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Abstract 
 
Background/Aim. Tea and coffee are one of the most widely 
consumed beverages in the world due to their beneficial health 
effects which are largely associated with their phenolic com-
pounds composition, including chlorogenic acid. The main aim 
of this study was to determine 5-caffeoylquinic acid (5-CQA), as 
one of the major classes of chlorogenic acid, in various commer-
cial tea and coffee samples present at the Serbian market. Meth-
ods. A high-performance liquid chromatography (HPLC) 
method for determination of 5-CQA in plant extracts was ap-
plied to determine the content of this active compound in com-
mercial tea and coffee samples. Mobile phase was aqueous 1.5% 
acetic acid – methanol (80:20, v/v) with the flow rate of 0.8 
mL/min. Run time was 15 min and column temperature 25°C. 
The detection was performed at 240 nm. Results. The HPLC 
method was modified and revalidated. The 5-CQA content var-
ied depending on the type of tea (white, green, black tea and 
mate) and the processing technology. Green tea had the highest 
5-CQA content (16 mg/100 mL) among the analyzed tea sam-
ples. The content of 5-CQA in coffee samples ranged 0–36.20 
mg/g of coffee and 0–46.98 mg/100 mL of beverage, showing 
that the content varied depending on the type of coffee, coffee 
processing technology and the formulation. Conclusion. The 
modified and revalidated HPLC method showed a good accu-
racy, repeatability, selectivity and robustness. The highest amount 
of 5-CQA was determined in green tea in comparison to white, 
black and mate tea because the increased oxidation level de-
creases the amount of 5-CQA. The obtained results for com-
mercial coffee samples indicated that the formulation was the 
most important factor determining the amount of 5-CQA. It can 
be concluded that plant material selection, processing conditions 
and formulation have great influence on the amount of chloro-
genic acid (5-CQA) in the final tea and coffee products. 
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Apstrakt 
 
Uvod/Cilj. Čaj i kafa su jedni od najčešće konzumiranih napi-
taka širom sveta zahvaljujući svom lekovitom dejstvu koje se u 
velikoj meri pripisuje fenolnim komponentama koje sadrže, uk-
ljučujući i hlorogensku kiselinu. Glavni cilj istraživanja bio je 
određivanje 5-kafeoilhine kiseline (5-CQA), kao jedne od najz-
načajnijih klasa hlorogenske kiseline, u različitim komercijalnim 
uzorcima čaja i kafe prisutnih u slobodnoj prodaji na tržištu 
Republike Srbije.  Metode. Metoda za određivanje 5-CQA u 
biljnim ekstraktima primenom visokoefikasne tečne hromato-
grafije (HPLC) korišćena je za ispitivanje sadržaja ove aktivne 
komponente u komercijalnim uzorcima čaja i kafe. Mobilnu fa-
zu predstavljao je vodeni rastvor 1.5% sirćetne kiseline – meta-
nol (80 : 20, v/v) sa protokom od 0,8 mL/min. Vreme analize 
iznosilo je 15 minuta, a temperatura analitičke kolone 25°C. 
Detekcija je vršena na 240 nm. Rezultati. HPLC metoda je 
modifikovana i revalidovana. Sadržaj 5-CQA varirao je u zavis-
nosti od vrste čaja (beli, zeleni, crni i mate čaj) i tehnološkog 
postupka prerade. Najveći sadržaj 5-CQA ustanovljen je u 
uzorku zelenog čaja (16 mg/100 mL). Sadržaj 5-CQA u uzor-
cima kafe kretao se u opsegu 0–36,20 mg/g kafe i 0–46,98 
mg/100 mL napitka ukazujući da je sadržaj zavisio od tipa kafe, 
tehnološkog postupka prerade i formulacije. Zaključak. Modi-
fikovana i revalidovana HPLC metoda pokazala je dobru preci-
znost, ponovljivost, selektivnost i postojanost (robusnost). 
Najveći sadržaj 5-CQA u uzorcima čajeva je utvrđen u uzorku 
zelenog čaja u poređenju sa belim, crnim i mate čajem jer sa 
većim stepenom oksidacije opada sadržaj 5-CQA. Rezultati 
dobijeni za uzorke kafe ukazivali su da je na količinu 5-CQA 
najviše uticala formulacija. Može se zaključiti da selekcija bilj-
nog materijala, kao i uslovi tehnološke obrade i formulacija po-
kazuju značajan efekat na sadržaj hlorogenske kiseline (5-CQA) 
u finalnim proizvodima čaja i kafe. 
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Introduction 

Tea and coffee are among the most widely consumed 
beverages in the world. It is estimated that about 3 million 
tons of tea is produced and consumed annually, among 
which 76% to 78% is black, 20% to 22% is green and less 
than 2% is oolong 1, 2. Due to its attractive aroma and plea-
sant taste it has been used for thousands of years as a refres-
hing drink, while nowadays the scientific interest in this 
plant is increasing due to its potential beneficial health ef-
fects. Herbal teas are widely used for a great number of he-
alth problems, as an additional or sometimes only “medici-
ne” given 3, 4. Different types of tea are gained from the same 
Camellia sinensis (Theaceae) plant, with different production 
processes: white and green tea (the least processed, both un-
fermented), oolong tea (partially fermented) and black tea 
(fully fermented). Another plant originating from South 
America whose leaves are important source of purine alkalo-
ids, but also chlorogenic acid, is Ilex paraguariensis, 
Aquifoliaceae (Paraguayan tea or mate) 5–7. 

Coffee is a bitter drink made from roasted seeds of 
plants Coffea spp., Rubiaceae. This plant grows in over 70 
countries, primarily in equatorial South America, Southeast 
and South Asia and Africa 8. Brazil is the largest manufactu-
rer and exporter of green coffee seeds making 35% of the 
world coffee production. There are several types of coffee 
species used for commertial production, but the most impor-
tant are Coffea arabica and Coffea canephora 9. After har-
vest, green coffee beans are processed in one of the three 
ways: dry (‘natural’ or ‘unwashed’ coffee), wet (‘washed’ or 
‘parchment’ coffee) or semidry method 10.  

Both tea leaves and coffee seeds have very diverse chemi-
cal composition. Various positive health effects of Camellia si-
nensis and Coffea spp. are attributed to the presence of purine 
alkaloids (caffeine, theobromine and theophylline), but also to 
their phenolic components. Antioxidant, hypoglycemic, antiviral 
and hepatoprotective activities are some of the potential benefi-
cial properties associated with the chlorogenic acid and other 
phenolic compounds. Some studies demonstrated the connection 
between chlorogenic acid and reduced risk of cardiovascular di-
seases, diabetes mellitus type 2 and Alzheimer`s disease 11–13. 

Farah et al. 14 found that the consumption of green coffee 
significantly reduced blood pressure, improved vasoreactivity 
and reduced accumulation of adipose tissue and glucose meta-
bolism due to high content of chlorogenic acid (5–12 g/100g. 
Similar effects are associated with the tea consumption 11. 

The major classes of chlorogenic acids are caffeoylquinic 
acid (CQA), dicaffeoylquinic acid (diCQA) and less 
frequently, feruloyilquinic acid (FQA). Each class has at least 
three isomers. The most abundant and responsible for many 
beneficial health effects is considered to be 5-CQA 12. It is the 
most responsible for pigmentation and the flavour of tea and 
coffee 15. During tea fermentation, some of the phenolic com-
pounds, including 5-CQA, are oxidized and tea undergoes 
changes in color, taste, scent and aroma 16. Also, when it co-
mes to coffee, it degrades by heat into several different com-
pounds which determine the quality of coffee 17. Beside the 
processing method, the type of coffee has great effect on the 
content of 5-CQA in commercial samples (the content is lower 
in type Coffea arabica than in Coffea canephora) 18.  

There is a general lack of information on the content of 5-
CQA, as one of the major antioxidants, but responsible also for 
many other health benefits, in commercial tea and coffee prepa-
rations of domestic and foreign manufacturers available at the 
Serbian market. Accordingly, the aim of this study was to apply 
high-performance liquid chromatography (HPLC) method for 
chlorogenic acid (5-CQA) determination in herbal infusions for 
quantifying 5-CQA in commercial tea and coffee samples pre-
sent at the Serbian market. This research will also give the in-
formation on approximate chlorogenic acid (5-CQA) intake by 
consumers which is important due to its beneficial health effects. 

Methods  

Standard of 5-CQA (≥ 95%) was purchased from Sigma 
Aldrich (St. Louis, USA), methanol (95%, v/v) from Sigma 
(Deisenhofen, Germany) and glacial acetic acid from Zorka 
Pharma a.d. (Šabac, Serbia). Ultra pure water was used for the 
preparation of solutions (Milli-Q-quality). All solvents and re-
agents were of an analytical grade unless indicated otherwise. 

Tea samples analyzed in this paper are presented in Table 1. 
Infusions were prepared by adding 200 mL of boiling water to 

Table 1  
Commercial tea samples used in the study 

Sample number Sample name Producer Serial number 
1 Aromatized white tea with melon and 

orange 
Fructus d.o.o., Serbia 002 10383 T2 A 

2 White tea Teekanne, Polland L16CW02:39K CH:401498
3 Earl Grey – aromatized black tea Teekanne, Polland L19LW04:02K CH:402560
4 Indian tea – black tea Vitamin, Horgoš, Serbia - 
5 Black tea Kirka Pharma, Novi 

Beograd, Serbia 
- 

6 Black tea Welton, Holland - 
7 Black Earl Grey tea Winston Tea Company 

LTD, London, UK 
CH:877594 L22 KW03:00 

S 
8 Green tea Macval Tea d.o.o. Novi 

Sad, Serbia 
- 

9 Green tea Welton, Holland - 
10 Mate tea Neiner's Gesundheit & 

Wellness GmBH 
9570; L.: 520902305 
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each tea bag allowing it to infuse for 10 minutes. After cooling, 
2 mL of each extract was filtered through 0.45 μm membrane 
filter directly into the vial, while 20 μL of filtrate was injected 
into the high performance liquid chromatography (HPLC) 
system for analysis.  

Coffee samples analyzed in our research are shown in 
Table 2. Infusions were prepared by the same way as descri-
bed for the tea samples. Sample preparations used in our 
study are thoroughly presented and described in recent publi-
cations performing similar investigations 19, 20. These 
extraction methods were chosen due to similarity with a ma-
nufacturer's recommendations for the product preparation, so 
5-CQA intake could be evaluated more reliably. 

The stock solution of 5-CQA was prepared by weighing 
100.1 mg of the standard substance and dissolving in 10 mL 
of methanol (95%, v/v). Working solutions were prepared by 
diluting 0.1, 0.3, 0.6, 0.8 and 1 mL of the stock solution to 10 
mL with methanol to obtain different concentrations of 5-
CQA (0.1001–1.001 mg/mL). HPLC analysis was performed 
using modified and revalidated HPLC method for chloroge-
nic acid (5-CQA) determination in herbal infusions 21 using 
different detection wavelength (240 nm). 

Qualitative and quantitative determination of 5-CQA in 
commercial tea samples was carried out using an Agilent HP 
1100 HPLC-diode array detection (DAD) system equipped 
with autosampler (Agilent, Waldbronn, Germany). The 
analytical column was the Zorbax CB-C18 (4.6 × 150 mm, 
id, 5 μm particle size). Mobile phase was aqueous 1.5% ace-
tic acid-methanol (85 : 15) with a flow rate of 0.8 mL/min. 
Run time was 15 min and column temperature 25°C. The de-
tection was performed at 240 nm.  

HPLC method used for the analysis in our study was 
developed and validated for chlorogenic acid (5-CQA) de-
termination in mate tea extracts obtained by supercritical 
carbon dioxide extraction 21. When applied on tea and coffee 
infusions, this method showed lower selectivity for coffee 
samples, so the analysis had to be performed with different 
mobile phase composition and on a different wavelength 
(240 nm). Therefore, the applied method needed to be reva-
lidated due to changed chromatographic conditions. Procedu-
res used for re-validation of HPLC method for determination 
of 5-CQA in commercial tea and coffee samples are descri-
bed in USP 24 22 and other literature 23–25. Under determined 

HPLC conditions working standard solutions of 5-CQA 
(0.1001 – 1.001 mg/mL) were injected into the HPLC system 
and a linear standard curve was constructed by plotting 
concentrations versus peak areas (y = 251.81 –0.994). A 
high value of coefficient of correlation R = 0.999 showed 
an excellent correlation between concentrations and peak 
areas. Limit of detection (LD = 0.0127 mg/mL) and limit of 
quantification (LQ = 0.0373 mg/mL) were also calculated 
based on the standard deviation of the response and the 
slope of the calibration curve. Accuracy of this method was 
tested by comparing the measured and known values of 
concentrations for standard solutions of 5-CQA. According 
to the recovery value of 98.74% the method showed accep-

table accuracy. Repeatability of the method was tested by 
analyzing three different concentrations of 5-CQA sta-
ndards in six repetitions. The relative standard deviations 
(RSD) ranged from 0.22% to 0.52% for retention time and 
from 0.03% to 0.38% for peak area, showing good 
repeatability. By comparing the chromatograms of 5-CQA 
standards and tea and coffee samples as well as the obtai-
ned signal spectrums, the selectivity of the method was 
evaluated. The chromatograms showed no other signals 
with the same retention time as the signal deriving from 5-
CQA standard, which confirmed high selectivity of the 
method. Analyzing the effects of slightly changed parame-
ters of the used HPLC conditions, such as different column 
temperature (± 1°C), flow rate (± 0.05 mL/min) and 
wavelength of detection (± 3 nm), the robustness of the 
method was confirmed. 

The statistical analyses were done by MS Excel for 
Windows, v. 2007 software and also by ANOVA (Duncan’s 
test, SPSS, version 17). Level p < 0.05 was considered 
statistically significant. 

Results 

Representative chromatogram of analyzed commertial 
tea sample (sample No. 6) is presented in Figure 1. The results 
of 5-CQA content in commercial tea samples obtained by the 
revalidated HPLC method are shown in Table 3.  

The results of 5-CQA content in the examined coffee 
samples are presented in Table 4 and the representative chro-
matogram of the coffee sample No. 2 is shown in Figure 2. 

 
Table 2  

Commercial coffee samples used in the study 
Sample number Sample name Producer Serial number 
1 Jacobs 2 in 1 Kraft foods, Czech Republic VM26 10052013 
2 Jacobs original 3 in 1 Kraft foods, Czech Republic VM26 22042013 
3 Jacobs intense 3 in 1 Kraft foods, Czech Republic VM26 05042013 
4 Grand coffee 3 in1 Droga Kolinska, Slovenia 18.07.13 16:23 WII 
5 Mokate coffee drink 3 in 1 Mokate Sp., Polland 21062013A12 
6 Doncafe 3 in1 Strauss coffee, Romania 281011011 
7 Grand aroma Grand prom, Serbia 2811M08 18:22 
8 Nescafe 3 in 1 classic Nestle, Romania 128209731 3 
9 Nescafe 3 in 1 strong Nestle, Hungary 100588384 43336638 
10 Nescafe 3 in 1 mild Nestle, Hungary 128009731 9 
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Discussion 

The results of our study obtained by HPLC analysis of 
different tea samples showed that the highest amount of 5-
CQA was determined in green tea, which was expectable due 
to its minimal processing during production, where oxidation 
of phenolic compounds, including chlorogenic acid (5-
CQA), was prevented. Differences between the same types 
of tea, but originating from different producers, were also 

observed and showed the great effect of the quality of the se-
lected plant material and final formulation. In our study the 
highest amount of 5-CQA was observed in Welton green tea, 
which was twice as high as in green tea sample from a dome-
stic producer and many times exceeded the amount of 5-
CQA in most of the analyzed samples. 

Comparing the results of 5-CQA content in white tea 
infusions, it was observed that these values were higher than 
those found in a similar research conducted in Croatia (0.065 

Table 3 
Content of 5-coffeoylquinic acid (5-CQA) in the examined tea samples 

Sample number Tea type 5-CQA content (mg/100mL) 

1 0.659 ± 0.003b 
2 White tea 2.160 ± 0.022d 

3 2.979 ± 0.009d 
4 0.939 ± 0.011c 
5 0.327 ± 0.023a 
6 0.562 ± 0.008b 
7 

Black tea 

6.110 ± 0.012e 

8 7.374 ± 0.013e 
9 Green tea 16.020 ± 0.033g 

10 Mate 9.700 ± 0.010f 
*Data are expressed as average ± standard deviations of triplicate 
measurements. Statistically significant differences were noted by 
different superscript letters (p < 0.05). Same letters – no statistically 
significant differences. 

 
Table 4  

Content of 5-coffeoylquinic acid (5-CQA) in coffee samples 

Sample number Sample name 5-CQA content (mg/100 mL) 
5-CQA content  
(mg/g of coffee) 

1 Jacobs 2 in 1 - - 
2 Jacobs original 3 in 1 7.446 ± 0.010a 7.299 ± 0.022a 
3 Jacobs intense 3 in 1 46.982 ± 0.033e 36.196 ± 0.068e 
4 Grand coffee 3 in1 34.940 ± 0.028d 28.757 ± 0.051d 
5 Mokate coffee drink 3 in 1 - - 
6 Doncafe 3 in1 10.012 ± 0.009b 8.939 ± 0.012a 
7 Grand aroma 22.188 ± 0.012c 8.875 ± 0.010a 
8 Nescafe 3 in 1 classic 9.309 ± 0.011b 11.822 ± 0.009b 
9 Nescafe 3 in 1 strong 23.074 ± 0.018c 14.906 ± 0.011c 
10 Nescafe 3 in 1 mild 11.245 ± 0.009b 27.112 ± 0.031d 

*Data are expressed as average ± standard deviations of triplicate measurements. 
Statistically significant differences were noted by different superscript letters (p < 0.05). 
Same letters – no statistically significant differences. 

 

Fig. 1 – High performance liquid chromatography – array 
detection (HPLC-DAD) chromatogram of the analyzed 

commercial tea sample (sample number 6). 

Fig. 2 – Representative high performance liquid chroma-
tography – array detection (HPLC-DAD) chromatogram of 
the analyzed commercial coffee sample (sample number 2).
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– 0.356 mg/100 mL) 26. The content of 5-CQA in black tea 
ranged 0.33 – 6.11 mg/100 mL, which was in good agree-
ment with the results obtained in a similar research in UK 
(6.2 mg/100 mL) 27. The values for 5-CQA content in green 
tea were found to be between the results attained in Brazil 
(0.13 – 0.19 mg/100 mL) 12 and in UK (23.1 mg/100 mL) 27. 
In mate tea sample the amount of 5-CQA corresponded to 
the results obtained in Brazil (5.97 – 12.69 mg/100 mL) 28. 
This value was slightly higher than the one established in 
another research in Brazil (7.5 mg/100 mL) 12 and 
significantly lower than the result from a recently published 
study conducted also in Brazil (52.5 mg/100 mL) 29. 

These differences can be attributed to different brewing 
conditions, quality of selected plant material as well as tec-
hnological processes and formulation 9.  

The content of 5-CQA in different coffee samples varied 
from 0 to 36.20 mg/g of pure coffee (specified on the commer-
cial package). Ky et al. 18 showed that the highest content of 5-
CQA was found in samples derived from Coffea canephora 
species, as well as in those processed by the semidry method 18. 
The study performed in Brazil in 2008 showed that the 5-CQA 
content was slightly higher in samples that were treated with 
semidry method and ranged 31.63 – 48.45 mg/g of coffee than 
in the samples that were treated with wet method, where the 
content was from 29.67 to 42.00 mg/g of coffee 30. Our results 
also confirmed that coffee species and processing technology of 
the grain had a notable influence on 5-CQA content. 

The concentrations of 5-CQA in our samples ranged 0 – 
46.89 mg/100 mL of beverage. Different range of concentra-
tions could be the result of different composition of commer-
cial samples, which is typical for each manufacturer and the 
product 31. In a study conducted at the Department of 
Toxicology at University of California in 2006, 7 commerci-
al coffee samples from the USA were analyzed. The content 
of 5-CQA ranged from 2.13 to 7.06 mg/g of commercial 
sample and the content highly depended on the sample com-
position 32. Our results were consistent with this study, 
showing that the formulation of the sample (percentage of 
coffee) had a major influence on the content of 5-CQA, besi-
de different coffee type and technological processing of the 
grain. This can be explained by comparing samples number 4 
and 10 (Table 4). The mass of the sample number 4 was 18 g 
(weight of pure coffee was 2.43 g) and the mass of the sam-

ple number 10 was 16 g (weight of pure coffee is 0.80 g). Al-
though the content of 5-CQA (mg/g of coffee) was similar, 
after consumption of sample number 4 higher quantities will 
enter the human body (commercial sample number 4 contai-
ned three times more coffee than sample number 10). Also, 
lower quality of coffee beans (containing less 5-CQA) can be 
compensated by making a formulation with greater represen-
tation of coffee in relation to other components as shown in 
Table 4 for samples 9 and 10. Coffee sample number 9 con-
tained significantly less 5-CQA (mg/g of coffee) in compari-
son to sample number 10, but coffee amount in formulation 
(3.10 g) was almost four times higher than in sample number 
10 (0.80 g). The results showed that the consumption of 
sample number 9 could lead to two times higher intake of 
chlorogenic acid (5-CQA). 

Conclusion 

During this study a HPLC method was modified, reva-
lidated and successfully applied for 5-CQA determination in 
commercial tea and coffee samples. The method showed go-
od accuracy, repeatability, selectivity and robustness. HPLC 
analysis of tea samples showed that the highest amount of 5-
CQA was obtained in green tea in comparison to white, 
black and mate tea because the increased oxidation level dec-
reases the amount of 5-CQA. The results of coffee samples 
analysis indicated that the content of 5-CQA depended on 
the type of coffee (Coffea canephora species contained more 
5-CQA), the technological processing of coffee (higher amo-
unt was determined in coffee treated with semi-dry process) 
and the formulation. The obtained results of this study led to 
a conclusion that adequate plant material selection, proces-
sing, brewing conditions and product formulation have the 
major influence on the amount of chlorogenic acid (5-CQA) 
in the final tea and coffee products.  

Acknowledgement 

This work was supported by the Provincial Secretariat 
for Science and Technological Development of Vojvodina 
(Grant number 114-451-2056/2011-01) and the Ministry of 
Education, Science and Technological Development of the 
Republic of Serbia (Grant number OI 172058). 

 

R E F E R E N C E S

1. Cabrera C, Artacho R, Giménez R. Beneficial effects of green tea-
a review. J Am Coll Nutr 2006; 25(2): 79−99. 

2. Khan N, Mukhtar H. Tea polyphenols for health promotion. 
Life Sci 2007; 81(7): 519−33.  

3. Sharangi AB. Medicinal and therapeutic potentialities of tea 
(Camellia sinensis L.) − A review. Food Res Int 2009; 42: 
529−535. 

4. Stojanović MM, Katić V, Kuzmanović J. Isolation of Cronobacter 
sakazakii from different herbal teas. Vojnosanit Pregl 2011; 
68(10): 837−41. 

5. Heck CI, de Mejia EG. Yerba Mate Tea (Ilex paraguariensis): A 
Comprehensive Review on Chemistry, Health Implications, 

and Technological Considerations. J Food Sci 2007; 72(9): 
138−51. 

6. Bastos DH, Saldanha LA, Catharino RR, Sawaya AC, Cunha IB, 
Carvalho PO, et al. Phenolic antioxidants identified by ESI-MS 
from Yerba maté (Ilex paraguariensis) and green tea (Camelia 
sinensis) extracts. Molecules 2007; 12(3): 423−32. 

7. Filip R, Lopez P, Giberti G, Coussio J, Ferraro G. Phenolic com-
pounds in seven South American Ilex species. Fitoterapia 
2001; 72(7): 774−8. 

8. Villanueva CM, Cantor KP, King WD, Jaakkola JJ, Cordier S, Lynch 
CF, et al. Total and specific fluid consumption as determinants 
of bladder cancer risk. Int J Cancer 2006; 118(8): 2040−7.  



Vol. 72, No. 11 VOJNOSANITETSKI PREGLED Page 1023 

Grujić-Letić N, et al. Vojnosanit Pregl 2015; 72(11): 1018–1023. 

9. Charrier A, Berthaud J Botanical classification of coffee. In: Clif-
ford MN, Wilson KC, editors. Coffee: botany, biochemistry and 
productions of beans and beverage. Westport, Connecticut, 
USA: Avi Publishing Company; 1985. p. 13−47. 

10. Teixeira AA, Brando CH, Thomaziello RA, Teixeira R. Drying. In: 
Illy A, Viani R, editors.Espresso coffee: The science of quality. 
San Diego: Elsevier Academic Press; 1995. p. 91−5. 

11. Marques V, Farah A. Chlorogenic acids and related compounds 
in medicinal plants and infusions. Food Chem 2009; 113: 
1370−6. 

12. Ramalakshmi K, Hithamani G, Asha KR, Mohan RLJ. Separation 
and characterization of chlorogenic acid rich conserves from 
green coffee beans and their radical scavenging potential. Int J 
Food Sci Tech 2011; 46: 109−15. 

13. Clifford MN, Ramirez Martinez JR. Chlorogenic acids and purine 
alkaloids contents of mate (Ilex paraguariensis) leaf and bever-
age. Food Chem 1990; 35(1): 13−21. 

14. Farah A, Monteiro M, Donangelo CM, Lafay S. Chlorogenic Acids 
from Green Coffee Extract are Highly Bioavailable in Hu-
mans. J Nutr 2008; 138(12): 2309−15. 

15. Farah A, Donangelo CM. Phenolic compounds in coffee. Braz J 
Plant Physiol 2006; 18(1): 23−6. 

16. Zhao Y, Chen P, Lin L, Harnly JM, Yu LL, Li Z. Tentative iden-
tification, quantitation, and principal component analysis of 
green pu-erh, green and white teas using UPLC/DAD/MS. 
Food Chem 2011; 126(3): 1269−77. 

17. Trugo LC, Macrae R. Chlorogenic acid composition of instant 
coffees. Analyst 1984; 109(3): 263−6.  

18. Ky CL, Louarn J, Guyot B, Hamon S, Noirot M. Caffeine, 
trigonelline, chlorogenics acids and sucrose diversity in wild 
Coffe arabica L. and C. canephora P. Food Chem 2001; 75(2): 
223−30. 

19. Zhu X, Chen B, Ma M, Luo X, Zhang F, Yao S, et al. Simultane-
ous analysis of theanine, chlorogenc acid, purine alkaloids and 
catechins in tea samples with help of multi-dimension infor-
mation of on-line high performance liquid chromatogra-
phy/electrospray-mass spectrometry. J Pharm Biomed Anal 
2004; 34(3): 695−704. 

20. Srdjenovic B, Djordjevic-Milic V, Grujic N, Injac R, Lepojevic Z. Si-
multaneous HPLC determination of caffeine, theobromine, 
and theophylline in food, drinks, and herbal products. J 
Chromatogr Sci 2008; 46(2): 144−9.  

21. Grujic N, Lepojevic Z, Srdjenovic B, Vladic J, Sudji J. Effects of dif-
ferent extraction methods and conditions on the phenolic 

composition of mate tea extracts. Molecules 2012; 17(3): 
2518−28. 

22. United States Pharmacopoeia. NF 19. 24th ed. Rockville, MD: 
United States Pharmacopoeial Convention. 2002. 

23. International Conference on Harmonization, guideline Q2A. 
Text on validation of analytical procedures. Rockville: Federal 
register; 1995. 

24. International Conference on Harmonization, guideline Q2B. 
Validation of analytical procedures: Methodology. Rockville: 
Federal Register. 1997. 

25. Vander Heyden Y, Nijhuis A, Smeyers-Verbeke J, Vandeginste BG, 
Massart DL. Guidance for robustness/ruggedness tests in 
method validation. J Pharm Biomed Anal 2001; 24(5−6): 
723−53. 

26. Horžić D, Komes D, Belščak A, Kovačević-Ganić K, Iveković D, Kar-
lović D. The composition of polyphenols and methylxanthines 
in teas and herbal infusions. Food Chem 2009;115: 441−8. 

27. Del Rio D, Stewart AJ, Mullen W, Burns J, Lean ME, Brighenti F, 
et al. HPLC-MSn analysis of phenolic compounds and purine 
alkaloids in green and black tea. J Agric Food Chem 2004; 
52(10): 2807−15. 

28. Markowicz Bastos MD, de Oliveira DM, Matsumoto RL, Carvalho 
PO, Ribeiro ML. Yerba mate: Pharmacological Properties, Re-
search and Biotechnology. Med Aromat Plant Sci Biotechnol 
2007; 1: 37−46. 

29. Matsumoto RL, Bastos DH, Mendonça S, Nunes VS, Bartchewsky 
W, Ribeiro ML, et al. Effects of mate tea (Ilex paraguariensis) 
ingestion on mRNA expression of antioxidant enzymes, lipid 
peroxidation, and total antioxidantstatus in healthy young 
women. J Agric Food Chem 2009; 57(5): 1775−80.  

30. Duarte GS, Pereira AA, Farah A. Chlorogenic acids and other 
relevant compounds in Brazilian coffees processed by semi-dry 
and wet post-harvesting methods. Food Chem 2010; 118: 
851−5. 

31. Smith AW. Agricultural practices. Agricultural practices. In: 
Clarke RJ, Macrae R, editors. Coffee chemistry. Amsterdam: El-
sevier; 1985. p. 18−23. 

32. Fujioka K, Shibamoto T. Chlorogenic acids and caffeine contents 
in various commercial brewed coffees. Food Chem 2008; 106: 
217−21. 

 
Received on September 15, 2013. 

Revised on October 10, 2014. 
Accepted on November 10, 2014. 

Online First September, 2015 

 

   
 

 


