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Abstract: Amomum compactum Soland Ex. Maton from the Zingiberaceae, known as Java cardamom
in Indonesia, is a valuable medicinal plant because of its bioactivity. This study aims to identify and
evaluate the bioactive compounds and antioxidant activity of Java cardamom parts (leaves, stems,
rhizomes, fruits (pods and seeds)) to explore their bioactivity values. GC-MS analysis was used to
identify the bioactive compounds of Java cardamom parts in essential oils. Antioxidant activity was
carried out by two methods: DPPH and FRAP. GC-MS analysis of four parts of the Java cardamom
obtained 47 compounds as monoterpenes (33), sesquiterpenes (9), hydrocarbons (1), fatty alcohols (1),
fatty acids (1), fatty acid esters (1), and diterpenoids (1). 1.8-Cineol is the most dominant secondary
metabolite and is found in every part of Java cardamom essential oil, with the highest content produced
in Java cardamom steam essential oil (50.78%), followed by Java cardamom fruits essential oil
(45.59%). Furthermore, the activity of DPPH and FRAP ranged from 19.07 (leaves) — 27.38 (stems)
and 93.43 (stems) — 115.99 (fruits) mol TEAC/g FW. The maximum antioxidant activity is produced in
Java cardamom fruit essential oil. Thus, it can be used as a source of producing metabolites as
antioxidants in the pharmaceutical industry.

Keywords: antioxidant activity; essential oil; Java cardamom; profiling metabolite; volatile
compounds.
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1. Introduction

Cardamom (Amomum compactum Soland Ex. Maton) is an aromatic herbal plant used
for a long time as traditional medicine and cultivated in several Asian countries such as Sri
Lanka, India, Nepal, Indonesia, Guatemala, and Tanzania [1, 2]. Cardamom is known as the
'queen of spices' because it is one of the spices with the third-highest economic value after
vanilla and saffron [3]. Java cardamom is a type of cardamom originating from Indonesia,
which is famous for its distinctive taste, aroma, and benefits and contains high bioactive
compounds [4]. Java cardamom is a member of the genus Amomum, the second-largest genus
after Alpinia from the Zingiberaceae and the order Zingiberales [5, 6].

Cardamom is traditionally used as a spice, aromatherapy, health drink, and traditional
medicine for dried fruits and its essential oil [7]. Essential oils are aromatic oils derived from
various parts of plants (flowers, seeds, leaves, stems, pods and seeds, rhizomes, and plant
roots). Essential oils contain various chemical components [8], composed of a complex
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structure of natural polar and non-polar compounds, most of which are terpenoid compounds
and their derivatives. Types of molecules such as alpha-hydrocarbons, acids, alcohols,
aldehydes, non-cyclic esters, or lactones, nitrogen and sulfur-containing compounds,
coumarins, and phenylpropanoid homologs may also be present in the structure of essential
oils [9, 10].

Cardamom essential oil is an herbal oil with medicinal properties and is used to treat
various diseases [10]. In addition, essential oils are also applied in the perfumery, food,
cosmetic, and pharmaceutical industries [11]. Several studies reported that different parts of
the cardamom plant, such as fruits (pods and seeds) [2], seeds [12], rhizomes [13], and leaves
[14], have been used in the treatment of several diseases [15]. The bioactivity of cardamom are
reported to act as anti-bacterial [16], antioxidant [15], antimutagenic [17], anti-inflammatory
[12], antihypertensive [18], anti-carcinogenic [19] and anticancer [20]. The bioactivity is
related to the content of various phytochemical compounds found in cardamom plants,
especially phenolic compounds, terpenoids, flavonoids, alkaloids, and anthocyanins [12].
Cardamom essential oil contains a-terpinyl acetate and 1,8-Cineole as the main chemical
components that give cardamom essential oil a distinctive aroma, but in different varieties and
cultivation areas, a-terpineol and linalool are the highest chemical compounds in cardamom
essential oil. [21].

Free radicals are reactive oxygen compounds with unpaired electrons, thus causing
these compounds to be very reactive in finding partners by attacking and binding electrons to
molecules around them [22]. These free radicals can cause oxidative stress due to an imbalance
between ROS and the anti-oxidative defense system that causes various diseases such as
cancer, cardiovascular disease, neurodegenerative diseases, rheumatoid arthritis,
atherosclerosis, hypertension, and AIDS. Antioxidants can inhibit or delay oxidative processes
by preventing the initiation and propagation of oxidizing chain reactions [23].

Gas chromatography-mass spectrometry (GC-MS) is one of the most suitable for the
determination of essential oil components [7] and identifying different metabolites of plant
extracts [24-26]. The chemical composition of the essential oil of leaves, fruits, and stems of
the Large cardamom (E. cardamomum) through GC-MS analysis has been reported, but reports
on the composition of the essential oil of different parts of the Java cardamom plant (A.
compactum Soland ex. Maton) such as leaves, stems, rhizomes, pods, and seeds as well as the
antioxidant activity of each part of the Java cardamom plant is very limited. Therefore, this
study was conducted to investigate and evaluate the volatile profile and antioxidant activity of
essential oils in different parts of the Java cardamom plant (A. compactum Soland ex. Maton)
and classify the parts of the cardamom plant using chemometric analysis. The results obtained
can show the maximum part of the Java cardamom plant and has the potential as an antioxidant.

2. Materials and Methods

2.1. Material.

The materials used in this study were ethanol pro analysis purchased from Merck KGaA
(Germany), 2,2-diphenyl-1-picrylhydrazyl (DPPH) powder purchased from Himedia (India),
Trolox purchased from Merck KGaA (Germany), powder 2,4,6-tripyridyl-s-triazine (TPTZ)
was purchased from Sisco Research Laboratories Pvt. Ltd (India), aqua dest, hydrogen chloride
(HCI) was purchased from Merck KGaA (Germany), ferric chloride (FeCls) was purchased
from Sisco Research Laboratories Pvt. Ltd (India), and acetate buffer.
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2.2. Plant material and sample preparation.

The leaves, stems, rhizomes, and fruits (pods and seeds) fresh of the Java cardamom
(Amomum compactum Soland ex. Maton) from local farmers in Purwabakti Village, Pamijahan
District Bogor Regency, West Java, Indonesia. Samples were extracted using hydrodistillation
(water-steam distillation) according to Pujiarti and Kusumadewi [27] with modifications.
Cardamom leaves, stems, and rhizomes were cut to a size of £ 2 cm. Fresh weight for each
sample, i.e., leaves (10.5 kg), stems (10 kg), rhizomes (8.5 kg), and fruits (pods and seeds) (5.5
kg), were extracted using hydrodistillation (water-steam distillation) for 6 hours calculated
from the first drop of distillate out. The first drop of essential oil from each sample was about
1 hour after the sample was distilled. The essential oil was obtained and stored in labeled
bottles. The yield of essential oil was calculated as volume based on sample weight using the
following formula: % yield (%, v/w) = volume of oil obtained (mL)/weight of the sample (g)
x 100 [28].

2.3. GC-MS analysis.

The chemical composition of cardamom essential oil was analyzed using GC-MS (Gas
Chromatography-Mass Spectrometry) based on Nurcholis et al. [26] with modifications.
Metabolite profile analysis was performed using GC-MS (Gas Chromatography-Mass
Spectrometry) Agilent Technologies 5977 equipped with an HP-5MS 5% PhenylMethylSilox
(internal diameter 30 m x 250 pm, film thickness 0.25 pm, and maximum temperature 325°C).
The carrier gas flow rate (He) is 1 mL min. A sample of 1 L was injected into GC-MS with
an injection temperature of 280°C. The GC-MS temperature was set for operating conditions,
namely with an initial temperature of 50°C (holding 0 minutes) and then increasing it at an
increasing rate of 10°C min™ to a final temperature of 280°C (holding 9 minutes) with a total
time of 32 minutes. The mass spectrophotometer is operated at 70eV, and the scanned mass
spectrum ranges from 35-650 amu. Each sample was analyzed once without replication.
Identification, including name, chemical structure, and molecular weight of each cardamom
essential oil, was calculated based on the chromatogram'’s relative peak area (percent area) and
confirmed chemical components by comparing retention times with Willey 9 library database
and PubChem data.

2.4. Antioxidant analysis.

Samples of essential oil from each part of the Java cardamom made a stock solution of
1000 ppm essential oil by dissolving 0.1 mL of essential oil and ethanol pro analysis solvent in
a 100 mL volumetric flask. The total antioxidant capacity determined the volatile oil solution
from each part of the Java cardamom plant by two in vitro methods. Antioxidant testing in the
form of 2,2-diphenyl picrylhydrazyl (DPPH) to evaluate free radical scavenging activity and
ferric reducing antioxidant power (FRAP) to determine the reducing power of Fe3* complexes
to Fe?*,

DPPH radical activity was measured using a nano-spectrophotometer based on
Nurcholis et al. [29] with modifications. Briefly, 100 uL of 500 ppm essential oil solution per
cardamom plant part was added with 100 pL of 125 M DPPH solution (in ethanol pro analysis)
into a 96-well microplate (Biologix Europe GmbH). Then homogenized and incubated for 30
minutes at darkroom and room temperature. The absorbance of the volatile oil solution of each

https://biointerfaceresearch.com/ 3of 17


https://doi.org/10.33263/BRIAC134.328
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.328

part of the Java cardamom was measured using a nano-spectrophotometer (SPECTROstar
Nano BMG LABTECH) at a wavelength of 515 nm. The final unit is expressed in mol TE
(Trolox equivalent)/g fresh weight.

The activity of ferric reducing antioxidant power (FRAP) was measured using a nano-
spectrophotometer according to Calvindi et al. [30] with a modification. Briefly, as much as
10 pL of 1000 ppm essential oil solution per cardamom plant part was added with 300 L of
FRAP reagent (made by mixing acetate buffer pH 3.6 with 10 M TPTZ solution (in 40 M HCI)
and 20 pM FeCls (in distilled water) in the ratio v/v/v 10:1:1) was placed in a 96-well
microplate (Biologix Europe GmbH). Then homogenized and incubated for 30 minutes at
darkroom and room temperature. The absorbance of the volatile oil solution of each part of the
cardamom plant was measured using a nano-spectrophotometer at a wavelength of 593 nm.
The final unit is expressed in mol TE (Trolox equivalent)/g fresh weight.

2.5. Data analysis.

Statistical analysis of antioxidant data was performed using analysis of variance
(ANOVA) at a significance level of o = 5% and continued with Tukey's test using IBM SPSS
Version 25.0 program. Significant differences between the part of Java cardamom on
antioxidant activity were carried out by PCA (principal component analysis) multivariate
analysis and HCA (hierarchical cluster analysis)-heatmap dendrogram using
https://www.metaboanalyst.ca/. Graphs of the figure were using GraphPad Prism for Windows
(GraphPad Software Inc., San Diego, California, USA) Version 8.0.1.

3. Results and Discussion
3.1. Extraction yield.

Java cardamom essential oil produced using hydrodistillation (water-steam distillation)
for 6 hours is pale yellow-dark yellow. Cardamom fruits (pods and seeds) essential oil is pale
yellow; this is in line with research conducted by Joshi et al. [31], which produces Java
cardamom seeds essential oil, which is pale yellow, while the essential oil of Java cardamom
rhizomes and stems is yellow, and Java cardamom leaves essential oil which is dark yellow.
The percentage of essential oil yield of each part of the Java cardamom produced is different;
this is because the fresh weight of each part of the Java cardamom plant used is different. After
all, it experiences a loss of weight. Table 1 shows the results of the % yield of essential oils
from each part of the Java cardamom plant.

Table 1. Hasil % rendemen pada tiap bagian tanaman kapulaga Jawa (A. compactum Soland ex. Maton).

Plant parts Fresh weight Qil obtained Yield
(Kg) (mL) (% viw)
Leaves 10.5 110 11
Stems 10 4 0.038
Rhizomes 8.5 25 0.454
Fruits 55 88.5 1.041
(Pods and seeds)

1 Note: % v/w; % volume/weight

The oil produced by hydrodistillation gives a strong, distinctive odor to each part of the
plant; cardamom fruits (pods and seeds) essential oil gives a more concentrated odor when
compared to the essential oils of the leaves, stems, and rhizomes of Java cardamom. The highest
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yield of Java cardamom essential oil was produced in the fruits (pods and seeds) of Java
cardamom by 1.041% (5.5 kg, %v/w), and the lowest essential oil was produced in the stems
of Java cardamom, which was 0.038% (10 kg, %v/w) based on fresh weight. The resulting
yield is smaller than the research conducted by Jena et al. [11], was reported that the average
leaves and stems essential oil yields on E. cardamomum were 0.45% and 0.23% (500 g, %ow/w),
while the cardamom seed essential oil yields reported by Tambunan [32] which is 0.76% (500
g, %v/w) based on fresh weight. The weight and condition of the sample, both fresh and dry,
will affect the yield of essential oils. Oil content is influenced by maturity, climatic conditions,
and harvest time [31]. Essential oils are compounds that evaporate quickly at room temperature
without undergoing decomposition and are generally in the form of liquids obtained from plant
parts such as roots, bark, stems, leaves, fruit, seeds, and flowers by distillation using steam and
soluble in organic solvents and insoluble in water [33].

3.2. Metabolite compositions.

The essential oils of each part of the Java cardamom in the form of leaves, stems,
rhizomes, and fruits (pods and seeds) were analyzed for their compound content using GC-MS
analysis. Forty-seven metabolites from 4 parts of the Java cardamom were identified in the
essential oil. Phytochemical compounds were identified based on retention time, peak area, and
the molecular formula (Table 2). Of four parts of the Java cardamom plant, the compounds
identified can be categorized into different groups (Figure 1), namely monoterpenes (33),
sesquiterpenes (9), hydrocarbons (1), fatty alcohols (1), fatty acids (1), fatty acid ester (1), and
diterpenoid (1) with a total of 47 compounds which were arranged with the initial peak width
and initial threshold of 0.1 and 24 respectively. Details of volatile compounds identified from
essential oil are presented in Table 2.

Table 2. VVolatile compounds identified from essential oil on different parts of Java cardamom.

Group MW % Area

No Compounds compounds MF (g/mol) RT Leaves | Stems | Rhizomes | Fruits
1 a-Thujene Monoterpenes CioH1s 136.23 4.208 1.27 0.71
2 1R-a-Pinene Monoterpenes CioHise 136.23 4.306 1.49 2.02
3 a-Pinene Monoterpenes CioHis6 136.23 4.313 4.45 4.47
4 Camphene (CAS) Monoterpenes CioHis6 136.23 4521 1.19 1.49
5 Sabinene Monoterpenes CioHise 136.23 4.848 1.9 2.49 2.45
6 (-)- B-Pinene Monoterpenes CioH1s 136.23 4.910 2.63
7 2-B-Pinene Monoterpenes CioHi6 136.23 4.917 10.1
8 B-Myrcene Monoterpenes CioH1s 136.23 5.063 5.14 2.99
9 a-phellandrene Monoterpenes CioH16 136.23 5.292 2.78 15.56 7.17
10 | 1,8-Cineole Monoterpenes | CioH180 154.25 5.897 | 40.53 | 50.78 40.77 45.59
11 | y-terpinene Monoterpenes CioHi6 136.23 6.092 0.5 0.67 1.92 3.97
12 | trans-Sabinene Monoterpenes | CioH180 154.25 6.244 2.69

hydrate
13 | o-Terpinolene Monoterpenes CioH1s 136.23 6.495 2.02
14 | 2-Nonanol (CAS) Fatty alcohols | CgH200 144.25 6.661 1.8 2.28
15 | (+-)-Linalool Monoterpenes | CioH180 154.25 6.675 4.71 3.94
16 | trans-p-Mentha- Monoterpenes | CioH160 152.23 7.023 3.32 2.55

2,8-dienol
17 | 2-Cyclohexen-1-ol, | Monoterpenes | CioH160 152.23 7.245 1.82 1.82

1-methyl-4-(1-

methylethenyl)-,

trans-
18 | trans-Pinocarveol Monoterpenes | CioH160 152.23 7.328 3.44 3.94
19 | Camphor (CAS) Monoterpenes | CioH160 152.23 7.370 0.91
20 | Cyclopentane, 1,2- | Monoterpenes CioHis 138.25 7.523 0.85

dimethyl-3-(1-

methylethenyl)-
21 | (+)-Pinocarvone Monoterpenes | CioH140 150.22 7.641 2.66 3.57
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Group MW % Area
No Compounds compounds MF (g/mol) RT Leaves | Stems | Rhizomes | Fruits
22 | delta-Terpineol Monoterpenes | CioHis0 154.25 7.718 2.14 2.09 1.42 212
23 | 4-Terpineol Monoterpenes | CioH1s0 154.25 7.850 1.48 2.05 217 1.8
24 | Cyclohexanol, 2- Monoterpenes | CioH160 152.23 8.023 4.22 6.33
methylene-5-(1-
methylethenyl)-
25 | a-Terpineol Monoterpenes | CioH180 154.25 8.058 6.43
26 | Terpineol Monoterpenes | CioH180 154.25 8.079 9.23
27 | (-)-Myrtenol Monoterpenes | CioH160 152.23 8.135 3.61 5.24
28 | a-Phellandrene Monoterpenes | CioHi160 152.23 8211 1.03
epoxide
29 | Carveol Monoterpenes | CioHi160 152.23 8.440 1.46 1.47
30 | cis-Carveol Monoterpenes | CioHi160 152.23 8.586 2.72 3.46
31 | (+)-Carvone Monoterpenes | CioH140 150.22 8.788 1.14 1.67
32 | a-Copaene Sesquiterpenes | CisHaq 20435 | 10.560 | 0.77 0.55 0.74
33 | B-Selinene (CAS) Sesquiterpenes | CisHaq 20435 | 12.019 | 0.87 2.36
34 | (-)-B-Bisabolene Sesquiterpenes | CisHaq 204.35 | 12.200 1.58 1.07
35 - Sesquiterpenes | CisHza 204.35 | 12.401 0.99 1.04
Sesquiphellandrene
36 | Teresantalol (CAS) | Monoterpenes | CioH160 15223 | 12401 | 3.04
37 | trans-y-Bisabolene | Sesquiterpenes | CisH2s 204.35 | 12.484 0.83
38 | 4,8-Dimethyl-2-(2- | Hydrocarbons | CisH240 22035 | 12.832 | 2.82
methyl-1-
propenyl)-1-
oxaspiro [4.5] dec-
7-ene
39 | Nerolidol Sesquiterpenes | CisH20 222.36 | 12.853 0.97
40 | p-Mentha-1,5,8- Monoterpenes CioH14 134.22 | 13.117 1.38
triene (CAS)
41 | a-Terpinene Monoterpenes CioH1s 136.23 | 13.228 2.6
42 | trans-calamenene Sesquiterpenes | CisHz2 20234 | 13.291 | 347
43 | Cyclohexene, 6- Sesquiterpenes | CisHzs 204.35 | 13.513 | 4.09
ethenyl-6-methyl-
1-(1-methylethyl)-
3-(1-
methylethylidene)-,
(S)-
44 | Acetic acid, 3-(2,2- Fatty acid CiH2602 | 250.38 | 13.833 1.53
dimethyl-6-
methylene-
cyclohexylidene)-
1-methyl-butyl
ester
45 | ar-Curcumene Sesquiterpenes | CisHx» | 202.3352 | 14.333 | 0.86
46 | Hexadecanoic acid, Fatty acid C1oH3302 | 298.29 | 17.668 1.99
1-methylethyl ester ester
(CAS)
47 | Phytol Diterpenoid C20H400 296.53 | 18530 | 224 0.74

2 Note: MF: molecule formula; MW: molecule weight (g/mol); and RT: retention time (min)

In detail, the compounds identified from the essential oil of four parts of the Java
cardamom consist of leaves (27), stems (21), rhizomes (21), and fruits (pods and seeds) (16)
compounds which represent 97.9%, 99.98%, 99.29%, and 99.99% of the total leaves, stems,
rhizomes, and fruits (pods and seeds) essential oils, respectively. The results of the analysis
showed that the compound 1.8-Cineole is the main component of the essential oil of four parts
of the Java cardamom, namely the leaves (40.53%), stems (50.78%), rhizomes (40.77%), and
fruits (pods and seeds) (45.59%). This is in line with the research conducted by Jena et al. [11]
reported 1.8-Cineole (20.66%) as the main component of cardamom leaves essential oil (E.
cardamomum), but o-terpinyl acetate (19.75%) was reported as the main component of
cardamom stems essential oil. In comparison, essential oil E. cardamomum Tambe et al. [34]
reported the compound 1.8-Cineole (33.64%) as the main component. Based on previous
research, there are differences between the types and amounts of chemical compounds in
https://biointerfaceresearch.com/ 60f17
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essential oils in different plant species due to biodiversity between species, changes in climate
and seasons, as well as graphic conditions, plant growth stage, harvest period, and the type of
distillation used when refining essential oils [35, 10]. In this study, the content of the compound
1.8-Cineole in the essential oil of both cardamom leaves and fruits (pods and seeds) was higher
than in previous studies. This higher concentration difference could occur due to differences in
varieties and environmental effects [36].

The other main terpenoid components of each Java cardamom essential oil, namely the
Java cardamom leaves essential oil are Cyclohexanol,2-methylene-5-(1-methylethenyl)-
(4.22%), Cyclohexene,6-ethenyl-6-methyl-1-(1-methylethyl)-3-(1-methylethylidene)-, (S)-
(4.09%), (-)-Myrtenol (3.61%), trans-Calamenene (3.47%), trans-Pinocarveol (3.44%), trans-
p-Mentha-2,8-dienol (3.32%), and Teresantalol (CAS) (3.04%). In Java cardamom stems
essential oils, namely Cyclohexanol,2-methylene-5-(1-methylethenyl) -(6.33%), (-)-Myrtenol
(5.24%), trans-Pinocarveol (3.94%), (+)-Pinocarvone (3.57%), cis-Carveol (3.46%), and a-
phellandrene (2.78%). Meanwhile, the other main terpenoid components in Java cardamom
rhizomes essential oil are a-Phellandrene (15.56%), a-Terpineol (6.43%), B-Myrcene (5.14%),
(+-)-Linalool (4.71%), a-Pinene (4.45%), (-)- B-Pinene (2.63%), and Sabinene (2.45%), and in
Java cardamom fruits (pods and seeds) essential oils are 2-B-Pinene (10.1%), Terpineol
(9.23%), a-phellandrene (7.17%), a-Pinene (4.47%), (+-)-Linalool (3.94%), and B-Myrcene
(2.99%). The most dominant secondary metabolite in the essential oil of the four parts of the
Java cardamom is 1.8-Cineole, with the highest production produced by Java cardamom stem
essential oil. In addition, other metabolites produced from the four parts of the Java cardamom
are y-terpinene, delta-Terpineol, and 4-Terpineol, with the highest production being produced
by essential oils of fruits (pods and seeds), leaves, and rhizomes of Java cardamom,
respectively. The compound 1.8-Cineol is a natural monoterpene known as eucalyptol which
has anti-inflammatory activity [37], antioxidant, and anticancer [38]. In addition, a-Pinene
compounds contained in essential oils of rhizomes and fruits (pods and seeds) and a-
phellandrene compounds contained in essential oils of Java cardamom stems, rhizomes, and

fruits (pods and seeds) have anti-inflammatory [39] and antifungal [40].
Group_Compounds

B 2% Diterpenoid

W 2% Fatty acid

B 2% Fatty acid ester
B 2% Fatty alcohals
2% Hydrocarbons
M 70% Monoterpenes
[ 19% Sesquiterpenes

Figure 1. Pie Diagram displays the percentage of compound groups found on different parts of Java cardamom.

In the essential oil of four parts of the Java cardamom plant, monoterpenes were the
dominant class, each for leaves (70%), stems (90%), rhizomes (76%), and fruits (pods and
seeds) (75%), followed by sesquiterpenes (19%), hydrocarbons (4%), fatty alcohols (4%), and
diterpenoids (4%) in Java cardamom leaves essential oil. Similarly, in the essential oils of Java
https://biointerfaceresearch.com/ 7 of 17
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cardamom stems, namely fatty alcohols (5%) and diterpenoids (5%), while the rhizomes and
fruits (pods and seeds) essential oils were followed by sesquiterpenes (24%) and sesquiterpenes
(25%). This is in line with research conducted by Abdullah et al. [41] reported higher
concentrations of monoterpenes than sesquiterpenes in the essential oil of E. cardamomum
from a local market in Pakistan. Snoussi et al. [42] also reported the same thing, the difference
in the concentration of monoterpenes and sesquiterpenes in E. cardamomum obtained from the
local Tunisian. A total of 4 compounds were found in four parts of the plant in Java cardamom
essential oil, such as 1.8-Cineole, y-Terpinene, delta-Terpineol, and 4-Terpineol. Ashokkumar
et al. [3] also reported the same thing, that the compound 1.8-Cineole is a compound found in
every accession of green cardamom plants. While Sabinene compounds are found in essential
oils in 3 parts of the Java cardamom plant, such as in the leaves, stems, and rhizomes, a-
phellandrene compounds are found in Java cardamom essential oils in the stems, rhizomes,
fruits (pods and seeds) and a-Copaene compounds are found in Java cardamom essential oils
in leaves, rhizomes, and fruits (pods and seeds). Qualitative differences in composition were
also observed between the leaves, stems, rhizomes, pods, and Java cardamom essential oil
seeds. Previous studies reported that the main components in black cardamom essential oil
were 1,8-Cineole (36.66%), B-Pinene (8.55%), a-Terpineol (8.44%), 1R-a-Pinene (5.10%),
and Limonene (4.51%) [43], while Jabbar and Ghorbaniparvar [7] reported that the main
components in green cardamom essential oil were 1,8-Cineol (47.18%), alpha-Terpinyl
Acetate (14.33%), Linalool (6.28%), Terpineol (4.94%), and I-4-Terpineol (2.48%). Shrestha
[44] reported that the main components in Amomum subulatum Roxb fruits essential oil were
a-Terpineol (27.85%), Terpine-4-ol (11.19%), Pinocarvone (8.02%), Nerolidol (6.90%), and
Pinocarveol (6.32%). Therefore, based on previous research, it can be seen that based on GC-
MS examination, the type of species, source of raw material, and the growing area will
determine the amount and quality of metabolites in cardamom essential oil. In addition, there
are differences in the volatile profiling of essential oils in aromatic and medicinal plants
depending on various environmental factors such as temperature, rainfall, humidity, plant
nutrition, genetic variation, and geographical location [11,45,46].

3.3. Antioxidant activity.

The antioxidant activity aims to measure the total antioxidant capacity of different parts,
such as the leaves, stems, rhizomes, and fruit of java cardamom. The antioxidant activity of
essential oils in four parts of the Java cardamom was measured using the DPPH and FRAP
methods.

DPPH FRAP
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Figure 2. Antioxidant activities on a different part of Java cardamom A) DPPH and B) FRAP. Each value is
presented as the mean of three replicates + standard deviation (SD). The mean value in each column marked
with different letters differs significantly at p < 0.05 and Tukey test results 5%. TEAC, Trolox equivalent
antioxidant capacity; LE, Leaves; SM, Steams; RH, Rhizomes; PS, Pods, and Seeds.
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The antioxidant activity of the four parts of the Java cardamom in the essential oil is
presented in Figure 2. In this study, the antioxidant activity was measured using two methods
because the antioxidant activity depends on the antioxidant mechanism of the metabolites in
the extract [30,47]. Thus, different methods are needed to evaluate the nature of the antioxidant
capacity. In this study, DPPH and FRAP were used to measure the antioxidant capacity of the
essential oils, four parts of Java cardamom. Antioxidant testing in the form of 2,2-diphenyl
picrylhydrazyl (DPPH) to evaluate free radical scavenging activity and ferric reducing
antioxidant power (FRAP) to determine the reducing power of Fe3* complex compounds to
Fe?".

Based on the antioxidant activity obtained by DPPH (Figure 2A) and FRAP (Figure
2B), the antioxidant potential of the essential oils of the four parts of the Java cardamom tested
by the FRAP method showed higher antioxidant activity than those tested by the DPPH
method. These results indicate that Java cardamom essential oil has more great antioxidant
properties in its reduction capacity compared to free radical scavenging activity; this is related
to the different reaction mechanisms that occur in Java cardamom essential oil, which is Java
cardamom essential oil more dominant using a single electron transfer mechanism (SET)
compared to atomic hydrogen transfer (HAT). This is in line with the research conducted by
Nurcholis et al. [15] was reported that the antioxidant potential of cardamom fruits accession
extract using the CUPRAC method was higher than the DPPH method. This DPPH value is
also consistent with research conducted by Alam et al. [48]. The antioxidant activity of DPPH
in the essential oil of four parts of the Java cardamom showed no significant results (p > 0.05).
The highest DPPH antioxidant activity was found in Java cardamom stems essential oil of
27.38 mol TEAC/g FW, while the lowest DPPH antioxidant activity was found in Java
cardamom leaves essential oil of 19.07 mol TEAC/g FW. This is in line with research
conducted by Alam et al. [48] was reported that the antioxidant activity of green cardamom
leaves essential oil was lower than the standard antioxidant compounds. While Jena et al. [11]
reported different results, like the antioxidant activity of cardamom leaves (E. cardamomum)
essential oil was better than that of cardamom (E. cardamomum) stems essential oil. In contrast
to the antioxidant activity of DPPH, the antioxidant activity of FRAP in the essential oils of
the four parts of Java cardamom showed significant results (p < 0.05). The highest FRAP
antioxidant activity was found in Java cardamom fruits (pods and seeds) essential oil of 115.99
mol TEAC/g FW, while the lowest FRAP antioxidant activity was found in Java cardamom
stems essential oil of 93.43 mol TEAC/g FW. The results obtained showed that the antioxidant
activity of FRAP was higher than in previous studies using methanol cardamom fruits [49].
The chemical complexity of the various essential oils causes differences in the antioxidant
capacity of each part of the Java cardamom.

The difference between the two methods used in this test is that the DPPH method tests
antioxidant activity that uses a chemical reaction. Antioxidant compounds will react with
DPPH through a hydrogen atom donor mechanism so that it will cause a change in DPPH color
from dark purple to yellow; the degree of color change, that indicates the potential of
antioxidant compounds in their ability to donate hydrogen atoms [22], while the FRAP method
is an antioxidant test in plants that aims to determine the reducing power of Fe3+ complex
compounds to Fe2+ complex compounds [50]. The two methods of antioxidant testing were
carried out because different methods of measuring antioxidant activity will refer to the
observation of different antioxidant mechanisms of action due to the influence of the chemical
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structure of antioxidants from free radicals and the Physico-chemical properties of different
sample preparations [51].

Several previous studies reported that 1.8-Cineole [38], camphene [52], a-pinene [53],
and caryophyllene oxide [54] are the main compounds that have the potential to scavenge free
radicals. In addition, a-Terpinyl Acetate, Linalyl Acetat [48], B-Pinene [55], a-Terpineol, and
Terpinen-4-ol [56] also have potential as antioxidants. 1.8-Cineole, camphene, a-Pinene, -
Pinene, and a-terpineol compounds contained in Java cardamom essential oil with different
levels in the four parts of the Java cardamom plant, causing antioxidant activity of four parts
of the Java cardamom plant in the different oil essentials. 1.8-Cineole and a-Pinene compounds
are known to protect hydrogen peroxide in inducing oxidative stress in pheochromocytoma
cells in mice [11, 57]. Camphene compounds are known to reduce lipid peroxidation induced
by AAPH (2.22-Azobis(2-methylpropionamidine) dihydrochloride) [58]. Several previous
studies have reported that cardamom has the potential as a good antioxidant and the potential
to fight oxidative stress [48].

3.4. Multivariate analysis.

In this study, multivariate analysis, namely chemometrics, was carried out using PCA
(principal component analysis) and HCA (hierarchical cluster analysis)-heatmap dendrogram
analysis of 47 aromatic compounds from four parts of the Java cardamom in essential oils
(Figure 3). The chemometric analysis aims to analyze quantification and increase
understanding of the properties and quality of data instruments [26,59], as well as to determine

chemical components in plants that have potential as drugs [26, 60-62].
(A)

Scones Plot

L ]

(B)

a1

Figure 3. (A) Score plot; (B) loading plot; and (C) HCA-heatmap dendrogram of PCA on different parts of Java
cardamom using the metabolites (M1-M47, see in Table 1) and antioxidant activities DPPH and FRAP lines
matrix as input variables. The darker red, orange, and darker blue presented higher, moderate, and lower
metabolite contents and antioxidant activities, respectively. (for an explanation of parameter symbols, see Table
1).
https://biointerfaceresearch.com/ 10 0f 17


https://doi.org/10.33263/BRIAC134.328
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC134.328

PCA analysis based on the first two principal components (shown in Figure 3)
accounted for 81.7% of the data variation described. The individual score plots (Figure 3A)
show the sample distributions for the first two principal components (PC1 and PC2). The
loading plots (Figure 3B) show the distributions of 47 aromatic compounds and antioxidant
activity for the first two principal components (PC1 and PC2), which represent significant
differences from the first two major components (PC1 and PC2). Four parts (leaves, stems,
rhizomes, and fruits (pods and seeds)) of the Java cardamom in the studied essential oil. PCA
analysis allows for identifying patterns that show similarities and differences in the data for the
four parts of the Java cardamom plant in the essential oil studied [63-65]. In addition, PCA
analysis aims to evaluate the phytochemical content and bioactivity of the four parts of the Java
cardamom plant in essential oils. The results of PCA analysis showed that fruits (pods and
seeds) and rhizomes parameters were dominant on PC1, while leaves and stems were dominant
on PC2. Biplot analysis of phytochemicals and antioxidant activity was made from the
comparison of PC1 and PC2 components showing two groups of Java cardamom parts (Figure
3B). The antioxidant activity of DPPH and FRAP was more dominant in group 1, consisting
of the fruits (pods and seeds) and rhizomes of Java cardamom with high secondary metabolite
content in y-terpinene (M11), 4-Terpineol (M23), a-Phellandrene (M9), Camphene (CAS)
(M4), o-Thujene (M1), (+-)-Linalool (M15), B-Sesquiphellandrene (M35), and (-)-B-
Bisabolene (M34). Meanwhile, group 2 consists of leaves and stems which contain high
secondary metabolites in Phytol (M47), Hexadecanoic Acid, 1-Methylethyl Ester (CAS)
(M16), Sabinene (M5), delta-Terpineol (M22), (+)-Pinocarvone (M21), 2-Nonanol (CAS)
(M14), cis-Carveol (M30), Cyclohexanol, 2-methylene-5-(1-methylethenyl)- (M24), 1R-a-
Pinene (M2), (-)-Myrtenol (M27), trans-Pinocarveol (M18), 2-Cyclohexen-1-ol, 1-methyl-4-
(1-methylethenyl)-,trans- (M17), and Carveol (M29).

HCA (hierarchical cluster analysis)-heatmap dendrogram analysis was performed to
compare with the results from PCA [66, 65]. HCA analysis aims to study and identify the
relationship between parts of the Java cardamom with aromatic compounds and the strongest
antioxidant activity [67, 65]. Based on the data shown, the HCA analysis resulted in 2 groups
(shown in Figure 3C). Group 1 represents two parts of the Java cardamom, namely the fruits
(pods and seeds) and rhizomes, these two parts of the Java cardamom plant are related to
secondary metabolites and antioxidant activity. The data shown shows that both parts of the
plant contain high secondary metabolites in (+-)-Linalool (M15), o-Pinene (M3), B-
Sesquiphellandrene (M35), a-Thujene (M1), B-Myrcene (M8), (-)-B-Bisabolene (M34), y-
Terpinene (M11), and o-Phellandrene (M9). Antioxidant activity of DPPH and FRAP were
also found in both parts of the Java cardamom, and antioxidant activity of DPPH and FRAP in
each part of the Java cardamom plant, namely fruits (pods and seeds) (26.19 mol TEAC/g FW;,
115.99 mol TEAC/g FW) and rhizomes (26.85 mol TEAC/g FW; 105.99 mol TEAC/g FW),
this indicates a relationship between the maximum secondary metabolites and antioxidant
activity with DPPH antioxidant activity in the rhizomes being higher than that in the fruits
(pods and seeds). In contrast, the antioxidant activity of FRAP in the fruits (pods and seeds) is
higher than that in the rhizomes. Some secondary metabolites are high in one part (fruits) of
the Java cardamom, such as 2-B-Pinene (M7), trans-Sabinene Hydrate (M12), Terpineol (M26),
delta-Terpineol (M22), a-Copaene (M32), B-Selinene (CAS) (M33), and 1,8-Cineole (M10).
At the same time, the Java cardamom rhizomes contain high secondary metabolites Nerolidol
(M39), a-Terpineol (M25), Camphor (CAS) (M19), (-)- B-Pinene (M6), a-Terpinolene (M13),
a-Phellandrene Epoxide (M28), trans-y-Bisabolene (M37), 4-Terpineol (M23), Camphene
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(CAS) (M4), and Sabinene (M5). Previous studies have reported that these compounds from
several medicinal plants can be useful as antioxidants. Wang et al. [57] reported that a-pinene
was the strongest free radical scavenger of DPPH (IC50 value = 12.57 £ 0.18 mg/mL) and had
high reducing power (213.7 +5.27 g/mL of L-ascorbic acid equivalents). B-Sesquiphellandrene
compound in Zingiber officinale (ginger) rhizomes was identified as the most active
antibacterial component and showed antioxidant activity of DPPH [68]. Meanwhile, a-Thujene
and camphene [69], (+-)-Linalool [70, 61], B-Myrcene [72], (-)-B-Bisabolene [73], y-Terpinene
[74], a-Phellandrene [75], a-Pinene [76] have been reported to have antioxidant activity in vitro
FRAP and DPPH. The results show that these phytochemical parameters can be used as
selection parameters for the development of cardamom varieties in addition to antioxidant
activity through breeding programs.

Group 2 consists of 2 parts of the Java cardamom, namely the leaves and stems; both
parts of this plant contain high secondary metabolites in delta-Terpineol (M22), Sabinene (M5),
Phytol (M47), (+)-Pinocarvone (M21), 2-Nonanol (CAS) (M14), cis-Carveol (M30), (+)-
Carvone (M31), Cyclohexanol,2-methylene-5-(1-methylethenyl)- (M24), 1R-a-Pinene (M2),
(-)-Myrtenol (M27), trans-p-Mentha-2,8-dienol (M16), trans-Pinocarveol (M18), 2-
Cyclohexen-1-ol,1-methyl-4-(1-methylethenyl)-,trans- (M17), and Carveol (M29). In addition
to the above metabolites, the Java cardamom leaves contain high secondary metabolites in
Acetic acid,3-(2,2-dimethyl-6-methylene-cyclohexylidene)-1-methyl-butyl Ester (M44),
Cyclohexene,6-ethenyl-6-methyl-1-(1-methylethyl)-3-(1-methylethylidene)-,(S)- (M43),
trans-Calamenene (M42), p-Mentha-1,5,8-triene (CAS) (M40), Teresantalol (CAS) (M36),
4,8-Dimethyl-2-(2-methyl-1-propenyl)-1-oxaspiro[4.5]dec-7-ene (M38), a-Terpinene (M41),
ar-Curcumene (M45), a-Copaene (M32), and B-Selinene (CAS) (M33), but were low in the
stems of Java cardamom. While in the stems, the secondary metabolite content is high in 1,8-
Cineole (M10), Cyclopentane, 1,2-dimethyl-3-(1-methylethenyl)- (M20), Hexadecanoic Acid,
1-methylethyl Ester (CAS) (M46), 4-Terpineol (M23), a-Phellandrene (M9), and Camphene
(CAS) (M4). Interestingly, the Java cardamom stems have a higher DPPH antioxidant activity
than the fruits (pods and seeds) and rhizomes parts (27.38 mol TEAC/g FW); this may be due
to the higher content of 1.8-Cineol in the stems compared to the other three parts. Previous
studies reported that the compounds 1.8-Cineol [77,78] and 4-Terpineol [57] have antioxidant
activity.

4. Conclusions

The results showed that Java cardamom essential oil contained a variable pattern of
monoterpenes, sesquiterpenes, diterpenes, and other compounds. 1.8-Cineol is the main
compound of the studied Java cardamom essential oil. The compounds y-terpinene, delta-
Terpineol, and 4-Terpineol were found in every part of the Java cardamom plant. The
chemometric analysis concluded that (+-)-Linalool, o-Pinene, B-Sesquiphellandrene, a-
Thujene, B-Myrcene, (-)-B-Bisabolene, y-Terpinene, a-Phellandrene, 1,8-Cineole, Camphene
(CAS), and 4-Terpineol are secondary metabolites responsible for antioxidant activity in Java
cardamom essential oil. Therefore, the fruits (pods and seeds) part can be used as a source of
secondary metabolites potential as antioxidants.
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