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Abstract

Virgin coconut oil is obtained by wet processing of
coconut milk using fermentation, centrifugation,
enzymatic extraction, and the microwave heating
method. Presently, VCO has several positive effects
and benefits to human health, hence, it is regularly
consumed and widely known as a unique functional
food. VCO contains lauric acid (45 to 52 %). By
lipase in the digestive system, VCO can undergo a
breakdown into lauric acid, 1-monolaurin, and
2-monolaurin. These components have both hydro-
philic and lipophilic groups and are also recognized
as excellent antimicrobial lipids. Furthermore, lauric

acid and monolaurin can be used as antibacterial,
antifungal, and antiviral with broad-spectrum inhi-
bition. Lauric acid and monolaurin have a strong
ability to destroy gram-positive bacteria, especially
S. aureus, tungi such as C. Albicans, and viruses
including vesicular stomatitis virus (VSV), herpes
simplex virus (HSV), and visna virus (VV). Lauric
acid and monolaurin interact with certain func-
tional groups located in the cell membrane and can
cause damage to the cell. In general, the potential of
VCO as healthy food is contributed by lauric acid
and monolaurin which are antimicrobial agents.

Keywords: Antimicrobial, Lauric acid, Monolaurin, Virgin coconut oil

Received: October 08, 2021; revised: March 09, 2022; accepted: June 10, 2022

DOI: 10.1002/cben.202100050

1 Introduction

Coconut palm (Cocos nucifera L) often referred to as the tree of
life is a typical tropical plant that grows easily in areas with
abundant sunlight and regular rainfall. In Indonesia, coconut
palms are cultivated exclusively by smallholders and are scat-
tered evenly in most of the islands which accounts for a total of
3377376 ha in 2020. With a total production of 15 billion nuts
per year, Indonesia is among the top three world’s largest pro-
ducers of coconut along with Malaysia and India. This places
coconut on the top list of Indonesia’s non-oil commodities
from the plantation sector.

The coconut plant is sometimes referred to as the tree of life
because not only the nuts can be consumed by humans, but
other parts are also convertible into useful products. Coconut
oil is among the edible products obtained from the plant aside
from its juice, milk, and meat, it is the oil extracted from coco-
nut flesh. The color ranges from pale brownish-yellow to color-
less, depending on the production methods. Compared to other
types of palm oil, the production of coconut oil can be carried
out on a small scale through either dry or wet processes [1].
While the former process uses coconut milk extracted from
raw flesh, the latter requires that the oil is extracted from the
copra, namely dried meat of the coconut, through a mechanical
pressure or solvent extraction.
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Virgin coconut oil (VCO) is generated by mechanical or nat-
ural means from the fresh matured kernel of coconut and is
among the three major forms of coconut oil along with refined
coconut oil (RCO) and copra oil (CO). The production of
VCO can be carried out with or without the use of heat, and
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chemical refining is not required. Given that the extraction
process does not involve high heat or additional chemicals as
well as UV treatments, no alteration or transformation of its
chemical components occurs. Therefore, the original and bene-
ficial oil active components such as antioxidants, vitamins, and
polyphenols can be retained. Furthermore, VCO is widely
known to serve as a functional food and also offers health bene-
fits to humans in a wide range of applications such as food,
beverage, pharmaceutical, medicinal, and cosmetics [2].

In contrast to other plant oils which are composed of only
long-chain fatty acids, coconut oil including VCO consists of
mixtures between short and medium-chain fatty acids, with
high lauric acid (LA) content ranging from 45-53 % [3,4].
Therefore, the unique and beneficial properties of VCO have
been attributed to the existence of LA, which is a saturated
medium-chain fatty acid. In the human body, LA is digested by
lipase enzyme into monolaurin, a monoester composed of glyc-
erol and lauric acid. Among all the beneficial properties, mono-
laurin and LA have been reported as the main components
responsible for the miracle antimicrobial properties of coconut
oils by several studies [5,6]. The present study discusses the
fatty acid and monoglyceride in coconut oils from a chemical
perspective including their antimicrobial activity. The antimi-
crobial activities of lauric acid and monolaurin examined in-
clude antibacterial, anti-fungal, and antiviral properties, includ-
ing their mechanism of action.

2 Coconut Oil (Cocos nucifera L.)

Categorized as vegetable oils, coconut oils are abundantly and
easily produced from the flesh. For centuries, coconut oils and
their derivatives have been widely known and used in a variety
of applications such as culinary, cosmetics, and medicinal
ingredients [2]. For example, in several religious rituals, people
of certain ethnicities in Indonesia and other countries use coco-
nut oils as a ritual complement. According to a report by E M
Dayrit et al. [7] in January 2020, coconut oils and their deriva-
tives are considered effective and safe antiviral agents for the
Novel Coronavirus (nCoV-19). To date, reports show that both
traditional and modern people still use coconut oils because
they are inexpensive and can be afforded by people with lower-
level income. In addition, as coconut oils are extracted from
plants, they are considered safe and effective as a medicinal in-
gredient.

According to Krishna [1], coconut oils can be categorized
into several types, namely virgin coconut oil (VCO) and coco-
nut oil. VCO can be extracted from the wet substrate which is
generated from dry coconut also called copra. Meanwhile,
coconut oil can be produced through solvent extraction of the
mashed flesh. Coconut oil from copra is produced through a
dry process by continuous pressing using expellers and hy-
draulic presses. Meantime, coconut oil is generated from coco-
nut milk using the wet extraction process. Traditionally, several
ethnicities in Indonesia produce coconut oil by heating the
milk at a temperature higher than 100 °C for 4-6h to remove
the water content. This is then followed by the filtration proc-
ess to obtain golden yellow coconut oil with a fresh odor. The
filtration step is necessary to obtain pure coconut oil by sepa-
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rating the pulp that is formed during the heating process. Gen-
erally, the dark yellow color formed indicates that the oil con-
tains several non-saponified compounds such as phytosterols.
Despite the simplicity of the procedure, the coconut oil gener-
ated through this process usually does not last long and
becomes rancid quickly.

3  Virgin Coconut Oil

The wet process is used to produce virgin coconut oil (VCO)
without involving the heating process [8]. One of the well-
known techniques in the production of VCO is fermentation
using a microorganism starter [8-12]. Several wet processes
developed to produce VCO are fermentation, centrifugation,
enzymatically extraction, and microwave heating.

3.1 Fermentation

One of the well-known techniques in the production of VCO is
the fermentation using a microorganism starter [8-12]. Coco-
nut milk offers natural and induced fermentation using micro-
organisms. Natural fermentation takes a long time, but the
inherent flavor and necessary nutrition of VCO are preserved.
Meanwhile, the induced fermentation generally takes place for
2-3 days after the addition of microbes to the coconut milk.
Consequently, the fermented virgin coconut oil (FVCO) ob-
tained in the organic phase can be separated from the aqueous
phase. Although a high yield of VCO is obtained from induced
fermentation, it produces low-quality oil with an unpleasant
odor.

3.2 Centrifugation

Efforts to improve the quality of oil produced by the fermenta-
tion method have been proposed by using the centrifugation
technique [13]. The centrifugation of coconut milk produces a
cream that requires heating at a temperature of 80°C to
remove the water residue. The final centrifugation process of
the heated cream forms a high-quality colorless oil with a yield
of 87.5% [1]. The advantages of the centrifugation technique
include short consumption time and high quality [13]. Con-
versely, this method gives the lowest rendement of the VCO.
A high rendement of 13.80 % was achieved at centrifugation
speed of 1200 rpm for 120 min and at 40 °C.

3.3 Enzymatically Extraction

The production of VCO through extraction using enzymes is
an environmentally friendly process [14]. The principle of en-
zymatic extraction involves the degradation of protein in coco-
nut milk using protease enzyme which degrades the emulsion
of coconut milk to form VCO. Furthermore, VCO extraction
using enzyme is carried out in a mild condition and is non-
toxic. Several studies reported that the mixture of enzymes
converts coconut milk to VCO with higher rendement >80 %.
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For example, hemicellulose, pectinase, cellulase, and gamanase
mixtures can increase the rendement of VCO by 84 % at 50 °C
for 5h in acidic conditions [15].

3.4 Microwave Technique

Another option to improve the quality of the oil produced by
the fermentation process is by using the microwave technique
[16]. VCO was reportedly made by heating coconut milk using
the microwave, this process diminishes free fatty acid produc-
tion in some edible oil, including olive, canola, and soybean.
Moreover, this technique can be used to produce the FVCO
without significantly affecting the quality of moisture, free fatty
acid, and peroxide value. The use of the microwave is a simple,
accessible, low-cost, and modern method.

Generally, the VCO obtained from the fermentation, centri-
fugation, and microwave processes are colorless. It was re-
ported that VCO does not contain non-saponified compounds,
such as phytosterol, with an unsaponifiable matter value and
phytosterol content (%) of 0 [1].

VCO is widely recognized as a functional food compared to
other types of coconut oils because it is abundantly available,
inexpensive, nontoxic, and has various health benefits. In tropi-
cal countries, VCO as an alternative food is abundant and is
valuable from a health and economic perspective. The produc-
tion which is convenient and low-cost from a natural product
namely coconut fruit provides extra value. Moreover, various
publications stated that VCO has an extraordinary antimicro-
bial activity against bacteria, fungi, and viruses [17-21]. The
ability of its active compounds as an antimicrobial agent is also
an important aspect to support the values as a functional food
with incredible health benefits.

4 Chemical Perspective of VCO

VCO contains triglycerides and free fatty acids, the amount of
free fatty acids is fairly low, ranging from 0.2-0.3 % of the max-
imum %FFA value expressed as lauric acid. Triglycerides in
VCO are composed of various fatty acids that are bound as
ester compounds. Therefore, triglycerides are also widely
known as triester of glycerol or triacylglycerol.

Triglycerides from VCO are known as medium-chain trigly-
cerides (MCT) because the fatty acids which bound as esters
are dominated by medium-chain fatty acids (MCFA). The
composition of fatty acid is usually determined using gas
chromatography (GC) by converting triglycerides to fatty acid
methyl ester (FAME) [3,22,23]. The conversion process in-
volves the transesterification reaction of triglycerides with
methanol using an inorganic base catalyst or lipase enzyme.
Meanwhile, triglycerides and free fatty acids are known to have
very high boiling points, hence, the conversion into their meth-
yl ester ensures that the formation of gas-phase for GC separa-
tion in the column can be achieved. The determination of fatty
acid content in the VCO using GC based on the initial conver-
sion into the methyl ester has been demonstrated successfully
by Kapally et al. [24] and the results are summarized in Tab. 1.
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Table 1. Composition of fatty acids in VCO.

Fatty acids Percentage [%]

Saturated:

Lauric acid (C12:0) 45-52
Myristic acid (C14:0) 16-21
Palmitic acid (C16:0) 7-10
Caprylic acid(C8:0) 5-10
Capric acid (C10:0) 4-8
Stearic acid (C18:0) 2-4
Caproic acid 0.5-1
Palmitoleic acid In traces
Unsaturated:

Oleic acid (C18:1) 5-8
Linoleic acid (C18:2) 1-3

Linolenic acid (C18:3) Up to 0.2

Medium-chain fatty acids have C atoms ranging from 6 to
12 and are categorized as saturated fatty acids [25,26]. Tab. 1
indicates that there are three dominant MCFAs in VCO,
namely lauric acid ranging from 45-52 %, capric acid 4-8 %,
and caprylic acid 5-10 %. Therefore, the triglycerides in VCO
can bind to the lauric acid (C12:0), capric acid (C10:0), and
caprylic acid (C8:0), as shown in Fig. 1.

R4 from Caprylic Acid: -(CH,);-
R, from Capric Acid: -(CH,)g-
Rj3 from Lauric Acid: -(CH;)44-

Figure 1. Medium chain triglyceride from VCO.

The structure of triglycerides in Fig.1 shows that their
hydrophobic property is due to the nonpolar functional groups
namely -CH,- from the MCFA. Meanwhile, the hydrophilic
property is attributed to the oxygen atoms of the ester group,
which is shielded by the hydrophilic groups. Therefore, VCO
has no surfactant properties and is completely nonpolar, which
implies that it can only dissolve in organic solvents and is diffi-
cult to dissolve in water.

Molecules from the lipid group with surfactant properties
usually have both hydrophilic and hydrophobic components in
their molecules [23,27]. The surfactant properties possessed by
lipid class compounds allow for effective interactions with
pathogenic microbes such as bacteria, fungi, and viruses.
Therefore, triglycerides from VCO have almost no antimicro-
bial activity due to the absence of surfactant or emulsifier prop-
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erties. This poses the question about the compounds responsi-
ble for the extraordinary antimicrobial activity of VCO when
they do not have surfactants or emulsifier properties.

The answer can be derived by understanding how VCO is
digested in the human body, in the mouth, foods that contain
fats are only physically digested and refined. Meanwhile, enzy-
matic digestion of triglycerides from VCO occurs in the stom-
ach and small intestine with the help of gastric and pancreatic
lipase. Lipase is an enzyme that specifically acts on lipid sub-
strates. It includes sn-1,3 and sn-2 lipases which both have
almost similar functions to remove the acyl group in the posi-
tion of 1,3 on triglycerides and position 2 of the glycerol frame
respectively.

An acidic environment in the human gastric is not ad-
equately effective to support the hydrolysis process of fats.
Meanwhile, the pancreatic fluid in the small intestine is known
to have a pH between 7.0-8.8, which is a suitable environment
for the effective hydrolysis of triglycerides by lipase enzymes.
The hydrolysis process in the stomach and intestines by lipase
enzymes produces diglycerides, monoglycerides, free fatty
acids, and glycerol. Initially, the triglycerides are broken down
into diglycerides by releasing one acyl group. Next, the digly-
cerides release one acyl group to produce 2-monoglycerides
and 1-monoglycerides. When the breakdown process contin-
ues, the 2-monoglycerides and 1-monoglycerides release one
acyl group to form free fatty acids and glycerol as by-products.

VCO contains high amount of lauric acid from its triglycer-
ides, therefore, when consumed, its major components such as
2-monolaurin, 1-monolaurin, and lauric acid are abundantly
present in the intestines and ready to be absorbed as well as
transported throughout the body. Consequently, it is assumed
that the ability of VCO to kill pathogenic microorganisms such
as bacteria, viruses, and fungi, is due to the monoglycerides,
1-monolaurin, and 2-monolaurin, as well as the fatty acid,
namely lauric acid.

5 Antimicrobial Activities of Lauric Acid

Lauric acid is widely known as a healthy saturated fatty acid
[28], it is found in nature from the main sources such as VCO
and palm kernel oil [29, 30]. Furthermore, lauric acid has been
reported as the major component in VCO [22, 24]. The chemi-
cal structure is composed of 12 carbon (C), 24 hydrogens (H),
and 2 oxygen (O) atoms with the molecular formula of
C12H,40, and is categorized as a MCFA (Fig. 2). Lauric acid is
present as a white solid with a melting point of 43-44°C and a
molecular weight of 200.32 gmol™". Moreover, it is a fatty acid
that can be produced through the hydrolysis reaction of vegeta-
ble oils using an inorganic-base catalyst or a lipase enzyme, the
base-catalyzed hydrolysis of pure fatty acid methyl ester, and
the Colgate-Emery steam process [31].

Based on the chemical structure in Fig. 2, it appears that lau-
ric acid has hydrophilic properties that are contributed by the

(0]

HOJ\/\/\/\/\/\

Figure 2. Chemical structure of lauric acid.
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presence of -OH group and the oxygen atom of the carbonyl
group. Both functional groups allow the formation of hydrogen
bonds with the polar part on the cell walls of pathogenic micro-
organisms. Meanwhile, its lipophilic properties are contributed
by the lauryl groups, which potentially form Van der Waals
interactions with the non-polar parts on the cell walls of micro-
organisms. The surfactant properties of lauric acid potentiate
the interaction with cell walls to inhibit and even kill pathogen-
ic organisms. Furthermore, lauric acid has been reported to
have a broad spectrum of antimicrobial activities against
viruses, bacteria, and fungi [22, 32-38]. Its antimicrobial activ-
ities including antibacterial, antifungal, and antiviral are pre-
sented comprehensively in Tab. 2.

The antibacterial activity in vitro of lauric acid shows the
ability to inhibit P. acne growth [34, 39] with a minimum inhib-
itory concentration (MIC) and minimum bactericidal concen-
tration (MBC) of 20 and 80 ugmL™" respectively [40]. Further-
more, lauric acid shows superb inhibition to S. aureus in vitro
[19, 21, 34, 37, 41-44, 53, 54] with MIC and MBC values of
250 and 250 ugmL™", respectively [36]. Using the well dilution
method, lauric acid inhibited S. epidermidis with MIC Value
lower than those of benzoyl peroxide [34].

Lauric acid can also act as a potential antibacterial agent to
the pathogenic bacteria such as Group A (GAS), Group B
(GBS), and Group D Streptococci (GDS) [45,46,55]. An in
vitro study on several clinical isolates of Mycobacterium tuber-
culosis and Streptococcus pneumonia was conducted by Anzaku
et al. [37] using the Bauer-Kirby disc method. The result
showed that lauric acid can inhibit the growth of Streptococcus
pneumonia and Mycobacterium tuberculosis with an inhibition
zone of 15.00 mm and 14.00 + 14.41 mm, respectively.

Furthermore, Hovorkova et al. [54] reported that lauric acid
contained in coconut plants had inhibitory activity against
Listeriamonocytogeneses and Clostridium perfringens bacteria.
An assay using the broth microdilution method showed mini-
mum inhibitory concentration (MIC) value to Listeria monocy-
togeneses and Clostridium perfringens of >4.5 mgmL™". In addi-
tion, a Log reduction assay was carried out on Helicobacter
pylori and the result indicated that lauric acid reduced the
growth by 1 mM for 1h [53]. Lauric acid can also inhibit the
growth of Enterococcus faecalis [52] with a maximum inhibi-
tion at 24 h with a MIC value of 2.5794 ug and Clostridium dif-
ficile as determined by a reduction in colony-forming units per
milliliter [18].

Antifungal activity of lauric acid also has been reported in
several studies [45, 46, 52, 56, 57]. Devan et al. [52] reported
that the antifungal activity of lauric acid against the growth of
C. albicans was demonstrated by the MIC value of 0.4637 pg.
The effectiveness of lauric acid on the inhibition of Aspergillus
niger has also been investigated by Altieri et al [58] and the
results showed that the inhibitory activity rises with the in-
creasing minimum detection time (MDT) of 3.22 + 0.34 days
and lag times of 2.09 + 0.70 days. The best inhibitory activity
against Fusarium spp described by Altieri et al. [59] showed
that lauric acid exhibited strong bioactivity compared to pal-
mitic and myristic acids, as indicated by the absence of Fusa-
rium spp growth in the presence of 20 ppm potato dextrose
agar (PDA) for 30 days.
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Table 2. Antimicrobial properties of lauric acid.

Inhibited microorganism Method and activity Ref.

Antibacterial properties

Propionibacterium acnes Well diffusion method [34]
Lauric acid shows the most inhibition P. acnes growth of other bacterial tests in EC5, value

Propionibacterium acnes The broth dilution method [39]
Lauric acid had stronger antimicrobial activity in vitro against P. acnes than capric acid

Propionibacterium acnes The two-fold serial dilution method [40]

Free lauric acid has good antimicrobial activity with minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) with the value of about 20 and 80 pg mL™, respectively

S. aureus Agar dilution method [21]
The phagocytosis of S. aurues improved by VCO presence at 0.102 % lauric acid

S. aureus Agar well diffusion method [41]
Lauric acid exhibited the inhibition of S. aureus growth at 5% concentration

S. aureus Well dilution method [34]
Minimal inhibitory concentration (MIC) of lauric acid is 15 times less than benzoyl peroxide (BPO)

S. aureus Broth microdilution assay [36]

MIC and MBC value of lauric acid obtained at 250 pg mL™"

S. aureus Agar disc diffusion method as described by Bauer-Kirby [37]
The inhibition zone of S. aureus is elevated by the lauric acid presence with a value about
15 £ 1.414 mm

S. aureus MSSA and MRSA Broth microdilution assay [42]

Lauric acid may be blocking methicillin-susceptible S. aureus (MSSA) and MRSA at 400 mg mL ™"

S. aureus In vitro analysis [43]
Lauric acid has successfully inhibited S. aureus growth

Staphylococcus aureus, ATCC The disk diffusion method of Bauer with Mueller Hinton agar [44]

%2 Lauric acid inhibits the S. aureus growth with MBC value of about 3.2 mgmL™

S. epidermidis Well dilution method [34]
Lauric acid yielded MIC values against S. aureus growth over 15 times lower than those of BPO

Group A Streptococci (GAS) and  In vitro analysis [45]

group B (GBS) The colony forming unit (CFU) value of lauric acid activity was founded at 6.0 log10

Group D Streptococci In vitro analysis [46]
Lauric acid is likely blocking gram-positive bacteria

Mpycobacterium tuberculosis Bauer-Kirby disc diffusion assay [37]
Lauric acid shows best antituberculosis activity with the inhibition zone of 14 + 1.414 mm

Streptococcus pneumonia Bauer-Kirby disc diffusion assay [37]
Lauric acid demonstrated the highest zone of inhibition on M. tuberculosis at 15 + 1.414 mm

Listeria monocytogeneses In vitro analysis [42]
Lauric in hydrolyzed coconut oil able to inhibit Listeria monocytogenes at 0.14-4.5 mgmL™"

Listeria monocytogeneses In vitro analysis [47]

Lauric acid could block Listeria monocytogenes growth in neutral pH condition
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Table 2. Continued.

Inhibited microorganism Method and activity Ref.

Helycobacter pylori Agar dilution method (brucella broth) [48]
Lauric acid discourages H. pylori extremely

Helycobacter pylori In vitro analysis [32]
Lauric acid has the best H. pylori inhibition at 10 mM with an incubation time during 10 min

Helycobacter pylori Agar dilution broth using Iso-Sensitest broth [49]
MBC value of lauric acid against H. pyloryi is 7.4 at neutral pH condition

Bacteroides and Clostridium; In vitro analysis [38]

Clostridium perfringens Lauric acid could destroy pathogenic Bacteroides and Clostridium growth

Clostridium perfringens Agar dilution on The Wilkins-Chargren Broth (Oxoid) [50]
Lauric acid has inhibition activity toward Clostridium perfringens

Clostridium perfringens CNCTC  In vitro analysis [51]

249 Lauric acid that obstructs Clostridium perfringens CNCTC 5459 at 0.1 mgmL ™"

Enterococcus faecalis Agar well-diffusion method using Muller-Hinton Agar medium [52]
Lauric acid is more inhibited E. faecalis type than NaOCl

Clostridium difficile In vitro analysis [18]
Lauric acid was discovered that have Clostridium difficile growth inhibitor

S. aureus Disk diffusion antibacterial test [19]
S. aureus growth is nicely inhibited by lauric acid

S. aureus Lauric acid has antibacterial activity toward S. aureus [53]

S. aureus Broth microdilution method [54]
Lauric acid in coconut oil is able to inhibit S. aureus

S. aureus In vitro analysis [46]

Lauric acid is properly discourages S. aureus growth

S. aureus Lauric acid was well inhibited Gram-positive bacteria [55]
Antifungal properties
C. albicans In vitro analysis [45]

Lauric acid found C. albican inhibition at small concentrations and short incubation period

C. albicans In vitro analysis [56]
Lauric acid was found that have potential as a C. albican inhibitor

C. albicans The serial dilution method [57]
Lauric acid in VCO inhibits C. albicans at 25 % concentration during 2 days.

C. albicans In vitro analysis [52]
Lauric acid is superior to discouraging C. albicans

Aspergillus niger In vitro analysis assay using PDA-antimicrobial plates potato dextrose agar [58]

Mold growth inhibition by lauric acid undergoes in enhancing minimum detection time as well as lag
times

Fusarium spp In vitro analysis assay using PDA-antimicrobial plates [59]

Lauric acid exhibited well inhibition to Fusarium spp
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Table 2. Continued.
Inhibited microorganism Method and activity Ref.
Antiviral properties
Vesicular stomatitis virus (VSV)  The infectivity of cell with VSV was titrated by the serial dilution endpoint method [60]
Lauric acid is extremely potent to destroy VSV
Vesicular stomatitis virus (VSV)  Plaque assay in Linbro plates [61]
Lauric acid leakages the host cell membrane of M protein
Herpes simplex virus Plaque assay in Linbro plates [60]
Lauric acid has the potential to destroy the enveloped virus in the amount of 20-fold
Herpes simplex virus type 1 Viruses were titrated by inoculation of 10-fold dilutions into Vero cells [62]
(HSV-1) Lauric acid shows antiviral activity against HSV-1 in milk and formula combination
Herpes simplex virus type 2 In vitro analysis [63]
Lauric acid actively reduces HSV-2 activity activity at 4.5 log10 during 10 min
Visna virus Visna virus was titrated by inoculation of 10-fold dilutions into sheep choroid plexus cell cultures [60]
Lauric acid well destroyed the visna virus
Visna virus In vitro analysis [5]
Lauric acid combates Visna virus at 10 mM
Respiratory syncytial virus (RSV)  Viruses were titrated by inoculation of 10-fold dilutions into Vero cells [62]

Lauric acid in milk and formula combination has excellently inhibited to respiratory syncytial virus

(RSV)

Junin virus (JUNV)
(MTT) method

Cellular viability was measured with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide [3, 64]

Lauric acid could reduce JUNV growth without cell viability interfere

Aside from its antifungal activity, lauric acid is also used as
an antiviral agent, this is demonstrated by Hornung et al. who
reported its ability to prevent the formation of M protein
bonds in the host cell membrane, leading to the slow release of
the virus [61]. At a concentration above 750ugmL™, it was
found that lauric acid suppressed the titer of the vesicular sto-
matitis virus (VSV) by 98%. Similarly, H. Thormar et al. [60]
found that lauric acid decreased the growth of VSV and herpes
simplex virus (HSV) at a concentration of 2mgmL™" with a
reduced value of virus titer (logo) of >4 and 3.2 for HSV and
visna virus, respectively [60]. In a separate report, Isaacs et al.
[62] investigated the antiviral activity against VSV in human
and bovine milk. The results showed that lauric acid with a
concentration of 5mM had a log;, value of >4.25 in human
milk and >3.25 in bovine milk. Furthermore, Hilmarsson et al.
[5] reported better virucidal activity to the visna virus and her-
pes simplex virus type 2 at 10 mM, with the reduced virus ac-
tivity value of 4.5 log10 after 10 min. Bartolotta et al. [64] also
stated that lauric acid was effective in inhibiting the growth of
the Junin virus (JUNV) from the Arenaviridae group that is
known for its infectious effect on humans, widely recognized as
Argentine hemorrhagic fever (AHF). The results indicated that
lauric acid had a higher inhibitory profile against JUNV com-
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pared to other fatty acid groups. The ICs, values acid against
several strains of JUNV such as 1V4454, XJ, XJCl3, and Cl67
were 124, 188, 129, and 46 M, respectively.

6 Antimicrobial Activity of Monolaurin

Monolaurin is a saturated monoglyceride from lauric acid, it is
also called 1-monolaurin, a-monolaurin or a.-glycerol mono-
laurate and is obtained by esterification reaction involving lau-
ric acid and glycerol with accelerated H,SO, [65], pTSA [66],
sulfated zirconia loaded SBA-15 [67], Novozym 435 [68], and
Rhizomucormiehei lipase [69]. Side products obtained by ester-
ification reaction include dilaurin and trilaurin. Additionally,
the ethanolysis of virgin coconut oil produces 2-monolaurin or
f-monolaurin, or 3-glycerol monolaurate. This reaction is cata-
lyzed by lipozym TL IM [70]. With lauric acid as a starting
material, 2-monolaurin is obtained from the ethanolysis of tri-
laurin using lipozym TL IM. Trilaurin is produced from an
esterification reaction between glycerol and excess lauric acid
[71].

As shown in Fig. 1, monolaurin structure has a lauryl group
with lipophilic properties and two hydroxyl groups with hydro-
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philic characteristics. Both lipophilic and hydrophilic groups
allow monolaurin to have excellent amphiphilic or surfactant
properties. The amphiphilic character probably occurs in
chemical interaction between monolaurin and the cell wall.
This leads to the organism’s growth through hydrogen bond
and van der Waals interaction. Tab. 3 provides the summary of
monolaurin bioactivity which includes a broad spectrum as
antibacterial, antifungal, and antiviral. The mechanism that
best explains how monolaurin and lauric acid can inhibit the
growth of bacteria, fungi, and viruses will be described in the
following section.

Overall, monolaurin or glycerol monolaurate has incredible
potency as a broad-spectrum antibacterial agent against S. aur-
eus, S. epidermidis, S.pyogenes, L. monocytogeneses, C. diphthe-
ria, B. cereus, C. perfringens, P. aeruginosa, Enterobacteriaceae,
H. pylori, E. coli, and P. Larvae. It inhibits and kills various bac-
terial types at a particular concentration. Antibacterial assays

Table 3. Antimicrobial activity of monolaurin.

to determine the inhibition diameter, minimum inhibition con-
centration (MIC), and minimal bactericidal concentrations
(MBC) were executed in-vitro using a bacterial culture me-
dium. Although the assay used different methods, the result
shows that monolaurin actively inhibited and killed the bacte-
ria (Tab. 3).

The antibacterial activity shown in Tab. 3 gives specific infor-
mation that monolaurin is more active in killing Gram-positive
than Gram-negative bacteria. Furthermore, the distinct thick-
ness of the cell wall changed after the inhibitory and antibacte-
rial activity of monolaurin. Monolaurin shows the highest
inhibition activity towards S. aureus among other Gram-posi-
tive bacteria with a low concentration of 12.5 pg mL™" [43, 44,
76-78, 46, 60, 65, 70, 72-75]. Monolaurin has been reportedly
effective to inhibit the S. aureus growth the concentrations
of 100 ugmL™" [43], 500 ugmL™" [65], 12,5 ugmL™" [77], and
128 ugmL™" [78]. The MBC value reported by Tangwatcharin

Inhibited microorganism Method and activity Ref.

Antibacterial properties

S. aureus MIC determination using the broth microdilution method [46]
Monolaurin has great inhibition S. aureus

S. aureus In vitro assay: The broth microdilution method [43]
Monolaurin inhibits S. aureus growth at 100 pg mL™"

S. aureus Agar disk diffusion and broth dilution assays with Mueller-Hinton broth [44]
Monolaurin has an MBC value against S. aureus about 0.1 mg mL™

S. aureus In vitro assay by perforation method [65]
Monolaurin is more inhibit S. aureus growth than dilaurin compound

S. aureus FNCC 0047 Using Perforation method with nutrient agar as a media for bacteria [70]
2-monolaurin inhibits S. aureus with diameter zone 13.75 mm at 2500 ppm

S. aureus FNCC 0047 Perforation method using nutrient agar as a media for bacteria [66]
1-monolaurin discourage S. aureus at 500 pg mL ™"

S. aureus Broth dilution method [72]
Monolaurin compound could inhibit S. aureus

Staphylococcus aureus sub Broth dilution method using Mueller-Hinton broth culture [73]

sp- aureus CCM 3953 I-monolaurin inhibited S. aureus at 100 mg L™

S. aureus MN8 Agar dilution method using Todd Hewitt broth [74]
Monolaurin has highly active against S. aureus with > 3 log reduction

S. aureus RN6390 In vitro model of S. aureus biofilms culture [75]
Monolaurin has a bactericidal effect to combat S. aureus at 3 mM

S. aureus In vitro assay using Triptic soy broth with glucose as bacteria medium growth [76]
Monolaurin has effectively combated S. aureus

S. aureus A microtiter plate assay [77]

Monolaurin inhibits S. aureus with a MIC value of 12.5 ug mL ™"
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Table 3. Continued.

Inhibited microorganism Method and activity Ref.

S. aureus Micro well dilution assay [78]
Monolaurin inhibits S. aureus with a MIC value of 128 pgmL ™"

S. epidermidis 1093 Agar-well diffusion method [79]
Monolaurin inhibits S. epidermidis with diameter zone 28 mm and MIC 31.5 pgmL™"

S. epidermidis Microbroth dilution technique to determine MIC and MBC [80]
I-monolaurin combats S. epidermidis with MIC and MBC value 1000 pg mL™'

S. epidermidis In vitro assay to determine biofilm formation inhibition and eradiction activity [81]
1-monolaurin combats monospecies and polymicrobial biofilm (S. epidermidis) with
MBIC80 value of 1.95 and 62.50 pug mL ™", respectively

S. pyogenes Agar dilution method using Todd Hewitt Broth [74]
Monolaurin discourages S. pyogenes effectively

S. pyogenes Agar-well diffusion method [79]
Monolaurin inhibits S. pyogenes with diameter zone and MIC, 22.3 mm and
31.25 pgmL", respectively.

Listeria monocytogeneses Agar-well diffusion method [79]
Monolaurin could inhibit Listeria monocytogeneses with diameter zone (23.3 mm) and
MIC (62.5 pgmL™)

C. diphtheria Agar-well diffusion method [79]
Monolaurin has diameter zone (21.3 mm) and MIC (62.5 ng mL) to fight C. diphtheria

B. cereus Agar-well diffusion method [66]
Monolaurin impede B. cereus growth with a diameter zone value of 10.83 mm at
1000 pgmL™

B. cereus Agar-well diffusion method [79]
Monolaurin has effectively inhibited B. cereus with a diameter zone value of 22 mm and
MIC value of 125 ugmL™

B. cereus In vitro assay using rain heart infusion (BHI) broth [82]
Monolaurin is most active to inhibit B. cereus in ethanol as solvent

Clostridium perfringens Agar dilution method using Todd Hewitt Broth [83]
Monolaurin could destroy C. perfringens at 1 ugmL™

Pseudomona aeruginosa & Agar dilution method using Todd Hewitt Broth [83]

Enterobacteriaceae Monolaurin has the most active against P. aeruginosa and Enterobacteriaceae in acidic
conditions as well ethylene diamine tetra acetic acid as cation chelator

Helicobacter pylori Agar dilution by the Turkey /Kramer method [32]
Monolaurin effectively combats H. pylori

Helicobacter pylori In vitro assay using Iso-Sensitest broth [84]
Monolaurin could inhibit H. pylori with an MBC and potency factor (Ki) value of 0.5 mM
and 2, respectively

Helicobacter pylori In vitro analysis using microbroth dilution [48]

Monolaurin shows actively bactericidal properties to H. pylori
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Table 3. Continued.
Inhibited microorganism Method and activity Ref.
E. coli Perforation method using nutrient agar as a media for bacteria [66]
1-monolaurin has been active against E. coli at 500 pg mL™"
E. coli In vitro using a microtiter plate assay [77]
Monolaurin could fight E. coli with a MIC value of 25 pgmL™"
Paenibacillus larvae Microdilution assay [85]
Monolaurin in nanocapsule form has active to destroy Paenibacillus larvae
Antifungal properties
C. albicans In vitro analysis using the serial dilution method [57]
VCO containing monolaurin exhibits great discouragement to C. albican at 25 %
C. albicans In vitro using the inoculated broth dilutions (Trypticase Soy Agar plate) [46]
Monolaurin has effectively impeded C. albican
C. albicans In vitro analysis with the MBC concentration determination using Spectrophotometer [86]
Monolaurin could be an antifungal and anti-inflammatory activity. Monolaurin
has actively inhibited C. albicans with MIC and MFC values of 62.5-125uM and
125-250 pM, respectively
C. albicans In vivo analysis [87]
Monolaurin could inhibit C. albican in vivo
C. albicans The anti-biofilm assay [85]
Monolaurin in nanocapsule form deducts 31.94 % of formed biofilm during 48 h
Aspergillus niger In vitro analysis using PDA-antimicrobial plates [58]
Monolaurin could promote MDT and lag time enhancement
Aspergillus niger DMF 0801 In vitro analysis using Malt Extract Broth [88]
Monolaurin has the most inhibition of A. niger at 0.2 and 1.8 mmol L™
Candida tropicalis The broth microdilution test method [81]
1-monolaurin could inhibit C. tropicalis growth at > 1000 pg mL™"
Fusarium spp In vitro analysis [59]
Monolaurin shows antifungal properties toward Fusarium spp
Antiviral properties
Vesicular stomatitis virus (VSV) In vitro assay with titrated by the serial dilution endpoint method [60]
Monolaurin exhibited greater antiviral activity than lauric acid
Herpes simplex virus In vitro analysis [5]
Monolaurin could deduce HSV-1 and HSV-2 growth at 1 min (3.5 log10) and acidic
condition
Respiratory syncytial virus (RSV) Viruses were titrated by inoculation of 10-fold dilutions into Vero cells [62]
Monolaurin in milk and formula combination could inhibit respiratory syncytial virus
(RSV)
HIV-1 In vitro analysis [89]
Monolaurin can inhibit HIV-1 by means blocking HIV-1 into the host cell
www.ChemBioEngRev.de © 2022 Wiley-VCH GmbH ChemBioEng Rev 2022, 9, No. 5, 1-21 10
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Table 3. Continued.
Inhibited microorganism Method and activity Ref.
HIV Therapeutic VCO with monolaurion to patient [7]
VCO containing monolaurin diminished HIV activity in the third month
Novel Corona Virus (nCov-19) Monolaurin could inhibit severe acute respiratory syndrome coronavirus 2 [90]
(SARS-CoV-2) by being employed as an immunomodulator and protector virus
Novel Corona Virus (nCov-19) In vitro assay [91]
Monolaurin was able to destroy virus including novel coronavirus (nCov-19) with
preventing the ability of the virus to produce the syncytial formation
Novel Corona Virus (nCov-19) Therapeutic VCO to COVID-19 patient [92]

Monolaurin treatment shows good influence on participants with CRP levels normalized
of <5mgdL™" during the intervention period (14 days)

and Khopaibool [44] was 0.1 mgmL™". With a concentration
estimated to be 3 mM, monolaurin exhibited bactericidal activ-
ity against antibiotic-resistant Staphylococcus aureus biofilms
[75].

Moreover, Kabara et al. [46] reported that monolaurin has
good antimicrobial activity as demonstrated by the inhibition
of S. aureus and S. epidermis with a MIC value of 0.09 umol-
mL™". Similarly, Nitbani et al. [66] reported that the ability of
1-monolaurin to inhibit the growth of S. aureus and B. cereus
amounted to an inhibition zone of 13.75 and 10.44mm at
2500 ppm, respectively. 2-monolaurin from coconut oil has also
been reported to inhibit S. aureus growth at a concentration of
100 and 2500 ppm, respectively. Monolaurin was reported to
have better antimicrobial activity compared to lauric acid [74].
An assay of monolaurin against S. aureus showed bactericidal
activity with a minimum inhibitory value greater than 3 log
CFU/mL at a concentration of 0.05 mM.

In an in vitro study, monolaurin also exhibited inhibition
activity toward several bacterial growths such as S. epidermidis,
S. pyogenes, L. monocytogeneses, C. diphtheria, C. perfringens,
and B. cereus at a low level of 31.25 ugmL™" [79]. A study on
the antimicrobial activity of monolaurin and lauric acid was
reported by Botovska et al. [79]. The results showed that
monolaurin had relatively better inhibitory abilities than lauric
acid against S. epidermis, S. pyogenes, L. monocytogenes,
C. diphtheria, and B. cereus with the MIC values of 31.25,
31.25, 62.5, 62.5, and 125ug L respectively.

The growth of H. pylori, which is a common colony in the
stomach or duodenum, can be inhibited by the presence of
monolaurin. This was shown by the log reduction assay value,
which demonstrated the ability of monolaurin to kill bacteria at
0.5-1.25mL for 1 min to 1h [32, 48,49, 53]. Furthermore, a re-
cent study reported that monolaurin can destroy H. pylori with
an MBC value of 0.5 M and potency factors (Ki) value of 2 [84].

Monolaurin also exhibited broad-spectrum antibacterial
activity against Gram-negative E. coli bacteria [93]. A study by
Carpo et al. [93] showed that an increase in the concentration
of monolaurin up to 20mgmL™" can reduce the density of
E. coli colony growth. Zhang et al. [77] also reported that
monolaurin inhibits E. coli growth in vitro with a MIC value of
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25ugmL™". At a concentration of 500 pg mL™, the zone inhibi-
tion diameter was reportedly 10.55mm [66]. For Gram-posi-
tive bacteria, monolaurin in nanocapsule form can kill
Paenibacillus larvae as demonstrated through microdilution
assay [85].

The presence of monolaurin in VCO contributes to its anti-
fungal activity, as demonstrated by Tjin et al. [57] which re-
ported that VCO inhibited the growth of C. albicans at a con-
centration of 25% for 2days of exposure. Moreover, Kabara
et al. showed the ability of monolaurin to inhibit C. albicans
with the MIC value of 2.49umol/ mL™" [46]. The antifungal
activity of monolaurin against Aspergillus niger was also studied
by Rihdkova et al. [88] through the inhibitory index (II) value
to describe the inhibitory ability of spore germination using the
gel cassette system. The results showed that a value of 100 %
can be achieved at a concentration of 1.8 mmol L™". In this con-
dition, the number of colonies observed was reduced to 50
which was smaller than that of the control namely 300. Several
recent studies also showed that monolaurin or glycerol mono-
laurate is used as an antifungal agent. Monolaurin can inhibit
C. albicans growth in vitro and in vivo [85-87].

The effectiveness of monolaurin to inhibit Aspergillus niger,
in line with the Gompertz parameter, has been reported Altieri
et al. [58]. The results showed that the maximum colony diam-
eter (A) was 9.02 + 0.86 cm, the maximum radial growth rate
(Umaxy) was 0.71 £+ 0.10cm day_l, the lag phase (L) was
3.66 £+ 1.11 days, and the MDT was 4.81 + 0.68 days. For As-
pergillus niger DMF 0801, monolaurin had the highest inhibi-
tion of spore outgrowths in the concentration ranging from
0.2-1.8 mmol L' [88]. Meanwhile, with the broth microdilu-
tion assay, 1-monolaurin showed antifungal activities against
C. tropicalis at a concentration above 1000 ug mL™" [81]. The
measurement of the Gompertz parameter has also been per-
formed by Altieri et al. [59] to show the inhibition of mono-
laurin against Fusarium spp. The results indicated that the
effectiveness of monolaurin to inhibit Fusarium spp, was
demonstrated by the smaller Gompertz parameter value than
the control, such as the A value (7.41 + 0.22cm), Hpax
(1.05 + 0.10cm day’l), A (433 + 043 days), and MDT
(5.05 £ 0.31 days) with a correlation coefficient value of 0.99.
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A study on the antiviral activity of monolaurin against vesic-
ular stomatitis virus (VSV) and herpes simplex virus type 1
(HSV-1) has been reported by Thormar et al. [60]. It was found
that an effective antiviral activity of the monoglyceride groups
such as monolaurin can be achieved at a concentration value 5
to 10 times less than the fatty acid groups. The Log;, values
and the reduction of virus titer against VSV and HSV-1 were
found to be >4.0 and >3.7 respectively at a concentration of
0.25mgmL"". Furthermore, the effect of pH on the virucidal
activity on visna virus (VV) was studied by Hilmarsson et al.
[63]. The results showed that the activity of monolaurin was
higher under an acidic environment compared to the neutral
pH. The log;, value of monolaurin at a concentration of 5mM
at pH 7 and 4.2 was 4.57 + 0.09 and < 1.50, respectively. This
indicates that the acidic pH influences the formation of ionic
changes in the glycoproteins on the surface of the viral enve-
lope membrane, thereby facilitating the penetration of mono-
laurin through the lipid membrane [63].

Monolaurin can also inactivate the respiratory syncytial virus
(RSV) at a concentration of 4.5mM with a log;, value of 0.5,
and H. influenza at a concentration of 22.5mM with a log,
value of >4.0 [62]. Another study by Dayrit and Newport [7]
showed that VCO can provide a good therapeutic effect for
HIV patients. The results demonstrated that the treatment un-
til the third month caused a decrease in viral load and CD4 cell
count, suggesting that the presence of VCO’s compounds such
as monolaurin and several fatty acids might have a significant
role in the therapeutic effect. Moreover, Welch et al. [89] re-
ported that monolaurin or glycerol monolaurate modestly
reduced HIV-1 binding and dramatically inhibited the entry
into permissive cells. Also, monolaurin offers broad-spectrum
protection against enveloped viruses.

A study by Subroto and Indiarto found that monolaurin can
act as an immunomodulator to increase the immune system
and protect the body from virus attacks such as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [90]. It was
proposed that the mechanism behind this process might be due
to the increasing production of pro-inflammatory cytokines,
modulating T-cell lymphocytes, and the control of cell prolifer-
ation. A recent study reported that monolaurin has the poten-
tial to destroy the novel coronavirus (nCov-19). Using an
in-vitro method, monolaurin can kill the novel coronavirus
(nCov-19) by preventing syncytial formation [91]. It was also
discovered that monolaurin decreased the C-reactive protein
level of several participants [92]. The average value of C-reac-
tive protein achieved was less than 5mgdL™ on the 14th day
after the treatment with monolaurin.

7 Mechanism of Action of Lauric Acid
and Monolaurin as Antibacterial
Agents

The physicochemical properties of lauric acid and its ester form
namely monolaurin significantly contribute to the effective
antibacterial activity. Lauric acid is a type of saturated fatty acid
with a medium carbon chain (C,,), which provides the lipo-
philic character to the structure. Meanwhile, the hydrophilic
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character is ascribed to the presence of the carboxylate group
[31], hence, lauric acid possesses amphiphilic properties. Simi-
larly, monolaurin also has amphiphilic properties, and the two
hydroxyl groups that do not undergo an esterification reaction
further increase this characteristic.

Amphiphilic properties are generally attributed to the bind-
ing mechanism of lipid molecules by detergents to form mi-
celles. In a polar environment, micelles can move easily from
their original place. Conversely, the outer layer of the bacterial
cell membranes is composed of certain lipid molecules, hence,
it is called a lipid bilayer. The polar part composed of the car-
boxylate groups is pointed toward the outer side of the cell,
while the carbon chains are directed towards the center of the
lipid bilayer. This creates a permeability of the membrane [94],
which is a significant factor regarding the entry of antibacterial
agents into the bacteria cell.

Lauric acid and monolaurin have also been reported to have
antibacterial activity [37, 38, 66, 95]. Investigating their mecha-
nisms of action in inhibiting bacterial growth is an interesting
field to explore. The use of these two compounds as effective
antibacterial can be explained by their chemical structure. The
amphiphilic properties enable lauric acid and monolaurin to
attack the structure of the cell membranes [96]. Consequently,
the damaged cell membranes are exposed to the surrounding
environment and the cytoplasmic fluid potentially leaks out.
Meanwhile, the cytoplasmic fluid contains numerous organic
compounds and enzymes that play a role in the cell metabolism
of the bacteria. Therefore, leaking of the cytoplasmic fluid
causes a decrease in the cell activity of the bacteria, leading to
the death of the cells (Fig. 3).

The above-mentioned mechanism was proposed to explain
the inhibitory effect of lauric acid and monolaurin for gram-
negative bacteria. Due to the neutral nature of these two com-
pounds, they can easily permeate through the bacterial mem-
brane, without any steric hindrance. The bacterial membrane
cannot cause any repulsion when these compounds interact
with the outer layer. In contrast, the inhibitory mechanism of
lauric acid and monolaurin against Gram-positive bacteria has
also been commonly reported. The common target sites of
antibacterial activity are well known and widely studied. The
cell wall is the outermost part layer of Gram-positive bacteria.
It is an important organelle that plays a role to maintain the
structure of the cell and also prevents the entry of foreign com-
pounds. The damage of the cell wall might potentially decrease
the cellular activity and lead to the disruption of the metabo-
lism by the incoming foreign compounds, causing cell death.
The explanation regarding the breakdown of cell walls is dis-
cussed in this section.

The cell walls contain NAM and NAG compounds that are
connected by glycoside bonds [98]. The formation of this bond
produces a long chain to construct the cell walls, the hydroxyl
group attached to the C; atom of NAM bound with 5 amino
acid molecules (Fig.4). Under normal conditions, the presence
of the transpeptidase enzyme catalyzes the formation of
new peptide bonds between amino acid chains called a cross-
linking bond that produces a rigid structure for peptidoglycan
(Fig.5).

The mechanism of action for lauric acid and monolaurin in
penicillin has been previously explained [99]. In penicillin, the
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Figure 4. Structure of peptidoglycan of bacterial cells [97].

carbonyl carbon in the beta-lactam ring is utilized as an elec-
trophilic source. This position is likely attacked by the nucleo-
philic side of the transpeptidase enzyme to form new irreversi-
ble ester bonds. Meanwhile, in lauric acid and monolaurin, the
electrophilic property of the structure is due to the presence of
carbonyl carbon in the carboxylic acid group, which opens the
possibility to form bonds with the nucleophilic side of the
transpeptidase enzyme. The formed connection potentially
inhibits the active site of the enzyme to catalyze the formation
of the cross-linking bond. Consequently, the rigid nature of
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peptidoglycan is lost, triggering the lysis of bacterial cells
(Fig.6).

8 Mechanism of Action of Lauric Acid
and Monolaurin as Antifungal Agents

The development of antifungal agents is often related to the
amphiphilic properties of the compounds. The amphiphilic
properties of lauric acid and monolaurin ensure their interac-
tion with the lipid membrane of fungi, causing cell lysis. Several
studies have been conducted on different well-known antifun-
gal agents with good amphiphilic properties, including Am-
photericin B, Nystatin, and Natamycin [100-102].

A literature study indicated that lauric acid and monolaurin
can inhibit the growth of different fungi as shown in Tab. 1 and
2. As described previously, the activity of these two compounds
as antifungal agents is also associated with their amphiphilic
properties. The presence of lauryl groups as lipophilic parts
and carboxylic and hydroxyl groups as hydrophilic parts in
lauric acid and monolaurin allow the chemical interactions
with ergosterol, which is the main component of fungal cell
membranes. Such interactions occur through the formation of
Van der Waals and hydrogen bonds between lauryl, hydroxyl,
and carboxyl groups with the components of the cell mem-
brane, triggering the formation of pores. Consequently, these
pores destabilize the cell membrane and damage the ion bal-
ance, ultimately leading to the death of the cells (Fig.7)
[100-102].
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9 Mechanism of Action for Lauric Acid
and Monolaurin as Antiviral Agents

To date, the world is fighting the global pandemic caused by
Coronavirus which has reportedly infected thousands of popu-
lations worldwide and even leads to death. Efforts to fight the
spread of viral infections through several investigations are
being developed. The mechanism of action for the inhibition of
infection by the virus is one of the important study objectives.
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Several studies regarding the antiviral activity of fatty acids
such as lauric acid have been reported. Similar bioactivity was
also reported for monolaurin which is a monoester form of
lauric acid glycerol.

In this section, the potential use of lauric acid and monolaur-
in as antivirals is described. These two compounds are reported
to inhibit the final maturation stage in the viral replicative cycle
[64]. This is supported by their amphiphilic properties that can
change the characteristics of the cell membranes. The cell
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Figure 7. Antifungal mechanism of lauric acid and monolaurin.

membranes contain triacylglycerol (TAG) that contributes to
its fluidity and permeability. In the presence of lauric acid and
monolaurin, the hydrophobic properties of the aliphatic chain
from both compounds can destabilize the interaction between
glycoproteins of the virus and cell membranes (Fig. 8).

The treatment of Junin virus (JUNIV) using lauric acid for
24 h showed inhibition in the formation of the virus and stimu-
lation of TAG synthesis by 54.1 and 26.1 %, respectively [64].
Consequently, the membrane permeability can be damaged,
thereby disrupting the formation of bonds between the virus
and the receptors of the cell.

The amphiphilic and lipophilic properties of lauric acid and
monolaurin offer a virucidal mechanism [103]. The polar prop-
erty of these compounds is due to the presence of the carbox-
ylic group in lauric acid and the two hydroxyl groups in mono-
laurin. This is stabilized by the hydrophobic properties of both
compounds due to the presence of the alkyl chain, which
potentially causes the disintegration of the viral envelope. The
disruption of the cell membranes triggers the cell opening and
these compounds can dissolve both lipids and phospholipids in
the envelope [103]. Finally, the formation of the vesicular
aggregates in the aqueous medium occurs, leading to the desta-
bilization of the lipid bilayer, this phenomenon causes lysis and
the death of the cell [60].

Another antiviral mechanism of lauric acid is by preventing
the binding of viral proteins to the host cells. Lauric acid can
also break the RNA and DNA envelope of the virus by damag-
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ing the cholesterol membrane. Consequently, the permeability
and fluidity of the membrane change, which interferes with the
function of the virus by inhibiting the replication process and
the binding of protein M to the host cell. This activity inhibits
the release of the virus [61].

9 Conclusion

The coconut plant is well-known as the tree of life because all
the parts have advantages to human life. Furthermore, coconut
is among the primary exported commodities in tropical coun-
tries, such as Indonesia, Malaysia, the Philippines, and India. It
is widely known that virgin coconut oil (VCO) is one of the
primary products extensively produced from coconut and
commonly utilized in a variety of human needs. VCO is typi-
cally an oil obtained from the coconut flesh using the wet pro-
cessing technique which involves the extraction of coconut
milk, followed by the preparation of cream, and finally, the
degradation of emulsion to produce the oil. Moreover, coconut
oil contains lauric acid (C12:0) as the primary component
ranging from 45 to 52 %, along with myristic, palmitic, capric,
and caprylic acids. Lauric acid which has been widely used as a
base material for monolaurin production is present in two
forms including 1-monolaurin and 2-monolaurin. These com-
pounds together with dilaurin are produced in the stomach
during VCO digestion by lipase. The amphiphilic character of
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Figure 8. Antiviral mechanism of lauric acid and monolaurin.

lauric acid, 1-monolaurin, and 2-monolaurin reportedly con-
tribute mainly to the broad spectrum of the VCO antimicrobial
properties. Lauric acid and monolaurin are very effective in
inhibiting and even killing gram-positive bacteria, especially
S. aureus, fungi, especially C. albicans and certain viruses
namely vesicular stomatitis virus (VSV), herpes simplex virus
(HSV) and visna virus (VV). Monolaurin can also destroy very
dangerous viruses such as Respiratory syncytial virus (RSV),
human immunodeficiency virus (HIV), and novel coronavirus
(nCov-19), while lauric acid has the potential to kill Junin virus
(JUNV). Consequently, these compounds have been widely
used as excellent antimicrobial lipids. According to the litera-
ture, the antimicrobial, antifungal, and antivirus properties can
be attributed to the destruction of the cell membrane in bacte-
ria, fungi, and viruses due to both hydrogen and hydrophobic
interaction between antibacterial lipid compounds with func-
tional groups present in the membrane. In conclusion, the anti-
microbial effect of VCO is strongly associated with the pres-
ence of lauric acid and monolaurin as saturated medium-chain
fatty acid and monoglyceride, respectively.
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Virgin coconut oil (VCO) is a functional Antimicrobial Properties of Lauric
edible oil, rich with lauric acid. VCO can Acid and Monolaurin in Virgin g ]

be converted into partial lipids, i.e.,
lauric acid, 1-monolaurin, and 2-
monolaurin by lipase in the digestive
system. These compounds are known
as antimicrobial lipids based on their
excellent activity in inhibiting the
growth of broad-spectrum microbial.
The inhibition mechanism of lauric acid
and monolaurin as antibacterial,
antifungal, and antiviral agents is also
discussed
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