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Abstract

Understanding the role of dietary lipids in energy metabolism remains an important area of nutritional research, particularly in
relation to Medium-Chain Triglycerides (MCTs), which exhibit distinct metabolic properties compared to long-chain triglycerides.
Among natural sources, palm kernel oil represents a relevant source of MCTs, warranting a comprehensive evaluation of its physio-
logical effects within metabolic pathways. The present study aims to provide a systematic synthesis of current research findings on
the influence of MCTs sourced from palm kernel oil on energy metabolism, particularly concerning fat oxidation, ketogenesis, and
appetite regulation. This research adopts a Systematic Literature Review (SLR) design following a structured PRISMA approach.
Scientific articles were collected exclusively from the Scopus database using predefined keyword combinations. The selection pro-
cess involved identification, screening, eligibility assessment, and inclusion stages, resulting in 38 peer-reviewed studies published
between 2019 and 2026. Data were analysed through qualitative synthesis to identify recurring patterns and mechanistic themes.
The findings indicate that MCT consumption is associated with increased fat oxidation (8-20%) and elevated thermogenesis (40-60
kcal/day). In addition, MCTs promote ketogenesis, with circulating ketone levels reaching 0.3-1.0 mmol/L under moderate intake
conditions. Appetite regulation is also influenced, as reflected by reduced energy intake (5-15%) and modulation of satiety-related
hormones. These effects are supported by rapid absorption and preferential hepatic metabolism of MCTs. In conclusion, palm kernel
oil-derived MCTs influence energy metabolism through integrated mechanisms involving lipid oxidation, ketone production, and ap-
petite signalling. Future research should emphasise long-term interventions, dose-response relationships, and population-specific
analyses to further clarify these metabolic effects.
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Introduction

The regulation of energy intake, storage, and expenditure in known as energy metabolism. It involves a complex interaction of

the human body is governed by the essential physiological process biochemical pathways responsible for converting macronutrients
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into usable energy substrates required for cellular function,
thermoregulation, and metabolic homeostasis [1]. In recent
decades, increasing attention has been directed toward the role
of dietary lipids in modulating metabolic efficiency, particularly
in relation to fat oxidation, substrate utilization, and hormonal
regulation of appetite. The growing prevalence of metabolic
disorders has further intensified scientific interest in identifying
dietary components that may contribute to improved metabolic
flexibility and energy balance through well-characterized
physiological mechanisms [2]. Among dietary lipids, triglycerides
constitute the primary form of fat consumed in human diets and are
typically categorized based on the chain length of their constituent
fatty acids. Long-Chain Triglycerides (LCTs) are the most common
form and are extensively studied in the context of lipid metabolism
[3]- However, Medium-Chain Triglycerides (MCTs), which consist of
fatty acids with chain lengths ranging from 6 to 12 carbon atoms,
have attracted increasing research interest due to their distinct
metabolic characteristics. Unlike LCTs, MCTs are absorbed more
efficiently in the gastrointestinal tract and transported directly to
the liver via the portal vein, bypassing the lymphatic system. This
unique metabolic pathway enables rapid oxidation and reduces the
likelihood of storage in adipose tissue, thereby influencing overall
energy metabolism in a manner that differs from conventional
dietary fats [4]. The physiological implications of MCT metabolism
have been widely explored in relation to fat oxidation and
thermogenesis. Several studies have demonstrated that MCT
consumption is associated with increased energy expenditure
and enhanced lipid oxidation compared to isocaloric intake of
LCTs [5]. These effects are often attributed to the rapid hepatic
uptake and preferential mitochondrial oxidation of medium-chain
fatty acids, which contribute to increased metabolic turnover and
energy dissipation. Such characteristics have positioned MCTs as
a relevant subject in nutritional strategies aimed at optimizing
energy utilization and supporting metabolic health outcomes [6].

In addition to their role in fat oxidation, MCTs have also
been associated with the stimulation of ketogenesis, a metabolic
process in which fatty acids are converted into ketone bodies that
serve as alternative energy substrates. Ketone bodies, including
B-hydroxybutyrate and acetoacetate, play an important role in
maintaining energy supply during periods of increased metabolic
demand or limited carbohydrate availability. Notably, MCT-induced
ketogenesis can occur even in the absence of strict carbohydrate
restriction, distinguishing it from classical ketogenic dietary
approaches. This property highlights the metabolic versatility
of MCTs and their potential relevance in supporting metabolic
flexibility and energy distribution across different physiological
conditions [7]. Another area of growing interest concerns the
influence of MCTs on appetite regulation and satiety signalling.
Emerging evidence suggests that dietary fats may interact with
hormonal pathways that regulate hunger and food intake, including
peptides such as ghrelin, Peptide YY (PYY), and Glucagon-Like
Peptide-1 (GLP-1) [8]. MCTs, in particular, have been reported to
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modulate these hormonal responses, potentially leading to reduced
energy intake and improved satiety following consumption.
Although the magnitude of these effects varies across studies,
the interaction between MCT metabolism and appetite-related
mechanisms represents an important dimension in understanding
the broader role of dietary lipids in energy balance [9]. Palm kernel
oil represents one of the naturally occurring sources of medium-
chain fatty acids and has been widely utilized in both food and
industrial applications. Its compositional profile, characterized by
a substantial proportion of medium-chain triglycerides, makes it a
relevant subject for investigation within the context of metabolic
research. Within the scientific literature, the metabolic properties
of MCTs are generally attributed to their chain length and
biochemical behavior rather than their specific source, suggesting
that palm kernel oil-derived MCTs function in accordance with
established physiological principles. Consequently, examining the
metabolic effects of MCTs derived from palm kernel oil contributes
to a more comprehensive and balanced understanding of dietary
lipid functionality within contemporary nutrition science [10].
Despite the expanding body of research on MCTs, the available
literature remains dispersed across different study designs,
populations, and experimental conditions. Variations in dosage,
duration of intervention, and methodological approaches have
resulted in heterogeneous findings, particularly in relation to fat
oxidation rates, ketone production, and appetite-related outcomes.
Furthermore, while individual studies provide valuable insights
into specific mechanisms, there remains a need for a structured
synthesis that integrates findings across multiple lines of evidence
in order to identify consistent patterns and clarify underlying
physiological pathways. A systematic literature review approach is
therefore essential to consolidate current knowledge and provide
a coherent interpretation of the metabolic effects associated with
MCT consumption.

This study is designed as a Systematic Literature Review (SLR)
that compiles, evaluates, and synthesises peer-reviewed scientific
evidence on the metabolic roles of medium-chain triglycerides
derived from palm kernel oil. The review focuses specifically on
three interrelated domains of energy metabolism, namely fat
oxidation, ketogenesis, and appetite regulation, which represent
key physiological processes influencing energy balance. All data
analysed in this study are derived exclusively from previously
published scientific literature, and no primary data collection
methods such as interviews, surveys, focus group discussions, or
field observations are employed. This approach ensures that the
analysis remains fully grounded in verifiable and documented
scientific evidence while maintaining methodological transparency
and consistency. The objective of this study is to systematically
synthesise current scientific evidence regarding the physiological
mechanisms through which palm kernel oil-derived MCTs influence
energy metabolism, with particular emphasis on fat oxidation,
ketogenesis, and appetite regulation. By integrating findings from
multiple studies, this review aims to provide a comprehensive
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and evidence-based understanding of how MCTs contribute to
metabolic processes, while maintaining a balanced and neutral
perspective within the broader context of dietary lipid research.

The research question guiding this review is: How do medium-
chain triglycerides derived from palm kernel oil influence key
physiological mechanisms of energy metabolism, particularly in
relation to fat oxidation, ketogenesis, and appetite regulation,
based on current evidence from peer-reviewed scientific literature?

Literature Review

The field of energy metabolism has progressed markedly,
accompanied by heightened recognition of dietary lipids as key
contributors to the regulation of metabolic pathways. In light of
this, Medium-Chain Triglycerides (MCTs) have been identified
as a distinct lipid class, notable for their unique absorption,
transport, and oxidation processes. Distinct from LCTs that rely on
complicated digestion and lymphatic transport, MCTs are rapidly
broken down and absorbed into the portal circulation, enabling
swift hepatic uptake and metabolic utilization. This fundamental
difference has positioned MCTs as an important subject of
investigation in nutritional biochemistry and metabolic physiology,
particularly in relation to energy expenditure, substrate utilization,
and metabolic efficiency. A growing body of literature has examined
the biochemical and physiological properties of MCTs, emphasising
their role in enhancing lipid oxidation and contributing to energy
balance. Studies have consistently demonstrated that MCTs are
preferentially oxidised in the liver, where they undergo -oxidation
to generate acetyl-CoA, subsequently entering the tricarboxylic acid
cycle or contributing to ketone body synthesis. This rapid metabolic
turnover distinguishes MCTs from LCTs, which are more likely
to be stored in adipose tissue. The thermogenic effect associated
with MCT metabolism has also been widely reported, with several
investigations indicating increased diet-induced thermogenesis
following MCT consumption compared to conventional dietary fats
[11].

Fat Oxidation and Thermogenic Mechanisms

One of the most extensively studied aspects of MCT
metabolism is its influence on fat oxidation and thermogenesis.
The literature indicates that MCT consumption leads to an increase
in energy expenditure through mechanisms involving enhanced
mitochondrial activity and substrate cycling. This effect is attributed
to the rapid hepatic oxidation of medium-chain fatty acids, which
bypass the carnitine transport system required by long-chain fatty
acids, thereby accelerating their entry into the mitochondrial matrix
for B-oxidation [12,13]. Empirical studies have demonstrated that
diets enriched with MCTs can significantly elevate fat oxidation
rates compared to LCT-based diets. This increase is often observed
in both acute and short-term interventions, suggesting that MCTs
may play arole in promoting metabolic efficiency and reducing lipid
accumulation. Furthermore, the thermogenic response associated
with MCT intake has been linked to increased sympathetic nervous
system activity and enhanced mitochondrial uncoupling processes,
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which contribute to energy dissipation as heat [14]. Despite the
consistency of these findings, some studies report variability in the
magnitude of thermogenic effects, potentially influenced by factors
such as dosage, dietary composition, and individual metabolic
status. Nonetheless, the overall evidence supports the role of MCTs
as modulators of lipid oxidation and energy expenditure within
human metabolic systems.

Ketogenesis and Alternative Energy Substrates

Ketogenesis represents another key metabolic pathway
influenced by MCT consumption. The rapid transport of medium-
chain fatty acids to the liver facilitates their conversion into ketone
bodies, including B-hydroxybutyrate and acetoacetate. These
compounds serve as alternative energy substrates, particularly
during periods of increased energy demand or limited carbohydrate
availability. The ability of MCTs to stimulate ketogenesis without
requiring strict carbohydrate restriction distinguishes them from
traditional ketogenic dietary approaches [15]. The literature
indicates that MCT-induced ketogenesis contributes to metabolic
flexibility by providing readily available energy substrates for
peripheral tissues, including the brain and skeletal muscle. This
process is associated with increased hepatic mitochondrial activity
and enzymatic efficiency in ketone body production. Additionally,
ketone bodies have been implicated in signalling pathways that
regulate energy homeostasis and oxidative stress responses,
further highlighting their physiological significance [16]. While the
ketogenic potential of MCTs is well established, variations in ketone
production have been reported across studies, depending on
factors such as dosage, duration of intake, and individual metabolic
conditions. Nevertheless, the consistent observation of increased
ketone body availability following MCT consumption underscores
their role in supporting alternative energy metabolism [17].

Appetite Regulation and Hormonal Responses

The interaction between dietary lipids and appetite regulation
has gained increasing attention in recent years, with MCTs identified
as potential modulators of satiety and food intake. Several studies
have explored the effects of MCT consumption on appetite-related
hormones, including ghrelin, Peptide YY (PYY), and Glucagon-Like
Peptide-1 (GLP-1). These hormones play critical roles in signalling
hunger and satiety, thereby influencing overall energy intake [18].
Evidence suggests that MCTs may enhance satiety by promoting
the release of anorexigenic hormones while suppressing orexigenic
signals. This hormonal modulation is believed to be mediated
through both direct metabolic effects and indirect signalling
pathways involving ketone bodies. As a result, MCT consumption
has been associated with reduced subsequent energy intake in
some experimental settings. However, the extent of these effects
varies across studies, reflecting differences in study design,
population characteristics, and intervention protocols. In addition
to hormonal responses, subjective measures of appetite, such as
hunger and fullness ratings, have been used to assess the impact of
MCTs on satiety. These measures generally indicate a trend toward
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increased satiety following MCT intake, although the magnitude of
effect is not uniform. This variability highlights the complexity of
appetite regulation and the need for further investigation into the
mechanisms underlying these responses [19].

Metabolic Pathways and Absorption Characteristics

The metabolic behavior of MCTs is closely linked to their
absorption and transport mechanisms. Unlike long-chain fatty acids,
which require emulsification and incorporation into chylomicrons
for lymphatic transport, MCTs are absorbed directly into the portal
vein and transported to the liver. This rapid absorption facilitates
immediate oxidation and reduces the likelihood of storage in
adipose tissue [20]. The independence of MCT metabolism from bile
salts and pancreatic lipase further enhances their bioavailability,
making them particularly relevant in conditions involving impaired
fat digestion or absorption. Additionally, the preferential hepatic
metabolism of MCTs contributes to their role in supporting energy
production and metabolic efficiency. These characteristics have
been consistently documented across both human and animal
studies, reinforcing the distinct metabolic profile of MCTs compared
to other dietary fats [21]. Importantly, the literature indicates that
these metabolic properties are primarily determined by the chain
length of fatty acids rather than their specific source. As such,
MCTs derived from palm kernel oil exhibit similar absorption
and metabolic behavior to those obtained from other sources,
supporting a functionally neutral perspective regarding their
physiological role [22].

Variability, Limitations, and Research Gaps

Despite the substantial body of evidence supporting the
metabolic effects of MCTs, the literature also reveals several
limitations and areas of inconsistency. Variability in study
outcomes is often attributed to differences in experimental design,
including dosage levels, duration of intervention, and participant
characteristics. For instance, some studies report significant
increases in fat oxidation and thermogenesis, while others observe
more modest or non-significant effects under similar conditions
[23]. In addition, the majority of existing studies focus on short-term
interventions, limiting the ability to assess long-term metabolic
adaptations associated with MCT consumption. There is also a
need for more standardized methodologies in measuring metabolic
outcomes, as differences in assessment techniques can contribute
to inconsistencies in reported findings. Furthermore, while animal
studies provide valuable mechanistic insights, their applicability to
human physiology remains subject to careful interpretation [24].
Another notable gap in the literature is the limited integration of
multiple metabolic pathways within a single analytical framework.
Many studies examine fat oxidation, ketogenesis, or appetite
regulation in isolation, without fully exploring the interconnected
nature of these processes. This fragmentation underscores the
importance of a systematic synthesis that integrates findings across
different domains to provide a more comprehensive understanding
of MCT metabolism [25].
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Overall, the literature presents a coherent yet nuanced picture
of the metabolic roles of MCTs, characterized by enhanced fat
oxidation, increased ketone production, and potential modulation
of appetite-related mechanisms. These effects are underpinned by
the unique biochemical properties of medium-chain fatty acids,
including their rapid absorption, preferential hepatic metabolism,
and efficient oxidation pathways.

The convergence of findings across diverse study designs
supports the relevance of MCTs in influencing energy metabolism,
although variability in outcomes highlights the importance of
contextual factors in interpreting results. Importantly, the evidence
consistently indicates that the metabolic effects of MCTs are largely
independent of their source, suggesting that palm Kkernel oil-
derived MCTs function in accordance with established physiological
principles. This perspective supports a balanced and evidence-
based understanding of their role within nutritional science. Taken
together, the existing body of literature provides a strong foundation
for examining the physiological mechanisms through which MCTs
influence energy metabolism. However, the need for an integrated
and systematic synthesis remains evident, particularly in relation
to the combined effects of fat oxidation, ketogenesis, and appetite
regulation. This gap forms the basis for the present systematic
literature review, which seeks to consolidate current knowledge
and provide a comprehensive evaluation of these interconnected
metabolic processes.

Method

In this study, a Systematic Literature Review (SLR) design based
on the PRISMA protocol is employed to maintain transparency,
uniformity, and replicability across the processes of literature
identification, screening, and integration. The review systematically
compiles and evaluates peer-reviewed scientific publications that
examine the physiological mechanisms associated with Medium-
Chain Triglycerides (MCTs), particularly those derived from palm
kernel oil, in the context of energy metabolism. The analytical focus
is directed toward three interrelated metabolic domains, namely fat
oxidation, ketogenesis, and appetite regulation, which are widely
discussed in contemporary nutritional and metabolic research.
Palm kernel oil represents one of the naturally occurring sources
of medium-chain fatty acids and continues to be utilized in various
nutritional and industrial applications, making it a relevant subject
within evidence-based metabolic studies. This study does not
involve primary data collection and does not include interviews,
surveys, focus group discussions, or field-based observations. All
findings and interpretations are derived exclusively from previously
published scientific literature, ensuring that the review remains
fully grounded in documented empirical evidence. To maintain
database consistency and indexing quality, the literature search
was restricted to publications indexed in the Scopus database.
The PRISMA-guided framework was applied through sequential
stages of identification, screening, eligibility assessment, and final
inclusion, allowing for a structured and transparent refinement of
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the dataset toward studies that are most relevant to the objectives
of this review.

The article selection procedure applied in this study is outlined
in Figure 1. During the identification phase, a wide-ranging search
was carried out in the Scopus database using the keywords
“medium-chain triglycerides AND energy metabolism,” generating
561 initial records. To ensure higher precision and closer thematic
correspondence, the search query underwent refinement using a
more selective Boolean structure: (“palm kernel oil” OR “medium-
chain triglycerides” OR MCT OR “medium chain fatty acids”) AND
(“energy metabolism” OR metabolism) AND (“fat oxidation” OR
“lipid oxidation” OR “fat metabolism” OR ketogenesis OR “ketone
bodies”) AND (“appetite regulation” OR appetite OR satiety OR
“food intake” OR intake). This refinement resulted in the exclusion
of 415 articles that did not align with the defined scope of the
review, leaving 146 articles for further evaluation. To reflect the
most recent progress in metabolic and nutritional science, the
screening process incorporated a publication-year filter, narrowing
the dataset to studies from 2019-2026. Thus, 100 studies were
removed due to non-compliance with the time restriction, leaving
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46 articles that met the established temporal criteria. A subsequent
language screening was conducted to ensure consistency in analysis
and interpretation, leading to the exclusion of three articles that
were not published in English and resulting in 43 eligible studies.
In the eligibility stage, accessibility criteria were applied to ensure
that all selected studies could be fully examined and verified. Only
articles categorized as open access or open archive were retained.
Consequently, five articles were excluded due to restricted access,
resulting in a final dataset of 38 studies that satisfied all predefined
inclusion criteria. These selected publications were then subjected
to detailed qualitative synthesis to examine how MCTs influence
metabolic pathways related to fat oxidation, ketone body production,
and appetite-related physiological responses. The management and
organization of all selected studies were conducted using Mendeley
Desktop, ensuring accurate referencing, standardized bibliographic
practices, and consistency in the overall review process. Through
this structured PRISMA-based SLR approach, the study provides
a rigorously curated synthesis of recent scientific evidence on the
metabolic roles of palm kernel oil-derived MCTs, while maintaining
analytical clarity, methodological rigour, and a balanced perspective
within the broader field of nutrition and metabolism research.
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Figure 1: Flow Diagram of the Systematic Literature Review Conducted in Accordance with the PRISMA Framework.
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Results

A total of 38 peer-reviewed journal articles were synthesized in
this systematic literature review to evaluate the metabolic effects
of Medium-Chain Triglycerides (MCTs), including palm kernel oil-
based sources, on critical physiological functions associated with
energy metabolism. The included studies comprise randomized
controlled trials, controlled feeding interventions, crossover
designs, animal experiments, and mechanistic biochemical
investigations. Collectively, these studies provide a comprehensive
evidence base for understanding how MCTs influence metabolic
pathways such as lipid oxidation, ketone body production, appetite
regulation, and nutrient utilization efficiency. Through thematic
synthesis, five major and partially overlapping domains were
identified, representing the principal physiological and metabolic
perspectives addressed in the literature: (1) enhanced fat oxidation
and thermogenic response, (2) ketogenesis and ketone body
production, (3) appetite regulation and satiety signaling, (4)
rapid absorption and preferential hepatic metabolism, and (5)
variability in metabolic responses influenced by dosage, duration,
and population characteristics. The distribution of these themes
indicates that fat oxidation and thermogenesis were addressed
in 32 studies (*84%), ketogenesis in 26 studies (*68%), rapid
absorption and hepatic metabolism in 22 studies (*58%),
variability-related factors in 20 studies (*53%), and appetite
regulation in 18 studies (*47%). This distribution suggests that
the literature places a strong emphasis on quantifiable metabolic
outcomes such as substrate oxidation and ketone production, which
can be measured using objective physiological indicators including
indirect calorimetry and circulating biomarkers. In contrast,
appetite regulation appears less frequently, reflecting the inherent
complexity of neuroendocrine signalling and the reliance on both
subjective and hormonal assessments, which may contribute to
greater variability in reported findings.

The relatively high representation of fat oxidation and
ketogenesis studies highlight the central role of MCTs as rapidly
metabolised energy substrates, while the moderate presence
of mechanistic absorption studies indicates a growing focus on
explaining underlying biochemical pathways. Meanwhile, the
inclusion of variability-focused studies underscores increasing
recognition of the influence of contextual factors such as dosage,
intervention duration, and participant metabolic status. The
comparatively lower proportion of appetite-related studies suggests
that this area remains less extensively explored and represents an
important direction for future integrative research. Overall, this
thematic distribution reflects a research landscape that prioritises
measurable physiological progressively
incorporating regulatory and contextual dimensions of energy
metabolism. This structured synthesis provides a foundation for
the detailed discussion of each thematic domain presented in the
following sections.

mechanisms while

Enhanced Fat Oxidation and Thermogenesis
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A consistent finding across the majority of included studies
is the capacity of MCTs to enhance fat oxidation rates compared
to Long-Chain Triglycerides (LCTs). Quantitative evidence from
controlled human trials indicates that MCT consumption can
increase postprandial energy expenditure by approximately 5-10%
relative to isocaloric LCT intake [26-28]. In several crossover studies
involving healthy adults, daily intake of 15-30 g of MCTs resulted
in a measurable increase in fat oxidation ranging from 8% to 20%
within 24-hour metabolic assessments [29,30]. Indirect calorimetry
measurements reported that subjects consuming MCT-enriched
diets exhibited higher respiratory exchange ratios indicative of
increased lipid utilization, with shifts observed within 2-4 hours
post-ingestion [31]. In addition, diet-induced thermogenesis was
shown to increase by approximately 40-60 kcal/day when MCTs
replaced LCTs in controlled feeding conditions [32,33]. Animal
studies further support these findings, demonstrating elevated
expression of genes associated with mitochondrial (-oxidation,
including CPT-1 and PPAR-a, following MCT supplementation
[34,35]. Importantly, studies comparing different sources of
MCTs, including coconut oil and palm kernel oil, indicate that the
metabolic effects are primarily driven by chain length composition
rather than source-specific differences, supporting a functionally
neutral perspective regarding palm-derived MCTs [36]. Overall, the
evidence suggests that MCT consumption contributes to increased
lipid oxidation efficiency and may support energy balance through
elevated metabolic turnover.

Increased Ketogenesis and Ketone Body Production

Another prominent theme identified in this review is the role
of MCTs in stimulating ketogenesis. Due to their rapid transport
to the liver via the portal vein, MCTs are preferentially oxidized
and converted into ketone bodies, including (-hydroxybutyrate
and acetoacetate. Clinical studies report that ingestion of 20-30
g of MCTs can elevate circulating ketone levels to approximately
0.3-0.8 mmol/L within 1-2 hours, even in non-fasting conditions
[37,38]. Higher doses, typically in the range of 40-50 g/day, have
been associated with sustained mild ketosis, with plasma ketone
concentrations reaching up to 1.0 mmol/L in some individuals
[39]. This increase in ketone availability provides an alternative
energy substrate for peripheral tissues, particularly the brain and
skeletal muscle, which may contribute to improved metabolic
flexibility [40]. Animal model studies further demonstrate that
MCT-induced ketogenesis is associated with increased hepatic
mitochondrial activity and enhanced enzymatic conversion of
fatty acids into ketone bodies [41]. Importantly, these effects occur
independently of carbohydrate restriction, distinguishing MCT-
induced ketosis from classical ketogenic diets [42]. The reviewed
literature consistently indicates that MCTs derived from palm
kernel oil exhibit similar ketogenic potential as other MCT sources,
reinforcing their functional equivalence within metabolic pathways
[43]. These findings highlight the role of MCTs as efficient substrates
for rapid energy production through ketone metabolism.
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Appetite Regulation and Satiety Response

Evidence from the selected studies also indicates that MCT
consumption may influence appetite regulation and satiety-related
hormonal responses. Several randomized controlled trials report
reductions in subsequent energy intake ranging from 5% to 15%
following meals enriched with MCTs compared to LCT-based meals
[44]. Hormonal analyses reveal that MCT intake is associated with
increased secretion of satiety-related peptides such as Peptide
YY (PYY) and Glucagon-Like Peptide-1 (GLP-1), with observed
increases of approximately 10-25% above baseline levels within 2
hours post-consumption [45]. Concurrently, reductions in ghrelin
concentrations, a hormone associated with hunger signalling, have
been reported in both acute and short-term interventions [46,47].
Subjective appetite ratings, assessed using Visual Analogue Scales
(VAS), consistently show lower hunger scores and higher satiety
scores in participants consuming MCTs, with differences ranging
between 10% and 30% compared to control groups [48]. These
effects appear to be dose-dependent, with more pronounced satiety
responses observed at intake levels above 20 g/day [49]. While the
magnitude of appetite suppression varies across studies, the overall
trend suggests that MCTs may contribute to short-term regulation
of energy intake. Importantly, the findings do not indicate adverse
or negative effects associated with palm kernel oil-derived MCTs,
supporting a neutral and evidence-based interpretation within
nutritional contexts [50].

Rapid Absorption and Preferential Hepatic Metabolism

A defining characteristic of MCTs identified across the
reviewed literature is their distinct absorption and metabolic
pathway. Unlike long-chain fatty acids, MCTs are absorbed directly
into the portal circulation without requiring incorporation into
chylomicrons. Studies using tracer methodologies demonstrate
that MCTs can reach the liver within minutes of ingestion, with
peak plasma concentrations observed within 30-60 minutes [51].
This rapid transport facilitates immediate oxidation, with estimates
suggesting that up to 70% of ingested MCTs are oxidized within
24 hours, compared to approximately 30-40% for LCTs [52]. The
reduced reliance on bile salts and pancreatic lipase for digestion
further enhances their bioavailability, particularly in individuals
with compromised fat absorption [53]. Metabolic chamber
studies confirm that MCTs are less likely to be stored in adipose
tissue, with lower incorporation rates into triglyceride pools
compared to long-chain fatty acids [54]. This metabolic preference
for oxidation over storage contributes to their functional role in
energy metabolism. The reviewed evidence indicates that these
physiological characteristics are consistent across MCT sources,
including palm kernel oil, suggesting that its metabolic behavior
aligns with established biochemical principles of medium-chain
fatty acid metabolism [55].

Variability in Outcomes Based on Dosage and Study
Conditions

Despite the overall consistency in findings, the review

Copyright© Loso Judijanto

also identifies variability in metabolic outcomes depending on
dosage, duration of intervention, and participant characteristics.
Studies using lower doses (<10 g/day) often report minimal
or statistically non-significant effects on fat oxidation and
ketogenesis [56]. In contrast, moderate to high doses (20-50 g/
day) consistently demonstrate measurable metabolic responses
[56-58]. Intervention duration also plays a role, with short-term
studies (<2 weeks) primarily capturing acute metabolic responses,
while longer interventions (24 weeks) provide insights into
adaptive physiological changes, including potential improvements
in body composition and metabolic efficiency [59,60]. Participant
characteristics, such as baseline metabolic status, age, and body
composition, further influence outcomes. For example, overweight
or metabolically impaired individuals tend to exhibit greater
improvements in fat oxidation and appetite regulation compared
to healthy lean subjects [61,62]. Additionally, differences in
study design, including dietary control, caloric balance, and
macronutrient composition, contribute to heterogeneity in results.
However, these variations do not contradict the overall pattern of
evidence but rather highlight the importance of contextual factors
in interpreting metabolic responses to MCT intake [63]. Across
the 38 studies analysed, a converging body of evidence supports
the role of MCTs in modulating key aspects of energy metabolism
through mechanisms involving enhanced fat oxidation, increased
ketone production, and appetite-related hormonal responses.
Quantitatively, the data suggest increases in fat oxidation of up to
20%, ketone production reaching 0.5-1.0 mmol/L under moderate
intake conditions, and reductions in energy intake ranging from
5% to 15%. The physiological mechanisms underlying these effects
are consistently linked to the unique absorption and metabolic
pathways of medium-chain fatty acids, which enable rapid hepatic
oxidation and reduced storage. Importantly, the evidence indicates
that MCTs derived from palm kernel oil function comparably to
other MCT sources, reinforcing a neutral and evidence-based
position regarding their metabolic role. Overall, the findings
provide a comprehensive and quantitatively supported synthesis
of current research, highlighting the metabolic relevance of MCTs
while acknowledging variability across study conditions and
populations.

Discussion

The present systematic literature review was conducted to
address the research question concerning how Medium-Chain
Triglycerides (MCTs) derived from palm kernel oil influence key
physiological mechanisms of energy metabolism, particularly in
relation to fat oxidation, ketogenesis, and appetite regulation.
Based on the synthesis of 38 peer-reviewed studies, the findings
demonstrate a consistent pattern indicating that MCTs exert
measurable metabolic effects through distinct biochemical
pathways that differentiate them from Long-Chain Triglycerides
(LCTs). These effects are primarily associated with rapid
absorption, preferential hepatic metabolism,
substrate oxidation, which collectively contribute to alterations in

and enhanced
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energy utilization and metabolic efficiency [64,65]. A central finding
across the reviewed literature is the role of MCTs in enhancing fat
oxidation. The evidence indicates that MCT consumption leads
to a measurable increase in lipid oxidation rates, particularly in
postprandial conditions. This effect can be attributed to the direct
transport of medium-chain fatty acids to the liver via the portal vein,
allowing immediate entry into mitochondrial 3-oxidation without
reliance on the carnitine transport system. As a result, MCTs are
more rapidly oxidised than long-chain fatty acids, contributing to
increased energy expenditure and reduced lipid storage [66,67].
Quantitative findings from multiple studies demonstrate increases
in fat oxidation ranging from approximately 8% to 20%, depending
on dosage and experimental conditions [68,69]. This enhanced fat
oxidation is further supported by thermogenic responses observed
following MCT intake. Diet-induced thermogenesis appears to be
elevated when MCTs replace LCTs in isocaloric diets, with reported
increases in daily energy expenditure ranging from 40 to 60 kcal.
These findings suggest that MCTs may contribute to metabolic
efficiency by promoting energy dissipation as heat, a mechanism
that is potentially linked to increased mitochondrial activity and
sympathetic nervous system stimulation [70]. However, while the
direction of effect is consistent, the magnitude varies across studies,
reflecting differences in study design, participant characteristics,
and duration of intervention.

In relation to ketogenesis, the reviewed studies provide strong
evidence that MCTs serve as effective substrates for ketone body
production. The rapid hepatic uptake of medium-chain fatty
acids facilitates their conversion into ketone bodies, including
B-hydroxybutyrate and acetoacetate, which can be utilized as
alternative energy sources by peripheral tissues. This process
occurs even under non-fasting conditions and does not require
strict carbohydrate restriction, distinguishing MCT-induced
ketogenesis from traditional ketogenic dietary approaches [71].
Empirical data indicate thatingestion of 20-30 g of MCTs can elevate
circulating ketone levels to approximately 0.3-0.8 mmol/L within
one to two hours, while higher intake levels may result in sustained
mild ketosis with concentrations approaching 1.0 mmol/L [72].
These findings highlight the efficiency of MCTs in promoting rapid
energy substrate availability, which may contribute to metabolic
flexibility. The ability of ketone bodies to serve as an alternative
fuel for the brain and skeletal muscle further underscores their
physiological relevance in energy metabolism. Beyond their role as
energy substrates, ketone bodies are also implicated in signalling
pathways that influence metabolic regulation. Some studies suggest
that ketone bodies may modulate oxidative stress, mitochondrial
efficiency, and inflammatory responses, although these effects are
not uniformly reported across all studies. This variability indicates
that while the ketogenic potential of MCTs is well established, the
downstream physiological implications require further clarification
through more standardized research approaches [73].

The influence of MCTs on appetite regulation represents
another important dimension of the findings. The reviewed
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literature indicates that MCT consumption is associated with
modest but consistent effects on satiety and energy intake. Several
studies report reductions in subsequent energy intake ranging
from 5% to 15% following MCT-enriched meals, suggesting a
potential role in short-term appetite control [74]. These effects
are thought to be mediated through hormonal pathways involving
increased secretion of satiety-related peptides such as Peptide YY
(PYY) and Glucagon-Like Peptide-1 (GLP-1), along with reductions
in ghrelin levels. Hormonal analyses indicate that MCT intake can
increase PYY and GLP-1 concentrations by approximately 10% to
25% above baseline levels within a few hours post-consumption,
while ghrelin levels tend to decrease during the same period. These
hormonal shifts are consistent with enhanced satiety signalling
and reduced hunger perception, as supported by subjective
appetite assessments using visual analogue scales [75]. However,
it is important to note that the magnitude of these effects varies
across studies, and not all interventions report statistically
significant changes. This suggests that the appetite-regulating
effects of MCTs may be influenced by contextual factors such as
dosage, dietary composition, and individual metabolic variability.
An important aspect of the discussion relates to the integration
of these metabolic mechanisms. While fat oxidation, ketogenesis,
and appetite regulation are often examined independently in the
literature, the findings of this review suggest that these processes
are interconnected [76]. The rapid oxidation of MCTs contributes
to increased ketone production, which in turn may influence
appetite-regulating hormones and energy intake. This integrated
perspective highlights the role of MCTs as modulators of metabolic
pathways that collectively influence energy balance rather than
acting through isolated mechanisms.

Despite the overall consistency of findings, the review also
identifies several sources of variability that should be considered
in interpreting the results. Differences in dosage represent a key
factor, with studies using lower MCT intake levels (<10 g/day)
often reporting minimal effects, while higher doses (20-50 g/
day) are associated with more pronounced metabolic responses.
Duration of intervention is another important variable, as
short-term studies primarily capture acute metabolic changes,
whereas longer interventions may reflect adaptive physiological
responses [77]. Participant characteristics further contribute to
variability in outcomes. For example, individuals with overweight
or metabolic impairments may exhibit greater improvements
in fat oxidation and appetite regulation compared to healthy
lean individuals. This suggests that baseline metabolic status
plays a role in determining the responsiveness to MCT intake.
Additionally, methodological differences, including variations in
dietary control and measurement techniques, may influence the
comparability of results across studies [78]. Another important
consideration is the comparison of MCT sources. The reviewed
literature consistently indicates that the metabolic effects of MCTs
are primarily determined by their chain length rather than their
source [79]. As such, MCTs derived from palm kernel oil exhibit
metabolic behaviors comparable to those obtained from other
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sources, such as coconut oil. This finding supports a functionally
neutral perspective regarding palm kernel oil within the context
of metabolic research, emphasising that observed physiological
effects are attributable to the intrinsic properties of medium-chain
fatty acids. In addressing the research question, the findings of
this review demonstrate that MCTs derived from palm kernel oil
influence energy metabolism through a combination of mechanisms
involving enhanced fat oxidation, increased ketone production, and
modulation of appetite-related hormonal responses [80]. These
effects are supported by consistent evidence across multiple study
designs, although the magnitude and significance of outcomes vary
depending on experimental conditions. The integration of these
mechanisms provides a comprehensive understanding of how
MCTs contribute to metabolic processes, highlighting their role as
rapidly metabolised energy substrates with potential implications
for energy balance.

At the same time, the review underscores the importance of
interpreting these findings within the context of existing limitations.
The predominance of short-term studies limits the ability to assess
long-term metabolic outcomes, while variability in study design
introduces heterogeneity in reported results. Furthermore, the
limited integration of multiple metabolic pathways within individual
studies suggests that further research is needed to fully elucidate
the complex interactions underlying MCT metabolism [81]. The
implications of this study extend to both scientific research and
practical applications in nutrition. From a research perspective,
the findings highlight the need for more standardized and long-
term investigations that integrate multiple metabolic endpoints,
including fat oxidation, ketogenesis, and appetite regulation, within
a unified experimental framework. Such studies would contribute
to a more comprehensive understanding of the physiological roles
of MCTs and their potential relevance in different population
groups. From a practical standpoint, the evidence suggests that
MCTs, including those derived from palm kernel oil, may serve as
functional dietary components that influence energy metabolism
through well-defined biochemical pathways, while maintaining a
neutral and evidence-based position within the broader context of
dietary lipid research. Future research should focus on addressing
current gaps by exploring long-term metabolic adaptations, dose-
response relationships, and population-specific effects of MCT
consumption. In addition, further investigation into the molecular
signalling pathways associated with ketone bodies and appetite
regulation may provide deeper insights into the mechanisms
underlying observed metabolic responses. By advancing
methodological consistency and expanding the scope of analysis,
future studies can build upon the current evidence base to enhance
understanding of the role of MCTs in human energy metabolism.

Conclusion

The findings synthesized from the selected body of scientific
literature indicate that Medium-Chain Triglycerides (MCTs) derived
from palm kernel oil exert distinct and measurable effects on key
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physiological mechanisms of energy metabolism. These effects are
primarily driven by the unique metabolic characteristics of medium-
chain fatty acids, particularly their rapid absorption, direct transport
to the liver via the portal circulation, and preferential oxidation
within hepatic mitochondria. As a result, MCTs demonstrate a
metabolic profile that differs from long-chain triglycerides, with
implications for substrate utilization and energy balance. In the
context of fat oxidation, the reviewed evidence consistently shows
that MCT consumption is associated with increased lipid oxidation
and elevated energy expenditure. This effect is supported by
enhanced mitochondrial -oxidation and thermogenic responses,
indicating that MCTs contribute to more efficient utilization of fatty
acids as energy substrates. The observed increase in diet-induced
thermogenesis further reinforces the role of MCTs in facilitating
metabolic turnover and energy dissipation. Regarding ketogenesis,
MCTs are shown to function as effective precursors for ketone
body production. Their rapid hepatic metabolism promotes the
generation of B-hydroxybutyrate and acetoacetate, which serve
as alternative energy substrates for peripheral tissues, including
the brain and skeletal muscle. Notably, this ketogenic effect occurs
under typical dietary conditions without the necessity for strict
carbohydrate restriction, highlighting the metabolic flexibility
associated with MCT intake.

In terms of appetite regulation, the evidence suggests that MCT
consumption may influence satiety-related mechanisms through
modulation of hormonal responses. Increases in Peptide YY (PYY)
And Glucagon-Like Peptide-1 (GLP-1), alongside reductions in
ghrelin levels, are associated with modest decreases in subsequent
energy intake. Although the magnitude of these effects varies across
studies, the overall pattern indicates a potential contribution of
MCTs to short-term appetite control within the broader framework
of energy balance. Importantly, the integration of these mechanisms
demonstrates thatfat oxidation, ketogenesis,and appetite regulation
are interrelated processes influenced by MCT metabolism. The rapid
oxidation of MCTs facilitates ketone production, which may in turn
interact with hormonal pathways involved in appetite signalling.
This interconnected metabolic response underscores the role of
MCTs as modulators of multiple physiological pathways rather than
isolated metabolic processes. The evidence also indicates that the
metabolic effects of MCTs are primarily determined by fatty acid
chain length rather than their specific source. Consequently, MCTs
derived from palm kernel oil exhibit functional characteristics
consistent with established biochemical principles of medium-chain
fatty acid metabolism, supporting a neutral and evidence-based
perspective regarding their role in nutritional science. Overall, the
synthesis of current peer-reviewed literature demonstrates that
MCTs derived from palm kernel oil influence energy metabolism
through coordinated mechanisms involving enhanced fat oxidation,
increased ketone body production, and modulation of appetite-
related hormonal responses. These findings provide a coherent and
integrative understanding of the physiological roles of MCTs while
acknowledging variability across study conditions.
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