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  The effect of different coffee brew preparations in their 

chlorogenic acids (CGA) content was evaluated. The 

simultaneous determination of 3-caffeoylquinic acid (3-CQA), 4- 

caffeoylquinic acid (4-CQA) and 5-caffeoylquinic acid (5-CQA) 

was performed by an extraction and clean-up method  (treatment 

with Carrez reagents I and II plus centrifugation) prior to HPLC-

DAD. Fourteen coffee brews (six commercial and eight 

homemade) were analyzed for this purpose. Brews prepared by 

boiling processes and pressure methods showed higher CGA 

contents in comparison to instant coffee. The results revealed 

that normally the brews prepared with pure Robusta coffee 

contained more chlorogenic acids than the ones prepared with 

Arabica coffee. 

 

 

  
Coffee is a complex beverage rich in large 

amount of chemical compounds that may 

contribute to biological activity [1]. Coffee bean is 

a source of phenolic acids which exist as a mixture 

of esters, ethers, or free acids [2]. Chlorogenic 

acids (CGA) are the main phenolic compounds in 

coffee which may exist as esters of trans-cinnamic 

acids, such as caffeic, ferulic and p-coumaric 

acids, with (-)-quinic acid (QA). The main classes 

of CGA in green coffee are caffeoylquinic acids 

(CQA), dicaffeoylquinic acids (diCQA) and 

feruloylquinic acids (FQA) [3] and are known to 

contribute to coffee bitterness [4]. The profile of 

chlorogenic acids in final coffee brew depends on 

coffee species, roasting and processing [5]. 

Substantial part of the antioxidant effect of 

coffee is due to the presence of chlorogenic acids 

[6]. Moreover they have anti-inflammatory and 

anticancer properties [7] and can reduce the risk of 

cardiovascular disease and type two diabetes [8]. 

Since world coffee consumption is increasing, it 

has recently caught more attention due to its high 

consumption and its subsequent impact on human 

health. 

 Most of the published papers are applied to 

determination of chlorogenic acids in various 

types of coffee beans [2] or brews regarding 

classical coffee consumption patterns [9,10] but 

little attention has been given to the quantification 

of these compounds in coffee brews prepared by 

recent technologies like capsule coffee, iced coffee 

or coffee pads. In recent years, due to the new 

portioned-machines, coffee preparation turned 

simplier and consequently the amount of coffee 

consumption may have increased. Therefore, a 

profound study of chlorogenic acids levels in 

coffee brews  and resulting effects on health is 

necessary to be undertaken in order to clarify 

prevailing influence of coffee consumption on 

populations’ health. 

For this purpose the influence of brewing 

procedure on extraction of three caffeoylquinic 

acids (3-CQA, 4-CQA and 5-CQA) (Figure 1) was 

investigated.  
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Figure1. Structures of chlorogenic acids quantified in 

the present study [9]. 

 

Six types of commercial coffee brews (instant, 

espresso and capsule coffee, coffee pad, iced 

coffee and coffee brew from a local vending 

machine) and four types of homemade coffee 

brews (Boiling, French press, Mocha and filter 

coffee) were analyzed regarding chlorogenic acids 

content. Commercial coffee brews were supplied 

from local stores in Porto, Portugal and homemade 

coffees were prepared from roast and ground pure 
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Arabica and Robusta, supplied by a local 

company. Three cups of coffee were prepared for 

each type of brew and were stored at -22 °C until 

analyses. Individual cup size for boiling, French, 

filter and instant coffee was 150 mL. For mocha 

and iced coffee the volume of each cup was 60 and 

240 mL, respectively. Capsule, espresso, vending 

and coffee pad were prepared at 40 mL. 

3-CQA and 4-CQA standards were purchased 

from Sigma-Aldrich (MO, USA) and 5-CQA was 

obtained from Cymit (Barcelona, Spain). The 

reagents used in this work were analytical or 

HPLC grade. Chemicals were acetonitrile and  

methanol (HPLC gradient grade, VWR, Belgium), 

zinc acetate dihydrate (VWR, Belgium) glacial 

acetic acid (Merck, Germany), potassium 

hexacyanoferrate (II) trihydrate (VWR, Belgium) 

and citric acid (Merck, Germany).  

Carrez reagents were used for the precipitation 

of proteins, elimination of turbidity and breaking 

of emulsions. For Carrez solution I, 21.9 g of zinc 

acetate and 3 mL of glacial acetic acid were 

dissolved in distilled water and diluted in 100 mL. 

To prepare Carrez solution II, 10.6 g of potassium 

hexacyanoferrate (II) were diluted in 100 mL of 

distilled water [10]. Filtered water used for HPLC 

analysis was prepared by vacuum purification 

through 0.45 µm filter membranes. 

Prior to extraction, three cups of coffee brews 

(for each type) were defrosted and mixed to reach 

a homogeneous mixture (40 °C). Extractions were 

done in triplicate according to the method of 
Fujioka and Shibamoto [9] with slight 

modification. For this purpose 3 mL of coffee was 

transferred to polyethylene test tube and treated 

with 0.1 mL of each Carrez solutions (I and II) 

then 0.8 mL of methanol was added and the 

volume was made up with distilled water to 8 mL. 

Thus the percentage of methanol in real samples 

would be 10 %. The mixture was vortexed for 1 

min and let stand for 10 min. After centrifugation 

(4000 rpm, 10 min) and precipitation of interfering 

compounds, the upper phase was filtered through a 

0.2 µm filter and used directly for analysis with 

HPLC-DAD at 325 nm.  

HPLC analyses of all samples were performed in 

duplicate on Merck Hitachi Elite 

LaChromatogragh (Tokyo, Japan) with a 

quaternary system of pumping (L-2130) which is 

equipped with LiChroCART® RP-18 end-capped 

(250 x 4 mm, 5 μm) column attached to a guard 

column (4x4 mm, 5μm) of the same type and L-

2200 auto sampler with L-2455 UV/vis 

spectrophotometry diode array detector at 325 nm. 

EZChrom Elite 3.1.6 software was used for data 

acquisition and peak integration. Peak separation 

was performed by gradient elution based on the 

analytical method of Tfouni et al., [10] with slight 

modification. Mobile phase composition were 

eluent A: 10 mM citric acid solution, acidity 

adjusted to pH 2.4 and eluent B: acetonitril. The 

gradient was programmed as follows: from 0 to 20 

min 9% of B, 20 to 25 min increase to 80% of B, 

25 to 30 min 80% of B, 30 to 35 min decrease to 

9% of B, 35 to 40 min 9% of B. Injected volume 

was 10 µL . Analysis was done at flow rate of 1 

mL/min at 325 nm.  

Chlorogenic acids standards were prepared in 

aqueous solution of methanol (10 % v/v) and their 

dilution was done as required for calibration 

curves in the appropriate concentration range. 

Calibration curves were plotted in range of 2-200 

mg/L and validation performance like precision, 

recovery as well as the limits of detection and 

quantification were obtained. Figure 2 shows the 

chromatogram of three chlorogenic acids in coffee 

from vending machine, analyzed at 325 nm. 

 

 
 

Figure 2. Chromatogram of coffee brew from vending 

machine. Detection was done at 325 nm for 3-CQA, 4-
CQA and 5-CQA. 

 

Results indicated that coffee species (Arabica or 

Robusta) and different brewing techniques 

influenced the chlorogenic acids content in final 

coffee brews, as homemade brews prepared with 

Robusta coffee contained more chlorogenic acids 

than Arabica. Since Arabica coffees are processed 

by wet method, it can be considered as chlorogenic 

acid reduction in this species. Moreover, 

comparison of different brewing modes showed 

that more chlorogenic acids were found in coffee 

brew prepared under pressure and boiled coffee. 

Our results indicated that consumers could 

receive relatively high amounts of these 

potentially beneficial compounds from coffee 

brews but acid compounds in coffee like 

chlorogenic acids may cause acid reflux symptoms 

in consumers [9].  Therefore people with acid 

reflux should limit drinking coffee brews from 

Robusta and pay attention to levels of CGA 

delivered per cup of coffee. 
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