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OBJECTIVES Robusta cogee contains a higher cageine con-
tent, ranging from 1.6–2.4%, nearly twice as much as Ara-
bica cogee, which contains only 0.9–1.2%. Cageine content
is widely utilized in various fields, such as pharmaceuticals
and the food and beverage industry. This study aims to in-
vestigate the egects of temperature and extraction time on
the solid–liquid extraction of green cogee beans using wa-
ter as a solvent, followed by the isolation of cageine crys-
tals using two digerent solvents and the characterization of
the resulting cageine crystals. METHODS Chloroform and
dichloromethane were employed as solvents for the isola-
tion of cageine from the cogee extract through liquid–liquid
extraction in a batch system. The cageine content in the
extract was quantified using UV–Visible spectrophotometry.
Furthermore, the purity of the isolated cageine was evalu-
ated by High-Performance Liquid Chromatography (HPLC)
based on chromatographic peak analysis, while its identity
and purity were further confirmed by comparing the mea-
sured melting point with that of standard cageine. RESULTS
Solid–liquid extraction followed by liquid–liquid extraction
achieved the maximum cageine yield at 97 oC after 60 min-
utes of extraction, yielding 2.18 mg/g with chloroform and
1.38 mg/g with dichloromethane. The reported cageine con-

centrations (mg/g) are expressed as themass of cageine per
gramofdrycogee feed. CONCLUSIONSMeltingpointdetermi-
nation and HPLC retention time analysis indicated that the
cageine crystals isolated via liquid–liquid extraction using
dichloromethane exhibited higher purity, as evidenced by
theircloseragreementwithstandardcageinevalues, namely
ameltingpointof 236 oCandaretention timeof2.06minutes.

KEYWORDS Cageine; chloroform; dichloromethane; green
cogee beans; extraction

1. INTRODUCTION

Cogee is one of the most economically valuable plantation
commodities among cultivated crops (Azizah et al. 2019).
Among the various cogee species, Robusta cogee is known
to contain a significantly higher cageine content (1.6–2.4%)
compared to Arabica cogee, which typically contains only
0.9–1.2% (Clarke and Macrae 1987; Azizah et al. 2019). Caf-
feine is widely utilized not only as a dietary component but
alsoasanactive ingredient inbothprescriptionandover-the-
counter medications for the treatment of headaches, colds,
and allergies. Notably, the presence of cageine has been re-
ported to enhance the analgesic egectiveness of these med-
ications (Reddy et al. 2024). Cageine finds extensive applica-
tions as a favor enhancer in beverages and as an analgesic
adjuvant in pharmaceutical formulations, frequently com-
bined with aspirin, acetaminophen, or ergotamine (Chau-
gule et al. 2019). Comparative phytochemical analyses re-
veal significant digerences in cageine content between cof-
fee species: raw Robusta beans contain approximately 2.2%
cageine, whereas Arabica beans contain about 1.2% (Aditya
et al. 2015).

The use of green cogee beans as a raw material in
this study is of particular significance due to their distinct
physicochemical characteristics compared to roasted beans.
Unlike roasted cogee, which undergoes extensive thermal
degradation during processing, green cogee beans retain
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their native composition of bioactive compounds, including
chlorogenic acids, proteins, and other thermally sensitive
constituents. This preservation of the original matrix may
infuence both themass transfer behavior during extraction
and the stability of cageine in the extract. Moreover, the ab-
sence of roasting-induced structural and chemical changes
allows for amore controlled evaluationof extractionparame-
ters, thereby providing a clearer understanding of the intrin-
sic factors governing cageine release and separation.

Given its widespread utilization and economic signifi-
cance, the demand for high-purity cageine continues to in-
crease, particularly in the pharmaceutical and food indus-
tries. Consequently, the development of efficient and sus-
tainable cageine extraction methods has become an impor-
tant area of research. Conventional extraction techniques of-
ten involve the use of organic solvents, whichmay pose envi-
ronmental and health concerns, as well as limitations in se-
lectivity and efficiency. Therefore, there is a growing need to
explore alternative extraction approaches that are not only
egective but also environmentally friendly. In this context,
Robusta cogee, with its higher cageine content, presents a
promising raw material for optimizing cageine extraction
processes and improving overall yield and quality.

Cageine can be separated from cogee beans through an
extraction process. One common method for cageine sepa-
ration from cogee beans is solid-liquid extraction using wa-
ter as the solvent (Widagdyo et al. 2017). The factors infu-
encing the solid-liquid extraction process are temperature
and extraction time. Increasing the solvent temperature en-
hances its capacity to extract cageine content from cogee.
Similarly, extraction duration agects the concentration of
dissolved compounds, color intensity, and aroma (Rahayun-
ingsih 2014; Zarwinda and Sartika 2019). Previous studies
have explored the infuence of these parameters on cageine
extraction. For instance, Zarwinda and Sartika (2019) re-
ported that the maximum cageine content (0.181 mg/g) in
Arabica cogeewas achieved at 100oCwith an extraction time
of 1 hour. Their findings also indicated that both temperature
andextraction time significantly agect cageine yield,with in-
creasing values improving extraction efficiency up to an op-
timum point. However, prolonged extraction beyond the op-
timum conditionmay lead to the degradation of compounds
suchas chlorogenic acid, potentially reducing cageinepurity.
In addition, comparative studies have shown that Robusta
cogee contains higher cageine levels than Arabica, both in
beansandby-products, reinforcing its potential as a superior
raw material for cageine extraction (Caracostea et al. 2021;
Hurniati 2023).

Despite these advances, most existing studies primarily
focuson individualprocessvariablesorare limited tospecific
cogee types, particularly Arabica. Comprehensive investiga-
tions evaluating the combined egects of temperature and ex-
traction time on Robusta cogee using water as a solvent re-
main limited. Furthermore, insufficient attention has been
given to the trade-ogbetweenmaximizing cageine yield and
preservingproductquality, especially in relation to thedegra-
dation of other bioactive compounds during extraction.

Following the solid–liquid extraction stage, cageine is
typically further separated fromtheaqueousextract through
liquid–liquid extraction using organic solvents. The effi-
ciency of this process is strongly infuenced by several pa-

rameters, including solvent type, temperature, extraction
time, pH, and solvent-to-feed ratio (Rahayuningsih 2014;
Zarwinda and Sartika 2019). From a physicochemical per-
spective, cageine exhibits solubility in both polar and semi-
polar solvents; however, its polarity is closer to that of or-
ganic solvents, resulting in higher solubility in such media
compared to water. This behavior is supported by the dielec-
tric constant values of common solvents, where water (80 at
20oC) is significantly more polar than dichloromethane (8.9)
and chloroform (4.8) (Marthia 2021). Since cageine's polarity
is closer to that of organic solvents, it exhibits greater solubil-
ity in organic solvents than in water (Wilantari 2018). Conse-
quently, the selection of an appropriate organic solvent plays
a crucial role in enhancing cageine recovery during the sep-
aration process.

Several studies have explored the egectiveness of diger-
ent solvents in liquid–liquidextraction. Forexample,Marthia
(2021) employed Microwave-Assisted Extraction (MAE) fol-
lowed by liquid–liquid extraction to compare chloroform
and dichloromethane for cageine isolation fromRoasted Ro-
busta cogee. The results showed that cageine crystal yields
rangedfrom0.47%to0.79%usingchloroformandfrom0.48%
to 0.86% using dichloromethane. These findings indicate
that dichloromethane provides slightly higher extraction ef-
ficiency, suggesting its greater suitability as a solvent for caf-
feine recovery.

Based on the background described above, this study is
entitled ”Characterization of Cageine Crystals from the Ex-
traction Process of Green Robusta Cogee Beans.” Many stud-
ies have investigated cageine extraction from Robusta cof-
fee; however, most of them focus on roasted beans. In ad-
dition, liquid–liquid extraction in previous studies is usually
carried out using only one type of solvent, with limited dis-
cussiononhowdigerent solvents agect extraction efficiency.
Therefore, there are still research gaps, especially in deter-
mining the optimal extraction conditions for unroasted Ro-
busta beans (green cogee beans) and in evaluating the egec-
tiveness of digerent solvents in liquid–liquid extraction.

Therefore, this study aims to investigate the egects of
temperature and extraction time during solid–liquid extrac-
tion of green Robusta cogee beans on cageine content in the
extract solution. Furthermore, this study evaluates the infu-
ence of two digerent solvent types on the efficiency of the
subsequent liquid–liquid extraction process. Through this
approach, the study seeks to provide amore comprehensive
understanding of cageine extraction and separation, con-
tributing to the development of more efficient and egective
extractionmethods.

2. RESEARCH METHODOLOGY

2.1 Materials

Green Robusta cogee beans used as the rawmaterial in this
studywereobtained fromTemanggung,Central Java, Indone-
sia. The chemicals used in the extraction and analysis pro-
cesses included distilledwater (aquadest), 0.1 N hydrochloric
acid (HCl), chloroform (98%, CAS 67-66-3, technical grade),
dichloromethane (98%, CAS 75-09-2, technical grade), and
lead(II) acetate [Pb(CH3COO)2] (CAS 6080-56-4, Merck). All
chemicals were used as received without further purifica-
tion.
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2.2 Research procedures

This studywas conducted at the FoodTechnology Laboratory,
Unit Processes Laboratory, and Analytical Instrumentation
Laboratory of Politeknik Negeri Bandung. The research con-
sisted of three main stages: solid–liquid extraction of green
cogee beans, isolation of cageine, and product characteriza-
tion.

2.2.1 Solid–liquid extraction

The solid–liquid extraction of green Robusta cogee beans
was initiated with sample preparation, in which the green
beans were ground using a grinder obtain a uniform parti-
cle size of 0.125mm to increase the particle surface area and
enhance mass transfer. Distilled water was used as the ex-
traction solvent and heated to the desired temperature prior
to extraction. This process was carried out by mixing 50
g known mass of cogee powder with distilled water at 500
mL. The extraction process was carried out in a three-neck
fask equipped with a refux condenser to prevent solvent
loss. Continuous stirring using a magnetic stirrer was ap-
plied throughout the extraction to improve contact between
the solid and liquid phases.

After extraction, the mixture was filtered using a Büch-
ner funnel to separate the liquid extract from the solid
residue. Pb acetate was then added to the filtrate to precipi-
tate co-extracted impurities. The extraction conditions yield-
ing the highest cageine content were identified and subse-
quently used for the cageine isolation process.

2.2.2 CaƤeine isolation

Cageine was isolated from the aqueous extract using liquid–
liquid extraction in a separatory funnel. The extract obtained
under optimal extraction conditions was mixed with an or-
ganic solvent, namely chloroform or dichloromethane. The
mixture was allowed to stand until two immiscible liquid lay-
ers were formed. The organic phase containing cageine was
collected and concentrated by evaporating the solvent using
a hot plate, resulting in crude cageine crystals. To improve
the purity of the obtained product, a recrystallization step
was performed.

2.2.3 Product characterization

Theobtained cageine crystalswere characterized in termsof
purity and content. Purity analysis was conducted through
melting point determination and High-Performance Liquid
Chromatography (HPLC) based on chromatographic peak
analysis. The cageine content was determined using UV–
Visible spectrophotometry at a wavelength of 271.6 nm.

The cageine content was calculated using Equation 1.

Cageine content (mg/g) = ೦ × ೹ × ೩ᅗഌ (1)

where C represents the cageine concentration (mg/L)
from UV-Visible Spectrophotometry, V is the total sample
volume (L), F� is the dilution factor (90×), andm is the mass
of the sample (g). This equation expresses the cageine con-
tent as themass of cageine per gramof dry sample, allowing
for consistent comparison across digerent experimental.

The product yield was calculated using Equation 2.

Yield (%) = ഌ1ഌ2 × 100% (2)

wherem1 represents themassof theproductobtained (g),
andm2 denotes the mass of the feed used (g). This equation
expresses the yield as the percentage of product recovered
relative to the initial feedmass, providing an indicator of the
overall efficiency of the extraction and isolation processes.

2.2.4 Experimental design

The study employed both fixed and variable parameters. The
fixed variables included the use of green Robusta cogee
beansas the rawmaterial, a solvent volumeof 500mL (water-
to-cogee ratio of 10:1, v/w), and the application of the refux
extraction method. The independent variables consisted of
extraction temperature (70, 80, 90, and 97 oC), extraction
time (30, 45, 60, 75, and 90 minutes), and the type of solvent
used in the liquid–liquid extraction process (chloroform and
dichloromethane).

2.3 Instrument

Subsequent characterization of the obtained cageine crys-
tals included purity assessment through melting point de-
termination and high-performance liquid chromatography
(HPLC), as well as quantitative analysis using UV–Vis spec-
trophotometry. The melting point was determined using
a digital melting point apparatus to evaluate the purity of
the isolated crystals. HPLC analysis was performed using
a reversed-phase system equipped with a C18 column (e.g.,
250 mm × 4.6 mm, 5 µm particle size), with a suitable mo-
bile phase consisting of water and an organic modifier (e.g.,
methanol or acetonitrile) under isocratic conditions. The de-
tection was carried out using a UV detector at an appropri-
atewavelength (e.g., 272–275 nm) specific for cageine. Mean-
while, UV–Vis spectrophotometric analysis was conducted
using a double-beam spectrophotometer at the maximum
absorbance wavelength of cageine to determine its concen-
tration in the extract solution. All measurements were per-
formed under controlled conditions to ensure accuracy and
reproducibility of the analytical results.

3. RESULTS AND DISCUSSION

Based on the results presented in Figure 1, both chloroform
and dichloromethane exhibit a similar increasing trend in
cageine content at each temperature point. This propor-
tional increase observed in both solvent systems indicates
that the amount of cageine obtained is primarily governed
by the extraction conditions, particularly temperature (and
correspondingly extraction timewhen considered in the pro-
cess). The consistent trend suggests that the extraction
mechanismisdominatedby thesolid–liquidextractionstage
rather than the type of solvent used in the subsequent sep-
aration step. The highest cageine content was achieved at
97 oC, reaching 1.39 mg/g for chloroform and 2.14 mg/g for
dichloromethane.

The increase in cageine content obtained in this study is
primarily infuenced by the temperature applied during the
solid–liquid extraction process. An increase in temperature
enhances the kinetic energy ofmolecules, thereby accelerat-
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FIGURE 1. EƤect of temperature on caƤeine content extracted using chloroform and dichloromethane.

ing the digusion of cageine from the solid cogeematrix into
the aqueous solvent. In addition, higher temperatures im-
prove the solubility of cageine and increase the digusion co-
efficient, which collectively enhances the overall mass trans-
fer rate. As a result, higher extraction temperatures lead to
greater amounts of cageine being transferred into the liquid
phase until an optimal condition is reached.

Meanwhile, the use of chloroform and dichloromethane
in this study does not agect the amount of cageine extracted
from the cogee beans but rather plays a role in the isolation
stage of cageine from the liquid extract. These organic sol-
vents are used to separate cageine that has already been dis-
solved in theaqueousphase through liquid–liquidextraction.
Therefore, the digerences in cageine content obtained using
the two solvents refect variations in the efficiency of the sep-
aration and recovery processes, rather than the amount of
cageine initially extracted during the process.

Elevated temperatures induce molecular expansion
within the cogee matrix, as refected by increased inter-
molecular spacing (Putri and Ulfin 2015). This structural
alteration enhances the digusivity of the aqueous sol-
vent and promotes mass transfer through two synergistic
mechanisms: (1) improved solvent penetration into the
expanded and more porous matrix, and (2) facilitated
release of cageine from intracellular structures. As the
temperature increases, the integrity of complex interactions
binding cageine within the cellular matrix is progressively
weakened, initiating the dissolution process through ther-
mal cleavage of these interactions. Consequently, higher

temperatures accelerate the kinetics of bond dissociation,
allowing cageine to be more readily liberated (Amin et al.
2020). Once released, cageine molecules exhibit reduced
egective molecular constraints and increased mobility,
which enhances their ability to diguse through cell walls and
migrate into the surrounding solvent. This combination of
enhanced digusivity, improved solubility, and accelerated
mass transfer ultimately leads to amore efficient extraction
process at elevated temperatures.

While temperature significantly enhances cageine ex-
traction, the duration of extraction also contributes to the
overall yield. Increased extraction time allows sufficient in-
teraction between the solvent and the cogeematrix, facilitat-
ing the gradual digusion of cageine into the liquid phase un-
til equilibrium conditions are approached. The cageine con-
tent was determined from extracts obtained via solid–liquid
extractionunder refuxconditionsat a constant temperature
of 97 oC, while systematically varying the extraction time (30,
45, 60, 75, and 90minutes) to investigate its egect on cageine
recovery. Subsequently, two organic solvents, chloroform
and dichloromethane, were utilized for comparative evalua-
tion in the liquid–liquid extraction stage. This methodology
allowed for a comprehensive assessment of the infuence of
extraction time aswell as the efficiency of solvent-based caf-
feine isolation. The experimental results are illustrated in
Figure 2.

Based on the results presented in Figure 2, extraction
time has a significant infuence on the cageine content ob-
tained from green cogee bean extracts. The data show a con-
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FIGURE 2. EƤect of extraction time on caƤeine content extracted using chloroform and dichloromethane.

sistent increasing trend in cageine concentration for both
chloroform and dichloromethane systems as the extraction
time increases from30 to 60minutes. At 30minutes, the caf-
feine content is relatively low, reaching approximately 0.59
mg/g for chloroform and 0.35 mg/g for dichloromethane, in-
dicating that the extraction process is still in its initial stage
andmass transfer from the solid matrix to the solvent is not
yet optimal.

As the extraction time increases to 45 and 60 minutes,
a substantial rise in cageine content is observed, with max-
imum values achieved at 60 minutes, namely 2.18 mg/g for
chloroform and 1.34 mg/g for dichloromethane. This behav-
ior can be attributed to enhanced solvent–solid interaction
and prolonged contact time, which allow more cageine to
diguse from the cogee matrix into the aqueous phase. Dur-
ing this stage, the concentration gradient between the solid
and liquid phases remains sufficiently high, promoting effi-
cientmass transfer and increasingextractionyield. This phe-
nomenon is consistent with classical mass transfer theory,
where extended contact time enhances solute digusion un-
til equilibrium is approached (Cussler 2009; Treybal 1980).

However, beyond the optimal extraction time of 60min-
utes, adecline incageinecontent isobserved forbothsolvent
systems. At 75 and 90 minutes, the cageine concentration
decreases gradually, suggesting that the system may have
approached equilibrium, where further extraction becomes
limited. In addition, prolonged exposure to elevated temper-
atures may lead to partial degradation or transformation of
cageine, although cageine is relatively thermally stable un-
der moderate conditions (Belitz and Grosch 1999). Alterna-
tively, the decrease may also be attributed to re-association

or interactions with other co-extracted compounds, which
can reduce the measurable free cageine concentration in
the solution. Similar trends have been reported in the ex-
traction of bioactive compounds, where excessive extraction
time leads to reduced yield due to equilibrium limitations
and compound instability (Azmir et al. 2013).

Importantly, both chloroform and dichloromethane ex-
hibit similar extraction trends across all time variations, in-
dicating that the primary factor infuencing cageine recov-
ery is the extraction time during the solid–liquid extraction
process. The digerence in absolute values between the two
solvents is associated with their role in the liquid–liquid ex-
traction stage, particularly in terms of separation efficiency
and recovery of cageine from the aqueous phase.

Overall, the results demonstrate that an extraction time
of 60 minutes represents the optimal condition under the
studied parameters, providing the highest cageine yield
whileavoiding thenegativeegectsassociatedwithprolonged
extraction.

Significant emulsion formation was observed when
dichloromethane was used during the liquid–liquid extrac-
tion stage. Upon contact between dichloromethane and the
aqueous cogee extract, microdroplet dispersions formed at
the interface and gradually developed into a stable emulsion,
which hindered phase disengagement and reduced cageine
recovery efficiency.

This emulsion behavior is likely associated with co-
extracted lipophilic compounds originating from green cof-
fee beans. As reported by Dong et al. (2021), elevated extrac-
tion temperature can promote extraction of cogee oil and
other amphiphilic constituents. These compounds may ac-
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TABLE 1. Melting point of caƤeine crystals from liquid-liquid extraction process with solvent variation.

Material Melting Point (oC)

CaƤeine (Anhydrouse) as the standard 235-238

CaƤeine extracted by Chloroform 230

CaƤeine extracted by Dichloromethane 236

cumulate at the water–dichloromethane interface, lower in-
terfacial tension, and stabilize emulsion droplets.

Although co-extracted oil was also expected to be
present in the chloroform system, digerent phase behavior
was observed. In the chloroform extraction, two distinct
liquid layers formed rapidly without persistent emulsion.
This suggests that the digerence was not due to the absence
of oil in the chloroform system, but rather due to digerent
solvent–solute and interfacial interactions.

Thecontrastingbehaviormayberelated tophysicochem-
ical properties of the solvents. Dichloromethane possesses a
dielectric constant of approximately8.9,whereas chloroform
has a lower value of about 4.8, compared with water (≈80 at
20 oC), indicating digerent polarity relationships and inter-
molecular interactions with the aqueous phase. In addition,
literature reports digerences in interfacial tension and solva-
tion behavior between these solvent systems, which can af-
fect emulsion stability and phase separation.

Thus, the higher cageine recovery obtained with chloro-
form is attributednot only to extraction capability, but also to
improvedphasedisengagementandreducedemulsionstabi-
lization during liquid–liquid extraction.

3.1 CaƤeine characterization

The purity and identity of the isolated cageine crystals were
evaluated through melting point determination and High-
Performance Liquid Chromatography (HPLC) analysis. These
complementary techniques provide both physical and chro-
matographic evidence to assess the quality of the obtained
product.

Cageine was isolated from the extract via liquid-liquid
extraction (LLE), aprocess leveragingdigerential solubilityof
compounds between two immiscible liquid phases. In LLE,
solute partitioning occurs according to distribution coeffi-
cients (Abriyani et al. 2022). Melting point analysis was con-
ducted by heating the solid sample in a capillary tube im-
mersed in a paraffin oil bath and recording the temperature
atwhich thephase transitionoccurred. Aspresented inTable
1, the standard anhydrous cageine exhibited amelting point
range of 235–238 oC, which is consistent with literature val-
ues. The cageine crystals obtained using dichloromethane
showedameltingpoint of 236 oC,which falls preciselywithin
the standard range, indicating ahighdegree of purity. In con-
trast, the cageine crystals isolated using chloroform exhib-

ited a lowermelting point of 230 oC, suggesting the presence
of impurities.

Theobserveddeviation inmeltingpoint canbeexplained
by the well-established principle that impurities disrupt the
crystal lattice structure, leading to a reduction in melting
temperature and, in many cases, a broader melting range
(Cahyono and Suzery 2018). Therefore, the closer agreement
of thedichloromethane-extracted cageinewith the standard
melting point indicates that this solvent produces a purer
crystalline product. Meanwhile, the lower melting point ob-
served in chloroform-extracted samples suggests that resid-
ual impurities, possibly co-extracted compounds, remain
within the crystal structure.

Further characterization was performed using HPLC to
qualitatively assess purity based on retention time analysis.
As shown in Table 2, the retention time of the standard caf-
feine was approximately 2.03 minutes. The cageine crystals
isolatedusingdichloromethaneexhibited a retention timeof
2.06minutes, showing only aminimal deviation of 0.03min-
utes from the standard. In contrast, the chloroform-isolated
cageine displayed a retention time of 2.15 minutes, corre-
sponding to a larger deviation of 0.12minutes.

Retention time in HPLC is highly sensitive to the chem-
ical composition and purity of the analyte. A small devia-
tion from the standard retention time indicates that the com-
pound is chemically similar and contains minimal impuri-
ties, whereas larger deviations may suggest the presence of
co-elutingor interfering substances (Sheline et al. 2010). The
greater shift observed in the chloroform-isolated sample im-
plies that impurities are still present, agecting the interac-
tion between the analyte and the stationary phase and con-
sequently altering the elution behavior.

Overall, both melting point and HPLC analyses con-
sistently indicate that cageine crystals obtained using
dichloromethane exhibit higher purity compared to those
obtained using chloroform. This finding highlights the im-
portance of solvent selection in the liquid–liquid extraction
stage, not only in terms of recovery but also in determining
the final product quality. The superior performance of
dichloromethane in producing purer cageine crystals may
be attributed to its more selective solvation behavior, which
reduces the co-extraction of impurities and facilitates
cleaner phase separation.

TABLE 2. Characterization results using HPLC.

Material Retention Time (Min)

CaƤeine (Anhydrouse) as the standard 2.03

CaƤeine extracted by Chloroform 2.15

CaƤeine extracted by Dichloromethane 2.06
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4. CONCLUSIONS

Based on the analytical results and discussion presented
above, the following conclusions can be drawn: The optimal
temperature for obtaining thehighest cageine content in the
solid-liquid extraction process was determined to be 97oC,
yielding cageine concentrations of 2.14 mg/g using chloro-
form and 1.39 mg/g using dichloromethane in the subse-
quent liquid-liquid extraction. While elevated temperatures
enhance cageine solubility in water, excessively high tem-
peraturesmay lead to degradation of other compounds such
as chlorogenic acid. Regarding extraction duration, the high-
est cageine content was achieved at 60 minutes of solid-
liquid extraction, producing concentrations of 2.18mg/gwith
chloroformand1.34mg/gwithdichloromethane in the liquid-
liquid extraction step. Prolonged extraction beyond 60 min-
utes resulted in decreased cageine content due to ther-
mal degradation. Comparative analysis revealed that while
chloroform yielded higher cageine quantities (2.18 mg/g) in
liquid-liquidextraction, dichloromethane-producedcrystals
demonstrated superior purity characteristics. This was evi-
denced by a melting point of 236oC and an HPLC retention
timeof2.06minutes, closelyapproximating thepurecageine
standard value of 2.03 minutes, suggesting fewer impurities
in dichloromethane-extracted samples compared to those
obtainedwith chloroform.
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