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Alkaloids are a major class of bioactive secondary metabolites
commonly found in various natural products, including cocoa
(Theobroma cacao L.) and robusta coffee (Coffea canephora).
These compounds have been widely reported to exhibit important
pharmacological activities, including antioxidant, antidiabetic,
antifungal, and antibacterial effects, making them valuable
candidates for the development of pharmaceutical and functional
herbal products. This study aimed to provide reliable quantitative
data on the total alkaloid content of ethanolic extracts from cocoa
(Theobroma cacao L.) and robusta coffee (Coffea canephora)
beans using the TLC-densitometric method, thereby supporting
the standardization, quality control, and potential pharmaceutical
applications of these natural materials. However, alkaloid was
extracted and fractioned from cocoa and robusta coffee beans
using ethanol and chloroform. The total alkaloids in the ethanolic
extracts of cocoa and robusta coffee beans were identified by
TLC-Densitometry, with average Retardation factors (Rf) 0of 0.321
and 0.771, respectively. Caffeine was used as a standard. The
quantification of total alkaloid in the ethanolic extract of cocoa and
robusta coffee beans was 2.003% per 50 mg and 11.713% w/w per
10 mg extract, respectively. In summary, cocoa and robusta coffee
beans show promising potential as herbal medicines because they
contain substantial levels of pharmacologically active alkaloid
compounds.
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1. INTRODUCTION

Cocoa and coffee remain major agricultural commodities in Indonesia: for example, in 2023,
the country produced about 632,100 tons of cocoa beans and over 700,000 tons of coffee beans, with
coffee cultivation spanning hundreds of thousands of hectares nationwide [1]. Cultivation and
national research on cocoa and coffee are established at the Indonesian Coffee and Cocoa Research
Institute (CCRI) in Jember, East Java [2, 3]. Cocoa (Theobroma cacao L.) beans are reported to
contain chemical compounds, known as phytochemicals, including flavonoids, tannins, terpenoids,
saponins, and alkaloids that are beneficial as antioxidants [4], antifungal [5], antibacterial [6, 7], and
antidiabetic [8]. In line, coffee beans are known to have similar phytochemical content [9] and have
various benefits to the human body, including antioxidant, antibacterial, and central nervous system
stimulation [ 10-12]. Robusta coffee (Coffea canephora) beans contain several compounds, including
alkaloids, flavonoids, tannins, saponins, steroids, volatiles (aldehydes, furfural, ketones, alcohols,
esters, formic acid, and acetic acid), phenolics (chlorogenic acid), and caffeine [13].

Alkaloids are a type of secondary metabolite compound containing nitrogen atoms (N) that
can be found in plant and animal tissues. Alkaloids are present in various plant parts, including
flowers, seeds, leaves, twigs, roots, and bark [14]. Caffeine is a compound derived from the
secondary metabolism of the alkaloid group in the coffee plant and has a bitter taste [15]. Alkaloid
compounds can be obtained using an extraction method that separates a mixture of solvent and solute.
Various extraction methods are available, including maceration [16], Soxhlet extraction [17],
percolation [18], and modern methods such as ultrasonic and microwave extraction. Following
extraction, fractionation can be performed to separate the main compounds of interest and eliminate
impurities in the extract [19].

Quantification of alkaloid can be conducted using the caffeine (Figure 1) as standard solution
with various analysis methods, such as Ultraviolet-Visible spectrophotometry (UV-VIS) method
[20], High Performance Liquid Chromatography (HPLC) method [21], gravimetric method [22],
Thin Layer Chromatography Digital picture method (TLC-Digital pic) [23], TLC-GCMS method
[24], and TLC-Fluorescence [25]. Moreover, identification and determination of alkaloids in herbs
can be performed using TLC-densitometry, which is developed based on the TLC pharmacopoeia.
The method has several advantages, such as the ability to quantify directly on suspension or turbid
samples, simultaneous analysis, ease with simple tools, and results that are valid and reliable [26].
The TLC-densitometric method is based on chromatographic principles, in which a mixture is
separated into two phases, namely a mobile phase and a stationary phase [27].
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Figure 1. Structural formula of caffeine

Based on the background above, the total alkaloid content of cocoa and robusta coffee beans
needs to be determined, as the abundant alkaloids can be utilized in the pharmaceutical industry as
raw materials for traditional medicine. For example, the plant Catharanthus roseus has been used for
centuries in traditional medicine for conditions such as diabetes, hypertension, and infections, and
modern pharmacology has successfully isolated its alkaloids (e.g., Vincristine and Vinblastine),
which are used as clinically important anticancer drugs [28]. Thus, this study aimed to quantify the
total alkaloid content in ethanolic extracts of cocoa and robusta coffee beans using the TLC-
densitometric method. This method was selected because it offers several advantages over other
analytical techniques, including cost-effectiveness, ease of operation, and the ability to separate and
quantify compounds in complex plant matrices simultaneously. Unlike direct spectrophotometric
methods, TLC-densitometry provides chromatographic separation prior to quantification, thereby
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improving specificity and accuracy, while requiring less sophisticated instrumentation than high-
performance liquid chromatography (HPLC). Moreover, previous studies have demonstrated that
TLC-densitometric methods can achieve good linearity, precision, and accuracy when properly
validated, making them suitable and reliable for routine quantitative analysis of alkaloids in plant
extracts [29, 30].

2. EXPERIMENTAL METHODS

2.1. Materials

Cocoa (Theobroma cacao L.) and robusta coffee (Coffea canephora) beans were obtained
from the Indonesian Coffee and Cocoa Research Institute (CCRI), Jember, East Java, Indonesia.
They were taxonomically determined at the State Polytechnic of Jember with the number
54/PL17.8/PG/2023. The chemicals used in this study include analytical-grade ethanol 96% (Merck),
CaCO; (Merck), chloroform (Merck), Caffeine standard (Sigma-Aldrich, batch number
0000181333), Silica gel 60 F254 plate (Merck, analytical grade), and methanol (Merck). The
equipment included an oven (Memmert), a TLC chamber, a densitometer (Camag), a rotary
evaporator (Heidolph), glassware (Pyrex), a UV254 Lamp, and an analytical balance (Ohaus).

2.2. Methods
2.2.1 Extraction and fractionation process

Cocoa and robusta coffee beans were extracted using the maceration method. Herein, 500
grams of bean samples were placed in a glass jar, and 2 liters of 96% ethanol were added until the
samples were submerged, with no replication. The maceration process was carried out at room
temperature (25-30 °C) for 5 days, protected from light, with occasional stirring to optimize
extraction [31]. Filtration was performed to separate the pulp from the filtrate. The obtained filtrate
was concentrated using a waterbath at 50 °C. Subsequently, the residue obtained from the initial
filtration was remacerated with 1 liter of 96% ethanol, soaked for 24 hours at room temperature, and
filtered and concentrated on a water bath [32].

The concentrated extract was fractioned using a liquid-liquid extraction method. Fifty
milligrams of cocoa and 10 mg of robusta coffee bean concentrated extract were added to a 1.5%
w/v CaCO;s solution in distilled water for filtration. Calcium carbonate (CaCOs3) was added to the
concentrated extract to raise the pH of the aqueous solution, facilitating conversion of alkaloid salts
to their free base forms and enhancing their partitioning into the organic phase during liquid-liquid
extraction, a strategy supported by recent studies on pH-modified extraction of alkaloids and similar
compounds [33]. The filtrate was extracted using 25 mL of chloroform in a separatory funnel. The
chloroform phase was re-extracted twice and collected. Subsequently, the chloroform phase was
evaporated (in a vaporizer cup) on a waterbath until all chloroform disappeared and formed a thick
extract. Each of the thick cocoa and robusta coffee bean extracts was dissolved in 96% ethanol as a
sample solution for downstream analysis [34].

2.2.2. Preparation of standard solution

Caffeine was used as a standard because it is a xanthine alkaloid with a similar structure to the
compound to be tested (total alkaloid) [35, 36]. Fifty milligrams of caffeine was dissolved in
chloroform to obtain a caffeine stock solution at a concentration of 2000 ppm. A serial dilution of a
caffeine standard was prepared at concentrations ranging from 200 to 2000 ppm to accommodate
differences in alkaloid content between cocoa and robusta coffee bean extracts and to increase the
accuracy of the results [37]. In TLC-densitometric quantification, constructing a calibration curve
from multiple standard concentrations improves analytical accuracy by reducing regression
uncertainty and ensuring the analyte responses fall within the instrument’s linear range. This
approach has been successfully applied in validated methods for alkaloids and other compounds,
with high correlation coefficients (R* = 0.98-0.9998) and acceptable recovery values obtained [38].

2.2.3. Identification and determination of alkaloid using TLC
The presence of alkaloids in the ethanolic extract of cocoa and robusta coffee beans was
identified using TLC. The TLC used a silica gel 60 F2s4 plate as the stationary phase and chloroform
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: ethanol (99 : 1 v/v) as the mobile phase. The mobile phase composition of chloroform : ethanol (99
: 1 v/v) was selected because it provided optimal separation of alkaloids on the silica gel 60 Fas4 plate;
chloroform effectively mobilizes moderately polar alkaloids, while the small proportion of ethanol
increases the elution strength sufficiently to prevent spot tailing and improve resolution, resulting in
clear and well-defined chromatographic bands suitable for densitometric analysis. In this study, each
solution (caffeine standards at various concentrations, cocoa bean extract, and robusta coffee extract)
was applied to the silica gel plate at a constant volume of 20 pL per spot. Using a consistent volume
for each spot ensures that the amount of analyte deposited on the stationary phase is controlled, which
facilitates comparison of spot intensity and retention factor (Rf) values across standards and samples.
Such uniform application is standard practice in caffeine TLC procedures to minimize variability
caused by differing spot sizes or solvent effects during development, and to optimize the resolution
of analyte bands on the plate [39]. The alkaloid was allowed to separate from the sample solutions
until the mobile phase reached the upper limit of the plate. The alkaloid spot was identified under
UV light at 254 nm and determined by the retardation factor (Rr) value. The Rf value is the ratio of
the distance traveled by the compound to the distance traveled by the mobile phase. A reliable R
value on TLC ranges from 0.2 - 0.8 cm [37].

Distance traveled by solute

Re=

Distance traveled by mobile phase

2.2.4. Quantification of total alkaloid

Analysis of total alkaloid content in cocoa bean and robusta coffee bean extracts was
performed using thin-layer chromatography coupled with densitometry (TLC-densitometry).
Densitograms obtained from caffeine standard solutions at various concentrations were used to
construct a calibration curve. The relationship between the densitometric peak area and the amount
of caffeine applied per spot was evaluated using linear regression analysis, a widely accepted
quantitative approach in TLC-densitometric studies. Therefore, detailed reporting of all densitometer
operating conditions is necessary for other laboratories to replicate the analytical procedure and
validate the results [40]. The total alkaloid mass in the extract was calculated by considering the total
extract volume and dilution factor, using the formula:
x XV X DF

Total alkaloid mass (mg) = 1000

where:

 x = amount of alkaloid per spot (ug),

* V' =total volume of extract (mL),

* DF = dilution factor (if any),

* 1000 = conversion factor from micrograms to milligrams.

Expressing results as total alkaloid content in terms of caffeine equivalents is consistent with
validated quantification practices in densitometric studies of caffeinated samples and complex
matrices [41, 42].

3. RESULTS AND DISCUSSIONS

Cocoa (Theobroma cacao L.) and robusta coffee (Coffea canephora) beans are a source of
phytochemicals. One of the most abundant phytochemicals in their beans is alkaloids in the form of
caffeine. Qualitative analysis of total alkaloids is required to determine their abundance, as they have
potential as a source of raw material in traditional medicine. Alkaloids from cocoa and robusta coffee
beans were obtained through extraction and fractionation using 96% ethanol and chloroform,
respectively. Maceration was selected as the extraction method because it is practical, simple, and
conducted at room temperature without the need for a heating step. In extraction methods performed
at room temperature, caffeine and other co-extracted alkaloids are not at risk of heat-induced
degradation, because typical processing temperatures are far lower than the onset of thermal
transformation/degradation [43, 44].

The identification of alkaloids in the cocoa and robusta coffee bean extracts was carried out
using TLC, which was based on the R¢ value. The TLC was chosen as a reliable method for alkaloid
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quantification based on TLC analysis [45-47]. Moreover, direct quantification of the compound in
the suspension sample can be performed simultaneously using TLC [48]. The TLC used silica gel
F»s4 as the stationary phase, which contains silanol and siloxane groups. Prior to use, the TLC plates
were activated using an oven at 110°C for 30 minutes to remove remaining solvent from washing
and activating the silanol and siloxane groups for optimal interaction with the analyte [40]. Moreover,
TLC used chloroform : ethanol at a ratio of 99 : 1 v/v for improved separation of polar alkaloid in
the extract to reach R¢ value in the range of 0.2 - 0.8. The result is in agreement with a previous study,
which reported that the separation of alkaloid-containing compounds from pandan leaf extract using
a chloroform—ethanol mobile phase yielded an average Rf value of 0.4 [49]. The TLC separation
results of cocoa and robusta coffee bean ethanolic extract are presented in Figure 2.

Figure 2. Thin-layer chromatographic (TLC) profiles of (a) cocoa bean extract and (b) robusta
coffee bean extract developed on silica gel Fzsq plates with chloroform : ethanol (99 : 1, v/v) as the
mobile phase and visualized under UV light at 254 nm. Caffeine standards (P1 — P5) at
concentrations of 200 — 1000 ppm for cocoa and 500 — 2000 ppm for robusta coffee, along with
extract samples (Q1 — Q3) at 2000 ppm, were spotted at 20 puL per spot. The chromatographic
separation was assessed based on the Rf values of the detected spots.

Figure 2a shows the TLC chromatographic profile of the cocoa bean ethanolic extract
alongside caffeine standard solutions (P1 —P5) developed on silica gel F2ss using chloroform : ethanol
(99 : 1, v/v) as the mobile phase. The caffeine standards produce distinct, well-defined spots with
increasing intensity as the concentration increases, indicating good linearity between concentration
and spot intensity. The extract samples (Q1—Q3) exhibit spots at R values comparable to those of
the caffeine standards, suggesting the presence of alkaloid compounds, predominantly caffeine or
caffeine-related alkaloids, in the cocoa bean extract. The clear separation and minimal tailing
demonstrate that the selected mobile phase provides adequate resolution for alkaloid analysis in
cocoa beans. Figure 2b presents the TLC profile of the robusta coffee bean ethanolic extract together
with caffeine standards (P1-P5). The standards exhibit consistent migration behavior and increasing
spot intensity with increasing concentration, confirming the suitability of the chromatographic
system for densitometric quantification. The extract samples (Q1—Q3) exhibit intense spots with Rf
values closely matching those of the caffeine standards, indicating a higher alkaloid content in
robusta coffee beans than in cocoa beans. The stronger signal intensity observed in the extract lanes
reflects the naturally higher caffeine concentration in robusta coffee, supporting the reliability of
TLC-densitometry for comparative alkaloid analysis.

The detection and determination of alkaloids in the cocoa and robusta coffee bean extracts
were carried out using the stain alignment method and Rf calculation, respectively [50]. Stain
alignment was performed by spot alignment of the caffeine standard and the ethanolic extract during
mobile phase optimization (unpublished data). The distance-based similarity between the standard

and the sample indicates that the sample contains phytochemicals similar to those in the standard
[51].
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TABLE I. The Rt value calculation of cocoa bean ethanolic extract

Vial Rt Value Correlation
Caffeinesgo 0.319 0.997766
Caffeinesgo 0.326 0.997766
Caffeinegoo 0.328 0.998540
Caffeinesgoo 0.330 0.999541
Caffeineiooo 0.333 0.999923

Cocoa; 0.335 0.998492
Cocoa; 0.300 0.998177
Cocoas 0.297 0.997952

TABLE II. The Rt value calculation of robusta coffee bean ethanolic extract

Vial R;Value Correlation
Caffeine soo 0.768 0.997236
Caffeine 1000 0.771 0.997236
Caffeine 1250 0.777 0.999958
Caffeine 1500 0.789 0.999930
Caffeine 2000 0.793 0.999641

Robusta coffee, 0.769 0.998933
Robusta coffee; 0.755 0.997696
Robusta coffees; 0.752 0.996434

The Rt value indicated the degree of separation between samples on TLC, ranging from 0.2 to
0.8. The calculated Rrvalues for the caffeine standard at all concentrations tested and for the ethanolic
extract across all replications were within the accepted range. The calculation of the R¢value is shown
in Table 1 for cocoa bean ethanolic extract and Table 2 for robusta coffee bean ethanolic extract. The
results showed that cacao and robusta coffee beans contain alkaloids, as they produced R¢ values in
a similar range on TLC analysis. The difference in Rf value between cacao ethanolic extract and
robusta coffee ethanolic extract might be due to variations in their bean alkaloid content, which
required adjustment of the caffeine standard concentration to improve quantitative data accuracy.
These differences resulted in the spot shifting of the caffeine standard and all the sample spots. The
observed difference in Rf values between the ethanolic extracts of cacao and robusta coffee may be
attributed to differences in their alkaloid compositions. Cocoa extract is predominantly rich in
theobromine, whereas coffee robusta contains a higher proportion of caffeine. Because these
methylxanthine alkaloids interact differently with the polar silica gel stationary phase due to their
structural and polarity differences, the migration behavior on TLC plates differs, resulting in distinct
Rf values under identical chromatographic conditions [52].

Prior to quantification of total alkaloids in cocoa and robusta coffee bean extracts, optimization
was required to determine the concentrations of the standards and their detection wavelengths. After
several preliminary experiments (unpublished data), caffeine standard solution stock was prepared
at a concentration of 2000 ppm from caffeine isolate, followed by its serial dilution at concentrations
of 200, 400, 600, 800, and 1000 ppm for the cocoa and at concentrations of 500, 1000, 1250, 1500,
and 2000 ppm for robusta coffee bean. Both ethanolic extracts were prepared at a concentration of
2000 ppm, and 3 replicate samples were analyzed to achieve optimal accuracy and consistency [21].

Additionally, to optimize wavelength detection of alkaloids in the extract, a serial dilution of
a caffeine standard was scanned, yielding a wavelength of 275 nm (Figure 3), indicating improved
detection sensitivity [21]. Based on the alkaloid structure, they have conjugated double-bond groups
that absorb UV light at 275 nm, a wavelength characteristic of chromophore compounds [51]. In
agreement, this method yielded the same wavelength as other methods used to determine the optimal
detection wavelength, such as HPLC and HPTLC [21, 27].
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Figure 3. Optimization of wavelength detection in cocoa beans and robusta coffee bean
ethanolic extract exhibited the most optimal detection of caffeine in the extract to be at 275 nm.

To determine the total alkaloid content in cocoa and robusta coffee bean extracts [53], the

densitometry method was employed by scanning the TLC plate with a densitometer, producing a
peak on the densitogram shown in Figure 4.
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Figure 4. Representative densitogram of (a) caffeine standard at concentration of 200 ppm (b)
caffeine in cocoa bean ethanolic extract, (c) caffeine standard at concentration of 500 ppm (d)
caffeine in robusta coffee bean ethanolic extract.

The area of the densitogram peak was calculated and plotted against concentration using
linear regression to produce a standard curve for caffeine, as shown in Figure 5.

Concentration (ppm)

(a) Standard Curve of Caffeine (b) Standard Curve of Caffeine
0,07 0,07
0,06 = e 0,06 e e
005 e 005 | e
T o
g o004 B g 004 EEr
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Figure 5. Standard curve of caffeine for quantification of total alkaloid in (a) cocoa bean and (b)

robusta coffee bean ethanolic extract.

Subsequently, the total alkaloid content of the cocoa and robusta coffee bean ethanolic extracts
was determined by plotting the sample area on the caffeine standard curve [53]. The results are shown
in Tables 3 and 4. On average, the total alkaloid content of 50 mg of cocoa bean ethanolic extract is
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0.02003 mg, or about 2.003% =+ 0.001 b/b, with a relative standard deviation (RSD) of 4.99%. This
result is consistent with a previous study, which showed that the total alkaloid content in cocoa beans
is between 0.8 and 3.7%, leading to antibacterial activity by damaging the bacterial peptidoglycan
[54].

TABLE III. Total alkaloid in cocoa bean ethanolic extract

[))
Concentration % Total Alkaloid Average %

1 o
Sample Area mg/mL Content (w/w) Ez?tleﬁ:lzjs}/ovlv()l 7oRSD
Cocoa; 0.03939 1.049 2.098 %
Cocoa 0.03851 0.994 1.988 % 2.003 %+ 0.001  4.99 %
Cocoas 0.03799 0.962 1.924 %

RSD : relative standard deviation

The total alkaloid in robusta coffee bean ethanolic extract is about 0.117133 mg in 10 mg
extract or as much as 11.713% =+ 0.005 w/w with RSD of 4.87%. These results are higher than those
reported in a previous study by Wulandari and Marpaung [55], who used a single robusta coffee
extract containing total alkaloid levels of 0,776% mg. The differences in total alkaloid content among
the extracts could be attributed to variations in analytical detection methods, such as the use of UV -
Vis spectrophotometry, as well as differences in sample sources, including robusta coffee beans
cultivated in different geographical areas and at varying altitudes.

TABLE IV. Total Alkaloids in robusta coffee bean ethanolic extract

[))
Concentration :;k]z;(l)(:?(; Average % Total

Sample Name Area Alkaloid % RSD

mg/mL Content

Content (w/w)
(w/w)

Robusta coffee; 0.03253 1.144 11.440 %
Robusta coffee, 0.03289 1.174 11.740 % 11.713% + 0.005 4.87 %
Robusta coffee; 0.03316 1.196 11.960 %

RSD : relative standard deviation

Together, this study showed that cocoa and robusta coffee beans from CCRI, Jember, East
Java, contain caffeine, which represents the total alkaloid content in the ethanolic extracts. The total
alkaloid content of these ethanolic extracts can be determined by TLC-densitometry with high
precision, as indicated by low RSD values in repeat measurements. Further research is required to
develop herbal medicine, as it contains considerable amounts of phytochemicals, including alkaloids
with pharmacological activity [13].

4. CONCLUSIONS

The total alkaloid content in cocoa and robusta coffee beans is on average 2.003% and
11.713% in 50 mg and 10 mg ethanolic extracts, respectively. Optimum optimization in this study
used chloroform : ethanol mobile phase with different ratios in each sample. Cocoa and coffee beans
were analyzed using a chloroform : ethanol (99 : 1, v/v) mobile phase. Standard concentrations of
caffeine in cocoa beans and robusta coffee beans were 200, 400, 600, 800, and 1000 ppm,
respectively, with a volume of 20 pL. The sample concentrations in cocoa beans and robusta coffee
beans were 2000 ppm. The wavelength used in the study was 275 nm. The results for total alkaloid
content in cocoa beans were 2.003%, and in robusta coffee beans, 11.713%.

Acknowledgement

The author would like to thank the Universitas dr. Soebandi for the internal research grant
2023 and Pharmacy Laboratory of Universitas dr. Soebandi for the facilities and infrastructures.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e ISSN
2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

Setyaningrum et al., Ind. J. Chem. Anal., Vol. 09, No. 1, 2026, pp. 1-12 9

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

References

Direktorat Statistik Tanaman Pangan, H., dan Perkebunan, Statistik Tanaman Perkebunan Tahunan
Indonesia 2024/ Indonesian Permanent Estate Crops Statistics 2024, B.P.S.B.S. Indonesia, Editor. 2025,
Badan Pusat Statistik/BPS—Statistics Indonesia: Indonesia.

Adzkiya, M.A.Z. and A.P. Hidayat, Uji Fitokimia, Kandungan Total Fenol Dan Aktivitas Antioksidan
Kopi Arabika (Coffea arabica) Pada Tingkat Penyangraian Sama. Jurnal Sains Terapan: Wahana
Informasi Dan Alih Teknologi Pertanian, 2022. 12(1): p. 101-112.

Putri, R.A., W.K. Sari, and D. Suhendra, Karakteristik Budidaya Kakao (Theobroma Cacao L.) Pada
Perkebunan Rakyat Di Kecamatan Panti Kabupaten Pasaman. Jurnal Riset Perkebunan, 2021. 2(2): p.
118-128.

Utami, R.R., et al., Aktivitas antioksidan kulit biji kakao dari hasil penyangraian biji kakao kering pada
derajat ringan, sedang dan berat. Agritech, 2017. 37(1): p. 89-95.

Chusniasih, D., T. Tutik, and N. Syakira, Uji Aktivitas Ekstrak Etanol Kulit Buah Kakao (Theobroma
cacao L.) Terhadap Pertumbuhan Jamur Candida albicans DAN BAKTERI Staphylococcus aureus.
JFM (Jurnal Farmasi Malahayati), 2020. 3(2): p. 196-205.

Nuraskin, C.A. and T. Salfiyadi, Identifikasi Ekstrak Metanol Biji Kakao (Theobroma cacao L.) Sebagai
Bahan Dasar Pasta Gigi. Jurnal Mutiara Kesehatan Masyarakat, 2022. 7(2): p. 67-73.

Silalahi, V.A., E. Fachriyah, and P.J. Wibawa, Isolation of Alkaloid Compounds from Ethanol Extract
of Rimpang Galang Merah (Alpinia purpurata (Vielli) K. Schum) and nanoparticle production from its
Alkaloid Extract. Comparative Study of Antibacterial Properties on Staphylococcus aureus and
Eschericia. Jurnal Kimia Sains dan Aplikasi, 2018. 21(1): p. 1-7.

Iskandar, M.R., et al., Uji Efektivitas Kulit Buah Kakao (Theobroma Cacao L.) Sebagai Antidiabetik.
Nursing Update: Jurnal Ilmiah Ilmu Keperawatan P-Issn, 2021: p. 2085-5931.

Wigati, E.I, et al., Uji karakteristik fitokimia dan aktivitas antioksidan biji kopi robusta (coffea
canephora pierre) dari Bogor, Bandung dan Garut dengan metode DPPH (1, 1-diphenyl-2-
picrylhydrazyl). Fitofarmaka: Jurnal Ilmiah Farmasi, 2018. 8(1): p. 59-66.

Rojo-Poveda, O., et al., Chemometric classification of cocoa bean shells based on their polyphenolic
profile determined by RP-HPLC-PDA analysis and spectrophotometric assays. Antioxidants, 2021.
10(10): p. 1533.

Juliantari, N.P.D., L.P. Wrasiati, and N.M. Wartini, Characteristics Of Coffee Grounds Robusta Extract
(Coffea canephora) In The Treatment Of Ethanol Solvent Concentration And Maceration Temperature.
Jurnal Rekayasa dan Manajemen Agroindustri ISSN, 2018. 2503: p. 488X.

Chairunnisa, S., M. Wartini, and L. Suhendra, Effect of Temperature and Maceration Time on
characteristics of Bidara Leaf Extract (Ziziphus mauritiana L) as a Source of Saponins. Journal of
Agroindustry Engineering and Management, 2019. 7(4): p. 551-560.

Arwangga, A., I. Asih, and 1. Sudiarta, Analysis of Caffeine Content in Coffee in Sesaot Narmada
Village Using Uv-Vis Spectrophotometry. Journal of Chemistry, 2016. 10(1): p. 110-114.

Sutomo, A., et al., The Caffeine Analysis in Tea Bag and Robusta Coffee Using UHPLC Methods.
International Journal of Contemporary Sciences (IJCS), 2024. 1(12): p. 916-931.

Tjahjani, N.P., A. Chairunnisa, and H. Handayani, Analisis Perbedaan Kadar Kafein Pada Kopi Bubuk
Hitam Dan Kopi Bubuk Putih Instan Secara Spektrofotometri UV-Vis. Cendekia Journal of Pharmacy,
2021. 5(1): p. 52-62.

Brown, P.N. and P. Lister, Current initiatives for the validation of analytical methods for botanicals.
Current opinion in biotechnology, 2014. 25: p. 124-128.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e ISSN
2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

Setyaningrum et al., Ind. J. Chem. Anal., Vol. 09, No. 1, 2026, pp. 1-12 10

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Naveen, P., et al., Method development and validation for the determination of caffeine: an alkaloid
from coffea arabica by high-performance liquid chromatography method. Pharmacognosy research,
2018. 10(1): p. 88.

Hacioglu, A., A. Citlak, and S. Karakus, Development and Validation of HPLC Method for
determination of Nateglinide in Drug Substances. Marmara Pharmaceutical Journal, 2015. 19(2): p.
103-108.

Wardani, R.K. and M.H.F. Fernanda, Analisis kadar kafein dari serbuk teh hitam, teh hijau dan teh putih
(Camellia sinensis L.). Journal Pharmasci (Journal of Pharmacy and Science), 2016. 1(1): p. 15-17.

Fajriana, N.H. and I. Fajriati, Analisis kadar kafein kopi Arabika (Coffea arabica L.) pada variasi
temperatur sangrai secara spektrofotometri ultra violet. Analit: Analytical and Environmental
Chemistry, 2018.

Setyaningrum, L., et al., Development and Validation of RP-HPLC Analysis Method for Determination
of Total Alkaloid Content of Soursop (Annona muricata L.) Leaf Extract. EKSAKTA: Berkala Ilmiah
Bidang MIPA, 2022. 23(03): p. 175-187.

Yuanita, T., M.A.B. Ceson, and A. Subiyanto, Differences in Effectiveness of Antibacterial Power
Between Cocoa Peel Extract (Theobroma cocoa L.) and Benzalkonium Chloride 0.1% Against
Staphylococcus aureus (In Vitro). Conservative Dentistry Journal, 2021. 11(2): p. 56-61.

Rahayu, N.L.I. and M.H.F. Fernanda, Analisis Kandungan Kafein Pada Minuman Kopi Siap Saji
Menggunakan Metode Kromatografi Lapis Tipis-Gambar Digital. Jurnal Penelitian Farmasi & Herbal,
2023. 6(1): p. 54-60.

Torres y Torres, J.L., et al., Separation of caffeine from beverages and analysis using thin-layer
chromatography and gas chromatography—mass spectrometry. Journal of Chemical Education, 2015.
92(5): p. 900-902.

Tavallali, H., S.F. Zareiyan J, and M. Naghian, An efficient and simultaneous analysis of caffeine and
paracetamol in pharmaceutical formulations using TLC with a fluorescence plate reader. Journal of
AOAC International, 2011. 94(4): p. 1094-1099.

Yuwono, M. and G. Indrayanto, Validation of chromatographic methods of analysis. Profiles of drug
substances, excipients and related methodology, 2005. 32: p. 243-259.

Foudah, A.IL, et al., A green high-performance thin-layer chromatography method for the determination
of caffeine in commercial energy drinks and formulations. Materials, 2022. 15(9): p. 2965.

Jain, M.N,, et al., Catharanthus Roseus: Traditional Uses, Phytochemistry, And Modern Pharmacology:
International Journal of Medical Science, 2025: p. 41-70.

Putri, B.L.S., et al., Analisis Klt-Densitometri Dalam Penentuan Kandungan Bahan Aktif Pada Sediaan
Farmasi. Jurnal I[lmiah Wahana Pendidikan, 2024. 10(14): p. 443-450.

Ramadhani, F.A., et al., Comparative Study of Densitometry and Videodensitometry for Quantitating
the Active Pharmaceutical Ingredients Using Thin Layer Chromatography—Systematic Review.
Pharmacy & Pharmaceutical Sciences Journal/Jurnal Farmasi Dan Ilmu Kefarmasian Indonesia, 2023.
10(2).

Bitwell, C., et al., A review of modern and conventional extraction techniques and their applications for
extracting phytochemicals from plants. Scientific African, 19, e01585. 2023.

Yunita, M.S.R., Validasi Metode Kromatografi Cair Kinerja Tinggi Fase Terbalik Pada Penetapan
Kadar Kafein Dan Teobromin Dalam Cokelat Bubuk Merk “X”. Skripsi, Fakultas Farmasi Universitas
Sanata Dharma, Yogyakarta, 2012.

Yu, P., et al., An efficient strategy based on liquid-liquid extraction and pH-zone-refining counter-
current chromatography for selective enrichment, separation, and purification of alkaloids and organic
Acids from natural products. Journal of Separation Science, 2020. 43(18): p. 3607-3614.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e ISSN
2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

Setyaningrum et al., Ind. J. Chem. Anal., Vol. 09, No. 1, 2026, pp. 1-12 11

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Susanti, D.A., Penetapan Kadar Alkaloid Total Pada Ekstrak N-Heksan dan Etanol Biji Ketumbar
(Coriandrum Sativum) Menggunakan Spektrofotometer Uv-Vis. Jurnal Riset Kefarmasian Indonesia,
2022. 4(3): p. 353-365.

Alzanando, R., M. Yusuf, and T. Tutik, Analisis Kadar Senyawa Alkaloid dan Flavonoid Total Ekstrak
Etanol Daun Pepaya (Carica papaya L.) Menggunakan Spektrofotometri UV-Vis. JFM (Jurnal Farmasi
Malahayati), 2022. 5(1): p. 108-120.

Ashihara, H., et al., Xanthine Alkaloids: Occurrence, Biosynthesis, and Function in Plants, in Progress
in the Chemistry of Organic Natural Products 105, A.D. Kinghorn, et al., Editors. 2017, Springer
International Publishing: Cham. p. 1-88.

Ri, D., Farmakope Herbal Indonesia. Jakarta: Departemen Kesehatan Republik Indonesia, 2008.

Rollando, R., et al., Validation of TLC densitometry method for the quantitative determination of
alkaloid in fermented endophytic fungi extract Phyllantus niruri Linn. Pharmaciana, 2019. 9(1).

Hariadi, N.N.A_, et al., Tinjauan Literatur: Pengaruh Parameter Metode Kromatografi Lapis Tipis untuk
Identifikasi Kafein dalam Kopi. Journal of Pharmaceutical and Sciences, 2025: p. 2058-2067.

Abazi, D., N. Limani-Bektashi, and O. Popovska, Development of thin-layer chromatographic method
for determination of caffeine in black, green, and White tea. European Journal of Chemistry, 2021.
12(3): p. 284-288.

Pyka-Pajak, A., Sensitive and Cost-Effective TLC-Densitometric Method for Determination of
Metronidazole and Tinidazole in Tablets. Processes, 2024. 12(4): p. 643.

Zandarek, J., M. Starek, and M. Dgbrowska, Development of thin-layer chromatography—densitometric
procedure for qualitative and quantitative analyses and stability studies of cefazolin. Processes, 2024.
12(3): p. 591.

Nurhasnawati, H., S. Sukarmi, and F. Handayani, Perbandingan metode ekstraksi maserasi dan sokletasi
terhadap aktivitas antioksidan ekstrak etanol daun jambu bol (Syzygium malaccense L.). Jurnal Ilmiah
Manuntung, 2017. 3(1): p. 91-95.

Anggraito, Y.U., et al., Metabolit sekunder dari tanaman: aplikasi dan produksi. Fakultas Matematika
dan Ilmu pengetahuan Alam, Universitas Negeri Semarang (UNNES), Semarang, 2018.

Parys, W., M. Dolowy, and A. Pyka-Pajak, Significance of chromatographic techniques in
pharmaceutical analysis. Processes, 2022. 10(1): p. 172.

Syahmani, S., et al., Penggunaan Kitin Sebagai Alternatif Fase Diam Kromatografi Lapis Tipis Dalam
Praktikum Kimia Organik. Vidya Karya, 2017. 32(1).

Zych, M. and A. Pyka-Pajak, TLC in the Analysis of Plant Material. Processes, 2025. 13(11): p. 3497.

Hayun, H. and M.A. Karina, Pengembangan dan Validasi Metode KLT-Densitometri untuk Analisis
secara simultan Parasetamol, Asam Mefenamat dan Ibuprofen dalam Jamu “Pegel Linu”. JSFK (Jurnal
Sains Farmasi & Klinis), 2016. 2(2): p. 150-161.

Ferdinan, A., F.S. Rizki, and N. Rahmawati, Isolasi dan Identifikasi Senyawa Alkaloid dalam Ekstrak
Etanol Daun Pandan Hutan Jenis Baru (Freycinetia sessiliflora Rizki). Jurnal Komunitas Farmasi
Nasional, 2021. 1(2): p. 110-120.

Kowalska, T. and M. Sajewicz, Thin-layer chromatography (TLC) in the screening of botanicals—its
versatile potential and selected applications. Molecules, 2022. 27(19): p. 6607.

Husna, F. and S.R. Mita, Identifikasi bahan kimia obat dalam obat tradisional stamina pria dengan
metode kromatografi lapis tipis. Farmaka, 2020. 18(2): p. 16-25.

Rodriguez, M., et al., Separation and Determination of Theobromine and Caffeine in Cocoa Beans
Extract Using TLC-SERS: Identification and Computational Insights. Analytical Science Advances,
2025. 6(2): p. €70033.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e ISSN
2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

Setyaningrum et al., Ind. J. Chem. Anal., Vol. 09, No. 1, 2026, pp. 1-12 12

[53] Susanti, M., A.R. Pratama, and M.I. Suryani, Development and validation of TLC-densitometry method
for quantification of tetraprenyltoluquinone in the stem bark hexane extract of Garcinia cowa roxb.
Heliyon, 2022. 8(9).

[54] de Paula Silva, T, et al., The action of phytochemicals present in cocoa in the prevention of vascular
dysfunction and atherosclerosis. Journal of clinical and translational research, 2022. 8(6): p. 509.

[55] Wulandari, S. and M.P. Marpaung, Penatapan Kadar Alkaloid Infusa Biji Kopi Robusta Sangrai (Coffea
canephora Pierre Ex. A Froehner) Dengan Spektrofotometri UV-VIS. Jurnal Kesehatan: Jurnal Ilmiah
Multi Sciences, 2022. 12(02): p. 113-119.

Copyright © 2026 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e ISSN
2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence.


https://creativecommons.org/licenses/by-sa/4.0/

