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Background: Coffee is a well-known beverage that is widely used around the world. 
Despite the wide use of coffee in Ethiopia, there is a lack of extensive studies addressing 
the issues related to the caffeine content and hydrogen peroxide antioxidant activity of 
varieties of coffee types, particularly in Habru woreda, Ethiopia.
Objective: This study aimed to determine the caffeine content and hydrogen peroxide 
antioxidant activity of raw and roasted coffee beans collected directly from Habru woreda, 
North Wollo zone of Ethiopia.
Methods: The study was conducted in Bohoro, Girana, and Wurgisa kebeles of Habru 
woreda, Ethiopia, by collecting 500 g of green beans of Arabica coffee without considering 
their variety. Then, the collected beans were divided into raw and roasted coffee to perform 
aqueous and dichloromethane extraction of their caffeine content and hydrogen peroxide 
antioxidant activity using UV-Vis spectrophotometry.
Results: The amounts of caffeine in aqueous and dichloromethane extraction were in the 
range of 124.01−191.27 ppm and 145.15−200.09 ppm in raw and roasted coffees, respec
tively. Using the IC50 value, the hydrogen peroxide scavenging activity of the aqueous phase 
coffee bean extracts in Bohoro raw, Bohoro roasted, Wurgisa raw, Wurgisa roasted, Girana 
raw, and Girana roasted coffee were 32.17 ppm, 11.69 ppm, 26.14 ppm, 3.12 ppm, 24.83 
ppm, and 11.06 ppm, respectively, while that of ascorbic acid was 6.91 ppm.
Conclusion: The study showed that the highest amount of caffeine in both aqueous and 
dichloromethane solvent extraction was found in Bohoro’s raw and roasted coffee beans. Also, 
the amounts of caffeine in all coffee bean samples were safe and the antioxidant activity was 
excellent. In most of the samples, significant variations in the concentration of caffeine in raw 
and roasted coffee bean samples were observed in the two extraction solvents.
Keywords: caffeine, coffee, hydrogen peroxide scavenging, UV-Vis spectroscopy

Background
Coffee is one of the most popular beverages around the world and is widely used 
owing to its pleasant flavor, aroma, health benefits, and stimulating properties.1,2 

Botanically, it belongs to the genus Coffea, which is grown around Asia, Africa, 
South America, and the Caribbean region.3,4 More than 80 species of coffee have 
been identified worldwide, but only two are economically important. Coffea ara
bica, also known as Arabica coffee, is responsible for about 70% of the world’s 
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coffee market, and Coffea canephora, or Robusta coffee, 
represents the rest. Arabica coffee usually commands the 
highest prices on the market.5

Coffee is a complex chemical mixture consisting of 
several bioactive compounds, such as chlorogenic acid, 
nicotinic acid, trigonelline, quinolinic acid, tannic acid, 
pyrogallic acid, and especially caffeine. The chemical 
composition of coffee depends mainly on the variety of 
coffee.6,7 It has antioxidant activity and radical scavenging 
activities.8 It also donates hydrogen and electrons, which 
provide reducing activity and also act as metal ion pro- 
oxidant chelators. Research has shown that coffee compo
nents can trigger tissue antioxidant gene expression and 
protect against gastrointestinal oxidative stress.9 Caffeine 
from brewed coffee and bioactive compounds from coffee 
have received considerable attention owing to their poten
tial health benefits, such as potentially protecting against 
chronic degenerative diseases, cancers, and cardiovascular 
diseases, as well as other illnesses that can be mitigated by 
antioxidant activity.1,10

Caffeine is a bitter white crystalline natural alkaloid 
that acts as a mild psychoactive stimulant drug. It is found 
in varying quantities in the seeds, leaves, or fruits of many 
plant species such as coffee, cocoa beans, cola nuts, and 
tea leaves. In humans, caffeine acts as a central nervous 
system stimulant; hence, it is used both recreationally and 
medically to reduce physical fatigue and restore mental 
alertness when unusual weakness or drowsiness occurs. 
However, the use of caffeine in high doses can cause 
health concerns, such as gastric acid secretion and 
a higher risk of miscarriage.3,11 It is considered the most 
active component in coffee and has a protective role 
against several chronic diseases, including type 2 diabetes 
mellitus and Parkinson’s disease.12

Ethiopia is the motherland and center of genetic diver
sity of Arabica coffee. Coffee grown in lowland, midland, 
and highland areas of the country exhibits varying char
acteristics in terms of its physical and chemical 
composition.13 Arabica coffee is superior quality coffee 
and sells for a higher price; however, Robusta does not 
give rise to the highest quality coffee.4 So, Ethiopia 
produces high-quality Arabica coffee, which it exports 
for foreign exchange earnings.1 The quality of a cup of 
coffee depends on the geographical origin, soil type, cli
matic condition, genetic properties, cultivation system, and 
postharvest processing and roasting of the coffee 
beans.14,15 The composition of coffee fruit may be influ
enced by the method of extraction. Thus, the extraction of 

caffeine from different parts of the coffee fruit has been 
investigated in several studies using different solvents, 
including one-step extraction with a solvent system, such 
as water, methanol, ethanol, acetone, ethyl acetate, chloro
form, or dichloromethane.16–18

The most common analytical techniques used to analyze 
and quantify the caffeine level in coffee are ultraviolet– 
visible (UV-Vis) spectroscopy,5,19,20 high-performance 
liquid chromatography,21 ultra-high-performance liquid 
chromatography coupled to high-resolution Orbitrap mass 
spectrometry,22,23 and Fourier-transform infrared.17 Most 
research activities have been focused on chromatographic 
methods; however, the UV-Vis spectroscopic method is pre
ferred because of its rapidity, ease of use, low cost, high 
accuracy, and reproducibility in the determination of the 
caffeine content in coffee samples.24

In Ethiopia, there are different coffee types, recognized 
by their origin and quality and used as trade names, 
including Bebeka, Harar, Jimma, Kaffa, Wollega, 
Limmu, Sidama, Teppi, and Yirgacheffe. The amount of 
caffeine in a cup of coffee can vary greatly, depending on 
both intrinsic factors involving the species and/or its origin 
and extrinsic factors such as sampling locality and the 
method of brewing.21 Despite the wide use of coffee in 
the Amhara region of North Wollo zone, Ethiopia, there is 
a lack of extensive studies addressing the issues related to 
the caffeine content of varieties of the coffee type occur
ring in Habru woreda, Ethiopia. Therefore, this study 
aimed to determine the caffeine content of raw and roasted 
coffee beans collected directly from Bohoro, Wurgisa, and 
Girana kebeles, in Habru woreda of North Wollo zone of 
Ethiopia, using the UV-Vis spectrophotometric method, 
and hydrogen peroxide antioxidant activity in aqueous 
extraction.

Methods
Description of the Study Area
The study was conducted in Habru woreda, which is located 
in the North Wollo zone of Amhara national regional state of 
Ethiopia. The woreda is bordered to the south by the Mille 
River, which separates North Wollo from South Wollo zone, 
to the west by Gubalafto woreda, to the north by the Alawuha 
River, which separates Habru from Kobo woreda, and to the 
east by the Afar region, as shown in the Figure 1. Habra 
woreda is 491 km from Addis Ababa, which is the capital 
city of Ethiopia, 385 km from Bahir Dar, the capital city of 
Amhara national regional state, and 30 km from Woldia city, 
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the capital of North Wollo zone. The administrative center of 
the woreda is Mersa town. Currently, this woreda has 35 
kebeles: five kebeles are included in the town administration 
whereas 30 kebeles are found in rural areas, with a total area 
of 1239.79 km2 (1, 23,979 ha).

The mean annual temperature and rainfall are 21.89°C 
and 725 mm, respectively.

Materials and Chemicals
The material and instruments used in this experiment were an 
electronic balance, measuring cylinder, magnetic stirrer, glass 
filter, funnel, filter paper, different sizes of beakers and volu
metric flask, quartz cuvette, separatory funnel, hulling 
machine, and UV-Vis spectrometer (Lambda 35 Perkin 
Elmer).

The chemicals and reagents used in this study were of 
analytical grade, including dichloromethane, distilled 
water, MgSO4, NaH2PO4.H2O, Na2HPO4, H2O2, ascorbic 
acid, and caffeine.

Collection of Coffee Sample
The Arabica coffee beans were collected from Bohoro, 
Girana, and Wurgisa kebeles of Habru woreda rural areas 
of North Wollo zone of Amhara regional state, Ethiopia, 
without considering their varieties. They was taken to the 
analytical chemistry laboratory of Woldia University for 
the experimental work. The red cherries were picked and 
sun-dried with proper labeling for the entire sample from 
each site separately. After 3 weeks of drying, using the 
hulling machine, the dried pods were hulled, cleaned, and 
polished. Finally, 500 g of green beans were packed and 
saved in a polyethylene bag, for use in the experimental 
analysis of raw and roasted coffee beans.

Preparation of Standard Caffeine 
Solutions
Before preparation of a solution, all the glassware was 
soaked overnight with a chromic acid solution, washed 
thoroughly with water and detergent, then rinsed with 

Figure 1 Map of the study area.
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distilled water and dried in the oven overnight, and trans
ferred to desiccators before use.10

The standard solution was prepared according to the 
following procedure.

A 100 ppm stock standard solution of caffeine was 
prepared by dissolving 0.025 g of caffeine in 250 mL 
purified dichloromethane (CH2Cl2) or distilled water. 
After this, the aqueous phase working standard 
solutions of 1, 2, 3, 4, 5, and 6 ppm were prepared by 
serial dilution of the stock solution with distilled water in 
100 mL volumetric flasks. The organic phase working 
standard solutions of 4, 8, 12, 16, and 20 ppm were 
prepared with dichloromethane in 50 mL volumetric 
flasks. After preparing both solutions, the content of caf
feine solutions was thoroughly swirled for 15 min.

The λmax was determined by scanning a single standard 
solution from the 200–600 nm range of the UV-Vis spec
trometer and the absorbance versus wavelength of the 
standard solution was plotted against the corresponding 
reagent blank. Then, the calibration curve was analyzed 
using triplicate analysis to measure standard and sample 
solutions at a particular λmax. The absorbance values were 
plotted against a working standard solution to generate 
a standard calibration curve at the specific λmax of each 
solvent. Finally, the molar absorption coefficients of caf
feine in dichloromethane and in distilled water were 
obtained. The quantitative amount of caffeine in samples 
(ppm) was then determined using the standard curve.18,21

Preparation of Coffee Bean Samples
The 500 g of coffee beans was divided equally into raw 
and roasted coffee beans for each of the three sampling 
sites individually with their identification code. Then, 250 
g portions of each coffee bean were roasted using a local 
coffee roasting machine. After cooling, the roasted and 
raw coffee beans were separately ground using a coffee 
grinder and screened through a 250 µm sieve to achieve 
a uniform texture. Then, 2.5 g portions of sieved powder 
of the roasted and raw coffee beans were weighed and 
transferred into a 100 mL beaker individually. For each 
beaker, 50 mL of previously boiled distilled water was 
added and heated gently to 60°C, then covered with 
a watch glass that had a magnetic stirrer to remove caf
feine easily from the solution. The coffee solution was 
filtered by Whitman’s no. 40 filter paper, the residue was 
washed twice with 15 mL of boiled distilled water, and the 
precipitate was pressed. The obtained extracts were com
bined in a single beaker cooled at room temperature.25

Liquid–Liquid Extraction
The filtrate (sample solution) and dichloromethane (CH2 

Cl2) were transferred to a separatory funnel (25 mL: 
25 mL) and mixed with swirling by inverting the funnel 
for 10 min. The mixture was allowed to stand and separate 
into two layers: a dark aqueous top layer and a clear 
dichloromethane bottom layer. The non-dichloromethane 
layer was removed to a clean volumetric flask. Another 
25 mL portion of dichloromethane was added to the aqu
eous solution in the separatory funnel; the extraction pro
cedure was repeated twice and the dichloromethane layers 
were combined. The extract was dried with 1 g of anhy
drous magnesium sulfate as a dehydrating agent, added to 
remove any trace water molecules, and the resulting 
extract was filtered.18

Then, 5 mL of the filtrate was pipetted into clean 
50 mL volumetric flasks and made up to the mark with 
distilled water or dichloromethane. The standards and the 
samples were run using UV-Vis spectroscopic techniques. 
A calibration curve of absorbance versus concentration of 
the standards was plotted. The caffeine level of the various 
samples was calculated using the regression equation.

Method Validation
The linearity of the calibration curves was evaluated based 
on the magnitude of the regression coefficient (R2). The 
limit of detection (LOD) and limit of quantification (LOQ) 
of the analytical method were obtained based on the stan
dard deviation of the response and slope of the calibration 
curve. In this study, the LOD and LOQ of the methods 
were calculated as

LOD = 3.3 σ/s
LOQ =10 σ/s
where s is the slope of the calibration curve and σ is the 

standard deviation of the y-intercept of the regression line.1

Hydrogen Peroxide Scavenging Activity
The ability of the aqueous extract to scavenge hydrogen 
peroxide was determined according to the method given 
by Manjusha and Merugu,26 with a few modifications. 
Hydrogen peroxide solution of 40 mM was prepared in 
phosphate buffer (0.1 M, pH 7.4). A spectrum was 
produced using the UV-Vis spectrophotometer using 
phosphate buffer solution as the blank. The aqueous 
coffee bean extracts and reference compounds were 
prepared from 20 to 100 ppm. Then, 0.6 mL solution 
of hydrogen peroxide was added to each aqueous coffee 
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bean sample and the reference compound. The absor
bance of hydrogen peroxide at 230 nm was determined 
after 10 min against a blank solution containing phos
phate buffer without hydrogen peroxide and compared 
with ascorbic acid as the reference compound. The 
percentage of hydrogen peroxide scavenging of both 
extracts and the standard compound was calculated:

H2O2 scavenging activity (%) = Ac� As
AC

h i
x100, where 

AC is the absorbance of the control and AS is the absor
bance of the sample or standard.

Data Analysis
Experimental data were analyzed using Origin 8 software 
and Microsoft Office Excel 2007. The mean caffeine level 
in all coffees sampled was compared using paired t-tests, 
and percentage inhibition using unequal variances of t-test 
with statistical significance at α=0.05. Correlations and 
relationships of the caffeine level in all coffee samples 
were evaluated using Pearson’s correlation coefficient. 
All analyses were performed in triplicate and data are 
expressed as mean ± SD (n=3).

Results
Selection of Maximum Wavelength
For the UV-Vis spectroscopic determination of caffeine, 
the spectrum was recorded in the region of 230–350 nm 
using a 1 ppm standard caffeine solution, which was pre
pared by diluting 1 mL stock solution in 100 mL with 
distilled water. The spectrum gave an absorption band, 
which was characterized by a single intense peak at λmax 

=271 nm, as shown in Figure 2.
Similarly, for the selection of the maximum absorbance 

of caffeine in dichloromethane, absorbance measurement 
was carried out in the UV-Vis spectroscopic region of 
230–350 nm using 4 ppm standard caffeine solution. The 
results obtained from the spectrum showed that a maximal 
absorption occurred at λmax=274 nm, as shown in Figure 3.

Calibration Curve of Caffeine in the 
Aqueous Phase
The calibration graph (Figure 4) shows a strong positive 
correlation between the absorbance and the concentration 
of the caffeine standards. The linearity studies showed that 
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Figure 2 Maximum wavelength (λmax) of caffeine in distilled water with the UV-Vis spectroscopic method.
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caffeine content was linear in the concentration range of 1–6 
ppm, with an R2 value of 0.9956. This calibration curve was 
used to determine the caffeine content in various coffee 

samples. The calibration equation was: y = 0.2789x + 
0.117, R2=0.9956, SD=0.0352, N=3, where y is absorbance, 
x is the concentration of caffeine, N is the number of trials, 
and R is the linear regression coefficient. The molar absorp
tion coefficient of caffeine in distilled water was 54.16 
M−1cm−1. The LOD and LOQ of caffeine in distilled water 
were 0.42 ppm and 1.26 ppm, respectively.

Amount of Caffeine in Raw and Roasted 
Coffee Beans of the Aqueous Extract
The results obtained in this work for raw and roasted coffee 
beans with distilled water used as a solvent are presented in 
Table 1. The caffeine content in all coffee bean samples was 
observed to be in the range of 124.01–191.27 ppm.

The highest caffeine concentration in the coffee bean 
samples was obtained in Bohoro, for both raw and roasted 
coffee beans, followed by Wurgisa coffee bean and Girana 
coffee bean samples, respectively. The average caffeine 
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Figure 3 Maximum wavelength (λmax) of caffeine in dichloromethane with the UV-Vis spectroscopic method.

Figure 4 Calibration curve of standard caffeine solution in distilled water.
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contents in Bohoro coffee samples were 190.82 ppm for 
raw coffee beans and 160.05 ppm for roasted coffee beans, 
in Wurgisa samples were 185.38 ppm for raw coffee beans 
and 134.65 ppm for roasted coffee beans, and in Girana 
coffee samples were 176.95 ppm for raw coffee beans and 
125.51 ppm for roasted coffee beans. The paired t-test 
comparison of the mean values of caffeine in the aqueous 
extraction of Bohoro raw and roasted coffee beans (t2 

=1886.29, r=0.777, p≤0.001), Wurgisa raw and roasted 
coffee beans (t2=158, r=0.125, p≤0.001), and Girana raw 
and roasted coffee beans (t2=48.63, r=−0.649, p≤0.001) 
showed a significante difference in all sampling sites at 
α=0.05. There was also a positive correlation between the 
raw and roasted coffee of Bohoro, but a negative correla
tion for Girana beans, and a very small correlation for 
Wurgisa raw and roasted coffee beans.

Calibration Curve of Caffeine in 
Dichloromethane
The absorbance of five working standard solutions of pure 
caffeine in dichloromethane from 4 to 20 ppm was measured 
at 274 nm using a UV-Vis spectrophotometer. Validation of the 
method was carried out using the linearity property of Beer– 
Lambert’s law from the calibration graph correlating the absor
bance intensity with the concentration of the caffeine stan
dards, as shown in Figure 5. From the calibration curve 
(Figure 5), the calibration equation was: y = 0.1467x − 
0.3352, R2=0.9959, SD=0.072, N=3, where y is absorbance, 
x is the concentration of caffeine, N is the number of trials, and 
R is the linear regression coefficient. The molar absorption 
coefficient of caffeine in distilled water was 28.49 M−1cm−1. 

The LOD and LOQ were 1.63 ppm and 4.94 ppm, respectively.

Amount of Caffeine in Coffee Beans with 
Dichloromethane
Data on the caffeine content of the six coffee bean samples 
obtained by UV-Vis spectrophotometry are presented in 
Table 2. The caffeine content in all coffee bean samples 
was observed to be in the range of 145.15–200.09 ppm.

As shown in Table 2, the highest caffeine content was 
obtained for both raw and roasted coffee from Bohoro, at 
198.00 ppm and 184.08 ppm, respectively; then, moderate 
values were obtained for raw coffee from Girana coffee and 
roasted coffee from Wurgisa, at 186.42 ppm and 181.64 ppm, 
respectively. The lowest caffeine contents in the coffee 

Table 1 Caffeine Content in the Coffee Samples with Aqueous 
Phase Extraction

Sample Type Sample Name Caffeine Content 
±SD(ppm)

Bohoro coffee Raw coffee 190.82±0.45
Roasted coffee 160.05±0.38

Wurgisa coffee Raw coffee 185.38±0.51
Roasted coffee 134.65±0.29

Girana coffee Raw coffee 176.95±0.46

Roasted coffee 125.51±1.50

Note: Mean ± standard deviation (n=3).

Figure 5 Calibration curve of standard caffeine solution in dichloromethane.
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samples were obtained for raw coffee from Wurgisa and 
roasted coffee from Girana, at 145.94 ppm and 177.11 ppm, 
respectively.

The paired t-test comparison of the mean value of caffeine 
in the dichloromethane extraction of Bohoro raw and roasted 
coffee beans (t2=5.45, r=−0.465, p=0.032) and Wurgisa raw 
and roasted coffee beans (t2=515.01, r=0.99, p≤0.001) showed 
a significant difference, whereas Girana raw and roasted coffee 
beans (t2=2.96, r=−0.65, p=0.097) did not show 
a significant difference at α=0.05. There was also a strong 
positive correlation for the raw and roasted coffees from 
Wurgisa, but a negative correlation for Girana, and a small 
negative correlation for Bohoro raw and roasted coffee beans.

Comparison of the Amount of Caffeine in 
Coffee Beans Extracted by Distilled 
Water and Dichloromethane
As shown in Figure 6, the caffeine content in roasted 
coffee beans from all sampling sites (Bohoro, Wurgisa, 
and Girana) extracted by dichloromethane had higher 
values than by aqueous extraction. The caffeine content 

in raw coffee beans from Bohoro and Girana, but not from 
Wurgisa, also had higher values by dichloromethane than 
by aqueous extraction (Figure 7). We compared the mean 
value of caffeine in aqueous and dichloromethane sol
vents in roasted coffee beans from Bohoro (t2=−15.27, 
r=0.88, p=0.004), Wurgisa (t2=−77.03, r=−0.962, 
p≤0.001), and Girana (t2=−40.62, r=−0.96, p≤0.001), 
and in raw coffee beans from Bohoro (t2=−4.9, r=−0.99, 
p=0.039), Wurgisa (t2=85.39, r=0.30, p≤0.001), and 
Girana (t2=−6.94, r=0.14, p=0.02), and found 
a significant difference at α=0.05. There was a positive 
correlation between the two solvents for Bohoro roasted 
coffee beans and a negative correlation for Wurgisa 
roasted, Girana roasted, and Bohoro raw coffee beans in 
the study area.

As shown in Tables 1 and 2, the caffeine contents 
obtained by aqueous and dichloromethane extraction 
were in the range of 124.01–191.27 ppm (0.50– 
0.77%) and 145.15−200.09 ppm (0.68–0.80%), 
respectively.

Hydrogen Peroxide Scavenging Activity
Hydrogen peroxide (H2O2) is a biologically relevant, non- 
radical, oxidizing species, which may be formed in tissues 
through oxidative processes.32 It inactivates many 
enzymes by the oxidation of thiol groups, and since cell 
membranes show permeability to hydrogen peroxide, it 
can oxidize cell compounds. Owing to the high reactivity 
of hydrogen peroxide with metal ions, eg copper and iron, 
hydroxyl radicals are generated.33

The highest percentage hydrogen peroxide scavenging 
activity at 20 ppm was obtained in ascorbic acid (52.82 
±1.25), and the highest values at 40, 60, 80, and 100 ppm 

Table 2 Caffeine Content in the Coffee Samples with 
Dichloromethane Extraction

Sample Type Sample Name Caffeine Content 
±SD(ppm)

Bohoro coffee Raw coffee 198.00±2.09
Roasted coffee 184.08±3.05

Wurgisa coffee Raw coffee 145.94±0.79
Roasted coffee 181.64±0.77

Girana coffee Raw coffee 186.42±2.38

Roasted coffee 177.11±3.59

Note: Mean ± standard deviation (n=3).
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Figure 6 Comparison of the caffeine value in roasted coffee beans in the three sampling types.
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were obtained in Wurgisa roasted coffee (72.05±0.71, 
75.77±0.45, 78.43±0.38, and 78.43±0.38, respectively) 
(Table 3). The lowest percentage hydrogen peroxide 
scavenging activity at 20 ppm was obtained in Girana 
raw coffee (38.8±1.38), and the lowest values at 40, 60, 
80, and 100 ppm were obtained in Bohoro raw coffee 
(56.41±0.33, 66.61±0.47, 71.58±1.02, and 75.29±0.87, 
respectively), as shown in Table 3.

The IC50 values of the coffee samples for Bohoro 
raw, Bohoro roasted, Wurgisa raw, Wurgisa roasted, 
Girana raw, and Girana roasted beans were 32.17, 
11.69, 26.14, 3.12, 24.83, and 11.06 ppm, respectively, 
while that of ascorbic acid was 6.91 ppm. So, Wurgisa 
roasted coffee had a higher hydrogen peroxide scaven
ging activity than the other coffee samples and ascorbic 
acid, which is used as a reference compound, as shown 
in Table 4. There was a strong positive correlation 
between the percentage inhibition and the concentration 
of aqueous phase extraction of all coffee samples and 
ascorbic acid.

Comparison of Hydrogen Peroxide 
Scavenging Activity of Coffee Sample with 
Ascorbic Acid
As shown in Table 3 and Figure 8, the percentage inhibition 
of aqueous extraction of both roasted and raw coffee beans 
increased with an increase in the concentration of extracts 
and a standard compound. When we compared the scaven
ging potential of the aqueous extract of both raw and roasted 
coffee beans with ascorbic acid at 20 ppm, 
significant differences were found between the mean of 
ascorbic acid and Bohoro raw (t4=15.39, p≤0.001), Bohoro 
roasted (t4=10.65, p≤0.001), Wurgisa raw (t4=16.15, 
p≤0.001), Wurgisa roasted (t4=4.93, p=0.008), Girana raw 
(t4=15.84, p≤0.001), and Girana roasted beans (t3=9.99, 
p=0.002) at α=0.05.

At 40 ppm, a comparison of the means of ascorbic acid 
and the aqueous extracts of coffee samples in Bohoro 
roasted (t4=−8.89.61, p≤0.001) and Wurgisa roasted beans 
(t4=−14.05, p≤0.001) showed significant differences, 
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Figure 7 Comparison of the amount of caffeine in raw coffee beans in the three sampling types.

Table 3 Mean Percentage of Hydrogen Peroxide Scavenging Activity of an Aqueous Phase Extraction of Coffee Bean Samples, by 
Sampling Site, and Ascorbic Acid

Concentration % H2O2 Scavenging Activity (mean±SD)

Bo Raw Bo Roasted Wu Raw Wu Roasted Gi Raw Gi Roasted Ref. (Assc)

20 39.90±1.35 45.50±1.12 39.00±1.3 51.39±0.92 38.8±1.38 47.8±0.60 52.82±1.25

40 56.41±0.33 68.76±0.53 64.40±0.86 72.05±0.71 65.26±0.89 65.83±0.65 65.00±0.55

60 66.61±0.47 71.48±0.54 68.50±0.63 75.77±0.45 70.34±0.54 71.23±1.0 68.23±0.36

80 71.58±1.02 76.30±0.48 75.02±0.55 78.43±0.38 75.81±0.34 75.52±0.47 75.43±0.48

100 75.29±0.87 79.72±0.47 77.87±0.37 83.38±0.85 78.00±0.43 79.81±0.32 83.32±0.30

Notes: Mean ± standard deviation (n=3).. 
Abbreviations: Bo, Bohoro; Wu, Wurgisa; Gi, Girana coffee beans; Ref. (Assc), reference (ascorbic acid).
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whereas Bohoro raw (t4=−0.61, p=0.57), Wurgisa raw (t3 

=0.159, p=0.319), Girana raw (t3=−0.31, p=0.775), and 
Girana roasted beans (t3=−1.611, p=0.182) did not show 
significant differences at α=0.05.

At 60 ppm, the means of ascorbic acid and the aqueous 
extract of Bohoro roasted (t3=−8.58, p=0.003), Wurgisa 
roasted (t4=−22.39, p≤0.001), Girana raw (t3=−5.6, 
p=0.011), and Girana roasted beans (t3=−4.97, p=0.015) 
showed significant differences at α=0.05. But the means of 
ascorbic acid and aqueous extract of Bohoro raw coffee (t4 

=2.20, p=0.09) and Wurgisa raw coffee (t3=−0.62, p=0.57) 
were not significantly different at α=0.05.

At 80 ppm, the means of ascorbic acid and the coffee 
extracts from Bohoro raw (t3=3.73, p=0.03), Wurgisa roasted 
(t4=−8.55, p≤0.001); and at 100 ppm Bohoro raw (t2=11.32, 
p=0.01), Bohoro roasted (t3=11.02, p=0.002), Wurgisa raw (t4 

=19.508, p≤0.001), Girana raw (t4=17.51, p≤0.001), and 
Girana roasted beans (t4=13.68, p≤0.001) showed 
significant differences at α=0.05. However, at 60 ppm the 
means of ascorbic acid and coffee bean extracts of Bohoro 
roasted (t4=−2.77, p=0.085), Wurgisa raw (t4=0.958, p=0.39), 
Girana raw (t4=−1.159, p=0.31), and Girana roasted (t4= 
−0.2315, p=0.828), and at 100 ppm Wurgisa roasted (t3= 
−0.114, p=0.916) coffees did not show 
significant differences at α=0.05.

Discussion
The maximum wavelength of dichloromethane reported in 
previous studies4,27 was 277 nm and 274.7 nm, while in 
water it occurred at 270 nm and 272 nm, respectively; values 
which are not very different from the results obtained in the 
current study. Other authors also found that the maximum 
wavelength of caffeine in water was 274 nm.28 The differ
ences in the maximum wavelength can be caused by the 
different conditions used for the analyses. Because the max
imum wavelength of caffeine is in the range of 200–400 nm, 
caffeine can be analyzed using an ultraviolet detector.

In this study, the caffeine content in roasted coffee beans 
extracted by dichloromethane in all sampling sites, namely, 
Bohoro, Wurgisa, and Girana, had higher values than by 
aqueous extraction. Furthermore, the caffeine content in raw 
coffee beans extracted by dichloromethane, in Bohoro and 
Girana, but not Wurgisa raw coffee beans, had higher 
values than by aqueous extraction. This is a result of caffeine 
having higher solubility and optical transitions in dichloro
methane than in distilled water.29

The difference in caffeine levels in the raw coffee beans is 
mainly due to the difference in their geological location and Ta
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varieties of species. However, the amount of caffeine in 
roasted coffee was smaller than in raw coffee from all sam
pling sites. This reduction in the amount of caffeine in roasted 
coffee is due to a loss of organic matter resulting from the 
high solubility of caffeine in the extraction solvents.35,36

There was a positive correlation between the two sol
vents in roasted coffee beans from Bohoro and a negative 
correlation in Wurgisa roasted, Girana roasted, and Bohoro 
raw coffee beans in the study area. Regarding the price of 
coffee beans in the market of Woldia town, Bohoro’s 
coffee beans are more expensive than other coffees. This 
is due to the preference of the consumer for high-quality 
coffee beans with a high caffeine content, while those with 
less demand in the market have a lower caffeine content. 
The variation in caffeine concentrations depends princi
pally on the genus or variety of coffee, soil type, rainfall, 
the geographical origin (agroecology), and the method 
used to extract caffeine from the coffee beans.4,30

Compared to coffee grown in other areas of Ethiopia, the 
caffeine contents of the coffee samples obtained from the 
study areas of Habru woreda almost lie within the range of 
caffeine contents extracted by dichloromethane in Hararghe 
coffee (0.601–0.903%).4 The caffeine content in this study is 
higher than that extracted by dichloromethane in coffee 
samples from Abe Dongoro (3.42 ppm), Sasiga (2.638 
ppm), Gida Ayana (2.207 ppm), and Sibu Sire (2.986) of 
Wolega zone,1 whereas it is lower than the caffeine content 
of Wembera (1.53±0.003%), Goncha (1.41±0.040%), Zegie 
(1.29±0.033%), and Burie coffee (0.97±0.049%).31

Coffee beans are an important source of dietary antiox
idants as a result of the accumulation of polyphenols such as 
chlorogenic acids, caffeine, mangiferin, trigonelline, and 
sucrose. They are used traditionally in many coffee- 

growing regions for the mitigation of several illnesses, 
including cardiovascular, gastrointestinal, and dermatologi
cal disorders, cancer, diabetes, and obesity. Therefore, their 
utilization as a health beverage should not be ignored.34 The 
results of the current study suggest that the amounts of 
caffeine in all of the coffee bean samples are safe and 
demonstrate bioavailable antioxidant activity.

Conclusion
UV-Vis spectrophotometry was successfully applied for the 
determination of the caffeine content of raw and roasted 
coffee beans extracted by dichloromethane and distilled 
water from Habru woreda, Ethiopia. In our study, the max
imum wavelengths in aqueous and dichloromethane solvents 
were obtained as 271 nm and 274 nm, respectively. The 
smallest and highest amounts of caffeine in both raw and 
roasted coffee beans with aqueous extraction were found in 
beans from Girana (176.95±0.46 and 125.51±1.50 ppm) and 
Bohoro (190.82±0.45 and 160.05±0.38 ppm), respectively. 
In dichloromethane extraction, the smallest and highest 
amounts of caffeine of raw coffee beans were found in 
beans from Wurgisa (145.94±0.79 ppm) and Bohoro 
(198.00±2.09 ppm), and those in roasted coffee beans were 
found in beans from Bohoro (184.08±3.05 ppm) and Girana 
(177.11±3.59 ppm). Coffee beans are an important source of 
dietary antioxidants as a result of polyphenol accumulation. 
The aqueous phase coffee bean extracts also showed hydro
gen peroxide scavenging activity, with IC50 values in 
Bohoro raw, Bohoro roasted, Wurgisa raw, Wurgisa roasted, 
Girana raw, and Girana roasted coffee samples of 32.17, 
11.69, 26.14, 3.12, 24.83, and 11.06 ppm, respectively, 
while that of ascorbic acid was 6.91 ppm. In most of the 
samples, a significant variation in the concentration of 

Figure 8 Comparison of the hydrogen peroxide scavenging activity of the coffee sample and ascorbic acid.
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caffeine in raw and roasted coffee bean samples was 
observed in the two extraction solvents, at α=0.05%.
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