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ABSTRACT

Objectives: The aim of the present study is to isolation, identification,
and quantification of free diterpenes in coffee oil of Coffea arabica.
Materials and Methods: For the isolation of free diterpenes,
saponification reaction step was employed and followed with a liquid-liquid
extraction procedure applied. Cafestol and kahweol were identified
by multiple reaction monitoring (MRM) of positive ionization (MRM)
mode of atmospheric pressure chemical ionization (APCI) mass
spectrometry detection. The quantification of free diterpenes was done
by high-performance liquid chromatography with diode array detector. The
developed method was validated according to the international conference
on harmonization guidelines. Results: The ion transitions of the precursor
to the product ion at (M + H)* m/z 317.20—146.90, 281.00, 299.00 for
cafestol and 315.10—144.90, 278.90, 296.90 for kahweol were observed.
The proposed method was validated for linearity with excellent correlation
coefficient of cafestol and kahweol were found to be 0.9997 and 0.9996,
respectively. The intra-day and intermediate precisions and repeatability
showed the percentage relative standard deviation was <1%. The recovery
rate for cafestol and kahweol were observed to be in the acceptable limit
of 95.303%-98.539% and 95.963%-97.174%, respectively. The limit of
detection of cafestol and kahweol were found to be 6.81 and 735 ppm,
respectively. The limit of quantitation (LOQ) was found to be 22.72 and
24.52 ppm, respectively. Conclusion: The developed method is simple,
rapid, precise, accurate and it is recommended for efficient assays in
routine work.
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Abbreviations Used: LC-MS/MS: Liquid Chromatography-Tandem
Mass Spectrometry; ICH: International Conference on Harmonisation; r2:
correlation coefficient; ppm: parts per million; HPLC: High Performance Liquid
Chromatography; % RSD: Percentage relative standard deviation; MRM:
multiple reaction monitoring; ESI: electrospray ionisation; APCI: atmospheric
pressure chemical ionization; PDA: photo diode array; KOH: potassium
hydroxide; MTBE: methyl tert-butyl ether; UV: ultraviolet detector; ppm: parts
per million; UHPLC: ultra-high-performance liquid chromatography; RP-HPLC:
reverse phase-high-performance liquid chromatography; GCMS: Gas
chromatography—mass spectrometry; GC-FID: Gas chromatography— flame
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SUMMARY

e The objective of the present study is to isolation, identification, and

ionization detector; um: Micro meter; ul: Micro liter; mm: Milli meter; h:
hour; M: molar; L/min: litre per minute; ml: Milli; min: minute; CID: collision
induced dissociation; A% Angstrom; nm: nano meter; RT. retention time; eV:

Electronvolt; V: Volt; °C: Degree Celsius; Kv: Kilovolt; kPa: Kilopascal; DL:
desolvation line; ug: Microgram; LOD: limit of
detection; LOQ: limit of quantification and USP:
United States Pharmacopoeia.

quantification of free diterpenes in coffee oil of Coffea arabica. The devel-
oped method was validated according to the requirements for the interna-
tional conference on harmonization guidelines. The quantification of free
diterpenes was done by high-performance liquid chromatography with diode
array detector. Cafestol and kahweol were identified by multiple reaction
monitoring (MRM) of positive ionization (MRM) mode of atmospheric pres-
sure chemical ionization mass spectrometry detection.
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INTRODUCTION

Coffee is one of the most popular beverages in the world. There are two
coffee species popularly known as arabica and robusta having commercial  For reprints contact: WKHLRPMedknow._reprints@wolterskluwer.com

importance according to the international coffee organization.!"
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The two coffee species of the most traded agricultural product are
Coffea arabica (Arabica coffea) and Coffea canephora (Robusta coffee),
which correspond to 69% and 31%, respectively, of the world’s coffee
production. Green coffee bean is the raw coffee bean. The color and
content of the coffee bean is changed once it is roasted. Green coffee bean
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extract has an impact on weight loss, normalizing the blood sugar and
anti-aging properties. Green coffee oil is widely used in cosmetics® and
pharmaceutical applications.” The coffee oil is rich in diterpenes, mainly
cafestol and kahweol are predominantly occurring in coffee oil as esters
of fatty acids.**! Recent studies reported that cafestol (182-1308 mg/100
g) and kahweol (0-1265 mg/100 g) are the main diterpenes present in
green and roasted coffee bean.!!

The main phytoconstituents of C. arabica are phenolic compounds (such
as chlorogenic acids and derivatives), methylxanthines (caffeine,
theophylline, and theobromine), diterpenes (cafestol and kahweol),
nicotinic acid (Vitamin B,) and its precursor trigonelline, magnesium
and potassium.” Diterpenes are a group of terpenoids, derived from
a common isoprene precursor, geranylgeranyl diphosphate, via the
formation and chemical modification of carbon skeletons. Diterpenes
are widely distributed in nature, and it is structurally diverse class of C20
natural compounds, where isoprene units combine in different forms to
give an array of diterpenes such as abietane, cembrane, guanacastepene
A, quinonoid, jatropha, cafestol, and kahweol types.

Cafestol and kahweol, produced only by plants of the Coffee genus,
are of interest due to their physiological effects.”®! Cafestol was found
in both C. arabica and C. canephora plants; however, kahweol was
reported to be specific to C. arabica.”’ The typical bean of C. arabica
contains cafestol and kahweol, with individual concentrations ranging
from 0.1 to 7 mg/ml in coffee.!*!!) Studies have demonstrated that
cafestol and kahweol exhibit a wide variety of pharmacological activities,
including anti-inflammatory,>"* anti-angiogenic," antioxidant,
anti-carcinogenic,!11¢! hepatoprotective,'”! anti-mutagenic,!'®
anti-diabetic,®®!  anti-osteoclastogenic,?" anti-tumorigenic
properties.?>?*) ' With multiple bioactivities of cafestol and kahweol
reported, the development of potential multi-target drugs with
diterpenes should be encouraged.

and

The objective of the present study is to optimize the saponification
reaction and the extraction of diterpenes. In addition, the authors also
develop a simple, optimized, characterize, and validated method for
quantitative determinations of cafestol and kahweol in green coffee oil.

MATERIALS AND METHODS
Materials
Cafestol and Kahweol were wused as reference standards.

Cafestol (High-Performance Liquid Chromatography [HPLC] grade
100.0%) and Kahweol (HPLC grade 98.0%) were procured from
Sigma-Aldrich (India). All reagents and solvents used were of analytical,
HPLC and mass spectrometry (MS) grade. The powdered coffee
beans material of C. arabica was procured from Vidya Herbs Pvt Ltd,
Chikmagalur, India.

Preparation of the extract

Coffee oil of C. arabica was prepared by soxhlet extraction of 100 g of
green coffee beans powdered raw material using 95% alcohol at 70°C
for 3 h in 3 successive batch extractions. The first batch was extracted
by adding 500 ml solvent for 3 h, and further two successive extractions
were done by adding 500 ml/batch for 1 h. After completion of extraction,
the cooled liquid was concentrated by evaporating its liquid contents in
rotary evaporator till dryness. The coffee oil yield was obtained 5 g and
used for further experiments.

Preparation of standard solution

Accurately weighed 10.0 mg of cafestol and kahweol reference standards
were taken separately in 10.0 ml standard volumetric flask and
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dissolve in methanol to obtain a stock concentration of 1000 parts per
million (ppm). Pipetted 5.0 ml of each standard stock solution to 25.0 ml
standard volumetric flask and made up with methanol to get a final
concentration of 200 ppm each. Filter the standard solution through
0.2 u nylon syringe filter and inject the solution.

Preparation of sample solution

Saponification, extraction and clean-up procedure

Accurately weighed the appropriate amount of 1 g of sample was
transferred into the round bottom flask. 90 ml of 95% ethyl alcohol and
10 ml of 2 M potassium hydroxide (KOH) were added to the flask. The
reflux was carried out in a round-bottomed flask at 60°C for 1 h. After
the complete saponification, the sample solution was cooled to room
temperature and concentrated to dryness using rota evaporator. Dissolve
the residue in 50 ml water and directed to liquid-liquid extraction with
methyl tert-butyl ether (MTBE), i.e., by adding double the volume of
the aqueous phase. Separate the aqueous phase and discarded. Collect
the organic phase MTBE and followed by two times wash with water.
Concentrate MTBE layer, dry, and dissolve by using 10 ml methanol.
Filter the sample solution through 0.22 u nylon syringe filter and inject
the solution.

Preparation of spiked sample solution

Three different volumes (0.6, 0.7, and 0.8 ml) of cafestol and kahweol
mix standard solution was added to the sample solution. The standard
mix solution was spiked into the samples to determine recovery. Before
analysis, the solutions were filtered through 0.20 um nylon membrane
filters.

Diterpene analysis

The diterpene quantification was performed on a Shimadzu LC2030 C
Prominence-i (Japan) system equipped with a quaternary low-pressure
gradient solvent delivery LC2030 pump with high-pressure switching
valves, online LC2030 degasser unit, a high sensitivity LC2030 ultraviolet
detector, high-speed drive LC2030 autosampler with a 100 pl loop and
it accommodates 216 samples at a time with direct access rack system
and large capacity column oven. The system was controlled and data
was analyzed by LabSolutions software. A separation was carried out in
Kinetex XBC-18 column (100 A, 250 mm x 4.6 mm, 5 wm pore size).
The mobile phase consists of isocratic elution with a low-pressure
gradient using water: methanol (25:75) with a flow rate of 1.5 ml/min
and an injection volume of 10 pl. All solutions were degassed and
filtered through 0.45 um pore size filter. The column was maintained
at 25°C throughout analysis, and the photo diode array detector was set
at 224 and 289 nm for cafestol and kahweol, respectively. One hundred
percent methanol was used as a diluent for assay by HPLC analysis,
and the total liquid chromatography (LC) run time was 17 min. Using
these chromatographic conditions, it was possible to confirm the peak
identification by retention time (RT) of cafestol and kahweol by injection
of the corresponding standard separately.

The identity and purity of the peaks were operated using triple
quadrupole mass spectrometry (LC-MS/MS-8050, Shimadzu, Japan)
equipped with atmospheric pressure chemical ionization (APCI) source
operating in positive ionization mode. The separation was carried out
in the Kinetex C, column (100 A, 2.6 um, 150 mm x 2.1 mm). The
mobile phase consists of isocratic elution with a low-pressure gradient
using water: methanol (30:70) with a flow rate of 0.3 ml/min in APCI
source. The MS chromatographic conditions used in the study as follows:
nebulizer gas flow, 3 L/min; drying gas flow, 5 L/min and heating gas flow,
10 L/min. The interface voltage and CID gas pressure were set at 4 Kv
and 230 kPa. The interface temperature was maintained at 350°C, while
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desolvation line and heat block (interface) temperature were maintained
at 200°C in the APCI source. Other parameters were tuned automatically.
The MS/MS parameters were optimized by direct injection of 1 uL
volumes of mixed standards at 1 ppm. Characterization was established
by injecting mixed standard solution of cafestol and kahweol and test
sample of coffee oil, respectively, into the tandem mass spectrometry.
Cafestol and kahweol identification was made by multiple reaction
monitoring (MRM) chromatogram and mass spectrum compared with
authentic standards. Peak identification was based on the RT, and the
sample ion chromatograms must fully overlap with the standard. The MS
data was processed by LabSolutions software.

Validation of the method

The validation of the developed method was done according to the
International Conference on Harmonisation (ICH) guidelines.?! The
method is validated for specificity, linearity, repeatability, precision,
accuracy, limit of detection (LOD), limit of quantitation (LOQ), and
robustness.

Specificity

Specificity is the ability of a method to discriminate between the study
analytes and other components in the sample. In this study, the specificity
was demonstrated by running a procedure blank, standard and sample.
The chromatographic parameters such as column efficiency and peak
symmetry were done to the standard mix (cafestol and kahweol)
according to the ICH guidelines.

Linearity

Linearity was determined by different known concentrations of cafestol
and kahweol mix standard solution. The standard solutions were injected,
and the peak area was measured. For linearity study, six aliquots in the
range 0.4-0.9 ml standard stock solution (i.e., 200 ppm) were taken
and diluted to 1 ml to obtain concentrations in the range 80-130 ppm.
Calibration curve was constructed for cafestol and kahweol by plotting
peak areas against concentration and linear regression equations. The
correlation coefficient (R2) was also computed.

Precision

Precision is a measure of the reproducibility of the whole analytical
method. Precision was determined by studying the repeatability,
intra- and inter-day (intermediate) precision. The repeatability was
determined at a minimum of 6 replicates at 100% test concentration.
Intra- and inter-day precision were determined at a minimum of three
different concentration levels (100, 110, and 120 ppm) of cafestol and
kahweol standards at three replicates. The intermediate precision
variations to be studied for different analysts. The precision was
expressed as the percentage relative standard deviation (percentage
relative standard deviation [% RSD]).

Accuracy

Accuracy is a measure of closeness of test results obtained by a method to
the true value. The accuracy of the method was tested by performing the
recovery studies at three different levels of standard stock solution added
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Figure 1: Optimised multiple reaction monitoring chromatogram of cafestol and kahweol. (a) Standard cafestol. (b) Test sample of coffee oil for cafestol. (c)

Standard kahweol. (d) Test sample of coffee oil for kahweol
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to the samples. The standard stock solution was spiked into the samples
to determine recovery. Three different volumes (0.6, 0.7, and 0.8 ml) of
standard stock solution were added to the sample solution (200 ppm).
Triplicate injections were made with all the spiked samples.

% of recovery = (b — a)/c x 100.

where, “a” is the amount of drug found in the sample before the addition
of the standard drug.

“b” is the amount of drug found after the addition of the standard drug.

“c” is the amount of standard drug added.

Limit of detection and limit of quantification

The detection limit of an individual analytical procedure is the
lowest amount of analyte in a sample which can be detected but not
necessarily quantitated under the stated experimental conditions.
Quantitation limit of an individual analytical procedure is the lowest
amount of analyte in a sample, which can be quantitatively determined
with accuracy. LOD and LOQ were determined based on the signal to
noise ratio response. For LOD, it should not be <3. For LOQ, it should
not be <10.

Statistical analysis
Results were expressed as mean + standard deviation and % RSD. The
data were submitted to statistical analysis using excel software.

RESULTS AND DISCUSSION

Diterpenes were extracted and isolated from the coffee oil of C. arabica.
As described early, cafestol and kahweol occur in the form of fatty
acid esters, mainly palmitic and linoleic acid esters.’® An optimized
saponification reaction step was developed with the saponification
parameter such as reagent concentration, temperature, reaction time, and
the extraction solvent. For the isolation of free diterpenes, saponification
reaction step was employed with optimized 2 M KOH solution. After
the saponification reaction is followed with a liquid-liquid extraction
using various organic solvents such as hexane, diethyl ether, and MTBE
studied. The extraction of free forms of cafestol and kahweol is optimized
with MTBE extraction solvent to obtaining better recoveries and a neat
interface of the compounds between organic and aqueous phases.

For further confirmation of diterpenes, an optimized MRM method
was developed using ultra-high-performance LC combined with mass
spectrometry (MS/MS). The electrospray ionization positive and
negative mode showed a lower response to ionize the diterpenes esters,
so that the instrument was operated in the APCI positive mode with
the higher response was selected. The diterpenes showed a satisfactory
response in the negative mode of APCI. MRM chromatogram of cafestol
and kahweol were shown in the [Figure 1]. The ion transitions of the
precursor to the product ion were m/z 317.20>146.90 ion as a quantifier,
317.20-281.00 ion as a qualifier-1, 317.20-299.00 ion as a qualifier-2
for cafestol and 315.10->144.90 ion as a quantifier, 315.105278.90 ion
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Figure 2: Optimised multiple reaction monitoring spectrum of cafestol and kahweol. (a) Standard cafestol. (b) Test sample of coffee oil for cafestol. (c)

Standard kahweol. (d) Test sample of coffee oil for kahweol
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as a qualifier-1, 315.10>296.90 ion as a qualifier-2 for kahweol were
observed [Figure 2]. In cafestol, more intense fragment was observed at
m/z 146.90 by the loss of [M + H-C, H O,]" group from the precursor
ion. The other less intense fragments at m/z 299.0 [M + H-H,0]* and
m/z 281 [M + H-2H, O]* were observed for cafestol by the successive
loss of one and two molecules of water moiety by dehydration. This mass
spectrum is a good match with the cafestol in accordance with other
previous reports.>!”?281 Kahweol was showed high intense fragment
at m/z 144.90 by the removal of C,H,O, [M + H-C,H,0,]* group from
the precursor ion. Further, less intense fragments were observed at m/z
at 297 [M + H-H,0O] + and 279 [M + H-2H,0] + for kahweol by the
successive loss of one and two molecule H,O moiety by dehydration from
the precursor ion, respectively. A good match with the mass spectrum of
kahweol was observed with other previous studies.*?”! By comparing the
ion transitions with authenticate reference standard material and other
previous reports, it was clearly identified as cafestol and kahweol.

An reverse phase-HPLC method was developed and validated for the
determination of cafestol and kahweol in coffee oil extract. In specificity,
the optimization of chromatographic condition was determined by
comparing the chromatogram obtained from blank, standard, and sample
solutions are summarized in [Figure 3]. The RT of cafestol and kahweol
reference standard were found to be 7.349 and 6.667 min, respectively.

Table 1: Precision studies of cafestol and kahweol

The test (coffee oil) sample confirms the presence of cafestol and
kahweol at 7.339 and 6.667 min, respectively, without any interferences.
The chromatogram of the sample solution overlay with the standard
solution, so the method is specific. The theoretical plate (United States
Pharmacopoeia) 13,182 for cafestol and 13,950 for kahweol was observed.
The tailing factor for cafestol and kahweol were observed 1.053 and 1.091,
respectively, which indicated column efficiency is satisfactory.

Linearity was evaluated by plotting the peak area against concentration
of cafestol and kahweol mix standards in the range 80-130 ppm are
summarized in the [Figure 4]. The R? of cafestol and kahweol were
found to be 0.9997 and 0.9996, respectively. The acceptance criteria for
linearity are that the R* should not be <0.990.”%' This indicates good
fitting of the curve and the method is good linearity corresponds to
peak area on concentration. These results are in accordance with other
previous reports.*® Precision of an analytical method expresses the
closeness of agreement between a series of measurements that were
obtained from multiple sampling of the same homogeneous sample
under the prescribed condition. Precision was evaluated based on
the % RSD value. The data pertaining to precision are summarized
in Table 1. In repeatability, the % RSD of the peak area of test sample
concentration (400 ppm) of cafestol and kahweol were found to be
0.080% and 0.082%, respectively. In intra-day precision, the % RSD of
peak area at 3 different levels (100, 110, and 120 ppm) of cafestol was
found to be 0.023%, 0.011% and 0.040%, kahweol: 0.021%, 0.018%,
and 0.032%, respectively. In inter-day (intermediate) precision, the

Concentration (ppm) Mean area+SD RSD (%) % RSD of peak area at 3 different levels (100, 110, and 120 ppm) of
Cafestol cafestol was found to be 0.112%, 0.133%, and 0.044%, kahweol: 0.083%,
Intra-day precision (n=3) 0.112%, and 0.047% respectively. These precision presented % RSD
100 735,150+68 0.023 values are <1.0%, so the method was found to be highly precise and
110 809,561+93 0.011 reproducible. The recovery of the compounds cafestol and kahweol
120 885,367+358 0.040 were determined by spiking the coffee oil with known amounts of mix
Inter-day precision (n=3) standard solution. Recovery of each substance was obtained from the
100 742,279+829 0.112 calculated amount found and the original amount. Percentage recovery
110 802,569+1070 0.133 .
120 880.730+391 0.044 of cafestol and kahweol was calculated from differences between the
Repeatability (n=6) T ’ peak areas obtained for spiked and standard solutions as shown from
400 1,569,065+1253 0.080 the data [Table 2]. The average % RSD at three different levels spiked
Kahweol sample of cafestol was found to be 0.044%, 0.082%, and 0.065%,
Intra-day precision (n=3) kahweol: 0.012%, 0.094%, and 0.062%, respectively. The average
100 1,050,699+220 0.021 percent recoveries at three different levels (100, 110, and 120 ppm) of
L s izt Lo cafestol and kahweol were found to be 98.539%, 96.824%, and 95.303%,
Intjroda recision (n=3) Lz sisiate ez kahweol: 97.174%, 95.963%, and 96.126%, respectively. The low
100 v ; 1.066.223+887 0.083 standard deviation value <1% shows the high accuracy of the method,
110 1 1 46 %904_: 1288 0: 112 therefore, this HPLC method can be regarded as selective, accurate and
120 1,257,439+593 0.047 precise. LOD at signal-to-noise ratio (3:1), the smallest concentration of
Repeatability (n=6) cafestol and kahweol were found to be 6.81 and 7.35 ppm, respectively.
400 2,750,942+2253 0.082 The LOQ at signal-to-noise ratio (10:1) for cafestol and kahweol were
SD: Standard deviation; RSD: Relative standard deviation found to be 22.72 and 24.521 ppm, respectively. Low LOD and LOQ of
Table 2: Results of accuracy
Amount added (ppm) Mean area (b)+SD RSD (%) a [4 Recovery (%)
Recovery for cafestol
100 2,286,013+996 0.044 1,562,516 734,220 98.539
110 2,346,318+1918 0.082 1,562,516 809,512 96.824
120 2,403,596+1568 0.065 1,562,516 882,529 95303
Recovery for Kahweol
100 3,763,720+469 0.012 2,742,863 1,050,541 97.174
110 3,847,893+3067 0.094 2,742,863 1,151,516 95.963
120 3,950,194+2451 0.062 2,742,863 1,255,986 96.126

n=3. SD: Standard deviation; RSD: Relative standard deviation
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Figure 3: Optimised high performance liquid chromatography
chromatograms of blank, standard and sample. The retention time of
kahweol and cafestol standard and sample peak were found to be 6.667,
7.349 and 6.667, 7.339 respectively

cafestol and kahweol enable the detection and quantification of cafestol
and kahweol in C. arabica at low concentrations.

CONCLUSION

The saponification reaction step was optimized, and solvent extraction
was successfully applied to isolate free diterpenes from the coffee oil of
C. arabica. The developed method is simple, precise, specific, selective,
and robust. Therefore, the method was proved to be fast, powerful, and
simple tool for the quantification of diterpenes in coffee oil without
derivatization using Gas chromatography (GC)-MS or GC-flame
ionization detector. This optimized method was decreasing the risk of
degradation of the free diterpenes and time-saving in sample preparation.
The method developed in this study will be useful for food industries.
Further exploration is needed to investigate the standardization of
individual phytoconstituents in coffee oil of C. arabica.
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