.nih.gov/28599197/
https://pubmed.ncbi.nlm.nih.gov/28599197/
https://pubmed.ncbi.nlm.nih.gov/28599197/
https://pubmed.ncbi.nlm.nih.gov/28599197/
https://pubmed.ncbi.nlm.nih.gov/37933216/
https://pubmed.ncbi.nlm.nih.gov/37933216/
https://pubmed.ncbi.nlm.nih.gov/37933216/
https://pubmed.ncbi.nlm.nih.gov/37632513/
https://pubmed.ncbi.nlm.nih.gov/37632513/
https://pubmed.ncbi.nlm.nih.gov/37632513/
https://pubmed.ncbi.nlm.nih.gov/31389093/
https://pubmed.ncbi.nlm.nih.gov/31389093/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5488966/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5488966/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5488966/
https://pubmed.ncbi.nlm.nih.gov/36442656/
https://pubmed.ncbi.nlm.nih.gov/36442656/
https://pubmed.ncbi.nlm.nih.gov/36442656/
https://pubmed.ncbi.nlm.nih.gov/36442656/
https://dx.doi.org/10.26717/BJSTR.2026.64.010089

