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During the last decade researches concerning the essential role of coffee in health 
and disease prevention showed an increased development. In the present study we 
obtained extracts from three green Arabica coffee varieties which demonstrated a 
significant antioxidant potential due to the presence in their composition of two 
bioactive compounds, caffeine and chlorogenic acids. The content and antioxidant 
activity of bioactive compounds were evaluated by qualitative and quantitative 
analyses using spectrophotometric and chromatography methods. The chlorogenic 
acid was found in high concentrations, being followed by gallic, p-coumaric and 
ferulic acids. The highest caffeine contents were found in the green coffee extracts 
of the Supremo–Columbia and Top Quality–Kenya products.  
Keywords: green coffee, bioactive compounds, antioxidant activity 

 
Introduction  
Coffee is one of the most popular plant products used as beverage with essential 
stimulant properties. The most commercialized varieties of coffee are Coffee 
Arabica (Arabica) and Coffea canephora (Robusta) (Esquivel et al., 2012). This 
common beverage contains multiple bioactive compounds (caffeine, chlorogenic 
acid, cafestol, trigonelline and kahweol) with significant potential as antioxidants 
and free radical scavengers. These substances have various therapeutic applications 
such as liberation of free fatty acids from human adipocytes to prevent body fat 
accumulation, inflammation control by reducing the inflammatory markers, and 
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sun protection factor due to the lipid fraction of green coffee extract (Onakpoya et 
al., 2011, Wagemaker et al., 2011, Frost-Meyer et al., 2012, Flanagan et al., 2013, 
Martinez-Saez et al., 2014). 
In literature, various methods are proposed to evaluate the bioactive compound 
content from coffee products and their antioxidant capacity. Therefore, the caffeine 
content of tea and instant coffee brands on the world market and its antioxidant 
activity were analyzed by high performance liquid chromatography (HPLC), 
UV/VIS spectrophotometric methods and colorimetric assays (Folin-Ciocalteau, 
ABTS and DPPH), respectively. (Wanyika et al., 2010, Ludwinget al., 2012, van 
der Werf et al., 2014). Chlorogenic acids from green coffee extracts were isolated 
using activated carbon (Suárez-Quiroz et al., 2014) and quantified by liquid 
chromatography-mass spectrometry (LC-MS) and HPLC (Mills et al., 2013). The 
most effective technique for preserving the functional properties of coffee extracts 
is block freeze concentration by increasing the concentration of bioactive 
compounds and the antioxidant activity of the coffee extract (Moreno et al., 2014). 
Both caffeine and chlorogenic acids can be used as natural antioxidants in food or 
pharmaceutical products, as they are absorbed and metabolized in the human body 
(Farah et al., 2008). 
The aim of this paper is to extract and evaluate two essential bioactive compounds, 
caffeine and chlorogenic acid, from five green Arabica coffee varieties. Qualitative 
and quantitative analyses of caffeine and chlorogenic acid were performed in order 
to show their significant antioxidant potential.  
 
Materials and methods 
All the reagents used for the extraction and evaluation of bioactive compounds 
with antioxidant activity from green coffee extracts were purchased from Merck. 
Plant material 
For the qualitative and quantitative analyses of xanthine alkaloids (caffeine) and 
the antioxidant activity evaluation of bioactive compounds (caffeine, polyphenols) 
from various commercial species of green coffee, there were used five varieties of 
green Arabica coffee purchased from Romanian hypermarkets: Estrellas special-
Panama (P1), Supremo-Columbia (P2), Top Quality-Kenya AA (P3), 
Huehuetenango-Guatemala (P4), Kilimanjaro-Tanzania (P5). 
Caffeine extraction 
Caffeine extraction was performed by the modified method proposed by Komes et 
al. (2009) using the five commercial samples of green coffee. 20 g of each sample 
were added into a beaker with 90mL of distilled water and left to reflux for 30 
minutes. The final solution was filtered twice through a Buchner flask, mixed with 
12.5 mL of (CH3COO)2Pb and heated for 5 minutes. Afterwards, the filtered 
solution was extracted with 40 mL of chloroform, which was removed from the 
extract by rotary evaporation. The chloroform phase was washed with KOH and 
distilled water. The residue obtained after evaporation was expressed as g 
caffeine/100g plant product. 
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Caffeine identification 
The identification of caffeine from the five samples of green Arabica coffee was 
developed using some specific chemical reactions with AgNO3, K2Cr2O7 and thin 
layer chromatography (TLC). The chromatographic analysis involved the spotting 
of chloroform solutions of the pure caffeine and the green coffee extracts on silica 
gel sheets (60, F254). The solvents mixture used was butanol saturated with distilled 
water, and formic acid 10% (9:1). The detection of caffeine on the chromatogram 
was performed by exposing the chromatographic sheet to iodine vapor until the 
spots were stained in brown or by viewing the spots at the UV lamp on = 265 nm. 
Caffeine dosage 
The caffeine content from green coffee extracts was measured by the UV-Vis 
spectrophotometric method using UV-VIS Double Beam PC 8 Scanning Autocell 
equipment, UVD-3200, Labomed Inc., U.S.A. The spectrophotometric method 
consisted of two steps: (1) plotting of calibration curve and (2) preparation of test 
solution. In order to plot the calibration curve, some standard solutions of caffeine 
(1 mg/mL) of different concentrations (0, 1, 2, 4, 6, 8 mL) were mixed with 1 mL 
of HCl 0.01 M and distilled water in 6 volumetric flasks of 25 mL. Finally, the 
absorbance at 247 nm was recorded and the extinction versus the concentrations of 
standard solutions of caffeine (E = f(c)) was plotted. The test solution was obtained 
by mixing 0.5 g of green coffee with 20 mL of hot water, 10 mL HCl 0.01 M, 2 mL 
(CH3COOH)2Pb and distilled water in a 250 mL volumetric flask. To measure the 
absorbance of the test solution at 247 nm, 50 mL of this sample were mixed with 
0.2 mL H2SO4 and distilled water in a 100 mL volumetric flask. The concentration 
of the test solution (cx) was established from the calibration curve and expressed as 
µg/mL. 
Antioxidant activity of green coffee extracts 
The antioxidant activity of the green coffee extract was evaluated by measuring the 
radical scavenging capacity (RSC) using the DPPH method and by identifying 
chlorogenic acid from the extract using the HPLC method, respectively. The DPPH 
method was carried out by mixing 0.1 mL of green coffee extract with 1 mL of 
2,2’-diphenyl-1-picrylhydrazyl (DPPH) and 3 mL of methanol 95%. 
Simultaneously, a blank sample from 1 mL of DPPH and 3 mL of methanol 95% 
was obtained. After 1 hour, the absorbance at 515 nm for each sample was 
recorded and the radical scavenging capacity was estimated. The identification of 
chlorogenic acid by the HPLC method involved two main steps: (1) extraction of 
chlorogenic acid and (2) HPLC analysis. To extract the chlorogenic acid, 1 g of 
green coffee powder was mixed with 100 mL of methanol/distilled water (70/30) 
and 0.5% Na2SO3. This mixture was continuously stirred for 24 hours at room 
temperature. Afterwards, the methanolic phase was filtered and a homogenous 
powder of green coffee extract was obtained. HPLC analysis was performed on the 
interdisciplinary research and training “BIOALIMENT” Platform from “Dunarea 
de Jos” University of Galati. The identification of chlorogenic acid was carried out 
using the Thermo Scientific Finnigan Surveyor Plus HPLC System. The analytical 
column used was BDS HYPERSIL C18 column (150 × 4.6 mm i.d. particle size 5 
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µm). The mobile phase involved 3% formic acid (A) and methanol (B). The 
chlorogenic acid was separated at 30ºC using the following gradient: 0-43 min, 10-
56% B, 43-45 min, 56-100% B. The mobile phase debit was 0.7 mL/min. 10 µL 
was injected from each sample. The detection of chlorogenic acid was performed at 
325 nm using UV detection provided by the Thermo Scientific Finnigan Surveyor 
PDA Plus detector. 
All the experiments were done in triplicate and the data presented here represents 
the mean of these replicates.  
 
Results and discussion 
Qualitative and quantitative analysis of caffeine 
Green coffee is used as raw material for the extraction of caffeine and has 
stimulative action on the central nervous system (CNS). This plant product has the 
following chemical composition: 0.6-2.2% caffeine, 0.001% theophylline, 0.002% 
theobromine, trigonelline, over 50% carbohydrates (mainly polyholosides), 10-
12% proteins, 10-18% lipids, over 10% insaponifiable substances (hydrocarbons, 
tocopherols, sterols, diterpene alcohols – cafestol, kahweol, kaurenoic derivates), 
non-diterpene glycoside - esters (atractylosides), 3-5% polyphenolicacids (caffeic, 
quinic, ferulic and chlorogenic acid) (Esquivel et al., 2012, Garrett et al., 2015). 
The presence of caffeine in the green Arabica coffee extracts was highlighted by 
chemical reactions with AgNO3 2% and K2Cr2O7 0.5%, showing a red coloration. 
In the case of the five green Arabica coffee samples, the next caffeine content has 
been identified: P1 – 1.204 g caffeine/100 g plant product; P2 – 1.322 g 
caffeine/100 g plant product; P3 – 1.310 g caffeine/100 g plant product; P4 – 1.282 
g caffeine/100 g plant product; P5 – 1.100 g caffeine/100 g plant product. These 
results are according to data found in literature: P1 – 1.310 g caffeine/100 g plant 
product; P2 – 1.370 g caffeine/100 g plant product; P3 – 1.360 g caffeine/100 g 
plant product; P4 – 1.320 g caffeine/100 g plant product; P5 – 1.250 g caffeine/100 
g plant product (Preedy, 2015). 
The identification of caffeine in green coffee extracts was also achieved by thin 
layer chromatography (TLC) (Suárez-Quiroz et al., 2014). First, the retention 
factor values of extract spots have been calculated with formula (1).  

Rf = xi/H                                                                                                     (1) 

where, Rf = retention factor; xi = the distance of the start line to the solvent front; H 
= solvent front. 
The results were compared to the retention factor value of standard caffeine (Table 
1).The values of xi and H used in this analysis were: Hblank = 8 cm; xblank= 3.6 cm; 
x1 = 3.55 cm; x2 = 3.6 cm; x3= 3.6 cm; x4 = 3.58 cm; x5 = 3.6 cm. 
The TLC analysis showed that the extraction method was successful, obtaining a 
significant purity of the caffeine from the five green Arabica coffee extracts. The 
values of the retention factor of the caffeine extracted from green Arabica coffee 
varieties were close to the one of standard caffeine solution (Rf blank = 0.4500). 
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Table 1. Retention factor (Rf) values for identification of the caffeine by TLC 
 

Sample Rf sample Rf blank 
P1 0.4437  

 
0.4500 

P2 0.4500 
P3 0.4500 
P4 0.4475 
P5 0.4500 

 
The concentration of caffeine from green coffee extract was measured by plotting 
the calibration curve of caffeine and green Arabica coffee extracts (Figure 1). 

 

 
Figure 1. Calibration curve of caffeine and green Arabica coffee extracts 

 
The concentration of caffeine was in the 22.5÷31.3 µg/mL range. The highest 
caffeine content was recorded for sample P2 (Supremo-Columbia). 
Evaluation of the antioxidant activity of green coffee extracts 
The antioxidant activity of green coffee extracts was demonstrated by their ability 
to eliminate free radicals using the DPPH method (Oliveira-Neto et al., 2015; Xu 
et. al., 2015). The method consists in the spectrophotometric measurement of the 
color exchange from purple to colorless of methanol solution of DPPH and 
calculation of the radical scavenging capacity (RSC) using equation (2) below: 

RSC % = 100(Ablank-Asample/Ablank)                                                             (2) 

where, Ablank = absorbance of the blank sample; Asample = absorbance of the green 
coffee extract. 
From the evaluation profile of the antioxidant activity of green coffee by the DPPH 
method (Figure 2), it is observed that P2 and P3 have a strong antioxidant activity 
compared to the other three samples. 
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Figure 2. Antioxidant activity of green coffee extracts by DPPH method 

The evaluation of the antioxidant activity of green coffee extracts was also 
achieved by the identification of chlorogenic acid by the HPLC method. Green 
coffee has a high content of polyphenolic compounds, the chlorogenic acid being 
present in the highest amount (Naidu et al., 2008). 
In order to highlight the presence of compounds with antioxidant properties in 
green coffee extracts, only P2 (Supremo-Columbia) was analyzed by the HPLC 
method. Thus, Figure 3 shows the chromatographic profile of polyphenols found in 
the alcoholic extract of green coffee (P2) and standard phenolic acids, respectively 
(Belguidoum et al., 2014). 
 

 
Figure 3. HPLC chromatogram of sample P2 and standard phenolic acids 

The HPLC analysis of the green coffee extract detected the following phenolic 
acids: gallic, p-coumaric, ferulic, and chlorogenic acids. From Figure 3, it can be 
observed that the chlorogenic acid has the highest concentration in green coffee 
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extract followed by gallic, p-coumaric and ferulic acids. The presence of these 
compounds in the green Arabica coffee extracts demonstrates the antioxidant 
activity of green coffee. 
 
Conclusions 
Due to the significant therapeutic applications of caffeine, the main goal of this 
study was to extract and evaluate the antioxidant potential of this xanthenic 
alkaloid from various green Arabica coffee varieties. The green coffee extracts are 
characterized by the presence of certain bioactive compounds with antioxidant 
properties such as caffeine and polyphenols. The assessment of these compounds 
was carried out by qualitative and quantitative analyses. The qualitative analysis 
involved the chemical identification reactions and development of the TLC and 
HPLC methods, which highlight in large amount the presence of polyphenolic 
compounds with antioxidant activity. The quantitative analysis consisted of the 
extraction and spectrophotometric determination of the caffeine using the DPPH 
method. The green coffee extracts with a significant amount of caffeine were 
Supremo–Columbia and Top Quality–Kenya. The validation of the antioxidant 
character was also performed through HPLC analysis by detecting the chlorogenic 
acid in green Supremo–Columbia coffee extract. The chlorogenic acid was found 
in appreciable concentration, being followed by gallic, p-coumaric and ferulic 
acids.  
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