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Abstract. Knobweed (Hyptis capitata) is a member of the genus Hyptis and the medicinal
properties remain underexplored in scientific research. In this context, the use of Hyptis
capitata essential oil as a medicinal plant depends on phytochemical content. Hyptis capitata is
easily found in rice fields or agricultural areas such as Banyuwangi. Therefore, this research
aimed to describe phytochemical compounds, antioxidants, and antibacterial activity of essential
oil Hyptis capitata in Banyuwangi using Solvent-Free Microwave Extraction (SFME) method.
Essential oil from leaves and inflorescence of the species was obtained with a yield of 0.273% and
0.282%, respectively. The results of Gas Chromatography-Mass Spectrometry (GC-MS) analysis
showed that inflorescence and leaves of Hyptis capitata consisted of diterpenes, triterpenes,
sesquiterpenes, esters, alcohols, ketones, and other groups of compounds. SEME method for the
extraction affected both essential oil yield and phytochemical composition. Meanwhile, there were
variations in phytochemical compounds of the plant parts used and from several previous
research. The optimum % DPPH inhibition value of leaves extract and inflorescence were
19.187+0,06% and 18.784+0,06%, respectively. Antibacterial activity against Staphylococcus
aureus and Eschericia coli reported no inhibition of plant extract. Phytochemical analysis showed
several compounds with antibacterial potential, suggesting the need for further research of
antibacterial activity against other pathogenic bacteria and exploration of additional biological
activities.

Keywords: antibacterial; antioxidant; GC-MS; Hyptis capitata;, Solvent-Free Microwave

Extraction.

Type of the Paper: Regular Article.
1. Introduction

Indonesia is a country with the second largest biodiversity after Brazil. This country has a
rich variety of plants that offer significant benefits in the health sector, particularly as medicinal
resources. Approximately 7000 species are classified as medicinal plants. An important genera
functioning as a medicinal plant is Hyptis in the Lamiaceae family found within tropical and
subtropical regions, such as Indonesia. The characteristics of these plants are trichome glands
containing essential oil and strong aroma [ 1,2]. The number of species reported is about 775, which
are found in Americas. Some of the pharmacological uses of Hyptis include treating respiratory
disorders, nasal congestion, fever, liver disease, open wounds, coughs, digestive disorders, skin

infections [3], and human immunodeficiency virus (HIV) [4]. Hyptis suaveolens was the first
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species from the genus Hyptis, which was analyzed in 1952. This research reported the chemical
composition contained in essential oil of Hyptis suaveolens. Phytochemical analysis showed that
several bioactive compounds are contained in the genus Hyptis [3]. However, only 10% of the
members have been researched in depth. In this context, further analyses are needed on other
members of the genus to determine the composition of phytochemical compounds and their health
benefits. The species of the genus Hyptis widely reported include H. suaveolens, H. mutabilis, H.
fructicosa, H. martiussi, and H. pectinata [5].

Hyptis capitata known as knobweed originates from Central American countries and
naturally grows in tropical areas [6]. Hyptis capitata is a type of invasive plant, namely a species
of flora with the capacity to live and develop outside the natural habitat. In addition, this species
has high-speed growth without natural enemies, dominates a new area or ecosystem, and conquers
the growth of native plants, threatening biodiversity [7]. Hyptis capitata has different names
according to the country or region of origin. In Spain and Vietnam, the species is known as biojo
and botonesan, while in Indonesia, Toraja tribe, Banggai tribe, and Banyuwangi Regency name
the plant as narang-narang or sualang, Pago-pago grass [8], and sontoloyoweed, respectively.

Hyptis capitata (Fig. 1a) is often found growing wild in Banyuwangi area but is only
considered a weed. The plant can overgrow in empty land close to water sources, agricultural land,
and the side of the road. Several research have shown that Hyptis capitata as a medicinal plant
depends on phytochemical compositions. The chemical compounds in this species include
monoterpene, sesquiterpene, diterpene, alkaloid, alcohol, ester, lignin polyphenol compounds, and
flavonoids [5,9,10]. The existence of genetic variations, plant phenology, geographical conditions
[11], climatic factors [12], temperature, rainfall, type of material (fresh or dry), and extraction
methods influence the yield and variability in phytochemical composition of essential oil [13,14].
Several research have shown potential antibacterial [15,16], antioxidant [5,10,15,16], antiviral,
and anticancer [ 17] activities of Hyptis capitata. However, this has not been explored more widely.
In Indonesia, research on Hyptis capitata is limited to a few places, namely Southeast Sulawesi
[17], Central Sulawesi [ 18], South Sulawesi [9], Jambi [ 14], and East Kalimantan [15]. In response
to the perception of Hyptis capitata as a weed by Banyuwangi farmers, phytochemical compounds
and biological activity of essential oil should be investigated. The essential oil is obtained by
maceration with ethanol [9,14,18] or methanol [10,15], soxhletation with methanol [19], and
hydrodistillation [5]. This conventional method has a smaller yield, requires a relatively long time,
and has an enormous cost. Therefore, methods such as Solvent-Free Microwave Extraction
(SFME) should be developed for extracting essential oil. SFME has advantages compared to the
earlier methods, including having a faster extraction rate, shorter extraction time, yield, and higher

extract purity. This method can be categorized as green technology because the concept does not
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add solvents during extraction and reduces the energy requirement per ml of essential oil extraction
[20,21].

Extraction of essential oil using SFME has not been reported previously. Limited research
have shown phytochemicals and biological activity of Hyptis capitata essential oil. Therefore, this
research aims to analyze phytochemical composition, antioxidant activity, and antibacterial

activity of essential oil of Hyptis capitata grown in Banyuwangi Regency using SFME.

2. Materials and methods

2.1. Plant Materials

Fresh leaves and inflorescence of Hyptis capitata were gathered from Sarimulyo Village,
Banyuwangi Regency (8.2192° S, 114.3692° E), Indonesia. The plant was identified and
taxonomically by UPT Laboratorium Herbal Materia Medica Batu. In addition, the plant parts are
collected and directly used for extraction.
2.2. Preparations of Extracts

Approximately 250 g fresh leaves or inflorescences were ground using a blender. Ground
plant samples were extracted in SFME Apparatus (Electrolux EMM20M38GW) (Fig. 1b) for 3 h
with a power of 700 watts. Essential oil from the extraction process was taken by adding 10 mL
of n-hexane (Merck), dehydrated using sodium sulfate anhydrous (Merck), and stored for further

analysis. The percentage yield of essential oil was determined using Equation (1) [22].

. weight of essential oils produced (g)
% Yield = — - x 100 (1)
weight of the plant materials used (g) x (1 — water content (%))

Liebig Condensor

Timer

5 .
e Power and time
8 og control

jLl"lzmt Part of H. capitata

Round bottom flask one neck

Fig. 1. a) Plant part of Hyptis capitata, b) SFME Apparatus

2.3. Gas Chromatography-Mass Spectrometry (GC-MS)
Essential oil of Hyptis capitata were subjected to GC-MS analysis (Shimadzu QP 2020 NX).

The oven had an initial temperature of 80°C maintained for 2 minutes, which increased to 280 °C
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for 2 minutes at the rate of 50°C for 6 minutes. The samples were injected in split mode, and the
m/z range was scanned from 50 to 500. Identification of the components was compared with the
spectra of WILEY 7 Library [19].
2.4. DPPH Radical Scavenging Test

Antioxidant activity of a sample is determined by measuring the mechanism of radical
scavenging activity against DPPH (2,2-Diphenyl-1-picrylhydrazyl) with a Shimadzu UV-VIS
1240 spectrophotometer [23]. A total of 50 pl test samples with various concentrations were added
with 1.0 ml of 0.4 mM DPPH and 3.950 ml ethanol. Subsequently, the mixture was vortexed and
left for 30 minutes. The solution was measured for absorbance at a length of 517 nm against a
blank which consisted of 50 pul and 4,950 ml of extract and ethanol, respectively. The control
absorbance measurement comprises 1.0 ml DPPH and 4.0 ml ethanol, with ascorbic acid as a
standard, and % inhibition was determined using Equation (2) [5].

R (sample absorbance — blank absorbance)
% inhibition = 1 — x 100 )
control absorbance

2.5. Antibacterial Activity Assay

Essential oil of Hyptis capitata was assayed for antibacterial activity against Gram-positive
(Staphylococcus aureus) and Gram-negative (Eschericia coli) bacteria using the agar well disk
diffusion method [24]. This assay used nutrient agar (NA) as media, which was poured into Petri
dishes. A cotton swab was dipped in a bacterial suspension and applied to the surface of NA media.
In addition, a well was made on the media using a sterile cork borer about 6-8 mm and sample
solutions (50 and 100 pg/mL) were dropped into the well. Chloramphenicol and n-hexane were
applied as positive and negative controls, respectively. The agar plates were incubated at 37°C for

24 h and samples with antibacterial activity inhibited bacterial growth to produce a clear zone.

3. Results and Discussion

3.1. GC-MS Analysis and Identification Phytochemicals

The effect of microwave irradiation causes higher internal pressure, which ruptures the
trichomes' exterior cuticle (membrane) and causes essential oil to be extracted. Essential oil from
leaves and inflorescence of Hyptis capitata was obtained with a yield of 0.273% and 0.282%,
respectively. The oils were colourless with fragrant smell and six peaks indicated the presence of
phytochemical compounds (Fig. 2). Identification of phytochemical compounds based on retention
time and the area is given in Table 1.

Based on Table 1, phytochemical compounds contained in essential oil of Hyptis capitata
leaves are dominated by diterpene (66.33%), triterpene (19.67%), ketone (10.28%), ester (3.73%)

and other compounds (0.31%). This is interesting because the content of phytochemical
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compounds is slightly different. Previous research showed that the compositions of Hyptis capitata
leaves were dominated by triterpene (68.78%), diterpene (16.51%), monoterpene (3.88%),
sesquiterpene (0.86%), and other compounds (9.97%) [19]. Other results also reported that there
was sesquiterpene (38.92%), aliphatic alcohol (34.08%), and ester (19.77%) obtained in essential
oil [5]. Therefore, the differences in extraction methods [ 13,14] and geographical conditions [3,11]

resulted in different compound compositions.

100,000

Relative abundance
4

T T T T
10.0 20.0 30,
. min
Time (min)

Fig. 2. GC-MS Chromatogram of Leaves Extract of Hyptis capitata
Table 1. Phytochemicals of Essential Oil of Leaves of Hyptis capitata

1 o
No. Rete.ntlon Name of the Molecular Nature of the Compound % Peak
Time Compounds Formula Area
13-
1 21.639 hexyloxacyclotrid Ci3H320; alkene, ketone 10.28
ec-10-en-2-one
2 22245 t-Phytol CaoHioO hydrogenatzi(i“erpene ale 994
3 23.209 neophytadiene CxoHss alkene, diterpene 36.92
4 26750 ethyl linoleate  CaoH3s0s “nsat“ratedeigry acidethyl 5 5
s 27872 ZHOUHSHSH)- Cullul0, i 031
Pyrimidinetrione Sip
6 29.211 Squalene CsoHso triterpenoid 19.27
Class Compositions
Diterpene 66.33
Triterpene 19.67
Keton 10.28
Ester 3.73
Other compounds 0.31

GC-MS data from Hyptis capitata inflorescence extract reported that 23 peaks indicated the
presence of phytochemical compounds (Fig. 3). Identification of phytochemical compounds based
on retention time and area is given in Table 2.

Based on Table 2, phytochemical compounds compositions in essential oil of Hyptis capitata
inflorescence are dominated by ester compounds (36.72%), ketones (24.3%), alkanes (17.23%),
sesquiterpenes (11.95%), diterpenes (4.5%), cyclo alcohols (2.61%), oxygenated hydrocarbons
(1.93%), and triterpenes (0.76%). Based on Tables 1 and 2, there are variations in the composition

of the plant parts used. The neophytadiene compound, a diterpene group, has a greater amount in
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leaves than in inflorescence parts. Meanwhile, ester and ketone group compounds are found more

in inflorescence than in leaves. Based on previous research, sesquiterpenes and monoterpenes are

the dominant content in inflorescences part of Hyptis capitata [5,8]. H. suaveolens species also

contains sesquiterpenes, diterpenes, and triterpene. The sesquiterpene d-cadinene is a common

compound in the genus Hyptis [25]. In the species H. floribunda and H. glomerata, cadinene is the

main compound [5,25]. The production of essential oil from secondary metabolites is related to

environmental conditions, habitat, and climate [26]. In addition, extraction methods can affect

essential oil yield and phytochemical compositions [27-29]. Some phytochemical compounds in

Hyptis capitata essential oil found in inflorescence and leaves have the potential as antioxidant

and antibacterial. Some compounds include Germacrene D [30], d-cadinene [31], and

neophytadiene [32].

Table 2. Phytochemicals of Essential Oil of Inflorescence of Hyptis capitata

No Retention Name of the Compounds Molecular Nature of the % Peak
: Time Formula Compound Area
1 13.566 y-muurolene CisHos bicylic sesquiterpenes 2.71
2 13.630 a-Amorphene CisHos bicylic sesquiterpenes 1.01
3 13.954 a-muurolene CisHos bicylic sesquiterpenes 1.75
4 14.190 Germacrene-D CisHos bicylic sesquiterpenes 2.04
5 14.317 6-cadinene CisHos bicylic sesquiterpenes 4.44
6 15.108 heptyl hexanoate Ci3H2602 ester 1.67
7 19.782 Farnesyl acetone CigH300 ketone 3.18
8 21.411 Bycyclo[5,3,1]undecan-11-one C11Hi130 ketone 21.12
9 21.893 methyl oleate Ci9H3602 ester 0.87
10 22.920 tetratriacontane Cs:HA0 }?;(i]r%)ir;lii 1.93
11 23.188 neophytadiene CaoHss diterpene 4.5
12 23.993 n-nonadecane CioHao Alkane Hydrocarbons 0.74
13 25.022 n-nonacosane CaoHso Alkane Hydrocarbons 0.82
14 25.881 4-trimethylsilyloxycyclohexan-1-ol ~ CoH2002 Cyclic alcohol 2.61
15 26.008 eicosane CaoHaz Alkane Hydrocarbons 1.71
16 26.959 n-pentacosane CasHsz Alkane Hydrocarbons 1.14
17 27.138 erythrodiol C30H3500: triterpene 0.76
3,3-dichloro-1,1,2,2-tetramethyl-
18 27.576 eyclopropane CoHCls alkane Hydrocarbons 6.72
methyl-2-cyclohexyl-2-methyl
19 27.785 pentanoate C13H20: ester 0.89
20 27.875 hexacosane Ca6Hs4 Alkane Hydrocarbons 2.94
21 28.963 methyl linoleate Ci19H3402 ester 27.88
22 29.700 n-docosyl n-heptanoate C29Hs30, ester 5.41
23 29.823 heneicosane Ca1Has Alkane Hydrocarbons 3.16
Class compositions
Sesquiterpene 11.95
Diterpene 4.5
Triterpene 0.76
Cyclic alcohol 2.61
Esters 36.72
Alkane Hydrocarbons 17.23
Ketone 24.3
Oxygenated Hydrocarbon 1.93
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Fig. 3. GC-MS Chromatogram of Inflorescence Extract of Hyptis capitata

T r
10.0

3.2. Antioxidant Activity

Antioxidant activities of leaves and inflorescence extract were calculated by DPPH radical
scavenging using the spectrophotometry method, as reported in Fig. 4. The result showed that there
was a direct relationship between sample concentration and % DPPH inhibition. DPPH scavenging
ability of leaves extract is higher than inflorescence extract. The optimum % inhibition and
concentration values of the extract were 19.187+0.06% and 65.731 mg/mL, respectively. The

optimum % inhibition and concentration values of inflorescence extract were 18.78440,06% and
67.366 mg/mL, respectively.
—#— |eaves extract

40 4 inflorescence extract
—— ascorbic acid

% inhibition
w
S
|

N
o
1

10 L— T T — T T T v T v T
0 10 20 30 40 50 60 70

conc. (mg/mL)

Fig. 4. DPPH radical scavenging activity of essential oil from Hyptis capitata

Table 3. Antibacterial activity of essential oil Hyptis capitata

Tested Inhibition Zone (mm)/extract tested (ug)
. . Sample
microorganisms 50 100
Leave Extract NI NI
Inflorescence Extract NI NI
S. aureus Chloramphenicol 25.28+0.67 26.20+0.47
n-hexane NI NI
Leave Extract NI NI
E coli Inflorescence Extract NI NI
Chloramphenicol 25.28+0.67 26.20+0.47
n-hexane NI NI

NI: no inhibition
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Essential oil of Hyptis capitata has low antioxidant activity compared to ascorbic acid. This
result was in line with the previous report, where there were no phenolic and flavonoid compounds
in the oil [3,5]. Neophytadiene (diterpene), t-phytol (diterpene), and squalene (triterpene) were
dominant compounds and would have contributed a significant percentage of antioxidant activity
in the extract [32-35]. Terpenoids are one of secondary metabolites present in medical plants.
These metabolites have various bioactivity such as antioxidant, antimicrobial, and larvacidal
activity. Neophytadiene, which has the greatest amount detected in the extract, might influence
greater antioxidant activity than extract inflorescence. Meanwhile, in inflorescence extract,
synergistic compounds contributed to antioxidant properties such as esters, ketones, alkanes,
sesquiterpenes, diterpenes, cyclo alcohols, and triterpenes. Some of the compounds observed,
including Germacrene D [30], d-cadinene [31], and neophytadiene [32] might influence
antioxidant properties. Previous reports on other species of Hyptis, such as H. suaveolens, H.
rhombiodea, and H. brevipes, showed impressive antioxidant activities. The phenolic and
flavonoid compounds observed in essential oil contributed to the excellent antioxidant activity
[16,36].

3.3. Antibacterial Activity

Essential oil of leaves and inflorescence were assayed for antibacterial activity against
Gram-positive bacteria (Staphylococcus aureus) and Gram-negative (Escherichia coli) bacteria,
as shown in Table 3. There are very restricted research on Hyptis capitata's antibacterial activity.
The extract and inflorescence did not show the ability to inhibit S. aureus and E. coli at a
concentration of 50 and 100 pg/mL, respectively. The results were similar to previous research
that plant extract of Hyptis capitata could not inhibit S. aureus and E. coli at a concentration below
100 pg/mL. Essential oil of Hyptis capitata showed antibacterial activity at a high concentration
of 500 pg/mL. The inhibition zones were 29.64 mm, 48.99 mm, 51.40 mm, 45.10 mm, and 0 mm
for P. acnes, S. sobrinus, S. aureus, E. coli, and C. albicans, respectively. However, the pathogen
bacteria have no inhibition at a concentration below 100 pg/mL [37]. In this context, further
investigation on antibacterial activity against the other pathogen microbial strains should be
conducted. This is because GC-MS results showed several compounds with antibacterial potential.
Some compounds in essential oil of Hyptis capitata, such as Germacrene D, cadinene derivatives,

terpenoids, and t-phytol could play important roles as antibacterial agents [38].

4. Conclusions

In conclusion, this research was reported as the first detailed analysis to examine
phytochemicals and bioactivity of essential oil Hyptis capitata using a new method. The results
showed that SFME method influenced the different phytochemicals content of essential oil.
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Moreover, there were variations in the composition of the plant parts used. Essential oil of leaves
and inflorescence reported weak antioxidant activity. In this context, essential oil of leaves had
higher antioxidant activity compared to inflorescence. Antibacterial activity test of essential oil
Hyptis capitata showed no inhibition against S. aureus and E. coli at 50 and 100 pg/mL
concentrations. GC-MS analysis would support the further development of this plant for testing
antibacterial activity against other pathogenic microbial strains, as well as the potential for
biological activities. In addition, the present results would be references as a source of medicines

and pharmaceutical product improvement.
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