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Abstract

In this study, the first-order derivative spectra technique was applied to determine the levels of 
caffeine and chlorogenic acids (CGA) in both defective (immature, black, and sour) and non-defective 
coffee beans, without the need for extraction procedures, background correction, or additional reagents. 
The extreme points in the first-order derivative spectra, observed at wavelengths of 260nm and 292nm, 
were used for the quantification of caffeine and chlorogenic acids, respectively. The results of the study 
indicated that caffeine content in coffee beans ranged from 1.2±0.12% to 1.46±0.47%, while chlorogenic 
acids content ranged from 4.04±0.44% to 4.43±0.43%. Furthermore, the analysis revealed that the total 
levels of caffeine and chlorogenic acids could effectively discriminate between defective and non-defective 
coffee beans, with defective beans exhibiting higher concentrations of both compounds. Given its rapidity, 
simplicity, and cost-effectiveness, as well as its minimal sample preparation requirements, this first-order 
derivative spectral method presents a valuable tool for the routine quality control and assessment of caffeine 
and chlorogenic acids content in coffee beans.
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Introduction

Globally, coffee is one of the most widely 
consumed beverages, with an estimated average 
daily consumption of 2.3 billion cups per day 
(Higdon and Frei, 2006). Despite its popularity, the 
consistent supply of high-quality coffee beans is 

often limited due to challenges encountered during 
harvesting and post-harvesting processes. As a 
result, defective coffee beans frequently enter the 
domestic market and are consumed locally (Craig 
et al., 2012). In Brazil, defective beans account 
for approximately 20% of total coffee production, 
and similar proportions are likely in other coffee-
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producing regions worldwide (Mazzafera, 1999; 
Ramalakshmi, 2007). In Ethiopia, the percentage 
of defective beans is reported to be even higher 
compared to other countries (Belay et al., 2014).

	 Each coffee-producing nat ion has 
established its own classification system to 
identify defective beans. Traditionally, coffee quality 
assessment involves roasting, grinding, brewing, and 
tasting samples, a procedure commonly known as 
“cupping.” While cupping is widely used, it is highly 
subjective, time-consuming, and relies heavily on 
the expertise of trained cuppers (Frei, 2002). This 
underscores the need for faster, more reliable 
scientific methods to evaluate coffee quality both 
before and after roasting.

	 In recent years, research on defective 
coffee beans has intensified due to increasing 
awareness of their negative impact on the quality of 
green and roasted coffee intended for consumption 
(Franca et al., 2005; Mendonca et al., 2009). Studies 
have shown that defective and non-defective coffee 
beans exhibit notable differences in their physical and 
chemical properties prior to roasting. However, only 
a few studies have achieved reliable discrimination 
between defective and non-defective beans before 
roasting. Belay et al., (2014) demonstrated that 
physical properties alone could effectively separate 
defective from non-defective beans both before and 
after roasting. Similarly, Mendonca et al., (2009) 
employed sieving techniques to distinguish defective 
and non-defective roasted beans.

	 Other researchers (Franca et al., 2005; 
Farah et al., 2006; Ramalakshmi et al., 2007; Craig 
et al., 2011, 2012) explored chemical approaches, 
including direct diffuse reflectance FTIR and HPLC, 
to quantify caffeine and chlorogenic acids (CGA) 
and to discriminate between defective and non-
defective coffees. While these chemical techniques 
are highly effective for determining caffeine and CGA 
content, they require expensive instrumentation, 
organic solvents, and labor-intensive sample 
preparation. Caffeine and CGA extraction commonly 
uses solvents such as benzene, chloroform, 
trichloroethylene, and dichloromethane (Zhang  
et al., 2005), which pose health and environmental 
hazards. In the present research, first-order derivative 
spectroscopy was applied for the determination of 
caffeine and CGA in defective and non-defective 

coffee beans without the need for prior extraction, 
pre-separation, or background correction. To the best 
of the author’s knowledge, no previous study has 
reported the simultaneous determination of caffeine 
and chlorogenic acids in defective and non-defective 
coffee beans using first derivative spectra as a tool 
for coffee quality assessment.

	 Thus, this approach offers a rapid, simple, 
and cost-effective method for determining the levels 
of bioactive compounds in coffee beans. The primary 
objective of the present study was to apply first-
order derivative spectra as a direct, efficient, and 
inexpensive scientific technique for the quantitative 
determination of caffeine and chlorogenic acids in 
defective and non-defective coffee beans.

Materials and Methods 

Chemicals and Samples
	 Caffeine (Evan, England) and chlorogenic 
acid (Aldrich-Sigma, Germany) were used to prepare 
the standard solutions for analysis. To determine the 
levels of caffeine and chlorogenic acids in defective 
and non-defective Arabica coffee beans, samples were 
collected from three areas within the Oromia Regional 
State of Ethiopia: Geri, Sorgeba, and Nano Chala.

	 From each area, coffee samples were 
randomly collected and then carefully sorted into 
defective and non-defective categories by an 
experienced coffee quality expert from the Oromia 
Coffee Farmers Cooperative Union. The defective 
beans included immature, black, and sour beans, 
while the remaining beans were classified as non-
defective. Fig. 1 illustrates the green Ethiopian 
coffee beans divided into four categories: defective 
(immature, black, sour) and non-defective.

Fig. 1. Coffee beans sorted into four lots: defective 
(immature, black, and sour) and non-defective
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Apparatus and Instrumentation
	 The experiment utilized the following 
laboratory apparatus: various beakers and 
measuring cylinders, a magnetic stirrer equipped 
with a hot plate, a separating funnel, glass filters, a 
1 cm quartz cuvette, and a 250 µm sieve. To record 
the absorption spectra of standard solutions (caffeine 
and chlorogenic acid) as well as coffee samples, a 
double monochromator UV-Vis-NIR spectrometer 
(Perkin Elmer, Germany) was employed. The 
instrument was operated using its dedicated 
software package, UVCSS.

	 For spectral derivative analysis, Origin 
8 software was used, following the established 
methodologies reported by Alpdogan et al., (2002), 
Sanchez et al., (1983), Savitzky et al., (1964), 
and Talsky (1994). Methods of the experiment 
Calibration curve for the standard solution of 
caffeine and CGA.

Preparation of Standard Solutions and Calibration
	 The stock solution of caffeine was prepared 
by dissolving 5 g of caffeine in 100 mL of distilled 
water. This stock solution was subsequently diluted 
to obtain a series of standard solutions with varying 
concentrations. The UV-Vis absorption spectra of 
these standard solutions were recorded against a 
blank solution over a wavelength range of 200–400 
nm at room temperature.

	 Similarly, a stock solution of chlorogenic 
acids (CGA) was prepared by dissolving 6 g of 
chlorogenic acids in 100 mL of distilled water. 
This solution was also diluted to produce a series 
of concentrations for calibration purposes. The  
UV-Vis absorption spectra of the chlorogenic acids 
standards were recorded against water over the 
same wavelength range (200–400nm) at room 
temperature. First-order derivative spectra of the 
caffeine standard solutions were obtained, and 
absorption spectra versus concentration were 
plotted using the “baseline-to-peak” measurement 
technique, following the calibration procedure 
described by Gorry (1990). In the same manner, 
first-order derivative absorption spectra for 
the chlorogenic acids standard solutions were 
recorded. Linear regression was applied to the 
data to derive the regression equations for both 
caffeine (CAF) and chlorogenic acids (CGA) 
standard solutions.

Preparation of Coffee Samples and Determination 
of Caffeine and Chlorogenic Acids
	 For sample analysis, 0.02 g of sieved, 
ground raw coffee was added to 50 mL of distilled 
water in a beaker. The mixture was stirred for 1 h 
at room temperature using a magnetic stirrer to 
ensure complete extraction. The UV-Vis absorption 
spectra of each coffee sample were recorded, and 
the corresponding first-order derivative spectra 
were obtained. The absorption peaks at 256nm 
and 292nm were used to identify caffeine and 
chlorogenic acids, respectively. The concentrations 
of caffeine and chlorogenic acids in the coffee 
samples were calculated from the linear regression 
equations derived from the standard calibration 
curves, using the extreme points from the first-order 
derivative spectra.

Results and Discussion

UV-Vis Spectra of Caffeine and Its First-Order 
Derivative Spectra
	 Figure 2 illustrates the UV-Vis absorption 
spectra of caffeine at different concentrations (4, 5, 
6, and 7 µg/mL). The UV-Vis absorption of caffeine in 
water was observed in the 200–400nm wavelength 
range at room temperature. The peak absorbance 
of pure caffeine in aqueous solution occurred at  
λ

max = 272.8 nm. The maximum absorbance observed 
in this study closely matches values reported in 
previous studies (Abebe et al., 2008), indicating the 
reliability of the experimental procedure.

Fig. 2. UV-Vis absorption spectra of caffeine at  
different concentrations (4-7µg/mL) in water

	 The first-order derivative UV-Vis absorption 
spectra of standard caffeine solutions were recorded, 
as shown in Fig. 3. The peak absorbance was 
observed at a wavelength of λmax = 260nm, which 
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exhibited a leftward shift of 12 nm. The baseline-to-
peak measurement at this peak wavelength (λmax = 
260nm) was employed for the construction of the 
calibration curve.

	 A linear relationship was established 
between the peak amplitude (y) of the first-order 
derivative spectra at the extreme wavelengths and 
the caffeine concentration. The resulting regression 
equation was.

y = 0.000439x+0.000975, R2 = 0.99

	 Where y represents the peak height at  
λ = 260nm, and x denotes the caffeine concentration 
in µg/mL. This linear regression equation derived from 
the calibration curve of the first-order derivative spectra 
of pure caffeine was subsequently used to determine 
the caffeine content in coffee bean samples.

due to spectral interference (Belay et al., 2008). 
The concentrations of caffeine in defective and non-
defective coffee beans calculated from the regression 
equation and the results were summarized in Table 1.

Fig. 3. First order derivative spectra of caffeine  
standards at different concentrations

	 Linear relationships were obtained between 
the caffeine concentrations and peak amplitude (y) 
of first order spectra at the extreme wavelength. The 
regression equation was (y = 0.000439x + 0.000975, 
R2 = 0.99), where y-represent the peak height at  
λ = 260.13nm and x-concentration in µgm/mL. Linear 
regression equation of the calibration curve of the 
first order derivative spectra of pure caffeine were 
used to calculate the concentration of caffeine in 
coffee beans.

Determination of the contents of caffeine in 
defective and non-defective coffee beans by first 
derivative spectra
	 Direct measurement of caffeine in coffee 
beans using UV-Vis spectrophotometry cannot 
possible in the wavelength regions of 200-400 nm 

Table 1: Caffeine content in defective and non-
defective coffee samples obtained using first order 

derivative spectra and literature values

	Coffee samples	 Caffeine contents (%)
		  The present	 Literature values
		  study values

	 Immature	 1.46 + 0.47	 0.96-1.23
			   (Farah et al., 2006)
	 Black	 1.34 + 0.34	 1.19- 1.44
			   (Purcarea et al., 2006)
	 Sour	 1.34 + 0.34	 1.19- 1.44
			   (Purcarea et al., 2006)
	Non-defective	 1.20 + 0.20	 0.6 – 1.9 (Clarke and
			   Macare, 1985)

	 As presented in Table 1, the mean caffeine 
content in coffee beans varied among different 
sample types. Immature coffee beans showed the 
highest caffeine level at 1.46 ± 0.47%, followed by 
black and sour beans at 1.34 ± 0.34%, while non-
defective beans exhibited the lowest caffeine content 
at 1.20 ± 0.20%. Overall, the caffeine levels across 
the four coffee samples (immature, black, sour, and 
non-defective) ranged from 0.6% to 1.90%, which 
aligns with previously reported values in the literature. 
For instance, spectrophotometric determination of 
caffeine using dichloromethane as an extraction 
solvent indicated caffeine concentrations ranging 
from 1.20% to 1.48% in chloroform and 1.19% to 
1.44% in distilled water (Purcarea et al., 2006).

	 The caffeine contents measured in the 
present study are consistent with values obtained 
using other analytical techniques. For example, 
HPLC analysis of green Arabic coffee reported 
caffeine contents ranging from 0.96 ± 0.01% to 
1.23 ± 0.06% (Farah et al., 2006). Additionally, 
derivative spectrophotometry methods determined 
caffeine content in coffee at 1.36 ± 0.03% (Alpdogan  
et al., 2002). Table 1 also indicates that there was 
no significant difference in caffeine content between 
black and sour coffee samples (1.34±0.34%), 
which concurs with earlier reports showing minimal 
variation in caffeine levels between defective coffee 
beans (Mazzafera, 1999; Clarke and Macrae, 1985). 
Furthermore, other studies have shown that non-
defective coffee beans generally have lower caffeine 
content compared to defective ones, with average 
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caffeine levels in Arabic coffees typically below 
1.5%. The slight differences observed in caffeine 
content across studies can be attributed primarily 
to variations in extraction methods.

	 The relationship between caffeine content 
and coffee cup quality remains unclear and 
somewhat controversial. Some studies using  
UV-Vis spectrophotometry reported higher caffeine 
concentrations in high-quality (non-defective) coffees 
compared to low-quality (defective) ones. However, 
in the present study, caffeine levels were higher in 
lower-quality coffees (immature, black, and sour) 
compared to non-defective beans, which aligns with 
previous findings indicating that defective beans may 
contain higher caffeine content.

UV-Vis Absorption Spectra of CGA and Its First-
Order Derivative Spectra
	 The UV-Vis absorpt ion spectra of 
chlorogenic acid (CGA) were recorded over 
the wavelength range of 200–400 nm at room 
temperature (Fig. 4). Within this range, CGA exhibited 
two absorption maxima: the first at 216.8nm with a 
shoulder around 242nm, and the second at 324nm, 
which corresponds to the HOMO–LUMO electronic 
transition, primarily associated with electron density 
localization on the benzene ring and carbon chain 
(Cornard et al., 2008). A minimum absorption point 
was observed at 262.5nm, consistent with previous 
reports (Abebe and Gholap, 2009).

between the caffeine concentration and peak 
amplitude (y) of first order spectra. The regression 
equation (y=0.0.14036x+0.053628, R2=0.98) were 
obtained, where y-represent the peak height and 
x-concentration in µgm/mL.

Fig. 4. UV-Vis absorption spectra of CGA at different 
concentrations

	 The first order derivative absorption 
spectra of CGA standard solutions were shown 
in Fig. 5. Baseline-to-peak measurement of peak 
wavelength Lmax=292nm was used for preparation of 
calibration Curve. Linea relationships were obtained 

Fig. 5. First order derivative spectra of CGA standards in 
water at different concentrations

Determination of level of  CGA in defective and 
non-defective beans using first order derivative 
spectra
	 A UV-spectrophotometric method cannot 
be used directly for the determination of CGA 
like caffeine as it has been discussed above in 
coffee owing to the matrix effect of UV-absorbing 
substances in the sample matrix (Zhang et al., 
2005, Belay and Gholap 2009). In order to alleviate 
this difficulty, some tedious background correction 
techniques have to be used]. In contrast, the 
derivatization of the absorption spectrum and 
measurement of the derivative absorbance values 
allow the elimination of matrix effects because the 
variable background absorptions overlapping the 
analyte peaks are smoother in derivative spectra.  
Fig. 5 the first order derivative UV-Vis absorption 
spectrum of CGA solutions. The concentrations of 
CGA in defective and non-defective coffee beans 
were calculated using the regression equation and 
the results are summarized in Table 2.

Table 2: The content CGA in defective and non-
defective coffee samples determined using first 

order derivate spectra and literature values 

	 Coffee	 CGA contents (%)
	 samples	 The present	 Literature values
		  study values

	 Immature	 4.43 + 0.43	 1.3 – 8.7 (Farah et al., 2005) 
	 Black	 4.26 + 0.38	 5.5 – 8.0 (Clarke and Macare, 
	 Sour	 4.26 + 0.38	 1985) 6.05 – 6.25 (Belay
	Non-defective	 4.07 + 0.07	 et al., 2009) 4.1 – 7.9
			   (Farah et al., 2006)
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	 The mean percentages of chlorogenic acids 
(CGA) in the coffee beans analyzed were 4.43 ± 
0.43% for immature beans, 4.26 ± 0.38% for black 
beans, 4.26 ± 0.38% for sour beans, and 4.07 ± 
0.07% for non-defective beans. The highest CGA 
content was observed in immature coffee samples, 
while the lowest content was found in non-defective 
beans, consistent with the findings of Clifford and 
Wilson (1987). Overall, the levels of chlorogenic 
acids determined in this study are comparable to 
previously reported values for total CGA in green 
Arabica coffee beans, which range from 4.0% to 
8.4% (Farah et al., Ky et al., 1997, 2001).

	 The results also indicate an inverse 
relationship between total CGA levels and coffee 
quality. Higher CGA concentrations were observed 
in lower-quality samples (defective beans), in 
agreement with Farah et al., (2005), who reported a 
strong inverse association between CGA content and 
cup quality. Further analysis of eight CGA isomers in 
defective coffee beans revealed that immature and 
black defective beans contained significantly higher 
levels of all CGA isomers, particularly caffeoylquinic 
acid (CQA) and feruloylquinic acid (FQA), compared 
to non-defective beans. These observations are in 
good agreement with the present study. Similarly, 
Mazzafera (1999) reported that immature and black 
defective beans exhibited higher total CGA contents 
compared to non-defective beans.

	 Taken together, both previous studies 

and the current results suggest that CGA content 
is inversely related to coffee quality, with CQA 
accounting for at least 60% of total CGA. Higher CQA 
and CGA levels are thus likely to be associated with 
lower cup quality.

Conclusion

	 First-order der ivative spectra were 
successfully employed as a method for the 
determination of caffeine and chlorogenic acids 
in defective and non-defective coffee beans. The 
results confirm that this derivative spectral method 
is highly effective for eliminating interfering matrices 
and allows the accurate quantification of caffeine 
and CGA without requiring background correction 
or additional reagents.

	 Considering the outcomes of this study, 
it can be concluded that the developed method 
is simple, rapid, and cost-effective, making it 
suitable for routine analysis of caffeine and CGA in 
coffee beans. This technique can provide a basic 
characterization of defective and non-defective 
beans prior to market shipment. Importantly, the 
study highlights that caffeine and chlorogenic acids 
are major compounds closely associated with coffee 
quality. Higher concentrations were consistently 
observed in defective beans (immature, dark, and 
sour), whereas lower levels were found in non-
defective or clean coffee beans, underscoring their 
relevance as markers of coffee quality.
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