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A B S T R A C T   

Background and objectives: For centuries, plant seed extracts have been widely used and valued for their benefits. 
They have been used in food, perfumes, aromatherapy, and traditional medicine. These natural products are 
renowned for their therapeutic properties and are commonly used in medicinal treatments. Their significant 
pharmacological profiles provide an excellent hallmark for the prevention or treatment of various diseases. In 
this study, we comprehensively evaluated the biological and pharmacological properties of nutmeg seeds and 
explored their efficacy in treating various illnesses. 
Method: Published articles in databases including Google Scholar, PubMed, Elsevier, Scopus, ScienceDirect, and 
Wiley, were analyzed using keywords related to nutmeg seed. The searched keywords were chemical compounds, 
antioxidants, anti-inflammatory, antibacterial, antifungal, antiviral, antidiabetic, anticancer properties, and their 
protective mechanisms in cardiovascular and Alzheimer’s diseases. 
Results & discussion: Nutmeg seeds have been reported to have potent antimicrobial properties against a wide 
range of various bacteria and fungi, thus showing potential for combating microbial infections and promoting 
overall health. Furthermore, nutmeg extract effectively reduces oxidative stress and inflammation by improving 
the body’s natural antioxidant defense mechanism. Nutmeg affected lipid peroxidation, reduced lipid oxidation, 
reduced low-density lipoprotein (LDL), and increased phospholipid and cholesterol excretion. In addition, 
nutmeg extract improves the modulation of cardiac metabolism, accelerates cardiac conductivity and ventricular 
contractility, and prevents cell apoptosis. This study elucidated the psychotropic, narcotic, antidepressant, and 
anxiogenic effects of nutmeg seeds and their potential as a pharmaceutical medicine. Notably, despite its sedative 
and toxic properties, nutmeg ingestion alone did not cause death or life-threatening effects within the dosage 
range of 20–80 g powder. However, chemical analysis of nutmeg extracts identified over 50 compounds, 
including flavonoids, alkaloids, and polyphenolic compounds, which exhibit antioxidant properties and can be 
used as phytomedicines. Moreover, the exceptional pharmacokinetics and bioavailability of nutmeg have been 
found different for different administration routes, yet, more clinical trials are still needed. 
Conclusion: Understanding the chemical composition and pharmacological properties of nutmeg holds promise 
for novel drug discovery and therapeutic advancements. Nutmeg seed offers therapeutic and novel drug pros
pects that can revolutionize medicine. By delving into their pharmacological properties, we can uncover the vast 
potential possibilities of this natural wonder.   

1. Introduction 

Ensuring the safety of drugs and medicines is a major concern for 
pharmaceutical companies and researchers, who focus on dietary 
properties, toxicological consequences, and residual chemicals or purity. 
Moreover, the cost of modern medicine has increased significantly, 
making it unaffordable for 80 % of the population. Current therapies 

may have limited effectiveness and can cause side effects, resulting in 
pain and discomfort in many parts of the body (Al-Rawi et al., 2023). 
Ensuring the safety and affordability of medical treatments is currently a 
top research priority (Dogara et al., 2022). The use of traditional me
dicinal plants dates back 4000 years to Mesopotamia, where seeds and 
plant extracts have been used to prevent or cure diseases, as described in 
clay tablets (Dahham et al., 2018). Plants and seeds possess an array of 
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secondary metabolites and aromatic substances that make them valu
able resources for the treatment or prevention of various illnesses. Their 
extracts contain compounds that can be used either alone or combined 
with other therapeutic agents to enhance their effectiveness and reduce 
the risk of medication-related side effects. Their use is considered safe 
and has been widely adopted in medical practice (Ibrahim et al., 2011). 
Nutmeg seed has been used in traditional medicine by most civilizations 
since prehistoric times. From an ethnobotanical point of view, nutmeg 
seeds have been utilized extensively by various cultures in cooking and 
fumigating due to their strong scented aroma and medicinal properties. 
Beyond its medicinal value, nutmeg played a prominent role in many 
societies during ceremonies and rituals, which reflects its cultural 
versatility. Nutmeg seed has been also used in traditional remedies 
because of its therapeutic properties, such as stomach pain, ache relief, 
aphrodisiacal and Abortifacient (Tripathi & Dwivedi, 2015). Nutmeg 
seeds have been used as spices in many countries because of their 
appealing pleasing aroma and sweet flavor (Al-Rawi,et al., 2011). The 
best description of nutmeg, as quoted by Nagano, (2009) “Nutmeg is a 
well-rounded little nut. It may be used to brighten your day, spice up 
your love life, to flavor your food, to induce vivid dreams, or to just get 
plain stoned. This seed has been overlooked and misunderstood by many 
ethnophiles, but once one is privy to her secrets, she can become a 
valuable all”. Over the years, numerous studies have been conducted on 
the qualities and chemical components of nutmeg extracts. These ex
tracts, along with the essential oil derived from nutmeg, are widely used 
in the food industry as well as in the development of pharmaceutical and 
medicinal products. The versatility of nutmeg makes it an important 
ingredient in various fields, including culinary arts, healthcare, and 
pharmaceuticals. (Ibrahim et al., 2020). Nutmeg seed has various 
pharmacological effects, antidiarrheal, and analgesic effects, with a 
significant sedative property (Grover et al., 2002). It has been exten
sively studied, and it has been found to contain a range of bioactive 
chemical compounds, including volatile oils, phenolic compounds, al
kaloids, and flavonoids, (Spricigo et al., 1999; Rancy, & Krishnakumari, 
2015). Nutmeg also possesses numerous potential compounds such as 
myristicin, eugenol, elemicin, safrole γ-terpinol, and α-pinene (Matulyte 
et al., 2019; Ibrahim et al., 2018). These compounds exhibit various 
pharmacological traits, such as anti-inflammatory, anticancer, and 
neuroprotective effects (Zhang et al., 2016; Lee et al., 2011; Liu et al., 
2022). However, because of its poisonous effects, nutmeg has been 
overlooked, misunderstood, and underestimated, with a quantity of 5 g 
can be harmful and poisonous (Hallström, 1997). There is a contradic
tion in the existing literature regarding the safety and efficacy of nutmeg 
seeds as a therapeutic agent, which highlights the need to further 
elucidate their pharmacological activity. Nutmeg seeds have significant 
therapeutic potential, particularly for the development of novel drugs. 
Despite its promising therapeutic potential, yet some voids still exist and 
need to be filled by reviewing the recent finding behind its mechanism of 
action of nutmeg. Nutmeg seed possess exceptional pharmacokinetic 
characteristics, due to its active compounds metabolites such as myr
isticin, safrole, and elemicin (Yang et al., 2015; Song et al., 2019). 
Several pathways of metabolism have been suggested, including hy
droxylation, demethylenation, and amination of the allyl group (Neu
kamm et al., 2022). However, a deeper understanding of the 
pharmacokinetics of nutmeg, and its active compounds interaction 
within the body system will help in filling the gap and can offer new 
insight in developing safe and effective nutmeg-based drugs. Moreover, 
the metabolizing and excretion mechanism of nutmeg whether in vivo or 
in vitro could pave the way for future application in modern medicines. 
Thus, this review aims to rigorously evaluate the existing publications, 
identify gaps, and offer insight into the potential role of nutmeg as an 
alternative or complementary therapy in the treatment of various dis
eases. An in-depth analysis of the effectiveness of nutmeg seeds and their 
therapeutic properties was conducted, such as nutmeg chemical 
composition, antioxidant, antimicrobial, anticancer, antiangiogenic, 
and its application in treating chronic diseases. In addition, the 

pharmacokinetics, bioavailability of nutmeg, and its recent application 
in clinical trials will be elucidated further to understand its potential 
therapeutic approach. Overall, unlocking the therapeutic potential of 
nutmeg seed can pave the way for its application in several areas to 
significantly impact both industries and people’s well-being. Addition
ally, the findings of this study address a potential increasing interest in 
natural medicines, which can offer new insights into new therapeutic 
novelties for countless health conditions. Such innovation has potential 
for pharmaceutical, nutraceutical, and food industries, which can lead to 
the advancement of new drugs and nutmeg-based products. 

2. Methodology 

A thorough search was conducted across a range of databases, 
including Google Scholar, PubMed, Scopus, Web of Science, Science
Direct, and Wiley. This was done to ensure the inclusion of a diverse 
range of articles to achieve a comprehensive understanding of the topic 
under investigation. The search was conducted meticulously with a 
focus on accuracy and completeness. This meticulous keyword search 
aimed to identify relevant articles related to nutmeg seed extraction and 
its pharmacological properties. Published articles on nutmeg seed 
extraction until 2023 were searched across the aforementioned data
bases. During the search, a variety of keywords were used to find rele
vant information on nutmeg, including descriptions, taxonomy, history, 
traditional and modern uses, extraction methods, chemical composition 
identification, anti-inflammatory, antioxidant, antifungal, antibacterial, 
antiviral, and anticancer, psychotropics and toxicological properties. We 
also looked for data on its pharmacokinetics, bioavailability, and the 
application of nutmeg in treating chronic diseases, such as diabetes, 
cardiovascular disease, anxiety, depression, Alzheimer’s disease, and in 
clinical trials. However, we excluded articles that did not meet the in
clusion criteria, such as those not in English, theses, unreliable online 
sources, meta-analysis, and systematic reviews articles, or those that 
primarily focused on molecular docking. 

3. Results and discussion 

Initially, approximately 2,140 articles with relevant titles were 
identified through a meticulous keyword search. Following this, dupli
cate articles were removed, reducing the number to 1,360 articles. 
Subsequently, a rigorous filtering process was applied to exclude any 
irrelevant articles, ultimately narrowing the total number to 235. This 
approach ensured that the articles included in the study were compre
hensive and focused. These articles were sought to investigate the 
pharmacological properties of nutmeg seeds in treating various chronic 
diseases and illnesses, as well as its pharmacokinetics, bioavailability 
and its investigation in clinical trials. The data collected from the 
selected articles are highlighted and organized accordingly, either in 
tables or in text form. The collected data confirmed that the origin of 
nutmeg can affect its chemical composition as well as its pharmaco
logical activities, as shown in Table 3. Despite the different extraction 
methods, however, the chemical compounds were almost the same, yet 
varied in concentration and in the number of constituents, which 
affected the pharmacological and therapeutic properties of nutmeg ex
tracts. The wide application of nutmeg as a flavoring agent and func
tional food product has gone far beyond this. Its attraction lies in its 
major or main compounds that have antioxidant properties, which make 
it a good candidate for future novel drugs for therapeutic purposes. 
Based on the identified chemical components that are present in nutmeg, 
the chemical structures of these components were obtained from the 
National Institute of Standards and Technology, 2023 (NIST) as shown 
in Fig. 3. However, the explored collected data are presented and dis
cussed in detail in the following texts, to elucidate the significant 
characteristics of nutmeg that make it worthy of further research. 
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3.1. History and importance of nutmeg seed 

The nutmeg is the seed of the Myristica fragrance fruit that has a 
yellow peachlike shape and grows from Myristica fragrans tree. The tree 
is an evergreen, aromatic dioecious tree commonly cultivated in tropical 
regions, particularly Southeast Asian countries, tropical America, and 
the Pacific Islands. It originated from the Banda Island of Indonesia, 
which is called the Maluku or the Spice Islands. Historically, the Arab 
transferred the nutmeg into Europe until the discovery of the nutmeg 
trees by the Portuguese on Banda Island in the 15th century (Payne, 
1963). Later on, during the 17th century, when the Dutch colonized the 
Spice Islands, and they maintained control over the trade in spices, and 
until the end of the 18th century, when the British acquired nutmeg 
seedlings from the Banda Islands (Barceloux, 2009). Recently, there has 
been a high demand for nutmeg seeds in developed countries. Germany, 
Japan, the United States, and Europe are among the top nutmeg seed 
importers. Several countries, including Indonesia, India, Sri Lanka, and 
Grenada, are well known for their exporting of nutmeg (Purba et al., 
2021; Gordon, 2020; Private Sector Trade Note, 2009). Currently, the 
demand for high-quality nutmeg is on the rise owing to its significant 
value in the baked goods, pharmaceutical, and cosmetics industries. The 
intriguing blend of fixed oil, essential oil, and oleoresin found in nutmeg 
seed extract makes it a desirable industrial product in food and phar
maceutical products. The oil of the nutmeg seeds and its derivatives are 
widely used as flavoring additives in various food products, whereas the 
nutmeg oleoresin is a rival to the dry seeds. The fixed oil makes up 
roughly 20–40 % and is extremely aromatic, accounting for 8–15 % of 
the mixture. Thus, nutmeg oil production can replace the dried seeds 
because this product is highly aromatic and free of aflatoxin (FAO, 
1994). 

3.2. Nutmeg seed in traditional and Ayurveda medicine 

Myristica fragrans, commonly known as nutmeg, is a highly desired 
spice that has been used since ancient times as a remedy for many ill
nesses as well as in aromatherapy. Nutmeg has been widely used in 
traditional Indian medical science, and Ayurveda. In the seventeenth 
century, physicians used nutmeg pomander to treat the black plague 
(Freedman, 2015). Nutmeg is also mentioned in Unani medicine for 
regulating sexual disorders (Ahmad et al., 2005). Additionally, nutmeg 
has been used in traditional medicine across all Asian countries. Nutmeg 
seeds have been used to treat various ailments such as stomachache, 
dysentery, nausea, rheumatism, vomiting, malaria, and sciatica (Ogawa 
& Ito, 2019). Nutmeg was also used as an appetite stimulant, tonic, 
carminative, aphrodisiac, and electuaries for leprosy. It was also used to 
treat intestinal catarrh, heartburn, gases, and for menstruation and as an 
abortifacient (Okiki, et al., 2023). In the past decade, pregnant women 
used to consume large amounts of nutmeg to abort their babies (Smith, 
2014). The use of nutmeg was reported in the Medical Book of Malayan 
Medicine as a remedy for overeating, bloating, malaria, and madness 
(Weil, 1971). Apart from that, nutmeg oil and butter have traditionally 
been applied as topical treatments for ailments such as headaches, 
rheumatism, and sprains. It has been suggested that adding a drop of 
nutmeg oil to a cup of tea can help with indigestion and vomiting (Gils & 
Cox, 1994). In Indonesia, nutmeg is still being used to treat vomiting, 
stomach, rheumatism, and kidney disorders, as well as to alleviate 
stomach cramps, nervousness, and whooping cough. Nutmeg is a key 
ingredient in JamuBeraskencur, which is a herbal drink traditionally 
used in Indonesia to treat stiffness and pain (Sumarni et al., 2019). In 
Asia, nutmeg was used as a post-childbirth tonic in Malay medicine (Van 
Gils & Cox, 1994). Nutmeg has been traditionally used in Africa and 
Nigeria to treat digestive and respiratory tract illnesses, such as stomach 
cramps, diarrhea, and respiratory discharge (Okiki, et al., 2023). On the 
other hand, in Western countries, Europe, the Middle East, and Central 
America, nutmeg is usually used as a spice in desserts and many dishes in 
addition to other countries around the world like Asia and Africa (Loizzo 

et al., 2016). 

3.3. Nutmeg seed in industries 

Nutmeg and its oleoresin are widely used in different industrial 
production (Eweka and Eweka, 2010). The Nutmeg fixed oils, essential, 
and its fatty products are widely used in pharmaceutical products, cough 
syrups, soap industries, cosmetics, and balms. In addition, nutmeg is 
widely used in food industries, while the primary uses of nutmeg oil and 
oleoresin are in culinary applications including sauces, soups, spice 
blends, processed meat, preserves, cheese, baked goods, desserts, and 
egg dishes (Morsy, 2016). Therefore, there is a growing market for 
nutmeg-based products, oils, and oleoresins as a seed substitute, because 
they are clean and free from aflatoxin (ITC, 2003). 

3.4. Taxonomic classification and overview of nutmeg 

Myristica fragrans is the scientific name of nutmeg that belongs to the 
Myristicaceae family. It is known by various common names or syno
nyms. It is known as mace or nutmeg in the United Kingdom, bunga pala 
in Indonesia, nuez moscada in Germany, muscadier in France, jaiphal in 
India, Muskatbaum in Uruguay, or Spain, and jawzat altayib in Arabic 
countries. The nutmeg taxonomic classification obtained from the In
tegrated Taxonomic Information System (ITIS, 2023) is presented in 
Table 1. The M. fragrans tree is commonly cultivated in Southeast Asia 
and several other countries, including Indonesia, Malaysia, Grenada, Sri 
Lanka, India, and Vietnam (Olaleye et al., 2006; Pham et al., 2000; Gils 
& Cox, 1994; Al-Rawi et al., 2013). The tree is originally from the Spice 
Islands in Indonesia, also known as the Banda Islands. These tropical, 
aromatic evergreen trees are 9–12 m tall and have scattered branches. 
The tree is dioecious, meaning that it has separate male and female 
flowers occurring on the same tree. The leaves are dark green, arranged 
alternately along the branches, and range from 5 to 15 cm in length and 
2 to 7 cm in width. The flowers are waxy, fleshy, bell-shaped, and light 
yellow in color. The tree starts producing fruit after six years and can 
continue producing year-round for 20–75 years (ITC, 2003; Barceloux, 
2009). The fruit is fleshy, green, or yellow in color, and similar to an 
apricot or peach in appearance (Fig. 1). When it ripens, the fruit splits 
into two halves, to reveal a shiny purplish brownie seed enclosed by a 
scarlet aril, which is called Mace. 

3.5. Nutmeg seed description 

Nutmeg, the dried seed of Myristica fragrans, has a distinctive 
pleasant fragrance and sweet flavor. The seed has an elongated oval 
shape with a wrinkled surface and a light brown color. The ripe seed of 
nutmeg has a whitish color, is fleshy, firm, crossed diagonally by red- 
brown strains, and is surrounded by a fleshy bright red cover (scarlet 
aril), which is known as mace (Fig. 2). The nutmeg seeds and maces are 
treated separately after being dried and used as spices. 

Table 1 
Shows the taxonomic classification of Myristica fragrans Houtt. 
(nutmeg). Obtained from the Integrated Taxonomic Information 
System (ITIS, 2023).  

Kingdom Plantae – Plantae 

Subkingdom Tracheobionta 
Phylum Tracheophyta 
Super division Spermatophyta – Seeds 
Division Magnoliophyta 
Class Magnoliopsida 
Subclass Magnoliidae 
Order Magnoliales 
Family Myristicaceae 
Genus Myristica Gronov. 
Species Myristica fragrans Houtt.  
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3.6. Composition of nutmeg seed (Myristica fragrans) 

Understanding the composition of an oil offers considerate infor
mation about its possible applications in many areas. It also provides a 
better understanding of its role in health and its use as a treatment for 
many diseases. Raw nutmeg seeds contain 30 %–55 % oils and 45–60 % 
solid matter, including cellulose. The nutmeg oil comprises a crude fixed 
oil known as nutmeg butter, which makes up 20–40 %, and an essential 
oil, which accounts for 8 %–15 %, as well as other oleoresins. This 
nutmeg butter is highly aromatic owing to the presence of an aromatic 
group (Parthasarathy et al., 2008). Nutmeg also contains protein, lipids, 
and starches (Rahardiyan, et al., 2020). Nutmeg oleoresin has a strong 
and distinctive scent and flavor, which makes it a popular alternative to 
dry nutmeg seeds in various industries such as pharmaceuticals and food 
(ITC, 2003). Thus, the butter, essential oil, and oleoresin of nutmeg are 
considered excellent substitutes for whole nutmeg and can be widely 
used in the market. In general, the common extraction method for fixed 
oil is by applying pressure and heat using hydraulic extraction or via 
Soxhlet extraction. Both methods produce an aromatic orange extract 
with a semi-solid texture, which is called nutmeg butter. The extraction 
method has a great influence on the chemical constituents of the yield 
and essential oils (Ibrahim, & Al-Rawi, 2018; Matulyte et al., 2019). 
Soxhlet extraction of nutmeg yielded 34 %, whereas supercritical 
extraction yielded 38.8 % (Al-Rawi, et al., 2013). In contrast, the 
essential oil of nutmeg is extracted by steam distillation. The finished 
product has a nutmeg flavor and aroma and is either a colorless oil or a 
pale-yellow liquid (Umayah and Marhaendro, 2021). It is soluble in 
alcohol but insoluble in water, sensitive to light and air, and thus must 

be stored in a closed container. 

3.7. Chemical properties of nutmeg seed 

Characterization of the chemical constituents present in an extract is 
essential for confirmation and standardization (Radzali et al., 2022). 
The chemical components of nutmeg were identified using various 
identification techniques, including GC and GCMS, HPLC, and 
GCTOFMS. Ibrahim and Al-Rawi (1918) reported the chemical compo
sition of supercritical nutmeg extract using GC–TOFMS. Over the last 
few years, more research has been conducted on nutmeg essential oil 
than on butter or fixed oil. Despite having a lower concentration than 
the fixed oil found in nutmeg seeds, its popularity grew significantly. 
This is most likely because, in addition to its other pharmacological 
qualities, essential oil has the necessary valuable components for in
dustrial products. The main ingredients of nutmeg essential oil have 
been documented in several studies (Kapoor et al., 2013; Yuan et al., 
2006; Ginting et al., 2017; García-Díez, et al., 2017; Maya, et al., 2004). 
Muchtaridi et al. reported the chemical makeup of nutmeg seed essential 
oil. The chemical and physical properties of Sri Lankan nutmeg oil have 
also been reported by Subaddarage et al. (1985). However, the quality of 
nutmeg extracts can be assessed on the basis of the presence and con
centration of these chemical constituents. In general, there are six major 
groups of chemical compounds present in nutmeg (FAO, 1999), as 
shown in Table 2. 

The reported chemical analysis of nutmeg oils and extracts 
confirmed that nutmeg is rich in phenolic compounds, terpenoids, fla
vonoids, and fatty acids (Spricigo et al., 1999). However, the concen
tration and presence of these groups varies with the geographical area of 
the seeds, freshness, types of extraction, and extraction conditions 
(Jaiswal, & Williams, 2017). Table 3 illustrates the chemical composi
tion of nutmeg seed extracts from different geographical regions, which 
were extracted using different extraction methods. Machmudaha et al. 
(2006) confirmed similar properties of nutmeg supercritical extract to 
nutmeg essential oil because it contains most essential oil components 
such as terpenespolyphenol and limonene. On the other hand, from our 
reviewed data, it is clear that there is a substantial variation in the 
number of identified chemical compounds in nutmeg seed extract and 
their concentrations in different regions. Based on our review, we found 
that the number of identified chemical compounds in the nutmeg seeds 
ranged from 10 to over fifty compounds. Morsy (2016) identified 53 
compounds present in nutmeg oil, with the presence of the main major 
group compounds such as myristicin, sabinene, elemicin, limonene, 
terpinen-4-ol, myristic acid α-pinene, and β-pinene. In addition, the 
concentrations of these identified compounds varied greatly depending 
on the extraction method or cultivation site. For example, myristicin 
concentration ranged from 2 % to 42 %, but it was also missing in some 
of the extracted nutmeg oil. In addition, other compounds were 

Fig. 1. Nutmeg (Myristica fragrans) tree from Balik Pulau, Pinang. 
(Author Source). 

Fig. 2. Right image; shows a close up to a nut of Myristica fragrans fruit. Left image shows the nutmeg seed, and mace (author Source).  
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identified in minor concentrations using gas chromatography 
(GCTOFMS), which was not shown using other techniques, including 
anisole, camphor, cumene, copaene, cyclamen aldehyde, alfa-sarone, 
menthyl isovalerate, and menthone (Ibrahim & Al-Rawi, 1918). Fig. 3 
shows the molecular structures of the main active compound of nutmeg 
extract, which were adopted from the NIST library. 

3.8. Pharmacological and biological properties of nutmeg seed 

Plants considered as potential natural products with significant 
pharmacological attributes, such as anti-inflammatory, antioxidant, 
antimicrobial, antidiabetic, and anticancer activities. It has a great role 
in treating and preventing various diseases due to its natural antioxi
dant, secondary metabolites, flavonoids, terpenes, alkaloid, phenol, and 
fatty acid. Therefore, potential attempts to treat various illnesses have 
raised a growing interest in combining pharmaceutical medications with 
natural therapies. In terms of both pharmacological and commercial 
activities, nutmeg seed has various pharmacological properties (Grover, 
et al., 2002). The extract of the nutmeg seeds is considered to be the 
fraction that contains the pharmacologically active components. 
Therefore, nutmeg deserves further research into its full benefits as a 
potential therapeutic and pharmaceutical agent. The following text de
scribes the potential therapeutic properties of nutmeg seeds. 

3.8.1. Antimicrobial potential of nutmeg seed 
Infections are health conditions that occur when microorganisms 

such as viruses, bacteria, fungi, or parasites invade our bodies and cause 
harm. Microorganisms such as bacteria are constantly evolving and 
developing new ways to resist antibiotics (Jalal et al., 2023; Ahmed & 
Ganjo, 2019). Essential oils and other preparations from aromatic herbs 
have shown strong antibacterial effects against various fungi and bac
teria (Hanif et al., 2010). In addition, many active compounds present in 
the nutmeg seeds, such as myristicin, carvacrol, − cymene, − pinene, 
− pinene, and − caryophyllene, have been proven to be potent antibac
terial agents. The antifungal and antibacterial effects of nutmeg extract 
against Gram-positive and Gram-negative bacteria have been well 
demonstrated. Myristic acid and trimyristin were found to be the pri
mary antibacterial components extracted from nutmeg seeds. 
Conversely, at a concentration of 12.5 µg/mL, the methanolic extracts of 
Myristica fragrans seeds inhibited the activity of Helicobacter pylori 
strains (Mahady et al. in 2005). These strains are known to be the main 
etiological factors associated with peptic ulcer disease, gastritis, primary 
gastric B-cell lymphoma, and gastric carcinoma. Therefore, nutmeg 
extract was found to be highly potent in treating gastrointestinal dis
orders and ulcers. According to Dorman and Deans (2000), the essential 
oil of M. fragrans exhibits significant inhibitory effects against a variety 
of bacteria, including bacteria that cause food poisoning, plant and 
animal pathogens, and spoilage. In a study conducted by Takikawa et al. 
(2002), the antibacterial properties of volatile oils extracted from 
nutmeg against non-pathogenic E. O157, and E. Coli were evaluated. 
The pathogenic strains of Escherichia coli O157 were significantly 
inhibited by the nutmeg extract, whereas the non-pathogenic strains 
were unaffected. In addition, all O157 strains were more sensitive to 
beta-pinene than non-pathogenic E. Compared with other Coli strains 
(Takikawa et al., in 2002). Table 4 displays the results of extensive 
research on the antimicrobial activity of nutmeg extract using various 

solvents and assays. 

3.8.2. Anti-inflammatory properties of nutmeg seed 
Inflammation is the human body’s response to injury, infection, or 

any damaged tissue (Chen et al., 2018). It is a key contributor to several 
condition like cancer, autoimmune diseases, rheumatoid arthritis, car
diovascular diseases, blood pressure, hepatic injury, and obesity (Tsai, 
et al., 2019; Wu et al., 2021; Ostro et al., 2014; Hage et al., 2017; Laird 
et al., 2013). Inflammation is characterized by pain, heat, swelling, 
redness, and tissue function disorder caused by the stimulation of 
numerous cytokines that cause inflammation, such as interleukin -6, IL- 
8, IL-1β, IL-1, and nitric oxide (NO) (Di, et al., 2018; DiNatale, et al., 
2010; Manohar et al., 2018). Inflammation can be triggered by different 
signaling pathways, such as MAPK, NF-κB, and the JAK-STAT (Torres 
et al., 2011; Li, et al., 2022; Lee et al., 2020). Several plant extracts have 
been used extensively in treating inflammation, including nutmeg 
(Francis and Sankari Malaiappan, 2022; Dkhil et al., 2019). Table 5, 
displays the results of the reported anti-inflammatory studies of nutmeg 
seed extract. Lee, & Park, (2011) revealed that the anti-inflammatory 
attribute of nutmeg is due to myristicin’s ability to suppress chemo
kines, cytokines, nitric oxide, and growth factors via the calcium 
pathway in double-stranded RNA (dsRNA) of stimulated macrophages. 
Nutmeg oil also alleviated the joint swelling, nerve pain, and sensitivity 
to pain in rats. The mechanism of action was by inhibiting 
cyclooxygenase-2 (COX-2) expression, which is an inflammatory key 
marker (Zhang et al., 2016). An in-silico study confirmed that myristicin 
blocked VEGFA, COX-1, EGF and HIF enzymes, signifying potential 
binding interactions (Al-Rawi et al., 2023b). Moreover, ethanolic extract 
of nutmeg inhibited in a dose-dependent matter the releasing of TNF-α, 
nitric oxide, IL-6 and IL-1β (Cao, et al., 2013; Dewi et al., 2015). Tumor 
necrosis factor α (TNFα) is a mediator of inflammatory and autoimmune 
functions and its excessive signaling activation can cause chronic 
pathological diseases (Jang, et al., 2021). Due to this, nutmeg extract has 
been frequently employed in traditional medicine as a topical applica
tion treatment to alleviate muscles, joints, and nerves pain (Al-Rawi 
et al., 2013). Nutmeg anti-inflammatory properties have been attributed 
to the presence of myristicin, a compound found in nutmeg, which 
exhibited anti-inflammatory properties (Liu et al., 2022). In addition, 
eugenol, another active compound present in nutmeg seeds, showed 
anti-inflammatory activity (Buckle, 2014). Thus, in the healthcare and 
medical industries, eugenol has been used in dental creams and anal
gesic ointment as well as in relieving sprains and rheumatism pain (Al- 
Rawi et al., 2011). This makes nutmeg a potent alternative to be used in 
the pharmacological industry. In addition, myrisfrageal A and B, dehy
drodiisoeugenol (isolated compounds from nutmeg) inhibited the 
overproduction of nitric oxide (an essential marker of inflammation), 
with an IC50 of 18.5 & 21.2 μM respectively, via suppression of iNOS 
mRNA expression (Cao et al., 2015). In addition, flavonoids (presence in 
nutmeg) inhibited some enzyme that cause inflammation, such as nitric 
oxide, NOS, COX, phospholipase A2, and lipoxygenase. The inhibition 
reduced the major inflammation mediators such as metabolizing pros
taglandins, arachidonic acid, leukotrienes and NO (Akinwunmi, & 
Oyedapo, 2014). Macelignan has also been reported as a potential 
health-promoting factor through its ability to inhibit inflammation and 
display strong antioxidant properties (Lee et al., 2012). Fig. 4 illustrates 
a summary of the nutmeg anti-inflammatory mechanism of action. 

Table 2 
The six major groups present in nutmeg (FAO, 1999).   

1. Aromatic ethers: this group comprises the following: myristicin, safrole, eugenol, methyl iso-eugenol, methoxy eugenol, iso-eugenol, methyl eugenol, elemicin, and iso-elemicin.  
2. Terpene group: this group comprises the following: Alpha and gamma-terpinene, terpinolene, alpha and beta-pinene, alpha and beta-phellandrene, alpha-thujene, delta3-carene, 

myrcene, camphene, uinonene, dipentene, and sabinene.  
3. Monoterpene Alcohol: this group comprises the following: Alpha-terpineol, beta-terpineol, geraniol, citronellol, terpineol, caryophyllene, sesquiterpene, and linalool.  
4. Terpinic esters; this group comprises the following: Bornyl acetate, Geranyl acetate, and Linalyl acetate.  
5. Aromatic hydrocarbons: this group comprises the following: toluene and p-cymene.  
6. Acids: this group comprises the following: octanoic, butyric, formic, and acetic acid.  
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Table 3 
Illustrates the chemical composition of nutmeg seed extracts from different geographical regions, which were extracted using different extraction methods.  

Compound Method of extraction Identification method Composition 
% 

Reference 

Myrislignan Grenada nutmeg seed extracted by Maceration GC–MS 22.59 Matulyte et al., 2019 
Elemicin 13.99 
α-Phellandrene 13.04 
Isomethyleugenol 6.38 
β-Myrcene 4.6 
4-Carene, trans 3.37 
Sylvestrene 1.57 
Isogermacrene 1.61 
γ-Asarone 0.79 
Cis-p-menth-2-en-1-ol 0.43 
Myristic acid Local market nutmeg seeds extracted by 

Supercritical fractioned carbon dioxide extraction  
HPLC-DAD 79.2 % Piras et al., 2012 

Myristicin 32.8 % 
Sabinene 16.1 % 
Alfa-pinene 9.8 % 
βeta-pinene 9.4 % 
Oleic acid 7.4 % 
Palmitic acid 6.1 % 
Terpinen-4-ol 3.6 % 
β-phellandrene 4.9 % 
Safrole 4.1 %   

Sabinene Grenada nutmeg seeds extracted by 
Hydrodistillation 

GC–MS 52.75 Mickus et al., 2021 
α-pinene 13.53 
D-limonene 6.96 
α-terpinyl acetate 5.98 
β- pinene 3.58 
γ-terpinene 3.31 
β- myrcene 2.91 
α-phellandrene 0.47 
Myristicin 1.88 
α-thujene 1.81 
Germacrene D 1.00 
α-terpinene 0.91 
α-copaene 0.8 
4-thujanol 0.75 
Cis-p-menth-2-en-1-ol 0.15 
Bornyl acetate 0.15 
α-terpinolene 0.14 
γ-amorphene 0.14 
Bicyclogermacrene 0.12 
β-cubebene 0.2 
Camphene 0.2 
Isogermacrene D 0.07 
β-caryophyllen 0.07 
Cis-α-bergamotene 0.09   

Sabinene Indian nutmeg seeds extracted by n-hexane extraction method GC–MS 12.2 Hoda et al., 2020 
Oleic acid 11.7 
Hexadecanoic acid 10.5 
Safrole 8.1 
Elemicin 7.8 
Linoleic acid 6.9 
Myristicin 6.7 
β-Pinene 6.5 
Limonene 4.5 
α-Pinene 3.8 
α-Phellandrene 1.8 
Myrcene 1.7 
Terpinolene 1.5 
α-Thujene 1.4 
Methyl eugenol 1.3 
γ-Terpinene 1.1 
α-Terpinene 0.8 
trans-Sabinene hydrate 0.8 
Terpin-4-ol 0.8 
α-Humulene 0.7 
cis-Sabinene hydrate 0.7 
δ-3-Carene 0.5 
(E)-Methyl isoeugenol 0.8 
β-Caryophyllene 0.7 
(E)-Isoeugenol 0.5 
(E)-Isoelemicin 0.4 
Germacrene D 0.4 

(continued on next page) 
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Table 3 (continued ) 

Compound Method of extraction Identification method Composition 
% 

Reference 

Ethyl hexadecanoate 0.4 
δ-Elemene 0.3 
α-Terpineol 0.3 
α-Copaene 0.3 
13-epi-manool oxide 0.3 
α-Fenchene 0.3 
o-Cymene 0.3 
1,8-Cineole 0.2 
Kaurene 0.1 
1,3,8-p-Menthatriene trace 
β-Cubebene t 
γ-Muurolene t 
Sabinene hydrate acetate t 
Eugenol t 
Camphene t   

Gamma-terpinene Indian nutmeg seeds extracted by n-hexane extraction method GC–MS 1.43 Al-Qahtani et al., 2022 
Thymol 1.06 
Alpha-terpineol 0.76 
Alfa-Copaene 0.88 
Eugenol 2.68 
Safrole 2.40 
Methyl eugenol 3.82 
Caryophyllene 1.51 
Trans-Isoeugenol 2.61 
Isoelemicin 4.09 
Myristic acid 22.25 
Phenol, 2,6-dimethoxy-4-(2-propenyl)- 2.97 
Elemicin 24.44 
Myristicine 13.81 
Naphthalene, 0.91 
Methyl isoeugenol 10.84 
Anethole 0.95 
3-Cyclohexe, 1-ol-4-methyl-1-(1-methyl 

ethyl)-(R)- 
2.92 

Cyclohexanol, 1-methyl-4-(1- 
methylethenyl)-cis- 

1.27 

Cyclohexanol, 1-methyl-4-(1-methyl 
ethyl)- 

0.93 

Sabinene Nutmeg seed produced in Guangdong, China 
Extracted 
By 
Steam Distillation 

GCMS 25 Zhang et al., 2016  
α-Pinene 12.79 
4-Terpineol 11.54 
α-Thujene 2.15 
Limonene 6.87 
γ-Terpinene 6.52 
α-Myrcena 1.98 
α-Terpinene 4.28 
Safrole 3.07 
Terpinolene 2.45 
Myristicin 2.4 
Elimicin 1.2 
trans-Sabinene hydrate 0.12 
Linalool 0.35 
Camphene 0.27 
α-Terpineol 0.87 
Bornyl acetate 0.17 
trans-β-Ocimene 0.04 
Citronellol 0.14 
Isoeugenol 0.09 
Methyl eugenol 0.74 
cis-Sabinene hydrate 0.08 
Myristicin Indonesia nutmeg seeds extracted by 2 steps steam distillation. 

12 h distilled steam without pressure and 12 h distilled steam 
using pressure. 

GCMS 30.3 Umayah & 
Marhaendro, 2021 α.-Pinene 12.01 

4-Terpineol 9.75 
β.-Pinene 9.65 
Terpinene 6.63 
Limonene 4.99 
Phellandrene 4.61 
Carene 4.41 
Safrole 2.76 
α.-Terpinolene 1.99 
α.-Thujene 1.94 
α.-Terpineol 1.83 
β.-Myrcene 1.82 
Eugenol 0.92 

(continued on next page) 
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Table 3 (continued ) 

Compound Method of extraction Identification method Composition 
% 

Reference 

Isoeugenol 0.9 
Phellandrene 0.89 
Asarone 0.86 
Pentylanisole 0.77 
Neryl acetate 0.74 
α.-Copaene 0.64 
δ-3-Carene 0.41 
p-Cymene 0.39 
Methyleugenol 0.39 
Camphene 0.21 
α.-Terpinyl acetate 0.19 
Myristicin Indonesia nutmeg seeds extracted by steam distillation the 

extraction time was 180 min. 
GC/MS and GC/FID 
methods, 

4.0 Nikolic et al., 2021 
α-Thujene 0.9 
α-Pinene 5.73 
Sabinene 42.3 
Myrcene 2.7 
α-Phellandrene 0.6 
δ-3-Carene 0.6 
α-Terpinene 1.3 
p-Cymene 0.6 
Limonene 6.4 
β-Phellandrene  
γ-Terpinene 2.6 
Cis-Sabinene hydrate 1.0 
Terpinolene 1.2 
Linalool 1.3 
dehydro-Sabina ketone Trace 
Terpinen-4-ol 6.3 
α-Terpineol 0.7 
Safrole 1.3 
α-Copaene 0.5 
Methyl eugenol 8.0 
(E)-Caryophyllene 0.7 
Germacrene D 0.6 
(E)-Methyl isoeugenol 3.0 
sulfonylbismethane China nutmeg seed extracted with ETHANOL EXTRACTION GCMS 27.22 Wagan et al., 2017 
Alpha-phellandrene 0.13 
Delta-3-carene 0.03 
Sabinene 0.53 
Beta-pinene 0.12 
Gamma-terpinene 0.33 
Trans-sabinene hydrate 0.28 
4-oxo-beta-isodamasco 0.31 
Methenocyclopentapyrazole 0.95 
1,3-benzodioxole 0.78 
Alpha-cubebene 4.84 
Methoxy-isoquinolin-6-ol 1.86 
4-methoxy-1,3-benzodioxole 7.29 
1-methoxybenzene 4.67 
Agarospirol 0.04 11.02 0.04 
Tetradecanoic acid 2.25 
5,5-dimethyl-2,2′-bithienyl 0.73 
4,5-dimethoxyphthalide 1.27 
Desmethylnomifensine 1.97 
Allyl-3-phenyl-3- 

trimethylstannybutanoate 
0.72 

Saturated fatty acid (SFA) Thailand Nutmeg seed 
Extracted by accelerated solvent extraction 

GC–flame ionization 
detection 

85.59 Obranović, et al., 
(2020). Monounsaturated fatty acid (MUFA) 13.12 

Polyunsaturated fatty acid (PUFA) 1.29 
Lauric acid C12:0 0 
Myristic acid C14:0 75.69 
Palmitic acid C16:0 7.89 
Palmitoleic acid C16:1 0.12 
Heptadecanoic acid C17:0 0.84 
Octadecanoic acid. C18:0 1 
Oleic acid C18:1n9 13 
Linoleic acid C18:2n6 1.15 
Linolenic acid C18:3n6 0.15 
Icosanoic acid C20:0 0.17 
α-Thujen Brazilian nutmeg extracted by hydrodistillation GC–MS 1.71 Cossetin et al., 2021 
α-pinene 10.51 
β-pinene 26.0 
Sabinene 9.16 
Myrcene 1.46 
α-Phella 0.92 

(continued on next page) 
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These findings confirm the role and effectiveness of the anti- 
inflammatory and the chemo-preventive properties of nutmeg. This 
natural antidot has been extensively studied for its therapeutic effects, 

demonstrating promising results in reducing pain and inflammation. Its 
efficacy in pain management has made it a popular choice among health 
care professionals and patients alike. Thus, the use of nutmeg seed 

Table 3 (continued ) 

Compound Method of extraction Identification method Composition 
% 

Reference 

δ-3-care 1.61 
α-Terpin 4.93 
o-Cymene 2.97 
Limonen 4.67 
β-Phell 3.83 
γ-Terpi 8.51 
Terpino 1.59 
Cis-β-T 0.24 
4-Isopr 0.25 
4-Terpi 0.67 
α-Terpi 0.76 
Safrole 0.72 
Methyle 0.38 
Myristicin 0.76  

Fig. 3. The molecular structures of some of the main active compounds of nutmeg extract adopted from the NIST library.  
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Table 4 
The Antimicrobial Activities of Nutmeg Seed Extract using Different Solvents and Different Microbial Assays.   

Activity Type of extract Goal Methods Findings References  

Anti-T. gondii 
& 
Cytotoxicity 

Myrislignan Study the mechanism of action In vivo methods included 
CCK-8 assays, as for the In 
Vitro qPCR and staining 
were used. 

In vitro, effects of myrislignan 
included the inhibition of 
T. gondii tachyzoite 
proliferation, as well as cell 
invasion by tachyzoites were 
reduced. 
Vero cells at concentrations 
less than 132 μg/ml showed no 
significant cytotoxicity effects 

Zhang, Si, Li, Zhou, & 
Zhang, 2019  

Antibacterial 
activity 

Nutmeg oil 
Components of the oil 
were (sabinene, 
myristicin, pinene 
and limonene) 

The antibacterial activity of 
nutmeg was studied specifically 
in 2 regions: (Sulawesi and 
Central Java) 

Water and stem distiller 
used for oil extraction. 
Antibacterial activity was 
carried out against 
pathogenic bacteria such 
as: 
S.aureus, S. epidermis, S. 
Dysenteriae, S. Typhi. 
In vitro disc diffusion 
method used for testing 
resistance patterns 

The studied nutmeg’s oils were 
effective against: S. aureus, S 
epidermis, S. dysenteriae and 
S. typhi. 
Therefore, nutmeg oils can be 
considered as a potential 
natural antibacterial product. 

Sarifah, Indira Lanti, 
& Dwi Pretti, 2017  

Antibacterial 
activity 

Nutmeg seed 
methanolic Extract 

Testing the extracted methanol 
from nutmeg and other organic 
origins effects on the growth of S. 
mutans. 

Diffusion method using 
BHI agar later undergoing 
anaerobic incubation at 
37 ◦C for 24 h. 

Exhibited inhibition against 
growth of dental plaque 
forming bacteria. 

Rosmalia & Marjoni, 
2022  

Antimicrobial 
activity against oral 
pathogens 

Nutmeg Oleoresin Testing antimicrobial activity of 
silver nanoparticles using nutmeg 
oleoresin against 
Streptococcus 
mutans and Enterococcus faecalis  

Agar well diffusion was 
used testing different 
concentrations of 
synthesized nutmeg 
oleoresin mediated silver 
nanoparticles. 

AgNPs from Nutmeg Oleoresin 
has antimicrobial property, 
and the zone of inhibition 
increases as the concentration 
of AgNP’s increases.  

Pranati, Anitha, 
Rajeshkumar, & 
Lakshmi, 2019  

plaque control Nutmeg oil Comparing nutmeg mouthwash 
to 0.2 % CHX gluconate 
mouthwash according to the 
effectivity and plaque control 

Two group was studied. 
Group A used 10 ml 
nutmeg mouthwash twice 
a day. 
Group B used 10 ml & 0.2 
% CHX gluconate 
mouthwash twice a day, 
for 21 days. 

Nutmeg mouthwash can be a 
good alternative to 0.2 % CHX 
gluconate mouthwash, both 
economically and the fact that 
it’s an organic compound.  

Padol et al., 2022  

Antibacterial 
activity 

Crude extract & 
Essential Oil 

The goal was to inhibit the 
activity of efflux pump in MRSA.  

• Antimicrobial 
Susceptibility Testing, 
Using MIC & MBC  

• Polymerase Chain 
Reaction  

• Quantitative Real-Time 
PCR  

• Titration Assay  
• Agar Disc Diffusion 

Efflux pump inhibitors have 
potential as a new therapeutic 
agent such a nutmeg crude 
extract and essential oil as an 
alternative treatment. 
The synergistic effect between 
ciprofloxacin’s and Crude 
extract & Essential Oil revealed 
the most significant viability of 
MRSA. 

Oo et al., 2021  

Antiviral activity  1. Malabaricones B 
and C 

Licarins A, B 
and C 

in sillico evaluation of 
phytochemicals from nutmeg 
seed against COVID-19  

• Molecular docking,  
• Testing solvent to 

extract compounds. 

Compounds in the M. fragrans 
hold promise for future 
medical benefit against 
COVID19. 

Ongtanasup et al., 
2022  

Bacterial and fungal 
species  

Essential oil Assessing the antimicrobial 
activity against bacteria and 
fungi 
Gram-positive bacteria (S.aureus, 
B.cereus, B. luteus, L. 
monocytogenes) 
Gram-negative bacteria (E.coli, K. 
pneumoniae, P.aeruginosa, P. 
vulgaris) 
fungus (Candida albicans).  

• Disc diffusion method The highest sensitivity was 
exhibited by B. luteus however, 
gram negatives exhibited lower 
sensitivity. 

Nikolic et al., 2021  

Antibacterial 
Activity 

Essential oil Determine the antimicrobial 
activity of hydrolats and essential 
oil by hydrodistillation in the 
presence and absence of 
magnesium aluminometasilicate 
as an excipient  

• Serial dilutions in liquid 
medium  

• Cell Culture  
• ELISA to determine IL6 

concentration. 

A higher inhibition effect was 
exhibited by the oil and 
hydrolats with 
aluminometasilicate, EO 
inhibited E. faecalis, S. mutans, 
and P. multocida, entirely. 

Matulyte et al., 2020  

Antimicrobial 
activity on 
refrigerated stored 
food 

Nutmeg essential oil 
components: 
α-pinene, sabinene, 
β-pinene 

To check the antimicrobial 
activity of (NEO) against: 
E. coli, S.aureus, psychrotrophic 
bacteria, and fungi. 

Sage seed mucilage with 
Nutmeg essential oil used 
to coat food, then total 
viable count of pathogenic 
microorganisms was 

A significant synergistic effect 
was presented when combined 
with the antifungal agent 
nystatin.  

Kiarsi, Hojjati, 
Behbahani, & Noshad, 
2020 

(continued on next page) 
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Table 4 (continued )  

Activity Type of extract Goal Methods Findings References 

determined by diffusion 
agar assays  

Antimicrobial, 
antileishmanial, 
antilarvicidal 
potential. 

aqueous extracts The antimicrobial, anti- 
leishmanial, antidiabetic, 
antioxidant, and anti-larvicidal 
potential of the nanoparticles 
were tested. 

ZnONPs and noncoated 
and ZnO-NP-coated 
antibiotics in different 
concentrations against UTI 
bacterial strains, (Agar 
Well Diffusion Assay for 
ZnO-NPs) and (Disc 
Diffusion Assay for 
Antibiotic Discs and 
Antibiotic-Coated ZnO- 
NPs)  

• Antioxidant and 
antibacterial activities of the 
ZnO NPs were detected.  

• Results showed a significant 
effect of ZnO-NPs against 
larvae of Aegypti. 

Faisal et al., 2021  

Antimicrobial 
activity 

Oleoresin nutmeg oleoresin was tested for 
its antimicrobial activity against 
bacterial pathogens that can be 
transmitted through 
contaminated food: 
V. parahemolyticus, 
V. alginolyticus, L. monocytogenes, 
B. cereus, and E. coli. 

Antimicrobial activity was 
tested against some 
bacterial strains using the 
agar plate well diffusion 
method. 

The mixture of nutmeg 
encapsulated with other 
substances such as: gum Arabic 
and sorghum starch showed 
inhibitory effects against E. coli 
and B.cereus but not on 
V. parahemolyticus, 
V. alginolyticus, and L. 
monocytogenes.  

Arshad, Ali, Abbas, & 
Hasnain, 2018  

Antimicrobial 
activity against food 
spoilage 

Essential oil test nutmeg essential oil 
composition against pathogenic 
and food spoilage microbes: S. 
aureus, Shigella spp, C.albicans, 
and A.niger. 

Disc diffusion method Mixture of nutmeg oil, 
citronella oil, and patchouli oil 
inhibited the growth of C. 
albicans, A.niger and S.aureus. 

Aisyah, Yunita, & 
Amanda, 2021  

Antimicrobial Phytochemical 
constituents using 
methanol and 
acetone solvents 

To examine the activity of this 
plant against four bacterial 
species: 
(S.aureus and S.epidermidis) (E. 
coli, and Klebsiella sp.), as well as 
one yeast (C.albicans) 

Agar well diffusion  • Nutmeg acetone extract 
showed significant effect 
against microorganisms 
especially with towards C. 
albicans  

• The methanolic extract 
showed no inhibition zone. 

Orabi et al., 2022  

Antibacterial and 
antifungal activity 

Essential oil Leaves of nutmeg were tested to 
discover its antibacterial and 
antifungal activities against: 
(S.enterica, L.monocytogenes, S. 
dysenteriae, E.coli, P.aeruginosa, 
A.niger and F.oxysporum) 

Agar disc diffusion, PDA 
plates with EOs 
impregnated discs 

Nutmeg leaf EO showed the 
highest inhibition activity 
against S.dysenteriae and, then 
against 
L. monocytogenes. 

Fernando and 
Senevirathne, 2021  

Antibacterial 
activity 

Aqueous extract E.coli, S.aureus, Bacillus species 
and Streptococcus Spp. 

Agar well diffusion Higher antimicrobial effect 
was observed using hot water 
extract of nutmeg seed. 

Sylvester, 2018  

Antimicrobial 
activity 

Essential oil Inhibitory activity against 
bacterial strains. 

Antimicrobial activity test 
was applied according to 
broth microdilution test/ 
minimum inhibitory 
concentration (MIC) 
method. 

Antimicrobial activity against 
almost all microorganisms 
were observed using the 
mixture of Nutmeg and 
cardamom essential oil.  

ÖZKAN et al., 2018  

Antimicrobial 
activity of herbal 
extracts in root canal 
sealers. 

Methanolic extract A mixture of amla, nutmeg 
and miswak was prepared and 
tested for their antimicrobial 
activities. 

Agar diffusion test A significant zone and largest 
zone of inhibition was 
observed when 
Endomethasone mixed 
with Nutmeg. 

Devi et al., 2019  

Antimicrobial 
activity for 
preserving the 
quality bread 

Oleoresin The study used microcrystalline 
cellulose incorporated in the 
packaging material of gelatin 
base using oleoresins form 
natural sources: cloves, nutmeg, 
and black pepper. 

Highest MIC of oleoresins 
was observed against 
S. aureus and E. coli. 

Inhibition activity of nutmeg 
against S. aureus at 0.5 % and 
at 1 % against Escherichia coli 
was observed. 

Figueroa-Lopez, 
Andrade-Mahecha, & 
Torres-Vargas, 2018  

Antibacterial 
Activities of Nutmeg 

Essential oil To test antimicrobial activity 
against gram positive and gram- 
negative bacteria. 

Testing the minimum 
inhibitory concentration, 
maximum bactericidal 
concentration, using 
microdilution method 

EO showed inhibition of 
bacteria at MIC ranging from 
0.313 % to 10 %. 

Wibowo, Febriana, 
Riasari, & Auilifa, 
2018  

Nano emulsion of 
chitosan/nutmeg 
seed oil against 
microbial growth on 
strawberry 

Essential oil Evaluate (nano emulsion from 
chitosan/nutmeg seed oil) 
coating on fresh strawberry 

Two suspensions were 
formed: (UTR-Emulsion 
and HPH-Emulsion), made 
as an edible coating, 
strawberries were coated 
in these suspensions to test 
activity against bacteria, 
mold and yeast 

Best result in testing 
antimicrobial activity of EO 
was exhibited by 
high-pressure homogenizer- 
emulsion which was used for 
the coated strawberry. 

Horison, Sulaiman, 
Alfredo, & Wardana, 
2019  

Antimicrobial 
activity 

Nutmeg seed oil 
mediated AgNPs 

Evaluate the antimicrobial 
property of synthesized AgNPs of 

Agar Well diffusion Nutmeg seed oil showed 
effective antimicrobial 

PAULINE, Sangeetha, 
Manikandan, 

(continued on next page) 
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extracts in treating inflammatory related diseases warrants further 
investigation, especially in terms of its effectiveness and safety as a 
natural remedy. 

3.8.3. Cardioprotective of nutmeg seed 
Chronic diseases, including heart disease, hypertension, chronic 

renal disease, arthritis, cancer, and diabetes, are the leading causes of 
disability and death in many countries. Chronic diseases are responsible 
for seven out of every 10 deaths around the world (Raghupathi & 
Raghupathi, 2018). Long-term illnesses known as chronic diseases are 
usually manageable but are not curable (Allegrante et al., 2019). Natural 
products, and functional foods offer natural remedies that have been 
used to treat many illnesses (Zhu et al., 2022; Kim et al., 2018). They 
play a significant role in regulating fundamental pathophysiological 
reactions such as oxidative damage, inflammatory processes, fibrosis, 
and hypoxia (Islam, 2022). Nutmeg seed poses a remarkable chemical 
composition that can prevent heart disease, diabetes, hyperlipidemia, 
and reduce lipid oxidation (Pratiwi et al., 2018; Parvin, et al., 2023). The 
following texts explain in detail the potential effectiveness of nutmeg 
seed in treating some of the chronic diseases. Nutmeg seed has been 
vastly used in traditional medicine as a natural antidot for various health 
conditions, including cardiac diseases. Recent studies have shown that 
nutmeg seeds extract contains potent bioactive compounds that possess 
significant cardioprotective properties, making it a prosperous emerging 
prospect for the treatment of heart diseases (Yang et al., 2022; Pasha
poor et al., 2020; Sharma et al., 1995). These properties are believed to 
be due to the various bioactive compounds in the extract, such as 
myristicin, safrole, and eugenol. Myristicin, the main active compound 
found in nutmeg, has the capacity to combat hyperlipidemia, neural 
damage, hyperglycemia, heart tissue damage, and hepatotoxicity due to 
it anti-inflammatory properties and its antioxidant activity (Liu et al., 
2022). It has also been associated with improved heart metabolism that 
are alleviative for cardiovascular diseases (Liu et al., 2022). Apart from 
that, flavonoids, alkaloids, and other phytochemicals in nutmeg possess 
various biochemical and antioxidant effects associated with chronic 
health conditions including cardiovascular and Alzheimer’s disease 
(Zhang et al., 2015; Deng et al., 2022). Quercetin a flavonoid found in 
nutmeg is responsible for improving cardiac metabolism through it an
tiplatelet, mitigating inflammation, estrogenic, antimicrobial, antiviral, 
antioxidation, antimutagenic properties (Roy et al., 2022; Salehi et al., 
2020). The Table 5 illustrates the uses of nutmeg seeds in treating some 
incurable diseases including heart diseases. In conclusion, the use of 
nutmeg seeds extract as a natural remedy for heart diseases shows great 
potential. Nonetheless, the available evidence suggests that nutmeg 
seeds extract is a promising natural alternative to traditional medica
tions for heart disease treatment. Additional investigation is essential to 

establish the optimal dosage, safety, and efficacy of nutmeg seeds 
extract as a treatment for heart diseases. 

3.8.4. Antidiabetic aspects of nutmeg seed 
Diabetes represents a widespread chronic condition that affects 

millions of people globally. Diabetes is hallmarked by inadequate con
trol of blood glucose level due to insulin deficiency and/or insulin 
insensitivity (CDC, 2022). Although there are several synthetic drugs 
available for diabetics, however, they often come with undesirable side 
effects. Therefore, natural products have been explored as an alternative 
treatment option for diabetes. In traditional medicine, plants, herbs, and 
spices have shown promise as treatment options for diabetes, its com
plications, and its management. Nutmeg extract was reported to stim
ulate insulin signaling and glucose reuptake by body cells and reduce 
blood sugar (Broadhurst et al., 2000). Nutmeg extract exhibited anti
diabetic and β-cell protection attribute due to its corrective ability to 
enhance lipid metabolism and hyperglycemia (Arulmozhi et al., 2007). 
Nutmeg seeds extract also stimulated the AMP-activated protein kinase 
enzyme in differentiated skeletal muscle cells C2C12, which makes 
nutmeg a good candidate in treating obesity, diabetes, and other 
metabolic disorders (Nguyen, et al., 2010). Another standpoint, the in
hibition of α-amylase plays a crucial role in the management and 
treating of diabetes disease. The inhibition of α-amylase slows down the 
conversion of starch to glucose which lead to the glucose levels reduc
tion. As a result, anti-diabetic drugs are crafted and developed using 
α-amylase inhibitors. The water extract of nutmeg seeds inhibited the 
α-amylase activity with 28.96 % using 1 mg/ml (Bhutkar et al., 2018). 
On top of that, benzene extracts of nutmeg showed higher anti-amylase 
activity (57.80 %) with IC50 of 2.25 ± 0.28 mg/ml while methanol 
extract of nutmeg showed less inhibition with (16.20 %) using 2.5 mg/ 
ml (Hemlata et al., 2019). Nutmeg seed is remarkably valuable in dia
betes treatment of hyperinsulinemia type due to its capacity in reducing 
the serum insulin levels (Pereira et al., 2019). In conclusion, nutmeg 
seeds can increase insulin sensitivity, improve glucose metabolism, and 
attenuate the risk of diabetic-related complications as shown in Fig. 5. 
Therefore, nutmeg may be applied in formulating anti-diabetic drugs 
and in controlling or to manage the complications of diabetes. The uses 
of nutmeg seeds in treating diabetes disease are illustrated in Table 5. 
However, further research is still needed to ascertain the safety and ef
ficacy of nutmeg seeds in the treatment of diabetes. 

3.8.5. Apoptotic and anti-cancer of nutmeg 
Cancer is one of the main or the primary contributors to global 

mortality (Lim, 2002). Breast cancer was ranked globally as the primary 
cause of female cancer-related death, constituting approximately 25 % 
of all diagnosed cancer cases (Lei, et al., 2021). Epidemiological studies 

Table 4 (continued )  

Activity Type of extract Goal Methods Findings References 

Nutmeg oil, against pathogenic 
strains. 

activity, with least inhibition 
was shown against S.typhii. All 
other bacteria and fungi were 
observed to be sensitive to the 
nutmeg seed synthesized AgNPs. 

Loganathan, & 
Kalaiarasi, 2019  

Antifungal and 
antimicrobial 
activity 

Aqueous extract of 
nutmeg 

To test antimicrobial activity of 
Nutmeg seed extract-Graphene 
quantum dots against 
S.aureus, 
P.aeroginosa, S.mutans, 
Salmonella sp, E.coli 
and M.Trichophyton. 

Minimum inhibitory 
concentration 

Nutmeg extracted GQD 
showed bactericidal activity 
against MRSA and E. coli 
compared with the 
conventional commercially 
available mycoplasma removal 
agents, GQD was able to show 
similar results with a small 
dose 10 µgml-1 

Thileepan, 
Thevanesam, & 
Kathirgamanathar, 
2017  

Antibacterial 
activity 

aqueous seed extract 
of nutmeg 

To test the antibacterial activity 
of biosynthesized silver 
nanoparticles of nutmeg against 
(MDR) Salmonella 
enterica serovar Typhi 

Methods used in the study 
included MIC and well 
diffusion methods. 

Significant antibacterial 
activity was exhibited against 
G + and G- bacteria. 

Balakrishnan et al., 
2017  
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Table 5 
Illustrate the Application of Nutmeg in the Treatment of Chronic Incurable Diseases.   

Activity Type of extract Part of the 
plant 

Goal Methods Findings References 

1 Anti-Inflammatory 
Activity 

aqueous seed Nutmeg oil Effect on pain 
and inflammation of joints 

In vivo Nutmeg oil may alleviate 
joint swelling, allodynia, 
and hyperalgesia in rats by 
lowering COX-2 expression 
and substance P levels, 
suggesting its potential as a 
chronic pain treatment. 

Zhang, et al., 
2016 

2 Extracts of 
uncooked, cooked, 
cooked and 
digested, in vitro 
nutmeg 

Nutmeg 
seeds 

To investigate how 
cooking and in vitro 
digestion affect nutmeg 
anti-inflammatory action. 

Anti-inflammatory activity 
was assessed using the 
COX inhibition Cayman 
screening kit 

Uncooked nutmeg exhibits 
anti-inflammatory effects 
by inhibiting COX-2 
activity. 

Baker, 
Chohan, & 
Opara, 2013 

3 Water extract The dried 
seeds of 
Nutmeg 

Anti-inflammatory and 
antimicrobial activities of 
hydrolats and essential oil 
were assessed via 
hydrodistillation, with and 
without magnesium 
aluminometasilicate as an 
excipient. 

anti-inflammatory activity 
was evaluated via: 
Cell Culture assay 
ELISA assay was used to 
determine IL6 
concentration. 

Oil and hydrolats with 
aluminometasilicate were 
more effective in inhibiting 
IL-6 in the presence of Poly 
I: C. The presence of 
magnesium 
aluminometasilicate as an 
excipient may alter and 
enhance the inhibitory 
effects of nutmeg essential 
oil and hydrolats. 

Matulyte et al., 
2020 

4 nutmeg methanol 
and acetone 
solvents 

(Myristica 
fragrans) 
seeds 

To examine the impact of 
nutmeg acetone extract on 
COX-2 enzyme activity 

Anti-inflammatory 
activities using Cayman 
COX inhibition kit 

COX-2 activity was 
inhibited by nutmeg 
extract more than Aspirin 
(antiinflammatory drug) 

Orabi et al., 
2022 

5 Ethanol extract of 
nutmeg 

seed To evaluate anti- 
inflammatory of nutmeg 
gel using in-vivo 

Four formulas of gel were 
prepared with different 
concentrations. 
2, 4, 8 %, and 12 %. The 
formulated gel was used to 
treat leg edema in male rat 
by carrageenan-induced 
paw edema method. 

The formulation showed 
lower edema volume than 
the control. 
The highest anti- 
inflammatory was using 
12 % concentration. 
At 8 and 12 % the anti- 
inflammatory activity was 
similar to the positive 
control. 

Azis 
Ikhsanudin & 
Rais, 2021 

6 CVD Aqueous seed Change heart activity In vivo (toad heart) Increased ventricular 
contraction amplitude, 
sped up atrioventricular 
conduction, and induced 
sinus tachycardia. It also 
prolonged ventricular 
action potential duration 
and led to sinus 
bradycardia. 

Saleh et al., 
1989 

7 Aqueous seed Cardiac remodeling In vivo (MI) rats Reduces cardiac 
remodeling by suppressing 
HIF-1 expression in mouse 
heart cells post-heart 
attack. 

Liu et al., 2022 

8 Aqueous Seed protection of CHD and 
mechanism of action 

Rat Model of Myocardial 
Infarction 

Protects heart tissue from 
heart attacks by reducing 
inflammation, oxidative 
stress, and cell death to 
prevent ischemia. 

Lu, et al., 2018 

9 Aqueous seed Cardiac fibrosis following 
MI 

In vivo (MI) rats Reduced cardiac fibrosis 
post-MI by regulating 
plasma metabolites to 
inhibit ECM-receptor 
interaction and TGF-1/ 
Smad2 activation. 

Yan, et al., 
2022 

10 hyperlipidemia ethanolic seed Decrease lipid level in the 
blood 

In vivo (oral 
administration in Albino 
rabbits) 

Low-density lipoprotein 
and total cholesterol levels 
are reduced. 

Ram, et al., 
1996 

11 aqueous seed Decrease the cholesterol 
and modulate lipid 
peroxidation 

In vivo / 
hypercholesterolemic rats 

Lowered cholesterol and 
LDL levels, decreasing 
lipid peroxidation and 
serum aminotransferase 
activities. Enhanced 
hepatic and cardiac 
antioxidant levels. 

Onyenibe, 
et al., 2015 

(continued on next page) 
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Table 5 (continued )  

Activity Type of extract Part of the 
plant 

Goal Methods Findings References 

12 Hypercholesterolemia 
and atherosclerosis 

Ethanol seed Decrease lipid level in the 
blood 

In vivo (oral 
administration in Albino 
rabbits) 

Prevents cholesterol 
buildup, removes aortic 
plaque, and boosts fecal 
excretion of lipids in 
rabbits fed seed extract. 

Sharma, et al., 
1995 

13 Heat-stress tolerance Oil seed Alleviate heat-stress in 
chicken. 

In vivo (Korean native 
chicken) 

Nutmeg extract boosts heat 
stress recovery in chickens 
by inhibiting lipid 
oxidation. 

Hartanto et al., 
2019 

14 Diabetes aqueous seed Using nutmeg in 
combination with 
glimepiride as alternative 
therapy for DMII 

In vivo and in silico (in 
Swiss albino mice) 

glimepiride and nutmeg 
promptly lowered blood 
sugar more than 
glimepiride alone. 

Nasreen, et al., 
2020 

15 Diabetes – seed Using nutmeg to increase 
glucose uptake by the 
muscle 

In vitro (myotubes) and in 
vivo (mice suppressed 
post-prandial 
hyperglycemia) 

Promote uptake of glucose 
in muscle to avoid post- 
prandial high blood 
glucose diabetes mellitus 
II. 

Yoshioka, 
et al., 2022 

16 Diabetes  seed Effect of nutmeg extract on 
pancreatic tissue 

In vivo (alloxan-induced 
diabetic rats) 

100–200 mg/kg nutmeg 
extract lowered blood 
glucose, boosted insulin 
levels, and reduced 
oxidative stress in diabetic 
rats’ pancreatic tissues. 

Pashapoor 
et al., 2020 

17 Diabetes hydroethanolic seed Effect of silver 
nanoparticles from a 
hydroethanolic nutmeg 
extract on diabetes 

in vitro MFHENP inhibits alpha- 
amylase and alpha- 
glucosidase, delays glucose 
diffusion and uptake, 
similar to acarbose, 
promising for diabetes 
control. 

Perumalsamy 
and 
Krishnadhas, 
2022 

18 Diabetes dichloromethane- 
soluble extract 

seed Using Promalabaricone B 
in nutmeg extract to 
inhibit α-glucosidase 
enzyme. 

In vitro (cell culture) PMB induces 
hypoglycemic effects by 
upregulating AMPK and 
stimulating GLUT4 
translocation, offering 
potential diabetes 
treatment. 

Prabha, et al., 
2021 

19 Diabetes menthol and 
methyl salicylate 

seed Effect of nutmeg extracts 
on pain in painful diabetic 
neuropathy patients. 

In vivo 
(Painful diabetic 
neuropathy patients) 

Both worst and average 
pain levels significantly 
dropped, along with 
reductions in pain’s effects 
on walking, sleep, tingling, 
and mood. 

Motilal and 
Maharaj, 2013 

20 Diabetes – seed Treat diabetes through 
reducing endoplasmic 
reticulum stress. 

In vivo (obese diabetic 
mice) 
In vitro (cell culture) 

Nutmeg activates PPAR- 
alpha/gamma, reduces ER 
stress, potentially treating 
type 2 diabetes. 
Macelignan in nutmeg 
enhances insulin 
sensitivity and corrects 
lipid metabolism. 

Han et al., 
2008 

21 Obesity and diabetes ethanolic seed Effect of Myristica 
fragrance extract on 
diabetes mellitus II and 
obesity. 

In vitro (cell culture) Nutmeg extract’s AMPK 
compounds treat obesity, 
type-2 diabetes, and other 
metabolic disorders. 

Nguyen et al., 
2010 

22 Obesity and diabetes MeOH extract dried seedl Effect of Myristica 
fragrance extract on 
diabetes mellitus II and 
obesity. 

In vitro (cell culture) Meso-dihydroguaiaretic 
acid from Myristica 
fragrans stimulates insulin 
signaling by inhibiting 
PTP1B. 

Yang, et al., 
2006 

23 Liver fibrosis – seed effect of myristica 
fragrance’s 
methoxyeugenol in 
Cirrhosis 

In vitro assay using human 
and murine cell line. 
In vivo CCl4 (carbon 
tetrachloride) − induced 
liver fibrosis in mice. 

Methoxyeugenol could 
treat chronic liver disease 
and Cirrhosis. 

de Souza et al., 
2021 

24 acute liver injury CO2 supercritical 
extraction 

seed Protective effect of nutmeg 
extract on acute liver 
injury 

In vivo (mice model). 
Thioacetamide (TAA)- 
induction of acute liver 
damage. 

Nutmeg extract reduces 
TAA-induced liver injury 
by lessening oxidative 
stress and inflammation. 

Yang et al., 
2018 

25 Hepatotoxicity Aqueous seed High dose nutmeg 
administration affects 
oxidative stress, bile acid 
production and secretion 

In vivo (male 
Kunmingmice) 

Nutmeg causes liver injury 
through dose-dependent 
oxidative stress, elevating 
CYP450 levels, depleting 
antioxidants, and 

Xia et al., 2021 

(continued on next page) 

S.S. Al-Rawi et al.                                                                                                                                                                                                                              



Saudi Pharmaceutical Journal 32 (2024) 102067

15

indicate variations in cancer prevalence across different cultures. 
Interestingly, countries with low cancer incidence often demonstrate a 
correlation with elevated spice consumption, suggesting it as a 
contributing factor. Besides genetics, cancer has been linked to lifestyles 
and diets, with a ratio of (95–99 %) and (5–10 %) respectively (Anand, 
2008; Monahan et al., 2020). Moreover, migration from one’s native 
country to an adopted one undoubtedly amplifies the risk and incidence 
of an individual developing the same cancer as the rest of the population 
in the adopted country (Al-Rawi et al., 2011). Thus, plants, herbs and 
seed extracts have gained tremendous attention in recent years because 
they are found to be potent in preventing or treating cancer with a good 
pharmacological safety profile (Hanif et al., 2023; Al-Rawi, et al., 2011; 

Ibrahim et al., 2011). The extraction method also proved to have a 
promising improvement in yield activity (Ab Rahman et al., 2011). 
Nutmeg essential oils have therapeutic and protective properties against 
carcinogenesis. Nutmeg seed extract inhibited B16-F10 melanoma cells 
with IC50 21.83 µg/mL for ethanol extract, ethyl acetate (21.66 µg/mL), 
and n-hexane (47.53 µg/mL) by inducing apoptosis via caspase-3 (Sus
ianti et al., 2021). In recent research, the use of compounds isolated 
from nutmeg seeds on oral cavity KB cancer cell lines, and lung NCI- 
H187 cancer cell lines showed significant in vitro cytotoxic activity 
with IC50 values of 5.9 and 6.3 μM, respectively (Chumkaew, & Srisa
wat, 2019). Nutmeg methanolic extract also significantly inhibited the 
proliferation of immortalized Jurkat cell and prompted apoptosis of 

Table 5 (continued )  

Activity Type of extract Part of the 
plant 

Goal Methods Findings References 

disrupting lipid 
metabolism. 

26 hepatoprotective Methanolic extract Kernels nutmeg seed Prevent 
Paracetamol-Induced 
Hepatotoxicity 

In vivo (Rats) Nutmeg extract has 
antioxidant, anti- 
inflammatory, and anti- 
apoptotic properties, 
possibly through 
activating the Nrf2/ARE 
pathway. 

Dkhil et al., 
2019 

27 hepatotoxicity Aqueous seed Hepato-protective and 
antioxidant 

In-vivo (oral 
administration in rat) 

Nutmeg extract showed 
antioxidant and 
hepatoprotective effects in 
isoproterenol-induced 
hepatotoxic rats. 

Kareem, et al., 
2013 

28 Gastric Ulcer –- – effects of nutmeg extract 
and Verapamil on gastric 
acid secretion 

In vivo (Rabbit) Reduced the volume, free 
and total acidity of gastric 
secretion 

Jan, et al., 
2005 

29 Gastric Ulcer ethanol seed protective effect of nutmeg 
extract on gastric ulcer 

In vivo (Rats) Nutmeg seeds treated 
vomiting, dyspepsia, and 
abdominal pain. It also 
protects against ethanol- 
induced ulcers. 

Sattar et al., 
2019 

30 Cytotoxicity and 
oxidative stress 

Aqueous methanol 
and ethyl acetate 

seed protective effect of 
macelignan against t-BHP- 
induced cytotoxicity in a 
HepG2 

Invitro (human hepatoma 
cell line) 

Macelignan inhibits cell 
growth and necrosis, 
reduces lipid peroxidation, 
and inhibits ROS 
production and DNA 
damage. 

Sohn et al., 
2007 

31 Renal Ischemia – seed Protect 
against renal ischemia 
reperfusion injury 

In vivo / IRI rats Macelignan in nutmeg 
protects against renal IRI 
by inhibiting 
inflammation, apoptosis, 
and boosting antioxidant 
defenses. 

Long, et al., 
2020 

32 Renal Raw seed Histological effect of 
nutmeg on kidney. 

In vivo/Rats (oral 
administration) 

High doses of oral nutmeg 
treatment in adult Wistar 
rats may adversely affect 
kidney function, 
potentially impairing 
excretory and metabolic 
activities. 

Eweka and 
Eweka, 2010 

33 Sexual function ethanol seed Nutmeg and male sexual 
disorders 

In vivo 
(rat) 

Nutmeg’s ethanolic extract 
boosts libido and potency, 
possibly by stimulating the 
nerves. 

Tajuddin et al., 
2005 

34 Skin Methanolic 
extraction 

Seed Protective 
photoaging effect of 
Nutmeg Macelignan from 
UV 

Studying UV-irradiated 
human skin fibroblasts 
(Hs68) using RT-PCR, 
Western blot, DCFDA 
assay, and ELISA. 

Regulates matrix 
metalloproteinases, key for 
skin aging, and modulates 
transforming growth 
factor-β (TGF-β), 
governing various cellular 
processes. 

Lee et al., 2012 

35 Methanolic 
extraction 

Seed Protective effects of 
isolated macelignan from 
Myristica fragrans HOUTT 

In human keratinocytes 
(HaCaT), PAR-2 
expression was investigate 
via RT-PCR, Western blot, 
and 
immunocytochemistry. 

Macelignan decreased 
HaCaT PAR-2 mRNA and 
protein levels, suggesting 
its potential as a natural 
depigmenting agent to 
alleviate 
hyperpigmentation. 

Hwang, 2010, 
Choi et al., 
2011  
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human leukemia cancer cell lines at concentrations of 50 and 100 μg/mL 
(Chirathaworn et al., 2007). The functional mechanisms behind this 
activity involves the Sirtuin 1 (SIRTI) mRNA downregulation pathway, 
which is triggered by the polyphenols in nutmeg. Polyphenols were 
found to stimulate cells proliferation and the initiation of SIRT1 gene 
expression mechanisms (Ibrahim et al., 2017). The extraction technique 
of supercritical nutmeg seed extract has been shown to influence the 
extract properties. The supercritical nutmeg extract has mild activity 
against breast cancer cells MCF7 and the human colorectal HCT 116 
cancer cell line (Al-Rawi et al., 2011; Al-Rawi et al., 2023c). Nutmeg 
extract also significantly inhibited the angiogenesis (blood vessels) for
mation in an ex vivo 3D rat model using 100 µg/mL (Al-Rawi et al., 
2023a). This inhibiting of blood vessel growth was behind the growth 
inhibition of breast cancer cells (Al-Rawi et al. 2023). Anti-angiogenic 
therapy stands out as a highly promising approach in treating and 
controlling cancer and angiogenesis-dependent diseases, including 
rheumatoid arthritis, diabetic retinopathy, obesity, cardiovascular dis
ease, and lymphopenia (Al-Rawi, Ibrahim & Ahmed, 2023). The anti- 
angiogenic property of nutmeg seeds was attributed to the composi
tion of the nutmeg seed extract and the presence of some active com
pounds such as aromatic ether group, terpenes, flavonoids, and phenolic 
compounds (Al-Rawi, et al., 2011). These bioactive compounds exhibit 
anticancer and anti-inflammatory properties (Crozier et al., 2006). On 
top of that, the presence of benzodioxoles composites in nutmeg, such as 
myristicin, which has antitumor and antioxidant activity (Gupta et al., 
2016). Additionally, wide varieties of bioactive compounds are present 
in many seeds and spices including nutmeg. Sesquiterpenes (one of the 
nutmeg components) showed remarkable pharmacological activities 
against cancer (Modzelewska et al., 2005). Ahmad et al., (1997) re
ported the inhibitory effect of myristicin on lung tumor formation in 

mice, providing evidence that myristicin functions as a preventive 
mediator. Myristicin from nutmeg also induced apoptosis in human 
leukemia K562 cells via downregulating the activity of genes associated 
with DNA damage response and the mitochondria pathways (Martins, 
et al., 2014). In the same manner, nutmeg seed extract exhibited a 
potent hepatoprotective activity (Morita et al., 2003). This action was 
also linked to myristicin, which is the primary active component of 
nutmeg. The functional mechanism through which myristicin provides 
hepatoprotective effects includes restraining TNF-α, which is released 
from macrophages which lead to the suppression of apoptosis. Apart 
from that, myristicin induced a toxic impact against SK-N-SH (human 
neuroblastoma cells) via apoptotic pathways (Lee et al., 2005). Like
wise, limonene one of the main compounds in nutmeg, also has anti
cancer properties that add extra power to the nutmeg effect. In addition, 
nutmeg also contains phytosterols. Phytosterols are linked to various 
functional processes mechanisms, including angiogenesis, cancer-cell 
inhibition, and the promotion of apoptosis in cancer cells (Dahham, 
et al., 2018). Fig. 6 shows the anticancer mechanism pathways of 
nutmeg seeds. In summary, based on our review, nutmeg extract can be 
used as a treatment and as a chemopreventive agent for different types of 
cancer. Moreover, nutmeg seeds contain compounds that can be used 
either independently or as adjuvants to existing chemotherapeutic 
agents, aiming to boost their effectiveness while minimizing associated 
toxicity. 

3.8.6. Antioxidant properties of nutmeg seed 
The popularity of natural antioxidants is on the rise globally as 

health-promoting bioactive compounds. They are often derived from 
many parts of the plants, such as vegetables, fruits, herbs, and spices 
(Anwar et al., 2018). Antioxidants are a broad group of compounds that 

Fig. 4. Anti-inflammatory mechanism of action of nutmeg. Nutmeg inhibited chemokines, nitic oxide, cytokines, and growth factors through the calcium pathway in 
double-stranded RNA-stimulated macrophages. It improved the joint swelling, nerve pain, and sensitivity by inhibiting COX-2 expression. Nutmeg inhibited the 
production of TNF-α, IL-6 and IL-1β, and NO via inhibition of inducible NO synthase (iNOS) mRNA expression. Nutmeg also inhibited some enzyme cox phos
pholipase A2 (PLA2), lipoxygenase (LOX), and nitric oxide synthase (NOS), which led to reduce the major mediators of inflammation such as metabolizing 
arachidonic acid (AA), prostaglandins (PG), leukotrienes (LT). COX-2: cyclooxygenase-2, TNF-α: Tumor Necrosis Factor Alpha, IL-1β: Interleukin-1 Beta, and IL-6: 
Interleukin-6, NO: nitric oxide, iNOS: inducible NO synthase, PLA2: phospholipase A2, LOX: lipoxygenase, AA: arachidonic acid, PG: prostaglandins, LT: leukotrienes. 
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include vitamins, minerals, phenols, and carotenoids. It displays a 
diverse range of therapeutic effects, such as antiaging, antimicrobial, 
antidegenerative disorders, antiinflammation, and anticancer effects 
(Adwas et al., 2019). Seed oils have been used for millennia as a treat
ment in traditional medicine (Liu, et al., 2022; Ahmad, 2009). Seed oils 
possess a rich composition of free carrier capacity and natural antioxi
dants. It exhibits diverse mechanisms such as neutralization free radi
cals, reducing lipoperoxidation, and enhancing our natural enzymatic 
defenses (Moussa et al., 2019). In addition, free radicals, and reactive 
oxygen species (ROS) have a pivotal impact on ion transportation, gene 
expression, cancer, and apoptosis (Azad and Iyer, 2014). They interact 
with a number of cellular molecules and metabolites, causing cellular 
damage and diseases (Asif, 2015). Antioxidants are associated with 
health improvement by constraining the production of free radicals and 
ROS (Noguchi & Niki, 2019; López-Pedrouso et al., 2022). The N-hexane 
extract of nutmeg seeds contains a substantial number of various anti
oxidants (Parle et al., 2004). Flavonoids and alkaloids have been iden
tified as key antioxidants present in nutmeg (Spricigo et al., (1999). 
Flavonoids are antioxidants made of polyphenolic composites. It is well 
known for treating of cancer due to its capacity in blocking the growth of 
cancer (Davis, 2001). Murcia et al., assessed the antioxidant properties 
of nutmeg in 2004. Their comparison and evaluation included nutmeg, 
propyl gallate (E-310), BHA butylated hydroxyanisole (E-320) and BHT 
butylated hydroxytoluene (E-321). The nutmeg antioxidant capacity 
using the Trolox equivalent antioxidant capacity (TEAC) assay was 
higher than that of BHT. They suggested that nutmeg seeds exhibited the 
highest protective property using the deoxyribose assay. They also 
confirmed that nutmeg enhanced the stability and oxidation of oils at 
110 ◦C, such as olive oil, corn oil, sunflower oil, margarine, and butter. 
In the same manner, the antioxidant and radical-scavenging activity of 
nutmeg using the DPPH radical assay has been reported among other 
oils by Tomaino et al., (2005). They demonstrated strong antioxidant 
and free radical-scavenging potential at room temperature using DPPH 

radical assay. The effectiveness varied among these oils, whereas 
nutmeg was stronger than basil, oregano, and thyme. Overall, the 
nutmeg antioxidants properties place it as a fit broadcast potential 
candidate and an agent to prevent and treat many health conditions. In 
Table 6, the antioxidant compounds present in nutmeg seed extract 
using different antioxidant methods are illustrated. 

3.8.7. Psychotropic action of nutmeg seed 
Nutmeg ingestion has been reported to cause symptoms similar to 

those of anticholinergic poisoning, including giddiness, tingling, 
euphoria, and hallucinations such as time–space distortion, detachment 
from reality, limb separation, and fear of death (Pawar, 2023; Desai, 
2016). Nutmeg has a reputation for its sedative, hallucinogenic, and 
anticholinergic poisoning properties (Hausner, & Poppenga, 2012). 
However, to reach these psychogenic effects, about 1–3 seeds or 5 g up 
to 30 g of the ground nutmeg seeds is needed, as 7 g of ground nutmeg 
equals 1 tablespoon (Holstege, 2005). Recently, n-hexane extract of 
nutmeg has been found to be very safe with LD50 > 2000 mg/kg, while 
the nutmeg extract showed antidepressant effects over various nervous 
system components related to serotonin and norepinephrine. (Iwata 
et al., 2022). Nutmeg is also recognized for its antidepressant and anx
iogenic properties. In a recent study, nutmeg extract showed a great 
effect on the nervous system, and could treat anxiety, behavioral 
agitation, and insomnia (El-Alfy, et al., 2019). This is due to the prop
erties of nutmeg components, which can stimulate the serotonin secre
tion, that generates relaxation or sedation. This mechanism is triggered 
by the nutmeg interaction with the endogenous cannabinoid system in 
the brain. The endocannabinoid system (ECS) is responsible for regu
lating various physiological processes, incorporating immune function, 
appetite, mood, and sleep. Nutmeg extract inhibits monoacylglycerol 
lipase (MAGL) and the endogenous cannabinoid enzyme fatty acid 
amide hydrolase (FAAH) (El-Alfy, et al., 2016). The inhibition of MAGL 
has been shown to stimulate anti-emetic responses that are anxiolytic 

Fig. 5. Anti-Diabetic Efficacy of nutmeg seed. Nutmeg stimulate insulin signaling and glucose reuptake by body cells, reduce blood sugar, ameliorate hyperglycemia 
and abnormal lipid metabolism. In addition, activated AMP- protein kinase (AMPK) enzyme in differentiated skeletal muscle cells C2C12, inhibited α-amylase and 
decreased serum insulin levels. 
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and anti-nociceptive (Mulvihill & Nomura, 2013). Furthermore, MAGL 
inhibition has a significant impact on the brain precursor levels of in
flammatory, resulting in the reduction of neuroinflammation (Kasatkina 
et al., 2021). This is due to the elevation of 2-AG (2-arach
idonoylglycerol) and a marked decrease in AA, which is a crucial 
building block of prostaglandins, a pro-inflammatory mediator (Deng, & 
Li, 2020). This will result in a significant decrease in neuro
inflammation. In addition, the nutmeg n-hexane extract significantly 
enhanced the memory and learning activity of mice at 5 mg/kg body 
weight (Parle et al., 2004). Fig. 7 shows the psychoactive, psychosti
mulant, and mechanisms of action of nutmeg seed. The improving effect 
of nutmeg extract was attributed to its procholinergic activities and the 
existence of various antioxidant compounds individually or synergisti
cally. Nutmeg seeds have been found to provide relief from chronic and 
persistent pain in different parts of the human body (Zhang et al., 2016). 
However, caution must be taken with nutmeg consumption for the long 
term as it could have adversative negative effects on the auditory 
responsiveness of humans (Adjene, & Nwose, 2010). In summary, the 
use of nutmeg in the development of medications is highly recom
mended. However, it is imperative to note that the psychoactive 
component of nutmeg may require modification or combination with 
other compounds to maximize therapeutic benefits while minimizing 
potential side effects and abuse potential. Therefore, further research is 
crucial to establish the ideal conditions for developing nutmeg-based 
medication. 

3.9. Toxicological properties of nutmeg seed 

Nutmeg seeds are famous for their bad reputation as being toxic and 
possessing narcotic properties (Weil, 1971). Few cases of nutmeg 

intoxication have been reported. A case of intoxication was reported of 
nutmeg seeds powered consumption by a 23-year-old college student 
(Abernethy and Becker, 1992). A 16-year-old student case of nutmeg 
poisoning was also reported after consuming the grinded raw seeds 
(McKenna et al., 2004). A case was reported of a disoriented young male 
(17-year-old) who was walking back and forth and having noticeable 
conversations with himself due to an overdose of nutmeg (Beckerman & 
Persaud, 2019). However, nutmeg ingestion alone is not likely to cause 
death, and symptoms vanish within 24 h (Smith, 2014). A quantity of 
5–30 g of nutmeg powder is deemed toxic, yet not life-threatening or 
death occurred (Brenner et al.,1993). However, even with higher doses 
of nutmeg seeds ingestion (20–80 g of powder), no life-threatening 
condition was reported (Stein, Greyer, & Hentschel, 2001). However, 
these reports were for consuming raw nutmeg seeds but not extract or oil 
of nutmeg seeds. Many extraction methods have proved to be efficient in 
producing safe and toxic-free extracts (Zhang, et al., 2019; Ibrahim 
et al., 2017). Supercritical extraction is one of the most efficient tech
niques for producing safe and clean products. Modifying the supercrit
ical extraction parameters can produce different fractions with varied 
compositions and less toxicity (Ibrahim & Al-Rawi, 2018; Al-Rawi, et al., 
2011). In addition, supercritical nutmeg extract and its bioactive 
component myrislignan exhibited potent in vivo protective properties 
against thioacetamide-induced liver toxicity (Yang et al., 2018). Thus, 
the use of nutmeg extract can provide a potent ingredient in the phar
maceutical and food industries to provide a safe profile product that is 
toxin-free. More rigorous investigations are needed to establish the ef
ficacy and safety of nutmeg seeds and to identify the optimal dosages 
and formulations for treatment. 

Fig. 6. Anticancer Mechanism of nutmeg seed through Apoptotic Pathways. Nutmeg inhibited melanoma cells B16-F10, oral cavity KB cell lines, and lung cancer 
NCI-H187 cell lines, and apoptosis via caspase-3. Induced apoptosis in Jurkat cell proliferation significantly and human leukemia cell line through Sirtuin-1 (SIRTI) 
mRNA downregulation pathway. Nutmeg inhibited breast cancer MCF7 cell lines and human colorectal cancer cells HCT 116 through angiogenesis pathway. Nutmeg 
inhibited leukemia K562 through DNA damage response pathways and the mitochondrial pathway. It also induced hepato-protectivity, through inhibiting Tumor 
necrosis factor-alpha (TNF- α) which is released from macrophages that lead to the suppression of apoptosis. Nutmeg induced cytotoxicity against human neuro
blastoma cells SK-N-SH by apoptotic mechanism. 
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3.10. The pharmacokinetic of nutmeg seed 

The study of pharmacokinetics focuses on understanding how a 
particular substance is processed within the body after it has been 
administered. The onset, duration, and effectiveness of a drug are 
largely influenced by its pharmacokinetics, which helps professionals to 
adjust drug dosages precisely and efficiently, leading to personalized 
pharmacotherapy (Kimura et al., 2010). To comprehend the therapeutic 
properties of nutmeg seeds, it is crucial to understand its pharmacoki
netic properties, which include the absorption, distribution, meta
bolism, and excretion in the body (ADME). However, our knowledge of 
the pharmacokinetics of nutmeg, especially at safe doses, is limited. The 
absorption of nutmeg seed and its active ingredients occurs after oral 
consumption in the gastrointestinal tract (Yakaiah et al., 2021). In the 
gut, the active compounds are released and absorbed by the intestine 
lining, where they pass to the bloodstream and circulates all over the 
body (Kazlauskaite et al., 2023). Nutmeg elements are quickly absorbed 
such as elemicin and myristicin, and their concentration are detected in 
the bloodstream within couple of hours after consumption. The ab
sorption of myristicin is straightforward after oral consumption, pro
cessed extensively, and 73 % of the total dose has been excreted in the 
urine of experimental animals in the form of as CO2 within 24 hr (Al- 
Ajlouni et al., 2017: Beyer et al., 2006). In another study, 2 μg/ml of 
myristicin was detected in the blood after 8 h, when 14–21 g or 280–420 

mg/kg of body weight of nutmeg powder was consumed, which is equal 
2–3 tablespoons. However, many factors can affect this process such as, 
presence of enzymes, food, pH, medication and formulation. In a 
prominent death case, a 4 μg/ml of myristicin has been detected in the 
post mortal serum of a 55-year-old woman. However, it has been found 
that the cause of death was due to the toxic effect of flunitrazepam 
(0.072 μg/ml) with myristicin (Stein et al., 2001). In addition, certain 
factors might affect the absorption of nutmeg elements in the gastroin
testinal environment including solubility, permeability and unstable, 
yet, certain compounds can pass through the intestine lining and enter 
the bloodstream (Kazlauskaite, et al., 2023). Moreover, myristicin and 
elemicin (compounds present in nutmeg), has the ability to cross the 
blood barrier of the brain by the P-glycoprotein through the passive 
diffusion transport mechanism (Wu,et al.,2016). 

Nutmeg constituents and their metabolites are distributed via the 
bloodstream through all over the body using a distinctive distribution 
kinetics. This distribution mechanism of these compounds is affected by 
the fat solubility and their molecular weight (Onetto & Sharif, 2023; 
Blokhina, et al., 2021). In the body, following absorption, the drug will 
be processed in the body and broken down into several metabolites in a 
mechanism called drug metabolism. Several important bio
transformations will be produced from nutmegs to form reactive me
tabolites via their metabolic processes. 

Several nutmeg metabolites are known as valuable indicators of 

Table 6 
The antioxidant activity of nutmeg seed extract.  

Extract Antioxidant method Finding Reference 

crude nutmeg extract in methanol 
2.4 μL/mL 

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) free 
radical scavenging assay and the β-carotene- 
linoleic acid assay.  

DPPH assay result showed that eugenol followed 
by methoxyeugenol had higher activity than BHT. 
While isoeugenol had higher activity than 
α–tocopherol. 
β-carotene-linoleic acid assay, the showed 
α-tocopherol had higher antioxidant activities 
than BHT and isoeugenol, followed by 
methoxyeugenol and the weakest activity was 
eugenol. 

Kim,et al., 2010 

acetone, ethanol, methanol, butanol, and water 
extract of nutmeg 

The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical 
scavenging 
activity of the various extract (0.025–2 mg/mL) or 
BHT 
(0.025–1.0 mg/mL) was measured using the 
method of 
Brand-Williams, Cuvelier, and Berset. BHT was 
used as 
positive control. 

The acetone extract showed 93.12 ± 1.48 mg 
gallic acid equivalents (GAE)/100 g dry weight 
total phenolic content, DPPH scavenging activity 
of 63.04 ± 1.56 %, chelating activity of 64.11 ±
2.21 % and 74.36 ± 1.94 % inhibition of 
β-carotene bleaching, at 1 mg/mL extract 
concentration 

Gupta, Bansal, 
Babu, & Maithil, 
2013 

Nutmeg extracted by acetone DPPH radical scavenging capacity DPPH radical scavenging capacity of the acetone 
extract as well as its fractions was comparatively 
lower than that of green pepper phenolics. 

Chatterjee et al., 
2007 

Essential oil and oleoresins (ethanol, ethyl 
acetate, and iso-propyl alcohol) of Myristica 
fragrans 

scavenging effect on DPPH, reducing power, and 
chelating effect was determined. 

The essential oil and ethanol oleoresin showed 
better activity compared to other tested oleoresins 
and synthetic antioxidants, butylated hydroxyl 
anisole and butylated hydroxyl toluene. 

Kapoor et al., 2013 

Six isolated compounds from nutmeg seed of 
Myristica fragrans licarin-B, 
dehydrodiisoeugenol malabaricone B, 
malabaricone C, β-sitosterol, and daucosterol. 

Antioxidant activities of the isolated compounds 
were studied using oil stability index (OSI), 
reducing power, ABTS 
scavenging, and DPPH scavenging methods. 

The results showed that Malabaricone C is an 
efficient antioxidant agent which exhibits a 
stronger antioxidant activity than the commonly 
used synthetic antioxidants in all studied methods 

Hou, Wu, Wang, & 
Weng, 2012 

essential oil 
from nutmeg 
seed. 

The antioxidant activity was examined by DPPH 
assay using spectrophotometric. 

The nutmeg essential oil showed a good 
antioxidant activity after incubation (EC50 = 1.35 
± 0.003 mg/ml) 

Nikolic et al., 2021 

Methanol extract potential of flesh, seed and 
mace of nutmeg (Myristica fragrans 
Houtt) 

(DPPH), ferric-reducing antioxidant power 
(FRAP), ferrous ion chelating activity and 
antioxidant activity assay in a linoleic acid system 
with ferrothiocyanate reagent (FTC). 

Flesh, seed, and mace extract well inhibit the 
linoleic peroxidation. Tannin, flavonoid and 
terpenoid were found in seed and mace extract, 
whereas flesh extract contains flavonoid and 
terpenoid. 

Assa, Widjanarko, 
Kusnadi, & 
Berhimpon, 2014 

Polyphenol extracts of nutmeg. O brine-shrimp lethality assay, phytotoxicity test, 
DPPH, and superoxide anion radical scavenging as 
well as BSA-glucose antiglycation assay 

Nutmeg extract exhibited a cytotoxic and 
phytotoxic potential with LD50 of 4359.70 and 
1490 μg/mL respectively. 

Kazeem, Akanji, 
Hafizur, & 
Choudhary, 2012 

Methanol and acetone extract of nutmeg Phenol content & radical scavenging activity were 
measured quantitatively using (DPPH) (µPADs) 
methods 

The extract contains a high concentration of 
phenolic compounds (0.6217 mg/ml) and the 
DPPH assay for acetone extract indicated a high 
amount of antioxidant compounds. 

(Orabi et al., 2022)  
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nutmeg metabolism, which are formed from nutmeg constituents 
including myristicin, safrole and elemicin. The liver serves an essential 
function in the initial metabolism of nutmeg, as majority of metabolic 
process are carried out by cytochrome enzymes (CYP450) (Zhao et al., 
2009). It has been found that 4 g/kg of nutmeg stimulate the CYP450 
enzymes levels (Xia et al., 2021). These enzymes are known to metab
olize drug, and are mostly expressed in the liver (Zhao et al., 2021). In 
humans, almost 80 % of oxidative metabolism and 50 % of the overall 
excretion of common drugs are eliminated by these enzymes. CYPs en
zymes has the ability to influence the drug’s action, responses, drug 
resistance, bioavailability, and safety, through the act of metabolism 
(Zhao et al., 2021). Nutmeg major constituents myristicin and elemicin, 
endure a metabolic process called phase I, that forms diverse reactive 
metabolites with potential pharmacological property, such as tautomers 
and quinone (Yang et al., 2015). Moreover, several pathways of myr
isticin metabolism have been suggested, including hydroxylation, 
demethylenation, amination of the allyl group, and O-demethyl(en) 
ation being the primary biotransformation process of alkenylbenzenes. 
There are several metabolic pathways of nutmeg ingredients. These 
include sulfate conjugation as the primary phase II metabolic pathway, 
various combinations of dealkylation and hydroxylation for each 
nutmeg ingredient, formation of phase I metabolites through processes 
like hydroxylation and dealkylation, formation of metabolites phase II 
after sulfate conjugation, leading to the detection of multiple metabo
lites, and specific transformations such as demethylation, methylation, 
hydroxylation, oxidation, and hydrolysis of nutmeg ingredients, result
ing in the generation of distinct metabolites (Neukamm et al., 2022). 

Several metabolites have been identified in animal urine via oral 
route studies. These include 1-(3′,5′-dimethoxy-4′-hydroxyphenyl)-prop- 
2-ene, 1-hydroxy-1-(3′,4′-methylenedioxy-5′-methoxyphenyl)-prop-2- 
ene,1-(3′,4′-dihydroxy-5′-methoxyphenyl)-prop-2-ene, 2,3-dihydroxy-1- 
(3′,4′-methylenedioxy-5′-methoxyphenyl)-propane, and 1-(3′,4′- 

methylenedioxy-5′-hydroxyphenyl)-prop-2-ene (Beyer et al., 2006). On 
the other hand, the last three aforementioned metabolites were detected 
in the urine of rats and guinea pigs by Oswald et al. (1971), using 
intraperitoneal injection of myristicin, and found that these were the 
respective major urinary metabolites. Based on these findings, it has 
been suggested that the frequency of numerous pathways of myristicin 
metabolism might fluctuate with relation to species and administration 
route. Moreover, these metabolic pathways may behind the potential 
pharmacological property observed from nutmeg seed extract. Metab
olites of myristicin, safrole and elemicin (Nutmeg components) have 
been detected in human urine as well, in addition to animals. Several 
metabolites have been detected in the urine of a patient who had an 
overdose of 5 nutmeg seeds (Beyer et al., 2006). These detected me
tabolites were: 1-(3′,5′-dimethoxy-4′-hydroxyphenyl)-prop-2-ene, and 
2,3-dihydroxy-1-(3′,4′-methylenedioxy-5′-methoxyphenyl)-propane, 
that have been obtained from myristicin, whereas 1-(3′,4′-dihydroxy-5′- 
methoxyphenyl)-prop-2-ene, and 1-(3′,4′-methylenedioxy-5′-hydrox
yphenyl)-prop-2-ene, have been obtained from a combination of nutmeg 
constituents. The 5-allyl-1-methoxy-2,3-dihydroxy-benzene is myr
isticin major metabolites, which is formed by myristicin metabolism by 
the liver microsomes. This biotransformation is accelerated by the 
CYP1A2 enzyme which is one of the CYP3A4 enzymes (Yun, et al., 
2003). Myristicin could also somewhat metabolized into N-acetylcys
teine, and 3,4-methylenedioxy-5-methoxyamphetamine (MMDA) which 
has psychedelic properties, while elemicin is metabolized partly to 
3,4,5-trimethoxyamphetamine (TMA), both of which are amphetamine 
derivatives ((Zhu et al., 2019; Casale,et al., 2023). 

Generally, the three main metabolites typically detected after 
nutmeg intake are safrole, myristicin, and elemicin. Approximately 25 
metabolites have been spotted in human blood and urine samples, which 
were formed in the body from metabolizing nutmeg seed constituents, 
safrole elemicin, and myristicin, via their metabolic pathways and their 

Fig. 7. Psychotropic mechanisms of action and narcotic effects of nutmeg seed. Nutmeg stimulates the release of serotonin that creates a feeling of relaxation or 
sedation. This mechanism is triggered by the nutmeg interaction with the endocannabinoid system in the brain. Nutmeg extract inhibited the and monoacylglycerol 
lipase (MAGL) and the endocannabinoid catabolizing enzymes fatty acid amide hydrolase, The inhibition of MAGL stimulates the anti-nociceptive, anxiolytic, and 
anti-emetic responses, elevate brain levels precursor of inflammatory mediators, resulting in the reduction of neuroinflammation. 
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following biotransformations (Manier et al., 2021). In another study, 8 
different metabolites have been detected when consuming 1.5 g of 
nutmeg within 18 h (Usui et al., 2023). These finding give a glimpse 
about the elimination and excretion of nutmeg ingredients. The me
tabolites of nutmeg seed could be mainly excreted by the biliary and 
renal excretion (Manier, et al., 2021; Usui et al., 2023). It has been 
suggested that nutmeg metabolites are excreted in their particular 
coupled forms (Lee et al., 1998). The half-life elimination of nutmeg 
compounds is affected by exposure route, metabolism and dose (Neu
kamm et al., 2020). Additionally, the presence of some nutmeg metab
olites in the body might be prolonged by enterohepatic circulation (Yang 
et al., 2015; Song et al., 2019). In summary, nutmeg seed possess 
exceptional pharmacokinetic characteristics, comprising their absorp
tion in the alimentary tract, distribution throughout the blood stream, 
metabolized in the liver, and excreted through biliary and renal elimi
nation pathway. Up to date, there have been no FDA regulations 
regarding the allowed dose of nutmeg, myristicin, as a powders, oil, or 
oleoresins in food or pharmaceutical industries. Understanding the 
pharmacokinetic effects of nutmeg is crucial in nutmeg-based treat
ments to optimize their dose treatments, interactions, safety and 
effectiveness. 

3.11. The bioavailability of nutmeg seed 

Bioavailability highlights the efficiency of a constituent that enters 
the body and contribute in the biological activities. It refers to the level 
of a nutrient or drug, that reaches the bloodstream to initiate its pro
posed effects (Herkenne et al., 2008). The bioavailability of a substance, 
can be affected by route of administration, metabolism, its preparation 
and interactions with other materials (Olivares-Morales, et al., 2014). 
However, nutmeg bioavailability could be influenced by its metabolism 
pathway in the liver and the lipid constituents which may expand the 
lipophilic composites absorption (Zhao et al., 2020). Lipid has been 
found to accelerate the absorption of substances due to its impact on the 
P-glycoprotein (Markovic et al., 2020). Moreover, the nutmeg 
bioavailability can be affected by its interaction with food or medicines, 
which highlights the importance of nutrient-drug interactions in thera
peutic applications (Stein et al., 2001). In a notable study, Sohn et al. 
found that the bioavailability of nutmeg lignan was 16.2 % after an 
intragastric administration of 60 mg/kg and an intravenous injection of 
15 mg/kg. The concentration of nutmeg lignan remind high especially in 
the liver, and was quickly circulated to reach many body tissues. In 
addition, the bioavailability of nutmeg lignan has been found different 
for different administration routes. The bioavailability was 100 % of 
intravenous injection, while 25 % to 30 % oral route, with a ratio of 1 to 
4 (Song et al., 2019). A full understanding of the bioavailability of 
nutmeg seed remains vague. Further studies are needed to provide 
valued perceptions about the bioavailability of nutmeg and its bioactive 
compounds. The use of in vivo models and other advanced analytical 
techniques could offer more path for future application. In summary, the 
insight of the bioavailability of nutmeg seed is essential to optimize its 
potential therapeutic use, and facilitate its development as a valuable 
nutraceutical or pharmaceutical agent. 

3.12. Nutmeg seed in clinical trials 

Clinical trials hold tremendous importance in drug development, as 
it helps to determine how effective is the drug use. Clinical trials of 
nutmeg are used to investigate the how the nutmeg utilized and func
tions in the body after being administrated via various routes. The 
investigation of nutmeg’s therapeutic potential in clinical trials is 
limited. Moreover, different methodologies have been applied to eval
uate the nutmeg potency, efficacy, and safety on animals and cell lines. 
Recently, scientists showed their interest in using nutmeg in clinical 
trials. These clinical trials explained the multifaced pharmacological 
properties of nutmeg. In a recent clinical trial, Padol et al. (2022) 

demonstrated that nutmeg mouthwash effectively reduces dental bio
film build-up and halitosis. The attractive trait of this mouthwash is its 
origin source, since it is organic and relatively cost-effective compared 
with CHX, another normal mouthwash that was used in the trail. This 
organic alternative can replace 0.2 % CHX gluconate mouthwash, of
fering affordability and promoting oral hygiene, especially among those 
with limited financial means. A notable invention is on the way 
regarding the development of using nutmeg in dental care which is done 
by (Setty et al., 2022). They verified the application of nutmeg in pri
mary teeth pulpotomy, revealed its efficacy as a pulpotomy agent, and 
demonstrating comparability to Mineral Trioxide Aggregate. Besides 
this, a recent clinical trials established that nutmeg in combination with 
garlic, onion, mango, black plum, and clove can lower lipid levels in 
hyperlipidemia patients (Alam et al., 2023). On the other hand, 
nonsignificant improvement in polyneuropathy disability (a hallmark of 
nerve damage) scores was recorded by Motilal and Maharaj (2013) 
when the topical nutmeg extract was used for 4 weeks. It is conceivable 
that clinical trials of nutmeg can provide significant perceptions about 
how the nutmeg interact within the body systems and its potential 
therapeutic implementations. Therefore, more investigations are needed 
to be done to evaluate nutmeg’s effect in preclinical and clinical trial 
studies in order to prove it efficacy. 

4. Conclusion 

The application of Nutmeg seed in the food and pharmaceutical in
dustries arises as a promising natural substitute due to its ironic range of 
bioactive compounds with miscellaneous therapeutic properties. This 
review underlines the potential use of nutmeg as a complementary 
therapy with conventional treatments for countless illnesses, including 
microbial infections, inflammation, cancer, obesity, diabetes, and liver 
damage. Moreover, nutmeg’s active compounds intensifying its thera
peutic potential, and play a great role in promoting healthiness, beauty, 
and mental function. Therefore, future research focusing on human 
studies and clinical trials using nutmeg are more warranted in order to 
validate its therapeutic effects in treating various illnesses. On top of 
that, formulation and extraction methods optimization are essential in 
enhancing the bioavailability of nutmeg bioactive compounds and their 
effective dose. Investigating the targeted delivery and innovative ap
plications of nutmeg-based medication beyond its traditional use is vital. 
Thus, toxicological studies are also needed to assess the nutmeg safety 
profile precisely, with a practical approach to clarify its potential ther
apeutic mechanisms. In addition, prolonged safety studies are also 
required to assess its compatibility for the management of chronic dis
ease and to address its adverse effects. Tackling these studies approaches 
could deepen our perspectives and understanding of nutmeg’s thera
peutic potential and its assimilation into conventional healthcare 
applications.  

List of Abbreviations 

AG Arachidonoylglycerol 
AA Arachidonic acid 
ABTS 2,2’-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 
BHT Butylated hydroxytoluene 
BSA Bovine serum albumin 
CDC Centers for Disease Control and Prevention 
CHX Chlorhexidine 
COVID-19 Coronavirus Disease 2019 
COX-2 Cyclooxygenase-2 
DPPH 2,2-diphenyl-1-picrylhydrazyl 
dsRNA Double-stranded RNA 
E. coli Escherichia coli 
ECS Endocannabinoid system 
EFSA European Food Safety Authority 
FAAH Fatty acid amide hydrolase 
FAO Food and Agriculture Organization 
FRAP Ferric-reducing antioxidant power 
FTC Ferrothiocyanate 
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List of Abbreviations 

GAE Gallic acid equivalents 
GC Gas Chromatography 
GCMS Gas Chromatography-Mass Spectrometry 
GCTOFMS Gas Chromatography Time-of-Flight Mass Spectrometry 
HPLC High Performance Liquid Chromatography 
IC50 Half maximal inhibitory concentration 
IL-1β Interleukin-1 Beta 
IL-6 Interleukin-6 
ISI Integrated Taxonomic Information System 
JAK-STAT Janus Kinase-Signal Transducer and Activator of Transcription 
LD50 Median lethal dose 
LD50 Median lethal dose 
MAGL Monoacylglycerol lipase 
MAPK Mitogen-Activated Protein Kinase 
MIC Minimum Inhibitory Concentration 
MRSA Methicillin-Resistant Staphylococcus aureus 
NF-κB Nuclear Factor Kappa-Light-Chain-Enhancer of Activated B Cells 
NIST National Institute of Standards and Technology 
NO Nitric Oxide 
NOS Nitric Oxide Synthase 
OSI Oil stability index 
PCR Polymerase Chain Reaction 
PADs Microfluidic paper-based analytical devices 
S. aureus Staphylococcus aureus 
SIRT1 Sirtuin 1 
SK-N-SH Human neuroblastoma cells 
T. gondii Toxoplasma gondii 
TNF-α Tumor Necrosis Factor Alpha 
Unani Traditional Greco-Arabic system of medicine 
UTI Urinary Tract Infection 
WHO World Health Organization  
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2019. Evaluation of the anti-diabetic activity of some common herbs and spices: 
Providing new insights with inverse virtual screening. Molecules 24 (22), 4030. 

Perumalsamy, R., Krishnadhas, L., 2022. Anti-Diabetic Activity of Silver Nanoparticles 
Synthesized from the Hydroethanolic Extract of Myristica fragrans Seeds. Appl. 
Biochem. Biotechnol. 194 (3), 1136–1148. 
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