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ABSTRACT

Cardamom (Amomum cardamomum) is a herbal plant with various phytochemical
compounds such as phenols, starch, tannins, terpenoids, flavonoids, and antioxidants.
Cardamom of the same type but originating from different regions can produce variations in
the content of metabolites. This study aimed to select cardamom accession containing high
starch, chlorophyll, and antioxidant capacity. The research was conducted at Biopharmaca
Experimental Garden, Cikabayan IPB University from March to August 2022 using four
cardamom accessions, i.e.,, Bogor Hijau, Bogor Merah, Ciamis and Sukabumi. Three leaves
were taken for each accession, with three replications. The leaves taken were numbers 5, 6,
and 7 counted from the tops of the cardamom plant. The methods used in this study were the
phenol-sulfuric acid method, the DMSO method, the DPPH method, and the CUPRAC method.
The results showed that the highest starch content was produced by the cardamom of Bogor
Merah accession, with an average of 3.63 g (100 g)-* FW. The highest total chlorophyll
content was found in the cardamom of Bogor Hijau accession, with an average of 1.9 mg g-!
FW. At the same time, the highest antioxidant capacity using the DPPH method was produced
by the cardamom of the Sukabumi accession with an average of 1.28 umol TE g FW. In
comparison, the highest antioxidant capacity of the CUPRAC method was produced by the
cardamom of the Bogor Hijau accession with an average of 5.71 umol TE g* FW. Thus, it is
recommended to use Bogor Merah dan Bogor Hijau accession for further evaluation.

Keywords: accession, antioxidant activity, cardamom leaves, chlorophyll, starch

INTRODUCTION

Cardamom (Amomum cardamomum) is a type of herbal plant from a group of shrubs
from the Zingiberaceae family. The cardamom plant has distinctive characteristics such as
pseudo stems, round fruit and green tillers. Cardamom plants generally have a height of
about 1.5 m with a characteristic single leaf on each stem. The green leaves attached to
cardamom have a pinnate shape on the bones, with a length of about 25-35 cm and a width
of about 10-12 cm (Algamari et al,, 2017). This plant is known to have properties as
traditional medicine and has the potential as an export commodity. Cardamom also has
economic value in other fields, such as cooking and cosmetics (Nurzaman et al., 2020).

Cardamom is one of the essential spice commodities in Southeast Asia because of its
sizeable contribution to the total production of biopharmaceutical plants in Indonesia.
The total production of cardamom in Indonesia in 2020 was 62,923 ton with the export
volume reaching 6,248 tons or US$ 8 million (Suhartini et al., 2021). Indonesia itself has
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two types of cardamom that are best known in society, namely cardamom across
(Elettaria cardamomum) and Javanese cardamom (Amomum compactum) (Setyawan et
al,, 2014). These two types of cardamom are differentiated based on agroecology. Javanese
cardamom is native to Indonesia and becomes primary cardamom production because
more adaptive and easy to cultivate. Cardamom across is less tolerant to dry environments
(Nurzaman et al., 2020), thus more difficult to cultivate in Indonesia.

According to Borges et al. (2017), the same plant species can contain various
metabolites. Variations in the content of these metabolites are related to the factors that
influence them, such as the environmental conditions in which plants grow (Komala et al.,
2022). The synthesis of phytochemical compounds in plants can be induced by
interactions between plants and the environment in which they grow. The growing
environment of these plants can be affected by the presence of other organisms, ambient
temperature, rainfall, humidity, solar radiation, and the number of nutrients in the soil. All
of the previously mentioned can affect the resulting plant metabolites (Putri, 2020). In
addition, a growing environment with high levels of carbon dioxide (CO,) can increase the
production of metabolites in plants, especially plant secondary metabolites, as a form of
self-protection from environmental stress (Utomo et al, 2020). In cardamom, both
environmental and genetic factors affect metabolites profile (Setyawan et al., 2014).

Cardamom is one of the most popular spice plants in Indonesia. The selection of
quality cardamom accessions is essential to get good production results. In selecting
quality cardamom accessions, chlorophyll, starch, and antioxidant capacity levels should
be the primary considerations. The accession of cardamom, which has high levels of
chlorophyll and starch and good antioxidant capacity, can improve product quality and
provide health benefits for consumers. Chlorophyll is necessary for photosynthesis, the
process by which plants convert solar energy into food (Tanaka & Tanaka, 2011).
Chlorophyll also helps provide glucose due to photosynthesis, which can be used as an
ingredient in starch formation and antioxidant compounds such as phenolics and
flavonoids (Jha, 2019). Research on cardamom plants from various regions of origin
(accessions) needs to be conducted to facilitate the cultivation of cardamom plants. This
study aimed to select cardamom accession containing high starch, chlorophyll, and
antioxidant capacity.

MATERIALS AND METHODS

Cardamom planting was carried out at Biopharmaca Experimental Garden,
Cikabayan IPB from March to August 2022. Evaluation of starch, chlorophyll and
antioxidant levels were tested at the IPB Agricultural Biochemistry Laboratory from
August to October 2022.

The monthly climate in Bogor during research was presented in Table 1. Rainfall is
the amount of rainwater that falls in a particular area in a specific unit or period (daily,
weekly, monthly, or yearly) as measured in millimeters (mm) (Ruhiyat, 2022). Air
temperature is often assumed to vary with the free atmosphere temperature, and the time
interval rate is considered typical of the free atmosphere (Heynen et al,, 2016). Humidity
is defined as the percentage ratio between the partial water vapor pressure and saturated
water vapor pressure (Indarwati et al., 2019).

Sampling method and extraction

Four cardamom genotypes were obtained from the Bogor area (green and red
cardamom types), Ciamis, and Sukabumi, corresponding to Bogor Hijau, Bogor Merah,
Ciamis and Sukabumi accessions. Each accession used 30 plants planted in the
Biopharmaca Experimental Garden, IPB University (-6.547030,106.715883). Plants are
divided into five clumps, each clump had six plants. The spacing between plants was 10
cm, while the distance between plant clumps was one meter. Analysis was carried out after
plants establish for 6 months in the field.
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Table 1. Monthly data of climate in the Bogor region (BPS, 2023a; BPS, 2023b; BPS

2023c¢).
Month Rainfall (mm) Air temperature (°C) Humidity (%)
March 113.2 26.10 85.00
April 316.6 26.40 85.00
May 228.5 26.50 85.00
June 463.7 25.50 86.00
July 358.1 26.20 80.00
August 384.9 26.10 83.00

Three leaves were taken for each accession, with three replications. The collected
leaves were number 5, 6, and 7 counted from the growing points for evaluation of
chlorophyll, starch and antioxidant contents. A sampling of cardamom leaves was carried
out by cutting cardamom leaves using garden shears. The fresh leaves were then stored in
a cooling box filled with ice for further analysis.

The leaves were ground using a fine mortar into a paste. A fresh paste of cardamom
leaves, as much as 4 g, was added to 20 mL of 70% ethanol in Erlenmeyer. This mixture
was heated in a microwave oven for 3 minutes at 45W power. After that, the mixture was
filtered using filter paper (Whatman No. 42). The final volume of the filtered filtrate was
added to 20 mL to obtain an extract concentration of 0.2 g mL-1l. The extract filtrate
obtained will be used in the antioxidant analysis.

Analysis of starch content

As much as 0.5 g of fresh cardamom leaf paste was added to 10 mL of distilled water
and stirred for 5 minutes. Then 13 mL of 52% perchloric acid (HC10,) was added to the
mixture and stirred again for 20 minutes using a magnetic stirrer. A total of 100 mL of
distilled water was added to the mixture, then filtered and added distilled water again
until the final volume was 250 mL. A total of 1 mL of sample filtrate was added with 1 mL
of 5% phenol in a test tube. 5 mL of concentrated sulfuric acid (H,SO,) was added to this
solution and immersed in water for 10 minutes. The absorbance of the solution was
measured with a UV-Vis spectrophotometer at a wavelength of 490 nm. The standard used
was glucose with concentration series of 0, 15, 30, 45, 60, 80, 90, 105, and 120 ppm.

Analysis of chlorophyll levels

As much as 0.1 g of fresh cardamom leaves were cut into small pieces, then 7 mL of
DMSO was added in a test tube. The mixture was heated in a water bath at 65 °C for 25
minutes. The heated filtrate was transferred to a new test tube with the addition of DMSO
until the final volume was 10 mL. The blank used a solution of DMSO. Sample absorbance
measurement was measured at a wavelength of 663 and 645 nm. The chlorophyll content
was determined by Arnon's equation (1949), namely:

Chlorophyll a (mg g-1) = ([(12.7xA663) - (2.69xA645)] xV)/((1000xW))
Chlorophyll b (mg g1) = ([(22.9xA645) - (4.68xA663)] xV)/((1000xW))
Total Chlorophyll (mg g1) = ([(20.2xA645) +(8.02xA663)] xV)/((1000xW))

Information:

A = measured absorbance

V = volume of solution (mL)
W = fresh sample weight (g)

DPPH antioxidant test

A 100 pL of ethanol extract from fresh cardamom leaves was added to 100 pL of
DPPH solution and incubated at room temperature for 20 minutes in the dark. The
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absorbance of the solution was measured at a wavelength of 515 nm using a nano
spectrophotometer (BMG Labtech). Free radical inhibition activity was expressed in pmol
TE g1 fresh weight (FW) and the Trolox standard used has a range of 0-100 pmol.

Cupric Ion reducing antioxidant capacity (CUPRAC) test

A 50 uL of cardamom leaf ethanol extract was added with 50 pL CuCl, 0.01 M, 50 pL
neocuproine 0.0075 M, and 50 pL. ammonium acetate buffer pH 7. The solution was then
incubated at room temperature for 30 minutes in the dark. The absorbance of the solution
was measured at a wavelength of 450 nm using a nano spectrophotometer (BMG Labtech).
The antioxidant capacity was expressed in pmol TE g’ FW and the Trolox standard used
has a range of 0-800 umol.

Statistical analysis

Data on starch content, chlorophyll, and antioxidant capacity of cardamom leaves of
various accessions were collected and processed using Microsoft Office Excel 2019. Data
were analyzed using the ANOVA method and Tukey's post-hoc test using IBM SPSS
Statistics 25. The resulting data were presented as bar charts using GraphPad Prism 8.
Similarities in metabolite content between accessions were analyzed using hierarchical
cluster analysis using IBM SPSS Statistics 25.

RESULTS AND DISCUSSION

Starch content

Starch is a phytochemical compound in cardamom, apart from phenols, tannins,
terpenoids, flavonoids, proteins, and sterols (Moulai-Hacene et al., 2020). Starch in plant
leaves functions in the repair and maintenance of stomata (Putri & Zubaidah, 2017). In
addition, starch is a type of carbohydrate composed of two main components: amylose
and amylopectin. Both of these polymers are composed of glucose monomers bonded to
each other. This study measured the starch content of cardamom leaves using the phenol-
sulfuric acid method, and glucose was used as a standard. The standard glucose curve
obtained had an R2 value of 0.9901 (Figure 1).
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Figure 1. Correlation of glucose concentration and absorbance value in
spectrophotometer.

Starch content was calculated based on the number of hydrolyzed glucose monomers
from amylose and amylopectin. Starch hydrolysis is carried out with 52% perchloric acid
so that the simple sugars contained in starch can react with phenol and sulfuric acid. The
hydrolysis reaction between sulfuric acid and glucose will form hydroxymethyl furfural
compounds and produce a yellowish-orange color when reacted with phenol (Qalsum et
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al,, 2015). The starch content of cardamom leaves produced from various accessions is
presented in Figure 2.
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Figure 2. Starch content of cardamom accessions. Values followed by different letters are
significantly different at p < 0.05 and Tukey test 5%. Mean * SD.

Based on Figure 2 the starch content of the four cardamom leaf accessions, Bogor
Merah was the accession with the highest starch content, with an average value of 3.63 g
(100 g)* FW; followed by Bogor Hijau with an average starch content of 3.54 g (100 g)!
FW and Sukabumi with an average starch content of 2.84 g (100 g)-! FW. Ciamis cardamom
was the accession that produced the lowest starch content of all accessions, with an
average value of 2.22 g (100 g)* FW. The accessions of Bogor Merah and Bogor Hijau are
similar in Tukey's test. On the other hand, Ciamis and Sukabumi accessions showed
significant differences, as shown by the values that were quite far between the two. These
results indicate the influence of the region of origin (accession) on the starch content
produced.

The starch content in cardamom leaves is still shallow compared to starch produced
by tubers and rice, such as arrowroot tubers which contain more than 85% starch
(Irawan, 2012). The proportion of amylose and amylopectin undoubtedly influences the
starch content in a plant. The difference in these proportions is influenced by several
factors present in the location where a plant grows, such as water availability,
temperature differences, soil moisture, soil type, soil pH, light intensity, harvesting age,
climate, and the plant variety itself (Polnaya et al., 2015; Vinolina, 2014).

Chlorophyll content of cardamom leaves

Chlorophyll has a vital role in the formation of materials needed by plants to grow
and develop, is located in the thylakoid membrane, the primary light-absorbing pigment
and significantly influences plant photosynthesis (Nugroho et al., 2021). The chlorophyll
content is influenced by various factors, such as plant age, genetics, and leaf morphology
(Dharmadewi, 2020). In comparison, chlorophyll b is a photosynthetic antenna that
collects light to be transferred to the reaction center. The light energy is quickly converted
into chemical energy in the photosynthesis reaction center (Dharmadewi, 2020). The
chlorophyll content analyzed in this study included chlorophyll a, b, and all chlorophyll
contained in cardamom leaves. The chlorophyll content obtained from the research is
presented in Figure 3.
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Figure 3.

Chlorophyll a (Figure 3a) of cardamom leaves from the four accessions showed a
value range of 0.7-2.6 mg g1 FW. The highest chlorophyll a was produced by Bogor Hijau
cardamom (2.6 mg g FW), while the lowest content was produced by Ciamis cardamom
(0.7 mg g1 FW). Furthermore, the chlorophyll b content (Figure 3b) of cardamom leaves
from the four accessions showed a value range of 0.25-0.6 mg g1 FW. Like the chlorophyll
content, the cardamom leaves of Bogor Hijau accession also had the highest chlorophyll b
content (0.6 mg g’ FW), and cardamom accession Ciamis produced the lowest chlorophyll
b content (0.25 mg g1 FW). The total chlorophyll content (Figure 3c) of cardamom leaves
from the four accessions yielded values of 0.9-1.9 mg gt FW. In this case, the highest total
chlorophyll content was still produced by Bogor Hijau (1.9 mg g1 FW), and the lowest total
chlorophyll content was also produced by cardamom accession Ciamis (0.9 mg gt FW).
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Chlorophyll content of cardamom of different accessions. (a) Chlorophyll a, (b) chlorophyll b, and (c) total
chlorophyll content. Mean + SD.
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However, all cardamom leaf accessions showed no significant differences, either in
chlorophyll a and b or in total chlorophyll. The variance supports this result in the a value,
which is greater than 0.05 in the Tukey test. According to Posumah (2017), if the results
of the variance analysis show that the value is more significant than 0.05, then the
treatment is not significantly different from the variables analyzed. These results indicate
that the influence of cardamom's region of origin (accession) does not significantly affect
the resulting chlorophyll content.

DPPH antioxidant capacity

Antioxidants are compounds that play a role in inhibiting free radicals of oxygen
species with unpaired electrons with reactive properties and can cause cell oxidation
(Pramesti, 2013; Andarina & Djauhari, 2017). Inhibition of free radicals by antioxidants is
done by binding to free radicals so that oxidation reactions do not occur. Antioxidants,
including the leaves, are also found in cardamom plants (Muna et al., 2019). Antioxidant
testing in this study used the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, and Trolox
was used as a standard. The Trolox-DPPH standard curve obtained has an R? value of
0.921 (Figure 4). This method is based on reducing DPPH compounds with the sample's
antioxidants. DPPH is a stable purple solution that can absorb light at a wavelength of 515
nm. A change in color from purple to yellow, accompanied by a decrease in absorbance at
a wavelength of 515 nm, indicates that the sample can be a source of antioxidants (Mishra

etal, 2012).
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Figure 4. Correlation of Trolox-DPPH concentration and absorbance value in
spectrophotometer.

Based on the results of measuring the antioxidant activity of the DPPH method
(Figure 5), which was carried out on accession cardamom leaf extract, it was found that
the highest antioxidant activity was cardamom Sukabumi accession, with an average value
of 1.28 umol TE g* FW. Then followed by Ciamis cardamom, which produced an average
antioxidant content value of 0.81 umol TE g1 FW and Bogor Hijau cardamom, with an
average antioxidant content value of 0.73 pmol TE g1 FW. The lowest antioxidant activity
content was found in Bogor Merah cardamom, which has an average value of 0.31 pmol
TE g1 FW. The results showed there was a significant difference in Tukey's test.

Meanwhile, the other two accessions formed a separate group. These results indicate
that the influence of the cardamom plant's region of origin (accession) also influences the
antioxidant capacity produced. However, the antioxidant capacity produced is still far
below the antioxidant capacity of cardamom leaf essential oil studied by Arista et al.
(2022), which is 19.07 mol TEAC g* FW. The sample type might influence this significant
difference in the results analyzed because Arista et al. (2022) used essential oils extracted
directly from cardamom leaves. While the antioxidant test in this study only used fresh
cardamom leaf samples without essential oil extraction.
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Figure 5. Antioxidant activity test using the DPPH method. Values followed by different
letters are significantly different at p < 0.05 and Tukey test 5%. Mean * SD.

CUPRAC antioxidant capacity

Tests for antioxidant capacity that can be done besides the DPPH method are Cupric
Reducing Antioxidant Capacity (CUPRAC). The antioxidants tested by the CUPRAC method
were seen based on the antioxidant power of polyphenolic compounds and vitamin E. The
choice of this method for determining antioxidant capacity was based on its stability
against free radicals and tended to have a low redox potential, so it is more selective (Roni
et al, 2022). The principle of the CUPRAC method is electron donation with
bis(neocuproine) copper (II) chelate reagent (Karahalil and Sahin, 2011). Testing with the
CUPRAC method is very efficient for glutathione and thiol antioxidant types and is more
selective for compounds that are not oxidized in the DPPH method. This efficiency is due
to the small redox potential of Cu?** metal. The smaller the redox potential, the faster the
reaction (Apak et al., 2005). Measurement of the antioxidant capacity of the CUPRAC
method also uses trolox as a standard with an RZ value of 0.9893 (Figure 6).
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Figure 6. Correlation of Trolox- CUPRAC concentration and absorbance value in
spectrophotometer.

The antioxidant capacity (reducing power) in the CUPRAC method is influenced by
the flavonoid compounds contained in the sample. These flavonoid compounds play a role
in reducing metal ions, for example, copper. The more vital reduction ability of an
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antioxidant compound indicates its higher capacity. However, the antioxidant capacity of
a sample is not always directly proportional to the total flavonoid content; of course, other
compounds can also act as antioxidants besides flavonoids. Other compounds contained
in cardamom that can act as antioxidants include triterpenoids, saponins and tannins. This
compound will reduce metal ions during the CUPRAC test (Fithriani et al., 2015).

The analysis of antioxidant capacity using the CUPRAC method showed that the
highest antioxidant capacity was found in Bogor Hijau cardamom, with an average value
of 5.71 pmol TE g1 FW, then followed by Bogor Merah cardamom, which produced an
average antioxidant capacity of 4.9 pmol TE g! FW and Sukabumi cardamom, with an
average value of 2.81 pmol TE g! FW (Figure 7). The lowest antioxidant capacity was
found in the Ciamis sample with an average of 2.52 pmol TE g1 FW. Tukey's other test
results on the antioxidant capacity of cardamom leaves based on accession showed
significant differences in the four samples. This statement is proven by forming two
accession groups with similar antioxidant capacities. Bogor Merah and Bogor Hijau
cardamoms form one group with similar antioxidant capacities, while Ciamis and
Sukabumi cardamoms form the same group with lower antioxidant capacities (Figure 8).
Figure 8 shows two clusters formed with Bogor Merah and Bogor Hijau as the first cluster,
and Ciamis and Sukabumi as the second cluster. These results indicate an effect of
cardamom plants' accession or region of origin on antioxidant capacity.

Correlation between the antioxidant capacity with starch content and total chlorophyll

Pearson correlation analysis evaluated the degree of association between
metabolites (starch and chlorophyll) and the resulting antioxidant capacity. A high degree
of association (R = 0.8684) and significant (p <0.05) resulted from the correlation between
starch content and the antioxidant capacity of the CUPRAC method (Figure 9a). On the
other hand, the degree of relationship generated by the correlation between total
chlorophyll and the antioxidant capacity of the CUPRAC method yielded R = 0.5931 and a
p-value of 0.04209 (Figure 9b). These results indicate that the resulting correlation
between chlorophyll and CUPRAC is still lower than that of starch and CUPRAC.
Meanwhile, the antioxidant capacity of the DPPH method did not have a close relationship
with the two metabolites analyzed (p > 0.05). These results indicate the presence of other
compounds responsible for the antioxidant capacity of DPPH, which were not analyzed in
this study. Antioxidants in plants can be produced from compounds of the flavonoid group
and other types of compounds (group of vitamins), such as ascorbic acid and a-tocopherol
(Banjarnahor & Artanti, 2014; Santos-Sanchez et al,, 2019).

Antioxidant capacity
(umol TE/g fw)
1

Accession

Figure 7. The results of the antioxidant activity test with the CUPRAC method. Values
followed by different letters are significantly differentat p < 0.05 and Tukey test
5%. Mean # SD.
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Figure 8. Results of cluster analysis of the antioxidant capacity (DPPH and CUPRAC
methods) of four cardamom accessions.

The high chlorophyll content in the leaves reflects the high starch content and
antioxidant capacity because the availability of glucose from photosynthesis can be
fulfilled (Zhong et al.,, 2016). The adequacy of glucose in plants can be used as a storage
material, such as starch, and to form antioxidant compounds, such as phenolics and
flavonoids. Plants rich in antioxidant compounds will undoubtedly produce a high
antioxidant capacity (Kschonsek et al.,, 2018).

The chlorophyll, starch, and antioxidant capacity content can be affected by climate
change in an area (Parmesan & Hanley, 2015). Adequate rainfall will help increase
chlorophyll productivity because the intensity of sunlight and the water needs needed in
the photosynthesis process can be fulfilled (Du et al,, 2017). In addition, suitable air
temperature and humidity can promote plant growth and produce plant metabolites.
Similar plants grown in different climates will certainly produce differences in metabolite
content (Hatfield & Prueger, 2015). Therefore, in this study, the four cardamom accessions
were planted in the same place so that no climate differences occurred in the four
cardamom accessions, which could affect their metabolite content.
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Figure 9. Correlation analysis between metabolites and antioxidant capacity. (a) Pearson’s correlation between
antioxidant capacity and starch content. (b) Pearson’s correlation between antioxidant capacity and total

chlorophyll.
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CONCLUSIONS

The metabolites content varied in cardamom accession. The cardamom accession of
Bogor Merah produced the highest starch content while Bogor Hijau cardamom produced
the highest chlorophyll content and antioxidant capacity in the CUPRAC method.
Cardamom accession from Sukabumi produced the highest antioxidant capacity in the
DPPH method. In contrast to the cardamom accession of Ciamis, which produced starch,
chlorophyll and antioxidant capacity by the CUPRAC method with the lowest values
among the four cardamom accessions analyzed.

ACKNOWLEDGEMENTS

The author would like to thank the Department of Biochemistry, Faculty of
Mathematics and Natural Sciences IPB University for their support during the research.

REFERENCES

Algamari, M., Tarigan, D. M., & Alridiwirsah. (2017). Cultivation of Medicinal Plants and Spices. (In Indonesian.).
UMSU Press.

Andarina, R., & Djauhari, T. (2017). Antioxidant in dermatology. (In Indonesian.). Jurnal Kedokteran dan Kesehatan,
4,39-48.

Apak, R. A, Gugly, K, Ozyurek, M., Karademir, S. E., & Altun, M. (2005). Total antioxidant capacity assay of human
serum using copper (II)-neucuproine as chromogenic oxidant: the cuprac method. Free Radical Research, 39,
949-961. https://doi.org/10.1080/10715760500210145

Arista, R. A, Priosoeryanto, B. P., & Nurcholis, W. (2022). Profile volatile compounds in essential oils on different
parts of cardamom with antioxidant activity. Biointerface Research in Applied Chemistry, 13, 1-17.
https://doi.org/10.33263/BRIAC134.328

Banjarnahor, S. D., & Artanti, N. (2014). Antioxidant properties of flavonoids. Medical Journal of Indonesia, 23(4),
239-44.

Borges, C. V., Minatel, . 0., Gomez, G. H. A,, & Lima, G. P. P. (2017). Medicinal plants: influence of environmental
factors on the content of secondary metabolites. Medicinal Plants and Environmental Challenges. 259-277.
https://doi.org/10.1007/978-3-319-68717-9_15

BPS (2023a). Rainfall at the Bogor climatological observation observation station by month, 2019-2022. (In
Indonesian.). https://jabar.bps.go.id/indicator/151/430/1/-curah-hujan-di-stasiun-pengamatan-
klimatologi-bogor-menurut-bulan.html

BPS (2023b). Temperature observations at the Bogor climatology station by month,, 2019-2022. (In Indonesian.).
https://jabar.bps.go.id/indicator/151/426/1/pengamatan-suhu-di-stasiun-klimatologi-bogor-menurut-
bulan-.html

BPS (2023c). Air humidity at the Bogor geophysical observation station by month, 2021-2022. (In Indonesian.).
https://jabar.bps.go.id/indicator/151/760/1/kelembaban-udara-di-stasion-pengamatan-gofisika-bogor-
menurut-bulan.html

Dharmadewi, A. A. (2020). Analysis of chlorophyll content in several types of green vegetables as an alternative to
food supplement. (In Indonesian.). Jurnal Emasains: Jurnal Edukasi Matematika dan Sains, 9, 171-176.
https://doi.org/10.5281/zenodo0.4299383

Du, E,, Dong, D., Zeng, X,, Sun, Z,, Jiang, X., & de Vries, W. (2017). Direct effect of acid rain on leaf chlorophyll content
of terrestrial plants in China. Science of the Total Environment, 605, 764-769.

Fithriani, D., Amini, S., Melanie, S., & Susilowati, R. (2015). Phytochemical test, total phenol content and antioxidant
activity of microalgae Spirulina sp., Chlorella sp., dan Nannochloropsis sp. (In Indonesian.). Jurnal Pascapanen
dan Bioteknologi Kelautan dan Perikanan, 10, 101-109. http://dx.doi.org/10.15578/jpbkp.v10i2.222

Hardiningtyas, S. D., Purwaningsih, S., & Handharyani, E. (2014). Antioxidant activity and hepatoprotective effect of
white-api mangrove leaves. (In Indonesian.). jurnal Pengolahan Hasil Perikanan Indonesia, 17, 80-91.
https://doi.org/10.17844 /jphpi.v17i1.8140

Hatfield, J. L., & Prueger, ]. H. (2015). Temperature extremes: Effect on plant growth and development. Weather and
Climate Extremes, 10, 4-10.

Heynen, M., Miles, E., Ragettli, S., Buri, P., Immerzeel, W. W., & Pellicciotti, F. (2016). Air temperature variability in a
high-elevation Himalayan catchment. Annals of Glaciology, 57(71), 212-222.


https://doi.org/10.1080/10715760500210145
https://doi.org/10.33263/BRIAC134.328
https://doi.org/10.1007/978-3-319-68717-9_15
https://jabar.bps.go.id/indicator/151/430/1/-curah-hujan-di-stasiun-pengamatan-klimatologi-bogor-menurut-bulan.html
https://jabar.bps.go.id/indicator/151/430/1/-curah-hujan-di-stasiun-pengamatan-klimatologi-bogor-menurut-bulan.html
https://jabar.bps.go.id/indicator/151/426/1/pengamatan-suhu-di-stasiun-klimatologi-bogor-menurut-bulan-.html
https://jabar.bps.go.id/indicator/151/426/1/pengamatan-suhu-di-stasiun-klimatologi-bogor-menurut-bulan-.html
https://jabar.bps.go.id/indicator/151/760/1/kelembaban-udara-di-stasion-pengamatan-gofisika-bogor-menurut-bulan.html
https://jabar.bps.go.id/indicator/151/760/1/kelembaban-udara-di-stasion-pengamatan-gofisika-bogor-menurut-bulan.html
https://doi.org/10.5281/zenodo.4299383
http://dx.doi.org/10.15578/jpbkp.v10i2.222
https://doi.org/10.17844/jphpi.v17i1.8140

Damarhati et al. / Indonesian J. Agron., 51(2), 221-233 232

Indarwati, S., Respati, S. M. B., & Darmanto, D. (2019). Power requirements for air conditioners when differences in
temperature and humidity occur. (In Indonesian.). Majalah I[Imiah Momentum, 15(1).

Irawan, E. P. (2012). Optimization of bioethanol production from arrowroot flour (Maranta arundinacea Linn.) with
variations in pH, starch content and commercial yeast sources [Doctoral dissertation, UAJY]. (In Indonesian.).
Universitas Atma Jaya Yogyakarta Library. http://e-journal.uajy.ac.id/34/

Jha, Y. (2019). Regulation of water status, chlorophyll content, sugar, and photosynthesis in maize under salinity by
mineral mobilizing bacteria. Photosynthesis, Productivity and Environmental Stress, 75-93.

Karahalil, F. Y., & Sahin, H. (2011). Phenolic composition and antioxidant capacity of cherry laurel (Laurocerasus
officinalis Roem.) sampled from Trabzon Region, Turkey. African Journal of Biotechnology, 10, 16293-16299.
http://dx.doi.org/10.5897/A]B11.1929

Komala, N., Aisyah, S. I, & Nurcholis, W. (2022). Mutation Induction with Colchicine on Javanese Cardamom
(Amomum compactum Soland. Ex Maton) Generation MV1. (In Indonesian.). Jurnal Agronomi Indonesia, 50,
234-241. https://dx.doi.org/10.24831/jai.v50i2.40246

Krisnawan, A. H., Budiono, R,, Sari, D. R., & Salim, W. (2017). Antioxidant potential of local and imported lemon
(Citrus lemon) peel extract and pulp juice. (In Indonesian.). Jurnal Prosiding Seminar Nasional, 1, 30-34.

Kschonsek, J., Wolfram, T., Stockl, A., & B6hm, V. (2018). Polyphenolic compounds analysis of old and new apple
cultivars and contribution of polyphenolic profile to the in vitro antioxidant capacity. Antioxidants, 7(1), 20.

Mishra, K., Ojha, H., & Chaudhury, N. K. (2012). Estimation of antiradical properties of antioxidants using DPPH-
assay: A critical review and results. Food Chemistry, 130, 1036-1043.
https://doi.org/10.1016/j.foodchem.2011.07.127

Moulai-Hacene, F., Mochtaria, Y.B., Soumla, K., & Abdelkader, H. (2020). Chemical composition and antimicrobial
properties  of  Elettaria  cardamomum  extract. = Pharmacognosy  Journal, 12, 1058-63.
http://dx.doi.org/10.5530/pj.2020.12.149

Muna, N., Zakiah, N., Aulianshah, V., Munira, & Sari, A. (2019). Cytotoxic effect of Java cardamom fruit extract
(Amomum compactum Soland. Ex. Maton). (In Indonesian.). Jurnal SAGO Gizi dan Kesehatan, 1, 79-84.
http://dx.doi.org/10.30867 /gikes.v1i1.302

Nugroho, S. A, Taufika, R, & Novenda, I. L. (2021). Analysis of the chlorophyll content of Colocasia esculenta,
Theobroma cacao, Carica papaya; Dieffenbachia sp. Codiaeum variegatum. (In Indonesian.). Jurnal Bioma, 6,
131-143. https://doi.org/10.32528 /bioma.v6i2.5920

Nurzaman, M., Pridani, S. R. D., & Setiawati, T. (2020). Growth response of local cardamom (Amomum compactum
Soland Ex. Maton) and cardamom Sabrang (Elettaria cardamomum (L.) Maton Var. Mysore) to drought stress.
(In Indonesian.). Jurnal Pro-Life, 7, 27-41. https://doi.org/10.33541/jpvol6lss2pp102

Parmesan, C., & Hanley, M. E. (2015). Plants and climate change: complexities and surprises. Annals of botany,
116(6), 849-864.

Polnaya, F. ], Breemer, R., Augustyn, G. H.,, & Tuhumury, H. C. D. (2015). Characteristics of the physicochemical
properties of sweet potato, cassava, taro and sago starch. (In Indonesian.). Agrinimal, 5, 37-42.

Posumah D. (2017). Test the chlorophyll content of red chili (Capsicum annum L.) leaves by using several liquid
organic fertilizers. (In Indonesian.). Jurnal MIPA Unstrat Online, 6, 101-104.
https://doi.org/10.35799/jm.6.2.2017.17963

Pramesti, R. (2013). Antioxidant activity of Caulerpa serrulata seaweed extract by DPPH method. (In Indonesian.).
Buletin Oseanografi Marina. 2(2): 7-15.

Putri, R. A. (2020). Antibacterial activity of cardamom fruit and seed extracts (Amomum compactum Soland EXx.
Maton) against tetracycline-resistant Haemophilus influenzae bacteria [Doctoral dissertation, UIN Syarif
Hldayatullah Jakarta]. (In Indonesian.). UIN Syarif HIdayatullah Jakarta Digital Repository.
https://repository.uinjkt.ac.id/dspace/handle/123456789/55081

Putri, W. D. R, & Zubaidah, E. (2017). Starch: Modifications and Characteristics. (In Indonesian.). Universitas
Brawijaya Press.

Qalsum, U., Diah, A. W. M., & Supriadi. (2015). Analysis of carbohydrates, fats, and proteins from gadung type mango
(Mangifera indica L) seed meal. (In Indonesian.). Jurnal Akademika Kimia, 4, 168-174.

Roni, A, Kurnia, D., & Hafsyah, N. (2022). Determination of flavonoid content and antioxidant activity in brotowali
stem extract (Tinospora crispa L.) using the CUPRAC method. (In Indonesian.). Jurnal Ilmiah Ibnu Sina, 7, 165-
173. https://doi.org/10.36387 /jiis.v7i1.856

Ruhiat, D. (2022). Implementation of the Gumbel opportunity distribution for planning rainfall data analysis. (In
Indonesian.). Teorema: Teori dan Riset Matematika, 7(1), 213-224.



http://dx.doi.org/10.5897/AJB11.1929
https://dx.doi.org/10.24831/jai.v50i2.40246
https://doi.org/10.1016/j.foodchem.2011.07.127
http://dx.doi.org/10.5530/pj.2020.12.149
http://dx.doi.org/10.30867/gikes.v1i1.302
https://doi.org/10.32528/bioma.v6i2.5920
https://doi.org/10.33541/jpvol6Iss2pp102
https://doi.org/10.35799/jm.6.2.2017.17963
https://repository.uinjkt.ac.id/dspace/handle/123456789/55081
https://doi.org/10.36387/jiis.v7i1.856

Damarhati et al. / Indonesian J. Agron., 51(2), 221-233 233

Santos-Sanchez, N. F. Salas-Coronado, R., Villanueva-Cafiongo, C., & Hernandez-Carlos, B. (2019). Antioxidant
compounds and their antioxidant mechanism. Antioxidants, 10, 1-29.

Setyawan, A. D., Wiryanto, Suranto, Bermawie, N., & Sudarmono. (2014). Short communication: comparisons of
isozyme diversity in local Java cardamom (Amomum compactum) and true cardamom (Elettaria
cardamomum). Nusantara Bioscience, 6, 94-101. https://doi.org/10.13057 /nusbiosci/n060114

Seulalae, A. V. (2018). Antioxidant activity of golden snail egg biopigment fraction [Doctoral dissertation, IPB
University]. (In Indonesian.). IPB Digital Repository. https://repository.ipb.ac.id/handle/123456789/94200

Suhartini, N. A.,, Widi, R. H.,, & Darusman, D. (2021). Competitiveness of Indonesian nutmeg, mace and cardamom in
the international market. (In Indonesian.). Jurnal Agristan, 3(2), 84-110.

Tanaka, R., & Tanaka, A. (2011). Chlorophyll cycle regulates the construction and destruction of the light-harvesting
complexes. Biochimica et Biophysica Acta (BBA)-Bioenergetics, 1807(8), 968-976.

Utomo, D. S,, Kristiani, E. B. E., & Mahardika, A. (2020). Effect of growing location on levels of flavonoids, phenolics,
chlorophyll, carotenoids and antioxidant activity in horse whip plants (Stachytarpheta Jamaicensis). (In
Indonesian.). Jurnal Bioma, 22, 143-149. https://doi.org/10.14710/bioma.22.2.143-149

Vinolina, N.S. (2014). Increasing the production of Centellosida in Centella asiatica (Centella asiatica) through the
application of phosphorus and methyl jasmonate with different harvesting ages [Doctoral dissertation,
Universitas Sumatera Utara]. (In Indonesian.). Universitas Sumatera Utara Digital Repository.
https://repositori.usu.ac.id/handle/123456789/43650

Zhong, Y., Li, Y., & Cheng, ].]. (2016). Effects of selenite on chlorophyll fluorescence, starch content and fatty acid in
the duckweed Landoltia punctata. Journal of Plant Research, 129, 997-1004.

Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s)
and contributor(s) and not of the publisher(s) and/or the editor(s).

Copyright: © 2023 by the authors. Submitted for possible open access publication under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).


https://doi.org/10.13057/nusbiosci/n060114
https://repository.ipb.ac.id/handle/123456789/94200
https://doi.org/10.14710/bioma.22.2.143-149
https://repositori.usu.ac.id/handle/123456789/43650

