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Coffee presents a valuable food product for several reasons, covering areas like a source of health benefits substances for the human
body, brain energizing/stimulating product and its social aspect raising from coffee consumption. This study aims to summarise the most
common practices used in coffee adulteration and the methods focused to confirm the authenticity of the coffee, the quality, and price
determinants according to a place of origin and/or selection between Robusta versus Arabica coffee beans. Nowadays, several scientific

approaches are used for this purpose, based on chemical or molecular analysis. Literature and the data presented in this article were
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global coffee trade.

collected from studies published in scientific journals. On the other hand, the article introduces how to protect customen\s rights in the
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INTRODUCTION

Coffee constitutes a plant product high in economic value (Hariyadi et al.,
2020). Coffee can be used in modern marketing strategies (Ber¢ik, et al., 2020a;
Ber¢ik, et al., 2020b). Drinking coffee has become part of our everyday culture.
Coffee cultivation is devoted to over 50 countries in the world, located between
latitudes 25 degrees North and 30 degrees South. Almost all of the world's coffee
production is provided by two varieties, called ‘Arabica’ and ‘Robusta’ whereas
the share of Arabica is more of the world's coffee harvest. Green (raw) coffee
cannot be used to prepare coffee beverages, coffee beans must first be roasted
(Divi§ et al., 2019). Coffee presents one of the most popular traded products
presented in two species under economical interest — Robusta (approx. 40% of
the global production) and Arabica (approx. 60% of the global production). There
exist some differences that distinguish two species of their seed shape,
morphology, and quality, cultivation requirements, as well as their brewing
properties (van der Vossen et al., 2015). Arabica due to organoleptic properties
are more preferred, characteristic by a higher acidity, and low bitterness. On the
other hand, Robusta beans are harder compared to Arabica (Baker, 2016;
Rubayiza and Meurens, 2005). Robusta coffee (Coffea canephora) leaves
contain phytochemical compounds and have antioxidant and anti-diabetic effects
(Widyastuti et al., 2020). Arabica coffee beans originated from 21 different
regions of the world. Parameters of their moisture content, water extract, water
extract in dry matter, dry matter, caffeine, and caffeine content in the dry matter
were assessed by the Slovak Technical Standard (STN 580113-21:1991.
Methods of coffee evaluation. Caffeine determination and STN 580114:2000.
Methods for testing of coffee extracts and chicory). Dry matter content ranged
from 98.64 to 99.07%, the highest content was measured in a sample from Cuba.
Minimum dry matter content was detected in coffee beans from Mexico. Caffeine
in studied samples ranged from 10 200 mg.kg-1 to 13 500 mg.kg-1. The lowest
caffeine content was determined in Panama coffee, the highest was found in the
sample from Indonesia (Bobkova et al., 2017).

Top players in the global coffee production and trade are south American, central
African, and Asian producers (Rega and Ferranti, 2019). As coffee holds the
first place in the list of most common frauded food (Lange, 2013), several
techniques to reveal their attributes have been established.

Based on sensory evaluation (taste, smell, and sight), experts may be capable of
discerning the origins and varieties of green and/or roasted beans. However, the
accuracy and repeatability may vary depending on the sensory sensitivity towards
specific coffee traits, physiological status of the evaluator, level of experiences,
and/or environmental conditions. In this way, the discrimination will be more
challenging for ground and brew samples, since the specific features associated

with particular coffee beans may be reduced or lost during the grinding process
(Wang et al., 2020). Apart from classical sensory approaches, the conventional
methods, most widely used in laboratories have been established for adulteration
identification of ground and roasted coffee, involving the use of optical and
electron microscopy. The disadvantage of analyses based on microscopy is due to
time consumption and subjective evaluation, producing conflicting results (Toci
et al., 2016). Other laboratory techniques, therefore, have been used to provide
more reliable analyses to identify possible adulteration, such as DNA-based
techniques (Ferreira et al., 2016), chromatography (Martins et al., 2018),
electrophoresis (Daniel et al., 2018), spectroscopy (Sezer et al., 2018), near-
infrared spectroscopy (Tolessa et al. 2016), high resolution melting (Pereira et
al., 2017). Fraudulent practices involve the substitution of Arabica coffee with
cheaper Robusta, mixing of roasted ground coffee with undeclared materials
(Toci et al., 2016). Furthermore, it can involve the quality of beans (considering
species, geographical origin), as well as the addition of other substances (coffee
husks, corn, barley, cocoa, wheat, brown sugar, soybean, triticale, acai, etc.) to
coffee blends to make the production costs less expensive. Worldwide data on the
topic of coffee adulteration is practically nonexistent, the main reason is caused
by the domestic economic situation of each country. In Brazil, the world’s largest
coffee producer, an inspection revealed from 2400 analyzed brands 583
adulterated samples with maize, rye, husks, acai seeds, or brown sugar, which
represents almost 25% of the national brands (Peixoto, 2009).

In conclusion, the key issues for control strategies, are determining the degree of
dilution, geographic origin of the beans, specific adulterants, post-growth
treatment, etc. to find, whether the product label claims are based on the truth.
The present study is focused to summarize the most important facts about
fraudulent practices in the field of coffee production and trade, based on relevant
scientific information provided by various reports.

Originality and declared quality

Originality and quality have become the most important aspects for the coffee
industry where various factors can affect the final product (Martins et al., 2018;
Oliveira et al., 2015). An important aspect with a negative impact on the coffee
industry is the presence of fraud approaches, presented by offering coffee/coffee
products with the addition of low-cost materials and the presence of defective
beans or even low-quality coffees or beans from different geographical regions in
comparison to ,,facts” stated on the product label. Adulteration of the coffee
product was first reported in the literature in 1851 (The Lancet, 1851). The high
level of adulteration is considered a serious issue to the sustainable development
of the coffee industry, for this purpose, some international organizations are
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involved in quality assurance of coffee worldwide, such as ICO, the Institute for
Scientific Information on Coffee, and FAO (Cai et al., 2016; Oliveira et al.,
2015). To achieve the authentication goals, the use of sensitive and specific
analytical techniques is necessary to ensure the quality of coffees worldwide.

Fraudulent practices
Diluents

Graham et al. (1857) provided one of the earliest detection of fraudulent
vegetable substances mixed with coffee by consideration of the sugar content,
color, and specific gravity of extracts, in addition to analysis for mineral (ash)
content of the coffee sample in comparison with genuine coffees and possible
vegetable adulterants. List of the most common diluents contains a large scale of
substances such are: corn, rice, soybean, barley, wheat, triticale, acai palm seeds,
cocoa, coffee husks (Domingues et al., 2014; Pauli et al., 2014). Their presence
can be analyzed by the use of chemical (HPLC), physical (NIR), and molecular
analysis (RT-PCR) (Burns and Walker, 2020), where real-time PCR is a
powerful alternative to chemical methods for the identification of diluents
(Ferreira et al., 2016). Adulteration by the common diluents insoluble (instant)
coffee or in an extract from ground roast coffee can be detected by the 1SO
23114:2011 criteria for authenticity (BS 5752-15, 1997) based on the maximum
amounts of two indictor carbohydrates (total glucose and total xylose).

Genotypic and Geographic Traits

Numerous attempts have been done to identify the geographic origin of ground
roast coffee samples by variations in trace elements or by molecular markers
There are many important bioactive compounds in the coffee,
determined/affected by coffee species and grow conditions defined by soil and
climate. Namely phenols (chlorogenic acids and derivatives), methylxanthines
(mainly caffeine), trigonelline, nicotinic acid, diterpenes, and short-chain
carboxylic acids (Jeszka-Skowron et al., 2015). The significant differences in
amounts of arabinose, galactose, and mannose extracted from coffee beans
processed postharvest in different ways indicate that these sugars are not reliable
species markers (Tarzia et al., 2010). As statements of geographic origin for
modestly priced coffees have begun to appear on supermarket shelves, the
authentication of a bean’s geographic origin is now of consumer interest (Burns
and Walker, 2020). In recent years, a few attempts have been done to identify
the geographic origin of ground roast coffee by different compositions of trace
elements (detected by: inductively coupled plasma-atomic emission
spectroscopy, atomic adsorption, and neutron activation) or by molecular
markers. This variation has been used to differentiate coffees grown in relatively
small areas like Ethiopia (Mehari et al., 2016), Jamaica (Antoine et al., 2016),
Brazil (Barbosa et al., 2014), Mexico (Muiiiz-Valencia et al., 2014) - all the
major coffee growing areas (Oliveira et al., 2015). Other scientific approaches as
are Fourier transform infrared spectroscopy (FTIR) following solvent extraction
permits the determination of molecular content variations to reveal country of
origin: Africa and Asia (Fintello et al., 2017), Columbia, Costa Rica, Ethiopia,
and Kenya (Wang et al., 2011), Brazil (Schievano et al., 2014). Metabolic
analysis using NMR has been used to differentiate Arabica coffees grown in
America, Africa, and Asia (Consonni et al., 2012). NIR spectroscopy has been
used to identify the geographic origin of samples grown in Brazil (Marquetti et
al. 2016). Potentially one of the most powerful signatures of geographic
authenticity is the natural stable isotope ratios of the bio-elements (nitrogen,
oxygen, carbon, hydrogen, and sulfur) (Carter et al., 2017). More successful
geographic classifications appear to be possible by combining stable isotope
ratios with elemental composition. Valentin and Watling claimed 97 and 100%
correct classification for the continent and within-continent country, respectively,
and that the isotopic and elemental concentrations of green coffee beans
remained largely unchanged on roasting (Valentin and Watling, 2013). At the
present, there is no validated method to confirm the claim specific country of
origin for coffee samples. As the normal trace element pattern for a given region
may be disturbed using fertilizers, the use of molecular markers is advised
(Burns and Walker, 2020).

Substituents

The price and rarity of certain types of coffee beans such as Blue Mountain,
Tanzanian Peaberry, and particularly Indonesian palm civet coffee (Kopi
Luwak), leads to practice such substitution by cheaper beans (Burns and
Walker, 2020; 50). In the same way, Arabica substituted by Robusta is
commonly found as a practice to save money, but breaking the customer’s rights
for genuine products (Yener et al., 2015). Adulteration by Robusta in Arabica
can be detected at levels above 1-2% by the NMR method (Gunning et al.,
2018). For examination of mentioned above, tocopherols have been used as
markers for Robusta/Arabica ratio in green or roasted coffee beans
(Wermelinger et al., 2011). NIR is also a useful method for the same purpose
(Bertone et al., 2016). The identification of Arabica and Robusta species in
coffee samples is possible via the maker compounds kahweol and 16-OMC. The

determination of 16-OMC by NMR has the advantage of speed, relative
simplicity Deoxyribonucleic acid extraction and analysis from processed coffee
beans was found as a useful laboratory tool for species identification
(Martellossi et al., 2005) and has been developed as a rapid method to determine
coffee species and the degree of adulteration by high-resolution melting (HRM)
analysis on green or roasted coffee. For a more sensitive detection method,
chloroplastic, rather than nuclear genetic variations, were targeted between
Coffea species (Combes et al., 2018). Using a metabolic approach, discriminant
markers have been found to authenticate Kopi Luwak (Jumhawan et al., 2013;
Jumhawan et al., 2015). No reports have been found whether the methods that
can discriminate between authentic (wild or farmed) civet coffees and Arabica
and Robusta samples that have been manufactured to appear as if they were civet
coffee (Heo, 2014).

The closer study of coffee chemical compounds
Homostachydrine

Besides 16-O-methylcafestol, homostachydrine can be used as a more accurate
indicator to quantify Robusta percentage in coffee blends (Servillo et al., 2016).
In this field, Servillo et al. (2016) discovered that homostachydrine is
considerably higher presented in Robusta (31.0610.0 mg/kg) with a relatively
narrow variation (31.0610.0 mg/kg) than in Arabica beans (1.560.5 mg/kg).

Phenolic Acids

The main phenolic acids in coffee are presented by chlorogenic acids (ferulic,
caffeic, and p-coumaric acid), ranging from 3 to 12 g/100 g of green coffee
(Farah et al., 2005; Campa et al., 2005; Trugo and Macrae, 1984). Phenolic
acid profiles of boiled-type coffee brews have been investigated by Gérrnas et
al. (2016) for non-treated and decaffeinated beans from different species and
regions, roasted to different degrees (Gérnas et al. 2016). Phenolic acids in green
and roasted coffee samples in majority representation are 3, 4, and 5-
caffeoylquinic acids, with the content in green beans being 2 to 6 times higher
than the roasted samples. Moreover, higher content of phenolic acid has been
found for Robusta as compared to Arabica (Farah et al., 2005; Campa et al.,
2005; Trugo and Macrae, 1984). Total phenolic acid as the only marker is not
enough to accurately distinguish Arabica and Robusta roasted coffee beans,
considering the sensitivity to degree of roast and relatively small differences in
concentration (Wang et al., 2020).

Fatty acid and triacylglycerol

The fatty acid profiles between coffee species are different, based on this
statement is possible to detect Arabica and Robusta ratio in a mixture. Romano
et al. (2014) concluded that total monounsaturated fatty acids concentration,
linolenic acid (cis18:3n-3) concentration, the 18:0/cis18:1n-9 ratio, and the total
saturated fatty acid ratio are useful indicators for the determination of Arabica-
Robusta blend proportions. Chemometric analysis by PCA and LDA achieved
complete separation of Arabica and Robusta coffees, with linolenic, linoleic,
oleic, and myristic acids identified as the most differentiating descriptors
(Martin et al., 2001). Alves et al. (2003) presented a similar technique to analyze
the fatty acids of coffee samples from different botanical and geotechnical
regions and designed the discrimination of Arabica and Robusta coffees both in
green and roasted stages. The mentioned authors pointed to the affection of
coffee’s fatty acid profiles by roasting, specifically, trans-isomers increased
sharply. This may be used as an indicator of roast processing conditions.

Diterpenes

Three main diterpenes found in the lipid fraction of coffees are presented by
kahweol, cafestol, and 16-O-methylcafestol. Kahweol and cafestol are detected in
higher level for Arabica coffees in comparison to Robusta, where a small amount
of kahweol is found, along with 16-O-methylcafestol (stable substance during the
roasting process), presented only in Robusta (10-50 mg/kg) but not in Arabica,
thus it can be used to detect the adulteration of Arabica with Robusta in coffees,
according to DIN 10779 (Schievano et al., 2014; DIN, 2011; Speer and
Kaolling-Speer, 2006).

Carbohydrates

Blanc et al. (1989) were the first who studied the sugar profiles of coffee. They
screened more than a hundred instant coffees and extracts of roasted Arabica and
Robusta coffees. They found, that pure soluble coffees (extraction condition is
not an important factor), contained maximum levels of about 0.3% total xylose
and sucrose and about 2% total glucose. Higher levels of total xylose indicate the
presence of coffee husks. Furthermore, it was noticed that fucose can be used to
detect coffee adulterated with soybean, corn as adulterant is causing higher
concentrations of glucose and xylose (Daniel et al., 2018).
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CONCLUSION

This review is focused to prepare an overview of the most commonly used
techniques for the authentication process of the coffee. The main proportion of
used literature is focused on detection of Robusta in Arabica, as well as the
detection of foreign components, and misrepresentation of the declared origin of
coffee. According to knowledge published in the number of scientific valuable
studies covering chemical, biological and physical approaches for identification
of adulteration and coffee varieties, no sensitive and widely applicable method
was available (Toci et al., 2016), thus it is necessary to develop a widely
applicable and sensitive methodology that can address the various aspects of
coffee adulteration. For instance, it covers detection of defective beans,
discrimination between species, or identification of the presence of external
agents. However, it has been possible to suggest approaches to deal with the key
problems for the food control analyst, namely those of determining the degree of
dilution, specific adulterant, geographic origin of the beans, and their species to
test the truth of the labeled claims for a sample of roast ground coffee.
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