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This entry aims to assess for the first time the content of phytosterols (PS) in espresso coffee (EC) to deepen the
knowledge about the phytochemicals and health potentials of coffee brews
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| 1. Introduction

Espresso coffee (EC) is one of the most common coffee hot brews in the world, obtained from the percolation of hot water
under pressure through compacted cakes of roasted ground coffee, where the energy of the water pressure is spent
within the cake @I,

EC consumption is continually increasing internationally, being used not only as coffee brew but also in the preparation of
other highly consumed coffee beverages such as cappuccino, Frappuccino, or flat white. According to the latest statistics
from the International Coffee Organization (ICO), about 10 billion kg of coffee have been sold in 2020, so around 2.7
billion cups of coffee a day are consumed worldwide 2.,

Nowadays, coffee brewed from coffee capsule systems is slowly replacing traditional brewing methods. Coffee capsules
are small recipients containing previously roasted and ground coffee beans that are used in specially designed systems.
These systems greatly increased and facilitated the consumption of homemade EC in the world £,

EC brewing has been studied in various scientific experiments using different devices (e.g., espresso and capsule
machines, etc.) and methodologies to optimize the beverage preparation process HRIEIEIE |ndeed, coffee is a popular
beverage with a unique sensory profile and also a complex source of hundreds of bioactive compounds, starting from
green beans up to the final cup of coffee. The most studied bioactive compounds in coffee brews include caffeine,
trigonelline, diterpenes, and polyphenols such as chlorogenic acids (Figure 1) LLU12][13][14](15]
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Figure 1. lllustrative summary of the main classes of bioactive compounds present and studied in coffee with an example
for each class. Phytosterols represent the only class never studied in coffee brews.



| 2. Analysis of Phytosterols in EC Samples

The determination of bioactive compounds in coffee and coffee brew is an important topic in food science research.
However, among the different classes of compounds investigated in coffee, phytosterols have received little attention. In
this study, 14 samples of EC of different origins were analyzed to assess their PS content. The analysis revealed the
presence of 4 PS: (-sitosterol, campesterol, stigmasterol, and cycloartenol (Figure 2).
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Figure 2. Chemical structures of detected phytosterols in espresso coffee.

The analytical method was validated showing good linearity (R? = 0.998) and reproducibility (intraday < 0.5% and interday
< 3.9%) for the four detected PS. Moreover, this method showed a high sensitivity with limit of detection (LOD) ranging
between 9-15 ng/mL, and limit of quantification (LOQ) ranging from 29 to 50 ng/mL (Table S1).

Table 1 reports the levels of PS in the 14 EC analyzed. In all the EC samples studied, B-sitosterol was the most
concentrated PS, with levels ranging from 4.8 mg/L (sample No. 6 from Ethiopia 2) to 18.0 mg/L (sample No. 4 from Costa
Rica). Important levels of B-sitosterol were also found in sample No. 2 from Ethiopia 1 (13.3 + 0.4 mg/L), sample No. 13
from Uganda (11.0 + 0.5 mg/L), and sample No. 12 from Timor-Leste (10.4 £+ 2.2 mg/L). Campesterol (0.9-4.7 mg/L) and
stigmasterol (1.1-4.9 mg/L) were also abundant PS in EC. The highest levels of campesterol were found in sample No. 4
(4.6 £ 0.1 mg/L) followed by sample No. 12 (3.3 + 0.2 mg/L), while the highest levels of stigmasterol were found in sample
No. 4 (4.9 £ 0.1 mg/L) followed by sample No. 2 (4.3 + 0.3 mg/L).

Table 1. Concentration (mg/L) of phytosterols in different espresso coffee samples. Data are expressed as mean *
standard deviation, (n = 3 technical replicates). Total levels with different upper-case letters are statistically different with a
of 0.05.

Samples Stigmasterol Campesterol B-Sitosterol Cycloartenol Total
1 1.5+0.1 1.0+ 0.0 5.8+0.2 0.3+0.1 8.6+0.32
2 43+0.3 3.2+0.1 13.3+0.4 1.2+0.1 22.0+1.0°¢
3 1.9+0.3 1.6+0.3 84+0.1 0.5+0.0 12.4+3.8%
4 49+0.1 46+0.1 18.0 £ 0.3 20+0.1 29.5+0.6°
5 1.8+0.1 1.5+0.0 6.3+0.3 0.7+0.1 10.3+0.2
6 11+0.1 1.0+0.1 48+0.1 0.5+0.0 75+1.4%2
7 20+04 20+06 8.8+0.2 1.0+0.3 13.7 £3.6 3
8 21+0.0 1.8+0.2 8.1+0.1 0.8+0.1 12.8 + 0.4 ™

9 3.0+0.1 2.6 +0.0 9.4+0.2 1.0 £ 0.0 16.0 + 0.2 2



Samples Stigmasterol Campesterol B-Sitosterol Cycloartenol Total

10 3.1%0.2 28+0.4 10.9%0.9 1.4+03 18.2+0.2 "
11 2.8£0.1 27£01 105 0.5 1.1+03 16.4+1.0 3
12 3410 3.3+0.2 104+2.2 1.5%0.4 18.6 + 2.8 P
13 2901 2.6£0.2 11.00.5 1.1£0.0 175x1.0"
14 3.0+0.8 25%1.0 9.7%2.0 1.2:04 16.4 2,2 3d

Looking at the proportions of each PS in EC, we observed that p-sitosterol, stigmasterol, campesterol, and cycloartenol
were, respectively, 61.3 + 1.0%, 17.1 + 0.5%, 15.2 + 0.6%, and 6.4 £ 0.9% of total PS in EC. These percentages are in
the range of the proportions of PS in Arabica coffee oil reported in the literature: 46.7-53.8%, 20.5-23.8%, 14.7-17.0%,
respectively, for B-sitosterol, campesterol, and stigmasterol L61L7I[18]

The total concentrations of PS varied between the samples, with total levels ranging between 7.5 + 1.4 mg/L (sample No.
6) and 29.5 + 0.6 mg/L (sample No. 4). One-way ANOVA test was performed to compare the results of the total PS
content in the 14 EC samples. Statistically significant differences were observed between some EC samples showing thus
that the coffee origin impacts the PS levels of coffee beverages. Indeed, sample No. 4 showed a significantly higher
content of PS than all the other samples except sample No. 2. Other statistically significant differences can be noted for
example the lower concentration of PS in sample No. 6 compared to samples No. 2, 4, 10, 12, and 14.

| 3. Discussion of Phytosterols Content in Italian-Standard Espresso Coffee

PS are steroidal compounds present in the membrane lipid bilayer of plant cells 29. Although more than 200 PS
structures have been reported, B-sitosterol, campesterol, and stigmasterol are the most occurring PS in foods
representing, respectively, 65%, 30%, and 5% of total PS dietary intake 29. The most studied sources of PS in common
dietary patterns include vegetable oils, nuts, cereals, vegetables, and fruits 2122 The idea to study the PS content of EC
comes from the high intake of this beverage all around the world, and the proportion of lipids inside EC (40-200 mg
lipids/100 mL) (23, Indeed, the lipids fraction of coffee beans has been analyzed in various studies reporting high levels of
triacylglycerols (75% of total lipids) and a large proportion of the unsaponifiable fraction made mainly of diterpenes (19%
of total lipids), sterols (5% of total lipids), and tocopherols (0.05% of total lipids) 12,

Few studies assessed the content of secondary metabolites from the unsaponifiable fraction of coffee brews focusing on
diterpenes and tocopherols (24, Diterpenes in coffee brew mainly refer to diterpene alcohols of the kaurene family with
cafestol, kahweol, and 16-O-methylcafestol representing the principal compounds 23, They principally occur in esterified
forms with fatty acids and according to preparation conditions, their total content in EC can vary from 0.2-1.4 mg/25 mL
for EC prepared from capsules [28 and 0.8-1.5 mg/25 mL for EC prepared from roasted coffee beans 2. Despite their
health benefits including anti-inflammatory, antioxidant, anti-angiogenic, and anti-carcinogenic properties, the interest of
diterpenes in coffee brew comes from their LDL-cholesterol-elevating effects 28, The effects of these single compounds
suggested controversial impacts of coffee brew consumption on blood cholesterol levels, and consequently, the increasing
of the risk of coronary heart disease (CHD). Indeed, some studies revealed that the occurrence of diterpenes varies
according to coffee brews and preparation techniques. For example, diterpenes in boiled coffee Turkish coffee, and
French-pressed coffee show the highest levels of diterpenes (1-2 mg/25 mL) while filtered coffee brew shows the lowest
diterpenes content (0.2 mg/25 mL) 28I, Although some case—control studies have reported a positive association
between coffee drinking and CHD, the majority of cohort studies conducted in different countries with high consumption of
EC such as Italy 1, Sweden 22, Finland 23, or the USA 4 did not observe any association between coffee brew intake
and CHD for women and men. More recently, Groni et al. (2015) conducted a prospective cohort study on 30,449 women
and 12,800 men in ltaly, after which, they concluded that the intake of more than two cups/day of Italian-style EC is not
associated with plasma cholesterol changes (LDL, HDL, or total cholesterol) B!,

To our knowledge, among all the studies on the unsaponifiable fraction of coffee, the present research is the first to
assess the PS levels in a coffee beverage. The assessment of PS in EC is important considering the potent blood LDL
cholesterol-lowering properties of PS 8l and the high consumption of coffee beverage in the world. It is important to
highlight that the aim of this study was not to compare the different coffee origins but to have a wider spectrum of the PS
content in EC by analyzing coffee brews obtained from 14 different sources. The mean levels of B-sitosterol (0.1-0.5
mg/25 mL), campesterol (0.02-0.12 mg/25 mL), stigmasterol (0.03—0.12 mg/25 mL), and cycloartenol (0.01-0.05 mg/25
mL) in one cup of standard EC are reported in Figure 3.
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Figure 3. Mean levels of phytosterols (mg) in one cup of espresso coffee (25 mL). Results are expressed as mean *
standard deviation, with 14 biological replicates from 14 different samples (n = 14).

PS in coffee mostly belong to the family of 4-desmethylsterols, which are known to reduce LDL-blood cholesterol 4. As
reported in various analyses on coffee oil, B-sitosterol, campesterol, and stigmasterol are the most abundant PS in
Arabica and Robusta coffee types BZI38l pacetti et al. B analyzed the unsaponifiable fraction of green coffee oil and
observed various of PS including (-sitosterol, campesterol, citrostadienol, cycloartenol, A5-avenasterol, A7-avenasterol,
24-methylencycloartanol, and stigmasterol.

In this study, the four main PS in coffee were identified and quantified (B-sitosterol, campesterol, stigmasterol, and
cycloartenol). Analyses performed in this study showed that the intake of one cup of EC (25 mL) according to coffee origin
can provide between 0.2 mg and 0.7 mg of PS. However, the findings obtained do not suggest that the consumption of
coffee brew can lower blood cholesterol. Indeed, according to Regulation (EU) No 432/2012 44, the beneficial effect of PS
is obtained from an intake =800 mg of PS/day, a quantity that cannot be obtained from normal coffee consumption.

| 4. Conclusions

This study reports for the first time the levels of PS in Italian-standard EC. HPLC analyses allowed the identification and
guantification of four cholesterol-lowering compounds: B-sitosterol, campesterol, stigmasterol, and cycloartenol for a total
level ranging between 0.2 and 0.7 mg/25 mL of brew. PS in EC could contrast the hypercholesterolemic effects of
diterpenes report in the literature. However, further studies are still necessary to confirm this hypothesis. The methodology
used can find applications in future experiments to assess more accurately the PS content of other coffee brews and
determine how coffee preparation could affect PS levels in coffee.

References

1. llly, A.; Viani, R.; Suggi Liverani, F. Espresso Coffee: The Science of Quality, 2nd ed.; Elsevier: Amsterdam, The
Netherlands, 2005.

2. International Coffee Organization World Coffee Consumption, Data as of November 2020. Available online:
https://ico.org/ (accessed on 1 August 2021).

3. Global Coffee Pods and Capsules Market—-Growth, Trends and Forecasts (2020-2025), 2020, Mordor Intelligence.
Available online: https://www.prnewswire.com/ (accessed on 1 August 2021).

4. Severini, C.; Caporizzi, R.; Fiore, A.G.; Ricci, I.; Onur, O.M.; Derossi, A. Reuse of spent espresso coffee as sustainable
source of fibre and antioxidants. A map on functional, microstructure and sensory effects of novel enriched muffins.
LWT 2020, 119, 108877.

5. Caprioli, G.; Cortese, M.; Cristalli, G.; Maggi, F.; Odello, L.; Ricciutelli, M.; Sagratini, G.; Sirocchi, V.; Tomassoni, G.;
Vittori, S. Optimization of espresso machine parameters through the analysis of coffee odorants by HS-SPME-GC/MS.
Food Chem. 2012, 135, 1127-1133.

6. Parenti, A.; Guerrini, L.; Masella, P.; Spinelli, S.; Calamai, L.; Spugnoli, P. Comparison of espresso coffee brewing
techniques. J. Food Eng. 2014, 121, 112-117.

7. Labbe, D.; Sudre, J.; Dugas, V.; Folmer, B. Impact of crema on expected and actual espresso coffee experience. Food
Res. Int. 2016, 82, 53-58.



10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

. Navarini, L.; Rivetti, D. Water quality for espresso coffee. Food Chem. 2010, 122, 424-428.

. Caprioli, G.; Cortese, M.; Sagratini, G.; Vittori, S. The influence of different types of preparation (espresso and brew) on

coffee aroma and main bioactive constituents. J. Food Compos. Anal. 2015, 66, 505-513.

Andueza, S.; Maeztu, L.; Pascual, L.; Ibanez, C.; de Pena, M.P.; Cid, C. Influence of extraction temperature on the final
quality of espresso coffee. J. Sci. Food Agric. 2003, 322, 190-193.

Khamitova, G.; Angeloni, S.; Fioretti, L.; Ricciutelli, M.; Sagratini, G.; Torregiani, E.; Vittori, S.; Caprioli, G. The impact of
different filter baskets, heights of perforated disc and amount of ground coffee on the extraction of organics acids and
the main bioactive compounds in espresso coffee. Int. Food Res. J. 2020, 133, 199-220.

Pimpley, V.; Patil, S.; Srinivasan, K.; Desai, N.; Murthy, P.S. The chemistry of chlorogenic acid from green coffee and its
role in attenuation of obesity and diabetes. Prep. Biochem. Biotechnol. 2020, 50, 969-978.

Sandi, D.; Aratjo, J.M.A. Extraction of coffee diterpenes and coffee oil using supercritical carbon dioxide. Food Chem.
2007, 101, 1087-1094.

Jeszka-Skowron, M.; Zgota-Grzeskowiak, A.; Grzeskowiak, T. Analytical methods applied for the characterization and
the determination of bioactive compounds in coffee. Eur. Food Res. Technol. 2015, 240, 19-31.

Angeloni, S.; Mustafa, A.; Abouelenein, D.; Alessandroni, L.; Acquaticci, L.; Nzekoue, F; Petrelli, R.; Sagratini, G.;
Vittori, S.; Torregiani, E.; et al. Characterization of the Aroma Profile and Main Key Odorants of Espresso Coffee.
Molecules 2021, 26, 3856.

Voldrich, H.C.V.S.M.; Sev¢ik, R. Differentiation of coffee varieties according to their sterolic profile. J. Food Nutr. Res.
2007, 46, 28-34.

Speer, K.; Kolling-Speer, I. The lipid fraction of the coffee bean. Braz. J. Plant Physiol. 2006, 18, 201-216.

Speer, K.; Kélling-Speer, I. Lipids: Production, quality and chemistry. In Coffee; Farah, A., Ed.; Royal Society of
Chemistry: London, UK, 2019; pp. 458-504.

Duong, S.; Strobel, N.; Buddhadasa, S.; Stockham, K.; Auldist, M.J.; Wales, W.J.; Moate, P.J.; Orbell, J.D.; Cran, M.J.
Influence of acid hydrolysis, saponification and sample clean-up on the measurement of phytosterols in dairy cattle
feed using GC-MS and GC with flame ionization detection. J. Sep. Sci. 2018, 41, 3467-3476.

Shahzad, N.; Khan, W.; Shadab, M.D.; Ali, A.; Saluja, S.S.; Sharma, S.; Al-Allaf, F.A.; Abduljaleel, Z.; Ibrahim, I.LA.A.;
Abdel-Wahab, A.F.; et al. Phytosterols as a natural anticancer agent: Current status and future perspective. Biomed.
Pharm. 2017, 88, 786—794.

Yang, R.; Xue, L.; Zhang, L.; Wang, X.; Qi, X.; Jiang, J.; Yu, L.; Wang, X.; Zhang, W.; Zhang, Q.; et al. Phytosterol
contents of edible oils and their contributions to estimated phytosterol intake in the Chinese diet. Foods 2019, 8, 334.

Martins, C.M.; Fonseca, F.A.; Ballus, C.A.; Figueiredo-Neto, A.M.; Meinhart, A.D.; de Godoy, H.T.; Izar, M.C. Common
sources and composition of phytosterols and their estimated intake by the population in the city of Sdo Paulo, Brazil.
Nutrition 2013, 29, 865-871.

Ratnayake, W.M.N.; Hollywood, R.; O’grady, E.; Stavric, B. Lipid content and composition of coffee brews prepared by
different methods. Food Chem. Toxicol. 1993, 31, 263—-269.

Alves, R.C.; Casal, S.; Oliveira, M.B.P. Tocopherols in coffee brews: Influence of coffee species, roast degree and
brewing procedure. J. Food Compos. Anal. 2010, 23, 802-808.

Renddn, M.Y.; dos Santos Scholz, M.B.; Bragagnolo, N. Physical characteristics of the paper filter and low cafestol
content filter coffee brews. Int. Food Res. J. 2018, 108, 280-285.

Pacetti, D.; Boselli, E.; Balzano, M.; Frega, N.G. Authentication of Italian Espresso coffee blends through the GC peak
ratio between kahweol and 16-O-methylcafestol. Food Chem. 2012, 135, 1569-1574.

Moeenfard, M.; Silva, J.A.; Borges, N.; Santos, A.; Alves, A. Diterpenes in espresso coffee: Impact of preparation
parameters. Eur. Food Res. Technol. 2015, 240, 763—-773.

Urgert, R.; Katan, M.B. The cholesterol-raising factor from coffee beans. Ann. Rev. Nutr. 1997, 17, 305-324.

Novaes, F.J.M.; Bayan, F.C.; Neto, F.R.A.; Resende, C.M. The occurrence of cafestol and kahweol diterpenes in
different coffee brews. Coffee Sci. 2019, 14, 265-280.

Naidoo, N.; Chen, C.; Rebello, S.A.; Speer, K.; Tai, E.S.; Lee, J.; Buchmann, S.; Koelling-Speer, I.; van Dam, R.M.
Cholesterol-raising diterpenes in types of coffee commonly consumed in Singapore, Indonesia and India and
associations with blood lipids: A survey and cross sectional study. Nutr. J. 2011, 10, 1-10.

Tavani, A.; Bertuzzi, M.; Negri, E.; Sorbara, L.; La Vecchia, C. Alcohol, smoking, coffee and risk of non-fatal acute
myocardial infarction in Italy. Eur. J. Epidemiol. 2001, 17, 1131-1137.



32.

33.

34.

35.

36.

37.

38.

39.

40.

Rosner, S.A.; Akesson, A.; Stampfer, M.J.; Wolk, A. Coffee consumption and risk of myocardial infarction among older
Swedish women. Am. J. Epidemiol. 2007, 165, 288—-293.

Kleemola, P.; Jousilahti, P.; Pietinen, P.; Vartiainen, E.; Tuomilehto, J. Coffee consumption and the risk of coronary
heart disease and death. Arch. Intern. Med. 2000, 160, 3393—-3400.

Lopez-Garcia, E.; Willett, W.C.; Rimm, E.B.; van Dam, R.; Manson, J.E.; Stampfer, M.J.; Hu, F.B. Coffee consumption
and coronary heart disease in men and women: A prospective cohort study. Circulation 2006, 111, E210.

Grioni, S.; Agnoli, C.; Sieri, S.; Pala, V.; Ricceri, F.; Masala, G.; Saieva, C.; Panico, S.; Mattiello, A.; Chiodini, P.; et al.
Espresso coffee consumption and risk of coronary heart disease in a large Italian cohort. PLoS ONE 2015, 10,
€0126550.

Nzekoue, F.K.; Alesi, A.; Vittori, S.; Sagratini, G.; Caprioli, G. Development of a functional whey cheese (ricotta)
enriched in phytosterols: Evaluation of the suitability of whey cheese matrix and processing for phytosterols
supplementation. LWT 2021, 139, 110479.

Williamson, K.; Hatzakis, E. NMR analysis of roasted coffee lipids and development of a spent ground coffee
application for the production of bioplastic precursors. Food Res. Int. 2019, 119, 683—692.

Guercia, E.; Berti, F.; Navarini, L.; Demitri, N.; Forzato, C. Isolation and characterization of major diterpenes from C.
canephora roasted coffee oil. Tetrahedron Asymmetry 2016, 27, 649-656.

Wuerges, K.L.; Santos, A.C.F.D.; Mori, A.L.B.; Benassi, M.D.T. Contents of diterpenes in espresso coffee brews
prepared from commercial capsules. Coffee Sci. 2016, 11, 276-284.

European Commission. Commission Regulation (EU) No 432/2012. Off. J. Eur. Union 2012, 55, 136/1-136/40.

Retrieved from https://encyclopedia.pub/entry/history/show/33988



