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Abstract
Background and Objective: Coffea canephora (named Robusta coffee) represent around the 30% of the production worldwide of coffee.
This specie is used as coffee beverage. Their content of caffeine is important in their quality. The aim of this study was to determine the
caffeine content in robusta coffee (Coffea canephora) variety obtained from 8 cultivars (Piedra Grande, Sabanetillas, Pitiamby,
Industria Tablas de Florida, Yatuví, Pueblo Nuevo and Paraiso) of 2 Cantons (Caluma and Echeandía) of the Bolívar province from Ecuador.
Materials and Methods: Caffeine content of robusta coffee (Coffea canephora) from Ecuador was calculated using the reverse phase
ultra-high-performance liquid chromatography RP-UHPLC-PDA with the help of caffeine standard using a C18 column and lineal gradient
of 0-70% B for 12 min with an absorbance of 274 nm (solvent B: Acetonitrile and solvent A: Water). Caffeine content of robusta coffee from
Ecuador was also evaluated with the extraction soxhlet method. Results: It was found that three of these Ethiopian plants
(designated here as UEB-F, UEB-Y and UEB-P in honor to their localization) had an almost low caffeine content as the Coffea canephora
content. This Coffea canephora plant was detected during the analysis of ultra- high-performance liquid chromatography (UHPLC-PDA)
of chloroform extracts of seeds. Conclusion: Robusta coffee (Coffea canephora) cultivated in the Echeandía canton present an extremely
low value of caffeine content. These values of caffeine allow this coffee variety to be used to produce decaffeinated coffee. Caluma canton
coffee presents caffeine content according to the robusta coffee variety.
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MATERIALS AND METHODS

INTRODUCTION
The genus Coffea L. has more than 100 species but only

Study area: The preparation of samples was conducted in the

around 25 species are used to produce coffea fruits with

laboratory of the Bolívar State University (Guaranda-Ecuador).

commercial value in the world for the food industry. Only

The analysis of caffeine by RP-UHPLC was conducted in the

4 species of coffea are used by the food industry to produce

laboratory of Functional Foods, Faculty of Foods Science

the coffee used for the preparation of the most popular

and

1,2

beverage in the world after tea infusion .

Engineering,

Technical

University

of

Ambato

(Ambato-Ecuador). The assays were conducted in 2016 from
May to October.

Coffee fruit is the more important agricultural crop export
around in the world. Coffea arabica (named Arabica coffee)

Sample preparation: Coffee bean samples of 8 different

represents 70% of the world coffee production and the

canephora

cultivars were collected from 2 major productions in 2 cantons

(named robusta coffee). These 2 species are the more used in

of Andean region. Canton Caluma 79E13'55.56 S,1E39'21.6 W

remainder

consists

mainly

of
3,4

Coffea

Coffea species grow in

in 4 recintos (Piedra Grande, Sabanetillas, Pitiamby and

tropical and subtropical areas, especially in the Equatorial

Industria) in the canton Echeandia region 79E17'5.628 S,

region at an altitude of 200-1200 m and at 18-22EC. The range

1E26'30.492 W in four recintos (Tablas de Florida, Yatuví,

from 1300-1600 m has been identified as the optimum

Pueblo Nuevo and Paraiso) in the province of Bolívar of

the elaboration of coffee beverage

altitude for wild coffee . The chemical composition of green

Ecuador including Coffea robusta. All coffee beans samples

coffee is characterized by the presence of caffeine that can

were ground and roasted and 20 randomly selected coffee

range from 1.45-2.38% in Coffea arabica and in Coffea
canephora, respectively7. Caffeine content in roasted coffee
is much higher in Coffea canephora (1.7-4.0%) than in
Coffea arabica (0.8-1.4%). Caffeine (1,3,7-trimethylxanthine)

beans of each cultivar were used as one sample for caffeine

is a naturally occurring alkaloid which represents a mild

using a magnetic stirrer and heated gently to remove caffeine

stimulant for the central nervous system, muscle, heart and

easily from the solution. In addition, the solution was filtered

circular systems of the human body. Due to its effects, caffeine

using a paper filter (Whatman NE40) to get rid of particles from

may improve alertness, learning capacity and exercise

the solution.

5,6

performance when moderately consumed

8-10

content measurement using the RP-UHPLC method. An
accurately weighed amount of coffee 300 mg, was dissolved
in 200 mL of distilled water. The solution was stirred for 1 h

. Some studies

have focused on the application of different analytical

Liquid-liquid

techniques able to monitor the different compounds of the

extraction with chloroform was used to extract caffeine of

food matrixes, among them the coffee matrix. Infrared

coffee

spectroscopy11-13 and GC-MS14,15 have been applied with

(under coffee sample preparation) was mixed with

the view of possible species differentiation of coffee,

dichloromethane by a volume ratio (30:30 mL) for the

hyperspectral imaging technique16, ESI-MS17, HPLC, HPLC-MS

extraction of caffeine from coffee. First, a mixture of the

beans.

extraction
The

coffee

of

caffeine:

solution

Liquid-liquid

prepared

above

, electrophoresis, capillary electrophoresis

solution was stirred for 10 min. The extraction of caffeine

high-performance thin layer chromatography (HPTLC)20,21

was performed 4 times with 30 mL chloroform at each

18,19

and UHPLC

and supercritical fluids

22

round23.

have been applied to study the

content of caffeine in coffee and coffee drinks. Caffeine
content was calculated using the RP-UHPLC analysis. It allows

Soxhlet extraction of caffeine: For comparison purposes

characterizing the composition of the crops of the Andean

extract of coffee grounds were firstly obtained by Soxhlet. An

region of Ecuador knowing its caffeine content allows

amount of 300 mg of robusta coffee was placed inside the

establishing its possible uses in the food industry either

Soxhlet apparatus and treated with 300 mL of analytical grade

for beverage preparation or other purposes. The aim of this

chloroform for 4 h. At the end of the process, the solvent was

study was to determine the content of caffeine in robusta

evaporated to dryness and the extract was weighed. The

coffee cultivated in different regions of Ecuador using two

content of caffeine was calculated with the help of a standard

methods of extraction liquid-liquid extraction and soxhlet

of caffeine. The extraction was performed on a triplicate

methods.

basis24.
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Analysis of caffeine by Liquid chromatography: Extract of

40
Absorbance 274 nm

coffee Coffea canephora were analyzed using RP-UHPLC
on Agilent 1200 infinity series UHPLC System
(Agilent Technologies, Waldbronn, Germany). The variable
wavelength detector was 274 nm. The column used was EC
C18 (Agilent Poroshell 120, 4.6×50 mm×2.7 µm of particle
size). Samples were eluted at 1.0 mL minG1 with a linear
gradient from 0-70% of solvent B (acetonitrile, CAN) in solvent
A (Milli-Q water) for 10 min. The injection volume was 10 µL
for each duplicated sample25. Caffeine concentration was
calculated with the help of a standard curve, standard caffeine
(Sigma-Aldrich, St Louis, USA). All samples were analyzed in
duplicate in 2 independent runs.
Standard solutions of caffeine were prepared in methanol
at the concentration of 1 mg mLG1 and diluted (1:10, v/v) with
a mobile phase. Standard stock solutions of caffeine for
quantitative analysis were prepared separately in methanol at
the concentration of 1 mg mLG1 and stored at 4EC. Working
solutions of each standard at 5, 10, 20 and 50 µg mLG1 were
prepared by diluting the stock solutions with the mobile
phase A:B (95:5, v/v). Calibration samples were prepared in
triplicate and analyzed in duplicate in two independent runs.
Peak integration was performed at λ = 274 nm for caffeine.
Calibration curves of caffeine was calculated with equal
weighted least squares linear regression analysis of peak area
against standard nominal concentration (R2 = 0.9995). The
content of caffeine is the mean of 2 samples26.
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Robusta coffee from 8 cultivars of the 2 cantons
(Caluma and Echeandía) of Bolívar province in Ecuador was
used in this study to determine their caffeine content using
the RP-UHPLC method and the extraction with the soxhlet
method. The calibration curve of caffeine was calculated
with a standard of caffeine (Fig. 1a-d). Good calibration
was obtained with the equation of lineal regression
(Y = 16.593*x-1.2848) with a correlation coefficient of
R2 = 0.9995. With the help of standard caffeine, it was possible
to observe the retention time of caffeine with an average
value of 0.575 min in the conditions of the study and the
concentration of caffeine ranged from 3.99-31.92 ppm
(Table 1).
In the RP-UHPLC analysis, the retention time of
caffeine of the 8 samples of robusta coffee presented a value
in average of 0.575 min of retention time at 274 nm of
absorbance (Fig. 2a-d, 3a-d). The software of this instrument
identified the peaks of caffeine. The content of caffeine was
low in the 4 cultivars of the Echeandía region with values
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Fig. 1(a-e): Standard of caffeine analyzed by RP-UHPLC-PDA,
(a) standard at 5 µg mLG1, (b) Standard at
10 µg mLG1, (c) Standard at 20 µg mLG1 and
(d) Standard at 50 µg mLG1
Table 1: Concentration of caffeine calculated with standard caffeine
Samples
Concentration (ppm)
Area
Retention time
Standard 1
3.99±0.02a
65.5±0.02a
0.577
Standard 2
7.98±0.02b
135.2±0.02b
0.576
Standard 3
15.96±0.03c
256.7±0.03c
0.576
Standard 4
23.94±0.015d
399.3±0.015d
0.575
Standard 5
31.92±0.010e
530.7±0.010e
0.575
Different letters show statistical difference between the groups (p<0.05) ANOVA
and Tukeyʼs test
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Fig. 2(a-d): Analysis of robusta coffee samples from Caluma
canton of Bolívar Province from Ecuador by
RP-UHPLC-PDA, (a) Piedra Grande, (b) Sabanetillas,
(c) Tablas de Florida and (d) Pitiamby

Fig. 3(a-d): Analysis of robusta coffee samples from
Echeandía canton of Bolívar Province from
Ecuador by RP-UHPLC-PDA, (a) Industria, (b) Yatuví,
(c) Pueblo Nuevo and (d) Paraíso

Table 2: Content and percentage of caffeine of robusta coffee by RP-UHPLC-PDA
Cantón
Recintos
Caffeine (mg LG1)
Caffeine (%)
Caluma
Piedra Grande
10.312±0.001a
0.859±0.001a
Sabanetillas
26.193±0.002b
2.182±0.002b
Pitiamby
25.234±0.001c
2.100±0.001c
Industria
22.788±0.040d
1.899±0.040d
Echeandía
Tablas de la Florida
5.341±0.025a
0.445±0.025a
Yatuví
7.763±0.035b
0.646±0.035b
Pueblo Nuevo
6.998±0.011c
0.583±0.011c
Paraíso
10.083±0.023d
0.840±0.023d
Different letters show statistical difference between the groups (p<0.05) ANOVA
and Tukeyʼs test

Table 3: Content of caffeine and percentage of robusta coffee using Soxhlet
method
Region Canton
Recintos
Caffeine (mg LG1) Caffeine (%)
Andean Caluma
Piedra Grande
25.800±0.49a
2.150±0.49a
Sabanetillas
22.900±0.14b
1.908±0.14b
Pitiamby
24.400±0.25c
2.033±0.25c
d
Industria
12.400±0.160
1.033±0.160d
Echeandía Tablas de la Florida
16.500±0.32a
1.375±0.32a
b
Yatuví
7.500±0.04
0.625±0.04b
Pueblo Nuevo
9.200±0.451c 0.767±0.451c
Paraíso
12.400±0.362d 1.033±0.362d
Different letters show statistical difference between the groups (p<0.05) ANOVA
and Tukeyʼs test

ranging between 0.445-0.840% of caffeine content. On the
other hand, the cultivars (Industria, Yatuví, Pueblo Nuevo and
Paraiso) of Caluma region presented a higher value ranging
between 0.859-2.182% of caffeine content (Table 2). When
using the extraction Soxhlet method, the content of caffeine

was also low, in the Echeandía region, with values ranging
between 0.625-1.375% of caffeine content. The Caluma region
presented the highest value with a range of 1.033-2.150% of
caffeine content (Table 3).
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their automatization and the use of standard reactive with a
calibration curve. Robusta coffee from Ecuador can be used to
elaboration of beverage decaffeinated coffee.

DISCUSSION
The analysis of caffeine content of two cantons Caluma
and Echeandía present values with a range of 0.445-2.182%
using the UHPLC method. Values obtained with the Soxhlet
method were of 0.625-2.150%, standard deviation value were
higher than the ones using the UHPLC method. This indicates
that the precision and exactitude of the UHPLC method is
more accurate. Robusta coffee from Ecuador present a low
caffeine content. Arabica coffee is generally the more
appreciated in the markers for their organoleptic properties
than robusta coffee. Arabica plants are delicate and are grown
at elevations between 600-2000 m. Robusta plants are more
hardy, higher yielding and can be grown at lower altitudes2,27,
200-800 m. Robusta coffee in this study was cultivated in
an altitude between 1400-1800 m a.s.l. Concentration of
phytonutrients in the plants depend of soil, water and
nutrients. These phytonutrients can vary depending on the
agronomic and environmental conditions of the cultivar
(genetic factors, altitude, temperature, hydric conditions,
fertilization and maturation of beans). It is known that
parameters as altitude and temperature can affect the caffeine
content28-30. Coffea arabica present a caffeine content of
around 0.8-1.4% and Coffea canephora present a value
around 1.7-4.0% of caffeine content. Campa et al.31 reported
analysis of caffeine content from green beans of 21 species of
coffee from Africa with values between 0.01-2.6%. Coffea
canephora was reported with a caffeine content of 2.6% in
green beans of coffee. Hecimovic et al.32 have described the
analysis of caffeine content of Coffee arabica and Coffea
canephora. They analyzed four coffee varieties named Minas
and Cioccolatato (Coffea arabica) and Cherry and Vietnam
(Coffea canephora syn. Coffea robusta). They compared the
HPLC method against the chloroform method. They found
higher values using the HPLC method (0.66-2.55%) and
(0.56-1.43%) using the chloroform method. In this study, the
values of caffeine content reported using the HPLC method
were higher than the values obtained with the soxhlet
method. In this study, we report coffee canephora
(robusta variety) caffeine content with a value of 0.445% in the
Tablas de Florida zone, in the canton of Echeandía and 0.583%
in the zone of Pueblo Nuevo. This low value of caffeine
content allows the use of robusta coffee in the production of
decaffeinated coffee in Ecuador, as norms indicate a content
lower of 1.0% of caffeine. All samples from Echenadía region
present a low caffeine content. The value measured using the
RP-UHPLC and soxhlet methods were low in the Echeandía
canton, the values measured with the RP-UHPLC method were
even lower. This last chromatographic method is very exact for

CONCLUSION
Robusta coffee (Coffea canephora) grown in Ecuador in
the cantons of Caluma and Echeandía present low
percentages of caffeine in roasted coffee. Two analytical
methods were used to determine the caffeine content
from 8 locations in the 2 cantons. The best results were the
ones obtained with the UHPLC method due to its high
reproducibility and low differences between the results.
Robusta roasted coffee had a low concentration of caffeine
that suggests that this species could be used to make
decaffeinated or low-caffeinated beverages. In the future,
sensory analysis work could be carried out to determine the
consumer acceptance.
SIGNIFICANT STATEMENTS
This study describes for the first time in the literature the
analysis of the caffeine content in beans of robusta coffee
(Coffea canephora) by RP-UHPLC-PDA cultivated in Ecuador.
The study analyses 3 different geographical levels
(region, province and canton), for a total of up to 8 farms. The
characterization of the phytonutrients of a food allows the
evaluation of its crop. This study helps the researchers to
uncover the solution for higher rate growth of robusta
canephora species in Ecuador, also to be more appreciated for
food purposes, for instance, the preparation of naturally
decaffeinated coffee drinks. It is mentionable that this kind of
work has not been done before. The samples are very difficult
to obtain with the different conditions here studied
(geographical origin, season and special varieties).
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