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Plants consist of organic materials that are utilized by people worldwide for a variety of purposes. 
Pharmacological properties, nutritive qualities, and industrial applications are some of their distin-
guishing attributes. To determine the extent to which plants can be utilized, it is essential to evaluate 
their functional qualities. In this study, information on Santalum album (sandalwood) is compiled 
from the existing literature. This includes data on the biological activity of S. album, its phytochemical 
components, industrial applications, and actions against plant diseases. The literature shows that S. album 
possesses considerable antioxidant  antimicrobial, and anticancer characteristics, which make it an 
extremely important natural resource. In addition to this, it has been revealed to be a potential source 
of a variety of chemical substances that are documented to be contained within it. It has also been 
demonstrated to be effective against diseases that affect plants. In terms of its industrial application, 
the species has been shown to fulfill a variety of roles, in such fields as paper production, furniture 
manufacture, and landscaping. The literature review shows that S. album has the capacity to perform 
a range of functions based on both biological and practical properties.
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Introduction

Plants have been used by humans for a variety of pur-
poses since prehistoric times. In addition to being 
important natural resources in the realm of medicine, 
plants are distinguished by their nutritional attributes 
(Gürgen et al., 2024). Numerous studies have proven 
that plants possess a variety of useful properties, such 
as antioxidant, antiproliferative, anti-aging, anti-in-
flammatory, anticancer, antimicrobial, hepatoprotec-
tive, and DNA protective capabilities (Unal et al., 2022; 

Sevindik et al., 2023a; Uysal et al., 2023; Mohammed 
et al., 2024). The evaluation of the biological charac-
teristics of plants is of the utmost importance in the 
context of their application in medicine (Mohammed 
et al., 2022). The purpose of this study is to present 
a comprehensive review of the numerous properties 
of the plant Santalum album (sandalwood) that have 
been reported in previous research. Apart from general 
attributes, these properties include biological activity, 
potential for application in the fight against plant dis-
eases, industrial potential, and chemical components.
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General characteristics and uses of Santalum 
album

Santalum album has a wide distribution, and is very 
common in such regions as India and Southeast Asia. 
Typically, the height of a sandalwood tree can range 
from 12 to 15 meters. In its early phases of development, 
it is most likely to flourish in locations that receive a re-
stricted amount of sunlight. Grazing and fire are two 
environmental elements to which it may be vulnerable. 
A wide range of colors can be seen in the bark of san-
dalwood, including dark brown, reddish, dark gray, and 
sometimes practically black. The leaves are normally 
symmetrical, oval, or elliptical in shape, and they are 
thin and smooth along their edges. A bluish-purple 
coloration can be seen in the blooms. A spherical shape, 
a fleshy texture, and the presence of hard seeds are all 
characteristics of the fruit (Benencia and Courreges, 
1999; Burdock and Carabin, 2008; Sindhu et al., 2010; 
Kausar et al., 2014; Kumar et al., 2015). The oil that is 
extracted from the seeds and leaves of the sandalwood 
plant is extensively used for its therapeutic properties. 
These include sedative, diuretic, expectorant and an-
tipyretic properties, as well as uses in the treatment 
of bronchitis, gonorrhea, scabies, hemorrhoids, gas-
trointestinal problems, eye infections, dandruff and 
hair problems, muscle spasms, skin disorders, ulcers, 
headaches, and hiccups (Dikshit, 1984; Desai et al., 
1991; Prasad et al., 2007; Misra and Day, 2013; Kumar 
et al., 2015; Moy and Levenson, 2017). Additionally, the 
tree is utilized in the production of wooden decorative 
items; the oil extracted from the tree and the flower of 
the plant are utilized in the cosmetics and perfume 
industry; the seed is utilized in oil paints; and the root, 
bark, and leaf components of the plant are used in the 
treatment of those suffering from liver diseases (Khan 
et al., 2021; Nazar et al., 2022; Aftab et al., 2023).

As the literature data show, sandalwood (S. album) 
is an important tree species both ecologically and eco-
nomically. Its adaptation to tropical and subtropical 
climates has enabled it to spread over a wide geograph-
ical area. However, despite this prevalence, it faces var-
ious threats in its natural habitats. Especially fires and 
overgrazing can negatively affect the growth of young 
saplings and make natural renewal difficult. The mor-
phological structure of the plant reveals various fea-
tures that it has developed to adapt to its environment. 
Its wood bark, which can be found in different colors, 
provides protection against external factors, while the 
bluish-purple tones of its flowers may be a feature that 
supports pollination. The fleshy structure and hard seed 
of its fruit are indicators of an adaptation that allows its 
seeds to be spread by animals. Sandalwood has a wide 
range of uses in the medical and cosmetic fields, espe-
cially due to the essential oils that it contains. It is widely 

used in aromatherapy thanks to its soothing and relax-
ing effects, and is also known to be beneficial in skin 
and hair care. However, this high commercial value may 
lead to overexploitation over time and threaten natural 
populations. Therefore, the development of sustainable 
agricultural methods and conscious consumption are 
of great importance. There are regions where sandal-
wood is in danger of extinction due to its valuable wood 
and oil. Careful policies should be developed for the 
cultivation and harvesting of this species to protect 
natural resources and maintain the ecological balance. 
Controlled production and reforestation efforts can 
play a critical role in both ecological and economic 
sustainability.

Biological activity

In their natural environment, plants have developed 
defense mechanisms to protect themselves from a va-
riety of external factors. This results in the production 
of secondary metabolites that are of fundamental im-
portance to biological processes. The secondary me-
tabolites produced by a plant are the primary markers 
of its biological activity (Mohammed et al., 2020; Mo-
hammed et al., 2023a). In our research, we collated the 
investigations  on the biological activity of S. album that 
have been reported in the literature. In these studies, 
a variety of extracts have been utilized. These include 
n-hexane, methanol, aqueous, ethanol, acetone, callus 
extract, sandalwood oil, chloroform, ethyl acetate, bu-
tanol, hydroalcoholic, diethyl ether, essential oil, pe-
troleum ether, and dichloromethane. Table 1 provides 
a summary of studies that have been conducted into 
the biological activity of S. album. 

Antioxidant activity

The production of oxidant chemicals occurs in various 
quantities in every living organism due to metabolic 
activity. These oxidant compounds are safe in low con-
centrations, but when present in higher concentrations, 
they have the potential to cause considerable damage 
to cells (Gürgen and Sevindik, 2022). The antioxidant 
defense system is responsible for reducing or eliminat-
ing the effects of oxidant substances (Bal et al., 2023). 
However, there are some circumstances in which the 
concentrations of oxidant chemicals can be high enough 
to render the antioxidant defense system insufficient, 
which ultimately results in the occurrence of oxidative 
stress conditions (Krupodorova and Sevindik, 2020). 
There is a correlation between oxidative stress and DNA 
and RNA damage, which in turn can play a role in the 
development of neurological diseases, diabetes, cancer, 
and cardiovascular issues (Mushtaq et al., 2020; Selam-
oğlu et al., 2020; Mohammed et al., 2021a). Antioxidants 
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taken in supplement form have the potential to effec-
tively diminish the effects of oxidative stress (Bal et al., 
2022). Plants are very important natural sources of 
supplemental antioxidants. In the literature reviewed 
in this review, many studies on the antioxidant capacity 
of S. album are included. In a study conducted in South 
Korea, the antioxidant properties of extracts obtained 
from S. album using n-hexane, methanol, ethanol, ace-
tone and water solvents were evaluated and the analyses 
were carried out with the DPPH test. As a result of the 
study, 50% lethal concentration (LC₅₀) values   were 
reported as 871.2 µg/mL for n-hexane, 35.8 µg/mL 
for methanol, 47.2 µg/mL for ethanol, 18.6 µg/mL for 
acetone and 57.8 µg/mL for water, respectively (Kim, 
2008). In another study conducted in India, the anti-
oxidant capacity of aqueous and methanolic extracts 
obtained from S. album was evaluated by tests such as 
phosphomolybdenum, ABTS, FRAP and DPPH. As a re-
sult of the ABTS test, 18.26 mg TE/100 g was obtained 
for the aqueous extract and 96.16 mg TE/100 g for the 
methanolic extract. According to the FRAP test, the 
amount of Fe(II) was found to be 24.27 mg/100 g in the 
aqueous extract and 78.27 mg/100 g in the methanolic 
extract. In the DPPH test, the aqueous sample showed 
an activity of 8.32%, while this rate was determined as 
83.95% in the methanolic sample. In the phosphomo-
lybdenum test, the total antioxidant capacity of the 
aqueous extract was reported as 2.01 mg AAE/100 g, 
while this value was reported as 1.76 mg AAE/100 g in 
the methanolic extract (Umdale et al., 2020). In another 
study conducted in Malaysia, antioxidant capacities of 
callus extract and sandalwood oil extracts obtained 
from the callus section of S. album were investigated 
using reducing power determination, hydroxyl radical 
scavenging, metal ion chelating activity, FRAP, total 
antioxidant capacity, NO free radical scavenging, ABTS, 

DPPH and lipid peroxidation inhibition tests. In this 
context, 0.13 µg/mL and 0.14 µg/mL values   were obtained 
for callus extract and sandalwood oil in the reducing 
power test. In the hydroxyl radical scavenging test, cal-
lus extract showed 94.5% and sandalwood oil showed 
98.3% activity. In the metal ion chelating test, callus ex-
tract reached 1025.5 µg/mL and sandalwood oil reached 
23.5 µg/mL values. As a result of the FRAP test, callus 
extract exhibited an activity level of 55 µM Fe(II)/g and 
sandalwood oil exhibited an activity level of 1056 µM 
Fe(II)/g. As a result of the total antioxidant capacity test, 
callus extract reached 61.2 µmol/g. In the NO radical 
scavenging test, callus extract showed an activity level 
of 0.5% and sandalwood oil showed an activity level 
of 4.2%. According to the ABTS test, extract concen-
trations of 175 mM/100 mg and 4.5 mM/100 mg were 
determined for callus extract and sandalwood oil. In the 
DPPH test, LC₅₀ values were calculated as 1.17 µg/mL 
for callus extract and 0.87 µg/mL for sandalwood oil. 
Finally, in the lipid peroxidation inhibition test, the LC₅₀ 
value was determined as 4.8 µg/mL for callus extract and 
12.4 µg/mL for sandalwood oil (Misra and Dey, 2012). 
The antioxidant properties of various extracts obtained 
from the wood part of S. album were investigated in 
a study conducted in Pakistan using different solvents 
such as n-hexane, chloroform, acetone, ethylacetate, 
ethanol, butanol and water. The evaluation was done 
by DPPH test and the highest inhibition rate was re-
ported in the ethanol extract with 84.3% (Gull et al., 
2019). In another study conducted in Indonesia, the 
antioxidant capacity of sandalwood oil obtained from 
S. album was evaluated by FRAP and DPPH tests; FRAP 
value was reported as 484.51 mg/L and DPPH value as 
36 mg/L (Suastika et al., 2023). In another study con-
ducted in India, the antioxidant capacity of the aqueous 
extract obtained from S. album callus was investigated 

Table 1. Biological activities of Santalum album 

Biological activities Solvents Used parts Geographic 
regions References

Antioxidant, antimicro-
bial, hepatoprotective, 
antihyperglycemic and 
antihyperlipidemic, cyto-
toxic, antihelmintic, anti-
-inflammatory, antiviral, 
anticancer, larvicidal

n-hexan, methanol, 
aqueous, ethanol, 
acetone, callus 
extract, sandalwo-
od oil, chloroform, 
ethylacetate, buta-
nol, hydroalcoholic, 
diethyl ether, essen-
tial oil, petroleum 
ether, dichlorome-
thane

Fruit, 
Whole 
plant, 
callus, 
heart wood, 
seed, leaf, 
stem, 
wood, bark

South Korea, 
India, 
Pakistan, 
Malaysia, 
Indonesia, 
Iran, 
Austria, 
China, 
America, 
Japan

(Jirovetz et al., 2006; Kumar et al., 2006; 
Kim, 2008; Zhu et al., 2008; Matsuo and 
Mimaki, 2010; Patil et al., 2011; Hire 
and Dhale, 2012; Kulkarni et al., 2012; 
Misra and Dey, 2012; Tu et al., 2013; Ka-
runakar et al., 2014; Matsuo et al., 2014; 
Mishra et al., 2014; Shamsi et al., 2014; 
Gupta and Chaphalkar, 2015; Santha 
and Dwivedi, 2015; Damle et al., 2016; 
Surain et al., 2016; Sharmila et al., 2017; 
Shivatare and Nagore, 2018; Gull et al., 
2019; Shivatare, 2020; Umdale et al., 
2020; Shivashankara et al., 2021; Yousef-
sani et al., 2022; Suastika et al., 2023)
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using DPPH, FRAP and hydroxyl radical scavenging 
tests. As a result of these tests, it was reported that the 
DPPH inhibition rate was between 11.2% and 48.7%, 
the FRAP value was between 0.3–1.0 µmol/mL and 
the hydroxyl radical scavenging capacity was between 
14.5% and 53.2% (Shivashankara et al., 2021). In another 
study, the antioxidant activity of the methanol extract 
obtained from S. album seeds was analyzed by DPPH 
test and the EC₅₀ value was reported to be in the range 
of 3.9–4.1 mg/mL (Shivatare, 2020). In another study 
from India, it was reported that the EC₅₀ percentage 
of the ethanol extract obtained from S. album seeds 
varied between 49.96% and 74.85% according to the 
DPPH test (Shivatare and Nagore, 2018). In another 
study conducted in India, the total antioxidant capac-
ity of the extract obtained from S. album leaves was 
evaluated using silver nanoparticles; DPPH radical 
scavenging activity was reported as 7.56 mg/g and 
reducing power as 28.5 mg/g (Damle et al., 2016). 
In another study, it was reported that the aqueous 
extract obtained from S. album had high antioxidant 
potential with DPPH and FRAP tests (Shamsi et al., 
2014). All these findings clearly show that the S. album 
plant has the potential to be evaluated as a strong 
natural antioxidant source.

Studies on the antioxidant capacity of S. album 
(sandalwood) show that the antioxidant activity of 
extracts obtained using different solvents varies. It is 
noteworthy that extracts prepared with organic sol-
vents such as methanol and ethanol show higher 
antioxidant activity than those using water-based 
solvents. This may be linked to solubility properties 
resulting from polarity differences of antioxidant 
compounds. The values   obtained in tests vary de-
pending on the method used and the part of the 
plant from which the extract was taken. Variation 
in the results seen especially in tests such as DPPH, 
ABTS and FRAP may be directly related to environ-
mental factors in the place where the plant grows, 
extraction conditions, and chemical content. In ad-
dition, studies comparing the antioxidant activities 
of callus extract and sandalwood oil show that dif-
ferent parts of the plant offer different antioxidant 
capacities. These results support the conclusion that 
sandalwood can be used as a natural antioxidant 
source. However, a more detailed investigation of 
issues such as bioavailability, toxicity and interac-
tions is important for determining safer and more 
effective uses in the medical and pharmacological 
fields. To exploit the potential of sandalwood com-
pounds in the pharmaceutical and food industries, 
further biochemical analyses are needed. In par-
ticular, in vivo studies may provide a better under-
standing of the real effects of these compounds on 
human health.

Antimicrobial activity

Microorganisms play a crucial part in the development 
of a wide variety of chronic disorders. Today, antibi-
otics are utilized in the fight against microorganisms 
(Sevindik et al., 2024). Nevertheless, the effectiveness of 
these antimicrobial drugs has become insufficient. It is 
believed that the most important factor contributing to 
this situation is the excessive use of antibiotics, which 
has led to the spread of drug-resistant germs (Islek et al., 
2021; Saridogan et al., 2021). Natural antimicrobial 
resources have become a primary focus of research, be-
cause of the potential harmful responses that are linked 
with the medications currently available (Baba et al., 
2020; Eraslan et al., 2021; Sevindik et al., 2023b). Plants 
play a crucial role as natural sources of antimicrobial 
activity (Sevindik et al., 2017). A review of literature 
data on S. album revealed a number of reports con-
cerning its antimicrobial properties. In a study carried 
out in Pakistan, researchers studied the antimicrobial 
activities of a number of different extracts produced 
from the heartwood of S. album. A variety of solvents, 
including n-hexane, chloroform, acetone, ethylacetate, 
ethanol, butanol, and water, were utilized in the testing 
process. An evaluation was conducted to determine 
whether the plant was effective against the bacteria 
Staphylococcus aureus, Escherichia coli, Streptococcus 
pyrogenes, Shigella sonnei, and Neisseria gonorrhoeae. 
It was found that the inhibition zone values of the strains 
used lay between 15 and 16.33 mm (Gull et al., 2019). 
In a study conducted in India, the antimicrobial effects 
of aqueous extracts obtained from the leaves and stems 
of the Santalum album plant were evaluated, and the 
inhibition levels of these extracts on Escherichia coli, 
Staphylococcus aureus and Pseudomonas species were 
compared. As a result of the study, it was reported that 
the leaf extract showed higher inhibition against all test 
microorganisms compared to the stem extract (Kumar 
et al., 2006). Another independent study conducted 
in India concerned the effectiveness of an aqueous 
extract obtained from S. album against several micro-
organisms, including Bacillus subtilis, Aeromonas sp., 
S. aureus, E. coli, Klebsiella pneumoniae, K. oxytoca, 
and P. aeruginosa. The largest inhibition percentage 
(78.1%) was obtained against E. coli (Shamsi et al., 
2014). A separate study conducted in India reported that 
diethyl ether, n-hexane, methanol, water extracts and 
essential oils of S. album were effective against E. coli, 
S. aureus, K. pneumoniae, P. aeruginosa, P. valgaris, 
P. syringae, X. malvacearum, S. typhi, B. cereus and 
E. fecalis at different concentrations (Hire and Dhale, 
2012). The bacteria S. aureus, E. coli, K. pneumoniae, 
P. aeruginosa, and Candida albicans were tested in 
a study carried out in Austria to evaluate the antimi-
crobial effectiveness of essential oil extracted from the 
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heartwood of S. album. Of the strains investigated, the 
highest inhibition zone size (15 mm) was obtained for 
S. aureus (Jirovetz et al., 2006). In a separate study con-
ducted in India, the antimicrobial abilities of palladium 
nanoparticles synthesized from an extract of S. album 
leaves were tested for their ability to inhibit the growth 
of bacteria such as E. coli, P. aeruginosa, S. aureus and 
B. subtilis. According to the findings of the study, the 
largest inhibition zone was reported as 31 mm in diam-
eter against E. coli (Sharmila et al., 2017). In a further 
study in India, the antimicrobial activities of ethanol, 
methanol, acetone, petroleum ether, and dichloro-
methane extracts produced from the bark of S. album 
were investigated against C. albicans and C. krusei. The 
inhibition zone for C. albicans was found to be the larger, 
at 34.6 mm (Surain et al., 2016). Another Indian study 
concerned the antimicrobial capabilities of an ethanol 
extract obtained from the seeds of S. album, using the 
pathogens B. subtilis, S. aureus, P. aeruginosa, E. coli, and 
C. albicans. The largest inhibition zone (9.01 mm) was 
obtained against B. subtilis (Patil et al., 2011).

Studies on the antimicrobial properties of S. album 
have shown that extracts obtained using different sol-
vents and different parts of the plant exhibit varying levels 
of antimicrobial and antifungal activity. While the most 
tested bacteria in the studies include S. aureus, E. coli, 
B. subtilis and K. pneumoniae, C. albicans has also been 
frequently examined as a fungal species. It is particularly 
noteworthy that heartwood and leaf extracts from the 
plant have significant antimicrobial activity. This suggests 
that the biologically active compounds contained in san-
dalwood act against microorganisms through different 
mechanisms. While the fact that heartwood extracts create 
higher inhibition zones reveals the effect of the volatile 
oils and phenolic compounds they contain, leaf extracts 
are also seen to be effective against certain pathogens. 
However, it is understood that extraction methods and 
solvent selection significantly affect antimicrobial activity. 
It would be beneficial for future studies to include more 
detailed analyses to determine the antimicrobial effects 
of specific components of S. album. In particular, exam-
ining the mechanisms of action of compounds derived 
from the plant at the molecular level may provide a better 
understanding of the potential of sandalwood for pharma-
ceutical and medical uses. In addition, with the increasing 
problem of antimicrobial resistance, compounds derived 
from natural sources such as S. album are expected to play 
an important role in the development of new-generation 
antimicrobial agents.

Anticancer and cytotoxic activity

In recent years, in response to the increase in can-
cer-related mortality and morbidity rates, researchers 
have begun to develop various therapeutic approaches. 

Among these approaches, herbal medicines are the 
focus of many studies (Sevindik et al., 2020; Moham-
med et al., 2021a). Studies evaluating the anticancer 
properties of S. album are also included in the literature. 
In a study conducted in Iran, the cytotoxic potential 
of the hydroalcoholic extract obtained from S. album 
was investigated. In this study, the effects of the extract 
on human melanoma cell lines A375 and SK-MEL-3 
and normal human fibroblast cell line AGO-1522 were 
evaluated. The findings revealed that the cell death rate 
was significantly increased in A375 and SK-MEL-3 mel-
anoma cells (Yousefsani et al., 2022). In another study 
conducted in Japan, the cytotoxic effects of the methanol 
extract obtained from the wood part of S. album were 
investigated. In the study, the effects of the extract on 
human promyelocytic leukemia cells (HL-60), human 
lung adenocarcinoma cells (A549), human oral squa-
mous cell carcinoma cell lines (HSC-2 and HSC-4) and 
normal human diploid fibroblast cell line TIG-3 were 
evaluated. According to the findings, the LC₅₀ value 
observed in HL-60, A549, HSC-2, HSC-4 and TIG-3 cell 
lines was found to be above 40 µM (Matsuo et al., 2014). 
In another experiment conducted in Japan, the cytotoxic 
effects of the ligand called (7R,8R)-5-O-demethylbil-
agrewin isolated from the wood part of S. album were 
investigated. The effects of this compound on human 
promyelocytic leukemia cells (HL-60) and human lung 
adenocarcinoma cells (A5509) were investigated. As 
a result of the research, LC₅₀ values   were reported 
as 1.5–4.3 µM for HL-60 cells and 13.6–19.9 µM for 
A5509 cells (Matsuo and Mimaki, 2010). It has been 
determined that α-santalol, a sesquiterpene obtained 
from sandalwood, exhibits anticancer properties in 
various cancer models. These studies include chemically 
induced skin carcinogenesis models in CD-1 and SEN-
CAR mice, ultraviolet-B induced skin carcinogenesis 
models in SKH-1 mice, and in vitro models for mela-
noma, non-melanoma skin cancers, breast and prostate 
cancer (Santha and Dwivedi, 2015). In another study 
conducted in India, the potential anticancer effects 
of the extract obtained from S. album seeds with di-
chloromethane were evaluated. In this study conducted 
on the human breast cancer-associated MDA-MB-231 
cell line, the LC₅₀ value was determined as 2.06 µg/mL 
(Mishra et al., 2014). 

Studies on the anticancer properties of S. album have 
shown that extracts and specific components obtained 
from the plant can have cytotoxic effects against various 
cancer cell lines. In particular, it has been observed 
that sesquiterpenes specific to sandalwood, such as 
α-Santalol, are effective against cancer cells by inducing 
programmed cell death (apoptosis) and stopping the 
cell cycle. It is noteworthy that the cytotoxicity levels of 
extracts obtained using different solvents vary between 
studies. This is important in terms of understanding 
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how the extraction method and the solvent used affect 
the bioavailability of the plant components. In addi-
tion, the fact that sandalwood acts only on cancer cells 
and exhibits lower toxicity to healthy cells indicates 
that this plant can be considered a selective anticancer 
agent. It is important that future studies examine the 
molecular mechanisms of the active components ob-
tained from sandalwood in more detail and determine 
how they act, especially in cancer cells. In this context, 
focusing on in vivo studies and clinical studies will 
contribute to a better understanding of the pharma-
cological potential of sandalwood.

Other activity

S. album is among the plants that have been inten-
sively researched in the scientific literature due to its 
antioxidant, antimicrobial and anticancer properties. 
In addition to these basic properties, there are also 
studies on some other biological effects of S. album. 
In a study conducted in India, the hepatoprotective 
(liver-protective) properties of the hydroalcoholic 
extract obtained from S. album leaves were investi-
gated. According to the study findings, the hydroalco-
holic extract administered orally showed a significant 
protective effect against carbon tetrachloride (CCl₄) 
and paracetamol-induced liver damage. S. album leaf 
extract administered at doses of 200 and 400 mg/kg 
provided significant decreases in serum enzyme levels, 
bilirubin amounts and lipid peroxidation rates against 
toxicity in the liver (Karunakar et al., 2014). In another 
study conducted in India, the hypoglycemic effects of 
S. album and their roles on lipid disorders were inves-
tigated. In this study, pet ether fraction of S. album was 
administered orally to rats with 70 mg/kg body weight 
twice daily for 60 days. As a result, a significant decrease 
in blood sugar levels was observed by an average of 
140 mg/dL. The extract concentration was determined 
as 10 µg/kg (Kulkarni et al., 2012). In another study 
conducted in China, the antiparasitic effects of extracts 
obtained from S. album using chloroform, methanol, 
ethylacetate and water were evaluated. In the study, 
the effect of S. album against Gyrodactylus elegans and 
Dactylogyrus intermedius parasites seen in the golden 
fish species Carassius auratus was investigated. EC₅₀ 
values   of methanol and ethylacetate extracts on G. ele
gans were determined as 37.18 mg/L and 70.41 mg/L, 
respectively. The most effective methanol extract doses 
on D. intermedius were reported as 15.98 mg/L for 
EC₅₀ and 27.19 mg/L for EC₉₀ (Tu et al., 2013). In an-
other study from India, the antiviral and anti-inflam-
matory effects of the aqueous extract obtained from 
S. album roots were evaluated. The immune system 
responses against hepatitis B surface antigen (HBsAg) 
and Newcastle disease virus (NDV) were examined; 

it was observed that the extract applied at high doses 
(0.5–30 mg/mL) in human peripheral blood mononu-
clear cells (PBMC) suppressed cell proliferation, nitric 
oxide production and CD14 monocyte surface markers. 
These findings revealed that S. album root extract has 
both antiviral and anti-inflammatory potential (Gupta 
and Chaphalkar, 2015). In another study conducted 
in China, the larvicide effect of essential oil obtained 
from S. album was investigated. The focus of the study 
was to determine the lethal effect on Aedes albopictus, 
Aedes aegypti and Culex pipiens species. At the applied 
dose of 0.2 mg/mL, LT₅₀ and LT₉₀ values   were reported 
as 1.06 h and 3.24 h for A. aegypti, respectively. These 
times were determined as 1.82 and 3.33 h for A. albo
pictus, while a time to death of 1.55 h was recorded 
for A. aegypti. The LT value was reported as 3.91 h for 
C. pipiens (Zhu et al., 2008).

Studies on the biological effects of S. album show 
that this plant has diverse pharmacological properties. 
The verification of its hepatoprotective, hypoglycemic, 
antiparasitic, antiviral, anti-inflammatory and larvi-
cidal effects in different experimental models reveals 
that the use of S. album in traditional medicine is 
based on scientific principles. In particular, its hepa-
toprotective and hypoglycemic effects may be related 
to basic disease mechanisms such as oxidative stress 
and inflammation. This suggests that S. album may 
be a potential phytotherapeutic agent in cases of liver 
diseases and metabolic disorders. Similarly, its antipar-
asitic and antiviral properties indicate that the bioactive 
components of the plant may have immunomodulatory 
effects. In the light of these findings, a more in-depth 
examination of the biological activities of S. album and 
the isolation of its bioactive components are of great 
importance. Future research should focus on deter-
mining its pharmacokinetic and toxicological profiles, 
especially with the support of clinical studies. In this 
way, it may be possible to introduce S. album to medical 
use in a safe and effective way.

Chemical contents

Plants are capable of producing bioactive compounds 
that boast a wide range of pharmacological capabilities 
(Mohammed et al., 2023b; Yazar et al., 2024). A num-
ber of studies have been carried out into the chemical 
composition of S. album. The findings are summarized 
in Table 2 and will be discussed below.

In a study conducted in China, the chemical compo-
sition of the root part of the S. album plant was analyzed 
and a large number of compounds were identified. These 
compounds include α-santhalene (1.0%), β-santhalene 
(1.7%), (E)-α-bisabolene (3.6%), bisabolenol C (2.4%), 
bisabolenol B (1.7%), β-bisabolol (2.5%), Z-α-santhalol 
(19.6%), (Z)-α-trans-bergamotol (2.5%), epi-β-santhalol 
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(2.0%), Z-β-santhalol (12.5%), (Z)-nuciferol (3.9%), 
cis-β-santhalol (1.5%), (Z)-lanceol (2.0%), (Z)-γ-curcu-
men-12-ol (1.8%), bisabolenol-A isomer 3 (8.9%), bisab-
olenol C isomer 1 (3.9%),, bisabolenol B isomer 2 (7.0%) 
and β-santaldiol (2.2%) (Xin-Hua et al., 2012). In various 
studies conducted in India, Sri Lanka, Italy, Austria, China 
and Germany, the chemical components obtained from 
the wood part and other lignified structures of S. album 
were studied in detail. The major compounds identified 
in these studies are: α-santhalol (35.0–54.28%), β-santha-
lol (9.42–25.94%), (Z)-α-trans-bergamotol (5.2–12%), 
(Z)-lanceol (6.57%), epi-β-santhalol (1.5–6.8%), docosa-
hexaenoic acid (DHA) (2.54%), β-trans-santhalol (2.24%), 
β-costol (1.41%), (Z)-β-curcumen-12-ol (1.02–9.71%), 
cis-α-santhalol (17.84–41.1%), cis-α-trans-bergamatol 
(0.15–5.89%), epi-α-bisabolol (0.47–1.98%), cis-β-san-
talol (6.35–17.38%), cis-nuciferol (0.65–3.4%), γ-cur-
cumen-12-ol (1.19–2.15%), cis-lanceol (0.47–4.63%), 
α-santalene (0.4–4.8%), β-santalene (1.2–6.92%), e-cis-
epi-β-santalol (2.7–5.5%), trans-β-santalol (1.5–27.9%), 
epi-β-santalene (1.32–5.2%), α-santhalal (1.9%), Z-nu-
ciferol (5.2%), pyrazine (7.7%), γ-neoclovene (5.17%), 
cyclotetradecane (3.76%), n-hexadecane (3.35%), lon-
gifolene (2.94%), n-octadecane (2.35%), n-tetradecane 
(1.93%), teresanthalol (1.90%), cis-α-bergamotene (2.54%) 
and trans-α-santhalol (0.4–18.54%) (Braun et al., 2003; 

Marongiu et al., 2006; Jirovetz et al., 2006; McComb, 2009; 
Sindhu et al., 2010; Misra and Dey, 2013; Krishnakumar 
et al., 2019; Bisht et al., 2020 and Sharifi, 2023).

Studies on the chemical composition of S. album 
have shown that the plant contains bioactive com-
pounds in different proportions in its root, heartwood 
and other woody parts. The most notable of these com-
pounds are the santalol isomers, and especially the 
proportions of α-santalol and β-santalol are of great im-
portance in terms of the biological effects of the species. 
The fact that chemical components vary depending on 
regional and environmental factors emphasizes the ef-
fect of the geographical location where S. album grows 
and its genetic variations on the composition of the 
essential oil. This reveals the need for quality standard-
ization in terms of pharmacological and industrial use. 
It is of great importance that future studies investigate 
the mechanisms of these bioactive compounds in more 
detail, supported by clinical studies, and determine 
their effective uses in pharmaceutical formulations.

Efficacy of Santalum album against plant diseases

Significant difficulties arise as a  result of the exis-
tence of diseases and pests in places where plants 
are harvested. Both biotic and abiotic variables have 

Table 2. Chemical contents of Santalum album

Geographic 
regions

Used Parts Essential oil content References

China Root α-santalene (1.0%), β-santalene (1.7%), (E)-α-bisabolene 
(3.6%), bisabolenol C (2.4%), bisabolenol B (1.7%), β-bisa-
bolol (2.5%), Z-α-santalol (19.6%), (Z)-α-trans-bergamotol 
(2.5%), epi-β-santalol (2.0%), Z-β-santalol (12.5%),  
(Z)-nuciferol (3.9%), cis-β-santalol (1.5%), (Z)-lanceol 
(2.0%), (Z)-γ-curcumen-12-ol (1.8%), bisabolenol-A isomer 
3 (8.9%), bisabolenol C isomer 1 (3.9%), bisabolenol B iso-
mer 2 (7.0%), β-santaldiol (2.2%)

(Xin-Hua et al., 2012)

India, 
Sri Lanka, 
Italy, 
Austria, 
China, 
Germany

Heartwood, 
wood

α-santalol (35.0-54.28%), β-santalol (9.42-25.94%),  
(z)-α-transbergamotol (5.2-12%), (z)-lanceol (6.57%), 
epi-β-santalol (1.5-6.8%),  docosahexaenoic acid (2.54%), 
β-trans-santalol (2.24%), β-costol (1.41%), (z)-β-
curcumen12-ol (1.02-9.71%), cis-α-santalol (17.84-41.1%), 
cis-α-transbergamatol (0.15-5.89%), epi-α-bisabalol  
(0.47-1.98%), cis-β-santalol (6.35-17.38%),  cis-nuciferol 
(0.65-3.4%), γ-curcumen12-ol (1.19-2.15%),  cis -lanceol 
(0.47-4.63%), α-santalene (0.4-4.8%), β-santalene  
(1.2-6.92%), e-cis-epi-β-santalol (2.7-5.5%), trans-β-santalol 
(1.5-27.9%), epi-β-santalene (1.32-5.2%), α-santalal (1.9%),  
z-nuciferol (5.2%), pyrazine (7.7%), g-neoclovene (5.17%), 
cyclotetradecane (3.76%), n-hexadecane (3.35%), longifolene 
(2.94%), n-octadecane (2.35%), n-tetradecane (1.93%), tere-
santalol (1.90%), cis-α-bergamotene (2.54%), trans-α-santa-
lol (0.4-18.54%)

(Braun et al., 2003; Ma-
rongiu et al., 2006; Jirovetz 
et al., 2006; McComb, 
2009; Sindhu et al., 2010; 
Liu et al., 2013; Misra and 
Dey, 2013; Subasinghe 
et al., 2013; Krishnakumar 
and Parthiban, 2018; Bisht 
et al., 2019; Mohankumar 
et al., 2019; Bisht et al., 
2020; Yan et al., 2020;  
Hoseini and Sharifi, 2023)
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a significant impact on the quality of the goods ob-
tained as well as the amount of products that is lost. 
Bacteria, fungi, viruses, and pests such as worms, ro-
dents, and slugs are the principal biotic agents that 
have a substantial impact. Other biotic agents might 
also have some effects (Mondal and Pal, 2015). There 
is currently a rising emphasis on alternative methods 
of controlling plant diseases and pests. This is because 
the utilization of synthetic pesticides has been dis-
covered to have detrimental effects on the health of 
both humans and animals, in addition to disrupting 
the ecological balance (Balestra et al., 2009; Gurjar 
et al., 2012; Belgüzar et al., 2016). Research is increas-
ingly focusing on novel methodologies as potential 
substitutes for chemical control and the synthesis 
of new chemical substances (Karabüyük and Aysan, 
2019). The use of herbal extracts and essential oils 
obtained from plants that naturally possess antimicro-
bial characteristics is one route that might be taken. 
Plant-derived biochemicals are extremely promising 
since they are easily accessible and biodegradable, 
are not hazardous to humans or animals, and do not 
leave any residues in produce in which they are used 
(Hartmann, 2007; Mondal and Khalequzzaman, 2009; 
Al-Rezaa et al., 2010; Walia et al., 2017). Studies have 
been conducted on the use of extracts and essential 
oils derived from various plants, including Thymus 
vulgaris, Cinnamomum ceylanicum, Eucalyptus glob
ulus, Rosmarinus officinalis, Melaleuca alternifolia, 
Salvia officinalis, Lavandula stoechas, Tagetes minuta, 
Cistus ladaniferus, Satureja hortensis, Mentha pulegium, 
Allium sativum, Allium cepa, Carum carvi, Nigella sa
tiva and Hypericum perforatum, to combat plant dis-
eases and pests. Such studies include those by Daferera 
et al. (2003), Iacobellis et al. (2005), Mihajilov-Krstev 
et al. (2010), Kotan et al. (2013), Gakuubi et al. (2016), 
Nikolova et al. (2017), Benali et al. (2020), Bozkurt 
et al. (2020), Steglińska et al. (2022), Kolozsváriné Nagy 
et al. (2023), and El-Chaghaby et al. (2024).

Several studies have investigated the effectiveness 
of extracts obtained from S. album in the treatment 
of plant diseases. An investigation carried out in China 
considered herbal extracts derived from 67 different 
Chinese medicinal herbs. S. album, which was one 
of these herbs, was tested against eight different plant 
pathogenic bacteria (Acidovorax citrulli, Burkholderia 
cepacia, B. gladioli pv. gladioli, Pectobacterium caro
tovorum, P. chrysanthemi, Ralstonia solanacearum, 
Xanthomonas euvesicatoria, and X. citri pv. citri). Accor-
ding to the results of the investigation, S. album did 
not demonstrate any antimicrobial acti vity (Feng et al., 
2012). In another study, volatile oils that were gener-
ated from or contained S. album (Indian sandalwood) 
as well as 29 other plant species were put through 
a series of tests to determine how effective they were 

against the plant pathogenic bacteria Erwinia amylo
vora, Xanthomonas campestris pv. campestris and 
Pseudomonas syringae pv. The detrimental impact 
of these bacteria on plant production was evaluated 
using the agar-diffusion assay method in vitro. The 
researchers reported that S. album did not exhibit 
any discer nible activity (Popović et al., 2018). In fur-
ther research, seven teen different herbal essential oils, 
including S. album, were examined for antimicrobial 
effects against Xylella fastidiosa, a serious bacterial 
pathogen responsible for infectious diseases, and 
the study reported significant effects (Santiago et al., 
2018). In a separate investigation, a number of differ-
ent coating materials, such as chitosan (CH), zinc ox-
ide nanoparticles (ZNPs), and Indonesian sandalwood 
essential oil (SEO), were tested in a variety of combi-
nations (CH, CH/ZNPs, CH/SEO, and CH/ZNPs/SEO) 
to determine how effective they were against Penicil
lium italicum, a fungus that causes post-harvest losses 
in tangerines. SEO and ZNPs form an edible coating 
material that was discovered to have the potential to 
reduce reliance on chemical substances for post-har-
vest product coating The researchers discovered that 
a mixture that contained 0.8% CH, 0.025% ZNPs, and 
0.5% SEO had the most effective anti-fungal impact 
against Penicillium italicum (Wardana et al., 2022).

Studies examining the effects of S. album on plant 
diseases and pests show that the antimicrobial and anti-
fungal potential of this plant varies depending on certain 
conditions. In particular, some studies show that S. al
bum is ineffective against certain bacteria, while it can 
exhibit antifungal activity in some combinations. These 
results emphasize that the biological activity of herbal 
extracts and essential oils should be evaluated not alone 
but with different formulations and synergistic com-
pounds. New approaches, especially nanotechnology 
and biopolymer coating, have the potential to increase 
the effectiveness of herbal compounds. Although S. al
bum has limited activity against certain pathogens, its use 
in combination with other herbal components may offer 
alternative biological solutions for agricultural disease 
control. Future studies may help develop innovative ap-
proaches to reduce dependency on chemical pesticides 
by investigating a broader spectrum of effects of these 
components and different application methods.

Industrial use 

S. album (Santalaceae) is a tropical tree species used 
for a variety of purposes. A pleasant aroma, medicinal 
benefits, and a high-quality wood texture are some of 
the commercially useful characteristics that this tree 
possesses. Sandalwood is the material of choice for af-
forestation projects in some locations, and it can also 
be used with the goal of increasing the aesthetic appeal 
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of an area (Ratnaningrum et al., 2016). Sandalwood is 
a commonly utilized ingredient in the fragrance in-
dustry (Kumar et al., 2015) and is favored in cosmetic 
products (Khan et al., 2021). The aroma of sandalwood 
is frequently used in aromatherapy due to its calming 
effects (Das and Khan, 2022). The use of this substance 
as a treatment for skin conditions in some civilizations 
has been documented (Hosen et al., 2023). On certain 
religious and spiritual occasions, sandalwood is used as 
an incense because of its aromatic properties (Yadav et al., 
2020; Royyani et al., 2024). Sandalwood timber exhibits 
exceptional durability and is highly valued (Ramulu et al., 
2021). It finds application in the production of furni-
ture as well as in the cutting and shaping of wood (Liu 
et al., 2013; Bansal, 2021). Kavitha and Ramachandran 
(2016) report that the application of sandalwood extract 
to non-woven fabrics may enable the production of tex-
tiles with antimicrobial properties. Additionally, there is 
a possibility that sandalwood fibers can be exploited in the 
production of paper (Luo et al., 2021; Chan and Yi, 2023).

S. album (sandalwood) has a wide range of uses 
in different industries thanks to its unique properties. 
From its uses in the perfume and cosmetic sectors 
to its medicinal benefits, the versatile functionality 
of this tree contributes to its high commercial value. 
Sandalwood essential oil is used for both therapeutic 
and spiritual purposes due to its calming effects, and it 
has an important place in cultural practices. Continu-
ing research on sandalwood’s antimicrobial properties 
and potential textile uses show that the full potential of 
this tree needs to be explored. For example, the use of 
sandalwood extracts in textile and paper production 
may offer environmentally friendly solutions as an al-
ternative to synthetic chemicals, a development that is 
in line with trends toward sustainability in production. 
This versatility underscores the importance of continu-
ing investigation into the uses of sandalwood in the 
development of more sustainable and health-oriented 
consumer products. At a time of increasing demand 
for natural and environmentally friendly products, the 

discovery of applications for herbal substances such as 
sandalwood becomes even more important.

Conclusion and future perspectives

The majority of the global supply of sandalwood comes 
from India, Indonesia, and some Pacific islands. The dense 
and beautifully textured wood of this exceptional tree and 
the fragrant oil it produces contribute greatly to its signif-
icant value. This review has considered studies in existing 
literature that have investigated various aspects of sandal-
wood, such as its biological activity, chemical composition, 
and industrial applications. Sandalwood is thought to 
have the potential to be used as a food additive due to 
its antioxidant and antimicrobial properties. It has also 
been determined that it has natural properties that can 
effectively combat some diseases that may occur in plants. 
In the industrial sector, it is widely used in areas such as pa-
per production and furniture-making. In addition, it has 
been shown that sandalwood has the potential to function 
as a natural storehouse of chemical compounds. There-
fore, the evaluation of sandalwood as a versatile natural 
product is important in terms of developing a wide range 
of uses. Sandalwood has broad potential, in the light of 
current research and applications. In the future, a more in-
depth study of the biological activity of sandalwood may 
lead to new discoveries, especially in areas such as cancer 
treatment. In addition, the antioxidant and antimicro-
bial properties that it provides for the food industry may 
play an important role in the search for natural additives. 
In terms of environmental sustainability, considering the 
rapidly depleting resources of sandalwood, it is of great 
importance to develop more efficient and sustainable ag-
ricultural techniques for the cultivation of this plant. In 
the industrial field, the biological and chemical properties 
of sandalwood will enable the development of natural 
and innovative products, especially in the cosmetics and 
pharmaceutical sectors. With this is mind, it is expected 
that sandalwood will find wider areas of application in the 
future, and its economic value will increase even more.
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