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Abstract: Organic farming is a controlled and certified form of agricultural production at every stage, from
production to consumption, without using chemical inputs in production. It has been suggested that there are
differences in the amount of nutrients and non-nutrient compounds in foods produced by organic and conventional
agriculture. In light of this information, the caffeine content of coffee, which is an important consumption product
in our country and the world, has been evaluated in terms of organic and conventional coffees. For this purpose,
12 different types of organic (n=7) and conventional (n=5) coffees belonging to 5 different brands (A, B, C, D, E)
offered for sale in the market were included in the sampling. The included brands were carefully selected to provide
both organic and conventional options. The caffeine content of all ready-to-serve coffee samples was analyzed
with high-pressure liquid chromatography (HPLC). The caffeine content of the coffees was expressed as mg/L,
and the statistical analysis of the data was done with the SPSS 22.0 package program. The amount of caffeine
(mg/L) in organic coffees was therefore found to be lower than that in conventional coffees when coffees are
compared based on production methods (863.2181.46 mg/L, 1115.4380.88 mg/L, p<0.05, respectively). While the
quantity of caffeine in organic coffee from three brands was found to be lower than that of conventional coffee
(Organic and conventional, respectively; A: 694.9+31.73 mg/L and 1030.8+7.55 mg/L; D: 853.9+32.50 mg/L and
1576.4+£250.94 mg /L; E: 1094.2+32.03 mg/L and 1470.7£13.45 mg/L; p<0.05), it was found that the converse
was true for the other two brands when the amount of caffeine is compared according to both the production
method and the brands (Organic and conventional, respectively; B: 904.9+189.54 mg/L and 831.3+ 67.91 mg/L,
C: 684.4+63.78 mg/L and 667.7+84.36 mg/L; p<0.05). The amount of caffeine in the coffees acquired using the
conventional production method was higher than the coffee obtained using the organic production technique, and
the amounts of caffeine in the coffees varied depending on the brands. This integrates the fact that the amount of
caffeine in food can depend on whether or not production.
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1. Introduction

As an alternative to conventional farming, sustainable agriculture is recognized as a promising
type of production to overcome the challenges associated with conventional farming [1]. Sustainable
agriculture is a form of application that meets the need for food, energy, and natural resources, while
protecting soil, water, and biological diversity [2]. Organic farming is a production system that avoids,
or largely excludes, the use of synthetic fertilizers, pesticides, growth regulators, and livestock feed
additives in any stage, including cultivation, harvesting, classification, packing, labeling, storing, and
transporting. Organic farming aims at environmental, social, and economic sustainability [3]. Long-term
and excessive use of chemicals can be dangerous in some respects in terms of human and soil health, as
well as environmental pollution. Therefore, farmers in developed countries are encouraged to convert
their existing farms to organic agriculture [4]. Thus, the health of farmers and their families and society
is eventually protected and improved. Over the last decades, organic food and farming have been
growing year by year across the world. Recent data shows that 72.3 million hectares are devoted to
organic farming and are processed by 2.4 million producers [5]. In Turkey, the number of organic
agricultural product varieties, which was 53 in 1997, increased to 225 in 2016 [6]. Parallel to this, the
data show that the demand for organic food and beverages is increasing in food markets all over the
world [7,8]. It has been suggested that there are differences in the amount of nutrients and non-nutrient
compounds in foods produced by organic and conventional agriculture [9]. While some scientific studies
support that organic foods are healthier, more nutritious, safer, and more delicious, some studies report
that organic or non-organic foods are not different from each other [10-13].

Coffee, one of the most consumed non-alcoholic beverages after water, contains many bioactive
compounds. Coffee contains mainly caffeine but also has diterpenes, chlorogenic acid, and polyphenols
[14]. Caffeine is a neuro stimulant alkaloid whose molecular formula is 1,3,7-trimethyl-1H-purine-
2,6(3H,7H)-dione [15]. The amount of caffeine in coffee can vary depending on several factors,
including the type of coffee bean, the roasting process, and whether the coffee is organic or non-organic
[14]. Organic coffee is produced using farming practices that minimize the use of synthetic fertilizers,
pesticides, and herbicides. The production of organic coffee is associated with lower environmental
impact and improved food safety and quality [16]. The determination of caffeine content in coffee can
be of interest to both coffee consumers and coffee producers. Many factors affect the amount of caffeine
in coffee, such as the origin of coffee beans, light exposure, height above sea level, method of growing,
roasting beans, fertilizer, pesticides, etc. [17-19].

This study aims to compare the caffeine amount of organic and non-organic coffees using High-
Performance Liquid Chromatography (HPLC) and determine whether there is a significant difference
in caffeine content between these types of coffee brews available in the Turkish market. The potential
differences in caffeine content between organic and non-organic coffee have important implications for
consumers who are concerned about the impact of their dietary choices on their health and the
environment. So, the results of this study can help consumers make informed decisions about their coffee
choices and provide valuable information for coffee producers to improve the quality of their products.

2. Materials and Methods

2.1. Sample Selection

This study included 12 coffee samples from 5 different market-available brands (A, B, C, D, E).
Seven of the coffee samples were organic. The included brands were carefully selected to provide both
organic and conventional options. All of the coffees under examination have the same roasting level
(medium roast/medium strength) and are made entirely of Arabica coffee beans. In the selection of
organic coffees included in the study, attention was paid to the presence of the "organic" logo on the
packaging. “Organic” coffees with the organic logo on their packaging are brands certified by
organizations authorized by the Ministry of Agriculture of the Republic of Turkey. Certification
procedures are carried out in accordance with the "regulation on the principles and practice of organic
agriculture" prepared by the Ministry of Agriculture of the Republic of Turkey.
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2.2. Preparation of Coffee Samples

All of the study's coffee beans were ground for 60 seconds in a coffee grinder (220 V 50/60Hz
180W). The ground coffees were weighed using an analytical balance (Precisa XB 220A) and prepared
using the recommended brewing methods (10 g coffee/180 mL water or 6-7 g coffee /125 mL water)
described on the label information. All the coffees were brewed for 3.5 minutes using an automatic filter
coffee machine (Braun Cafe House) and No. 4 filter paper. A thermometer (Selecta) was used to measure
the temperature of the coffees after they had been brewed. The coffees were not stored, and they were
prepared on the day of the analysis.

2.3. Preparation of Standard Solutions

Caffeine standards were prepared with bidistilled water as 1 ppm, 5 ppm, 10 ppm, 20 ppm, 50 ppm, and
100 ppm. Standard solutions were transferred into HPLC vials using a filter (PTFE Syringe Filter, 0.45

pum).
2.4. Caffeine Content Analysis

The caffeine content of all coffee samples was determined by the reverse phase HPLC method. High-
performance liquid chromatography system analysis was performed using a Thermo Finnigan UV1000
detector and SpectraSYSTEM pump, C18 analytical column (Phenomenex). The method of Shrestha et
al. (2016) was used in HPLC analysis [20]. The mobile phase was prepared with water:methanol ratio
of 60:40. The flow rate was 1 mL/min, the column temperature was 40°C, the injection volume was 100
pL, and the wavelength was 275 nm. All analysis was carried out at room temperature. The caffeine
content of coffee is expressed in mg/L. Caffeine content is calculated as cups, and 1 cup of coffee is
determined as 240 mL [21].

2.5. Statistical Analysis

Statistical analyzes were performed using the SPSS 22.0 package program. It was analyzed how
the dependent variable, the amount of caffeine, varied depending on the independent variables, such as
the cultivation method (organic vs. conventional) and the coffee brands (A, B, C, D, E). All values are
reported as “Mean+SD”. Statistical significance was considered when p<0.05. The variables were
investigated by analytical methods (Kolmogorov-Simirnov/Shapiro-Wilk’s test) to determine whether
or not they are normally distributed. The caffeine amounts of organic and conventional coffee samples
were compared using the student’s t-test. One-way ANOVA was used to compare the caffeine amounts
of organic and conventional coffees according to brands (A, B, C, D, E). The Levene test was used to
assess the homogeneity of the variances. When an overall significance was observed, pairwise post hoc
tests were performed using Tukey’s test [22].

3. Results and Discussion

This study evaluated the caffeine contents of organic and conventional coffees belonging to five
different coffee brands (A, B, C, D, E). The regression curve of the caffeine standards used (1, 5, 10,
20, 50, and 100 ppm/L) is given in Figure 1. The determination coefficient (R?) value obtained according
to the regression equation was 0.9986.

When organic and conventional coffees of various brands were examined (Figure 2), the caffeine
amount of conventional coffees were found to be higher than organic coffees (p<0.05). While the
amount of caffeine in organic coffees was 863.2£181.46 mg/L, it was determined as 1115.4+380.88
mg/L in conventional coffees.

There was a significant difference between the caffeine amount of organic (p=0.010) and
conventional (p<0.001) coffees belonging to five different brands (A, B, C, D, E) (Table 1). Among
organic coffees, there is a significant difference between A and E brands, and the amount of caffeine is
higher in E coffees (p=0.019). In addition, the amount of caffeine in E coffee, which is one of the organic
coffees, was higher than the C brand (p=0.016). The amount of caffeine belonging to the D and E brands
of conventional coffees is higher than the caffeine content of the A, B, and C brands (p<0.05). When
organic and conventional coffees of each coffee brand are evaluated within themselves, the caffeine
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content of organic coffees of A, D, and E brands was significantly lower than conventional coffees
(p<0.05). In contrast, the caffeine content of organic coffees of B and C brands was higher than
conventional coffees (p>0.05).

Caffeine amount (mg/L)
p=0.012
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Figure 1. Caffeine regression curve, regression Figure 2. Caffeine amount of organic and
equation, and the determination coefficient (r?) conventional coffees (mg/L)

There is a statistically significant difference between the amount of caffeine of brands A and E
and brands C and E (p<0.05). Conventional coffee: Conventional coffee; There is a statistically
significant difference between the amount of caffeine of brands A and C, brands A and D, brands A and
E, brands B and E brands, brands C and D, and brands C and E (p<0.05).

When examining Table 1, it can be seen that the highest caffeine level was measured in the
conventional coffee of brand D, with a level of 447.7 mg/L. The lowest caffeine level was detected in
the C brand coffee, also a conventional coffee. Among the organic coffees, the highest caffeine level
was found in brand E, with a level of 270.1 mg/L. A significant difference was observed between
conventional and traditional coffees in terms of maximum caffeine levels.

Table 1. Caffeine amount (1 cup) of organic and conventional coffees belonging to five different brands
(A,B,C,D,E) (mg/L)

Types of Brands Mean + standard Minimum  Maximu p
coffee deviation” m
A(n=1)  166.8+7.62 158.7 173.2
. B (n=3) 217.2+45.49 154.3 255.2
Organic =
(n=7) C(n=1) 164.3+15.31 148.9 179.5 <0.010
D (n=1) 204.9+7.80 195.9 209.5
E (n=1) 262.6+7.69 254.8 270.1
A(n=1)  247.4+181 245.4 248.8
Conventional B (n=1) 199.5+16.30 183.6 216.2
(n=5) C(n=1) 160.3+20.25 142.6 182.4 <0.001
D (n=1) 378.4+60.23 339.6 447.7
E (n=1) 353.0+3.22 349.3 355.2

*1 cup of coffee is determined as 240 mL.

In addition, the study found significant differences in caffeine levels among coffee brands in
general. Moreover, caffeine levels in conventionally produced coffee were higher than those in organic
coffee. Similarly, in a different study, caffeine levels were found to be 48.10 £ 3.95 mg/100 mL in
organic coffee and 57.95 + 5.39 mg/100 mL in conventionally produced coffee [23]. It is known that
traditional coffee contains significantly higher levels of caffeine than organic coffee. However, organic
coffee contains almost all bioactive compounds at higher levels than traditional coffee [23]. In another
study examining coffee grounds, it was reported that organic coffee grounds samples contained
significantly higher concentrations of bioactive and antioxidant compounds compared to conventional
coffee grounds samples [24]. However, in a different study, researchers found that organic coffee
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contained higher levels of chlorogenic acid and caffeine compared to conventional coffee, although this
difference was not statistically significant [25].

It is observed both in the literature and in the conducted study that traditional coffee contains a
higher level of caffeine than organic coffee. This is mainly due to the widespread use of nitrogen
fertilizers in conventional farming systems, which can affect the formation of caffeine. Caffeine is a
purine alkaloid, and nitrogen fertilization can increase the level of this alkaloid in coffee beans [26]. In
samples spiked with pesticides, there is more caffeine present. This shows that caffeine and pesticides
compete for sorbent adsorption [19].

However, these differences between organic and traditional coffee can arise from many reasons.
This situation is due to the interactive relationship between the soil in coffee production and the coffee
bean. The effects of organic or traditional coffee production on the physical, chemical, biological, and
microbial diversity of the soil are known [27]. While the coffee bean affects the structure of the soil, it
has been shown that different farming practices also affect the caffeine levels of coffee [28]. However,
it is known that the caffeine content in coffee beans is influenced not only by the geographical location
and physicochemical properties of the soil but also by the variety of the coffee bean, environmental
factors [29], and the geography where the coffee plants are grown [30]. The duration of coffee storage
and roasting level during production also affect the caffeine level in coffee beans, as well as the coffee
type [31]. In a study, the caffeine levels of organic coffee (4.61+1.69 mg/g) were lower than
conventional coffee (5.26£1.97 mg/g). However, in the storage process, the opposite was observed. The
caffeine content in organic stored coffee (8.55+3.45 mg/g) was found to be higher than traditional coffee
beans (5.41+£2.32 mg/g) [28]. It is also known that the way in which coffee is brewed and prepared by
the end consumer affects the caffeine level [23].

4. Conclusions

Coffee is an important beverage with many traditional varieties that are consumed widely
throughout the world. The presence and level of caffeine, one of the most important components of
coffee, is influenced by many factors. The coffee bean, production location, climate, post-harvest
storage, roasting processes, and brewing methods during consumption all affect the caffeine level of
coffee. In our study, we examined the effect of an important factor among these, production methods.
The results of our study are consistent with the literature. Caffeine levels in traditional coffees were
significantly different and higher than those in organic coffees. There are several limitations in our study.
The number of samples included in the study may be a feature of the study that needs improvement.
Because new studies to be conducted with a larger number of samples will provide the statistical power
of the findings and the generalization of the study result. With the inclusion of organic types of existing
coffee brands in the markets as well as the traditional types, it will be possible to make an evaluation in
a larger sample, at least for Turkey. The coffee samples from different countries/regions suggest the
possibility of different cultivation methods, and these situations will change the caffeine content.
However, there is not enough information about them on the label. Among the other reasons for the
difference in the amount of caffeine between traditional and organic coffees are the differences in the
synthetic chemicals used during production, antioxidants, pesticides, and fertilizers. A more detailed
examination of all these in other studies will enable the study to be addressed in all its aspects. This
situation will be a comprehensive data source in relation to health. In addition, the absence of bioactive
components in our study can be stated as a limitation. Bioactive components can also be looked at in
future studies.
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