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Coffea arabica (Rubiaceae) is a basic drink for all Gulf societies, especially Saudi Arabia, it is the main part
of the Saudi tradition. This investigation was carried out to track the chemical composition, caffeine con-
tent by UV–visible spectrophotometer, acrylamide content by using a gas chromatograph, free radical
scavenging capacity by DPPH methods as well as determined the browning index and separated the vola-
tiles compounds using GC–MS for the most common three degree of roasted Arabic coffee; light
(180 ± 10 �C; 6.0 ± 1.0 min), medium (180 ± 10 �C; 8.0 ± 1.0 min), and dark (180 ± 10 �C; 10.0 ± 1.0 mi
n). Data revealed that light roasted coffee has the highest significant (p < 0.05) value of moisture content
(4.80%), crude protein (13.05%), and lowest value of ether extract (10.39%) and crude fiber (24.24%). The
caffeine content was found to be 1.13% in light coffee, which increased to 1.17% in medium coffee, then
decreased to 1.08% in dark coffee. The quantity of acrylamide detected in light roasted coffee
(0.41 mg/100 g) was the greatest, whereas medium roasted coffee comparatively produced low amounts
(0.31 mg/100 g). The light roasted coffee gave the highest antioxidant activity (88.72 mg TE/g), while the
dark roasted coffee gave the least activity (78.76 mg TE/g). Browning index increases with roasting time.
Hydrocarbons, alcohols, and esters were the most represented in roasted coffee headspace. Silanes and
sec-butyl nitrite compounds were absent in the medium roasted headspace. Except for amines, all 11
classes of volatile compounds were present in the headspace of dark roasted coffee.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Arabic coffee Coffea Arabica (Rubiaceae) is considered the most
consumed hot beverage in Saudi Arabia and forms part of Saudi
traditions (Al-Mssallem & Brown, 2013). It is mainly made from
Arabica coffee beans (Butt & Sultan, 2011). The most popular Ara-
bic coffee beans, and the ones commonly used by people in Saudi
Arabia, are the beans that come from the Jizan region, Yemen,
and the Harar area of Ethiopia (Butt and Sultan, 2011; Al-
Abdulkader et al., 2018; Al Doghaither, 2017). According to data
obtained from the International Coffee Organization, the global
intake of coffee estimated to be 1.4 billion cups per day
(Statistics, 2015). In Saudi Arabia, coffee consumption has
increased dramatically with 18,000 tons per year imported, with
a total cost $54 million (Statistics, 2015). The average consumption
of Arabic coffee in Saudi by a typical adult was estimated to be
between 60 and 300 mL in one sitting, and an individual annually
consumes the equivalent of 1.6 kg of coffee (Butt & Sultan, 2011).
Coffee consumption has some positive effect on health, such as
improving some functions including memory, mood, and cognitive
performance (Borota et al., 2014; Olson et al., 2010; Nehlig, 2010;
Farah, 2018). Several studies on humans have demonstrated that
coffee intake is effective in decreasing the hazard of liver cancer
incidence by 40% compared with others who do not consume cof-
fee (Bravi et al., 2013). On the other hand, Arabic coffee can
increase the risk of cardiovascular disease by increasing body total
cholesterol and LDL-C (Badkook & Shrourou 2013). Drinking Arabic
coffee among Saudi females aged > 40 years was associated with
high osteoporosis (AlQuaiz et al., 2014). There are different kinds
of Arabic coffee in the Saudi market roasting to various degrees
(Alqarni et al., 2018). The roasting degree of coffee influenced by
the roasting temperature and roasting time, and these two ele-
ments are responsible for the color of the coffee, whether it be a
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light, medium, or dark roast coffee (Somporn et al., 2011).
Although Arabic coffee contains multiple antioxidant compounds
in high concentrations, such as phenolic and flavonoid compounds
(Ahmed et al., 2013), the roasting process can make a significant
change to the biological activity of the coffee and the chemical
composition. For example, some elements can be lost, such as nat-
ural phenolic compounds, and other elements can be formed, such
as antioxidant compounds, including Maillard reaction products
and, therefore, antioxidant activity can be maintained or increased
(Wang et al., 2011). Increasing the roasting degree of coffee
reduces the antioxidant activity and caffeine content as well
(Alqarni et al., 2018; Cho et al., 2014). Antioxidant capacity is
higher in coffee obtained from light roasting than coffee obtained
from hard roasting, due to the high polyphenol content (Vignoli
et al., 2014).

The literature showed that there is no comprehensive study
that compared the effect of roasting degree on Arabic coffee in
chemical composition, antioxidant activity, and aroma volatile
compounds. Therefore, the current study aims to compare the dif-
ference in chemical composition, antioxidant activity, color attri-
butes, and aroma volatile compounds in three roasting degrees of
Arabic coffee to facilitate in conducting a biological study in the
nest stage.
2. Materials and methods

2.1. Materials

About (9 kg) fermented and dried beans of local Arabic coffee
cultivar namely Kholani were purchased from a series of super-
market at Tabuk city, Tabuk region, Saudi Arabia. Coffee beans
were roasted using drum roasters (The most popular roast-
ers for coffee), where the seeds contact a hot surface of which the
temperature reaches 180 ± 10 �C. According to Ku Madihah et al.,
2013; Chung et al., 2013; Darsef, 2014, the optimum roasting tem-
perature is 180 �C to achieve high quality. Therefore, 180 �C was
chosen as the roasting degree in our research. The coffee was
roasted for varying time periods to obtain the three degrees of
roasting most popular in Saudi Arabia, which are light, medium,
and dark, according to the following roasting conditions
(180 ± 10 �C; 6.0 ± 1.0 min), (180 ± 10 �C; 8.0 ± 1.0 min) and
(180 ± 10 �C; 10.0 ± 1.0 min), respectively. Then, the roasted coffee
was well-ground in the coffee grinder (model GVX212, Krupps,
Essen, Germany) with a screen size of 0.30 mm and maintained in
the refrigerator in an airtight jar until analysis. The chemicals
and indicators utilized in this investigation were of analytical qual-
ity level, and obtained from Sigma – Aldrich, USA.

2.2. Chemical analysis

A proximate chemical analysis of roasted coffee powder was
analyzed for moisture content, ether extract, crude protein, crude
fiber and ash content according to AOAC methods: 925.10,
945.16 968.06, 962.09 and 923.03

(AOAC, 2007), respectively. The nitrogen-free extract was com-
puted by deducting the summation percentages of crude protein,
ether extract, crude fiber, and ash content from one hundred.

Moisture, fat, and protein contents and ash of UTCS and WTCS
were determined by AOAC

2.3. Determination of caffeine by UV–visible spectrophotometer

According to a procedure reported by Belay et al., (2008),
about 50 mg of sieved coffee was dissolved in a tempera-
ture range of 80–90 �C in 100 mL of distilled water. To extract caf-
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feine using a magnetic stirrer for 1/2hr and gently heated the
solution, get rid of solid particle by using filter paper 25 mL of cof-
fee extract was mixed with 25 mL dichloromethane, stirred the
mixture for 10 min. The organic phase, containing the most caf-
feine (140 mg/mL of caffeine solubility in dichloromethane), was
isolated from the water phase with a separate funnel from the mix-
ture. According to Haenen, et al., (1999), the most active solvent for
extract 98 – 99% of caffeine from coffee is dichloromethane.
Watched the water phase with 25 mL dichloromethane and iso-
lated the organic phase, repeat watching and isolating for 4 times.
Then collected the fractions from the organic phase and mixed
together. The absorption was measured on a spectrophotometer
with 274 nm UV/Vis by using a 10 mm quartz cuvette. 100 mg of
pure caffeine was dissolved in 100 mL of distilled water to prepare
the caffeine stock standard solution. Running solutions prepared
by series dilution of the stock in 25 mL volumetric flasks for 0,
10, 20, 40, 60, and 80 mg/L of caffeine and add 1.0 mL HCl, topping
it with distilled water up to the mark.

2.4. Determination of acrylamide

Acrylamide was determined according to (Wendie et al., 2005)
by using a Gas Chromatograph with a flame ionization detector
at a temperature of 260 �C. An RTX-5 column (30 m lenght � 0.2
5 mm I.D. � 0.25 m film thickness) was employed with a 260 �C
injector temperature, helium gas at constant pressure as a carrier

gas, and an oven temperature of 100 �C (held 0.5 min) to 200 �C,
at 15 �C/min.

2.5. Free radical scavenging capacity

The free radical scavenging capacity of coffee samples was
established by using the stable 1,1-Diphenyl-2-picryl-hydrazyl
(DPPH) according to Yusufoglu et al., (2018). The absorbance at
517 nm was measured by UV–Vis spectrophotometer (model UV-
180, Shimadzu, Japan) against a blank of pure methanol. The
antioxidant activity was expressed as mg of trolox equivalent
(TE) per g of powder coffee.

2.6. Browning index

The absorption of the five-fold diluted coffee brew solution was
measured by a spectrophotometer UV–Vis (Labomed Inc., USA) at
420 nm, as reported by Chung et al., (2013). This index measures
brown compounds, including melanoidins, formed during
caramelization, and Maillard reactions.

2.7. Color measurements

Chromameter (CR 400) was used to evaluate the color calcula-
tion for roasted coffee. International Commission of Illumination
(CIE) reports that the data were represented in L*, a* and b* those
indicate to reflected light and coordinated chromatic, red–green
axis, and yellow–blue axis, respectively.

2.8. Estimation of volatiles compounds

Volatiles compounds were separated by Gas chromatography-
mass spectrometry (Hewlett-Packard 6890 GC/HP 5973 MS Agilent
Technologies) fitted with silica capillary column INNOWax (60 m
length, 0.2 mm I.D., 0.25 lm film thickness), Helium was the car-
rier gas. GC–MS conditions stated by Buffo & Cardelli-Freire,
2004, the column gas flow rate was 1 mL min�1, as defined in
the GC–MS conditions. The oven program was increased from 40
to 200 �C, with an initial and holding time of 5 �C min�1, at 5



Table 2
Caffeine content, acrylamide, and free radical scavenging capacity (DPPH) in light,
medium, and dark coffee.

Degree Light coffee Medium coffee Dark coffee

Caffeine content % 1.13 ± 0.02a 1.17 ± 0.07a 1.08 ± 0.06a

Acrylamide(mg/100 g) 0.41 ± 0.086a 0.31 ± 0.063b 0.36 ± 0.048ab

DPPH (mg TE/g) 88.72 ± 2.91a 84.61 ± 1.76a 78.76 ± 2.49b

Results are presented as mean ± SD (n = 3). Values followed by the different letters
in rows are significantly different at (p < 0.05).
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and 45 min, respectively. The conditions were as follows: interface
temperature, 280 �C; ionizing force, 70 eV; mass range, 30–330
amu; scanning rate, 2.2 scan sec-1. The amount of injection in split-
less mode was 1 lL. Comparing mass spectra with the WILEY and
NIST mass spectral (MS) libraries to established volatile
compounds.

2.9. Statistical analysis

Results were expressed as mean ± SD. To analyze differences in
statistical significance, ANOVA was used by SPSS version 9.0. The
results were considered significant at p < 0.05.

3. Results

Proximate chemical composition content in different roasting
grades of coffee is presented in Table 1. Data revealed that light
roasted coffee have the highest value of moisture content (4.80%)
and crude protein (13.05%), and lowest value of ethyl ether extract
(10.39%) and crude fiber (24.24%). These values are significantly
different (p < 0.05) among dark roasted coffee samples, which have
the lowest value of moisture content (3.89%), a small decrease
crude protein (11.10%), and the highest values of ether extract
(10.65%), crude fiber (28.40%), and ash content (4.10%).

Table 2 shows the quantity of caffeine, acrylamide and the
DPPH radical scavenger activities at various roasting degrees. The
caffeine level of the three degrees of roasted coffee is not signifi-
cantly different, according to the findings. The caffeine content
was found to be 1.13% in light coffee, increased to 1.17% in medium
coffee, and then decreased to 1.08% in dark coffee. The highest
amounts of acrylamide were obtained in light roasted coffee
(0.41 mg/100 g), whereas medium roasted coffee produced com-
paratively produced low amounts (0.31 mg/100 g). Regards to
the DPPH radical scavenger activities, the light roasted coffee had
the highest antioxidant activity (88.72 mg TE/g) while the dark
roasted coffee had the lowest activity (78.76 mg TE/g).

The changes in the browning index, L*, a*, and b* values with
increasing of roasting time at the same roasting temperature
(180 ± 10 �C) are shown in Table 3. Dark roasted coffee (10 min)
showed the highest browning index (1.84), and light roasted coffee
(6 min) had the lowest browning index (0.45). The whiteness
roasted coffee (L* value) tends to decrease significantly (p < 0.05)
with increased roasting time. The redness of roasted coffee is
expressed by the value a*, which tends to increase throughout
the roasting process. The b* value (degree of yellowness) for
roasted coffee increased at lower roasting temperatures (180 �C;
6–8 min) but decreased significantly at higher roasting tempera-
tures (180 �C; 10 min).

The gas chromatograms of the volatile compounds of the differ-
ent levels of roasting conducted in the current study are shown in
Fig. 1. Also, the volatile compounds in coffee extracts are shown in
Table 1
Proximate chemical composition (% in dry matter) content in light, medium, and dark
coffee.

Degree Light coffee Medium
coffee

Dark coffee

Moisture content % 4.80 ± 0.24a 4.30 ± 0.17b 3.89 ± 0.28c

Ether extract % 10.39 ± 0.30b 10.47 ± 0.19b 10.65 ± 0.22a

Crude protein % 13.05 ± 0.14a 12.36 ± 0.24ab 11.10 ± 0.06b

Crude fiber % 24.24 ± 0.47b 28.31 ± 0.31a 28.40 ± 0.42a

Ash content % 3.95 ± 0.26b 3.89 ± 0.08b 4.10 ± 0.17a

Nitrogen free extract (NFE)
%

48.37 44.97 45.76

Results are presented as mean ± SD (n = 3). Values followed by the different letters
in rows are significantly different at (p < 0.05).
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Table 4. Generally, seventy-nine compounds were identified in the
headspace of the three roasting grades of coffee. Fig. 2.

4. Discussion

The increase in roasting time is accompanied by a decrease in
moisture content caused by a high percent of dry matter. Due to
being relatively heat stable, a slight increase was obtained in ether
extract. During the roasting process, a part of the coffee protein is
degraded into free amino acids and peptides, which are consumed
by Strecker reactions and result in a decrease in protein concentra-
tion. These data are in agreement with those reported by Oliveira,
2006; Hadipernata & Nugraha 2018 for roasted coffee; except for
moisture levels (1.5%), which do not agree with our data may be
due to different roasting condition. Nogaim and Gowri, 2013 found
an average content of moisture, crude proteins, total lipids, carbo-
hydrates, and ash in Arabic coffee were 6.99, 10.95, 6.13, 22.12 and
4.16%, respectively, in agreement with our data. In addition,
Vasconcelos et al., (2007) reported that protein concentrations
stayed the same during the different level of roasting, a decrease
in ash content and a minor increase in oil content after roasting
probably due to the difference in variety and cultivation condi-
tions. Caffeine content in light, medium, and dark coffee is not sig-
nificantly different among the three degrees of roasted coffee, but
due to sublimation, small losses can occur. Nonetheless, the loss of
other compounds may be the cause of increased caffeine. The caf-
feine content results among the three grads of roasted coffee are
logical, as caffeine may be partially lost during roasting, which is
supported by the findings of Fuller & Rao., 2017 and Alqarni
et al., 2018. These data are in agreement with the findings of
Farah & Donangelo 2006; Trandafir et al., 2013. However, Daglia
et al., (1994) reported higher values of caffeine content, measuring
1.8%–3.0% of caffeine in green beans, 1.7%–2.1% in medium roasted
beans, and 1.6%–1.9% in strongly roasted beans. Caffeine was listed
as a safe substance by the Food and Drug Administration, as harm-
ful doses exceed 10 g for an average adult. Caffeine consumption is
usually related to encouraged alertness, learning skills, workout
performance, and possibly better mood, as it is used as a stimulant
for the nervous system. However, high doses may adversely affect
glucose tolerance and increase urinary excretion of minerals such
as calcium, as stated by Alqarni et al., 2018. Anis et al (2010) stated
roasting results in unhealthy compounds such as acrylamide. Acry-
lamide is mostly generated when food is cooked at high tempera-
tures, resulting in a Maillard reaction between the amino group in
asparagine and the carbonyl source, as in baking, roasting and fry-
ing. It is worth noting that at a light roast, the acrylamide content
exceeds maximum values then decreases as the time of roasting
increases. That result is congruent with the theory of forming dur-
ing early Maillard reaction. According to Bortolomeazzi et al.,
(2012) acrylamide was found to range from 150 to 327 lg/
kg in coffee (powder, instant, and ground). International Agency
for Research on Cancer as well as many research has shown that
the acrylamide has a mutagenic effect on laboratory animals, ren-
dering it a possible carcinogenic substance to humans. The accept-
able level of acrylamide in coffee products is still being determined



Table 3
Browning index and color characteristics in light, medium, and dark coffee.

Degree Light coffee Medium coffee Dark coffee
Browning index

(420 nm)
0.4540 ± 0.13b 0.8600 ± 0.13b 1.8400 ± 0.24a

Color L * 58.62 ± 2.73a 48.83 ± 1.73b 41.04 ± 3.06b

a * 9.75 ± 0.44b 13.04 ± 0.07a 13.93 ± 0.62a

b * 31.74 ± 1.21a 32.21 ± 0.75a 29.80 ± 1.52b

Results are presented as mean ± SD (n = 3). Values followed by the different letters in rows are significantly different at (p < 0.05).

Fig. 1. Gas chromatograms of the volatiles in headspace of light, medium, and dark roasted coffee headspace.
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and needs further research. In this context, the Food and Drug
Administration announced that the acceptable level of consump-
tion in fries is 0.077 mg/kg. Granby & Fagt (2004) recorded
1 g/100 g acrylamide in medium roasted coffee and the content
was reduced to 0.5 g/100 g in dark roasted coffee. Alves et al.,
(2010) also mentioned that the concentration of acrylamide was
reduced by about 25% in espresso prepared from medium com-
pared with the acrylamide content in dark roast coffee. In agree-
ment with the conclusion of Soares et al., (2009) that the content
of acrylamide in coffee after slow roasting (ie roasting at low tem-
peratures for a long time) is lower than roasting at high tempera-
tures for a short time. As described by Ku Madihah et al., 2013, the
optimum roasting condition of Arabic coffee is 180 �C for 26 min,
producing low amounts of acrylamide (0.23 mg/100 g). It is clear
that the DPPH radical scavenger activities decreased significantly
when the roasting level increased, in agreement with Trandafir
et al., 2013; Herawati et al., 2019. In the meantime, Del Castillo
et al., 2002 recorded maximum antioxidant activity to be in med-
ium roasted coffee (233 �C/3 min), in Colombian Arabica coffee
beans, while dark coffee (240 �C/3 min) had lower antioxidant
3136
activity. In accordance with the degradation of the bioactive com-
pounds during roasting, antioxidant compounds are thermally
unstable (Vignoli et al., 2014), so reducing such compounds is con-
sistent with a more intense roasting process where the antioxi-
dants are destroyed during heating as concluded by Giuffrè et al.,
(2018). However, as the grade of roasting increases, large quanti-
ties of Maillard and Strecker reaction products are produced and
established to enhance the overall antioxidant properties and help
to compensate for phenolic losses in antioxidant activity (Ludwig
et al., 2014; Vignoli et al., 2014).

Color development is among the factors often used to deter-
mine the level of roasting and one of the measures of final product
quality (Shan et al., 2016). Several reactions occur during the roast-
ing process, and the main reactions responsible for the formation
of color and brown compounds are Maillard reaction and oxidative
polymerization or degradation of phenolic compounds. The brown-
ing index measures the purity of the browning, as both enzymatic
and non-enzymatic browning occurs during roasting. Yen et al.,
2005 similarly found a decreased browning index in aqueous
extracts of soluble spent coffee grounds compared to roasted cof-



Table 4
The percentage of volatile compounds in headspace of light, medium, and dark roasted coffee headspace.

No Name Formula Light coffee Medium coffee Dark coffee

1 4,4-dimethyl-3-hexanol C8H18O 0.61 ND ND
2 3-methylheptane C8H18 32.87 24.61 21.98
3 Carbonic acid, nonyl prop-1-en-2-yl ester C13H24O3 ND 1.42 ND
4 3-Hexanol C6H14O ND 0.23 ND
5 (2R,3R)-2-Methyl-3-propyloxirane C6H12O 1.41 ND ND
6 Octane C8H18 ND ND 0.19
7 6,6-dideutero-5-methyl-Undecane C12H24D2 ND ND 1.56
8 6,8-dioxabicyclo (3.2.1) octan-4. b.-ol-2-D1 C6H9DO3 2.71 ND ND
9 sec-Butyl nitrite C4H9NO2 1.48 ND 0.37
10 Trimethylsilyl methanol C4H12OSi 21.08 7.25 4.47
11 4-methyl-Octane C9H20 1.66 ND ND
12 1-Butaneboronic acid C4H11BO2 ND 0.22 0.20
13 2-(hydroxymethyl)-1-Hexanol C7H16O2 1.01 ND ND
14 Acetic acid, hexyl ester C8H16O2 ND 0.34 0.29
15 2-Ethoxy-3-chlorobutane C6H13ClO ND 0.42 0.32
16 3-(1-ethoxyethoxy)-2-methyl-butanal C9H18O3 ND 4.37 0.69
17 1-(1-ethoxyethoxy)-Propane C7H16O2 ND 6.29 6.22
18 2,20-Bi-1,3-dioxolane C6H10O4 ND 0.47 ND
19 3,4-dimethyl- 2-Hexanol C8H18O ND 0.26 0.23
20 3,5-dimethyl- 3-Hexanol C8H18O ND 0.94 ND
21 tetramethyl-silane C4H12Si ND ND 4.57
22 Octanal C8H16O ND 1.26 0.4
23 5-ethyl-2-Heptanol C9H20O ND 1.02 1.36
24 2,4-dimethyl-3-Pentanol C7H16O 0.43 4.16 3.24
25 D-Limonene C10H16 4.68 8.52 13.07
26 Emylcamate C7H15NO2 ND 0.33 ND
27 5-(1-ethoxy-ethoxy)-4-methyl-hex-2-enal C11H20O3 ND ND 0.32
28 3-pentanol, 3-methyl-, carbamate C7H15NO2 ND ND 0.35
29 1-ethoxy- octane C10H22O ND 0.90 0.58
30 [S- (R*, R*)]- 1,2,3,4-butanetetrol C4H10O4 ND 0.54 3.65
31 1-[1-ethoxyethoxy]-, (E)- 3-hexene C10H20O2 ND 0.70 ND
32 1-chloro-3-(1-methylethoxy)- 2-propanol C6H13ClO2 ND ND 1.98
33 4,5-diethyl- Octane C12H26 4.18 8.92 8.96
34 1-[1-ethoxyethoxy]-, (E)- 3-hexene C10H20O2 ND ND 0.93
35 5,6-dimethyl-decane C12H26 2.63 5.69 5.32
36 Acetic acid, ethyl ester C4H8O2 ND 0.63 ND
37 1-Hexyl-4,4-D2 acetate C8H14D2O2 ND 3.95 ND
38 5-methyl- undecane C12H26 0.42 1.53 ND
39 Z-limonene-1,2-epoxide C10H16O ND ND 0.5
40 Camphor C10H16O ND ND 0.25
41 3,6-dimethyl-octan-2-one C10H20O ND 0.52 1.40
42 2,3-dihydroxy-, (S)-Propanal C3H6O3 ND ND 1.36
43 Methoxy acetic acid, octyl ester C11H22O3 ND 0.73 2.20
44 Glycerin C3H8O3 ND ND 5.35
45 limonene dioxide 1 C10H16O2 ND ND 0.65
46 11-Dodecyn-1-ol acetate C14H24O2 ND ND 0.58
47 alpha., alpha.,4-trimethyl-, (S)-3-Cyclohexene-1-methanol C10H18O ND ND 0.4
48 1-Cyclohexyl-3-ethoxy-butan-2-one C12H22O2 ND 0.47 ND
49 3-Tetradecanynoic acid C14H24O2 ND ND 0.19
50 2-Ethoxy-3-chlorobutane C6H13ClO ND ND 1.50
51 1-methoxy-4-(2-propenyl)-Benzene C10H12O ND 1.03 ND
52 3-ethoxy-3,7-dimethyl- 1,6-Octadiene C12H22O ND 0.49 0.21
53 Propanoic acid, 2-methyl-, 2,2-dimethyl-1-(2-hydroxy-1-methylethyl) propyl ester C12H24O3 0.38 ND ND
54 Propanoic acid, 2-methyl-, 3-hydroxy-2,2,4-trimethylpentyl ester C12H24O3 0.51 ND ND
55 1,2–15,16-Diepoxyhexadecane C16H30O2 ND ND 0.29
56 [1-(5-hexenyl)-2-methylenecyclopropyl] trimethyl-silane C13H24Si ND ND 0.18
57 3,7-dimethyl-, isobutyrate, (Z)-2-octen-1-ol C14H26O2 ND ND 0.2
58 [1,10-bicyclopropyl]-2-octanoic acid, 20-hexyl-, methyl ester C21H38O2 ND 0.23 ND
59 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate C16H30O4 1.47 0.50 0.23
60 Benzoic acid, 2-ethylhexyl ester C15H22O2 ND 0.90 ND
61 O-(phenylmethyl)- L-serine C10H13NO3 ND 0.33 ND
62 Benzene propionic acid, 3-tridecyl ester C22H36O2 ND 0.26 ND
63 2H-Pyran-3-ol, tetrahydro-2,2,6-trimethyl-6-(4-methyl-3-cyclohexen-1-yl)-, [3S-[3a.,6. a.(R*)]]- C15H26O2 0.92 ND ND
64 Tetraneurin - a – diol C15H20O5 ND ND 0.3
65 1-(3-Methyl-2-butenoxy)-4-(1-propenyl) benzene C14H18O ND 1.4 ND
66 Phthalic acid, butyl undecyl ester C23H36O4 0.79 0.38 ND
67 2,3-dihydro-1H-Inden-5-ol C9H10O ND 1.33 ND
68 2-methyl-benzo[e]-1,3,4-triazo-cyclohepta-7-en-3-one C9H9N3O ND 0.51 ND
69 Dibutyl phthalate C16H22O4 7.93 2.87 1.13
70 9,12-Octadecadienoic acid (Z, Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester C21H38O4 3.39 ND 0.26
71 7-Methyl-Z-tetradecen-1-ol acetate C17H32O2 1.66 2.05 0.64
72 Hexadecadienoic acid, methyl ester C17H30O2 ND 0.25 ND
73 9-Octadecenoic acid (Z)- C18H34O2 1.61 ND ND
74 2,6,10-trimethyl- tetradecane C17H36 0.95 ND ND

(continued on next page)
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Table 4 (continued)

No Name Formula Light coffee Medium coffee Dark coffee

75 4,7-Octadecadiynoic acid, methyl ester C19H30O2 ND ND 0.45
76 1-Heptatriacotanol C37H76O ND ND 0.47
77 Glycidyl oleate C21H38O3 3.73 ND ND
78 9,12,15-Octadecatrienoic acid, 2,3-dihydroxypropyl ester, (Z, Z, Z)- C21H36O4 ND 0.46 ND
79 Oleic Acid C18H34O2 1.46 0.29 ND

0 5 10 15 20 25 30 35 40 45
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Fig. 2. The total area percentages of the main chemical classes of volatile components in the headspace of roasted coffee.
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fee. The L* value indicates to the whiteness of roasted coffee. The L*
value tends to decrease significantly (p < 0.05) with increased
roasting time, this might be due to the brown compounds pro-
duced by non-enzymatic browning (Wang et al., 2011; Shan
et al., 2016). The redness of roasted coffee (a* value) tended to
increase over the entire roasting period. As investigated by
Gökmen & S�enyuva (2006), the CIE a* color value is correlated with
the acrylamide content in coffee. As previously mentioned, dark
and medium roasted coffee contains less acrylamide than light cof-
fee, in agreement with Alves et al., 2010.

The b*value (degree of yellowness) of roasted coffee increased
at the lower roasting grade (180 ± 10 �C; 6 to 8 min) but decreased
significantly with a higher roasting grade (180 ± 10 �C; 10 min).
According to Afoakwa et al., 2014, increasing roasting time causes
an increase in the b-value due to the thermal oxidation of polyphe-
nols and Maillard products formation.

Seventy-nine compounds were identified by the gas chro-
matograms in the headspace of the three roasting grade of coffee.
They are distributed into 11 chemical classes as follows: 20 esters,
19 alcohols, 12 ethers, eight hydrocarbons, four acids, four aldehy-
des, four terpenoids, three ketones, two amines, two trimethyl-
silanes and sec-butyl nitrites (Fig. 2). The light roasted coffee had
twenty-four compounds, which were distributed into seven
classes, while vehicles belonged to aldehydes, ketones, amines,
and trimethyl silanes. Hydrocarbons were the most representative,
with 42.71% in light roasted coffee headspace, followed by alcohols
(26.76%) and esters (19.86%). In the medium roasted headspace,
silanes and sec-butyl nitrite compounds were absent, while hydro-
carbons, alcohols, and esters were the major proportion (40.75%,
3138
15.73%, and 14.97%, respectively). Except for amines, all 11 classes
of volatile compounds were present in the headspace of dark
roasted coffee. While hydrocarbons and alcohols amount to
38.01% and 22%, respectively, terpenoids reached 14.47%. They
increased significantly compared to the light and medium samples,
which had 4.68% and 8.52% of terpenoids, respectively. In a similar
way, volatile aldehydes and ketone percentage increased in med-
ium and dark coffee headspace compared to light coffee. Contrari-
wise, the percentages of volatile acids and esters were recorded to
be significantly decreased in dark roasted coffee compared to light
and medium roasted samples. Semmelroch and Grosch (1995)
reported that the major odorants in both Arabica and Robusta cof-
fee powders were 2,3-butanedione, 2,3-pentanedione, 3-methyl-2-
butenthiol (I), methional, 2-furfurylthiol (II), and 3-mercapto-3-
methylbutylformate (III).

The identification of volatile compounds in roasted coffee may
become useless due to of the difficulty in identifying the chemicals
effectively responsible for coffee aroma (Buffo & Cardelli-Freire,
2004).
5. Conclusion

Coffee is classified as a functional food based on the results,
owing to its high quantity of compounds that have antioxidant
and other biologically beneficial properties. The medium Arabic
coffee showed good quality in most chemical composition param-
eters, including low acrylamide content. These results provide a
basis for all interested researchers who may want to carry out fur-
ther analyses.
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