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Abstract Plant dietary lipids remain one of the most
intriguing and complex classes of biological mole-
cules. Among them, medium-chain triglycerides
(MCTs) have garnered recognition for their unique
physico-chemical properties and potential health ben-
efits. Despite their classification as saturated fats, they
stand apart from other saturated fatty acids due to their
distinctive characteristics, positioning them as a valu-
able component in nutrition. While traditional dietary
fats primarily contain long-chain triglycerides (LCTs),
MCTs consist of medium-chain fatty acids (MCFAs),
naturally found in coconut and palm oils. The structural
dissimilarity grants MCTs advantageous attributes,
encompassing rapid digestion and absorption, provid-
ing a swift source of energy. Importantly, MCT oil
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derived from coconuts surpasses traditional coconut oil
in efficiency and speed of energy conversion due to its
higher concentration of readily metabolizable MCTs,
making it a superior choice in human nutrition. This
comprehensive study delves deeply into the potential
of coconut-derived MCT oil, illuminating its chemical
constituents, production from coconut oil, distinctive
physical and chemical properties, and metabolic
characteristics. Additionally, it highlights a range of
potential biological activities of the oil, including its
efficacy in managing gastrointestinal disorders and
promising roles in anticancer, neuroprotective, and
antimicrobial effects. The report also discusses the
extensive applications of MCT oil across diverse
industrial and technological sectors, as well as its
utilization in structured lipids, oleogels, and as a carrier
for capsaicin. Addressing safety concerns and provid-
ing dosage guidelines, this paper emphasizes MCT oil
as an alternative to coconut oil in various applications,
offering a holistic perspective on its benefits.

Keywords Coconut oil - Medium-chain fatty acids -
MCT oil - Ketone bodies - Health benefits

Introduction

Along with carbohydrates and proteins, lipids belong
to the most principal nutrients in the human diet with a
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plethora of key biological functions. In addition to
serving as a source of energy and building blocks of
biomembranes, they also participate in numerous
cellular signaling pathways and activation of tran-
scription factors (Soto-Avellaneda and Morrison
2020; Bravo-Ruiz et al. 2021), thus significantly
impacting human physiology and pathophysiology.
Additionally, lipids play a crucial role in influencing
the sensory characteristics of food products. In this
context, they contribute to the mouthfeel and texture
of various food items (Shahidi and Senanayake 2006).
Moreover, owing to their excellent biocompatibility,
lipids are commonly utilized as safe vehicles for food
bioactive ingredients (Akhavan et al. 2018; Garcia
et al. 2021; Nahum and Domb 2021) and drug delivery
(Yang and Merlin 2020; Kesharwani et al
2022). However, it is important to note that excessive
consumption of lipids is linked with development of
obesity which strongly contributes to several diseases,
including cardiovascular diseases (atherosclerosis,
hypertension), type 2 diabetes, liver diseases, cancer
(breast and colon cancer) and other disorders (Shahidi
and Senanayake 2006; Jin et al. 2023; Li et al. 2023).

Chemically, lipids consist of fatty, waxy, or oily
compounds that exhibit solubility in nonpolar (or-
ganic) solvents while being completely insoluble in
water. This structurally and functionally heteroge-
neous group includes: (1) fats and oils (triglycerides,
TGs), (2) phospholipids, (3) waxes, and (4) steroids
(Ahmed et al. 2023). Dietary lipids are predominantly
present in the form of TGs, also known as neutral fats,
triacylglycerols, or triacylglycerides. They consist of a
glycerol (a 3-carbon sugar alcohol/polyol) backbone
esterified with three fatty acids (FAs) (Woodbury
2012). In industrially developed countries, TGs serve
as the primary source of dietary lipids, and their
average daily consumption ranges from approximately
100 to 150 g, accounting for around 30% of an
individual daily caloric intake (Zarevicka and Wim-
mer 2008). Complete oxidation of FAs yields approx-
imately 9 kcal/g (Sethi et al. 2022), which is 2.25-fold
higher than the energy yield of carbohydrates or
proteins (Shahidi and Senanayake 2006; Boateng et al.
2016). The physico-chemical characteristics and bio-
logical properties of FAs are strongly determined by
the degree of saturation (i.e., number of double bonds
in the carbon chain) and the length of the aliphatic
chain. Based on these aspects, FAs can be classified as
(1): saturated (i.e., SFAs), monounsaturated (i.e.,
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MUFA), and polyunsaturated (i.e., PUFA) (Chen and
Liu 2020; Jadhav and Annapure 2023), and as (2):
short- (SC), medium- (MC), long- (LC) (Park et al.
2021) or very long-chained (VLC) (Shah and
Limketkai 2017), respectively.

This comprehensive study offers an in-depth
exploration of coconut-derived MCT oil potential,
focusing on its chemical composition, production
from coconut oil, unique physico-chemical properties
and metabolism features, health benefits and safety.
To compile this paper, an extensive literature search
was conducted, drawing from internationally recog-
nized databases like Medline/PubMed, Web of
Science, Science Direct/Elsevier, and Springer. Addi-
tionally, resources like Google Books and Google
Scholar were consulted. To gauge the state of coconut
oil production in 2020, data from FAOSTAT (https://
www.fao.org/faostat/en/#data/QCL) was analyzed.
The literature cited in the report was limited to the
English language sources, drawing from a total of 291
references dated between 1989 and 2023, with nearly
half of them being published within the last 5 years.
This approach ensures a contemporary perspective on
the subject matter and reflects the latest advancements
and insights in the field. The search employed a range
of keywords and phrases, including “dietary lipids”,
“medium-chain fatty acids”, “medium-chain triglyc-
erides”, “coconut palm”, “coconut oil”, “physico-
chemical characteristics of coconut oil”, “coconut oil
processing”, “coconut-derived MCT o0il”, “physico-
chemical and sensory attributes of MCT o0il”, “meta-
bolism of MCT oil”, “biological activities of MCT
0il”, “industrial and technological applications of
MCT oil”, “MCT oil dosage”, “MCT oil safety”. The
paper excluded unpublished works, case reports, or
letters. Duplicate or irrelevant publications were also
sifted out during the screening process. The studies
and documents that met the criteria were assessed,
identified, and graded by all authors independently,
and any discrepancies were resolved through discus-
sion and consensus. In cases of conflicting information
or references, preference was given to more recent
sources.

While some existing reviews focus either on health
benefits of coconut oil (e.g., Sankararaman and Sferra
2018) or MCTs (e.g., Jadhav et al. 2022; Nimbkar
et al. 2022), alongside reports evaluating differences
in satiety properties between coconut oil and MCT oil
(e.g., Kinsella et al. 2017; Maher et al. 2017), it is
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Fig. 1 Structural formulas of medium-chain triglycerides and
medium-chain fatty acids. a Common structure of a medium-
chain triglyceride (MCT), consisting of three saturated fatty
acids (represented by the “R” groups) attached to a glycerol
backbone. b Structural formulas of medium chain fatty acids

important to emphasize that they cover only specific
aspects extracted from the topic of our report. In effect,
this comprehensive study not only delves deeper into
the dynamic and kinetic processes of MCT oil within
the human body, but it importantly highlights the
distinctions between coconut and MCT oil across
various perspectives, empowering consumers to opti-
mize their well-being by selecting the most suitable oil
based on their preferences and health goals.

Medium-chain triglycerides and medium-chain
fatty acids

Medium-chain triglycerides (MCTs), a structurally
modified type of lipids, are composed of saturated
medium-chain fatty acids (MCFAs) containing 6-12
carbon (C) atoms in their chain length. The MCFAs
that make up MCTs (Fig. 1) include caproic (hex-
anoic) acid (C6:0), caprylic (octanoic) acid (C8:0),
capric (decanoic) acid (C10:0), and lauric (dode-
canoic) acid (C12:0), with C8:0 and C10:0 being the

ﬁ
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(MCFAs), including hexanoic (caproic) acid (6 carbons),
octanoic (caprylic) acid (8 carbons), decanoic (capric) acid
(10 carbons), and dodecanoic (lauric) acid (12 carbons)

most dominant, accounting for 80% and 20-50% of
total MCFAs, respectively (Garcia et al. 2021;
Esperéon-Rojas et al. 2022; Zawistowski and Koped
2022). Lauric acid is a less prominent constituent (Lee
et al. 2022), typically ranging from 1 to 2% (Mirzaee
Ghazani and Marangoni 2020). Compared to their LC
counterparts, MCFAs exhibit smaller molecular struc-
tures, lower molecular weights, viscosity, and melting
points, and higher polarity (solubility) (Table 1)
which facilitates their hydrolysis, absorption, and
metabolism in the human body (Jala and Ganesh
Kumar 2018; Esper6n-Rojas et al. 2022; Watanabe
and Tsujino 2022; Zawistowski and Kopeé 2022).
According to Man and Manaf (2006), MCFAs have
melting points of 16.7 °C and 31.3 °C for C8:0 and
C10:0, respectively. They display stability when
subjected to temperatures below 300 °C (Parekh
et al. 2011) and demonstrate characteristics of weak
electrolytes. In neutral pH environments, they undergo
significant ionization, enhancing their solubility in
biological fluids (Ng et al. 2021). In addition, MCTs
are liquid at room temperature and have a lower
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Table 1 Comparison of water solubility between medium-
chain and long-chain fatty acids

Fatty acid Water solubility (mg/ml) at 20 °C
C8:0 68.00
C10:0 15.00
C16:0 0.72
C18:0 0.30

[Source: Heydinger Galante 2020: In: Shahidi F (ed.) Bailey’s
industrial oil and fat products, 1st ed. (pp. 1-14). Wiley. https://
doi.org/10.1002/047167849X.bio090]

energy (8.4 kcal/g) as compared to LCTs (9.2 kcal/g),
providing about 8.7% less energy (Pandya and Haen-
lein 2009; Esperon-Rojas et al. 2022).

Naturally, MCFAs are primarily found in veg-
etable oils like coconut and palm kernel oil (> 50 wt%
of FAs) (Ashton et al. 2021; Duttaroy 2021; Mett and
Miiller 2021), as well as in the oil fraction of some
Cuphea species (Zentek et al. 2011). Additionally,
they are also present in dairy products (Roopashree
et al. 2021), including butter (6.8%), milk (6.9%),
yogurt (6.6%), and cheese (7.3%). The content of
C6:0-C10:0 and C12:0 in bovine milk is estimated to
be 4-12% and 2-5% of all FAs, respectively,
depending on genetic background, feeding regimen,
and lactation stage (Duttaroy 2021). In human breast

Coconut oil as a raw material for MCT oil
production

Coconut palm

Coconut palm (Cocos nucifera Linn.) is a member of
the palm family Arecaceae (Palmae), the subfamily
Cocoideae. It is often accredited as the ‘tree of life’
because of its great versatility in usage. Indeed, this
most important crop of tropical and subtropical
regions provides many value-added products derived
from its diverse plant parts (listed in Table 2) that
sustain the local economy (DebMandal and Mandal
2011; Pham 2016; Lima and Block 2019; Rethinam
2019). Botanically, coconut is considered as a drupe
rather than a nut or fruit (Sankararaman and Sferra
2018). The coconut palm is also known for its
adaptability to various well-drained tropical soil types,
and it demonstrates a remarkable tolerance to salinity
and a wide range of pH levels, spanning from 5.0 to
8.0. However, excessively high-water tables that
remain stagnant for extended periods can be detri-
mental to the palm growth (Lal et al. 2003; Kumar and
Kunhamu 2022). In general, coconut cultivation is
environmentally friendly, allowing for the coexistence
of multiple plant species. It enhances soil fertility
when cultivated alongside other crops and is highly
adaptable to organic farming practices when suit-

milk, MCFAs account for 9-28% of all FAs able intercrops are grown in the spaces between
(Schonfeld and Wojtczak 2016). coconut trees (DebMandal and Mandal 2011). This
arborescent monocotyledonous perennial tree (ap-
proximately 25 m in height) with a dense canopy
R R
R
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Fig. 2 MCT formation from glycerol and medium-chain fatty acids [Source: Heydinger Galante 2020: In: Shahidi F (ed.) Bailey’s
industrial oil and fat products, 1st ed. (pp. 1-14). Wiley. https://doi.org/10.1002/047167849X.bio090]
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Fig. 3 Schematic representation of medium-chain triglycerides
(MCT) metabolism upon ingestion. A MCT enzymatic hydrol-
ysis begins in the stomach, and it is completed in the duodenum
with the release of medium-chain fatty acids (MCFAs) by
gastric and pancreatic lipases, respectively, where they are
directly absorbed through the portal vein. B In the liver, non-

were first cultivated on islands in Southeast Asia and
those situated between the Pacific and Indian Oceans
(Lima et al. 2015). Nowadays, it is grown in more than
98 countries worldwide (Arulandoo et al. 2017). Com-
monly, there are two distinct types of coconut palm
trees, the tall variety, and the dwarf variety. Tall
coconut palm varieties exhibit a slower maturation
process, typically taking 6-10 years after planting to
produce their first flowers. They can have a lifespan
ranging from 60 to 100 years. On the other hand,
dwarf coconut palm varieties tend to reach a height of
7.5 to 9 m. They have a shorter time to first flowering,
usually around 3 years after planting, and a relatively
shorter lifespan, averaging around 30 years (Lal et al.
2003). Importantly, the tall coconut palm outperforms
the dwarf type in terms of coconut oil production,

MCT
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Transport to
the liver

esterified MCFAs are directly transported into the hepatocyte
mitochondria where medium-chain acyl-CoA synthetases cat-
alyze the formation of fatty acyl-CoA thioesters, which undergo
B-oxidation to produce acetyl-CoA that can be further metab-
olized through the tricarboxylic acid cycle

primarily due to the unsuitability of the tough copra
obtained from the dwarf coconuts for commercial
purposes. Consequently, the dwarf coconut palm is
predominantly planted for ornamental purposes (Amri
2011).

Coconut oil

Coconut oil is a mainstream edible oil that is extracted
from the kernel or meat of matured coconuts (Lim
et al. 2020). In 2020, worldwide production of
coconuts (in shell) was estimated to be more than 62
mil. tonnes from approximately 11.3 mil. ha of
harvested area with an average yield of more than 5
mil. hg/ha. Global production of coconut oil averaged
in this year at 26.1 mil tonnes with Philippines (965
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Table 2 A comprehensive list of value-added products derived from each part of coconut palm, showcasing the remarkable
versatility and utility of this extraordinary tree known as ‘tree of life’

Part of coconut
palm

Value-added products

Inflorescence

Coconut meat

Mature coconut

Coconut milk

Sweeteners and syrups: jaggery (sugar), nectar, coconut honey; fermented products: toddy (coconut sap),
vinegar, neera; desserts: jelly, confectionery

Coconut syrup and jam, ice cream, puddings

Desiccated coconut, partially defatted coconut powder, roasted coconut paste, coconut chips, ball copra and cup

copra, dehydrated edible coconut meat, fresh coconut gratings, coconut milk and milk powder, coconut oil,
coconut flour and coconut meal

Coconut milk powder and syrup, coconut spread/cheese, coconut honey/candy, coconut skim milk beverage,
coconut protein, coconut crud, ice cream, low-fat/high-fat jam, virgin coconut oil, coconut flour and coconut

cake
Coconut water

Tender nut water and meat shake, pouched/tinned coconut water, coconut water spray-dried powder, water

concentrate/syrup, vinegar, natta de coco (gelatinous dessert), carbonated coconut water, toddy

Husk Coir fiber, rubberized coir fiber, coir yarn and mats, high-value coir wall paneling, rope, coir mattresses and rugs,
geotextiles, coir dust and dust briquettes, grow bags, husk chips, coir dust compost and dust-based flowering

pots, fiber-based ornaments
Coconut shell
Coconut leaves
Coconut stem
Coconut roots

Shell powder, charcoal, activated charcoal, ice cream cups, shell ornaments, spoons, and many eco gift products
Leaf midribs for broomstick, roofing, flower vase and drawing mats, coconut leaf-based vermicompost
Furniture, doors, window and door frames, wall panels, floor tiles, packing cases, stem chips, etc

Medicinal uses, dyes, tannins, traditional remedies, herbal preparations

[Source: Rethinam P (2019) In: Nampoothiri KUK, Krishnakumar V, Thampan PK, Nair MA (eds.) The coconut palm (Cocos
nucifera L.)—Research and development perspectives (pp. 21-56). Springer]

200 mil. tonnes) being the major producer country
followed by Indonesia, India, Vietnam, and Mexico,
contributing to 22.93%, 12.98%, 6.77%, and 5.07% of
the global production, respectively (FAOSTAT 2023).
As compared to other oil seed crops, coconut has
higher productivity, as well as consistency in produc-
tion, which is partially attributed to its less suscepti-
bility to abnormal climatic conditions (Krishna et al.
2010; Pham 2016).

Physico-chemical and sensory characterization
of coconut oil

Coconut oil possesses several peculiar characteristics
that set it apart from other vegetable oils. Indeed, this
oil is characterized by a distinctive and notable flavor
(Pereira et al. 2023), accompanied by a color range
that varies from colorless to a pale brownish-yellow
hue (Man and Manaf 2006). In terms of physical
properties, coconut oil is classified as a fat due to its
solid state at room temperature. However, it trans-
forms into a liquid oil when the temperature exceeds
25.6 °C. Unlike other fats that gradually soften as the

@ Springer

temperature rises, coconut oil has a distinctive char-
acteristic with a sharp melting point of approximately
24.4-25.6 °C. This behavior is attributed to its high
concentration of lauric acid, as mentioned by Lawson
(2012). Another notable feature of coconut oil is its
ability to resist oxidation and polymerization reac-
tions. This high resistance to oxidative rancidity is due
to elevated levels of saturated fat and low content of
unsaturated FAs in its chemical composition. As a
result, coconut oil is well-suited for storage without
experiencing deterioration and is a reliable and
stable choice for cooking purposes (Lal et al. 2003;
Sankararaman and Sferra 2018). Moreover, coconut
oil is characterized by its high inductivity, the lowest
turbidity (compared to other vegetable oils) and
excellent electrical insulation capabilities, making it
a preferred choice. Other important physical proper-
ties include its specific gravity of 0.926 at 15 °C and
0.9188 at 25 °C, a saponification value ranging from
251 to 263 (indicating its suitability for soap-making),
an iodine number within the range of 8.0 to 9.6
(reflecting its level of unsaturation), a Polenske value
typically falling between 15 and 18, a titre of FAs
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Table 3 Triglyceride composition of coconut oil

Triglyceride Amount (%)
CpCL 35£02
CCL 140 £ 0.3
CLL 188 £02
LLL 22.0 £ 0.5
LLO 1.2 £0.0
LLM 169 £ 0.2
LMM 10.0 £ 0.3
LMO 2.6 £ 0.0
LMP 103 £ 0.3
other 6.1

Cp caprylic, C capric, L lauric, M myristic, P palmitic, O oleic
acid

[Source: Mirzaee Ghazani and Marangoni 2020: Fractionated
coconut oil and MCT oil production: Facts and fiction. INF—
Int News Fats Oils Relat Mater 31:29-32. https://doi.org/10.
21748/inform.10.2020.29]

ranging from 20.4 to 25.3, and a melting point of
completely hydrogenated fat estimated at 44.5 °C
(Manikantan et al. 2019).

From a chemical standpoint, coconut oil is highly
concentrated in SFAs (comprising approximately 92%
of its composition) (Fernando et al. 2015) which differ
from those found in animal fats (Boateng et al. 2016).
Within the SFAs, this oil is particularly abundant in
MCFAs, accounting for 60-70% of its fatty acid
profile (Turpeinen and Merimaa 2011). The primary
MCFA in coconut oil is C12:0, constituting 46—54% of
the total (Dayrit 2015). Because of this high lauric acid
content, coconut oil falls into a specific category of
vegetable oils collectively known as “lauric oils”,
along with palm kernel (Elaeis guineensis) oil,
babassu kernel (Orbignya oleifera) oil, and cuphea
(Cuphea viscosissima) oil (Pham 2016). Hewlings
(2020) points to the fact that coconut oil is widely
recognized as the most abundant natural source of
C12:0. In addition, coconut oil contains smaller
amounts of C8:0 (5-10%) and C10:0 (5-8%) (Jadhav
and Annapure 2023). Most importantly, coconut oil in
addition to MCFAs also contains LCFAs, including
saturated ones such as myristic acid C14:0 (8%),
palmitic acid C16:0 (8%), and stearic acid C18:0 (2%),
and relatively low levels of unsaturated FAs like
monounsaturated oleic acid C18:1 (6%), and polyun-
saturated linoleic acid C18:2 (2%) (Boateng et al.

2016). The study conducted by Pereira et al. (2023)
provides specific compositional data for coconut oil
determined using gas chromatography analysis. The
authors reported that the oil contained approximately
9.06 £ 0.05% caprylic acid, 6.15 £ 0.10% capric
acid, 47.10 &= 0.15% lauric acid, 17.45 & 0.09%
myristic acid, 649 £ 0.06% palmitic acid,
4.13 £+ 0.15% oleic acid, and 9.62 £+ 0.08% minor
components such as glycerol, phosphatides, sterols,
and other substances present in the lipid samples. The
coconut oil also contained 0.08% of free FAs.
Regarding TGs (Table 3), they make up 90.0 to
98.2% of coconut oil, with the principal MCTs
identified as trilaurin (3C12; 12.34-23.04%) and
caprodilaurin (C10 + 2C12; 8.56-23.53%) (Appaiah
et al. 2014).

Besides the dietary fat fraction, coconut oil is also
endowed with diverse antioxidant compounds, such as
tocopherols, tocotrienols, phytosterols, phenolics
(Wagner et al. 2001; Appaiah et al. 2014), and volatile
compounds (Deen et al. 2021). Total sterols in this
vegetable oil have been estimated to vary between
2723 and 535.8 mg/kg. Here, [-sitosterol
(167.9-337.6 mg/kg) has been recognized as the
major phytosterol followed by stigmasterol
(74.5-136.5 mg/kg) and campesterol (29.9-62.8 mg/
kg) (Silva et al. 2020). The primary component of
tocols in coconut oil is a-tocotrienol, which can vary
in concentration from 0 to 44 mg/kg. Also, minor
tocols, such as o-tocopherol (0 to 17 mg/kg), B-
tocopherol (0 to 11 mg/kg), and y-tocopherols (0 to
14 mg/kg) are present. However, the refining process
of crude coconut oil (ECO) reduces the amount of
these tocols, subsequently diminishing the oil oxida-
tive stability (Amri 2011). In crude coconut oil,
ketones, lactones, and d-lactones were identified as the
principal volatile flavor constituents. Among these,
undecan-2-one and 6-decalactone were found to be
present in concentrations of 290 mg/kg and 97 mg/kg,
respectively. It is worth noting that the distinct flavor
and aroma of coconut oil are primarily attributed to the
presence of d-octalactone, as stated in a study by Lal
et al. (2003). In addition to this, coconut oil contains
trace amounts of other nutrients, including approxi-
mately 1 mg of calcium (Ca), 0.05 mg of iron (Fe),
0.02 mg of zinc (Zn), and 0.3 mg of choline. Consid-
ering a nutritional composition, 100 g of coconut oil
provides 892 kcal of energy, which is equivalent to
3730 kJ. This energy content is derived primarily from
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the presence of 99.06 g of fat within the same 100 g
sample (Ng et al. 2021). In this line, Marcus (2013)
states that one tablespoon of coconut oil contains
116 cal. This amount includes 13.5 g of total fat,
11.7 g of saturated fat, 0.8 g of monounsaturated fats,
and 0.2 g of polyunsaturated fats. When comparing
coconut oil to other edible oils, they generally offer
similar amounts of energy per 100 g due to their high-
fat content. However, slight variations can exist based
on the specific composition of fats in each oil.
Commonly used oils such as sunflower oil, canola
oil, flaxseed oil, sesame oil, and olive oil typically
have an estimated energy value of 884 kcal per 100 g
of oil (Bobo et al. 2021).

Coconut oil is available in two main forms: refined
coconut oil (RCO; also known as copra oil) and
unrefined virgin coconut oil (VCO). While the fatty
acid profile is similar across these forms, there are
some differences in terms of processing and additional
constituents (Dayrit 2014). For instance, VCO gener-
ally contains higher levels of certain nutrients, such as
vitamin E, and dietary bioactive compounds, includ-
ing polyphenols, as compared to copra oil (Wallace
2019).

Processing of coconut oil

Generally, the quality and successful production of
coconut oil depend on effectively implementing
optimal pre- and post-harvest technological processes,
as well as selecting sufficiently mature fruits, ideally
aged between 11-12 months (Foale 2003; Siriphanich
et al. 2011; Barlina et al. 2022). The key factor in
determining the right fruit maturity is the thickness of
the kernel. In effect, the quantity of oil directly
correlates with kernel thickness, meaning a thicker
kernel yields more copra (meat) mass and, conse-
quently, more oil. Other indicators for assessing
proper fruit maturity include the volume of liquid
(coconut water) inside the fruit, which can be detected
by the sloshing sound when shaking a ripe fruit, the
brown husk color (as opposed to gray), and a
uniformly brown soft eye without signs of moisture
or a protruding embryo (Foale 2003). Equally vital is
the impact of post-harvest handling on the quality of
coconut products. When dealing with young nuts, it is
imperative to exercise heightened care, as rough
manipulation can cause extensive damage. More
mature nuts are better able to withstand vibrations
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and potential drops on the ground. Proper storage
conditions, including temperature, humidity, and
atmospheric parameters, must be maintained meticu-
lously (Siriphanich et al. 2011).

Conventionally, coconut o0il can be produced using
either a wet method, initialing with fresh coconuts, or
dry method utilizing copra (Barlina et al. 2022). Copra
is dried coconut meat with reduced moisture content
from 45% to around 6%, as mentioned by Pham
(2016). The author further states that coconut oil
processing encompasses three main steps, such as
pretreatment, extraction (pressing or solvent extrac-
tion), and post-extraction treatments. For extracting
oil from copra, power-driven rotaries and expellers are
used, and the extraction process is followed by
separation of cake residue and mucilage using filtering
or settling (Lal et al. 2003). Moreover, oil produced
through the dry method requires purification due to the
potential presence of compounds that may be harmful
(Barlina et al. 2022). Overall, a series of steps creating
the manufacturing process of the dry method can be
summarized as follows: grinding, steaming, and
pressing, followed by refining and bleaching. Ulti-
mately, the oil must go through a deodorization
process at high temperatures, typically around
204-205 °C (O’Brien 2012). According to Barlina
etal. (2022), the dry method is usually employed on an
industrial scale but necessitates purification before
consumption due to variations in copra quality and
potential harmful compounds. On the other hand, the
wet method of coconut oil production begins with the
selection of high-quality, mature coconuts. These
coconuts are carefully dehusked without damaging the
kernel, deshelled, and cut into halves to access the
kernel. After removing the testa from the kernel, it is
washed and shredded using a milling machine or
manual methods (Srivastava et al. 2018). Subse-
quently, this shredded mass is mixed with water in a
1:2 ratio, and the result is filtered to yield coconut
milk. Coconut milk then undergoes a separation
process, yielding three distinct layers: cream, skim,
and sediment. The cream layer is extracted and heated
to approximately 100-110 °C, resulting in the final
acquisition of the oil fraction. The oil is heated once
more at the same temperature until clear oil is
obtained. Virgin coconut oil (VCO) is obtained
through subsequent cooling and pre-filtration (Barlina
et al. 2022). Based on the processing technique used,
three different types of coconut oil for edible purposes
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can be prepared. These include VCO from fresh
coconuts (unrefined grade), coconut oil from dry
coconuts (unrefined grade), and coconut oil utilizing
solvent extraction method (refined from coconut
expeller cake (Krishna et al. 2010).

The traditional method of obtaining coconut oil
results in the deactivation of bioactive polyphenolic
compounds and a loss of aroma and flavor (Ng et al.
2021). As a result, there is a growing focus on
producing VCO from coconut milk using production
processes that avoid the use of chemicals and limit the
application of high temperatures and UV radiation
(Villarino et al. 2007; Srivastava et al. 2018; Barlina
et al. 2022). This heightened interest in VCO produc-
tion has spurred the development of various extraction
methods for obtaining VCO from coconut milk. These
methods include the cold extraction process, hot
extraction process, low pressure extraction, chilling-
freezing and thawing, natural fermentation, induced
fermentation, centrifugation, enzymatic extraction,
supercritical fluid carbon dioxide, expeller pressing,
and the wet mill method (Srivastava et al. 2018; Ng
et al. 2021). In their study, Ng et al. (2021) provides a
concise description and outlines the advantages of
various VCO extraction methods.

Coconut-derived MCT oil

The development of MCTs is dated back to the early
1950s when researchers began exploring the nutri-
tional properties of different types of dietary fats.
Originally, MCTs were developed as by-products of
coconut oil manufacturing to utilize low melting point
FAs present in coconut oil (Watanabe and Tsujino
2022). These FAs, obtained from the lower boiling or
top fraction of hydrolyzed coconut oil, consisted
predominantly of C8:0 and C10:0. Historically, due to
their tendency to cause irritation in detergent applica-
tions, these MCFAs were eliminated and deemed
worthless. However, this disregard for them opened
opportunities for their alternative applications and
purposes (Heydinger Galante and Tenore 2006). Over
time, the commercial production of MCTs became
feasible as refining techniques improved, enabling the
extraction and purification of MCTs on a larger scale.

Conventionally, the separation of MCTs from
coconut oil can be achieved through a process called
lipid fractionation (Baeza-Jiménez et al. 2017), which

exploits the differences in melting points (Huey et al.
2009). This approach involves a series of sequential
steps to transform coconut oil into the desired MCT
product. This production process begins with the
hydrolysis of coconut oil under high pressure and
steam, effectively liberating the FAs from the glycerol
present in the oil. The released MCFAs are then
separated from the pool of other FAs through
fractional distillation. This process capitalizes on the
distinct melting point variations among the FAs (Lee
et al. 2022). During the thermal fractionation process,
FAs are subjected to elevated temperatures, reaching
their respective evaporation points, all under high
vacuum conditions. Subsequently, the evaporated FAs
are separated in packed columns into three distinct
cuts. The first cut yields MCFAs at 10-15%, the
second cut predominantly comprises lauric and myris-
tic acids, constituting the main fraction at 50-70%,
while the third cut contains the remaining coconut
FAs, yielding 15-20% (Mirzaee Ghazani and Mar-
angoni 2020). Once the MCFAs are obtained, the
esterification process takes center stage. The MCFAs,
along with glycerol, undergo high pressure and high-
temperature conditions, often surpassing 200 °C. This
esterification reaction (Fig. 2) can occur with or
without the presence of a catalyst, such as a metal or
a slightly acidic catalyst (Lee et al. 2022). Alterna-
tively, diverse enzymes, such as papain lipase, lipase
B from Candida (C.) antarctica can also be employed
(Caro et al. 2004; Kanprakobkit et al. 2023). Through-
out this process, water is continuously eliminated to
drive the reaction towards completion, and any
remaining unreacted free FAs or partial acylglycerols
are meticulously removed through various purification
techniques, including alkali washing and steam refin-
ing. These purification steps play a vital role in
eliminating impurities and further refining the quality
of the MCTs (Lee et al. 2022). Upon the successful
completion of the esterification process, any excess
FAs present in the reaction mixture are eliminated
through vacuum distillation, as mentioned by Hey-
dinger Galante and Tenore (2006). Following purifi-
cation, the crude ester undergoes a series of additional
treatments. They include degumming, bleaching, and
deodorization which collectively work to produce a
bland, flavor-neutral MCT product that possesses a
desirable sensory profile, devoid of any unwanted
aromas or tastes (Lee et al. 2022). Indeed, degumming
removes any remaining phospholipids, bleaching
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helps eliminate pigments and unwanted color, and
deodorization eliminates volatile odor and flavor
components, as well as any residual FAs (Gharby
2022).

The global market for commercial MCT products is
primarily dominated by the inclusion of caprylic
(65-75%) and capric (25-35%) acids. These two
MCFAs play a vital role in shaping the composition of
MCT formulations available to consumers (Rud-
kowska and Jones 2007; Baeza-Jiménez et al. 2017).
Before the esterification process takes place, the
combination of C8:0 and C10:0 occurs in varying
proportions, giving rise to diverse types of MCT
products with a spectrum of consistencies, spanning
from solid to liquid. The specific C8:C10 ratio in a
typical MCT product can vary between 95:5 to 5:95,
with the most commonly encountered ratio being
70:30. Worth noting is that these MCT products
typically contain minimal amounts (less than 6%) of
other MCFAs, such as C6:0 and C12:0, further
emphasizing the predominance of C8:0 and C10:0 in
commercial MCT formulations (Heydinger Galante
and Tenore 2006). In 1991, the first MCT-based
product, known as Caprenin, was introduced. It was a
low-calorie designer fat composed of C8:0, C10:0, and
behenic acids (C22:0). However, the presence of
C22:0, having an extended chain length compared to
other FAs, limited its absorption. The combination of
MCFAs and C22:0 in Caprenin resulted in a low-
calorie density of 5 kcal/g. Procter & Gamble mar-
keted Caprenin as a cocoa butter substitute, but it faced
challenges in terms of heat resistance and a slight
increase in serum total cholesterol levels, leading to its
withdrawal from the market in September 2000
(Rudkowska and Jones 2007). The most common
form of MCTs produced through the interesterification
process of glycerol and C6:0, C8:0, C10:0, and C12:0
derived from coconut oil is Captrin. This widely used
commercial MCT product has been found to have an
energy content of 8.3 kcal/g when measured using
bomb calorimetry. However, in terms of net metabolic
energy, Captrin is estimated to provide around
6.8 kcal/g (Yoon 2006). Hasanah and Warnasih
(2020) successfully prepared MCT from VCO. The
process was initiated by isolating MCFAs from VCO
through low-pressure fractionated distillation at
130-140 °C, yielding 81.74% MCFAs. Then, the
synthesis of MCT was performed by an 8 h esterifi-
cation reaction of the MCFAs with glycerol at 170 °C/
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40 kPa. This process yielded the highest glycerol
conversion and MCT yield, achieving 99.17%.

Physico-chemical and sensory characterization
of MCT oil

At room temperature, MCT oil is almost transparent
(colorless), low-viscous “water-like” liquid oil being
bland in odor and taste, which makes it a great carrier
for condiments and colorants (Takeuchi et al. 2008;
Hasanah and Warnasih 2020; Pereira et al. 2023). As
compared to coconut 0il, MCT oil has been found to be
more palatable (Kinsella et al. 2017). On the other
hand, its persistence in a liquid state at ambient
temperature presents a notable challenge for the
baking industry, manifesting as a detrimental influ-
ence on product texture (Jadhav et al. 2022). Never-
theless, this limitation can be addressed through the
creation of oleogels derived from liquid MCTs,
experiencing a growing trend in popularity (Puscas
et al. 2020).

Commonly, MCT oil exhibits several distinctive
characteristics, including reduced viscosity (30 mPas)
(van Aken et al. 2011; Jadhav et al. 2022), heightened
water solubility (Jamoussi et al. 2021), low water
emulsification (Murack and Messier 2019), dimin-
ished thermal resilience (Park et al. 2022), and a lower
smoke point (Matsuo et al. 2001; Takeuchi et al.
2008). This diminished smoke point (140-160 °C) of
MCT oil precludes its utilization in high-temperature
culinary applications, as the elevated temperatures
beyond this threshold can engender the formation of
hazardous compounds (e.g., acrolein and malondi-
aldehyde) (Fullana et al. 2004; Katragadda et al.
2010). Hence, it is not suitable for frying (McCarty
and DiNicolantonio 2016; Sankararaman and Sferra
2018). According to Rudkowska and Jones (2007),
this characteristic is accompanied with a content of
low molecular weight FAs in MCT oil, having lower
smoke, flash, and fire points than other animal or
vegetable fats. On the other hand, MCFAs confer to
MCTs great oxidative stability, making them a
preferred choice for various applications (Ceballos
et al. 2016). Additionally, they are more polar as
compared to LCFAs; thus, MCTs are miscible with
hydrocarbons, esters, alcohols, acids, ketones, and
natural oils (Pham 2016).

From a chemical perspective, MCT oil and coconut
oil are distinct from each other, as mentioned earlier.
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While coconut oil contains significant amounts of
C12:0 and lower contents of C6:0, C8:0, and C10:0,
MCT oil exclusively consists of C8:0 and C10:0,
omitting the presence of C12:0 and other LCFAs
found in coconut oil (Clegg 2017; Pereira et al. 2023).
Thus, the concept “MCT” often refers to just C8:0 and
C10:0, as a content of the majority of commercially
available MCT oils (Dayrit 2014; Rogawski 2016;
Norgren et al. 2020).

MCTs dynamics in human body

In general, when MCTs are ingested orally, they
undergo hydrolysis by lipases (triacylglycerol hydro-
lases; EC 3.1.1.3) in the body. The process begins in
the stomach, where lingual or gastric lipases partially
hydrolyze MCTs, and the complete and efficient
hydrolysis of MCTs occurs in the duodenum with the
assistance of pancreatic lipase (Man and Manaf 2006).
The positions of MCFAs within MCT molecules are
crucial determinants for their metabolic fate. These
positions are designated using stereospecific number-
ing, referred to as sn positions. Within the context of
MCTs, the glycerol backbone provides for three
stereochemically distinct FA positions: the two outer
positions, known as sn-1 and sn-3, and the central one,
denoted as sn-2 (Zarevicka and Wimmer 2008). In the
digestive system, pancreatic lipase exhibits stereose-
lective hydrolysis by preferentially cleaving the ester
bonds of MCTs at the sn-/ and sn-3 positions. This
enzymatic action results in the formation of sn-2
monoglyceride and MCFAs as the primary products.
While sn-2 monoglyceride can be absorbed intact, it is
important to note that it is less thermodynamically
stable compared to its sn-1 or sn-3 counterparts. As a
result, there is a possibility of spontaneous isomeriza-
tion or the migration of FA from the sn-2 monoglyc-
eride to either the sn-1 or sn-3 positions. This process
would ultimately lead to the production of glycerol
and free MCFA as final products (Salentinig et al.
2015).

The MCFAs have unique characteristics that enable
their faster and more efficient absorption and meta-
bolism compared to LCFAs, which constitute the
majority (97%) of dietary fats (Osman 2019). In
general, higher water solubility (hydrophilic nature)
and shorter carbon chain of MCFAs, in comparison
with LCFAs, allows them to be absorbed without the
need for emulsification by bile acids/salts (Bhagavan

and Ha 2015). They also facilitate pancreatic lipase
activity (Ferguson et al. 2016). Importantly, MCFAs
can be absorbed intact by enterocytes (across the
intestinal barrier) even in the presence of pancreatic
enzyme deficiency, making up to 30% of absorption
(Shah and Limketkai 2017; Osman 2019; Bhutia and
Ganapathy 2021). These features, along with their low
affinity for FA binding proteins, FA transport proteins,
or FA translocase (Marten et al. 2006; Zentek et al.
2011), prevent them from being re-esterified within
the intestinal mucosa and following the typical
chylomicron route of LCFAs through the lymphatic
system. Instead, MCFAs tend to be directly absorbed
as free acids through the portal vein, partly complexed
to plasma albumin, and transported to the liver for
hepatic metabolism (Shah and Limketkai 2017; Dut-
taroy 2021; Jadhav and Annapure 2023). This allows
MCFAs to be effectively converted into energy for its
immediate utilization rather than being involved in
cholesterol biosynthesis and fat accumulation (Dut-
taroy 2021). Additionally, MCFAs are less susceptible
to the actions of hormone-sensitive lipase and less
likely to be stored in adipose tissue compared to
LCFAs (Kinsella et al. 2017; Althaher 2022). More-
over, it was found that these superior absorption
characteristics make MCFAs a unique form of dietary
fat that plays a fundamental role in weight manage-
ment, making them highly valuable for patients with
pancreatic insufficiency and those with digestive and
fat absorption disorders (Watanabe and Tsujino 2022).

In the hepatocytes, MCFAs in their non-esterified
form enter the mitochondrial matrix independently of
the carnitine transport system (Schonfeld and Wojtc-
zak 2016) unlike LCFAs, thus not requiring the
activity of the carnitine acyltransferase-1 or carnitine
palmitoyltransferase 1, CPT-1. The medium-chain
acyl-CoA synthetases (ACSMs), including ACSMI,
ACSM2A, ACSM2B, ACSM3, and ACSMS5, present
in the mitochondria, catalyze the formation of fatty
acyl-CoA thioesters, i.e., the activated form of
MCFAs, using adenosine triphosphate (ATP) and
through a thioester linkage between the carboxyl
group (—OOH) of the MCFAs and the thiol (-SH)
group of coenzyme A (Co-A) (Watkins 2013; Adeva-
Andany et al. 2019). These crucial intermediates (fatty
acyl-CoA thioesters) undergo metabolism through
mitochondrial B-oxidation pathways, which involve a
series of enzymes located either in the inner mito-
chondrial membrane or mitochondrial matrix (Fig. 3).
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These enzymes catalyze the fragmentation of succes-
sive two-carbon units in the form of acetyl-CoA from
the carboxyl terminal of the fatty acyl-CoA chain. The
degradation cycles continue until the complete reduc-
tion of the chain to compounds comprising two carbon
residues (Blanco and Blanco 2017; Kumari 2018; Xia
et al. 2019). In addition to mitochondrial B-oxidation,
approximately 10% of MCFAs are believed to
undergo oxidation in the peroxisomes in the basal
state (Salway 2004). However, these subcellular
organelles depend on cooperation with mitochondria,
as they receive the end products of peroxisomal [-
oxidation for complete degradation to CO, and H,O
(Wanders et al. 2016). Additionally, when mitochon-
drial B-oxidation is overwhelmed, the endoplasmic
reticulum and cytoplasm can facilitate the ®-oxidation
of MCFAs. This process mainly involves hydroxyla-
tion and oxidation of FAs, converting them into
dicarboxylic acids. The conversion enhances their
water solubility, enabling their excretion through urine
(Talley and Mohiuddin 2023). Regarding the meta-
bolic fate of MCTs and MCFAs, their plasma half-life
after ingestion tends to be short, with estimates around
11 min for MCTs and 17 min for MCFAs, as reported
in a study by Mingrone et al. (1995).

Most importantly, MCTs also have another unique
metabolic pathway associated with its consumption. In
mitochondria of liver cells, they can undergo a process
called ketogenesis, apart from their role in acetyl-CoA
production. This pathway leads to the generation of
ketone bodies, including acetoacetate (AcAc), PB-
hydroxybutyrate (BHB) and acetone, without requir-
ing a conventional ketogenic diet or extended periods
of fasting (Lin et al. 2021). Here, two acetyl-CoA
molecules are converted by thiolase (also known as
acetyl coenzyme A acetyltransferase, ACAT) into
acetoacetyl-CoA, which is then further converted into
B-hydroxy B-methylglutaryl (HMG)-CoA by the
enzyme HMG-CoA synthase. Subsequently, HMG-
CoA lyase acts on HMG-CoA, converting it into
AcAc. Acetoacetate can take two paths: it can undergo
non-enzymatic decarboxylation, resulting in the pro-
duction of acetone, or it can be converted to fHB via
the enzyme PHB dehydrogenase, as mentioned by
Dhillon and Gupta (2023). The ketone bodies serve as
alternative energy substrates to glucose and are
transported to tissues with high energy demands, such
as heart or muscles, to provide immediate energy for
their proper functioning (Modre-Osprian et al. 2009;
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Takeishi et al. 2021; Jadhav and Annapure 2023).
Furthermore, they can cross the blood—brain barrier
and serve as an alternative fuel source for the brain
(Jensen et al. 2020; Omori et al. 2022; Lépez-Ojeda
and Hurley 2023). When they reach tissues, fHB can
be converted back into AcAc by the enzyme BHB
dehydrogenase. Similarly, AcAc can be converted
back to acetyl-CoA through the enzyme B-ketoacyl-
CoA transferase. Acetyl-CoA then enters the CAC,
and through oxidative phosphorylation, it produces 22
ATP molecules per molecule of acetyl-CoA. How-
ever, it is important to note that acetone does not
convert back into acetyl-CoA. Instead, it is either
excreted through urine or expelled through exhalation
(Dhillon and Gupta 2023).

There is ongoing debate regarding the classification
of C12:0 as a MCFA due to its distinctive utilization
within the body, as it was reviewed in the report by
Clegg (2017). Unlike shorter carbon chain MCTs
found in pure MCT oil (C6:0-C10:0), only a portion of
C12:0 (around 20-30%) is directly transported to the
liver via the portal vein to be used as energy.
Consequently, approximately 23.16% of coconut oil
in total consists of MCTs that are absorbed and
metabolized in a similar manner to pure MCT oil. The
digestion of coconut oil and MCT oil using in vitro
static and dynamic digestion protocols have been
compared by Pereira et al. (2023). Their results
revealed that MCT oil was digested more rapidly
and exhibited a higher lipolysis than coconut oil. Both
oils showed similar lipolysis levels at the endpoint of
the gastric phase, suggesting that gastric lipase
concentration limited free FA release rather than the
availability of MCFAs. During the gastric digestion,
MCT oil released mainly C8:0 and C10:0, while
coconut oil released C12:0. MCT oil had higher lipid
bioaccessibility, indicating greater bioavailability in
early digestion. However, some FAs remained ester-
ified to glycerol, indicating incomplete lipolysis with
the used lipase activities. The research conducted by
Sonnay et al. (2019) investigated the differences in
metabolic flux pathways and ketogenesis at the basal
level of C8:0 and C10:0 using human-induced
pluripotent stem cell-derived (iPSC) astrocytes. The
study revealed MCFA-specific ketogenic properties,
suggesting distinct B-oxidation pathways for C8:0 and
C10:0. This was supported by higher extracellular
concentrations and faster secretion rates of fHB and
AcAc in cells metabolizing C8:0 compared to C10:0.
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Also, the research identified opposite directions of
intracellular metabolic fluxes between the MCFA
intermediates C6:0 and C8:0, further highlighting the
unique characteristics of MCFA metabolism. Van-
denberghe et al. (2017) investigated the ketogenic
effects of different oils in an 8-h study with healthy
adults. Tricaprylin (C8) was found to be the most
ketogenic oil compared to coconut oil (3% C8, 5%
tricaprin, C10) and other MCT oils (C8—C10; C10), or
coconut oil mixed with C8-C10 or C8. The ketogenic
effect of C8 was significantly higher when consumed
without a meal. However, it only produced half the
increase in the acetoacetate-to-BHB ratio compared to
coconut oil. Also, significantly higher ketosis after
intake of C8:0 compared to coconut oil (both with and
without previous glucose intake) was reported in the
research by Norgren et al. (2020). Additionally, their
results indicate that the extent of ketosis achieved from
C8:0 can vary strongly based on the timing and
macronutritional composition of the overall food
intake. As a result, the effectiveness of MCT supple-
ments or coconut oil in achieving ketosis is enhanced
when combined with a time-restricted feeding regi-
men that emphasizes carbohydrate restriction. There-
fore, individuals seeking to optimize the benefits of
MCT supplementation or coconut oil for achieving
ketosis would benefit from implementing a time-
restricted feeding approach that limits their carbohy-
drate intake.

Biological activities of MCT oil

Generally, coconut oil has garnered interest for its
myriad potential health benefits, including anticancer,
hypocholesterolemic, antidiabetic, hepatoprotective,
antioxidant, anti-inflammatory, antimicrobial, skin-
moisturizing, and wound-healing effects, documented
across various studies (DebMandal and Mandal 2011;
Kappally et al. 2015; Peedikayil et al. 2016; Sezgin
et al. 2019; Widianingrum et al. 2019; Pruseth et al.
2020; Deen et al. 2021; Vasquez and Guardia 2021;
Umaru et al. 2023). According to many authors
(Dayrit 2014; Sheela et al. 2019), many of these
advantages of coconut oil are attributed to the
characteristics of MCFAs, with a particular focus on
C12:0. This MCFA is also present in MCT oil;
however, only in small amounts. Regarding this, it is
crucial to emphasize that digestion and metabolism of

C12:0 more closely resemble that of LCFAs due to its
primary absorption with chylomicrons (Eyres et al.
2016; Devers and Brown 2020), raising questions
about weight loss effects of coconut oil (Jayawardena
et al. 2021). In contrast, MCT oil, enriched with
health-beneficial C8:0 and C10:0 surpasses coconut
oil in this aspect. This raises doubts about relying
solely on coconut oil for similar effects. Further,
coconut oil contains also various polyphenolic com-
pounds combating oxidative stress (Sandupama et al.
2022), and its health benefits such as reduced blood
pressure (Bandeira Alves et al. 2014) or neuroprotec-
tion (Lim et al. 2020) are linked to its antioxidant
properties. Despite these benefits, coconut oil also
contains substantial levels of other SFAs, including
LCFAs. In this context, consumption of coconut oil
has been associated with increased serum levels of
total cholesterol, low density lipoprotein (LDL)
cholesterol, and high density lipoprotein (HDL)
cholesterol (Jayawardena et al. 2021), escalating
concerns about its potential role as a risk factor for
cardiovascular diseases (Jayawardena et al. 2020;
Neelakantan et al. 2020; Schwingshackl and Sch-
lesinger 2023; Spiazzi et al. 2023). Hence, govern-
mental regulatory agencies in many countries have
expressed skepticism regarding its consumption (Lima
and Block 2019). In light of these concerns, MCT oil
has emerged as a potentially more efficient substitute,
largely owing to its concentrated MCFAs. Its swift
conversion into energy makes it valuable for those
seeking immediate and sustained energy sources. Its
ability to support various health benefits and its
versatility in different applications may further solid-
ify its role as a superior choice compared to coconut
oil.

The following section delves into the extensive
range of biological activities associated with MCT oil.
Unfortunately, direct comparisons of biological activ-
ities between MCT oil and coconut oil are scarce
(summarized in Table 4). Indeed, studies often focus
on MCFAs or MCTs which are present in both oils but
in different proportions, making it challenging to draw
precise conclusions about the superior advantages of
MCT oil.

Anticancer properties of MCT oil

Many preclinical (in vitro and in vivo), as well as
clinical studies have indeed demonstrated the
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cytotoxic and anticancer effects of MCTs in diverse
human cancers, encompassing liver, breast, gastric,
colorectal (CRC), prostate, skin, and brain cancers
(Kimoto et al. 1998; Otto et al. 2008; Dueregger et al.
2015; Crotti et al. 2016; Aminzadeh-Gohari et al.
2017; Wakana et al. 2019; Roopashree et al. 2022).
However, despite this growing body of research, only
a limited number of studies have specifically investi-
gated the anticancer effects of MCT oil sourced from
coconuts. Regarding this, it has been discovered that
C12:0, C10:0, and C8:0 are among the major
constituents of MCTs exhibiting antitumor and
chemopreventive actions. These effects include their
ability to modulate cellular energy metabolism, hinder
tumor growth and cell proliferation, downregulate
inflammatory cytokines and chemokines, regulate
genes associated with cell cycle and division, induce
apoptosis, or influence specific signaling pathways
(Verma et al. 2019; Ramya et al. 2022).

Preclinical studies

Recently, it was suggested that targeting energy
metabolism by a modified diet supplemented with
25% 8- and 10-carbon MCTs may be considered as
part of a multimodal treatment regimen to improve the
efficacy of neuroblastoma anticancer therapy in CD-1
Nu mouse model (Aminzadeh-Gohari et al. 2017).
Furthermore, this study revealed that a ketogenic diet
supplemented with 25% 8-carbon MCTs, combined
with a daily dose of the chemotherapeutic drug
cyclophosphamide [40 mg/kg for mice with SH-
SY5Y xenografts and 13 mg/kg for mice with SK-N-
BE(2) xenografts], administered for at least 36 days,
was more effective than a diet supplemented with
LCTs in sensitizing neuroblastomas to low-dose
chemotherapy. In addition, it has been shown that
MCTs have a more potent anticancer activity com-
pared to LCTs, and they can change energy demands
and glucose metabolism of benign cells towards the
increased glycolytic activity and higher requirements
to utilize dietary MCTs as energy source in compar-
ison with malignant cells of the prostate. In a study
conducted by Dueregger et al. (2015), MCT oil (100%
mix of coconut and palm oil, C10), LCT oil (100% mix
of thistle oil and line seed oil, C22), and combination
of MCT/LCT (77%/23%) significantly increased the
cell proliferation of benign cells (RWPE-1) within
72 h, with the most pronounced effect observed with
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200 uM LCT. However, these treatments did not
significantly affect the proliferation of prostate cancer
cells (LNCaP, ABL, PC3). The obtained findings
supported the notion that benign prostate tissue has a
significantly higher B-oxidation and glycolytic activity
than cancer tissue. The anticancer effects of MCTs
have also been demonstrated in other in vitro and vivo
studies. For instance, dietary intervention involving
80% MCT diet (20 U/kg/day) was found to reduce
both tumor proliferation and cancer cachexia in
murine colon adenocarcinoma, as reported by Beck
and Tisdale (1989). Furthermore, an antiproliferative
action of MCTs was evidenced in a study by Otto et al.
(2008). The authors showed that a ketogenic diet
supplemented with omega-3 fatty acids and 21.45%
MCTs (612 carbons) inhibited the tumor growth in a
xenograft model of human gastric adenocarcinoma
cells and increased the mean survival time of animals.
In effect, animals on the ketogenic diet with MCTs
survived for an average of 34.2 + 8.5 days, compared
to 23.3 £ 3.9 days in the control group. Suppressed
tumor growth was also observed in human colon
xenograft models, when the diet provided 31.1 kJ/g
and was composed of 36.2% MCT, 21.8% omega-3
fat, 11% lard fat, 20% protein, and 3% carbohydrate
(Hao et al. 2015). Additionally, a similar ketogenic
diet, characterized by high fat, low carbohydrate, and
moderate protein content, supplemented with 30%
MCTs, resulted in a reduction of glioblastoma pro-
gression, inhibition of cancer cell proliferation, and
increased survival in an orthotopic xenograft model.
Notably, these anticancer effects were attributed to the
inhibition of the mTORC1/2 pathway, as demon-
strated by Martuscello et al. (2016). Regardless of the
dietary type, it has also been observed that the
administration of MCTs (at a dose of 60 g/week/-
mouse), especially C8:0, significantly inhibited chem-
ically-induced hepatic carcinogenesis in mice when
compared to the control group (Wakana et al. 2019).
Additionally, the study revealed that the ketone body
BHB, a main metabolite of MCTs, inhibited tumor cell
proliferation in in vitro conditions and led to a
decrease in the expression of inflammatory cytokines
[tumor necrosis factor oo (TNF-a), interleukin 6 (IL-6),
interleukin 1B (IL-1B), and interferon y (IFN-v,)] and
chemokines [chemokine monocyte chemoattractant
protein-1 (MCP-1, C-C) and motif chemokine ligand
2 (MIP-2, C-X-C)]. On the other hand, this study
showed that MCTs significantly increase the
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expression of adipocytokines in adipose tissue after
diethylnitrosamine administration, effectively inhibit-
ing oxidative stress caused by lipid peroxidation.
These findings suggest a potential therapeutic benefit
in combating hepatic carcinogenesis induced by
inflammatory agents through the incorporation of oral
MCT supplements or MCT-rich diets. Specifically, the
anticancer properties of MCFAs, including C10:0,
C8:0, and C6:0, have been demonstrated in human
skin, breast, and colon cancer cells (Narayanan et al.
2015). Notably, this study observed that C10:0,
particularly at a concentration of 4.4 mM, exhibited
the most potent inhibitory effect, mainly on colon and
skin cancer cells. This was followed by C8:0 (at a dose
of 7mM) and C6:0 (6.5 mM) after 48 h of MCFA
administration. All these MCFAs exerted anticancer
activity by downregulating genes linked to cell
division [cyclin dependent kinase 2 (CDK2), cyclin
dependent kinase 4 (CDK4), CDC28 protein kinase
regulatory subunit 1B (CKS1B), cyclin A2 (CCNA2),
cyclin D1 (CCND1)] and upregulating the Gadd45a
(growth arrest and DNA damage inducible o) gene,
which plays a pivotal role in inducing apoptosis in
colon cancer cells. Similarly, in skin cancer cells, the
MCFAs downregulated cell division-related genes
(CKS1B, CCNA2, CCND1) and upregulated NR4A1
(nuclear receptor subfamily 4 group A member 1) and
P21 (cyclin dependent kinase inhibitor 1A) genes that
are essential for apoptosis. In breast cancer cells, only
C10:0 and C8:0, at doses of 0.6 mM and 0.7 mM,
respectively, downregulated CDK4, CKS1B, CCNA2,
and CCND1 genes. Nevertheless, the expression of
P21, associated with apoptosis, was upregulated by all
three MCFAs at doses ranging from 0.6 to 0.9 mM.

Clinical studies

The clinical application of MCTs in relation to their
potent anticancer and therapeutic effects has been
reported in several clinical studies. Researchers are
currently investigating the efficacy of diets rich in
MCTs, also known as ketone diets, in conjunction with
conventional treatments like chemotherapy and radi-
ation therapy. This is particularly relevant for
advanced stage IV cancers and challenging-to-treat
brain tumors such as glioblastoma multiforme, which
are difficult to surgically remove (Zuccoli et al. 2010).
Nebeling et al. (1995) proposed one of the first diets
rich in MCTs (a diet containing 60% MCTs) as a

successful therapeutic option in oncology, suggesting
its potential for clinical application in pediatric
patients with malignant brain tumors. Conducting
comprehensive clinical research on cancer patients
poses several challenges, but further studies in this
direction are anticipated in the future (Chung and Park
2017; Watanabe and Tsujino 2022). Extensive
research on the ketogenic diet containing MCTs has
been carried out in a pilot study conducted by Schmidt
et al. (2011) in patients with advanced metastatic
tumors. This study demonstrated notable improve-
ments in patients, who followed a ketogenic diet for
three months (containing MCTs in a form of oil-
protein mixture: 21 g of fat with MCTs, 5 g of
carbohydrate, and 14 g proteins) in physical well-
being and observed tumor shrinkage as a result of the
ketogenic diet, without adverse side effects and
changes in cholesterol or blood lipids. Moreover, a
recent study showed that advanced cancer patients
(stage IV), who received the ketogenic diet with MCT
oil (approximately 50-80 g/day) in combination with
chemotherapy and radiation therapy for three months,
exhibited significantly increased total ketone bodies,
reduced fasting blood sugar, and insulin levels. From
one week to three months, there were significant
increases in the levels of AcAc and BHB
(139.9 £ 178.0 to 922.1 £+ 340.1 and
573.2 & 356.0 umol/L, respectively) and notable re-
ductions in levels of both fasting blood sugar
(96.8 £ 11.5 to 91.2 £ 13.0 mg/dL) and insulin
(8.6 &+ 11.4 to 4.8 £ 4.6 pIU/mL). Additionally, the
diet markedly improved the long-term prognosis of the
patients and even inhibited the development of
multiple liver metastases (Hagihara et al. 2020).
Similar results were reported in a randomized con-
trolled trial conducted by Khodabakhshi et al. (2020).
They found that an MCT-based ketogenic diet, which
contained 6% of calories from carbohydrates, 19%
from protein, 20% from MCTs, and 55% from fat,
when combined with standard chemotherapy for
patients with metastatic breast cancer (500 ml of
MCT oil administered every 2 weeks for 3 months),
significantly reduced fasting blood sugar levels
(84.5 £ 11.3 vs. 100.4 £ 11.8 mg/dl) in the inter-
vention group across different time intervals (third and
last visit). On the other hand, the control group
exhibited no significant changes (106.4 £ 27.2 vs.
105.2 £ 15.8 mg/dl). Moreover, there was an increas-
ing trend in serum levels of ketone bodies
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(0.007 £ 0.026 to 0.92 £ 0.699 mmol/l) in the inter-
vention group during the follow-up period. This study
also demonstrated that MCT-based ketogenic diet can
improve the biochemical parameters, body composi-
tion, and overall survival with no substantial side
effects in patients with breast cancer.

In addition, the efficacy, safety, and tolerance of
lipid emulsions containing LCTs, MCTs, and PUFAs
were recently investigated in patients undergoing
major surgery for gastric and colorectal cancer (Ma
et al. 2015). This study reported that lipid particles
(containing 100 g/l of MCTs) exhibited immunomod-
ulatory effects but had no significant influence on
levels of pro-inflammatory factors, including IL-6,
TNF-o0, CRP, and uroporphyrinogen III decarboxylase
(PCT), or clinical outcomes in patients undergoing
elective surgery. Furthermore, recent research (Roo-
pashree et al. 2022) has unveiled the potential utility of
MCTs levels in human plasma as a promising
screening and new prognostic biomarker for different
stages and pathological subtypes of breast cancer.
Specifically, the levels of C8:0 and C12:0 were found
to be significantly decreased, especially in the HER2-
and ER-positive breast cancer subjects (0.902% and
3.083%, respectively), in comparison with the control
groups (2.256% and 3.882%, respectively). In con-
trast, the level of C10:0 was significantly increased in
breast cancer patients (12.559%) when compared to
the control group (10.709%). The findings suggest that
lower levels of C8:0 and C12:0 may be indicative of a
higher risk of developing breast cancer. Similar
outcomes were corroborated in a study by Crotti
et al. (2016) involving CRC cells. Among the MCTs
examined in human plasma samples, the level of
C10:0 was found to be elevated in the precancerous
lesions (HGDA), early-stage CRC (I-II), and late-
stage CRC (III-1V) compared to the control group.
This elevation was also observed when contrasted with
patients diagnosed with breast cancer or ulcerative
colitis. These findings strongly indicate that C10:0
could serve as a valuable early diagnostic biomarker
for colorectal cancer. Moreover, the study found
notable differences in the C6:0/C10:0 ratio between
individuals with HGDA and CRC patients (1.48 and
0.13, respectively). These results suggest the potential
for discrimination between HGDA and CRC based on
the C6:0/C10:0 ratio.
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Neuroprotective properties of MCT oil

As mentioned earlier, ketone bodies serve as an
alternative energy source that brain cells can utilize
when glucose availability is limited, a state that can
occur during prolonged fasting, exercise, or when
induced deliberately through the administration of
MCTs (Cunnane et al. 2016; Vandenberghe et al.
2020). The concept of nutritional ketosis has been
harnessed for its neuroprotective effects and its
potential in treating various neurological disorders.
Generally, ketogenic diets have been employed in the
management of conditions such as epilepsy and
Alzheimer’s disease (AD), aiming to enhance cogni-
tive function (D’andrea Meira et al. 2019; Thelen and
Brown-Borg 2020). In AD, where there is impaired
cerebral glucose and insulin metabolism, ketones offer
an alternative energy source. Indeed, continuous
consumption of MCT oil appears to stabilize cognition
in individuals with AD, particularly those in the mild
to moderate stages of the disease (Juby et al. 2022).
Dietary interventions, including ketogenic diets, have
been investigated as a therapeutic option for prevent-
ing and treating seizures in individuals with epilepsy
for over a century. These diets can mimic the
metabolic changes associated with fasting, which has
been shown to possess anticonvulsant properties
(Masino and Rho 2012). Over the years, dietary
modifications for seizure management have been
extensively studied in the field of human medicine.
Among these interventions, the MCT ketogenic diet
has emerged as one of the most effective therapeutic
approaches, especially for children with drug-resistant
epilepsy (Barafiano and Hartman 2008; Liu 2008; Rho
and Stafstrom 2012; Martin-McGill et al. 2020).

A study conducted by Rebello et al. (2015) revealed
that consumption of 56 g/day of MCTs for 24 weeks
lead to an increase in serum post-prandial BHB
concentrations and improvement of memory in
patients with mild cognitive impairment through
supplementation with ketone precursors. Miles et al.
(1991) conducted a study to explore the effects of
MCT infusion on the central nervous system in dogs.
For this purpose, six dogs were subjected to sequential
infusions of trioctanoin at varying rates over 80-min
intervals to provide different calorie levels relative to
their resting energy expenditure. Results showed that
plasma octanoate levels increased progressively dur-
ing the infusions, peaking at 1.44 £ 0.41 mmol/l.
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Notably, at higher trioctanoin infusion rates, dogs
experienced emesis, somnolence, and coma. Ketone
body concentrations and production significantly
increased, reaching 859 £ 54 pmol/l and
18.5 £ 1.7 umol/kg/min, respectively, at the highest
trioctanoin infusion rate. Plasma lactate levels also
rose from 1.3 £ 0.1 to 4.3 £ 0.9 mmol/l at the
highest infusion rate. EEG changes were observed,
characterized by high amplitude slowing and reduced
faster component amplitudes. The study concluded
that MCTs had a dose-related central nervous system
toxicity in dogs. Thus, caution should be exercised in
clinical studies involving MCTs, with meticulous
measurement of MCFA concentrations being essen-
tial. In a study conducted by Berk et al. (2022),
changes in the metabolome and neurotransmitter
levels relevant to epilepsy and behavioral comorbidi-
ties in dogs with idiopathic epilepsy after consuming a
MCT dietary supplement (MCT-DS) were investi-
gated. Out of the 28 dogs included in the study, over
60% experienced a reduction in seizure frequency
during MCT supplementation. However, only 30% of
the dogs exhibited an overall reduction in seizure
frequency of > 50% and were categorized as MCT
responders (R). The remaining 23 dogs were classified
as MCT non-responders (NR). The study revealed
significant differences in four out of nine neurotrans-
mitters between dogs consuming the control-DS and
MCT-DS after 90 days of DS consumption. In all 15
dogs, there was a notable increase (p = 0.044) in vy-
aminobutyric acid (GABA) concentration during the
MCT phase. This increase was accompanied by a
significant shift in the balance between GABA and
glutamate, with a relative 50% increase on the
GABAergic side (p = 0.025). Additionally, during
the MCT-DS phase, significant differences were
observed between R and NR. MCT-R dogs also
exhibited significantly lower urinary concentrations of
histamine (p = 0.006), glutamate (p = 0.046), and
serotonin (p = 0.012) during the MCT-DS phase,
whereas no significant differences were observed
during the control-DS phase [histamine (p = 0.345);
glutamate (p = 0.323); serotonin (p = 0.269)]. This
pattern was consistent for all three metabolites when
compared to the baseline measurements. Thavendi-
ranathan et al. (2000) focused on male Wistar rat pups
weaned at 20 days of age and assigned to either a
control diet or a ketogenic diet containing MCT oil.
The primary goal was to investigate the impact of

these diets on seizure susceptibility and blood levels of
BHB. After following a 10-day dietary regimen, the
rats underwent one of four distinct seizure tests:
maximal electric shock, threshold electroconvulsive
shock, threshold pentylenetetrazol, or maximal
pentylenetetrazol. Subsequently, the rats were huma-
nely euthanized, and blood samples were collected to
measure BHB concentration. Rats on the MCT diet
displayed substantially elevated blood BHB levels,
ranging from 10 to 30 times higher than those
observed in the control group. These levels were not
only significantly increased but also fell within or even
exceeded the ranges commonly reported in clinical
studies. In contrast, the control group exhibited BHB
values that varied across the different experiments,
ranging from 0.17 to 0.42 mM. In comparison, the
ketogenic diet group showed a substantial increase in
BHB levels, ranging from 3.36 to 7.14 mM. However,
despite the remarkable increases in blood ketone
levels, none of the seizure tests demonstrated any
anticonvulsant effects. Surprisingly, the tests involv-
ing maximal seizures revealed proconvulsant actions.
These findings challenge the prevailing notion that
elevated ketone levels in the bloodstream are inher-
ently associated with anticonvulsant effects. In con-
clusion, this study suggests that clinical levels of
ketones can be present in the bloodstream without
exerting any inhibitory effects on seizures.

In a case study involving a 43-year-old man with a
history of nonsurgical partial epilepsy, Azzam and
Azar (2013) introduced MCTs in the form of pure oil
into his regular diet. The patient had previously not
responded to multiple trials of antiepileptic drugs.
Remarkably, the introduction of MCTs into his diet
led to a significant reduction in the frequency of his
seizures, transitioning from multiple daily occurrences
to just one seizure every four days. This positive
response was consistently observed when the patient
consumed four tablespoons of MCT oil twice daily.
Importantly, no adverse side effects were reported at
this level of supplementation; however, at higher
doses of MCTs, the patient did report significant
gastrointestinal side effects, including diarrhea and
flatulence. In a study conducted by Rasmussen et al.
(2023), adult patients with intractable epilepsy were
the focus. These participants incorporated MCT oil
into their diet, following a tolerance-based regimen of
twice-daily supplementation for a three-month period.
This regimen included a 1-2-week titration period at
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the beginning, followed by a 1-2-week tapering-off
phase. The data analysis yielded compelling results
showing a significant estimated reduction of 42%
(p < 0.0001) in the frequency of seizures among the
participants.

In 2013, Chang and colleagues (2013) performed a
comparative analysis, pitting the established epilepsy
treatment Valproate (VPA) against a variety of MCT
diet-associated fatty acids, as well as related branched
compounds. Their study revealed that specific
MCFAs, including those prescribed in the MCT diet
and certain branched compounds positioned at the
fourth carbon, exhibited significantly improved
in vitro seizure control compared to VPA. Notably,
VPA led to a slight yet statistically significant
reduction in the frequency of epileptiform discharges,
decreasing to 77.1 £ 2.0% of the baseline. On the
other hand, C8:0 had no discernible impact on seizure
control, registering at 98.4 £ 7.2%. Conversely,
nonanoic acid and C10:0 showed marked effects, with
reaching 23.2 &+ 8.2% and 2.2 £ 1.4%, respectively.
The introduction of a side chain to C8:0 resulted in
increased suppression of epileptiform discharges
when branched either at the second carbon (2-propy-
loctanoic acid, 11.1 4+ 4.6%) or the fourth carbon (4-
methyloctanoic, 50.0 &+ 3.8% and 4-ethyloctanoic,
5.8 &£ 3.8%). Importantly, the inhibition of epilepti-
form discharges was structurally specific, as com-
pounds like 3,7-dimethyloctanoic acid (96.7 £ 2.6%)
and 2-methylheptanoic acid (84.9 + 2.5%) had lim-
ited effects. These findings support the potential
therapeutic role of C10:0 and C8:0 derivatives in the
direct mechanism of the diet for seizure control.
Overall, this study highlights the promising prospect
of MCFAs as a basis for the development of more
effective and safer epilepsy treatments when com-
pared to VPA.

Additionally, as summarized by Liu and Wang
(2013), the ketogenic diet stands out as one of the most
effective therapies for drug-resistant epilepsy. The
MCT ketogenic diet has proven to be equally effective
as the classic ketogenic diet. With careful manage-
ment by healthcare professionals, MCT ketogenic diet
offers hope to individuals with epilepsy for whom the
classic ketogenic diet may not be a suitable option,
providing them access to its benefits.
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Health benefits of MCT in gastrointestinal
disorders

Gastrointestinal disorders

The remarkable ease with which MCTs are absorbed
and metabolized in contrast to other dietary fats has
sparked significant interest in their application for
managing various gastrointestinal disorders. In this
context, MCTs are mainly utilized to alleviate prob-
lems related to fat malabsorption and to provide
essential calories in order to enhance overall nutri-
tional well-being (Shah and Limketkai 2017). As per
the review by Watanabe and Tsujino (2022), MCTs
have been employed since the 1950s to offer energy
supplementation for patients grappling with issues
such as lipid malabsorption, liver dysfunction, and
malnutrition. Incorporating MCTs into protein-rich
diets (up to 40-70%) has been found to enhance lipid
absorption in individuals with malabsorption syn-
drome (Murphy et al. 2002; Smart et al. 2011).
Chylous leakage (CL) is an abnormal condition
characterized by the seepage of chylomicron-rich
fluid from the lymphatic vessels (Satala et al. 2021).
Post-operative CL can occur as a surgical complica-
tion, often resulting from damage to the lymphatic
system (Inoue et al. 2016). This complication can
induce malnutrition and compromise the patient’s
immune system, potentially impacting the long-term
outcomes of individuals undergoing surgical treatment
for malignant diseases (Koch et al. 2011; Shyr et al.
2020). The implementation of a dietary regimen like
the MCT diet in patients with CL can help alleviate
stress on damaged lymphatic vessels, as MCTs are
typically not absorbed through the intestinal lymphat-
ics (Shyr et al. 2020). A study conducted by Wang
et al. (2023) investigated the impact of the MCT diet
and/or low-fat enteral nutrition (EN) interventions on
the prognosis of patients with post-operative CL. In
this analysis, a total of 63 patients with post-operative
CL were included. Among them, 58 patients were
successfully cured without the need for additional
treatments. The authors concluded that approximately
90% of post-operative CL cases could be effectively
treated using their MCT diet/EN management strat-
egy, surpassing success rate higher than that reported
in numerous studies. Based on their findings, they
recommend the use of the MCT diet and EN as the
primary treatment choice, favoring these options over
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fasting, parenteral nutrition, or octreotide. In a retro-
spective study involving 245 patients who underwent
pancreatoduodenectomy or total pancreatectomy, 40
patients who developed CL were given an enteral
formula enriched with MCTs until they could shift to a
fat-free diet supplemented with oral MCTs. Notably,
all these patients experienced a reduction in chyle
output without needing surgical intervention or par-
enteral nutrition (Abu Hilal et al. 2013). For chylous
fistulas that occurred post neck dissections, patients
were able to achieve fistula closure after two weeks of
MCTs administration (Martin et al. 1993).

In the context of chronic pancreatitis, there is a
growing interest in utilizing MCTs to alleviate post-
prandial pain. A small study of Shea et al. (2003),
which involved 8 adult patients suffering from chronic
pancreatitis and equipped with sufficient pancreatic
enzymes, revealed promising results. These patients
were administered with an elemental enteral formula
rich in MCTs (comprising 69% of the total fat content;
9.8 g per can) at least 3 times daily for a duration of
10 weeks, with an additional requirement of main-
taining a daily fat intake of less than 20 g. The
outcome was noteworthy, as it resulted in minimal
increases in serum plasma cholecystokinin (CCK) and
a significant reduction in post-prandial abdominal
pain. Specifically, mean CCK levels for the control
subjects were 0.46 = 0.29 pM at Dbaseline,
10.75 £ 0.45 pM in response to the high-fat meal,
and 7.9 £ 1.25 pM in response to the standard enteral
formulation. Of note, CCK levels were
1.43 £ 0.72 pM in response to the enteral supplement
containing MCT and hydrolyzed peptides. In patients
with chronic pancreatitis, there was an average
improvement in pain scores of 61.8% from baseline
to the conclusion of the study (p = 0.01). This
corresponded to a clinical improvement in 6 out of
the 8 patients. The complete enteral supplement,
containing MCT and hydrolyzed peptides, demon-
strated the ability to minimally increase plasma CCK
levels while potentially proving effective in reducing
postprandial pain associated with chronic pancreatitis.

Short bowel syndrome (SBS) is a condition char-
acterized by nutrient malabsorption and occurs fol-
lowing surgical resection, congenital defect, or disease
of the bowel. In patients with a remaining colon,
incorporating a diet containing MCTs has been proven
to enhance overall fat absorption in comparison to a
diet containing solely LCTs. Currently, there are

limited early case reports demonstrating the potential
benefits of MCTs in SBS. Jeppesen and Mortensen
(1998) investigated the role of the colon in fat
absorption, with a focus on MCTs and MCFAs. In
total, 19 patients with SBS were included, 10 of them
retaining a functional colon. In these patients, the
absorption of C8:0-C10:0 FAs was significantly better
as compared to those lacking a colon, even in case of
severe LCFA malabsorption. However, the impact of
the colon on the absorption of LCFAs (C14:0-C18:0)
was minimal. The introduction of MCTs substantially
enhanced fat absorption (MCT + LCT), raising it
from 23 to 58% in patients with a colon and elevating
overall energy absorption from 46 to 58%. Con-
versely, in patients without a colon, the increase in fat
absorption from 37 to 46% did not improve overall
energy absorption due to increased malabsorption of
carbohydrates and proteins. In the case of a 78-year-
old female recovering from colorectal cancer surgery
and subsequent small bowel resection due to intestinal
necrosis, nutritional management posed a significant
challenge due to the limited length of the remaining
small intestine and the absence of the ileum. Imple-
menting MCT oil into her diet led to noticeable
benefits in her recovery. Gradual improvements were
seen in stool consistency and a reduction in defecation
frequency. Additionally, her food intake and protein
utilization improved, resulting in increased skeletal
muscle mass and higher albumin levels (Kunii et al.
2022).

One of the initial studies comparing fat-modified
enteral formulas, specifically those containing MCTs
in contrast to standard formulas, was conducted by
Viall et al. (1990). This small-scale double-blind,
randomized clinical trial involved 23 non-surgically
treated hospitalized patients, selected to represent the
common adult population requiring enteral nutrition in
general practice. The participants were randomly
assigned to receive either the study formula (SF:
83.5% MCT + 16.5% LCT) or the control formula
(CF: 50% MCT + 50% LCT) over a period of
65 days. Although the results showed numerical
advantages for the SF, there were no significant
differences observed in the number of daily bowel
movements (CF: 1 & 0.5 vs. SF: 0.6 £ 0.3) or the
frequency of days with high gastric residuals (CF:
10/59 vs. SF: 2/59). Similarly, there were no substan-
tial distinctions in the occurrence of gastrointestinal
adverse effects, such as diarrhea (CF: 7/59 vs. SF:
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4/59 days) and vomiting (CF: 7/59 vs. SF: 1/59 days).
In a prospective double-blind study, the incidence of
diarrhea episodes was compared between two groups
of patients: one group receiving an MCT- and fish oil-
enriched formula and the other group receiving a
standard enteral formula. Unfortunately, no clinical
benefit was observed in the treatment group, and the
significance of these results was constrained by the
small number of participants (Jakob et al. 2017). More
promising results were obtained in two additional
studies. In a study by Qiu et al. (2017) which involved
144 patients requiring enteral nutrition, a fat-modified
enteral formula containing MCT, carnitine, and tau-
rine was compared to a standard enteral formula. The
findings indicated that the fat-modified formula
improved feeding tolerance in critically ill patients.
However, the individual contribution of each nutrient
was not clearly established, limiting the impact of the
research. In another study involving 229 patients with
gastrointestinal tract cancer, Wang et al. (2010)
demonstrated that an MCT- and protein-enriched
enteral formula led to improved prealbumin levels
and reduced hospital stay duration without causing an
increase in adverse reactions compared to patients
receiving isocaloric enteral nutrition.

Obesity

The global incidence of obesity is steadily increasing
and is closely linked to various health issues, including
type 2 diabetes, atherosclerosis, hypertension, cardio-
vascular diseases, and cancer. Excessive intake of
nutrients plays a significant role in obesity, leading to
the enlargement of white adipose tissue (WAT) and
the buildup of fat in unconventional sites such as the
liver, skeletal muscle, and kidneys. The surplus of
visceral and ectopic fat is linked to the onset of insulin
resistance (Neeland et al. 2019). As of 2020, the total
number of obese people globally exceeded 600
million, which accounts for more than one-tenth of
the world’s population, and this number continues to
rise (Kumanyika and Dietz 2020). It is imperative to
develop therapeutic approaches aimed at reducing fat
accumulation and improving overall metabolic func-
tion. Thanks to their unique metabolism, MCTs offer
immediate energy and can be utilized to manage
obesity. MCTs have a high satiety value, preventing
overconsumption of food (Kinsella et al. 2017).
Numerous clinical studies have explored the potential
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of MCTs in preventing obesity. Since 2010, several
research articles have been published, delving into the
effects of MCT ingestion on body composition, weight
loss, and energy expenditure (Nagao and Yanagita
2010; Rego Costa et al. 2012; Bueno et al. 2015;
Mumme and Stonehouse 2015; Watanabe and Tsujino
2022). In a review conducted by Mumme and
Stonehouse (2015), randomized clinical studies with
a minimum ingestion duration of 3 weeks were
selected and analyzed. This review specifically com-
pared MCTs (particularly those containing C8:0 and
C10:0) with LCTs concerning body composition,
weight, serum lipids, and other endpoints in healthy
men and women. Thirteen clinical trials, involving a
total of 749 participants, were included in the analysis.
The findings revealed that, in comparison to LCTs,
MCTs led to a significant reduction in body weight
(BW), waist circumference, hip circumference, total
body fat, total subcutaneous fat, and visceral fat. In a
study performed by Tsuji et al. (2001), a double-blind
controlled protocol was employed to investigate the
potential health benefits of MCT in comparison with
LCTs in 78 healthy men and women. The participants
were categorized into two groups based on their body
mass index (BMI): BMI > 23 kg/m2 (n =26 for
MCT, n=30 for LCT) and BMI < 23 kg/m*
(n =15 for MCT, n =7 for LCT). Throughout the
12-week study period, participants in both groups
were instructed to consume 9218 kJ/day and 60 g/day
of total fat. Both groups experienced reductions in BW
and body fat by weeks 4, 8, and 12 of the study.
However, among participants with a BMI > 23 kg/
m?, those in the MCT group exhibited a significantly
greater decrease in BW and body fat
(— 3.86 £ 0.3 kg) compared to the LCT group
(— 2.75 £ 0.2 kg) at the 8-week mark. Additionally,
the area of subcutaneous fat decreased significantly
more in the MCT group than in the LCT group at
weeks 4, 8, and 12. These findings indicate that an
MCT-based diet may lead to pronounced reductions in
BW and fat in individuals with a BMI > 23 kg/m2
when compared to an LCT-based diet. It has been
observed that the consumption of MCTs is associated
with increased energy expenditure, enhanced fat
oxidation and improved feelings of satiety. The
objective of the study by Kinsella et al. (2017) was
to investigate the impact of MCT oil in comparison to
coconut oil and a control substance on food intake and
satiety. In the experiment, fifteen healthy participants
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(33 + 12 years; BMI 23.85 + 2.85 kg/m?) consumed
a test breakfast smoothie, providing 205 kcal, with a
choice of either MCT oil, coconut oil, or vegetable oil
(control) following an overnight fast. The study results
revealed a significant difference in energy intake
during the ad libitum meal among the three oils
(control 1797.7 £+ 415.7 kcal, MCT
1474.2 + 536.5 kcal; coconut oil
1710.8 4+ 430.6 kcal; P = 0.018), with the most
notable difference observed between the control and
the MCT oils (p = 0.048). Furthermore, distinctions
were observed in the visual analogue scales (VAS) for
all four parameters: hunger, fullness, desire to eat, and
prospective consumption (P < 0.001). These differ-
ences were noted between MCT and coconut oil for all
VAS parameters (P < 0.01) and between the control
and MCT for hunger and fullness (P < 0.05). The
study demonstrated that MCT increased satiety more
effectively than coconut oil and the control substance.
In areport of Maher et al. (2021), it was concluded that
MCT led to a reduction in energy intake over the
following 48 h, an effect that was not observed with
conjugated linoleic acid (CLA). This reduction might
be mediated via delayed gastric emptying or increased
BHB concentrations. In the study, 15 participants with
a healthy weight (BMI: 22.7 + 1.9 kg/m?) and 14
participants ~ with  overweight/obesity  (BMI:
30.9 + 3.9 kg/m?) were provided with breakfast
meals containing either 23.06 g of vegetable oil
(CON), 25.00 g of MCT oil (MCT), or 6.25 g of
CLA and 16.80 g of vegetable oil (CLA). Various
parameters, including appetite, peptide YY, total
ghrelin, BHB, and gastric emptying, were measured.
Energy intake was assessed during an ad libitum lunch
and over the subsequent ~ 36 h. Neither MCT nor
CLA led to a decrease in ad libitum intake; however,
MCT did reduce energy intake on day 1 (P = 0.031)
and over the 48-h period (P = 0.005) compared to
CON. MCT also delayed gastric emptying (P < 0.01)
compared to CON, whereas CLA did not. Concentra-
tions of peptide YY and total ghrelin showed no
significant differences (P =0.743 and P = 0.188,
respectively), but MCT increased BHB concentrations
compared to CON (P = 0.005) and CLA (P < 0.001).
Importantly, BHB concentrations were higher in
participants with overweight/obesity (P = 0.009). In
a recent study by Jackson and Jewell (2023), the
impact of different dietary components, including
MCTs, long-chain PUFAs from fish oil (FO), and their

combination (FO + MCTSs) on the serum metabolome
of dogs was thoroughly investigated. For this purpose,
sixty-four dogs were randomly assigned to different
diet groups: a control diet, a diet with 7% MCTs, a diet
containing FO (comprising 0.18% eicosapentaenoate
and 1.3% docosahexaenoate), or a diet combining FO
and MCTs. The dogs adhered to these diets for 28 days
following a 14-day washout period during which they
consumed the control diet. Notable findings of the
study included decreased levels of circulating TGs and
total cholesterol with the FO (with or without MCTs)
addition and reduction in N-acyl taurines with the
MCTs, FO, or FO + MCTs supplementation. The
study conclusion indicates that the lipidomic signa-
tures relevant to the clinical effectiveness of FO or
MCT are preserved when these oils are consumed
together.

Time-restricted feeding (TRF) has emerged as a
potent therapy for addressing obesity. In particular,
TRF has been found to suppress diet-induced BW gain
and metabolic dysfunction in mice when administered
during the active phase, as demonstrated in a research
of Hatori et al. (2012). The study by Abe et al. (2022)
focused on 40 elderly nursing home residents, with an
average age of 859 &£ 7.7 years, in a 1.5-month
randomized intervention trial. The participants were
randomly allocated into two groups: one group
received 6 g/day of MCTs at breakfast (breakfast
group) as a test group, and the other group at
dinnertime (dinner group) as a positive control group.
Thirty-seven participants completed the research and
were included in the analysis. The supplementation of
MCTs, whether at breakfast or dinner, resulted in a
significant increase (P < 0.001) in right and left arm
muscle areas compared to the baseline, with an
increase of 1.1 & 0.8 cm?>and 1.1 + 0.7 cmz, respec-
tively, for the breakfast group, and 1.6 + 2.5 cm” and
09 +1.0 cmz, respectively, for the dinner one.
Additionally, right knee extension time improved by
39 £ 42 s (P <0.01) and 20 &+ 32 s (P < 0.05) for
the breakfast and dinner groups, respectively, while
leg open and close test time increased by 1.74 + 2.00
n/10 s (P <0.01) for the breakfast group and
1.67 &£ 2.01 n/10 s (P < 0.01) for the dinner group.
The analysis showed that supplementation with 6 g of
MCTs daily for 1.5 months, whether taken at breakfast
or dinnertime, resulted in enhanced muscle mass and
function, along with improved cognition in frail
elderly adults. Abe (2022) investigated how the timing
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of MCT consumption affects obesity and metabolic
dysfunction induced in mice by a high-fat high-
sucrose diet (HFHSD). In this research, mice were
subjected to an HFHSD with (M-HFHSD) or without
MCT during either the active or rest phase for a
duration of 9 weeks. The results revealed a significant
reduction in BW, WAT weight, and adipocyte size in
epididymal WAT (eWAT), as well as improved
insulin sensitivity in mice fed with M-HFHSD during
the active phase, but not during the rest phase.
Additionally, mice consuming M-HFHSD during both
active and rest phases exhibited enhanced glucose
tolerance. Phosphorylated Akt, a signaling molecule,
was more abundant in the gastrocnemius muscles and
eWAT of mice fed M-HFHSD during the active phase
compared to those fed HFHSD. The study also
observed increased mRNA and protein expression of
lipogenic genes in the eWAT of mice fed M-HFHSD
compared to HFHSD. Furthermore, feeding mice with
M-HFHSD during the active phase significantly
increased the abundance of phosphorylated Ser563
and 660 of hormone-sensitive lipase, an enzyme
involved in lipid metabolism, and its upstream regu-
lator, protein kinase A, in eWAT. These findings
indicated that the timing of MCT consumption mod-
ulates its effects on eWAT hypertrophy and influences
glucose and lipid metabolism in mice.

A study by Nosaka et al. (2020) involved sedentary
middle-aged and elderly individuals who were given
6 g of MCTs/day for 2 weeks. The results demon-
strated that continuous MCT ingestion enhanced lipid
metabolism, as compared to carbohydrates, during
low-intensity exercise in daily activities. Similarly,
Tsujino et al. (2022) conducted a study with sedentary
obese individuals who were given 2 g of MCTs/day
for 2 weeks. Their findings revealed that MCT inges-
tion increased fat oxidation during low-intensity
physical activity compared to LCTs. Animal studies,
as highlighted by Ooyama et al. (2008) on rats, have
further shown that when MCT ingestion is combined
with exercise, it leads to additional enhancements in
fat metabolism and reductions in visceral fat. Given
the current lifestyle changes, which often involve
reduced physical activity, it is essential for individuals
to not only incorporate MCTs into their diets but also
integrate them with exercise and physical activity.
This combination approach can contribute signifi-
cantly to overall health and well-being as emphasized
by Watanabe and Tsujino (2022).
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Antimicrobial properties of MCT oil

While many research studies have focused on antimi-
crobial activity of coconut oil and MCFAs, investiga-
tions into the activity of MCT oil remain relatively
rare. The antibacterial potential of coconut oil has
been a matter of discussion, with certain studies failing
to detect any significant activity (Hovorkova et al.
2018). On the other hand, MCFAs have exhibited a
spectrum of antimicrobial effects against pathogenic
microorganisms (Kim and Rhee 2013; Matsue et al.
2019). Virgin coconut oil and its components were
evaluated for their impact on potentially pathogenic
bacteria Clostridium (C.) difficile, known to cause
diarrhea. When used in its unaltered state, virgin
coconut oil did not demonstrate any inhibitory effect
on the bacterial growth, except when digested by
lipase. Lipolyzed coconut oil displayed concentration-
dependent activity with 1.2% oil inhibiting 99.9% of
C. difficile. Lauric, capric, and caprylic acids individ-
ually showed significant inhibitory activity at concen-
trations of 1 mM, 2 mM, and 10 mM, respectively,
underscoring the need for oil digestion to obtain
inhibition properties (Shilling et al. 2013). Enhanced
inhibitory activity of hydrolysed coconut oil was
discussed in a study by Nguyen and Diep (2022),
where the fraction containing MTCs exhibited the
highest inhibition activity against various bacteria,
including Staphylococcus (S.) aureus (with an inhibi-
tion zone of 15.67 mm), Bacillus (B.) subtilis
(11.67 mm), B. cereus (10.00 mm), Escherichia (E.)
coli (9.00 mm), and Salmonella (S.) typhimurium
(6.00 mm). Sihombing et al. (2014) found that the
antimicrobial activity of coconut oil increased signif-
icantly after 100% hydrolysis by lipase. In this case, S.
aureus, S. typhmurium, and E. coli were inhibited by
71.36%, 51.82%, and 60.71%, respectively, compared
to non-hydrolysed oil. Arsenault et al. (2019) tested
the dietary supplementation of MTC in a small group
of premature infants with Candida infection. Their
findings demonstrate an 84% reduction in Candida
colonies within the gastrointestinal tract after one
week of treatment.

As MCTs are metabolized into MCFAs after
consumption, several research studies have focused
exclusively on the individual components present in
MCT oil. Skrivanova et al. (2006) observed that
MCFAs exhibited an inhibitory activity against
E. coli, Salmonella sp., and C. perfringens. The most
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potent inhibitory activity was attributed to C8:0, with a
MIC reaching from 1 to 3 mg/ml. Furthermore,
exposure to MCFAs led to the inhibition of glucose
utilization by all tested microorganisms. Lauric acid
(10 mM) inhibited E. coli and Salmonella, while S.
enteritidis was inhibited by 5 mM C10:0 (Martinez-
Vallespin et al. 2016). In general, Salmonella strains
seemed to be more sensitive to MCFAs than E. coli
strain, as evidenced by a decrease in specific growth
with increasing MCFA concentrations. Huang et al.
(2011) evaluated the inhibitory activity of 25 pg/ml of
MCFAs against various gram-positive and gram-
negative bacteria found in the oral cavity. Complete
inhibition was achieved against Fusobacterium (F'.)
nucleatum with C10:0 treatment and against Agregat-
ibacter actinomycetemcomitans, Porphyromonas gin-
givalis, F. nucleatum, and S. gordonii with C12:0
treatment. Batovska et al. (2009) examined activity of
MCFAs and their monoglycerides against several
microorganisms, like Staphylococcus, Corynebac-
terium, Bacillus, and Streptococcus. They found out
that monoglycerides were more active against all
tested microorganisms, except Listeria monocytoge-
nes, which exhibited pronounced inhibition with
MCFAs, especially C12:0 with MIC of 31.25 pg/ml.
In a study by Bergsson et al. (2001), various strains of
C. albicans were tested against MCFAs. Here, C8:0
did not show any remarkable activity, while C10:0
demonstrated inhibitory action at a concentration of
10 mM. The most considerable activity was observed
after C12:0 treatment, with significant inhibition at
5 mM concentration.

The mechanisms of antimicrobial actions of
MCFAs have been proposed by several studies. In a
summary by Desbois and Smith (2010), they discussed
potential targets of free FAs for bacterial inhibition.
These mechanisms include interaction with the elec-
tron transport chain, through a pathway of oxidative
phosphorylation, or blocking a nutrient uptake. Inhi-
bition of bacterial cell growth or cell death can result
from the disruption of the pathogene cell wall or
membrane. Destabilization of the membrane and pore
formation increase cell permeability and can lead to
cell lysis, which helps protect hosts against bacterial
infection (Yoon et al. 2018). In the case of C12:0
treatment, it resulted in morphological changes in
supported lipid bilayers and membrane lysis in S.
aureus (Yoon et al. 2015). Transmission electron
microscopy also showed structural changes in the cell

membranes of bacteria after exposure to C12:0
(Tangwatcharin and Khopaibool 2012). Disruption
of cell membrane integrity and the release of nucleic
acids were observed in C. difficile following C12:0
treatment. The induction of membrane damage and the
generation of reactive oxygen species resulted in cell
lysis (Shilling et al. 2013; Yang et al. 2018).

Selected industrial and technological applications
of MCT oil

Owing to their unique physical attributes, MCTs have
proven to be valuable in a variety of applications
beyond their well-documented nutritional advantages.
In effect, their higher polarity renders them excellent
solvents as compared to other oils (Pham 2016;
Heydinger Galante 2020), and this unique character-
istic is harnessed effectively in the realms of food
processing and nutrient delivery (Nimbkar et al.
2022). As effective emulsifiers, MCTs also find utility
in the formulation of pharmaceutical products for both
human and veterinary use, and their versatility also
extends into the cosmetic industry (Traul et al. 2000).

Food and beverage industries

In general, MCTs are highly regarded and widely used
in the flavor industry for their superior clean
organoleptic quality, not contributing any off-notes
to products, and solvent capabilities (Heydinger
Galante and Tenore 2006). For instance, they find
utility in the formulation of salad dressings and
cooking oils, as suggested by Rudkowska and Jones
(2007). An intriguing application arose in the work of
Ceballos et al. (2016) where they selected MCT oil
with a specific composition (98%, consisting of 66%
C8:0 and 32% C10:0) for the purpose of dissolving an
ethylcellulose (EC) copolymer to improve the rheo-
logical and crystallization parameters of molten
chocolate and cocoa butter. The authors found that
the novel emulsifier blend was essentially odorless,
with very faint color and proper slight taste. However,
its most remarkable feature was its ability to prevent
the overheating of cocoa butter, while incorporating
EC, thus preserving characteristic organoleptic prop-
erties of cocoa butter. Consequently, the study
concluded that a solution of EC in MCT oil serves as
rheology modifier in chocolate manufacturing. The
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study performed by Khalil et al. (2012) has shed light
on an effective method for extracting lutein esters
using MCT oil, particularly valuable for preserving the
integrity of these esters under food processing condi-
tions. In their research, MCT o0il demonstrated its
remarkable ability to prevent lutein esters and MCT
oil-based emulsions against temperature-induced
(100 °C, with a recovery of 91% after 40 min of
treatment) and UV light-induced degradation (at
365 nm for 72 h), respectively. Additionally, MCT
oil was shown to be a proficient carrier lipid for food
processing applications. Out of five different carrier
lipids tested (including MCT, coconut, olive, and
soybean oils, and cocoa butter), it was observed that 3-
caryophyllene-loaded lipid nanocarriers using MCT
oil exhibited the most robust freeze—thaw stability
while also undergoing the fastest lipid degradation
during simulated in vitro digestion. Indeed, despite an
increase in droplet sizes and polydispersity index
(PDI) following freeze—thaw treatment, the lipid
nanocarriers containing MCT oil maintained a high
level of dispersion stability (PDI < 0.3) even after
undergoing 3 freeze—thaw cycles. Interestingly, after
simulated intestinal digestion, the lipid nanocarriers
with MCT oil increased in size by approximately 16.5-
fold as compared to their initial droplet sizes (Lee et al.
2021). As a lipid-based nanocarrier, MCT oil has also
been employed in encapsulation of numerous bioac-
tive compounds such as d-limonene (Paramita et al.
2012), B-carotene (Qian et al. 2012; Zhang et al. 2016;
Fang et al. 2019), curcumin (Shah et al. 2016; Tan
et al. 2021; Jiang and Charcosset 2022), lycopene (Li
et al. 2018), quercetin (Pool et al. 2013), and carvacrol
(Nash and Erk 2017). Moreover, in a study conducted
by Amft et al. (2020), the potential of MCT oil in
reducing lipid oxidation in corn extrudates was clearly
demonstrated. This was achieved through an analysis
of hydroperoxide concentrations and hexanal forma-
tion in different lipid fractions during storage. Indeed,
their findings strongly suggest that the MCT coating
effectively decreases hydroperoxide levels and hex-
anal formation, particularly in surface lipids, provid-
ing notable advantages in terms of stability. The
mechanisms behind this coating effectiveness include
crack filling, reduced volatile emissions, and diluting
oxidizable lipids. Additionally, a study by Ali et al.
(2022) reported a superior synergistic effect between
vitamin E and MCT oil in preserving oxidative
stability of P-carotene within nanoemulsions as
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compared to alternative lipid combinations, including
tuna fish oil. The incorporation of vitamin E at
concentrations of 2% and 4% in MCT-based formu-
lations resulted in significantly higher retention of B-
carotene, with rates of approximately 35.17% (2%
concentration) and 33.89% (4% concentration),
respectively, compared to nanoemulsions based solely
on MCT. Furthermore, Jadhav et al. (2022) incorpo-
rated an MCT-based oleogel (synthesized using ultra-
sound) into a cookie formulation. The results revealed
that these cookies maintained exceptional texture and
outperformed in sensory attributes like mouthfeel,
crunchiness, and hardness, making them a promising
healthier alternative to saturated fats in bakery appli-
cations. The inclusion of ultrasounded MCT oil (U-
MCTO) in cookie formulations yielded significant
advantages. U-MCTO demonstrated sustained
mechanical strength for a storage duration of 35 days,
indicating its enduring stability. Furthermore,
U-MCTO exhibited enhanced resistance to oxidation
in comparison to alternative MCT forms, implying
potential enhancements in the shelf-life extension of
baked products. Additionally, U-MCTO-infused
cookies presented commendable textural properties,
persisting for an extended period of 30 days, under-
scoring its capacity to augment the quality and
longevity of baked goods.

In the realm of beverages, the use of MCTs for
flavor delivery also brings with it a dual benefit as a
clouding agent. Frequently, the need for additional
emulsifiers is eliminated, primarily because of the
slight water solubility of MCTs and their specific
gravity, which closely matches that of the beverage
(Heydinger Galante and Tenore 2006). In a study
carried out by Aditya et al. (2015), MCT oil was
employed to create a water-in-oil-in-water emulsion,
specifically to enhance the stability of curcumin and
catechin in beverages. The incorporation of catechin
into the inner aqueous phase of the double emulsion
led to a stability improvement of over 20% at
23 £ 2 °C and over 40% at 4 °C following a 15-day
incubation period, in contrast to free catechin. Con-
cerning curcumin, over 80% was identified post-
incubation in the emulsion-based beverage system,
while it diminished to approximately 40% when
curcumin was in its free form.
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Nutraceuticals and pharmaceuticals

Undoubtedly, MCT oil plays a crucial role as a
valuable carrier for lipid-soluble substances. It is
notably applied in oral drug administration, a preferred
method due to its convenience, cost-effectiveness, and
its positive impact on patient compliance (Poonia et al.
2016; Mohamad 2023). Oral products hold several
advantages for pharmaceutical companies, including
simplified manufacturing processes, enhanced stabil-
ity, ease of storage and transportation, and exemption
from sterility and apyrogenicity requirements. How-
ever, certain drugs face challenges related to low oral
absorption, which can limit their effectiveness when
administered orally, as highlighted by Bansal et al.
(2009). To overcome this limitation, MCT oil is
frequently utilized as a carrier, replacing traditional
carriers like ethanol or hexane, which exhibit potential
toxicities. This substitution is driven by global regu-
lations, emphasizing the use of greener alternatives in
the extraction and purification of natural and food
products. In this line, MCT oil, derived from veg-
etable sources, aligns with the principles of Green
Chemistry, offering a renewable and sustainable
option with low toxicity and ease of recycling (Yara-
Vardn et al. 2017).

Besides diverse biologically active compounds
mentioned above, MCT oil has found utility as a
carrier or delivery vehicle for a wide range of other
nutraceuticals and pharmaceuticals such as dihy-
dromyricetin (Wang et al. 2021), bruceine D (Dou
et al. 2018), a novel calcium channel blocker—
dibudipine (Keyhanfar et al. 2014), ibuprofen (Hafizah
et al. 2022), cannabidiol (Feng et al. 2021), or
sirolimus (rapamycin) (Sun et al. 2011). In a study
conducted by Keyhanfar et al. (2014), the solubility of
dibudipine in MCT oil was found to be higher (5.3 mg/
ml) as compared to other tested oils including mineral
oil (0.1 mg/ml), almond oil (1.5 mg/ml), thistle oil
(1.7 mg/ml), or ethyl oleate (4.5 mg/ml). This supe-
riority in solubility led to MCT oil being selected as
the solvent for this drug. Also, the solubility of
ibuprofen in MCT oil has been demonstrated to be
superior to that in VCO or olive oil. The formula was
stable at 45 °C storage for up to 14 days, at 25 °C, and
at 5 °C, steady at 120 days (Hafizah et al. 2022).
Indeed, previous research has consistently shown that
MCTs are frequently chosen for formulations due to
their high fluidity, excellent solubility properties, and

emulsification capabilities (Gershanik and Benita
2000). These characteristics promote bioavailability
while not possessing significant pharmacological
action (Stuchlik and Zak 2001).

Cosmetics and personal care products

MCT oil is a widely used ingredient in numerous
cosmetics and personal care products due to its
excellent emollient properties. This compound is often
incorporated into creams, lotions, moisturizers, and
hair care items to provide hydration, enhance skin
texture and the spreadability of these products (Hey-
dinger Galante 2020). Generally, vegetable oils,
mostly composed of either MCFAs or LCFAs, offer
a dual protective effect for damaged hair. Firstly, they
form a hydrophobic coating on the hair surface, and
secondly, they fill gaps caused by oxidative damage as
they penetrate the hair cortex (Lee and Ahn 2022).
Hence, vegetable oils from various plants have been
extensively studied and utilized as key ingredients in
hair treatment formulations (Gode et al. 2012; Kim
et al. 2021). Employing radiolabeling techniques,
Gode et al. (2012) discovered that tritiated coconut oil
penetrates the hair at a rate of 20.4—26.3% based on the
weight of the treated hair after 6 h of treatment. As
compared to LCFAs, MCFAs have been found to
display a higher ability for hair penetration, providing
superior protection. Among these MCFAs, C10:0 and
C8:0 demonstrated the highest penetration capability.
Additionally, C8:0 treatment showed a significantly
higher reduction in protein leakage as compared to
other hair treatment formulations. Interestingly, coco-
nut oil provided hair protection comparable to that of
MCFAs or MCT oil (Kim and Ahn 2023). In a research
performed by Stortz and Marangoni (2014), thixo-
tropic EC oleogels were developed to replace petro-
latum as a structuring agent in cosmetics. This was
achieved using glycerol monooleate to increase the
solubility of EC in various oils, including MCT oil.
The gel created with MCT oil exhibited reduced
viscosity and rapid recovery viscosity, closely resem-
bling its initial state. This anticipated trend arises from
the fact that EC polymers with higher molecular
weights are expected to experience more extensive
swelling, consequently leading to heightened viscosity
within the gel matrix. Notably, all assessed EC
viscosities demonstrated nearly complete recovery,
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approaching 100%, in viscosity following one week of
storage.

Oleogels

In the field of food and pharmaceuticals, the incorpo-
ration of hydrophobic and sensitive nutraceuticals into
formulations presents challenges due to their poor
water solubility and susceptibility to processing con-
ditions. Edible oleogels and structured oils have
emerged as innovative carrier systems for lipophilic
active compounds, providing precise control over lipid
digestion and delivery (O’Sullivan et al. 2016).
Additionally, oleogels have been investigated as
substitutes for unhealthy saturated and trans FAs
(Davidovich-Pinhas 2016). The controlled release and
stability of loaded bioactive compounds in oleogels
are influenced by factors such as the type and quantity
of oil, oleogelators, and additional bioactive com-
pounds (Calligaris et al. 2020; Wang et al. 2020; Qiu
et al. 2021; Shang et al. 2021). Commonly, oleogels
can be prepared through direct or indirect methods,
depending on the lipophilicity of oleogelators (Luo
et al. 2019). Emulsion templated approaches, which
involve the use of polysaccharides as oleogelators,
have been reported in many studies (Jiang et al. 2018;
Meng et al. 2018a, b; Espert et al. 2020). Gelatin and
gellan gum, typically used as hydrogelators in tissue
engineering, have been evaluated as structural agents
for stabilizing MCT oleogel matrices (Wen et al. 2014;
Koivisto et al. 2019; Liu et al. 2022). Their ability to
carry lipophilic compounds within an oleogel matrix
to enhance bioavailability and promote health benefits,
particularly in the co-delivery of compounds like
curcumin and resveratrol have been documented in a
research of Kavimughil et al. (2022). The overall
bioaccessible fraction exhibited an augmentation of up
to 1.13-fold and 1.2-fold for curcumin and resveratrol,
respectively, in comparison to the control (MCT oil).
Furthermore, the release profile of free FAs also
underscored the significant influence of gelators on
lipase activity. Additionally, ex-vivo everted gut sac
analysis revealed an enhanced permeation rate of
approximately 1.83 times and 1.13 times for curcumin
and resveratrol, respectively.
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Structured lipids

MCT oil, enriched with MCFAs, tends to produce
more smoke when exposed to heat and can readily
form foams, making it unsuitable as a standalone
replacement for traditional cooking oil, as mentioned
earlier. Thus, to effectively utilize MCT oil in cooking
and frying, it must be combined with other edible oils
in specific proportions, as outlined by Jadhav and
Annapure (2023). Accordingly, MCTs are owing to
favorable physical properties commonly used in the
production of structured lipids (Shahidi and Sena-
nayake 2006; Zawistowski and Kope¢ 2022). In effect,
MCT derivatives created through interesterification
are known as structural lipids or structural TGs. This
process involves introducing LCFAs, such as C18:1,
into the end product, resulting in the formation of
rearranged TGs with a combination of both MCFAs
and LCFAs (referred to as MLCTs) in desired ratios on
the same glycerol molecule (Rudkowska and Jones
2007). These MLCTs have the potential to mitigate
weight gain in high-fat foods and possess nutritional
properties that can be utilized to address metabolic
issues (Lee et al. 2012). Research has explored various
applications for MLCTs. For instance, commercially
available MLCT demonstrates a higher smoke point
when blended with other plant-based oils, which can
reduce production costs (Koh et al. 2009, 2011). Rice
bran oil structured lipid, synthesized from rice bran oil
and C8:0 with Lipozyme RM IM as biocatalyst, has
proven suitable for frying and energy bars, offering
unique textures and consumer appeal (Jennings et al.
2010). Also, MLCT has been found to improve butter
spreadability and can be used to create healthier butter
(Lee et al. 2012), particularly in margarine and
shortening production (Arifin et al. 2012). MLCT
contributes functional hard stock and plasticity, mak-
ing it beneficial for structured lipid chocolate bever-
ages that exhibit enhanced sweetness and reduced
bubble formation (Osborn et al. 2003). In summary,
the adaptability of MLCT holds promise for the
development of healthier fat alternatives in a wide
range of food products.

MCT oil as carrier for capsaicin
Capsaicin, a primary bioactive compound found in

Capsicum fruits, is known for its intense spicy flavor
and numerous health benefits, including antioxidant
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and anticancer properties (Han et al. 2020; Duranova
et al. 2022). Due to these valuable functions, capsaicin
is widely utilized in the production of nutritional
products and pharmaceutical preparations (Wang et al.
2012). However, its limited solubility in water, poor
stability, and pungency present challenges that restrict
its extensive application (Duranova et al. 2022; Zhang
et al. 2022). Essentially, MCT oil has been recognized
as an effective carrier for capsaicin, as demonstrated in
a study by Lu et al. (2017). Here, a nano-emulsified
solution of MCT oil and capsaicin was used in a
dietary study involving rats. The results showed that
the nano-emulsification technique protected the gas-
tric mucosa and alleviated gastric inflammation
caused by high consumption of capsaicin. The use of
nano-emulsified capsaicin yielded similar results to
non-emulsified capsaicin, with the added benefit of no
negative impacts on the stomach. This finding indi-
cates that the nano-emulsification process effectively
preserved the properties and effects of capsaicin while
avoiding gastric irritation. The development of a food-
grade nanoemulsion using MCT to increase the
dissolution and bioaccessibility of capsaicin, as well
as to mitigate its irritating effects, was the focus of a
study by Lu et al. (2016). The authors observed a
reduction in gastric mucosa irritation in rats caused by
capsaicin, and the organogel-derived nanoemulsion
proved to be an effective delivery system for cap-
saicin-based functional food products. Clegg et al.
(2013) conducted research using a combination of
chili and MCT oil feeding to investigate their impact
on diet-induced thermogenesis (DIT) and satiety in
healthy volunteers. Their findings suggested that
combined chili-MCT oil feeding had a cumulative
effect on DIT, as expected, since both chili and MCT
oil, when fed individually, are known to increase DIT
through different metabolic pathways. On the other
hand, data obtained by Clegg et al. (2011) showed
significant variations in energy expenditure among the
various breakfast meals (P < 0.001) with chili-MCT
oil exhibiting the highest values for this parameter.
Specifically, the most pronounced distinctions were
noted between (P =0.011) the chili-MCT oil
47.7 £ 10.9 kcal) and chili-sunflower oil
(32.5 £ 11.7 kcal), as well as between (P = 0.006)
chili-MCT oil (47.7 £ 10.9 kcal) and pepper-sun-
flower oil (31.3 & 11.1 kcal), and between
(P = 0.005) pepper-sunflower oil (31.3 £ 11.1 kcal)
and pepper-MCT oil (42.0 £+ 12.2 kcal).

Most importantly, the inclusion of this subchapter in
the review is motivated by our ongoing research
challenge to optimize the delivery of selected chili
pepper extracts for their enhanced anticancer activity.
In effect, to address the issues of limited water
solubility, poor stability, and pungency, and so
unlocking the full potential of capsaicin for practical
application in nutritional products and pharmaceutical
preparations, we turned to MCT oil as a promising
carrier. Effectively, nano-emulsification demonstrates
a protective role in maintaining the properties and
benefits of capsaicin while avoiding gastric irritation,
as evidenced by previous studies. Furthermore, if the
MCT oil enriched with chili pepper extract continues
to exhibit irritative effects on the gastrointestinal tract
of consumers, we will endeavor to eliminate these
effects through a unique microencapsulation tech-
nique of the chili extract with a suitable coating
material, preserving its verified anticarcinogenic
effects. So, these approaches offer a promising
delivery system for capsaicin-based functional food
products, enhancing the bioavailability and safety of
capsaicin.

Safety

As shown earlier, a wide array of studies, encompass-
ing both animal and human trials conducted in vivo
and in vitro, have explored diverse metabolic and
general health aspects associated with the consump-
tion of MCTs and MCT oil. Although most of these
studies do not specifically assess the toxicological
safety of MCTs, collectively, they contribute to the
evidence supporting the long-standing and safe use of
MCTs in diets. In this view, MCT oil is considered
safe for most people when used in moderation. The US
Food and Drug Administration (FDA) accepted a
GRAS (Generally Recognized as Safe) affirmation
petition for the use of MCTs in food products in June
1994, as mentioned by Traul et al. (2000). MCTs have
been widely consumed as part of the diet for many
years.

The recommended daily intake of MCT for healthy
adults typically falls within the range of 30-100 g,
accounting for up to 40% of their daily energy needs
(Rudkowska and Jones 2007). According to Talbott
and Hughes (2007), consumption of MCT oil by
humans is safe up to levels of 1 g/kg BW. In
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accordance with this fact, McCray and Parrish (2004)
suggest that doses of 60-70 g/day (4-5 tablespoons,
approximately 500-600 cal) spread out throughout the
day are generally tolerated. Also, Shah and Limketkai
(2017) recommend a maximum daily dose of
50-100 g (equivalent to 4-7 tablespoons, 56-98 g of
fat, 460-805 cal) for improved gastrointestinal toler-
ance. On the other hand, consuming an excessively
high dose of MCT or not gradually integrating it into
the diet may lead to negative effects in healthy
individuals (Rudkowska and Jones 2007), causing
diarrhea and gastrointestinal distress (McCray and
Parrish 2004) like abdominal discomfort, cramping,
gassiness, and bloating (Shah and Limketkai 2017). To
prevent adverse effects, it may be advisable to briefly
pause or start with a small initial dose, like half a
tablespoon per day, as recommended by Rudkowska
and Jones (2007) and Talbott and Hughes (2007).
Combining MCT oil with various foods and bever-
ages, including hot cereals, soups, sauces, broth,
coffee, tea, fruit/vegetable juices, and smoothies, can
also be an approach to avoid these side-effects (Shah
and Limketkai 2017; Nimbkar et al. 2022). The
general acceptance of MCT consumed in mixed meals
suggests that MCTs are better tolerated with other
nutrients, or that tolerance simply develops over time
(Rudkowska and Jones 2007). Most importantly, MCT
oil is not recommended for diabetics, unless it is a part
of a medically supervised treatment, and individuals
with liver diseases should avoid MCT oil because
MCTs are delivered rapidly to the liver, which could
put additional stress on this organ (Talbott and Hughes
2007). According to Rudkowska and Jones (2007), the
maximum safe dosage of MCT in young children,
pregnant or nursing women, or people with serious
kidney disease has not been firmly established;
however, MCT can be consumed safely in moderation
at levels of up to 10% of total fat intake.

Apart from the treatment dose, various factors
affecting the ketogenic response were examined,
including accompanying meals, fasting duration, and
caffeine consumption. Drawing from the available
literature, four practical recommendations have been
formulated to enhance the ketogenic impact of MCTs
while minimizing undesirable side effects. First, it is
advisable to commence with an initial dose of either
5 gof C8:00r5 gofacombination of C8:0 and C10:0.
Gradually, the dose can be increased to 15-20 g of
C8:0. Second, MCTs are best consumed following an
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overnight fast, without an accompanying meal if
tolerable, or in conjunction with a low-carbohydrate
meal. Third, the addition of caffeine may slightly
enhance the ketogenic response. Fourth, emulsifying
MCTs may have the dual benefit of increasing their
ketogenic effectiveness and mitigating potential side
effects (Lin et al. 2021).

Importantly, a series of toxicity tests demonstrated
the non-toxic nature of MCT oil when administered to
various animals at specified doses. In 90-day tests,
whether given through the diet (up to 9375 mg/kg
BW/day) or by intramuscular injection (up to 0.5 ml/
kg/day) in rabbits, no significant signs of toxicity were
observed. Reproductive performance in rats (4.28 g/
kg BW/day and 12,500 mg/kg BW/day, respectively),
pigs (up to 4000 mg/kg BW/day in the diet), and
rabbits (1.0-4.28 g/kg BW/day) remained unaffected
by intravenous or dietary administration of MCTs.
Furthermore, in a two-year study in rats involving a
closely related compound, tricaprylin, no evidence of
carcinogenic effects was found when administered
orally at levels up to 10 ml/kg (9.54 g/kg) per day
(Traul et al. 2000). Also, MCT-based ketogenic diets
established as safe and well-tolerated various popula-
tions, including children (Thompson et al. 2017),
patients with various diseases and disorders (Azzam
and Azar 2013; Rasmussen et al. 2023), and patients
with advanced cancer (Schmidt et al. 2011; Khod-
abakhshi et al. 2020). However, recent clinical find-
ings provided by Jain et al. (2021) have raised
concerns regarding long-term ketogenic diet con-
sumption and its impact on bone health. This study
aimed to investigate whether the primary components
of MCT diets, specifically octanoic (1700 mg/kg) and
decanoic acids (1100 mg/kg) might contribute to bone
loss in Swiss albino mice, like what is observed with
the traditional ketogenic diet. The results revealed
significant and adverse changes in trabecular bone
microarchitecture and bone markers in the octanoic
acid-treated groups. This suggests that C8:0 may have
notable adverse effects on bone health. Hence, further
research and validation are necessary to provide
clinically relevant data, which may lead to adjust-
ments in the composition of the MCT ketogenic diet to
enhance bone health.
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Conclusions

Coconut-derived MCT oil and coconut oil are both
popular dietary fats that offer various potential ben-
efits. The debate over the superiority of MCT oil
compared to traditional coconut oil is a nuanced and
multifaceted one. While both oils share a common
origin in coconuts, their distinctions in terms of
biological activities and potential health benefits are
subject to ongoing research and discussion. The higher
concentration of MCFAs in MCT oil has led some to
believe that it may offer more targeted health benefits,
particularly in areas such as weight management and
cognitive health. It appears to be a potential alternative
that emphasizes the concentrated benefits of MCFAs
while minimizing the concerns associated with the
SFAs found in coconut oil. Essentially, the choice
between the two oils depends on individual health
goals and dietary preferences, with still ongoing
research shedding light on their distinct advantages
and applications. Most importantly, moderation is a
fundamental key, as both oils are calorie-dense and
should be consumed in accordance with overall
dietary requirements.
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