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10 Polycyclic Aromatic Hydrocarbons (PAH)
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1 Arabica Coffee

2 Robusta Coffee

3 Boiled coffee

4 French press coffee
5 Mocha coffee

6 Filtered coffee
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1 Primary and Secondary Amines (PSA)
2 Octadecyl silane (C18)
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1 Solid Phase Extraction (SPE)
2 Dispersive Solid Phase Extraction (dSPE)



VAY o 325535 o9y 336 (om0 9 0948 1951 50 (B8 sl s [ o y(S0 g 0 8 cyaze

&9 S J5aS gy el Sl Giagh nl 3 I A8
Olyeds j5 Uwg) o3 ojlas jl (8 Glo OS> 5 S
257 B 535 Sl 5 8.8 5 s 3,50 s s S,
) ilpd e > & s 35 8 B 53 )
b 088 e (C18 5 PSA L3l plojen Spae 5 i yisginl
25 UM g5 45 3l s U i sy bl alS 3 A
51 5 sl oo s 6 ) Jp s s 805 ol
Ko a1y Jials ol 0Ol g9 @eng (pl b gd jbolize coliul
Wlyd C18 Ldls 0,8 adlsl &S (soo0 a4 ol iulj8l (g)lolize
@ 0l ol kulpd &5 cudly Jlai 5 b ax ST oges s 1) Sl
Gis Iy polie OS5 o8 Jlo e 5 o sy sl sy

Sgs Bam cbl bk oy ials 4 yie wiS e

@‘b)-é 3 ,&@'"

S 5 o
G929y sladar Li> 0 b gads ozl Sl end
ol cpl 5wl daste olj oM olss b iz loS
S 0 plogrge lord oS5 P e ol Ul
08 slgize pols o )3 g o Bl 0508 4 DL Hlade &
010 lid 9 g0 Gguil B osndyr) SeudS Elgi jl pel oged £45 VA
9 5298 gl Elil) )b b (gey b oy 0908 jl 0 ans
b 5o chle &ygo @l 5 &) )18 Ggoil 2)90 (3 050
gl el 4 ot 0503 A4S 0975 > gl b (135 (lid o 5
Dl S oty 15 ales g 51> & (S gl i
L2392 (32508 35 0908 53 5 (i (L) g sl 0505 > (i8S
Aol )5 )5 adlln 3p90 s o 53 sk & o Jo 5
P ske WV ) e (o yidin Loy —oidig o928 Loguas SIS
syl Elgil Lilio j3 g Wb olaidl gda |y (i Jeo YO+

Mo owgdyd oSl Jlo coles  Jotue odimng (§uis
Cawl 0395 51355 1 (B4 WVV/Y)

Yoo e OF JIYO odgame jo 8 1 Jawgie yolie
g s 1y i) e

(sl b oged glgil )0k ke & (8 Hean > )b

gl IS 515 3939 o5 Hlade )3 S pgens ¢ roau YT JJUT )

&bo

Al-Maaieh, Ahmad, and Douglas R Flanagan. 2002. "Salt effects on caffeine solubility, distribution, and self-association."
Journal of pharmaceutical sciences 91(4):1000-1008.

Albanese, D., M. Di Matteo, M. Poiana, and S. Spagnamusso. 2009. "Espresso coffee (EC) by POD: Study of thermal
profile during extraction process and influence of water temperature on chemical—physical and sensorial properties.”
Food Research International 42(5-6):727-732.

Anastassiades, Michelangelo, Steven J Lehotay, Darinka Stajnbaher, and Frank J Schenck. 2003. "Fast and easy
multiresidue method employing acetonitrile extraction/partitioning and “dispersive solid-phase extraction” for the
determination of pesticide residues in produce.” Journal of AOAC international 86(2):412-431.

Angeloni, Giulia, Lorenzo Guerrini, Piernicola Masella, Maria Bellumori, Selvaggia Daluiso, Alessandro Parenti, and
Marzia Innocenti. 2019. "What kind of coffee do you drink, An investigation on effects of eight different extraction
methods.” Food Research International. 116:1327-1335.

Bell, Leonard N., Clinton R. Wetzel, and Alexandra N. Grand. 1996. "Caffeine content in coffee as influenced by grinding
and brewing techniques." Food Research International 29(8):785-789.

Brice, Carolyn, and Andrew Smith. 2001. "The effects of caffeine on simulated driving, subjective alertness and sustained
attention." Human Psychopharmacology: Clinical and Experimental 16(7):523-531.

Buerge, Ignaz J., Thomas Poiger, Markus D. Miller, and Hans-Rudolf Buser. 2003. "Caffeine, an Anthropogenic Marker
for Wastewater Contamination of Surface Waters." Environmental Science & Technology 37(4):691-700.

Candeias, Sara X., Eugenia Gallardo, and Ana C. Matos. 2009. "Caffeine Content of Retail Market Coffee in Portugal.”
Food Analytical Methods 2(4):251-256.

Casal, S., M. B. Oliveira, M. R. Alves, and M. A. Ferreira. 2000. "Discriminate analysis of roasted coffee varieties for
trigonelline, nicotinic acid, and caffeine content." Journal of Agricultural and Food Chemistry 48(8):3420-354.

Dafouz, Raquel, Neus Caceres, José Luis Rodriguez-Gil, Nicola Mastroianni, Miren Lopez de Alda, Damia Barcelo,
Angel Gil de Miguel, and Yolanda Valcarcel. 2018. "Does the presence of caffeine in the marine environment
represent an environmental risk? A regional and global study.” Science of the total environment 615:632-642.

Danish, Mohammed. 2020. "Application of date stone activated carbon for the removal of caffeine molecules from water."
Materials Today: Proceedings.

Fujioka, K., and T. Shibamoto. 2008. "Chlorogenic acid and caffeine contents in various commercial brewed coffees."
Food Chemistry 106(1):217-221.



VFer Cligem 8yl — (1205939 ) 0)lods Y ade (ol (2108 Lo g pole Sletdghy 4 yis \AY

Galani, Joseph H. Y., Michael Houbraken, Abukari Wumbei, Joseph F. Djeugap, Daniel Fotio, and Pieter Spanoghe.
2018. "Evaluation of 99 Pesticide Residues in Major Agricultural Products from the Western Highlands Zone of
Cameroon Using QUEChERS Method Extraction and LC-MS/MS and GC-ECD Analyses.” Foods 7(11):184.

Gloess, Alexia N., Barbara Schonbédchler, Babette Klopprogge, Lucio D"Ambrosio, Karin Chatelain, Annette Bongartz,
André Strittmatter, Markus Rast, and Chahan Yeretzian. 2013. "Comparison of nine common coffee extraction
methods: instrumental and sensory analysis." European Food Research and Technology 236(4):607-627.

Hillebrand, Olav, Karsten Nodler, Tobias Licha, Martin Sauter, and Tobias Geyer. 2012. "Caffeine as an indicator for the
quantification of untreated wastewater in karst systems." Water research 46(2):395-402.

Jeon, Jong-Sup, Han-Taek Kim, II-Hyung Jeong, Se-Ra Hong, Moon-Seog Oh, Kwang-Hee Park, Jae-Han Shim, and A.
M. Abd El-Aty. 2017. "Determination of chlorogenic acids and caffeine in homemade brewed coffee prepared under
various conditions." Journal of Chromatography B 1064:115-123.

Jeon, Jong-Sup, Han-Taek Kim, II-Hyung Jeong, Se-Ra Hong, Moon-Seog Oh, Mi-Hye Yoon, Jae-Han Shim, Ji Hoon
Jeong, and A. M. Abd EI-Aty. 2019. "Contents of chlorogenic acids and caffeine in various coffee-related products.”
Journal of Advanced Research 17:85-94.

Kim, Leesun, Danbi Lee, Hye-Kyung Cho, and Sung-Deuk Choi. 2019. "Review of the QUEChERS method for the
analysis of organic pollutants: Persistent organic pollutants, polycyclic aromatic hydrocarbons, and pharmaceuticals."
Trends in Environmental Analytical Chemistry 22:e00063.

Li, Shulan, Bingshu He, Jun Wang, Juan Liu, and Xianmin Hu. 2020. "Risks of caffeine residues in the environment:
Necessity for a targeted ecopharmacovigilance program.” Chemosphere 243:125343.

Mussatto, Solange I., Ercilia M. S. Machado, Silvia Martins, and José A. Teixeira. 2011. "Production, Composition, and
Application of Coffee and Its Industrial Residues.” Food and Bioprocess Technology 4(5):661-672.

Nawrot, P., S. Jordan, J. Eastwood, J. Rotstein, A. Hugenholtz, and M. Feeley. 2003. "Effects of caffeine on human
health.” Food Additives & Contaminants 20(1):1-30.

Petracco, M. 2001. "Technology IV: Beverage Preparation: Brewing Trends for the New Millennium.” Pp. 140-64 in
Coffee: Recent developments, edited by R. J. Clarke and O. G. Vitzthum. UK: Blackwell Sience.

Reichert, B., A. de Kok, I. R. Pizzutti, J. Scholten, C. D. Cardoso, and M. Spanjer. 2018. "Simultaneous determination of
117 pesticides and 30 mycotoxins in raw coffee, without clean-up, by LC-ESI-MS/MS analysis." Anal Chim Acta
1004:40-50.

Rivelli, Diogo Pineda, Vanessa Vitoriano da Silva, Cristina Dislich Ropke, Denise Varella Miranda, Rebeca Leite
Almeida, Tania Cristina Higashi Sawada, and Silvia Berlanga de Moraes Barros. 2007. "Simultaneous determination
of chlorogenic acid, caffeic acid and caffeine in hydroalcoholic and aqueous extracts of Ilex paraguariensis by HPLC
and correlation with antioxidant capacity of the extracts by DPPH&middot; reduction.” Revista Brasileira de Ciéncias
Farmacéuticas 43:215-522.

Sadowska-Rociek, Anna, Magdalena Surma, and Ewa Cieslik. 2014. "Comparison of different modifications on
QUECHhERS sample preparation method for PAHs determination in black, green, red and white tea." Environ Sci Pollut
Res Int 21(2):1326-1338.

Sereshti, Hassan, and Soheila Samadi. 2014. "A rapid and simple determination of caffeine in teas, coffees and eight
beverages." Food Chemistry 158:8-13.

Shalmashi, A, and F Golmohammad. 2010. "Solubility of caffeine in water, ethyl acetate, ethanol, carbon tetrachloride,
methanol, chloroform, dichloromethane, and acetone between 298 and 323 K." Latin American applied research
40(3):283.

Stamatis, Nikolaos K., and loannis K. Konstantinou. 2013. "Occurrence and removal of emerging pharmaceutical,
personal care compounds and caffeine tracer in municipal sewage treatment plant in Western Greece." Journal of
Environmental Science and Health, Part B 48(9):800-813.

Surma, Magdalena, Anna Sadowska-Rociek, Ewa Cieélik, and Katarzyna Sznajder-Katarzynska. 2017. "Optimization of
QUEChERS sample preparation method for acrylamide level determination in coffee and coffee substitutes.”
Microchemical Journal 131:98-102.

Tfouni, Silvia A. V., Larissa B. Carreiro, Camila R. A. Teles, Regina P. Z. Furlani, Katia M. V. A. B. Cipolli, and Ménica
C. R. Camargo. 2014. "Caffeine and chlorogenic acids intake from coffee brew: influence of roasting degree and
brewing procedure." International Journal of Food Science & Technology 49(3):747-752.

Tfouni, Silvia A. V., Camila S. Serrate, Larissa B. Carreiro, Monica C. R. Camargo, Camila R. A. Teles, Kétia M. V. A,
B. Cipolli, and Regina P. Z. Furlani. 2012. "Effect of roasting on chlorogenic acids, caffeine and polycyclic aromatic
hydrocarbons levels in two Coffea cultivars: Coffea arabica cv. Catuai Amarelo IAC-62 and Coffea canephora cv.
Apoatd IAC-2258." International Journal of Food Science & Technology 47(2):406-415.

Varela-Martinez, Diana A., Javier Gonzélez-Salamo, Miguel Angel Gonzalez-Curbelo, and Javier Hernandez-Borges.
2020. "Chapter 14 - Quick, Easy, Cheap, Effective, Rugged, and Safe (QUEChERS) Extraction." Pp. 399-437 in
Liquid-Phase Extraction, edited by Colin F. Poole: Elsevier.

Vuon, Quan V., and Paul D. Roach. 2014. "Caffeine in Green Tea: Its Removal and Isolation." Separation & Purification
Reviews 43:155-174.



VAD 3 5535 o9y 336 (o 9 0948 1531 50 (Bl Sl s [ ol 5K g 0 8 cyaxe

Yu, Zai Qun, Pui Shan Chow, and Reginald BH Tan. 2010. "Operating regions in cooling cocrystallization of caffeine
and glutaric acid in acetonitrile." Crystal growth & design 10(5):2382-2387.



Iranian Food Science and Technology ) ; ) CPRE Lo o
Research Journal f s olnl e pliuo g pole (Slelidyly 4 i
ty P

Vol. 17, No. 1, Apr. May. 2021, p. 173- 186 e LM AWV AS.p VB sl (529958 o) ke MY Al

Caffeine Determination in Various Types of Coffee Brews and Studying the
Effect of QUEChERS Method on Its Extraction Compare to Conventional
Approach

M. Moeenfard®, P. Khaloo Kermani, Sh. Jaldani, A, Sharif

Received: 2020.04.15
Accepted: 2020.05.16
JIntroduction: Coffee is the most important and popular beverage in the world. The main differences between coffee
and other beverages like tea is the variety of applied brewing techniques. Coffee is a complex chemical mixture of
compounds including, caffeine, as a natural alkaloid. Besides its beneficial effect including enhancement in mental
activity and alertness as well as improving the cognitive functioning, caffeine indicated adverse effects such as headache
and anxiety when it is consumed in higher quantity. In terms of chemical extraction, it can be also considered as an
interference when analyzing other pollutants, therefore, its removal from extract is of great interest. Therefore, the present
study was designated to investigate the caffeine content of 18 various coffee-related products. Furthermore, the effect of
two extraction techniques (QUEChERS and conventional) on caffeine removal from coffee extract was investigated.

Materials and Methods: Coffee brews including classical (boiled, French, moka and filtered coffees) and commercial
brews (various types of espresso as well as instant and iced coffees) were prepared using Robusta, Arabica coffee or
commercial powders. In conventional extraction approach, a 2.5 mL of coffee sample was treated with 0.1 mL each of
Carrez solutions | and 11 to clarify the sample. The total volume was brought to 50 mL by the addition of 10% methanol
(v/v). After centrifugation, the supernatant was filtered and analyzed using high-performance liquid chromatography
coupled with a diode array detector (HPLC-DAD) at 273 nm. In QUECHERS approach, the effect of extraction solvent
(acetonitrile and ethyl acetate) and sorbents (primary and secondary amines and, octadecyl silane) on caffeine removal
was investigated and was compared to conventional approach as reference method. The extraction and clean-up were
accomplished by two types of solvents and sorbents in the presence of sodium chloride and magnesium sulfate. Finally,
caffeine was determined using HPLC-DAD at 273 nm.

Results and Discussion: According to the results, the two coffee varieties (Arabica and Robusta) were clearly
separated by their caffeine contents as Robusta presented higher values in all classical brews. Among the classical brewing
techniques, the coffee with the highest content of caffeine was moka brewed from roasted Robusta coffee, with a mean
value of 1044 + 26 mg/L. The caffeine content was also determined per serving (cup size) to determine the actual content
received by consumers. Accordingly, among traditional brews the most caffeine-rich coffee was espresso type pod coffee,
with a mean value of 1371 + 16 mg/L, equivalent to 56 + 0.6 mg/40 mL of serving size. The lowest mean caffeine content
(13.4 mg /240 mL) was found in iced coffee. With regards to caffeine extraction, with recovery of 101%, the conventional
method was the most efficient approach for caffeine determination. Caffeine significantly reduced (around 20% compare
to conventional approach) when QUEChERS was used as extraction technique which could be valuable for analysis of
pesticides, which are usually present in small quantities in food samples like coffee. In general, the use of acetonitrile as
well as the simultaneous application of PSA and C18 resulted in a significant decrease in caffeine content of Robusta
coffee extract.

Here, different coffee brews were assessed and compared for their caffeine content (mg/mL and mg/serving).
Technical differences like coffee varieties, coffee/water ratio or method of brewing (pressurized, fusion, filtering, etc) led
to coffee brews with different caffeine profiles. Interestingly, despite the high concentration of caffeine in espresso types
brews, they provided moderate coffee in terms of caffeine content per cup. On the other hand, classical methods in
particular boiled, French and filtered Robusta coffee were rich in terms of caffeine per cup. When studying caffeine
extraction, the efficiency of conventional method was significantly superior to QUEChERS approach as caffeine
significantly reduced when QUEChERS was used as extraction method.
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