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Ground roasted coffee, which is one of the most important agricultural food commodities in world trade, 
is a classic example of an expensive food product affected by some kind of fraud. Microscopy is the most 
used technique for detection of adulteration in roasted ground coffee. It, however, requires skilled 
analysts and training. Therefore, there is a great need for a standard non-subjective and selective 
technique for generating distinct markers for industrial quality control of coffee. Simple sequence repeat-
polymerase chain reaction (SSR-PCR) technique is characterized by technical simplicity, high reliability 
and reproducibility, speed and relative cheapness because it does not require very expensive materials 
or devices. Here, we investigated the polymorphism in six consensus chloroplast SSRs (ccSSRs) among 
coffee and 16 potential adulterants of plant-origin for developing species-specific markers that aid 
qualitative detection of ground coffee adulteration with one or more of these adulterants. It was possible 
to generate two unique amplification ccSSR patterns for coffee that differentiated the latter form all 
potential adulterants used. The collective data generated also allowed the diagnosis of all adulterants 
from each other. When the level of intraspecific conservation of one of the markers (TrnQ-TrnS) that 
differentiated coffee form all adulterant species was measured, no intraspecific variation was observed 
among representative samples of each species. Coffee-specific ccSSR markers developed here and the 
other markers that differentiated targeted adulterants from each other present a potential to be used as 
a routine approach for the qualitative detection of coffee adulteration and authenticity verification of 
ground roasted coffee. They also offer a quick and straightforward method suited to routine coffee 
analysis where only one amplification experiment is required for detection of adulteration of coffee with 
one or more of the 16 adulterants analyzed.  
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INTRODUCTION 

Food adulteration is an act of intentionally 
debasing the quality of food offered for sale either 
by the removal of some valuable ingredients or by 
the substitution or admixture of inferior substances. 
Recently, increased attention to food safety has 
prompted the interest in the authenticity of food 
products (Consolandi et al. 2008). The main 
objective of enforcing regulation against food 
adulteration, which represents a major commercial 

application, is to detect fraudulent attempts to sell 
a cheap product (or a mix containing a cheap 
product) as a more expensive one (Ashurst and 
Dennis, 1996). 

 Coffee (Coffea L., Rubiaceae), next to water 
and tea, is the world’s most popular beverage  
(Wachamo, 2017) that is consumed for its 
refreshing, stimulating taste and health benefits 
(Ebrahimi-Najafabadi et al. 2012). Coffee, which is 
the second most-traded commodity next to edible 

http://www.isisn.org/
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oil (Newton, 2017), is one of the most important 
agricultural commodities traded globally, with 
production occurring in developing ones and 
consumption taking place mostly in developed 
countries (Minten, 2017). 

 According to Gregory Tucker (the University of 
Nottingham, UK), coffee is a classic example of an 
expensive food item affected by fraud (Perks, 
2007). The history of coffee dates back to the 10th 
century, with a number of legends and reports 
surrounding its first use. Ethiopia, where coffee 
cultivation began about 800 AD, is thought to have 
been the native origin of coffee. The earliest 
substantiated evidence of either knowledge of the 
coffee tree or coffee drinking is in the Sufi 
monasteries of Yemen from the 15th century. By the 
16th century, coffee had reached the rest of the 
Middle East, Turkey, Persia, Northern Africa, and 
Horn of Africa. Coffee then spread to the Balkans, 
Italy and to the rest of Europe, to Indonesia and 
then to America (Beauchamp, 2016). The highest 
yield of coffee in the world exists in Brazil 
(International Coffee Organization, 2016).  

 Gunnars (2017) listed 13 proven health 
benefits of coffee. For example, coffee has 
antitoxic and antioxidant properties at cellular level 
and provide protection against degenerative brain 
diseases like Alzheimer’s and Parkinson’s 
(MacMillan, 2018). It also contains beneficial 
nutrients, which can reduce the risk of some types 
of cancer and improve our health condition if taken 
daily at least 3-4 cup per day as reported by 
Wachamo (2017), who reviewed the risks and 
health benefits of coffee consumption. Beside the 
many benefits of coffee on human health when low 
to moderate doses are consumed, however, 
several effects of too much caffeine have been 
recorded such as cardiovascular effects, general 
toxicity, effects on calcium balance and bone 
status, changes in adult behaviour, effects on male 
fertility, and increased incidence of cancer (Nawrot 
et al. 2003). 

    Prices of coffee depend on its origin country 
and species. There are two coffee species that 
almost entirely dominate the commercial coffee 
trade; arabica (Coffea arabica L.) and robusta (C. 
canephora Pierre ex A. Froehner) (Dias and 
Benassi, 2015). The coffee market is regularly 
developing finished products based on a single 
variety (arabica or robusta) (Morel et al. 2012) from 
ripen seeds after roasting them. The two species 
differ in their botanical characteristics and 
physicochemical composition. They also differ in 
terms of their commercial value, with arabica coffee 
being considered of better quality than robusta due 

to its superior taste and aroma and therefore of 
higher price (Suhandy and Yulia, 2017). Ensuring 
that inferior robusta beans don't get into the arabica 
production chain, therefore, is essential (Perks, 
2007).   

Intentional or not-intentional adulteration of 
arabica with robusta coffee is carried out at 
different steps of the coffee chain, from plantation 
to beverage (Tornincasa et al. 2010). To 
differentiate arabica and robusta coffee beans, 
PCR-RFLP was applied by Spaniolas et al. (2006) 
on the chloroplast DNA (cpDNA). In 2010, 
Pallavicini et al. developed a method for 
differentiation between the two coffee species 
based on polymorphism in nuclear and chloroplast 
DNAs. Recently, Suhandy and Yuli (2017) referred 
to methods for discrimination between the two 
species.  

Beside the adulteration of arabica coffee with 
robusta, adulteration of ground roasted coffee with 
other plant sources have been observed since 
1851 (The Lancet, 1851) (Martins et al. 2018). 
Among there adulterants are roasted corn, ground 
roasted barley, and ground roasted parchment. In 
2014, Pauli referred to studies that reported sticks, 
husks, cocoa seed, corn, wheat middling, barley, 
brown sugar, chicory, maltodextrins, soybean, 
glucose syrups, acai seeds and triticale as some of 
the described fillers. Coffee powder may be also 
adulterated by mixing it with cashew husk powder 
(Nogueira and Do Lago, 2009) or other cheaper 
ingredients such as soybean, rye, chickpeas, figs, 
peas, beans, and acai seeds which can spoil the 
quality and taste of the final product although they 
are not harmful (Stoye, 2014). Cocoa seeds, wheat 
middling and triticale have also been reported as 
adulterants of coffee (Nixdorf, 2014). Powdered 
tamarind seeds or ground roasted chicory powder 
and roasted acorns, which are made to resemble 
coffee in color and somewhat in flavor, are very 
popular adulterants around the world and are used 
to add color and bulk to instant coffee. In Brazil, 
where coffee is one of the main commodities, 
coffee has been a target for fraudulent admixtures 
with various cheaper materials, such as spent 
coffee, twigs, barley and roasted corn (ASIC Costa 
Rica, 2012) with corn being considered as the most 
widely used adulterant. This is considered to be a 
serious problem affecting Brazilian coffee quality.  

It has been reported that coffee particle size, 
color, and oily texture (Reis et al. 2013) are what 
make the admixture of various roasted and grinded 
cheapest fillers easy and encourage tamper. Pauli 
et al. (2014) believe that once simple visual 
inspection is not capable of differentiating genuine 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Nogueira%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19777453
http://www.ncbi.nlm.nih.gov/pubmed/?term=do%20Lago%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=19777453
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coffee of fraudulent samples; microscopy is 
currently the most used technique for adulteration 
detection in roasted ground coffee (Martins et al. 
2018). They added that spectroscopy (UV–Vis, 
micro Raman, Mid and Near infrared), 
chromatography (GC–MS and HPLC), digital 
image processing and electrophoresis have been 
also applied for detecting adulterants in coffee 
(e.g., Jham et al. 2007). The authors mentioned 
that all applied methods for detection of coffee 
adulteration require skilled analysts and training. 
Therefore, they stressed that it is a great challenge 
to find a standard non-subjective and selective 
technique for generating distinct markers for 
industrial quality control of coffee (Takeoka and 
Ebeler, 2011). Ferreira et al. (2016), who listed 
examples of other proposed techniques for the 
detection of adulterants in coffee, also argued that 
conventional methods usually present low 
sensitivity and specificity (Ferreira et al. 2012), and 
do not allow the identification of individual 
constituents or constituents in mixtures of several 
adulterants (Ferreira et al. 2016). These methods 
are also subjective and passive to human error 
because they rely on the analyst experience (Jham 
et al. 2007). Most importantly, they also do not 
allow determination of plant-origin adulterants the 
detection of which is the main objective of this 
study. 

 Pezza et al. (2016) review provides an 
overview of three analytical approaches (chemical, 
physical and biological) to the identification of 
coffee adulteration. The authors concluded that 
despite the existence of a number of remarkable 
studies in this area, there still remains a lack of a 
sensitive and widely applicable methodology able 
to take into consideration the various different 
aspects of adulteration. 

 DNA-based methods are effective when 
applied to the analysis of heavily processed foods 
such as roasted coffee because DNA is more 
informative and can be easily isolated from small 
traces of organic material (Galimberti et al., 2013). 
Numerous methods based on DNA analysis have 
contributed immensely in the food industry to 
monitor adulterations of food products of plant or 
animal origin (e.g., Haider et al., 2012). Due to the 
low rate of cpDNA evolution compared to the 
nuclear genome, the utility of polymerase chain 
reaction (PCR)-based markers derived from 
cpDNA analysis for the identification of plant 

species has been clearly confirmed (Haider, 2003; 
Haider and Nabulsi, 2008; Ford et al. 2009). Here, 
we targeted a set of consensus chloroplast 
microsatellites (consensus chloroplast-simple 
sequence repeats (ccSSR), tandemly repeated 
units of short nucleotide motifs) to detect 
polymorphism in these SSRs among coffee and 16 
potential adulterants of plant-origin for developing 
species-specific markers that aid qualitative 
detection of coffee adulteration with one or more of 
these adulterants. Microsatellites can be detected 
by amplification (PCR) using specific primers that 
anneal to the unique flanking sequences and 
provide high discrimination power (Bazakos et al. 
2016). The size of generated PCR product 
(amplicon) reflects the number of repeat units in 
targeted SSR motif. Variation in amplicon size, on 
which SSR genotyping is based, can be visualized 
using gel or capillary electrophoresis which can aid 
with maximizing sample throughput (Wilkes et al., 
online reference). Such variation among plant 
species can be used to provide an indication to 
species identity. 
 
MATERIALS AND METHODS 

Raw green coffee beans (seeds) of arabica 
and robusta (6 samples) and roasted coffee beans 
(5 samples) were purchased from local producers 
in Damascus. Representative samples of 16 plant 
species (3-8 samples per species) that may be 
used for adulteration of ground roasted coffee were 
also used in this study. These species were 
tamarind (Tamarindus indica, Fabaceae), potato 
(Solanum tuberosum, Solanaceae), beans 
(Phaseolus vulgaris, Fabaceae), walnut (Juglans 
regia, Juglandaceae), oak (Quercus robur, 
Fagaceae), soybean (Glycine max, Fabaceae),  
wheat (Triticum aestivum, Poaceae), barley 
(Hordeum vulgare, Poaceae), corn (Zea mays, 
Poaceae), fig (Ficus carica, Moraceae), cacao 
(Theobroma cacao, Malvaceae), chicory 
(Cichorium intybus, Asteraceae), chickpea (Cicer 
arietinum, Fabaceae),pea (Pisum sativum, 
Fabaceae), date palm (Phenix dactylifera, 
Phoiniceae), and oat (Avena sativa, Poaceae). 
Samples (seeds, leaves, fruits or ground powder) 
of the above species were purchased from local 
markets or obtained from other sources (see Table 
1). Table 1 lists names of species analyzed and 
type and sources of samples of these species. 

 
 

Table 1: Names, types and sources of material samples of species targeted.   
 

Common name Type of material Source 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjD9cbC8r3hAhXCGewKHftbB6IQs2YoADAAegQIAxAI&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FSolanaceae&usg=AOvVaw2rRIqq4NNJ73OzlNU5eIiK
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Coffee Green and roasted seeds Local market 

Tamarind Seeds Local market 

Potato Leaves Private orchard 

Beans Seeds Local market 

Walnut Leaves Private orchard 

Oak Fruits Local market 

Soybean Seeds Local market 

Wheat Seeds Local market 

Barley Seeds Local market 

Corn Seeds Private orchard 

Fig Leaves Private orchard 

Cacao Powder Local market 

Chicory Leaves Local market 

Chickpea Seeds Local market 

Pea Seeds Local market 

Oat Seeds powder local market 

Date palm Leaves  

 
 

DNA Extraction 
    Extraction of DNA from the roasted coffee 

samples was conducted using QIAshredder Mini 
Spin Columns (Qiagen, Germany). As for the 
remaining samples, DNA extraction was carried out 
according to Lodhi et al. (1994) protocol where 
materials of analyzed species were frozen in liquid 
nitrogen and then ground using mortar and pestle. 
The extraction buffer was preheated to 65 °C in a 
water bath. The frozen powder (100-120 mg) was 
transferred to 2 mL Eppendorf tubes and 750 μL of 
the preheated extraction buffer were added. The 
mixture was mixed well by vortex and the tubes 
were incubated in a water bath at 65 °C for 30 min. 
Samples were mixed well by vortex and returned to 
the water bath twice in the course of these 30 min. 
The solution was left to cool down at room 
temperature. A volume of 300 μL of 6 M ammonium 
acetate, stored at 4 °C, was then added. The 
samples were mixed well by the vortex and then 
kept for 15 min (at 4 °C). The tubes were 
centrifuged at 13,000 rpm for 5 min at room 
temperature. The supernatants (the upper 
aqueous solution of approximately 700 μL) were 
transferred to new microfuge tubes and 50 μL 
CTAB were added to each tube and the tubes 
contents were mixed gently. A volume of 750 μL 
chloroform-isoamylalcohol (24:1) was added and 
the tubes were inverted gently to avoid mechanical 
damage of to the DNA. Samples were centrifuged 
at 14,000 rpm for 20 min. The upper aqueous 

supernatant that contains the DNA was transferred 
to a new 1.5 mL Eppendorf tube. A volume of 750 
μL of chloroform was added to each tube. The 
tubes were inverted manually for 10 min. The tubes 
were centrifuged at room temperature at 14,000 
rpm for 20 min. The supernatant that contains the 
DNA was transferred to new tubes. The same 
volume of cold-isopropanol (4 °C) was then added 
to each tube. The tubes were inverted several 
times and left for 30 min at room temperature. The 
tubes were centrifuged at room temperature at 
14.000 rpm for 20 min. The liquid was drained 
carefully and 1 mL of cold 70 % ethanol was added 
to the DNA pellet left to wash any residual salts. 
The tubes then were inverted gently for several 
times to separate the DNA pellet from the bottom 
of the tubes which were centrifuged at room 
temperature at 14,000 rpm for 10 min. The ethanol 
was drained and the tubes were left open in the 
oven at 37 °C for 10 min or more to get rid of 
ethanol. Each DNA pellet was resuspended in 100 
μl sterile ddH2O and allowed to dissolve by 
inverting the tubes gently. DNA samples were 
stored at 4 °C until use. 

CcSSR-PCR 
    A set of six consensus chloroplast primer 

pairs developed by Chung and Staub (2003) from 
tobacco (Nicotiana tabacum L., Solanaceae) 
chloroplast sequences for amplification of ccSSRs 
was used for the analysis of six ccSSRs in coffee 
and other targeted plant species.  

 
 

Table 2: CcSSR primers used in this study and expected sizes of generated bands from Nicotina 
tabacum (Chung and Staub 2003). 
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Expected size 
(bp) 

SSR motif Forward and reverse primers 
(5`-3`) 

Gene 
name 

Name 

174 T(10) F  TCAAATGATACATAGTGCGATACA 
R  AATAAAGGATTTCTAACCATCTT 

TrnK ccSSR-1 

160 A(11) F AATCCTGGACGTGAAGAATAAA 
R  ATCCCTCTCTTTCCGTTGA 

TrnQ-
TrnS 

ccSSR-2 

270 (T)10 F TCTGATAAAAAACGAGCAGTTCT 
R  GAGAAGGTTCCATCGGAACAA 

Rps2-
RpoC2 

ccSSR-5 
 

200 T(14) F GGGTATAATGGTAGATGCCC 
R  GCCGTAGTAAATAGGAGAGAAA 

RpS19-
Rpl2 

ccSSR-14 

264 T(9) F GCTTATGACCTCCCCCTCTATGC 
R  GCATTACAGACGTATGATCATTA 

Rpl2-
Rpl23 

ccSSR-15 

123 (T)7C(T)2 F TACGAGATCACCCCTTTCATTC 
R  CCTGGCCCAACCCTAGACA 

TrnL ccSSR-16 

 
These were ccSSR-1 (TrnK), ccSSR-2 (TrnQ-

TrnS), ccSSR-5 (Rps2-RpoC2), ccSSR-14 
(RpS19-Rpl2), ccSSR-15 (Rpl2-Rpl23), and 
ccSSR-16 (TrnL). The sequences and other details 
on primers used are given in Table 2. 

     PCR was performed in 0.2 ml microtubes 
using Eppendorf thermocycler. Each reaction 
contained 10x PCR buffer, 7.5 mmol Tris-HCl  (pH 
9 at 25 °C), 50 mmol KCl, 2 mmol (NH4)2SO4, 2.5 
mmol MgSO4, 0.5 mmol for each nucleotide (dCTP, 
dGTP, dTTP, and dATP), 2.5 U Taq DNA 
polymerase, 30 ng DNA, 0.75 µM of each primer. 
The total volume of each PCR reaction was 
adjusted with sterile ddH2O to 20 µL.  

    The following PCR conditions were used for 
the amplification of targeted ccSSR loci in analyzed 
species: 1) 94 oC for 5 min for initial denaturation of 
DNA, 2) 40 cycles each of which consists of: 94 oC 
for 30 sec for DNA denaturation, 50 oC for 1 min for 
annealing of primers, and 72 oC for 2 min for 
extension of the targeted ccSSR, 3) 72 oC for 5 min 

for final extension, and 4) hold at 4-10 C until 
removal. 

Gel Electrophoresis 
    For the visualization of PCR products 

generated for each ccSSR, 2 µL of each PCR 
product and 4 µL of 100 bp DNA ladder were 
loaded into 1.8 % agarose gel that was run at 85 V 
for 1 h. 

Detection of Intraspecific Conservation of the 
TrnQ-TrnS Marker that Easily Identified Coffee 
from all other Targeted Species 

    The simple-allele highly discriminating 
ccSSR-2 (i.e., TrnQ-TrnS) that allowed easy and 
quick discrimination of coffee from all other 

analyzed species was applied on 3-8 
representatives of each of those species (Table 1) 
as described earlier in order to detect the specificity 
of PCR pattern developed for coffee and each of 
those species. 

Evaluation of the Efficiency of trnQ-trnS Marker 
in Qualitative Detection of Adulteration of 
Ground Roasted Coffee with One of the Studied 
Adulterants  

    The ground material of the oat sample was 
mixed with the ground roasted coffee sample in the 
following oat/coffee proportions: 5/95, 30/70 and 
50/50. DNA was extracted from mixed samples 
using QIAshredder Mini Spin Columns. The 
generated DNAs from those mixtures were used as 
templates to amplify trnQ-trnS as described earlier. 
This ccSSR was also amplified in oat and coffee for 
comparison. 
 
RESULTS 

CcSSR-PCR 
    When PCR was carried out on DNA samples 

of the targeted species in order to amplify six 
ccSSR loci, all primer pairs produced products for 
all samples. Some primers generated single 
fragments in all species such as ccSSR-2 (Fig. 1) 
and ccSSR-16. Single fragments were also 
observed for ccSSR-15 in all species except for 
pea and date palm. CcSSR-14, ccSSR-5 and 
ccSSR-1 had multiple amplicons in some species 
where ccSSR-1 was recorded to have the highest 
number of species with multiple amplicons. For all 
ccSSRs targeted, the amplicon in potato had 
similar size to that generated by Chaung and Staub 
(2003) for tobacco that belongs to the same family 
(Solanaceae). 
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    Size variation of products among analyzed 
species was observed for all ccSSRs. Primer 
ccSSR-15 (Rpl2-Rpl23) revealed the lowest level 
of polymorphism, where all samples had the same 
size apart from pea and date palm, each of which 
had a unique PCR pattern. The highest level of 
polymorphism among species was observed for 
ccSSR-2 (Figure 1) followed by ccSSR-5 (Figure 
2). 

 CcSSR-2 amplification in species analyzed 
produced a distinct agarose gel fragment pattern 
for coffee where the latter had the lowest size (135 
bp) compared to all other apart from cacao (115 bp) 
(Table 3). Coffee-specific amplification was also 
detected using ccSSR-1. As for the remaining 
species, ccSSR-2 amplification generated single 
fragments of different sizes (see Table 4) except for 
3 species combinations each of which had identical 
fragment sizes but a unique pattern. These 
combinations were 1) tamarind, date palm and corn 
(190 bp), 2) oak and chickpea (200 bp), and 3) 
walnut, oat, chicory and beans (180 bp). Fig had 
the largest fragment size (234 bp) compared to all 
other species.  

    Unique ccSSR patterns were also observed 
for some species in other primer pairs such as: 
date palm and chickpea (ccSSR-15), and potato 

(ccSSR-16). See Table 3 for more details on 
species with unique PCR patterns and groupings 
of species with identical patterns using other 
primers.   

Detection of Intraspecific Conservation of the 
TrnQ-TrnS Marker that Easily Identified Coffee 
from all other Targeted Species 

    No intraspecific variation was observed (see 
Figures 5-7) when TrnQ-TrnS was amplified in 
different representatives of each of the species 
targeted including both species of coffee (arabica 
and robusta, Fig. 4).  

Evaluation of the Efficiency of trnQ-trnS Marker 
in Qualitative Detection of Adulteration of 
Ground Roasted Coffee with One of the Studied 
Adulterants  

    It was possible to amplify trnQ-trnS in both 
coffee and oat in the DNA extracted from the 
mixture of the powder materials of both species. 
Two clear DNA fragments; the first was 180 bp 
(represents the targeted ccSSR in oat sample) and 
the second was 135 bp (represents the targeted 
ccSSR in coffee) were observed in the DNAs 
generated from the three oat/coffee mixtures (i.e., 
5/95, 30/70 and 50/50) used (Figure 8). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Amplification patterns in species analyzed using ccSSR-2. M: 100 bp DNA ladder. 
 
 

 
 
 
 
 

500 bp 

500 bp 
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Figure 2: Amplification patterns in species analyzed using ccSSR-5. M: 100 bp DNA ladder 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Amplification patterns in species analyzed using ccSSR-1. M: 100 bp DNA ladder. 
 
 
 
 
 
 
 
 
 
 
 

 
                                     1             2            3            4            5            6            7   

500 bp 
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Figure 4: Amplification patterns of chloroplast trnQ-trnS on agarose gel in arabia and robusta 
coffees (well 1-6). Well 7, 100 bp DNA ladder. 

 
 
                                     1                2             3               4               5              6                7             8   

 
 
 
 
 
 
 
 
 
 
 
 

 
 Figure 5: Amplification patterns of chloroplast trnQ-trnS on agarose gel in coffee (well 8) and 6 

samples of beans (wells 2-7). 
 
 

                                        1             2            3           4            5           6             7          8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Amplification patterns of chloroplast trnQ-trnS on agarose gel in coffee (well 2) and 5 
samples of fig (wells 3-7). 
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Figure7 : Amplification patterns of chloroplast trnQ-trnS on agarose gel in coffee (well 7) and 5 

samples of wheat (wells 2-6). 
 
 

                                        1               2               3                4               5               6   

 

 
Figure 8: Amplification patterns of chloroplast trnQ-trnS on agarose gel in coffee, oat, and three 

samples of oat and coffee mixtures at ratios 50/50, 30/70 and 5/95 oat/coffee, respectively (wells 2-
6). 

Table 3: Grouping of species according to their ccSSR fragment patterns. 
 

ccSSR 
name 

Grouping of species and species with unique bands 

ccSSR-
14 

Chickpea Oat Soybean Wheat Barley Pea Beans 
Fig & 
cacao 

Potato, coffee, oak, corn, walnut, 
tamarind & chicory 

Date palm 

ccSSR-
15 

Date 
palm 

Chickpea Rest are same 

ccSSR-
16 

Potato Oat, wheat & barley 
Chicory 

 
Chickpea Cacao Soybean 

Tamarind, date palm, walnut 
pea, beans, oak, corn, fig & 

coffee 

ccSSR-
5 

Potato & 
barley 

Corn Wheat 

Beans,  
tamarind, 

soybean & 
chicory 

Oak & cacao Oat 
Date 
palm 

Fig, 
chickpea 

Walnut, pea & coffee 

ccSSR-
2 
 

Coffee Barley Wheat 
Oat, beans, 

chicory & walnut 
Potato 

Date palm, 
tamarind, 

soybean & 
corn 

Fig Cacao Pea 
Chickpea & oak 

 

ccSSR-
1 
 

Coffee Barley Wheat Oat 
Corn, beans 
& tamarind 

Date palm Soybean Fig Cacao 
Chickpea 
& walnut 

Chicory, 
oak & 
pea 

Potato 

       1         2           3          4            5          6          7             
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DISCUSSION 

For centuries, food authenticity has been the 
target of government authorities concern because 
it is a major issue worldwide. Coffee, which is the 
most consumed beverage in the world (Farah, 
2009), is a classic example of an expensive food 
product vulnerable to fraud. Syrian coffee has a 
great international reputation and is exported to 
many countries of the world and there are many 
Syrian coffee producing companies that participate 
continuously in the most important international 
exhibitions for food industries. In Syria, the prices 
of coffee vary according to its type and source; 
where the Brazilian coffee is the cheapest and the 
higher priced Colombian and Kenyan coffees are 
also available (http://tishreen.news.sy/?p=53984).  

    Quality of coffee varies according to the 
geographical region, the species, the roasting 
process, and the occurrence of different types of 
fraud (Franca et al. 2005; Barbin et al. 2014). And 
because of the high market value and the high 
price of coffee, the latter is quite vulnerable to 
adulteration by cheaper roasted grains and items. 
Some of the adulterants of roasted ground coffee 
are of plant origin such as roasted soybean, corn 
and barley among others (Reis et al. 2013). 
Adulteration of coffee represents a matter of 
economic order (Patil, 2011). Therefore, assurance 
of the quality of roasted ground coffees has 
attracted widespread attention as a means for 
controlling and preventing adulteration of coffee 
(Suhandy and Yulia, 2017). This led to the 
development of various methods using different 
techniques for establishment of suitable tools and 
markers for the identification of adulterants in 
ground roasted coffee and in instant (soluble) 
coffee (Oliveira et al. 2009). And because it is 
difficult to recognize adulterants with the naked eye 
in samples of roasted ground coffee and very little 
information on analytical methods to detect 
adulterated coffee is available (Song et al. 2019), 
the biggest challenge in coffee fraud detection 
research is, therefore, to create a non-personal and 
electoral standard technology for industry-specific 
quality control parameters for coffee. 

    There are few conventional analytical or 
identification methods available to detect plant-
based adulterants in the traded food commodities. 
These methods include botanical taxonomy, 
chemical methods, and macroscopic and 

microscopic examination (Parveen et al. 2016). 
These methods, however, have either low 

resolution power or are not fast or high throughput. 
Hence, they are inefficient in this regard. Added to 
that it is difficult to detect the presence of foreign 
substances due to adulterants that have the same 
degree of roasting and particle size as the ground 
coffee. Martins et al. (2018) reported that 
overcoming this difficulty requires professionals 
qualified in the histological characterization of 
plants and a long time for the analysis. 

    DNA-based methods are the most accurate 
and the best for detecting the adulteration of food 
commodities with materials of animal or plant 
origin. Recently, DNA-based methods have been 
used for food authenticity and safety (Ferreira et al. 
2016). DNA analysis is fast and easy when 
compared to conventional analytical methods like 
microscopy (Parvathy et al. 2014). Thus, DNA 
analysis is the only suitable, ideal and accurate 
way for traceability of food authenticity when 
targeting animal- or plant-based adulterants.  

    Examples of DNA markers used in the 
analysis of food products are referred to by 
Scarano and Rao (2014). Among DNA markers, 
those that are based on species-specific PCR 
amplification can be rapid, robust and cost effective 
(Wilkes et al. online reference). Of these, SSRs are 
reproducible, highly polymorphic and therefore 
informative, and amenable to automation (Zane et 
al. 2002). SSRs were first analyzed using DNA 
hybridization-based techniques. However, with the 
development of PCR technology the marker 
system is currently primarily performed with use of 
amplification technology (Wilkes et al. online 
reference). SSR is reliable, cost-effective, fast, and 
simple. SSRs have been successfully employed for 
the authentication of food components, both of 
animal and plant origin (Caramante et al. 2010; 
Corrado et al. 2011; Sardaro et al. 2013).  

    Chloroplast SSR (cpSSR) markers, which 
have been extensively used in population genetics, 
possess unique and important characteristics such 
as uniparental inheritance, haploidy, 
nonrecombination, and a low nucleotide 
substitution rate (Ebert and Peakall, 2009) within 
species. CpSSR loci are generally distributed 
throughout the noncoding regions with higher 
sequence variations and have conservative 
flanking regions (Huang et al. 2015). Sequence 
analysis of cpSSR fragments indicated that 
polymorphisms based on length variations might 
be due to insertion or deletion events of short DNA 
fragments instead of variations in the originally 
targeted mononucleotide repeat length (Chung and 
Staub, 2003). Sequencing of cpSSR products has 
been informative for identification of 

file:///E:/All/Current%20work%20folders/Food%20adulteration/Finised%20with/Coffee/1.htm%23bb0140
https://euagenda.eu/upload/publications/untitled-60188-ea.pdf
https://euagenda.eu/upload/publications/untitled-60188-ea.pdf
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polymorphisms for taxonomic and phylogenetic 
analyses (Wheeler et al. 2014). 

    Unlike nuclear-derived genetic markers, 
markers constructed from chloroplast genomes are 
highly conserved (i.e., low nucleotide substitution 
rates when compared to the nuclear genome). Due 
to such high level of conservation of cpSSRs in 
plants, they have been proved highly efficient for 
genetic fingerprinting of plant species (Cunha et al. 
2009). For instance, Njuguna et al. (2014) 
examined ccSSRs to evaluate diversity in Fragaria 
species for identification purposes. In another 
study, ccSSRs have been proved very useful for 
species identification of some Vicia (Fabaceae) 
species by Haider et al. (2012). Haider et al. (2012) 
and previously Eurlings and Gravendeel (2006) 
recommended the use of ccSSR primers for plant 
species identification. In this study, we used 
ccSSR-PCR method for qualitative detection of 16 
main potential adulterants of coffee taking into 
consideration the need for a simple, fast, cheap, 
and specific method for detection of coffee 
adulterants. Two unique ccSSR markers for coffee 
were developed when ccSSR-1 and ccSSR-2 were 
amplified. Either of these two ccSSRs was 
sufficient for the differentiation between coffee and 
all adulterants analyzed. The simplest amplification 
pattern which was also one of the most 
polymorphic patterns was observed for ccSSR-2. 
This ccSSR had a single amplification fragment in 
each of the species targeted that made comparison 
among species easier than other ccSSRs used. 
Because cpDNA is highly conserved among plant 
species, unsurprisingly no intraspecific variation 
was observed in this study for any of the species 
examined when ccSSR-2 was amplified in 
representative samples of each species (Haider et 
al. 2012). 

Since the highly polymorphic ccSSR-2 had the 
simplest pattern with a single fragment in all 
species, and generated a unique pattern for coffee, 
it can be used for the qualitative detection of coffee 
adulteration with one or more of the adulterants 
targeted. As for species that had identical patterns 
[i.e., 1) tamarind, date palm and corn, 2) oak and 
chickpea, and 3) walnut, oat, chicory and beans], 
one or more of the other ccSSRs analyzed allowed 
differentiation between these species. Tamarind, 
date palm and corn were differentiated using 
ccSSR-1, ccSSR-5 or ccSSR-14. Oak and 
chickpea were differentiated by ccSSR-1, ccSSR-
5, ccSSR-14, ccSSR-15 or ccSSR-16. As for 
walnut, oat, chicory and beans, ccSSR-1 allowed 
their distinction. Similarly, it was possible to identify 
species that had patterns with similar fragment 

sizes from each other using one or more of the 
remaining ccSSRs. 

Among adulterants screened here, tamarind 
and chicory can cause diarrhea, giddiness, 
stomach disorders, and severe joint pains (Foster, 
2014). Some other adulterants studied here may 
cause allergy (an adverse reaction to food, 
mediated by the immune system, Craciun et al. 
2009) which is a real threat to sensitized individuals 
or even death in case of sensitivity of some people 
to them. These are cereals containing gluten which 
are among the foods which are most commonly 
involved in serious allergic reactions on worldwide 
bases. Of cereals, wheat is the most frequently 
involved in adverse reactions such as IgE- 
mediated wheat allergy and Celiac disease. Celiac 
disease is triggered by the gluten-like proteins 
found in rye and barley or by the gluten fraction of 
wheat. Some sensitive individuals may also react 
to oat (Zanella et al. 2015). 

    Other adulterants studied here that may 
cause allergy to consumers are those belonging to 
legumes (Fabaceae; i.e., soybean, pea, chickpea, 
and beans). Although legumes are preferably 
included in human diet in most part of the world due 
to their nutritious elements, IgE binding proteins 
have been identified in majority of legumes. 
Allergenic response to these legumes (see Richard 
et al., 2015 for pea allergy) may range from mild 
skin reactions to life-threatening anaphylactic 
reaction (Verma et al., 2013). In 2000, David 
reported that inadequate cooking of red kidney 
beans can cause severe gastrointestinal upset, 
with vomiting and diarrhea. Allergy to chickpea was 
reported by Patil et al. (2001). Very recently, 
Cabanillas et al. (2018) reported that allergens 
from pea registered by WHO/IUIS Allergen 
Nomenclature Subcommittee are Piss 1 and Piss 2 
from the superfamily cupin and family 7S globulin, 
and Piss 3 (superfamily prolamin, family ns-LTP). 
In Cabanillas et al. (2018)`s review, the authors 
summarized and discussed recent advances in the 
identification of allergens from soybean and other 
legume species.  

In this study, we have developed molecular 
markers based on cpDNA analysis for coffee 
adulteration using the SSR-PCR technique which 
is characterized by technical simplicity, high 
reliability and reproducibility, speed and relative 
cheapness because it does not require very 
expensive materials or devices. SSRs 
polymorphism can be evaluated by PCR which 
requires only a small amount of DNA (Dardé et al. 
2007). Added to what stated above, the SSR-PCR 
technique does not require the use of radioactive 
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isotopes and amplification profiles generated are 
easily compared and interpreted because primers 
specific to the targeted locus were used. It also 
involves a simple electrophoresis system to detect 
variation among the studied species. More 
importantly, consumables and equipments 
required are available in any molecular biology 
laboratory. Most importantly, primers used here 
target chloroplast loci of small sizes. Hence, they 
easily and efficiently amplified targeted ccSSRs in 
DNA templates generated from coffee that was 
roasted at high temperatures.  

The effectiveness of the PCR technique for the 
identification of plant species has been confirmed 
by numerous studies such as that of Haider et al. 
(2012), Feng et al. (2018), and Wallinger et al. 
(2012). Here, ccSSR-PCR also allowed the 
detection of polymorphism in the targeted loci of 
the cpDNA that was sufficient to distinguish 
between coffee and all targeted species without the 
need for digestion with restriction enzymes or 
sequencing that will add extra cost to the method 
applied. Sequencing (alone or combined with 
cloning) will be required only if the PCR fragment 
that is unique to coffee using ccSSR-2 (or ccSSR-
1) was missing in analyzed coffee samples.  

 It has been reported that DNA-based analysis 
is new to coffee authentication (Perks, 2007). To 
our knowledge, this is the first attempt to use 
ccSSR for food adulteration detection, and to 
develop DNA-based markers to differentiate 
between coffee and the adulterants targeted here 
apart from corn and barley (Ferreira et al. 2012). 
The results obtained herein confirmed that ccSSR-
PCR presents a potential to be used as a new, 
innovative, ideal and irreplaceable analytical tool 
for qualitative detection of adulteration and 
authenticity verification of ground roasted coffee 
applying tamarind, potato, beans, walnut, oak, 
soybean, wheat, barley, corn, fig, cacao, chicory, 
chickpea, pea, and oat as sources of fraud.  

Markers generated here may help detecting 
any possible cheating or even mixing of analyzed 
adulterants with coffee starting at 5% (Jiang et al., 
2012). The availability of such species-specific 
markers ensures simple, fast, relatively cheap, 
more reliable and accurate identification of the 
targeted adulterants and can be a valuable 
guidance tool in detecting ground roasted coffee 
adulteration, and hence controlling coffee quality 
and protecting consumers. CcSSR markers 
developed in this study can be used by government 
agencies as a genetic marker to qualitatively 
assess coffee authenticity for routine monitoring of 
ground roasted coffee adulteration which is very 

interesting for consumers and retailers. 

CONCLUSION 
In this study, ccSSR-PCR-based markers were 

developed for easy, simple, fast, and cost-effective 
qualitative identification of coffee from 16 of its 
potential plant-derived adulterants. These 
markers present a potential to be used as a 
quick and straightforward routine approach for 
the qualitative verification of authenticity of 
ground roasted coffee.  
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