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ABSTRACT 
Cardamom, known by the scientific name Amomum compactum, is a plant from the Zingiberaceae family that contains 
various phytochemical compounds such as polyphenols and alkaloids, which have pharmacological treatment activity. 
Based on previous studies, cardamom fruit extraction has never been optimized to determine its bioactivity as an 
antioxidant. Therefore, this research aims to acquire extraction optimization conditions, including solvent ratio, 
ethanol concentration, and extraction time of the overall phenolic content, flavonoid, and antioxidant activity, using the 
Box–Behnken design. The experimental design was carried out using the Design Expert 13.0 application. The Folin–
Ciocalteu method was used to analyze total phenolic content and the colorimetric method (AlCl3) was used to analyze 
total flavonoid content and antioxidant activity using 2,2-diphenyl-1-picrylhydrazyl and ferric reducing antioxidant 
power. In addition, gas chromatography–mass spectrometry (GC–MS) and liquid chromatography–tandem mass 
spectrometry (LC–MS/MS) were used for the identification of phytochemical compounds. Extraction optimization 
conditions obtained a desirability value of 0.801 with a solvent ratio of 1:15 ml/g, 96% ethanol concentration, and 
extraction time of 1.676 days. Based on optimal extraction results, GC–MS identified 69 compounds (mostly terpenoids 
and polyphenolic compounds), whereas LC–MS/MS identified 20 compounds (mostly acid compounds). The extracts 
were verified and analyzed using the one-sample t-test and %residual standard error. These results indicated that the 
Box–Behnken design can optimize efficacious compound antioxidants from cardamom fruit.

INTRODUCTION
Cardamom belongs to the Zingiberaceae family 

containing various phytochemical compounds such as phenols, 
starch, tannins, terpenoids, flavonoids, proteins, and sterols, which 
are also known as perennial herbs (Moulai-Hacene et al., 2020). 
Based on previous reports, essential oils from cardamom species 
have antibacterial, antifungal, and antioxidant properties, and 

they have been shown to inhibit the growth of cancer cells (Thinh 
et al., 2021). Cardamom is the queen of spices used as a culinary 
ingredient and traditional medicine for asthma, teeth and gum 
infections, and digestive and kidney disorders (Ashokkumar et al., 
2020). Cardamom fruit is widely used as a traditional medicine 
for indigestion and obesity. Chewing cardamom can also freshen 
the breath and clean the teeth. Based on ethnopharmacology, 
cardamom is widely used to treat depression, gallbladder issues, 
bronchitis, infections, influenza, impotence, and dysentery 
(Singletary, 2022). Ivanović et al. (2021) reported that cardamom 
is a potential antioxidant, antimicrobial, and antibacterial inhibitor 
of bacteria and a skin permeation agent. Several studies have 
also described the antioxidant ability of cardamom (Amma et al., 
2015) because of the presence of phytochemical compounds 
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such as terpenoids, phenolic acids, and flavonoids. Furthermore, 
cardamom is known to have an antioxidant ability.

Cardamom contains secondary metabolites that are 
pharmacologically efficacious. Some secondary metabolites 
reported in cardamom are phenolic compounds and flavonoids, 
which are used as antioxidants. Phenolics as antioxidants play a 
role in increasing the activity of antioxidant enzymes or inhibiting 
enzymes that indirectly induce prooxidant effects by attenuating 
reactive oxygen species (ROS) production (Ballard et al., 2018). 
In addition to phenolic compounds, cardamom plants contain 
flavonoid compounds. Flavonoid compounds can be used as 
antioxidants using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
method based on free radical chelating activity. For the position 
and number of hydroxyl groups, degree of polymerization, 
and combination of 4-carbonyl groups, C2=C3 double bonds 
could affect the antioxidant activity of flavonoids using the 
2,2-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) method  
(Zeng et al., 2020).

Extraction is important in recovering phenolic and 
flavonoid compounds, which is influenced by several factors such 
as solvent ratio (Sajid et al., 2019), type of solvent (Qomaliyah 
et al., 2019), and extraction time (Soos et al., 2019). Extraction 
using conventional methods has several disadvantages, such 
as low extraction efficiency, high solvent consumption, high 
extraction temperature, and long extraction time (Cujic et al., 
2016). Consequently, modern extraction techniques in optimizing 
extraction variables must be used to increase extraction efficiency. 
The Box–Behnken design (BBD) is an extraction optimization 
method based on the response surface method for the optimization 
of experiments, which is widely used by researchers in investigating 
and optimizing the parameters of the extraction process. Apart 
from optimizing the extraction process, the BBD also plays a role 

in explaining and identifying the relationship among parameters or 
independent variables such as solvent ratio, ethanol concentration, 
and extraction time that affect the extraction yield (Lin et al., 
2020). The BBD is widely applied in the pharmaceutical, food 
engineering, agrochemical, and other industries, which plays a 
role in extracting biologically active compounds in humans to 
provide polysaccharides, phenolic compounds, and proteins. 
The use of the BBD is considered beneficial because it does not 
contain extreme cubic region points based on the results of the 
combination of two factorial independent variables in the cubic 
area caused by physical constraints in the experiment; thus, the test 
cannot be carried out (Ahmad et al., 2020). The response surface 
methodology is an effective mathematical method and statistical 
technique for optimizing complex experimental processes (Ahmad 
et al., 2020). Based on Ekram and Nashwa’s (2019) research, 
optimizing polyphenol extraction from Malva parviflora L. leaf 
using the BBD is an effective natural ingredient source of DPPH 
radical scavenging bioactive products. However, information 
regarding the optimization of cardamom fruit extraction using the 
BBD combined with three independent variables, namely solvent 
ratio, ethanol concentration, and extraction time, for the recovery 
of polyphenolic compounds (phenolic and flavonoid) is lacking.

This study aimed to obtain optimal conditions for 
extraction based on independent variables, including solvent ratio, 
ethanol concentration, and extraction time, to yield total phenolic 
content (TPC), total flavonoids, and antioxidant activity using the 
BBD. This research can provide knowledge and information about 
the commercial use of cardamom as an alternative plant that is 
effective in the field of pharmacology for future studies.

METHODS
A flowchart of this research is shown as follows:
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Plant sample preparation
Dried cardamom fruit samples were obtained from the 

Tropical Biopharmaceutical Research Center, Bogor Agricultural 
University, Indonesia, with geographic coordinates of 6°18′ 
6°47′10 (southward) and 106°23′45–107° 13′30 (westward), which 
is located in the western part of the Java island, a wet tropical 
climate area with rainfall of 2.500–5.00 mm/year, an average 
temperature of 20°C–30°C, and an annual average temperature of 
25°C. The air humidity is 70%, and the wind speed is relatively 
low, with an average of 1.2 m/s. The cardamom fruit was washed 
with water. Later, an oven set at 45°C was used to dry the fruit 
for 2 days and 1 night. After drying, the sample was ground and 
filtered through a 100-mesh sieve to obtain dried cardamom fruit 
powder and prepared for extraction.

The Box–Behnken Design and extraction
Dried cardamom fruit, which is rich in phenolic and 

flavonoid compounds, was extracted by maceration using 2 g of 
the provisions based on the variables shown in Tables 1 and 2.

Total phenolic content
Analysis of TPC was carried out on the basis of the 

method of Calvindi et al. (2020) with modifications. Moreover, 

20 ml of the sample extract was placed in a 96-well microplate, 
then 120 μl of Folin–Ciocalteu (10%) reagent was added, and the 
plate was placed in a dark room for 5 minutes. Afterward, 80 μl 
of an Na2CO3 solution was added to the sample (10%), and the 
mixture was incubated again in the same place for 30 minutes. 
The absorbance was measured using a microplate reader (Epoch 
BioTek, USA) at a wavelength of 750 nm. The unit of gallic acid 
equivalent in mg was used to express the TPC in a sample (gallic 
acid standard variation, 20–300 ppm) per gram dry weight (DW; 
mg EAG g−1). Triplicate analysis is required for each sample.

Total flavonoid content (TFC)
The TFC was analyzed on the basis of the method of 

Calvindi et al. (2020) with modifications. In a 96-well microplate, 
120 μl of distilled water and 50 μl of the sample extract were added 
to the plate. In addition, 10 μl of aluminum chloride (10%), 10 μl of 
glacial acetic acid, and 50 μl of proanalytical ethanol were added to 
the microplate. The absorbance of the sample was measured using 
a microplate reader after the sample was incubated for 30 minutes 
in the dark and at room temperature (Epoch BioTek, USA) and a 
wavelength of 415 nm. The unit of quercetin equivalent (QE) in mg 
per g (mg/g) of fruit based on DW was used to express the TFC. 
Quercetin with a concentration of 0–50 ppm was used as the standard.

Determination of DPPH antioxidant activity
Analysis of the radical scavenging activity of the 

2,2-diphenylpicrylhydrazyl (DPPH) method was carried out on the 
basis of the method of Nurcholis et al. (2017) with modifications. 
In a 96-well microplate (Costar, USA), 100 μl of cardamom fruit 
extract was added to 100 μl or 125 M of DPPH solution dissolved 
in proanalytical ethanol. Furthermore, absorbance was measured 
at a wavelength of 515 nm using a microplate reader after being 
incubated for 30 minutes at room temperature in the dark. The 

Table 1. Code of the three independent variables of the Box–Behnken 
design.

Variable
Variable code

−1 0 +1

Solvent ratio (g/ml) (A) 1:5 1:10 1:15

Ethanol concentration (%) (B) 50 70 96

Extraction time (d) (C) 1 2 3

Table 2. Experimental design was Box–Behnken design with three independent variables: 
solvent ratio (A), ethanol concentration (B), and extraction time (C).

No test
Variable code

Solvent ratio (g/ml) (A) Ethanol concentration (%) (B) Extraction time (d) (C)

1 1:10 50 3

2 1:10 96 3

3 1:10 50 1

4 1:15 96 2

5 1:5 70 3

6 1:10 70 2

7 1:5 50 2

8 1:5 70 1

9 1:10 70 2

10 1:15 70 3

11 1:5 96 2

12 1:15 50 2

13 1:10 96 1

14 1:15 70 1

15 1:10 70 2
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unit of Trolox equivalent in mol TE/g DW was used to express the 
antioxidant activity of DPPH. Trolox with a concentration of 0–50 
ppm was used as the standard.

Determination of iron-reducing antioxidant strength
The ferric reducing antioxidant power (FRAP) method 

for antioxidant activity determination was used on the basis of 
Benzie and Devaki (2017). Ten microliters of dried cardamom 
fruit extract and 300 μl of FRAP reagent were added to a 96-
well microplate (Costar, USA). The absorbance was measured 
at a wavelength of 593 nm using a microplate spectrophotometer 
(BioTek, Winooski, USA) after being incubated for 4 minutes 
at 37°C in a dark room. One milliliter of 10 mM (2,4,6-Tri-(2-
pyridyl)-5-triazine) (TPTZ) solution was mixed into 40 mM HCl 
and 1 ml of 20 mM FeCl3 solution, and then 10 ml of 300 mM 
acetate buffer with pH 3.6 was added to the mixture to make a 
FRAP reagent. The FRAP reagent was incubated for 30 minutes 
at 37°C. The activity of the iron-reducing antioxidant power of 
FRAP was expressed in mol TE/g DW. Trolox with a concentration 
of 0–800 ppm was used as the standard.

Statistical analysis
The extraction optimization results were analyzed 

using the Design Expert 13.0 (trial version) program. The output 
of the optimization stage is the recommendation of several new 
formulas that are optimal based on the program. The significance 
of the mathematical model was verified using branched statistical 
analysis of variance inference (ANOVA), which was used to 
identify the linear models, quadratic models, and interaction 
regression coefficients for each response. The optimum extraction 
verification results were analyzed using the Excel and SPSS 
programs.

Identification of phytochemical compounds by gas 
chromatography–mass spectrometry (GC–MS)

Gas chromatography–mass spectrometry (GC–MS) 
analysis was conducted in the PerkinElmer Clarus 600 GC system 
on the basis of the method of Naz et al. (2020) using organic 
extracts. The Rtx-5MS column was used as the capillary column 
that completes this system (with an internal diameter of 30 m × 
0.25 mm, film thickness of 0.25 m, and maximum temperature 
of 350°C) combined with PerkinElmer Clarus 600C-MS. Helium 
(99.99% purity) was used as carrier gas at a constant flow rate of 
1.0 ml/minute, whereas the temperature of the injection, transfer 
channel, and ion source was set at 290°C. Eventually, ionizing 
energy of 70 eV with electron multiplier voltage was obtained 

from autotune. The oven temperature that lasts for 2 minutes 
was programmed from 60°C to 280°C at a speed of 3°C/min. 
The raw sample was filtered after being diluted with a suitable 
solvent (1/100, v/v). The split ratio was 30:1, and the diluted crude 
extract was injected using a syringe. All data were obtained by 
collecting a mass spectrum scan with a range of 40–550 sma. The 
peak area was used to express the composition of the percentage 
of crude extract constituents. For the identification and chemical 
classification of a compound, the retention time (RT) of GC was 
used. Subsequently, the mass spectrum was obtained from the 
mass spectrum standard library. In addition, the National Institute 
of Standards and Technology (NIST) database was used. Spectrum 
components that have not been identified were compared with 
spectrum components in the NIST library and RT. On the basis of 
the tested extracts, information about the name, molecular weight, 
and structure of the compounds contained therein was obtained

Identification of phytochemical compounds by LC–MS/MS
The chemical profile by liquid chromatography–tandem 

mass spectrometry (LC–MS/MS) analysis was obtained on the 
basis of the research method of Djamila et al. (2020). Quantitative 
and qualitative analysis of phytochemical compounds with LC–
MS/MS instruments was based on a triple mass spectrometer 
model with a combined system of the Shimadzu Nexera Ultra 
High-Performance Liquid Chromatography Flight (UHPLCF) 
model and Shimadzu LCMS 8040. Liquid chromatography 
with a gradient pump model LC-30 AD, degasser model DGU-
20A3R, column oven model CTO-10Asvp, and automatic model 
equipment autosampler from Shimadzu (SIL) was performed. The 
column was separated by chromatography on Agilent using the 
Poroshell model 120 (with EC-C18 size of 2.7 m, 4.6 mm × 150 
mm).

RESULTS AND DISCUSSION

TPC, TFC, DPPH, and FRAP response surface analysis
The BBD, which is part of the response surface method, 

was used to investigate the optimization of total phenolic and total 
flavonoid extraction from Amomum compactum fruit with three 
variables, namely solvent ratio (A), ethanol concentration (B), and 
extraction time (C). Parameter assessment of this optimization 
was used to determine the antioxidant activity. Response surface 
analyses for TPC, TFC, DPPH, and FRAP, and ANOVA from 
BBD are presented in Tables 3 and 4. For the total flavonoid and 
antioxidant content, DPPH showed quadratic model regression 
[Eqs. (1) and (2)]. By contrast, the entire phenolic content and 
FRAP showed a linear regression model [Eqs. (3) and (4)], which 

Table 3. Polynomial equations of response surface analysis for the four responses were tested for TPC, total flavonoids, DPPH radicals, and FRAP.

Test Model Equation

Total phenolic content linear Y = 0.396915 + 0.284740A − 0.009917B − 0.035500C 

Total flavonoids Quadratic Y = 22.44126 − 0.501085A − 0.684391B + 0.285254C + 0.010005AB + 0.005160AC − 0.005903BC + 
0.003209A2 + 0.005071B2 − 0.008154C2

DPPH Quadratic Y = 0.294716 − 0.004814A − 0.012427B + 0.130449C + 0.000024AB + 0.002060AC − 0.004697BC + 
0.001895A2 + 0.000148B2 + 0.049604C2 

FRAP Linear Y = 1.18264 + 0.260870A − 0.011649B + 0.585000C 
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was used to obtain the following equations (ignoring significant 
terms).

 Y = 22.44126 − 0.501085A − 0.684391B + 0.285254C + 
0.010005AB + 0.005160AC
 − 0.005903BC + 0.003209A2 + 0.005071B2 − 0.008154C2 
 (1)
 Y = 0.294716 − 0.004814A − 0.012427B + 0.130449C + 
0.000024AB + 0.002060AC
 − 0.004697BC + 0.001895A2 + 0.000148B2 + 0.049604C2

 (2)
 Y = 0.396915 + 0.284740A − 0.009917B − 0.035500C 
 (3)
 Y = 1.18264 + 0.260870A − 0.011649B + 0.585000C 
 (4)
The quadratic regression model obtained from the 

determination of the TPC showed the effect of extraction time 
(C), the ratio of solvent and ethanol concentration (AB), ratio of 
solvent and extraction time (AC), and the square of the percentage 
of solvents (A2) and the court of ethanol concentration (B2). The 
increase of the TFC was indicated by a positive sign [Eq. (1)]. The 
antioxidant activity of DPPH by reducing radicals also obtained 
a quadratic regression model, which indicated the effect of 
extraction time (C), solvent ratio and ethanol concentration (AB), 
solvent ratio and extraction time (AC), and the square of the solvent 
ratio (A2). In addition, the court of ethanol concentration (B2) and 
the court of extraction time (C2) showed an increased response, 
which was indicated by a positive sign for the determination of 
total flavonoids [Eq. (2)]. Later, analysis of the TPC and FRAP 
obtained linear regression models, showing that the effect of 
solvent ratio (A) had an increased response to the TPC [Eq. (3)], 
and the effect of solvent ratio (A) and extraction time (C) showed 
a positive response, which increased the reducing activity of the 
ferroin analog FRAP [Eq. (4)].

Fitting of RSM models
Statistical analysis of the inference of variance (ANOVA) 

was performed to evaluate the significance of the mathematical 
model used for selecting the best model for TPC, TFC, DPPH, 
and FRAP with 95% confidence intervals. The variance (ANOVA) 
models shown included R2, AdjR2, F-value, and p value. The value 
of R2 is considered valid if it is close to one, which was used to 
evaluate the model’s performance (Dos et al., 2020). Meanwhile, 
the AdjR2 value was used to compare the experimental results with 
the theoretical results, which obtained a range value of 0.4197–
0.9442 and a p value of <0.05 in this study (Table 4), showing 
significant results and indicating that the model was suitable 
(Ahmad et al., 2020).

Based on the result of ANOVA (Table 4), F-statistics 
were used to test the regression model in which the model was 
considered significant if p < 0.05. The results (Table 4) show 
significant regression for the linear TPC (F = 29.50, p < 0.0001) 
and FRAP (F = 4.38, p = 0.0294) models and quadratic TFC (F 
= 20.45, p = 0.0020) and DPPH (F = 27.30, p = 0.0010) models. 
The positive and significant correlation between total phenolic and 
flavonoid contents with antioxidant activity of radical scavenging 
obtained R2 = 0.9801 and p < 0.005, and the antioxidant activity of 
FRAP obtained R2 = 0.5441 and p < 0.005.

Optimization of extraction by the response surface
Optimization of extraction is important to the 

pharmaceutical field to obtain antioxidant compounds (e.g., 
polyphenol compounds) (Azahar et al., 2020). Dried cardamom 
fruit was extracted by maceration based on the combination of 
solvent ratio, ethanol concentration, and extraction time (Table 1) 
as independent variables. As shown in Table 1, the predicted values 
and midpoint of the three independent variables were presented on 
the basis of the initial single-factor experiment results, showing 
that an experimental design consists of 15 factorial experiments 
with three replications from the center point (Table 2). The best 
results were used as responses to the combination of experimental 
design independent variables (Table 2) resulting from the BBD, 
thereby affecting the response variables and producing different 
average results (Table 5) for the total phenolic, flavonoid, DPPH, 
and FRAP test responses.

Based on the measurement results of the phenolic, 
flavonoid, DPPH, and FRAP content shown in Table 5, 
the combination of solvent ratio of 1:15, 70% ethanol, and 
extraction time of 3 days obtained a maximum TPC of 4.6019 
mg/g DW, and the combination of solvent ratio of 1:15, 96% 
ethanol, and extraction time of 2 days obtained the maximum 
TFC of 11.1399 mg/g DW. Moreover, free radical scavenging 
activity using the DPPH method with a combination of 
solvent ratio of 1:15, 96% ethanol, and extraction time of 2 
days obtained a maximum activity of 0.508592 mol TE/g DW, 
whereas the maximum activity of FRAP antioxidant activity 
with a combination of solvent ratio of 1:15, 70% ethanol, and 
extraction time of 3 days obtained 7.21074 mol TE/g DW. This 
result indicates that a high solvent ratio, the use of ethanol with 
different concentrations, and the length of extraction affect the 
activity results of each test. These results are supported by the 
research of Chaves et al. (2020), which states that optimum 
extraction is possible in aqueous solutions with 35%–90% 
ethanol concentrations.

Table 4. Regression coefficient (β), coefficient of determination (R2), and F-value from a linear model 
of response surface for TPC and FRAP and response surface quadratic model for total flavonoid content 

and radical scavenging activity of DPPH.

TPC TFC DPPH FRAP

Linear model Quadratic model Quadratic model Linear model

F 29.50 20.45 27.30 4.38

p <0.0001 0.0020 0.0010 0.0294

R2 0.8895 0.9736 0.9801 0.5441

AdjR2 0.8593 0.9260 0.9442 0.4197
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Table 5. Experimental Box–Behnken design with three independent variables and experimental data levels of total phenolic content (TPC), total 
flavonoids (TFC), DPPH radicals, and FRAP.

No
Variable Response

Solvent ratio 
(g/ml)

Ethanol 
concentration (%)

Extraction time 
(days) TPC (mg GAE/g DW) TFC (mg QE/g DW) DPPH (μmol 

TE/g DW)
FRAP (μmol 
TE/g DW)

1 1:10 50 3 2.4556 1.2958 0.433054 4.10895

2 1:10 96 3 2.1 565 7.8256 0.159217 5.02306

3 1:10 50 1 2.8001 1.0169 0.177439 2.93290

4 1:15 96 2 3.0663 11.1399 0.508592 3.84470

5 1:5 70 3 1.2507 0.6431 0.060112 3.46790

6 1:10 70 2 2.6050 1.6682 0.153350 5.51463

7 1:5 50 2 0.9590 0.3049 0.046172 1.90378

8 1:5 70 1 1.4033 1.1434 0.062736 4.42915

9 1:10 70 2 1.9210 1.4549 0.151252 4.10934

10 1:15 70 3 4.6019 2.0734 0.454250 7.21074

11 1:5 96 2 1.0460 4.6193 0.099934 1.86553

12 1:15 50 2 4.3058 2.5777 0.447790 5.73691

13 1:10 96 1 2.4707 8.1500 0.341682 2.45960

14 1:15 70 1 4.0746 2.4705 0.415662 5.30886

15 1:10 70 2 1.8325 1.4085 0.148962 3.99322

Figure 1. Response surface plots showing the interaction effect of the independent variables of ethanol concentration (%) with solvent-solid ratio (ml/g) (A), Solvent-
solid ratio (ml/g) with extraction time (d) (B), and ethanol concentration (%) with extraction time (d) (C) on response to total phenolic content (TPC).
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Effect of liquid–solid ratio and extraction time on TPC
The TPC of A. compactum fruit is presented in 

Figure 1, showing that the highest TPC was obtained in a solvent 
ratio of 1:15 with 70% ethanol concentration (Fig. 1a), a combined 
solvent ratio of 1:15 with an extraction time of 3 days (Fig. 1b), 
and a combination of 3 days extraction time with 70% ethanol 
concentration (Fig. 1c). The effect of the total solvent ratio affects 
the total phenolic increase. As shown in Figure 1, the phenolic 
content increases with the increase of solvent ratio and extraction 
time. In addition, the highest total phenolic compound content is 
4.6019 mg QE/g DW, where Figures 1a and b show a solvent ratio 
of 1:15, and Figures 1b and c show the combination of solvent 
ratio with extraction time of 3 days. Methanol, ethanol, or water 
or a combination of these three solvents is often used to extract 
phenolic compounds from various plants such as leaves, roots, or 
fruits containing many phenolic compounds, including tannins, 
flavonoids, sterols, and acids (Dos et al., 2020). As shown in 
Figure 1, the TPC increases with the increase of extraction time 
and solvent ratio. Lin et al. (2020) stated that the TPC content 
was strongly influenced by the extraction time, radical scavenging 
of DPPH, and FRAP, and it would increase significantly with the 
solvent (liquid–solid) ratio and reach a maximum point at a solid–
liquid ratio of 60 ml/g.

Effect of liquid–solid ratio and ethanol concentration on TFC
This flavonoid is a polyphenol derivative compound 

with a low molecular weight and a single aromatic ring (Dos et al., 
2020). The content of TFC with a C-4 keto compound group and 
C-3 or C-5 hydroxyl group from the flavone and flavonol groups 
will form a stable acid complex using the (AlCl3) method with an 
ortho-acid group and hydroxyl group in ring A or B of the flavonoid 
compound group (Yahya et al., 2020). The TFC of A. compactum 
fruit is presented in Figure 2, showing that the highest total 
flavonoid was obtained in a solvent ratio of 1:15 with an ethanol 
concentration of 96% (Fig. 2a), a combined solvent ratio of 1:15 
with an extraction time of 2 days (Fig. 2b), and a combination of 2 
days extraction time with 96% ethanol concentration (Fig. 2c). As 
shown in Figure 2, the flavonoid content increases with the ratio 
of solvent and ethanol concentration. Figures 2a and c, as well as 
Figures 2b and c with a solvent ratio of 1:15, show that with 96% 
ethanol concentration the TFC is high (11.1399 mg QE/g DW). This 
result is in line with the research of Shi et al. (2021), which states 
that ethanol concentration affects the TFC during extraction, which 
is an essential factor influencing extraction efficiency. In addition, 
an ethanol concentration of 60%–80% shows a decrease in the TFC, 
whereas ethanol concentrations between 80% and 90% will increase 
the TFC. Meanwhile, a high solvent ratio factor will result in the 
maximum flavonoid content. This result is in line with the research 

Figure 2. Response surface plots showing the interaction effect of the independent variables of ethanol concentration (%) with solvent-solid ratio (ml/g) (A), Solvent-solid ratio 
(ml/g) with extraction time (d) (B), and ethanol concentration (%) with extraction time (d) (C) on response to total flavonoid content (TFC).
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of Zhang et al. (2019), which states that the liquid–solid ratio with 
a liquid–solid contact area will affect flavonoid extraction, where 
high TFC values are obtained from liquid to solid ratios ranging 
from 10 to 35 ml/g.

Effect of liquid–solid ratio and ethanol concentration on 
DPPH radical scavenging bioactivity

The high content of phenolic compounds from plants 
causes high antioxidant capacity. The polyphenolic compounds 
found in these plants show a characteristic inhibition pattern of 
oxidative reactions in vitro and in vivo (Oussaid et al., 2017). The 
structure and composition of phenolic compounds significantly 
affect antioxidant activity. The mechanism for scavenging 
DPPH free radicals is based on electron donation from phenolic 
compounds (Mun’im et al., 2017). The bioactivity of DPPH 
radical scavenging from A. compactum fruit is presented in 
Figure 3, showing that the highest radical scavenging was 
obtained in a 1:15 solvent ratio with 96% ethanol concentration 
(Fig. 3a), a combined solvent ratio of 1:15 with an extraction time 
of 2 days (Fig. 3b), and a combination of 2 days extraction time 
with 96% ethanol concentration (Fig. 3c). Figures 3a and b, as 
well as Figures 3a and c with an ethanol concentration of 96%, 
explain that with a solvent ratio of 1:15 the maximum total DPPH 
radical scavenging activity is 0.508592 mol TE/g DW. This result 

is in line with the research of Zhang et al. (2019), which states 
that a high percentage of ethanol concentration will dramatically 
affect the radical scavenging activity of DPPH and decrease at low 
ethanol concentrations with the decrease of the liquid–solid ratio. 
Therefore, in this study, the rate of ethanol with a concentration of 
96% could produce maximum DPPH radical reduction.

Effect of liquid–solid ratio and extraction time on antioxidant 
activity of FRAP

Antioxidants using the FRAP method (reductants) can 
reduce oxidants and donate electrons, where the higher the FRAP, 
the higher the antioxidant ability (Wang et al., 2021). Antioxidant 
activity using the FRAP method of A. compactum fruit is presented 
in Figure 4. The maximum ROS radical scavenging activity is 
obtained in a solvent ratio of 1:15 with 70% ethanol concentration 
(Fig. 4a), a combination of 1:15 solvent ratio with extraction time 
of 3 days (Fig. 4b), and a combination of 3 days extraction time 
with 70% ethanol concentration (Fig. 4c). Figures 4a and b, as 
well as Figures 4b and c with an extraction time of 3 days, show 
that with a solvent ratio of 1:15 the maximum antioxidant activity 
is 7.21074 mol TE/g DW. These results are consistent with the 
research of Lin et al. (2020), which stated that the value of the 
antioxidant activity of FRAP obtained high results with low wave 
power and high extraction time. The antioxidant activity of FRAP 

Figure 3. Response surface plots showing the interaction effect of the independent variables of ethanol concentration (%) with solvent-solid ratio (ml/g) (A), Solvent-
solid ratio (ml/g) with extraction time (d) (B), and ethanol concentration (%) with extraction time (d) (C) on the response of DPPH radical scavenging activity.

(A) (B)

(C)
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will increase with the decrease of ethanol concentration (Zhang 
et al., 2019).

Optimum extraction formulation and validation
The BBD from the Design Expert 13.0 program resulted 

in the optimum extraction formula for A. compactum fruit, 
including 78 selected combinations with the highest desirability 
value of 0.801 (Fig. 5). The desirability value can determine 
the degree of accuracy of the optimal solution. The closer to 1 
the desirability value, the higher the optimization accuracy. 
Therefore, under optimal conditions, the model validation and 
response values are not significantly different from the predictions  
(Mang et al., 2015). The best combination of the program is a 
solvent ratio of 1:15, with 96% ethanol and an extraction time of 
1.676 days. Afterward, the best combination was verified on the 
same A. compactum fruit sample but extracted with the selected 
mixture (Table 6). The verification results in Table 6 are analyzed 
on the basis of the residual standard error (RSE) and p value in the 
one-sample t-test analysis, which is the value of a model selected 
based on the comparison of the actual with the predicted value. 
An RSE value <5% indicates no significant difference between 

the actual value and the predicted value, implying that the model 
used is suitable (Sulaiman et al., 2017). Based on the results of 
the one-sample t-test analysis, a p value of > 0.05 indicates that 
the predicted value obtained from the optimization results of BBD 
is based on the verification results. The p value states that the 
prediction results match the obtained data (Greenland, 2016).

Phytochemical analysis using GC–MS and LC–MS/MS fruit 
extract of A. compactum

The complex mixture of chemical compounds found in 
plant extracts has an essential role in several biological activities 
(Naz et al., 2020). The results of GC–MS were used to identify 
the content of phytochemical compounds from cardamom extract. 
Medicinal plants contain several chemical compounds, such as 
polyphenol metabolites, which play an essential role in fighting 
oxidative stress (Yu et al., 2015). Given their chemical structure 
rich in hydrogen alkyl groups, these metabolites are the main 
constituents of antioxidants and metal chelate (Gulcin, 2020).

The content of phytochemical compounds in the 
ethanolic extract of dried cardamom fruit can be analyzed and 
identified on the basis of the chromatogram results. Figure 6 shows 

Figure 4. Response surface plots showing the interaction effect of the independent variables of ethanol concentration (%) with solvent-solid ratio (ml/g) (A), solvent-
solid ratio (ml/g) (A), Solvent-solid ratio (ml/g) with extraction time (d) (B), and ethanol concentration (%) with extraction time (d) (C) on the response of FRAP 
antioxidant activity.
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that the chromatogram was used rather than the library contained 
in the instrument to obtain 69 peaks, whose peak width and 
initial threshold are 0.005 and 20, respectively. The compounds 

that have been identified are listed in Table 7. As shown in 
Table 7, chromatogram analysis of the dried cardamom fruit extract  
(A. compactum) obtained various types of compounds with 
different RT. By using GC–MS, most of the compounds identified 
had a molecular mass below 300 g/mole. RT is the time required 
for a compound to be determined on its way through the 
chromatographic column. The compounds identified in the dried 
cardamom fruit extract were classified into several groups of 
compounds, namely hydrocarbons, monoterpenes, sesquiterpenes, 
chlorinated organic compounds, oxygenated monoterpenes, purine 
nucleosides, phenolics, terpenoids, aromatic alcohols, benzene, 
organ oxygen, and organonitrogens, phenylethanolamine, 
propylamine, alkaloids, amides, alcohols, furans, carboxylic 
acids, phenols, ketones, and fatty acids. The results of this 
research are consistent with the results of the identification of 
metabolites obtained by Ivanović et al. (2021), which stated that 
cardamom, which has a distinctive aroma and taste, contains 
mostly fatty acids, pigments, proteins, sugars, cellulose, starch, 
silica, and calcium oxalate with 1,8-cineol (20%–60%), which is 
a terpenoid compound, and terpinyl acetate (20%–50%), which 
is a fatty acid group, being the most dominant compounds. The 
abovementioned phenolic and flavonoid compounds have an 
essential role in bioactivity, one of which is an antioxidant, which 
is based on the research of Ivanović et al. (2021), indicating 
that cardamom is widely used in the pharmaceutical field as an 

Table 6. Experimental data validated the predictive value of TPC, total flavonoids, DPPH radical scavenging activity, and FRAP antioxidant 
activity at optimal extraction conditions.

A B C TPC TFC DPPH FRAP Desirability

Prediction value 15 96% 1.676 3.656 10.723 0.509 4.958 0.801

Actual value 15 96% 1.676 4.7439 3.5069 0.2469 5.187 0.801

%RSE 29.7% −67.29% −51.49% 4.63%

p value 0.076 0.099 0.337 0.074

Figure 6. Chromatogram results of A. compactum fruit samples using GC–MS. 
Retention time: ethylbenzene (2.894), 1,8-cineole (4.901), terpenoids (7.704), 
phenolics (18.089), fatty acids (17.743), and heneicosane (19.117).

Figure 5. Contour plot desirability of the optimum extraction formula of cardamom (Amomum compactum) (A), on TPC (B), TFC (C), DPPH (D), and FRAP (E)
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Table 7. Identification of volatile compounds found in A. compactum fruit extract using GC–MS.

Compound name Compound group MF MW (g/mol) RT Area %

Toluene Hydrocarbon C7H8 92.138 2.142 1.08

Ethylbenzene Hydrocarbon C8H10 106.165 2.894 11.11

p-Xylene Hydrocarbon C8H10 106.165 2.966 8.44

1.4-Dimethyl (-2-H_4)benzene Hydrocarbon C8H6D4 110.190 3.215 2.48

1R-Alpha-pinene Monoterpene C10H16 136.234 3.645 0.77

Sabinene Monoterpene C10H16 136.234 4.117 0.63

Beta-pinene Monoterpene C10H16 136.234 4.181 2.31

Beta-myrcene Sesquiterpene C10H16 136.234 4.286 0.23

Decane Hydrocarbon C10H22 142.282 4.365 0.16

Butylbenzene. 1-methyl-2-(1-methylethyl)- Hydrocarbon C10H14 134.218 4.774 0.74

d-Limonene Monoterpene C10H16 136.234 4.821 0.93

1.8-Cineole Monoterpene C10H18O 154.249 4.910 14.85

Acetamide, 2-chloro- (CAS) Microcide Chlorinated organic compounds C2H4CINO 93.512 5.374 0.22

Fenchone Monoterpene C10H16O 152.233 5.689 1.13

Linalool Oxygenated monoterpenes C10H18O 154.249 5.758 0.33

Acetamide-2-chloro Chlorinated organic compounds C2H4ClNO 93.512 5.802 0.18

Guanosine Nucleotide purine C10H13N5O5 283.241 6.096 0.17

Phenylephrine Phenolic C9H13NO2 167.094635 6.392 0.27

Delta-terpineol Monoterpene C10H18O 154.249 6.748 0.80

4-Terpineol Monoterpene C10H18O 154.249 6.901 0.34

R-3.7-Dimethyl-1,5-octadiene-3,7-diol Terpenoid C10H18O2 170.25 7.003 0.95

3-Cyclohexene-1-methanol Terpenoid C7H12O 112.17 7.074 6.04

Myrtenol Monoterpene C10H16O 152.23 7.167 0.30

Benzenemethanol Aromatic alcohol C7H8O 108.14 7.240 0.28

2.3-Pinanediol Terpenoid C10H18O2 170.249 7.397 0.47

4-Fluoroanisole Benzene C7H7FO 126.128 7.526 0.93

trans-3-Penten-2-ol Aromatic alcohol C5H10O 86.132 7.567 0.42

Cuprizone Organooxygen and organonitrogen C14H22N4O2 278.350 8.071 0.23

Hydroxynorephedrine Phenylethanolamine C9H13NO2 167.20 8.145 0.45

Santene Sesquiterpene C9H14 122.207 8.361 0.31

Trimethylcyclopentadiene Hydrocarbon C8H12 108.18 8.468 0.23

p-Menthan-3-ol maltol Organic compounds C6H6O3 126.110 8.502 0.76

2-Deuteriobutane Hydrocarbon C4H10 59.13 9.225 0.39

Tomoxetine Propylamine C17H12NO 255.35 9.304 0.24

2-Methyl-4-nitroresorcinol C17H12NO 169.135 9.342 0.68

2-Amino-1-(o-hydroxyphenyl) propane Aromatic compounds C9H13NO 151.21 9.552 0.27

2H-Thiopyran Alkaloids C5H6S 98.019020 9.866 2.27

1-Methyl-4-isopropyl-cis-3 
hydroxycyclohexene 10.083 1.53

C-Isopropylformamide Amide C4H9NO 87.12 10.157 0.52

Benzyl alcohol Alcohol C7H8O 108.138 10.383 0.44

1.2-Dimethoxyethyl-furan Furan C8H12O3 156.18 10.492 0.66

1.2-Cyclohexanedicarboxylic acid Carboxylic acid C8H12O4 172.18 10.678 0.46

Beta-eudesmene Propanoid C15H24 204.35 11.046 0.97

Bis(3-phenyl-propylamine) 11.102 0.32

Alpha-selinene Sesquiterpene C15H24 204.35 11.141 0.93

Continued
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antioxidant because of the presence of phenolic compounds, 
flavonoids, and other biologically active constituents such as 
tannic acid, gallic acid, 4,5-caffeoylquinic acid, and caffeic acid. 
Eventually, based on the research of Singletary (2022), flavonoid 
compounds (such as kaempferol, quercetin, saponins, tannins, 
and sterols), monoterpenes (such as 1,8-cineole and 1,8-pinene), 
phenolics (such as ferulic acid and p-coumaric), alkaloids, and 

amino acids in the extract of cardamom were also obtained, where 
the extract of dried cardamom fruit was included in the food of 
the test animals. Therefore, an increase in antioxidant defense 
and a decrease in inflammation can be observed in these animals. 
Phenylephrine, which was found at RT of 6.392 and 17.928, 
belongs to the class of polyphenolic compounds, where other 
polyphenolic compounds such as oleuropein, tyrosol, coumaric 

Compound name Compound group MF MW (g/mol) RT Area %

Beta-bisabolene Sesquiterpene C15H24 204.35 11.220 0.56

Alpha-amorphene Sesquiterpene C15H24 204.35 11.354 0.42

Bicyclogermacrene Sesquiterpene C15H24 204.35 11.384 0.30

Cadinane Sesquiterpene C15H24O 220.35 11.432 0.48

p-Chloramphetamine Hydrocarbon C9H12CIN 169.651 11.563 0.38

Nerolidol Sesquiterpene C15H26O 222.37 11.851 0.48

1-Amino-4-nitronaphthalene Aromatic compounds C10H8N2O2 188.183 12.415 0.37

3,4-Methylenedioxy-amphetamine Benzodioxoles C10H13NO2 179.216 12.834 0.28

3-Cyclohexen-1-ol Ketone C6H10O 98.143 13.127 0.80

4-Propenyl-2,6-dimethoxyphenol Phenol and methoxybenzene C11H14O3 194.23 13.456 0.15

Chloroacetylurea Organic C3H5CIN2O2 136.54 13.519 0.26

Hexadecanoic acid Saturated fatty acids C6H32O2 256.42 15.718 0.72

n-Hexadecanoic acid Saturated fatty acids C6H32O2 256.42 16.059 4.80

Eicosane Hydrocarbon C20H42 282.547 17.359 0.52

Methyl oleate Fatty acids C19H36O2 296.271 17.402 0.76

9,12-Octadecadienoic acid Fatty acids C18H32O2 280.240 17.696 0.64

6-Octadecenoic acid Fatty acids C18H34O2 282.461 17.743 6.21

Phenylephrine Phenolic C9H13NO2 167.094635 17.928 0.53

n-Eicosane Hydrocarbon (alkane) C20H42 282.547 18.257 0.22

Heneicosane Hydrocarbon (alkane) C21H44 296.574 19.117 1.31

2-p-Nitrophenyl-oxadiazol C8H5N3O4 207.14 19.946 0.07

Figure 7. Chromatogram results of A. compactum fruit samples using LC–MS/MS. Retention time: benzoic acid (3.90), amino acids 
(7.28), coumarins (10.11), amino alcohols (10.37), flavonoids (12.07), linoleic acid (13.28), oleic acid (14.24), palmitic acid (15.10), 
and malonic acid (15.52).
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Table 8. Identification and quantification of phytochemical compounds found in A. compactum fruit extract using LC–MS/MS.

RT Parent ion MW; MF Compound name % Compound group Reference

1.211
103.1628

C5H13NO
L-(+)-Valinol — Amino acid 

ChemSpider

ID 556322

1.738
182.1959

C9H12NO3

Methyl 3-amino-4 -methoxybenzoate 99.75 Benzoic acid
ChemSpider

ID 2016558

2.771
165.156

C5H7N7

3-Methyl[1,2,4]triazolo[4,3-a][1,3,5]triazine-5,7-
diamine 92.04 Benzene 

ChemSpider

ID —

3.918
311.334

C14H21N3O5

Leonurine
92.67 Trihydroxybenzoic acid

ChemSpider

ID 141828

7.257
307.428

C18H29NO3

Betaxolol 75.47 Amino acid
ChemSpider

ID 2279

10.112
314.2895

C17H14O6

Methyl 5-methyl-4-{[(2-oxo-2H-chromen-7-yl)
oxy]methyl}-2-furoate 99.96 Coumarins 

ChemSpider

ID 615245

10.371
315.4913

C18H37NO3

Myristic acid diethanolamide 93.18 Tetradecanoic acid
ChemSpider

ID 74045

10.681
279.4607

C18H33NO
Linoleamide 99.86 Linoleic acid 

ChemSpider

ID 4940587

PubChem

CID 6435901

10.723
281.5

C18H35NO

1-Dodecyl-2-azepanon;

oleamide 
100 Oleic acid 

ChemSpider

ID —

PubChem

CID 5283387

10.948
317.5072

C18H39NO3

Phytosphingosine 91.79 Amino alcohol 
ChemSpider

ID 108921

11.580
316.435

C20H28O3

15-Deoxy-delta-12,14-prostaglandin J2 75.48 Prostaglandin 
ChemSpider

ID —

12.066
328.316

C18H16O6

Betagarin 91.75 Flavonoid 
ChEBI

ID 27679

12.572
565.7882

C30H55N5O5

Lajollamide A
99.22 —

ChemSpider

ID 29215409

12.945
495.652

C26H45N3O6

1-(β-D-Arabinofuranosyl)-4-
(heptadecanoylamino)-2(1H)-pyrimidinone 64.09 —

ChemSpider

ID 39180

13.978
323.5133

C20H37NO2

Linoleoyl ethanolamide 98.79 Linoleic acid 
PubChem

CID 5283446

14.238
339.5

C20H37NO3

N-Oleoylglycine 100 Oleic acid
PubChem

CID 6436908

14.920
325.5292

C20H39NO2

Oleoylethanolamide 100 Oleic acid 

ChemSpider

ID 4446574

PubChem

CID 5283454

Continued
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acid, caffeic acid, vanillic acid, ferulic acid, kaempferol, and 
quercetin have potent antioxidant activity (Stagos, 2020).

In addition to phenolic compounds, the results of the 
chromatogram show terpenoid compounds such as beta-pinene, 
D-limonene, 1.8-cineole, sabinene, beta-pinene, beta-myrcene, 
fenchone, linalool, delta-terpineol, 4-terpineol, R-3.7-dimethyl-
1,5-octadiene-3,7-diol, 3-cyclohexene-1-methanol, myrtenol, 
2.3-pinanediol, santene, alpha-selinene, beta-bisabolene, alpha-
amorphene, bicyclogermacrene, and cadinane. This result is in line 
with the research of Sinurat et al. (2020), which states that terpenoid 
compounds such as 1,8-cineole and linalool have antioxidant 
activity, and several other sesquiterpenoids have antifungal and 
insecticidal activity. In addition to phenolic and terpenoid group 
compounds, the results of cardamom fruit chromatograms also 
contain alkaloid compounds such as 2H-thiopyran, which is in 
accordance with the research of Gan et al. (2017), indicating that 
phenols and alkaloids are compounds that play an important role in 
antioxidant activity. However, compared with phenol compounds, 
alkaloids have a higher correlation with antioxidants.

Apart from using GC–MS to identify phytochemical 
compounds contained in dried cardamom fruit extract, the LC–
MS/MS instrument is also used to identify compounds whose 
molecular mass is higher than the compounds obtained from 
GC–MS. As shown in Figure 7, the results of the chromatogram 
of cardamom fruit showed several compounds belonging to 
different groups of compounds, consisting of groups of flavonoid 
compounds, amino acids, oleic acid, malonic acid, benzoic acid, 
benzene, linoleic acid, palmitic acid, and minerals.

The use of LC–MS/MS to analyze the chemical composition 
of a plant extract is more effective because this instrument is 
considered as a powerful and precise analytical tool (Djamila et al., 
2020). As shown in Table 8, approximately 20 compounds have been 
identified, one of which is a group of flavonoid compounds, namely 
betagarin, at RT of 12.066. Betagarin, also known as salvigenin, is a 
natural product commonly found in Salvia candidissima and Salvia 
chionopeplica. This compound belongs to the Lamiaceae family. 
One of the compounds found in this family is betagarin, which has 
high pharmacological bioactivity and antioxidant and anticancer 
activity (Yaris et al., 2021). These flavonoid compounds were 
found in a reasonably high percentage of 91.7%. Flavonoids serve 
as scavengers of oxidizing molecules and various free radicals and 
oxygen. These flavonoids have a linear correlation with increased 
antioxidant activity (Ghasemzadeh et al., 2012). In addition to 
flavonoid compounds, polyphenolic compounds, namely coumarins, 
were also identified (99.96%). Coumarin belongs to the group of 

aromatic organic compounds, also known as hydroxycinnamic acid, 
which has a distinctive aroma and vanilla-like smell. Coumarin 
compound and its derivatives, such as 4-methyl chromen-2-one, 
have antioxidant activity because a stable quinoid structure is formed 
when hydrogen is added (Yasameen et al., 2017). This result is in 
line with the research of Bubols et al. (2013), which states that, in 
the presence of a benzopyrone ring, flavonoids and coumarins are 
known to be potential sources of exogenous antioxidants. Another 
study reported that polyphenols can protect cell constituents damaged 
by oxidative stress because these compounds serve as potent free 
radical scavengers (Zaha et al., 2018). In addition, acidic compounds 
such as benzoic, tetradecanoic, linoleic, oleic, palmitic, and malonic 
acid were found. Based on the research of Zaha et al. (2018), such 
acids are a group of fatty acids; for example, oils from palmitic and 
linoleic acids can be used in dietary supplements to prevent chronic 
diseases caused by excessive fat content. The oil contained in these 
fats can serve as powerful antioxidants because they contain phenolic 
compounds, tocopherols, flavonoids, and various fatty acids.

CONCLUSION
This study was the first to extract dried cardamom fruit 

using the BBD with three independent variables (solvent ratio, 
ethanol concentration, and extraction time) to optimize the extraction 
combination variables of cardamom fruit (A. compactum), which 
was proven to be adequate to obtain the following conditions: 
The optimal extraction from the Design Expert 13.0 program was 
obtained at a solvent ratio of 1:15 ml/g, 96% ethanol, and extraction 
time of 1.676 days with a desirability value of 0.801. The effect of 
independent variables on polyphenol extraction for antioxidant 
activity was significantly good based on the verification results, which 
were analyzed by the one-sample t-test and residual standard error 
(RSE) test. A p value of > 0.05 and %RSE of < 5% indicate the high 
accuracy of the optimization, which is considered effective. Based on 
analysis of the phytochemical compounds contained in cardamom 
fruit (A. compactum) using GC–MS and LC–MS/MS, the content 
of compounds such as phenolics, flavonoids, terpenoids, alkaloids, 
polyphenols, and fatty acids has antioxidant activity.
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