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Abstract

Sapu-sapu (Baeckea frutescens L.) is a medicinal plant broadly recognized for its essential oils, which
contain diverse volatile compounds. Various extraction techniques have been employed to obtain these
oils, ranging from conventional techniques, namely steam distillation and hydro distillation to the
advanced ones, including the enzymatic, ultrasound- and microwave-assisted extraction techniques.
Depending on the technique applied, extraction time, and geographical origin, the yield obtained varies
from 0.0037 - 2.28%. The most commonly identified compounds in the essential oil derived from the
Sapu-sapu plant are a-pinene, B-pinene, 1,8-cineole, p-cymene, linalool, and caryophyllene. Recent
findings reveal that the hybrid and assisted extraction methods result in improved efficiency and
selectivity. This review elaborates on the extraction strategies, yield variations, and chemical profiles
of Baeckea frutescens L. essential oils, supporting future research and industrial applications.
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Introduction

Baeckea frutescens L. is a flowering plant species in the Myrtaceae family. It is native to
Australia, New Guinea, and the eastern regions of Southeast Asia. This plant is characterized
as a shrub with arching branches, narrow linear leaves, and white flowers bearing 7 to 13
stamens [, So far, this plant is well-known for their aromatic foliage, which releases a
unique citrus-like fragrance upon physical breakage of the leaves . Many investigations
have documented the presence of various important compounds isolated from Baeckea
frutescens L. leaf extracts, such as flavonoids, chromones, sterols, and flavonol glycosides
BBl Additionally, the leaves of Baeckea frutescens L. have been acknowledged for its anti-
inflammatory [, antioxidant 5 antibacterial & & 7 antifungal € larvicidal [} and cytotoxic
properties 1% 11 The chemical composition of Baeckea frutescens L. leaves is highly
diverse, in which numerous bioactive compounds have been identified. As expected,
phytochemical studies have disclosed that essential oils, terpenoids, phloroglucinols,
chromones, flavonoids, and their derivatives present as the primary active constituents of the
plant [*2. To obtain these compounds, various extraction methods have been implemented,
such as steam distillation [ % 13 14 hydro distillation [ 15 16 7). sypercritical CO, extraction
B and more recently, the enzyme-assisted ultrasonic-microwave techniques 2. Previous
studies reported that the oil yields vary widely (0.0037 - 2. 28%) with the value depending
on some influential factors, such as extraction method, characterization of plant 8 and
geographical origin *°l, This review provides a concise overview of the extraction methods,
oil yields, and chemical composition of the Baeckea frutescens L. essential oil, offering
insights for future research and practical applications of this underutilized medicinal plant.

2. Extraction and Yield Comparison

Previous studies applied various extraction methods to obtain essential oils from Baeckea
frutescens L. with the yields varying depending on the extraction method, plant material, and
operating conditions. For instance, Jemi et al. [ found essential oil yields of 0.12% from
fresh leaves and 0.29% from dried leaves using steam distillation. This difference is most
probably due to abundant ruptured oil cells in dried leaves allowing intensive steam
penetration to them, which facilitates more efficient release of essential oils during steam
distillation [,
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In a separate study, Murningsih [’ reported a relatively high
essential oil yield of 2.13% from extraction of essential oil
from Baeckea frutescens L. leaves using hydrodistillation.
Although the yield was considered to be competitive, the
process required a lengthy extraction time of about 4 hours.
Conversely, Wahyuni et al. 1 reported an extremely low oil
yield of only 0.0037% from steam distillation of Baeckea
frutescens L. leaves. However, Elicia et al. **! obtained a
substantially higher vyield of 0.74% using the same
technique, suggesting that steam distillation efficiency may
vary depending on factors, such as distillation duration I
and geographical origin of the plant Y1, Meanwhile, Jantan
et al. ™ achieved essential oil yields ranging from 1.89% to
2.28% from the same plant using hydrodistillation over an
8-hour period. Although the yield was relatively high, the
extraction process requires a considerably longer duration
and possesses a risk of volatile compound degradation due
to prolonged heat exposure 224, A study by Jiang et al. !
applied supercritical fluid extraction using carbon dioxide
(SFE-CO,) and obtained a yield of 2.2%. However, this
method involves high operating pressures and expensive
equipment, making it less cost-effective. Wan et al. [}
developed a hybrid techniqgue combining enzyme
pretreatment with ultrasonic-microwave-assisted extraction
(ES-UME), which vyielded 0.638% in only 1.5 hours.
Despite its promising efficiency, the use of enzymes,
surfactants, and dual energy sources renders the method
complicated and costly, thus limiting its practical
application.

Overall, the yield of essential oils extracted from Baeckea
frutescens L. varies depending on the extraction method %3l
and operating conditions. While conventional extraction
methods, such as hydrodistillation and steam distillation
remain widely applied, they often require long durations and
are susceptible to thermal degradation of the valuable
volatile compounds > 24 On the other hand, modern
extraction methods such as SFE-CO; and ES-UME methods
offer improved efficiency, but come with higher operational
complexity and cost. These differences underscore the
importance of selecting appropriate extraction conditions
not only to maximize yield, but also minimize energy use
and preserve the integrity of the essential oil’s chemical
composition, which will be discussed in the following
section.

3. Essential Oil Composition

The essential oil of Baeckea frutescens L. comprises a
complex mixture of volatile compounds, predominantly
monoterpenes and sesquiterpenes M. Several studies have
demonstrated that the chemical composition of this oil
varies considerably, influenced by factors, such as
extraction method [%, the physiological stage or maturity of
the plant material, and environmental cultivation conditions
including geographical location, climate, and soil
characteristics °1. Generally reported main constituents
include a-pinene, B-pinene, 1,8-cineole, p-cymene, linalool,
and caryophyllene, although their relative abundance differs
across studies. This component variability is considered a
key factor in determining the biological activity and
potential industrial applications of Baeckea frutescens L.
essential oils.

Across various studies, the essential oil composition of
Baeckea frutescens L. has demonstrated considerable
variability in its dominant constituents. For instance, Jemi et
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al. [ reported that fresh leaves from Central Kalimantan
contained high levels of B-pinene (36.5%) and a-pinene
(32.5%), while dried leaves exhibited increased
concentrations of o-pinene (41.2%), B-pinene (33.3%),
along with eucalyptol (5.8%). Jiang et al. [, used SFE-CO;
on Baeckea frutescens L. samples from Guangxi, China,
identified B-caryophyllene (28.05%), a- caryophyllene
(24.02%), and d-cadinene (6.29%) as the primary
constituents. In contrast, Vietnamese samples analyzed by
Toan et al. ¥l revealed a broader spectrum of components,
including tasmannone (21.46%), B-pinene (15.64%), and
1,8-cineole (11.32%). Similarly, Mat Saad et al. ® found
that oils extracted from Malaysian samples were dominated
by p-cymene (31.06%) and a-pinene (24.53%). In West
Kalimantan, Wahyuni et al. [l observed high content of B-
ocimene (24.04%) and eucalyptol (20.78%). Meanwhile,
Murningsih ™71 reported distinct profiles in samples from
Yogyakarta and Semarang Central Java. The Yogyakarta
sample was characterized by relatively high levels of 1,8-
cineole (22.08%), 3-pinene (17.98%), and ocimene (8.88%).
In contrast, the Semarang sample exhibited a markedly
different profile, with B-pinene (29.22%) and linalool
(7.49%) being the dominant constituents. These findings
highlight the potential influence of geographical origin,
even within the same country, on the essential oil
composition of Baeckea frutescens L. Dai et al. ¥ also
identified various monoterpenes and sesquiterpenes in
Vietnamese samples, including o-thujene, p-cymene,
limonene, and terpinolene.

In addition to extraction methods and geographic, harvest
time has also been investigated as a factor influencing
essential oil composition of Baeckea frutescens L [, Elicia
et al. [% analyzed the chemical profiles of leaves harvested
at different growth stages in Bangka, Indonesia, using steam
distillation. Chromatography-Mass Spectrometry (GC-MS)
analysis revealed that a-pinene, B-pinene, and 1,8-cineole
were the predominant constituents across all samples.
However, slight variations in their concentrations were
observed. Sample Al (harvested one month after planting,
in the morning) exhibited the highest total content of these
major compounds, with a-pinene at 43.84%, B-pinene at
13.56%, and 1,8-cineole at 24.26%. A2 (one month,
afternoon) contained o-pinene at 39.21%,13.44% pB-pinene,
and 26.14% 1,8-cineole. In A3 (two months, morning), o-
pinene decreased to 38.08%, while B-pinene and 1,8-cineole
were recorded at 13.46% and 27.09%, respectively. Sample
A4 (two months, afternoon) showed further reduction in a-
pinene (36.03%), B-pinene (13.59%), and 1,8-cineole
(25.46%). At three months of age, sample A5 (morning)
presented a-pinene at 35.12%, B-pinene at 14.11%, and 1,8-
cineole at 27.94%. Meanwhile, A6 (afternoon) showed the
lowest a-pinene level (33.47%) among all samples, while B-
pinene remained relatively stable at 14.41%, and 1,8-cineole
peaked at 29.29%. These results suggest that while a-pinene
generally declines with plant maturity and later harvest
times, 1,8-cineole tends to increase, particularly in samples
collected in the afternoon. Such fluctuations indicate that
both harvest age and diurnal timing may subtly shape the
essential oil profile of Baeckea frutescens L.

4. Biological Activities

Recent studies have confirmed several bioactivities of
Baeckea frutescens L., supporting its traditional use in
treating infections and inflammation. One of the active
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natural compounds, Frutescone O, which is structurally
related to terpenoids, was isolated from the aerial parts of
the plant and exhibited strong anti-inflammatory effects. It
works by inhibiting TLR4-mediated NF-xB and MAPK
signalling pathways in LPS-induced macrophages, and
significantly reduces the expression of pro-inflammatory
cytokines such as IL-1p, IL-6, and TNF-o. ],

Meanwhile, the ethanolic leaf extract of Baeckea frutescens
L. exhibited antibacterial activity against methicillin-
resistant Staphylococcus aureus (MRSA), attributed to the
presence of flavonoids, phenolics, and alkaloids 8. In
addition, several compounds classified as phloroglucinol-
terpene adducts, isolated from the leaves and twigs of
Baeckea frutescens L., demonstrated antifeedant effects
against Plutella xylostella larvae, indicating potential for
natural pest control 27,

Beyond its antibacterial and antifeedant effects, Baeckea
frutescens L. has also demonstrated notable antioxidant,
cytotoxic, and wound-healing activities. Both ethanolic and
methanolic  extracts exhibit strong 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging and ferric
reducing antioxidant power (FRAP), supported by high
levels of flavonoids and phenolics ™ 6l In cytotoxicity
assays, methanolic extracts selectivity inhibited HL-60
leukemia cells with moderate 1Cso values while exhibiting
minimal toxicity toward normal cell lines %1, Moreover, in
vitro studies confirmed that the ethanolic extract enhances
the proliferation and migration of keratinocytes and
fibroblasts, suggesting its potential for promoting wound
repair ™. These findings highlight the multifunctional
bioactivity of Baeckea frutescens L. and support its potential
application in  pharmaceutical and  cosmeceutical
formulations.

5. Conclusion

Baeckea frutescens L. has demonstrated considerable
promise as a natural source of bioactive essential oils.
Variations in extraction methods, plant parts, and harvest
conditions greatly influence oil yield and chemical
composition, particularly levels of monoterpenes such as a-
pinene, pB-pinene, 1,8-cineole. These constituents are
associated with notable pharmacological activities,
including anti-inflammatory, antibacterial, and insecticidal
effects. Although several bioactive compounds have been
identified and characterized, further studies are required to
explore their action mechanisms, clinical efficacy, and
safety. The findings reviewed here highlight the need for
standardized extraction approaches and deeper investigation
into the therapeutic and industrial potential of Baeckea
frutescens L.
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