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Caffeine extraction from Arabic coffee: The role of brewing 
and roasting
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Original Article

INTRODUCTION

Coffee, the primary human source of  caffeine intake, is 
considered the most widely consumed beverage worldwide, 
with an estimated global consumption of  more than 
2.25 billion cups/day.[1] Coffee beans are obtained from the 

small berry‑like fruit of  the coffee plant which belongs to 
genus Coffea, a member of  the Rubiaceae family.[2]

Out of  the 90, or possibly more, different varieties of  
coffee, two major types are Coffea arabica (Arabica coffee) 
and Coffea canephora (Robusta variety).[3] The Arabica coffee 
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bean accounts for over  60% of  the coffee produced 
worldwide, with its profile including higher lipid content 
and lesser caffeine.[4] In contrast, the Robusta coffee bean 
is much cheaper, with a bitter taste profile and twice the 
caffeine content of  Arabica coffee.[5,6]

Personal preference remains the most important determining 
factor in coffee processing. Despite the rising popularity of  
cold brewing methods,[1] hot brewing is still the most used 
method for coffee preparation.[7,8] Hot brewing methods 
include boiling whole ground‑roasted coffee, or pouring 
hot water onto beans, and using a filter, percolator, or 
French press to serve only the soluble brewed product, or 
by mixing the freeze‑dried or agglomerate instant coffee 
preparations with hot water.[9]

The taste of  coffee is influenced by the degree of  bean 
roasting, which affects its original features. An increase 
in roasting reduces acidity and increases bitterness, and 
the roasted beans darken due to Millard reaction. The 
degree of  roasting (light, medium, medium‑dark, or dark) 
is generally defined by the color of  the roasted beans, and 
this distinguishes the coffee of  different countries from 
each other.[10]

Arabic coffee is the primary ingredient of  Levantine 
coffee, which is made with medium‑dark to dark roasted 
ground Arabic coffee beans, whereas Peninsular coffee 
uses lighter‑roasted beans. The Peninsular coffee kind 
is made by freshly roasting green coffee beans to a light, 
medium, medium‑dark, and dark grade. The beans are 
then coarsely ground in a metal mortar, mixed with 50 g of  
ground coffee in boiling water and cooked for an average 
of  15–30 min over a moderate flame. A number of  spices 
may be added, namely cardamom, clove, and saffron. Rezk 
et al. concluded that the added spices did not significantly 
affect the caffeine content.[11] The process is completed by 
serving the coffee from a “Dallah,” a traditional coffee pot, 
into a “Finjan,” a small specialized cup. An adult Saudi may 
consume 2–10 cups in one sitting.[12] The United Nations 
Educational, Scientific, and Cultural Organization now 
recognize this coffee as an intangible aspect of  human 
cultural heritage. Data show that the Kingdom of  Saudi 
Arabia (KSA) imported more than 247 million US dollars 
of  coffee in 2019. The most commonly used coffee beans 
in Saudi Arabia are the Ethiopian Harrari, the Bari Yemeni, 
and the Kulani Yemeni.

Coffee is a rich source of  caffeine, antioxidants, and 
anti‑inflammatory compounds.[13] Caffeine naturally occurs 
in cocoa, coffee, tea, and cola nuts.[14] It is toxic for several 
herbivorous animals and insects, and the plants use it as 

a tool to defend themselves. Thus, it is considered to be 
a co‑evolutionary protecting agent.[15] This provides an 
explanation as to why Robusta coffee, with its doubled 
caffeine content,[5,6] is more resistant to diseases.

In humans, caffeine is considered to be the most commonly 
used psychostimulant worldwide.[16] According to the 
American Food and Drug Administration (FDA), caffeine 
is a multipurpose food substance which is generally 
recognized as safe, when used within permissible limits. 
Such limits differ from one country to another and are 
also dependant on the type of  beverage. The US allows 
up to 200  mg/L, while Australia permits 145  mg/L.[17] 
Current regulations do not require the marketers of  dietary 
supplements to state caffeine levels on product labels.[16]

Caffeine is chemically related to the adenine and guanine 
bases of  deoxyribonucleic acid and ribonucleic acid.[18] 
When ingested, caffeine is quickly and completely absorbed 
by the gastric and small intestinal mucosa and distributed 
to all tissues, including the brain. Biologically, caffeine acts 
as an adenosine receptor antagonist (A1 and A2A).[19] It 
achieves a stimulatory reaction by blocking the inhibitory 
effect of  the major endogenous neuromodulator, 
adenosine. Some of  its primary actions include central 
nervous system stimulation, raising the metabolic rate, 
acute elevation of  blood pressure, and dieresis.[20] It also 
acts as an antioxidant against lipid peroxidation induced 
by reactive oxygen species.[21]

Caffeine intake has both positive and negative consequences, 
such as disrupted sleep.[22,23] Researchers found, in subjects 
consuming caffeine later in the day, a significant increase 
in sleep onset latency, decreased sleep efficiency, and 
decreased total sleep time.[24] Such effects were more 
evident among adolescents as they consumed caffeine 
throughout the day.[25] In adolescents aged 12–15  years, 
higher caffeine use was also associated with increased 
interruption in sleep and daytime sleepiness.[26] Although 
caffeine is often consumed by university students looking to 
enhance their cognitive performance, lower caffeine use is 
generally associated with better GPA scores.[27] Rasheed and 
Al‑Sowielem recommended that women with premenstrual 
syndrome should eliminate caffeine‑containing beverages, 
particularly coffee, from their diet.[28]

El Shabrawy Ali and Felimban showed that the serum 
total cholesterol concentration was significantly higher 
among coffee drinkers.[12] On the contrary, Ismail proved 
that different doses of  Arabic coffee improved serum lipid 
profile, uric acid, and liver enzymes in experimental rats.[29] 
Further studies proved that the two constituents of  ground 
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coffee, cafestol and kahweol, were responsible for the 
cholesterolemic action of  boiled coffee, which was found 
to be minimal in filtered coffee preparation.[30]

The main peripheral effect of  caffeine is mediated 
by its impact on the sympathetic nervous system and 
cardiovascular system. Caffeine at a dose of  250  mg 
significantly elevated blood pressure in nonhabitual 
drinkers but not in habitual ones; however, it stimulated 
the sympathetic nervous system in both.[31] Therefore, 
depending on the response system assessed, tolerance to 
the peripheral effects of  caffeine may be variable.[15] Due 
to its significant impact on the physical activity, it was 
listed under prohibited substances up until 2004 by the 
International Olympic Committee. Professional athletes 
who tested positive for more than 12 μg/L of  caffeine 
in their urine were banned from the Olympic Games.[15]

Alternatively, epidemiological studies have shown a 
link between chronic caffeine intake and a significantly 
lower risk of  late‑life dementia and Alzheimer’s 
disease.[32] In the experimental models, this link was 
explained by caffeine’s ability to prevent amyloid‑beta 
production and the memory deficits of  Alzheimer’s 
disease.[33,34] Caffeine prevents, or even restores, memory 
impairment by affecting brain homeostasis.[35] However, 
caffeine’s cognition‑enhancing properties remain 
controversial.[36,37] It is noteworthy, however, that only 
low or nonconsumers of  caffeine can eventually benefit 
from acute administration.[38]

In regard to Parkinson’s disease, caffeine’s role in 
decreasing the motor symptoms and preventing the loss 
of  dopaminergic neurons has been reported in both 
epidemiological studies[39] and experimental models.[40,41] 
Consuming 2–3 cups of  coffee daily has been associated 
with lower erectile dysfunction among males.[42] This 
was also proven to be the case among obese and 
hypertensive men but not among diabetics.[43] Caffeine 
increases testosterone levels[44,45] and initiates a series of  
pharmacologic reactions that lead to the relaxation of  
the cavernous smooth muscle and improve blood supply 
through penile arteries.[46]

Caffeine decreases the synthesis of  prostaglandin E2 and 
inhibits COX‑2 protein synthesis, which are check points 
along the pain pathway.[47] Therefore, caffeine acts as an 
adjuvant to analgesics (paracetamol and ibuprofen) and is 
an approved medication).[48] Caffeinism is a state of  chronic 
toxicity as a direct consequence of  excessive consumption 
of  caffeine. It is a recognized clinical syndrome in the 
Diagnostic and Statistical Manual of  Mental Disorders‑5 

and in the WHO’s International Classification of  
Diseases‑10.[48] The common features include insomnia, 
anxiety, restlessness, tachycardia, psychomotor agitation, 
tremors, gastrointestinal disturbances, and death.[48]

The varying levels of  caffeine content, along with the 
type of  coffee used, the degree of  roasting, the brewing 
process, additives  (if  any), cup size, and the number of  
servings typically consumed by each particular population 
need to be assessed. In this study, two widespread myths 
in KSA regarding the degree of  roasting and the cooking 
time’s effecting the amount of  caffeine extracted from raw 
coffee, were assessed.

MATERIALS AND METHODS

A total of  12  samples of  Arabic coffee were prepared 
using three different types of  Arabic coffee‑Ethiopian 
Harrari. Bari Yemeni and Kulani Yemeni‑which represent 
the most common types of  coffee beans used in KSA. 
For each type of  bean, two different degrees of  roasting 
were used (light and medium‑dark). After grinding, each of  
these six preparations were then cooked for two different 
durations  (15  min and 30  min), to end up with a total 
of  12 different samples representing the following four 
varieties for each type of  these three beans:
1.	 Light roasted and cooked for 15 min
2.	 Light roasted and cooked for 30 min
3.	 Medium‑dark roasted and cooked for 15 min
4.	 Medium‑dark roasted and cooked for 30 min.

Concentration adjustment
For each of  the aforementioned 12 samples, 50 g of  ground 
coffee (light or medium‑dark) was mixed with boiling water 
and cooked for 15 or 30 min at a constantly monitored 
temperature of  98.5°C–100°C. The volume of  this boiling 
water was predefined to allow for the different levels of  
evaporation due to different cooking durations and were as 
follows: 1140 ml for samples intended for 15 min cooking 
time and 1230 ml for the samples intended for 30 min 
cooking time. This procedure successfully resulted with 
a final volume of  approximately 1 L  (981–1002 ml) of  
brewed coffee for each of  the 12  samples despite their 
different cooking duration.

Analysis of caffeine content in liquid coffee samples
The liquid coffee samples were diluted 1 in 5 with deionized 
water. This dilution was carried out by taking 5.0 mL of  
sample and making it up to 25.0 mL with deionized water 
in a volumetric flask. The diluted samples were then filtered 
through a 0.22 um nylon syringe filter. Analysis of  caffeine 
content where then determined in this filtrate.
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Ultra‑high‑performance liquid chromatography setting
Analysis of  caffeine content where determined using a 
Thermo Scientific Ultimate 3000 ultra‑high‑performance 
liquid chromatography  (UHPLC) system with an 
Ultimate 3000 Diode Array Detector that acquires full 
ultraviolet‑visible spectral data. The analytical column used 
was a Thermo Fisher Hypersil gold 2.1 mm × 100 mm 1.9 
un operated at 30°C. All solvents and reagents used were 
obtained from Sigma Aldrich. The column employed was 
a reverse phase C18 column. The injection volume for 
both analytical standards and samples was 5 µ, the mobile 
phase was a mixture of  mobile Phase A (95% Water/5% 
ACN) and mobile Phase B (5% Water/95% ACN) with 
a constant flow rate of0.25  mL/min according to the 
following gradient [Table 1].

Quantitation was carried out on wavelength 204  nm, 
with a secondary confirmation wavelength of  
274  nm  [Figures  1‑3], the method had a practical 
quantitation limit = 0.1 mg/L.

Calibration curve
A stock standard caffeine solution of  1000 mg/L was first 
prepared using 100 mg of  pure caffeine powder (Sigma 
Aldrich) weighed out on a five‑figure analytical balance (AND 
HR_250AZ), dissolved and made up to a final volume of  
100 mL in an A‑grade volumetric flask. This 1000 mg/L 
stock standard was then diluted to produce seven working 
standards of  (1 mg/L, 5 mg/L, 10 mg/L, 20 mg/L, 50 mg/L, 
100 mg/L, and 200 mg/L). Calibration was performed using 
the external calibration method on a lin‑lin scale. Seven 
working standards along with blanks where all measured 
and the area of  each of  the caffeine peaks  (calculated by 
multiplying peak height at wavelength 204 nm [absorbance 
in mAU] by its time in min) was then plotted against its 
concentration, resulting in a linear calibration curve Figure 4, 
with R2 value of  0.9963 and a slope of  0.9670.

Validation of the method
A recovery experiment was designed to validated method 
accuracy and exclude any matrix interference. One of  our 
measured samples (Yemen Bari Coffee Light [roasted 15 min]) 
was first analyzed for caffeine in duplicate. The results of  
102.37  mg/L and 103.21  mg/L were obtained on the 
instrument (multiplying results by the dilution factor of  
5 511.85 and 516.05 mg/L, respectively). Two replicates 
of  this Yemen Bari Coffee Light  (roasted 15 min) were 
then spiked with caffeine to end up with a theoretical 
spike value of  50 mg/L. This was performed by taking 
5.0  mL of  Yemen Bari Coffee Light  (roasted 15  min) 
sample, adding 1.25 mL of  a 1000 ug/mL pure caffeine 
standard and making up to 25.0 mL with deionized water 

in volumetric flask, mixed, and finally filtered through a 
0.22um nylon syringe fitter. The spiked samples were then 
analyzed and results of  140 and 146 mg/l were obtained 
on the instrument. The accuracy of  spiked replicates was 
then calculated from the formula:

Acc% = (calculated concentration/nominal concentration) 
×100.
•	 Where: Calculated concentration = Calculated spike 

concentration = Result of  spiked sample‑the result of  
un‑spike sample (i.e., the initial content of  caffeine in 
un‑spiked samples)

•	 Nominal concentration = Theoretical spike value.
•	 Spike 1:	 139.69 mg/L–102.37 mg/L = 37.32 mg/L.

(37.32/50) ×100 = 74.6%
•	 Spike 2:	 146.25 mg/L–103.21 mg/L = 43.04 mg/L.

(43.04/50) ×100 = 86.1%.

Figure 3: Three‑dimensional data produced by the diode array detector. 
Time versus wavelength versus intensity

Figure 2: Ultraviolet‑visible spectra taken from apex of caffeine peak

Figure 1: Chromatogram: Caffeine peak at 4.425 min
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Averaging both results, our recovery experiment returned 
an overall average accuracy of  80.4%.

Conversion and dilutional factors
According to the described preparation steps, all results 
of  caffeine concentration  (CC) determined in the final 
prediluted filtrate were multiplied by a dilution factor of  
5 to give the actual concentration of  caffeine extracted 
in liquid coffee samples. Since each liquid coffee sample 
was first prepared by cooking 50  g of  raw coffee in a 
total volume of  one liter of  water, all results of  measured 
concentration of  caffeine in mg/L of  liquid coffee extract 
were multiplied by 20 to get results in mgcaf/kgraw (where 
mgc = milligrams of  extracted caffeine and kgr = kilograms 
of  raw coffee beans) then divided by 1000 to get our final 
results in gcaf/kgraw used in our statistical analysis (where 
gc = grams extracted caffeine and kgr = kilograms of  raw 
grinded coffee of  predefined  (type, degree of  roasting, 
and cooking time). Accordingly, the practical quantitation 
limit of  our UHPLC based method of  = 0.1 mg/L of  

the injected diluted filtrate extracted sample can now by 
translated to 0.01 gcaf/kgraw.

Statistical analysis
Statistical analysis was performed using the (Statistical 
Package of  Social Sciences (SPSS) version 22 software (SPSS 
Inc., Chicago, IL, USA). The amount of  caffeine extracted 
from kg of  raw coffee (CE) (in gcaf/kgraw) was summarized as 
mean (95% confidence interval [CI]), standard deviation (SD), 
median, interquartile range, minimum, and maximum. The 
Shapiro test was used for testing normality. The mean CE 
was compared using ANOVA (F‑test), followed by pair‑wise 
comparison across each two types using the Student’s t‑test 
with Bonferroni adjusted significance. The paired‑t‑test 
was used to compare the mean CE from each sample of  
raw coffee either roasted to two different degrees  (light 
vs. medium‑dark) or cooked for two different cooking 
durations (15 min vs. 30 min). Box‑plots were used to display 
the results across different subgroups. All tests were two 
tailed, and a P ≤ 0.05 was considered statistically significant.

Figure 4: Calibration curve
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RESULTS

Our results revealed the amount of  caffeine extracted per 
kg of  raw coffee (CE) in all 12 samples to have a mean (SD) 
of  10.65 (0.6) gcaf/kgraw (95% CI = 10.27–11.03 gcaf/kgraw), 
ranging from a minimum of  9.6 gcaf/kgraw for a sample 
prepared from Yemeni Bari ground beans, medium‑dark 
roasted and cooked for 30 min, to a maximum 11.8 gcaf/kgraw 
for a sample prepared from light roasted Yemeni Kulani 
ground beans cooked for 15 min [Figure 4 and Table 2].

Using the paired t‑test, we found a significant higher mean 
CE for samples cooked for 15 min (mean [95% CI] [SD] 
= 10.87  [10.25–11.48]  [0.59] gcaf/kgraw) compared to 
samples cooked for 30 min (mean [95% CI] [SD] =10.43 
[9.82–11.05]  [0.59] gcaf/kgraw), with a mean difference 
(95% CI) (SD) of  mean difference = 0.433 (0.026–0.841) 
(0.388) gcaf/kgraw, test statistic t  =  2.735, degrees of  
freedom = 5, and P = 0.041 [Figure 5]. This significant 
difference in CE due to different cooking durations was 
not found when applying the same analysis only across 
samples light roasted (t[2] = 1.835, P = 0.208), although 
the mean CE of  those light roasted and cooked for 
15 min (mean  [95% CI] = 11.07  [9.32–12.81] gcaf/kgraw) 
was higher than those light roasted but cooked for 
30 min (mean [95% CI] = 10.53 [8.94–12.13] gcaf/kgraw). 
Furthermore, significant difference in CE due to different 
cooking durations was not found when applying the 
same analysis only across samples medium‑dark roasted 
(t[2] =1.890, P  =  0.199), although the mean CE of  
those medium‑dark roasted and cooked for 15  min 
(mean  [95% CI] = 10.67  [9.42–11.92] gcaf/kgraw) was 
higher than those medium‑dark roasted but cooked for 
30 min (mean [95% CI] = 10.33 [8.74–11.93] gcaf/kgraw).

On the contrary, using the paired‑t‑test, we found no 
significant difference in mean CE in samples light roasted 

(mean [95% CI] [SD] =10.8 [10.1–11.5] [0.67] gcaf/kgraw) 
compared to when they were medium‑dark roasted (mean 
[95% CI] [SD] =10.5 [9.93–11.07] [0.55] gcaf/kgraw), with a 
mean difference (95% CI) (SD) of  mean difference = 0.3 
([ − 0.192–0.792] (0.469) gcaf/kgraw, test statistic t = 1.567, 
degrees of  freedom = 5, and P = 0.178 [Figure 6]. However, 
no significant difference in CE due to different roasting 
temperature was found when applying the same analysis 
only across the six samples cooked for 15 min, light roasted 
(mean [95% CI] [SD] =11.07 [9.32–12.81] [0.7] gcaf/kgraw) 
compared to medium‑dark roasted (mean [95% CI] [SD] 
=10.67 [9.42–11.92] [0.5] gcaf/kgraw) than when only applied 
across the six samples all cooked for 30 min, light roasted 
(mean [95% CI] [SD] =10.53 [8.94–12.13] [0.64] gcaf/kgraw) 
compared to medium‑dark roasted (mean [95% CI] [SD] 
=10.33 [8.74–11.93] [0.64] gcaf/kgraw) [Figure 7].

DISCUSSION

Coffee consumption is taken as the main measure of  
an individual’s caffeine intake in several epidemiological 
studies concerned with the impact of  caffeine on health. 
Using the UHPLC, the CC of  12 different samples of  
traditionally brewed coffee was directly measured, and 
the amount of  caffeine extracted per kilogram of  raw 
coffee (CE) where then calculated and compared.

Our results revealed that the type of  coffee beans used in 
coffee preparation significantly affects CE. The highest 
CE was that of  Ethiopian Harrar (mean = 11.00 gcaf/kgraw) 
followed by Yemeni Kulani (mean = 10.95 gcaf/kgraw) and 
Yemeni Bari (mean = 10.00 gcaf/kgraw). Our finding is in 
accordance with other studies reporting variations in CC 
with the brands and blending duration.[4] Rodrigues et al. 
reported that the genotype of  green coffee is a determinant 
characteristic of  its caffeine content and other bioactive 
compounds such as chlorogenic and trigonelline.[49] 
Souza et al. suggested that discrimination of  commercial 
roasted and ground coffees can be done according to 
their chemical content of  some thermostable parameters 
(such as caffeine, kahweol, and cafestol).

Variations in CC have frequently been ignored in the 
examination of  the possible relationship between coffee 

Table 1: Gradient method 
Time (min) Percentage A Percentage B

0 95 5
1 95 5
5 0 100
8 0 100
8.1 95 5

Table 2: Comparison of the amount of caffeine extracted per kilogram of different types of raw coffee
Extracted caffeine 
in (gcaf/kgraw)

Sample (n=12) Yemen Bari (n=4) Yemen Kulani (n=4) Ethiopian 
Harrar (n=4)

ANOVA 
F (df)

P Pairwise 
comparison

Mean (95% CI) (SD) 10.65 (10.27–11.03) 
(0.6)

10 (9.42–10.58) 
(0.37)

10.95 (10.04–11.86) 
(0.57)

11 (10.74–11.26) 
(0.16)

7.776 0.011 P1=0.027

Median (IQR) 10.7 (0.75) 10 (0.7) 10.7 (0.95) 11 (0.3) P2=0.020
Minimum–maximum 9.6–11.8 9.6–10.4 10.6–11.8 10.8–11.2 P3=1

gcaf/kgraw=Grams of extracted caffeine per kilograms of raw coffee, P1=Bari versus Kulani, P2=Bari versus Harrar and P3=Kulani versus Harrar; 
Df=Degree of freedom and P≤0.05 was considered statistically significant. CI: Confidence interval, SD: Standard deviation, IQR: Interquartile range
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stable molecule, easily soluble in hot water, it would quickly 
reach equilibrium in about 3 min and no significant increase 
would be noticed with further boiling, even for 45 min, 
as reported by Saklar et al. with tea.[50] Thus, in regard to 
the traditional method of  Arabic coffee brewing and our 
extended boiling cooking time, no significant difference 
is expected between cooking for 15 min versus 30 min, 
provided the temperature is constant.

The results of  this study also contradicted the myth that 
darker roasted coffee beans would result in a brew with a 
higher CC. No significant difference in CE was found in 
samples which were light roasted (mean = 10.80 gcaf/kgraw) 
compared to medium‑dark roasted (mean = 10.50 gcaf/kgraw), 
and there was no significant difference in CE when the 
same analysis was applied to six samples. Regarding these 
findings, it is worth noting that, in accordance with Saudi 
tradition, only two degrees of  roasting were compared 
in our study  (light vs. medium‑dark) out of  at least six 
degrees of  roasting known worldwide. Second, the mean 
CE was still numerically higher in any group of  samples 
prepared using light roasted beans than those prepared 
using medium‑dark roasted beans cooked for the same 
duration, although such a difference did not reach statistical 
significance properly due to our sample size.

A few studies reported a higher CC in brewed coffee 
made with medium roast coffees compared to those made 
with medium‑dark roast which was in accordance with 
our study.[51,52] Others reported that, since caffeine was 
thermostable, it was not affected by roasting.[53] A third 
group even reported lower CC in light roasted coffee 
compared to darker roasted.[54,55]

consumption and various health problems. Thus, our 
finding would partially eliminate the potential for the 
misrepresentation of  individual consumption of  coffee 
as a measure of  the daily intake of  caffeine. Each 
individual should consider the effects of  their brewed 
coffee according to the type of  coffee bean used in its 
preparation. The weaker Yemeni Bari beans have about 
10% less caffeine than Harrar or Kulani coffee.

Our results suggest that the longer cooking duration 
increases the CE. We found significantly lower CE in samples 
cooked for 30 min (mean = 10.43 gcaf/kgraw) compared to 
those cooked for just 15 min (mean = 10.87 gcaf/kgraw). 
However, this significance disappeared when applying the 
same statistical analysis to the six samples prepared from 
light roasted beans. Such discrepancy could be explained 
by the reduction of  sample size from a total of  12 to only 
six after such stratification. However, the mean CE was 
still numerically higher in any group of  samples cooked 
for 15 min than those cooked for 30 min.

The myth that longer cooking time results in higher CC in 
the brew may actually come from an apparent false increase 
in CC due to the water loss from evaporation secondary 
to longer cooking time. In our study, we corrected this by 
increasing the volume of  water for preparations intended 
for longer cooking.

Another possible reason for the prevalence of  this myth 
is that many studies reported an actual increase in CC 
with a longer brewing and boiling time of  coffee or tea, 
but mostly compared only two relatively short boiling 
durations, 1 min versus 2 or 3 min. Given that caffeine is a 

Figure 5: Box plot showing the extracted caffeine in (gcaf/kgraw) in all 
samples across the three different types of coffee beans included in 
the study Yemen Bari, Yemen Kulani, and Ethiopian Harrar

Figure 6: Box plots showing the extracted caffeine in (gcaf/kgraw) in 
all samples according to two different cooking durations (15 min to the 
left compared to 30 min to the right)
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Our results are in accordance with the study done by 
Alqarni et al., who reported that coffee subjected to more 
roasting will result in the loss of  some of  its caffeine and 
moisture and the lowering of  its antioxidant potential.[14] 
In their study, Alqarni et al. attributed the contradiction 
in some published data due to nonadjustment for the 
decrease in the moisture contents with longer roasting 
which leads to apparent higher caffeine percentage in the 
darker grades with more roasting time. They proved that 
caffeine percentage actually decreases in the darker grades. 
They also reported that raw unroasted green beans may 
contain less caffeine.[14]

According to the FDA, caffeine can be a part of  a healthy 
diet for most people, but too much caffeine may pose a 
danger to your health. Depending on the factors such as 
body weight, medication, and individual sensitivity, the 
amount is variable. A higher consumption of  caffeine poses 
serious health risks for pregnant and lactating women, 
and patients with diabetes, peptic ulcers, hypertension, 
congestive heart failure, and dysrhythmias.[56]

For healthy adults, the FDA has cited 400 mg daily intake as an 
amount not associated with dangerous and negative effects. 
The systematic reviews also supported the recommendation 
of  ≤300 mg/day in pregnant women and ≤2.5 mg/kg/day 
in children and adolescents. The maximum daily limit for 
a healthy adult (assumed to intake caffeine solely from 
coffee) can be translated to about 15 finjan/day, with a limit 
of  ≤11.3 finjan/day for pregnant women.

It is important to consider the total daily intake of  
caffeine when adopting these limits, which are based on 

an assumption that the subject is getting all their caffeine 
only through drinking Saudi coffee. This is difficult in 
practice, particularly nowadays with many beverages 
and medications containing caffeine, including energy 
drinks which have gained more popularity among Saudi 
adolescents as reported by Musaiger and Zagzoog.[57] 
Energy drinks are nonalcoholic beverages that typically 
contain high levels of  caffeine  (>150 mg/L) and sugar 
in combination with other ingredients known to have 
stimulant properties.[58]

In considering the limitations of  this study, it may be 
difficult to generalize our results given that only three 
types of  beans, two roasting levels, and two cooking 
durations were compared. The temperature was precisely 
controlled, the precise amount of  ground coffee was 
added and the amount of  added water varied according 
to intended cooking time to adjust for evaporation. 
Such precautions cannot be guaranteed in practical daily 
brewing. We calculated the daily safe limits of  coffee on the 
assumption that the person was getting their daily caffeine 
only solely from drinking coffee, something that is difficult 
in practices as many beverages and medications contain 
caffeine. Finally, the limited sample size may decrease the 
power of  this study.

CONCLUSIONS

The type of  coffee bean used is the main determinant of  
the amount of  caffeine extracted from raw coffee (CE). 
The myth that longer cooking time and darker roasting 
resulted in higher CE were nonplausible, as our results 
showed that both may decrease CE. This needs further 
evaluation on a larger sample. Different populations 
would be required to translate the published results and 
recommended daily limits of  caffeine consumption in 
accordance with their respective cultural habits, traditional 
methods of  coffee brewing, and consideration of  other 
caffeine sources.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1.	 Cordoba N, Pataquiva L, Osorio C, Moreno FL, Ruiz RY. Effect of  
grinding, extraction time and type of  coffee on the physicochemical 
and flavour characteristics of  cold brew coffee. Sci Rep 2019;9:8440.

2.	 Davis  AP, Govaerts  R, Bridson  DM, Stoffelen  P. An annotated 
taxonomic conspectus of  the genus Coffea (Rubiaceae). Bot J Linn Soc 
2006;152:465‑512.

Figure 7: Box plots showing the extracted caffeine in  (gcaf/kgraw) in 
samples according to two different roasting degrees (light roasted to 
the left compared to medium‑dark roasted to the right)

D
ow

nloaded from
 http://journals.lw

w
.com

/ijas by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 11/26/2024



AlShareef: Caffeine extraction: Role of brewing and roasting

Imam Journal of Applied Sciences | Volume 6 | Issue 1 | January‑June 2021	 9

3.	 Davis AP, Chester M, Maurin O, Fay MF. Searching for the relatives 
of  Coffea  (Rubiaceae, Ixoroideae): The circumscription and phylogeny 
of  Coffeeae based on plastid sequence data and morphology. Am J Bot 
2007;94:313‑29.

4.	 Stavric B, Klassen R, Watkinson B, Karpinski K, Stapley R, Fried P. 
Variability in caffeine consumption from coffee and tea: Possible 
significance for epidemiological studies. Food Chem Toxicol 
1988;26:111‑8.

5.	 Preedy VR. Coffee in Health and Disease Prevention. United States: 
academic press; 2014. p. 1‑1046.

6.	 Farah  A, Ferreira dos Santos  T. The coffee plant and beans: An 
introduction. In: Preedy VR, editor. Coffee in Health and Disease 
Prevention. Ch. 1. San Diego: Academic Press; 2015. p. 5‑10.

7.	 Caporaso N, Genovese A, Canela MD, Civitella A, Sacchi R. Neapolitan 
coffee brew chemical analysis in comparison to espresso, Moka and 
American brews. Food Res Int 2014;61:152‑60.

8.	 Gloess  AN, Schönbächler B, Klopprogge  B, D`Ambrosio  L, 
Chatelain K, Bongartz A, et al. Comparison of  nine common coffee 
extraction methods: Instrumental and sensory analysis. Eur Food Res 
Technol 2013;236:607‑27.

9.	 Briandet R, Kemsley EK, Wilson RH. Discrimination of  Arabica and 
Robusta in instant coffee by Fourier transform infrared spectroscopy 
and chemometrics. J Agric Food Chem 1996;44:170‑4.

10.	 Nicoli MC, Anese M, Manzocco L, Lerici CR. Antioxidant properties 
of  coffee brews in relation to the roasting degree. LWT Food Sci 
Technol 1997;30:292‑7.

11.	 Rezk NL, Ahmed S, Iqbal M, Rezk OA, Ahmed AM. Comparative 
evaluation of  caffeine content in Arabian coffee with other caffeine 
beverages. Afr J Pharm Pharmacol 2018;12:19‑26.

12.	 el Shabrawy Ali  M, Felimban  FM. A  study of  the impact of  
Arabic coffee consumption on serum cholesterol. J  R Soc Health 
1993;113:288‑91.

13.	 León‑Carmona  JR, Galano  A. Is caffeine a good scavenger of  
oxygenated free radicals? J Phys Chem B 2011;115:4538‑46.

14.	 Alqarni M, Alam P, Salkini M, AbdelKader M. Roasting effect on the 
caffeine contents and antioxidant potential of  different coffee grades 
available in the Saudi market. IAJPBB 2018;2:16738‑45.

15.	 Cappelletti S, Piacentino D, Sani G, Aromatario M. Caffeine: Cognitive 
and physical performance enhancer or psychoactive drug? Curr 
Neuropharmacol 2015;13:71‑88.

16.	 Temple  JL, Dewey  AM, Briatico  LN. Effects of  acute caffeine 
administration on adolescents. Exp Clin Psychopharmacol 
2010;18:510‑20.

17.	 Hassan MI, Al‑Abbad NA. Glutamate and caffeine intake of  some 
snacks and drinks in Saudi Arabia. Food Nutr Sci 2011;2:4.

18.	 Stein  MA, Krasowski  M, Leventhal  BL, Phillips  W, Bender  BG. 
Behavioral and cognitive effects of  methylxanthines. A meta‑analysis of  
theophylline and caffeine. Arch Pediatr Adolesc Med 1996;150:284‑8.

19.	 James  JE. Critical review of  dietary caffeine and blood pressure: 
A relationship that should be taken more seriously. Psychosom Med 
2004;66:63‑71.

20.	 Carrillo JA, Benitez J. Clinically significant pharmacokinetic interactions 
between dietary caffeine and medications. Clin Pharmacokinet 
2000;39:127‑53.

21.	 Devasagayam TP, Kamat JP, Mohan H, Kesavan PC. Caffeine as an 
antioxidant: Inhibition of  lipid peroxidation induced by reactive oxygen 
species. Biochim Biophys Acta 1996;1282:63‑70.

22.	 Heatherley SV, Hancock KM, Rogers PJ. Psychostimulant and other 
effects of  caffeine in 9‑  to 11‑year‑old children. J  Child Psychol 
Psychiatry 2006;47:135‑42.

23.	 Temple JL. Caffeine use in children: What we know, what we have 
left to learn, and why we should worry. Neurosci Biobehav Rev 
2009;33:793‑806.

24.	 Drapeau  C, Hamel‑Hébert I, Robillard  R, Selmaoui  B, Filipini  D, 
Carrier J. Challenging sleep in aging: The effects of  200 mg of  caffeine 
during the evening in young and middle‑aged moderate caffeine 

consumers. J Sleep Res 2006;15:133‑41.
25.	 Martyn  D, Lau  A, Richardson  P, Roberts  A. Temporal patterns 

of  caffeine intake in the United States. Food Chem Toxicol 
2018;111:71‑83.

26.	 Pollak CP, Bright D. Caffeine consumption and weekly sleep patterns 
in US seventh‑, eighth‑, and ninth‑graders. Pediatrics 2003;111:42‑6.

27.	 Al Suwayri SM. The impact of  social media volume and addiction 
on medical student sleep quality and academic performance: a cross-
sectional observational study. Imam Journal of  Applied Sciences, 
2016;1:80-7.

28.	 Rasheed P, Al‑Sowielem LS. Prevalence and predictors of  premenstrual 
syndrome among college‑aged women in Saudi Arabia. Ann Saudi Med 
2003;23:381‑7.

29.	 Mahmoud ON, Al-Qahiz NM,  Ismail MS. Different doses of  Arabic 
coffee improve serum lipid profile, uric acid and liver enzymes of  
experimental rats. Food Public Health, 2013;3: 228-33.

30.	 Terpstra AH, Katan MB, Weusten‑van der Wouw MP, Nicolosi RJ, 
Beynen AC. Coffee oil consumption does not affect serum cholesterol 
in rhesus and cebus monkeys. J Nutr 1995;125:2301‑6.

31.	 Cheng M, Hu Z, Lu X, Huang  J, Gu D. Caffeine intake and atrial 
fibrillation incidence: Dose response meta‑analysis of  prospective 
cohort studies. Can J Cardiol 2014;30:448‑54.

32.	 Eskelinen MH, Ngandu T, Tuomilehto J, Soininen H, Kivipelto M. 
Midlife coffee and tea drinking and the risk of  late‑life dementia: 
A population‑based CAIDE study. J Alzheimers Dis 2009;16:85‑91.

33.	 Dall’Igna OP, Fett P, Gomes MW, Souza DO, Cunha RA, Lara DR. 
Caffeine and adenosine A  (2a) receptor antagonists prevent 
beta‑amyloid (25‑35)‑induced cognitive deficits in mice. Exp Neurol 
2007;203:241‑5.

34.	 Espinosa J, Rocha A, Nunes F, Costa MS, Schein V, Kazlauckas V, et al. 
Caffeine consumption prevents memory impairment, neuronal damage, 
and adenosine A2A receptors upregulation in the hippocampus of  a 
rat model of  sporadic dementia. J Alzheimers Dis 2013;34:509‑18.

35.	 Cunha RA, Agostinho PM. Chronic caffeine consumption prevents 
memory disturbance in different animal models of  memory decline. 
J Alzheimers Dis 2010;20 Suppl 1:S95‑116.

36.	 Rogers  PJ, Heatherley  SV, Mullings  EL, Smith  JE. Faster but not 
smarter: Effects of  caffeine and caffeine withdrawal on alertness and 
performance. Psychopharmacology (Berl) 2013;226:229‑40.

37.	 Einöther SJ, Giesbrecht T. Caffeine as an attention enhancer: Reviewing 
existing assumptions. Psychopharmacology (Berl) 2013;225:251‑74.

38.	 Beaumont  R, Cordery  P, Funnell  M, Mears  S, James  L, Watson  P. 
Chronic ingestion of  a low dose of  caffeine induces tolerance to the 
performance benefits of  caffeine. J Sports Sci 2017;35:1920‑7.

39.	 Postuma  RB, Lang  AE, Munhoz  RP, Charland  K, Pelletier  A, 
Moscovich  M, et  al. Caffeine for treatment of  Parkinson disease: 
A randomized controlled trial. Neurology 2012;79:651‑8.

40.	 Chen X, Lan X, Roche I, Liu R, Geiger JD. Caffeine protects against 
MPTP‑induced blood‑brain barrier dysfunction in mouse striatum. 
J Neurochem 2008;107:1147‑57.

41.	 Chen  JF, Xu  K, Petzer  JP, Staal  R, Xu  YH, Beilstein  M, et  al. 
Neuroprotection by caffeine and A  (2A) adenosine receptor 
inactivation in a model of  Parkinson’s disease. J Neurosci 2001;21:1-6.

42.	 Lopez DS, Wang R, Tsilidis KK, Zhu H, Daniel CR, Sinha A, et al. 
Role of  caffeine intake on erectile dysfunction in US men: Results 
from NHANES 2001‑2004. PLoS One 2014;10:e0123547.

43.	 Lopez DS, Liu L, Rimm EB, Tsilidis KK, de Oliveira Otto M, Wang R, 
et  al. Coffee intake and incidence of  erectile dysfunction. Am J 
Epidemiol 2018;187:951‑9.

44.	 Paton  CD, Lowe  T, Irvine  A. Caffeinated chewing gum increases 
repeated sprint performance and augments increases in testosterone 
in competitive cyclists. Eur J Appl Physiol 2010;110:1243‑50.

45.	 Kelly DM, Jones TH. Testosterone: A vascular hormone in health and 
disease. J Endocrinol 2013;217:R47‑71.

46.	 Adebiyi  A, Adaikan  PG. Effect of  caffeine on response of  rabbit 
isolated corpus cavernosum to high K+solution, noradrenaline 

D
ow

nloaded from
 http://journals.lw

w
.com

/ijas by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 11/26/2024



AlShareef: Caffeine extraction: Role of brewing and roasting

10 	 Imam Journal of Applied Sciences | Volume 6 | Issue 1 | January‑June 2021

and transmural electrical stimulation. Clin Exp Pharmacol Physiol 
2004;31:82‑5.

47.	 Fiebich  BL, Lieb  K, Hüll M, Aicher  B, van Ryn  J, Pairet  M, et  al. 
Effects of  caffeine and paracetamol alone or in combination with 
acetylsalicylic acid on prostaglandin E (2) synthesis in rat microglial 
cells. Neuropharmacology 2000;39:2205‑13.

48.	 Association  AP. Diagnostic and Statistical Manual of  Mental 
Disorders  (DSM‑5®). Washington, D.C: American Psychiatric 
Publishing; 2013.

49.	 Rodrigues  NP, Salva Tde  J, Bragagnolo  N. Influence of  coffee 
genotype on bioactive compounds and the in  vitro capacity to 
scavenge reactive oxygen and nitrogen species. J Agric Food Chem 
2015;63:4815‑26.

50.	 Saklar  S, Ertas  E, Ozdemir  IS, Karadeniz  B. Effects of  different 
brewing conditions on catechin content and sensory acceptance in 
Turkish green tea infusions. J Food Sci Technol 2015;52:6639‑46.

51.	 Fuller M, Rao NZ. The effect of  time, roasting temperature, and grind 
size on caffeine and chlorogenic acid concentrations in cold brew 
coffee. Sci Rep 2017;7:17979.

52.	 Hečimović I, Belščak‑Cvitanović A, Horžić D, Komes D. Comparative 
study of  polyphenols and caffeine in different coffee varieties affected 
by the degree of  roasting. Food Chem 2011;129:991‑1000.

53.	 Souza RM, Benassi MT. Discrimination of  commercial roasted and 
ground coffees according to chemical composition. J Braz Chem Soc 
2012;23:1347‑54.

54.	 Tfouni  SA, Serrate  CS, Carreiro  LB, Camargo  MC, Teles  CR, 
Cipolli KM, et  al. Effect of  roasting on chlorogenic acids, caffeine 
and polycyclic aromatic hydrocarbons levels in two Coffea cultivars: 
Coffea arabica cv. Catuaí Amarelo IAC‑62 and Coffea canephora cv. Apoatã 
IAC‑2258. Int J Food Sci Technol 2012;47:406‑15.

55.	 Ludwig  IA, Mena  P, Calani  L, Cid  C, Del Rio  D, Lean  ME, et  al. 
Variations in caffeine and chlorogenic acid contents of  coffees: What 
are we drinking? Food Funct 2014;5:1718‑26.

56.	 Clauson  KA, Shields  KM, McQueen  CE, Persad  N. Safety issues 
associated with commercially available energy drinks. J Am Pharm 
Assoc (2003) 2008;48:e55‑63.

57.	 Musaiger A, Zagzoog N. Knowledge, attitudes and practices toward 
energy drinks among adolescents in Saudi Arabia. Glob J Health Sci 
2013;6:42‑6.

58.	 Visram S, Cheetham M, Riby DM, Crossley SJ, Lake AA. Consumption 
of  energy drinks by children and young people: A  rapid review 
examining evidence of  physical effects and consumer attitudes. BMJ 
Open 2016;6:e010380.

D
ow

nloaded from
 http://journals.lw

w
.com

/ijas by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 11/26/2024


