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Abstract 

(1) Introduction: Chlorogenic acids and caffeine are relevant bioactive compounds present in coffee, 
known for their antioxidant properties and potential health benefits. However, their concentration 
may vary depending on the type and preparation of coffee. (2) Objective: This study aimed to 
quantify total chlorogenic acids and caffeine in different commercial coffee samples (instant, freeze-
dried and whole bean), and to evaluate their antioxidant capacity. (3) Results: Higher concentrations 
of total chlorogenic acids per serving were observed in freeze-dried and medium-roast powdered 
coffee, while the highest presence of caffeine per serving was detected in medium-roast powdered 
coffee. Decaffeinated coffees showed the lowest values for both compounds. The antioxidant capacity 
of instant coffees was higher than that of beans measured per serving but did not differ significantly 
from each other when normalizing the concentrations per mass. The medium roasted coffee beans 
had a significantly higher antioxidant capacity than the others. (4) Conclusion: The differences in 
composition suggest that coffee type, processing method and degree of roasting significantly 
influence the content of total chlorogenic acids, caffeine and antioxidant capacity of the final product. 

Keywords: coffee; chlorogenic acid; caffeine; antioxidants; ultra high-performance liquid 
chromatography (UHPLC) 
 

1. Introduction 

Coffee is one of the most popular beverages worldwide, with an estimated daily consumption 
exceeding 2 billion cups [1]. This phenomenon has increased considerably in recent years partially 
due to the growth of specialty coffee shops [1]. In Chile, according to the latest Chilean Coffee Census 
(Censo Cafetero Chile 2022) [2], the coffee shop market has been growing from 2019 to 2022, with a 
significant increase in new coffee shops, representing 39% of the total number of coffee shops in the 
country and according to this survey, both commercial and specialty coffee shops mainly sell coffee 
beans or their derivatives, rather than instant coffee [2]. Furthermore, over 80% of the Chilean 
population purchases coffee in bean format when they go to commercial or specialty coffee shops, 
and 45% of the coffee shops surveyed had coffee consumption in the range of 6 to 20 kg in 2022 [2]. 
Coffee consumption is primarily associated with caffeine intake; however, this beverage contains 
over 1000 bioactive compounds with antioxidant, anti-inflammatory and anti-fibrotic properties [3]. 
Several studies have linked coffee consumption to reduced risk of mortality from various causes [4,5] 
including cardiovascular disease, type 2 diabetes and some types of cancer due to their potential to 
influence carcinogenesis [3,4]. 

Caffeine is one of the main compounds found in coffee, a natural alkaloid present in numerous 
plant species [6,7] and regarded as one of the most commonly consumed psychoactive substances 
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worldwide [6]. Although rigorous studies indicate that moderate doses of caffeine (up to 400 mg/day) 
are generally safe for healthy adults, evidence on long-term effects and interactions with other risk 
factors [6]. Another highly relevant compound present in coffee beans is Chlorogenic Acids (CGAs) 
[8], the main group of phenolic compounds that make up the chemical matrix of green coffee [8], 
which are constituted by a large family of natural esters formed by the union of quinic acid with one, 
two or even three groups of cinnamic acids or their derivatives, the most common being caffeic, 
ferulic and p-coumaric acids [9]. Within this family, caffeic acid esters represent the predominant 
class, with 5-O-caffeoylquinic acid (5-CQA) being the most abundant and widely distributed in 
nature [9,10]. CGAs are present in coffee drinks, many fruits and vegetables such as apples, pears, 
blueberries, carrots and tomatoes, among others [11]. This group of compounds have remarkable 
antioxidant, anti-inflammatory, antimicrobial properties and have been appreciated for their 
beneficial effects against hypertension, type 2 diabetes mellitus, obesity and Alzheimer’s disease 
[8,11]. The bioavailability of CGAs may be affected by the processing of the coffee bean (drying and 
roasting) for consumption [12]. This could lead to the destruction of this biomolecule in a progressive 
manner, generating losses of around 8-10% for every 1% loss of dry matter in the early stages of 
processing [12]. A study by Kim et al. [13], which compared green coffee beans fermented with 
Bacillus subtilis versus non-fermented beans, reported that the CGAs content of fermented beans was 
9.2 times higher than non-fermented beans. This finding shows that, in addition to roasting and 
drying, the fermentation process can significantly influence the bioavailability of these compounds 
[13]. 

Therefore, given the role of CGAs as the main antioxidant present in coffee beans and their 
preparations, and caffeine as one of the most consumed bioactive compounds by the local population, 
as well as the absence of studies in products from the Chilean market to evaluate these compounds, 
it is relevant to investigate how the concentrations of caffeine and total CGAs vary in preparations 
that reproduce daily consumption in the country. This study considers the types of coffee (powder, 
freeze-dried and beans) and the most common preparation practices in the coffee-consuming 
population (instant preparations, filter coffee machine), both in caffeinated and decaffeinated coffees. 

2. Materials and Methods 

Coffee bean and soluble coffee products were purchased in commercial establishments 
(supermarkets and specialized coffee shops) located in Santiago, Chile. The soluble products 
analyzed correspond to instant and freeze-dried formats. Instant coffee whose label does not specify 
the type or origin of the beans used in its production was classified as a blend. All bean and instant 
coffee samples were checked to ensure that they had an expiry date after the date of analysis. Samples 
were stored in their original sealed containers in dark conditions at a controlled temperature of 20°C 
until analysis. 

2.1. Reagents and Solvents 

Chlorogenic acid standard, (purity ≥95%) was purchased from Cayman Chemical Company 
(Michigan, USA). Caffeine (purity 98.5%) was obtained from Merck KGaA (Darmstadt, Alemania). 
Methanol (purity 99.8%) and HPLC-grade water were obtained from Merck KGaA (Darmstadt, 
Alemania). 2,2-diphenyl-1-picrylhydrazyl (DPPH) was purchased from Merck KGaA (Darmstadt, 
Alemania). 

2.2. Preparation and Extraction of Coffee Samples for Ultra High-Pressure Liquid Chromatography 
(UHPLC) 

The preparations were carried out following the manufacturer’s instructions, differentiating the 
protocols according to the type of coffee. The coffee bean samples were ground using a Jubake® 
(model JU-7711, Guangdong, China) coffee grinder for 25 seconds. The infusions were prepared in a 
Hamilton Beach® (model 49615-CL, Wisconsin, USA) coffee machine with 200 mL of distilled water. 
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11.10 g of medium roast and decaffeinated coffee was dosed, meanwhile 8.00 g of dark roast coffee 
was used. Instant and freeze-dried coffee powder were prepared in a final volume of 200 mL. The 
dosage was 3 g for blend instant coffee and 3.33 g for medium and dark roasted coffees. For freeze-
dried coffee, 2.22 g were used. In the case of decaffeinated coffees, 5.00 g were used (Table A1). In all 
cases, the coffee was left to macerate for 5 min at 90 °C in a thermoregulated bath. Once the samples 
reached room temperature, were filtered through a 0.22 µm syringe filter. The solutions were diluted 
to 0.1%v/v in methanol and stored at -80 °C until analysis by UHPLC. 

2.3. Preparation of Caffeine and CGAs Calibration Curve by UHPLC 

A caffeine calibration curve was prepared with the following concentrations: 10, 5, 1, 0.5 and 0.1 
µg/mL in methanol. The CGAs calibration curve was worked out at a concentration of 20, 15, 10, 5, 1 
µg/mL in methanol. 

2.4. Identification and Quantification of Caffeine and CGAs by UHPLC 

UHPLC analysis was performed according to Jeon et al. [14]. UHPLC-1511 UV-Tech (Beijing, 
China) with ANAVO technologies Inc. (Beijing, China) C18 5 µm column was used. For caffeine 
measurement, the column was maintained at 40 °C, and for CGAs at 25 °C during the whole process. 
A calibration curve was performed with the caffeine and CGAs standard. Caffeine was measured at 
272 nm and CGAs was measured at 278 nm (Figure 1). 

 

Figure 1. Representative chromatograms obtained by UHPLC of the bioactive compounds in coffee. (A) Peak 
corresponding to caffeine, detected at approximately 2.8 minutes, with its respective chemical structure. (B) Peak 
corresponding to CGAs total, detected at approximately 1.7 minutes, with their chemical structure indicated. 
The signal is expressed in milliabsorption units (mAU) as a function of retention time (min). 

2.5. Determination of the Antioxidant Capacity of Coffee 

The antioxidant capacity was evaluated by the DPPH radical scavenging assay according to 
Brand-Williams et al. [15], with modifications proposed by Marinova & Batchvarov [16] and 
adaptations to scale down to 96-well microplates. A stock solution of 0.6 mM DPPH in ethanol was 
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prepared and stored at 4 °C in the dark. This solution was diluted for assays to a concentration of 
0.06 mM. In each row of the microplate a serial dilution of the extracts was performed with a dilution 
factor of 2 from an initial 10% v/v dilution to the concentration recommended by the manufacturer 
for consumption. To perform the assay, 100 µL of 0.06 mM DPPH solution and 100 µL sample were 
added to each well and incubated for 30 min in the dark, absorbance was measured at 517 nm in 
TECAN® (Infinite 200 pro, Grödig, Austria). Controls were performed for each component to avoid 
absorbance interferences. 

2.6. Analysis of Results 

The following equation was used to determine the percentage of radical inhibition: 
%Inhibition = ((Abs radical – Abs sample) / Abs radical) * 100 
Where: 
Abs radical: corresponds to the absorbance of the negative control (radical + water). 
Abs sample: Corresponds to the difference between the absorbance of the preparation control 

(ethanol + water) and the absorbance of the sample (sample + radical). 
The IC50 parameter was also calculated in the units of portions per 200 mL serving and 

milligrams per milliliter by interpolation of the curve obtained by the dilutions. 

2.7. Statistical Analysis 

Data analysis was performed with STATA/IC (version 15.0, Texas, USA) software and a 
significance level of α=0.05 and an confidence interval (CI) of 95% was considered. The normal 
distribution of the data was verified with the Shapiro-Wilk test. A one-way analysis of variance 
(ANOVA) was applied to determine variations in the means of CGAs and caffeine among the samples 
(bean, freeze-dried, instant - powder). Also, a Tukey post hoc test was applied to analyze the 
differences between each group, where different letters between groups represent significant 
differences between groups (p<0.05). The measurements of the coffee sample were performed in 
triplicates. The results were expressed as mean ± standard deviation (SD). 

For the statistical analysis of antioxidant capacity, the Shapiro-Wilk Normality test was 
performed. ANOVA was applied to determine variations in IC50 means. Post hoc Tukey analysis was 
performed for IC50 values to identify differences between each group, where different letters between 
groups represent significant differences between groups (p<0.05). The measurements of the coffee 
sample were performed in triplicates. The results were expressed as mean ± SD. 

3. Results 

3.1. Quantification of Caffeine in Instant Coffee Samples 

The sample corresponding to the medium roast coffee powder showed the highest 
concentration, with an average value of 94.98 ± 3.69 mg/serving, significantly higher than the rest of 
the samples (p<0.05). It was followed by commercial freeze-dried coffee, with an average of 76.30 ± 
3.68 mg/serving, with no statistical differences with respect to dark roast instant coffee, which had an 
average of 74.65 ± 4.88 mg/serving. Finally, the lowest concentration of caffeine corresponds to blend-
type powdered coffee, whose average concentration was 43.55 ± 3.32 mg/serving. No caffeine was 
detected in decaffeinated coffees (p<0.05) (Table 1). 

Table 1. Quantification of total caffeine and total GCAs in different instant coffee samples. 

Instants coffees  
Caffeine 

(mg/serving) 
CGAs totals 
(mg/serving) 

Ratio (Caffeine : 
CGAs) 

Instant (blend) 53.55 ± 3.32 a 34.00 ± 3.00 ª 1.58 
Dark roast instant  74.65 ± 4.88 b 50.43 ± 7.66 b 1.48 

Medium roast instant  94.98 ± 3.69 c 64.17 ± 6.01 bc 1.48 
Decaffeinated instant  N/D d 10.33 ± 7.51 d 0 
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Freeze-dried 76.5 ± 0.85 be 68.21 ± 6.17 ce 1.12 
Freeze-dried 
decaffeinated 

N/D ad 7.11 ± 3.17 df 0 

The mean values ± SD of caffeine and total CGAs (mg/serving) are presented for six types of instant coffee, 
differentiated by type of processing, degree of roasting and presence or absence of caffeine. N/D: Not detected. 
Superscript letters indicate significant statistical differences between samples according to one-way ANOVA 
with Tukey’s post hoc test (p < 0.05). 

3.2. Quantification of Caffeine in Coffee Bean Samples 

Statistically significant differences were observed only between the caffeinated samples and the 
decaffeinated sample (p<0.05). There are no significant differences between the caffeinated coffee 
bean preparations. However, a trend towards higher caffeine concentration was observed in medium 
roast coffee compared to dark roast coffee (Table 2). 

Table 2. Quantification of total caffeine and CGAs in different coffee bean samples. 

Bean coffee  
Caffeine 

(mg/serving) 
CGAs totals 
(mg/serving) 

Ratio (Caffeine : 
CGAs) 

Medium roast. 197.95 ± 16.43 a 111.67 ± 6.51 a 1.77 
Dark roast 167.30 ± 17.49 a 86.73 ± 15.14 b 1.92 

Decaffeinated dark 
roast 

N/D b 31.17 ± 4.25 c 0 

The mean values ± SD of caffeine and total CGAs (mg/serving) are presented for three types of coffee beans: 
medium roasted, dark roasted and decaffeinated. N/D: Not detected. Superscript letters indicate significant 
statistical differences between samples according to one-way ANOVA followed by Tukey’s post hoc test (p < 
0.05). 

3.3. Quantification of Total CGAs in Instant Coffee Samples 

The highest concentrations were observed in freeze-dried coffee and medium roast coffee 
powder, with mean values of 68.21 ± 6.17 mg/serving and 64.17 ± 6.01 mg/serving, respectively, with 
no statistical differences between the two samples. These values were significantly higher compared 
to the other samples analysed (p<0.05). The lowest CGAs concentrations were recorded in 
decaffeinated coffees, both powdered and freeze-dried, with mean values of 10.33 ± 7.51 mg/serving 
and 7.11 ± 3.17 mg/serving, respectively, showing no statistical differences between them (Table 1). 

3.4. Quantification of Total CGAs in Coffee Bean Samples 

The comparison between the coffee bean samples shows higher concentrations of total CGAs in 
the medium roasted coffee than in the other two samples, with a mean value of 111.67 ± 6.51 
mg/serving, which is statistically significant (p<0.05), while the decaffeinated dark roasted coffee 
beans show a lower concentration of this polyphenol, with a mean value of 31.17 ± 4.25 mg/serving 
(Table 2). 

3.5. Analysis of Antioxidant Capacity in Instant Coffees Samples 

Antioxidant capacity of the six instant coffee samples analysed (powder and freeze-dried) is 
presented in Table 3. Among the instant coffees, the highest antioxidant capacity of the decaffeinated 
coffee powder preparation per serving stands out, represented by an IC50 of 0.0053 ± 1.8772 * 10-4 
portion/serving, while the other preparations, regardless of the type of roasting or the production 
method, showed no statistically significant differences in their antioxidant capacity. However, when 
standardising the preparations to the same concentration (mg/mL), no statistically significant 
differences were found between any of the preparations (Table 3). 
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Table 3. Antioxidant capacity of instant coffee samples. 

Instant coffee  IC50 (portion/serving) IC50 (mg/mL) 
Instant (blend) 0.0097 ± 0.0014 a  0.0146 ± 0.002 a 

Dark roast instant  0.0118 ± 0.0019 a 0.0163 ± 0.0025 a 
Medium roast instant  0.0097 ± 0.0012 a 0.0133 ± 0.0016 a 
Decaffeinated instant  0.0053 ± 1.8772 x 10-4 b 0.0131 ± 4.6926 x 10-4 a 

Freeze-dried 0.0118 ± 4.5076 x 10-4 a 0.0131 ± 0.0005 a 
Freeze-dried decaffeinated 0.0164 ± 0.0009 c 0.0164 ± 0.0009 a 

The mean values ± SD of IC50 obtained for each instant coffee, presented in units of portion/serving and mg/mL, 
are presented. Superscript letters indicate significant statistical differences between samples according to one-
way ANOVA followed by Tukey’s post hoc test (p < 0.05). 

3.6. Analysis of Antioxidant Capacity in Coffee Beans Samples 

It can be seen that the medium roast coffee has the highest antioxidant capacity per serving, with 
a IC50 of 0.0156 ± 0.0009 portion/serving, being this difference statistically significant in comparision 
with the other samples (p<0.05). The lowest antioxidant capacity is in the decaffeinated coffee 
preparation with a IC50 of 0.0299 ± 0.0018 portion/serving, being this difference also statistically 
significant (p<0.05). When standardising the concentrations (mg/mL), there is only a statistically 
significant difference between the medium roast coffee and the other samples (Table 4). 

Table 4. Antioxidant capacity of coffee bean samples. 

Bean coffee IC50 (portion/serving) IC50 (mg/mL) 
Medium roast 0.0156 ± 0.0009 a 0.0869 ± 0.0050 a 

Dark roast 0.0354 ± 0.0022 b 0.1518 ± 0.0130 b 

Decaffeinated dark roast 0.0299 ± 0.0018 c 0.1659 ± 0.0100 b 

The mean values ± SD of IC50 obtained for each instant coffee are presented in units of portion/serving and 
mg/mL. Superscript letters indicate significant statistical differences between samples according to one-way 
ANOVA followed by Tukey’s post hoc test (p < 0.05). 

4. Discussion 

Caffeine, an alkaloid recognized for its stimulant effect on the central nervous system and is one 
of the most widely consumed psychoactive substances worldwide [6,7]. This study confirms that the 
concentration of caffeine per serving is not standard, due to different factors. In the instant coffee 
samples, the medium roast product had the highest concentration, followed by freeze-dried coffee, 
while the lowest concentrations were found in blended preparations and decaffeinated, which do not 
contain the compound. This heterogeneity is consistent with the literature, which attributes 
differences in caffeine concentration to variables ranging from bean origin (including species, altitude 
and microclimatic conditions [17–19] to industrial processes and blend formulation [20]. Indeed, 
environmental factors such as altitude and solar radiation have been shown to positively modulate 
caffeine accumulation in the coffee bean [21,22], introducing background variability that carries over 
to the commercial product. As expected, decaffeinated coffees showed an absence of caffeine, 
validating the efficacy of industrial extraction processes, mainly employ organic solvents, water or 
supercritical carbon dioxide [23]. 

However, the most significant difference emerged when comparing formats per serving of 
consumption. A standard 200 mL serving prepared from coffee beans (medium roast) delivered a 
caffeine dose almost double that of the more concentrated instant coffee sample. This is explained by 
the preparation from beans being an in situ solid liquid extraction, a highly efficient process for 
releasing caffeine from the cellular matrix of the freshly ground bean [24]. In contrast, instant coffee 
is a pre-processed and dehydrated industrial extract, involving extraction, concentration and drying 
(spray or freeze-drying) steps [25,26], which, while optimized for standardization and solubility of 
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the final product, may not maximize the concentration of caffeine in the resulting solid compared to 
the potential of a fresh extraction [25,26]. The relative thermostability of caffeine, evidenced by the 
lack of significant differences between our medium- and dark-roasted beans, reinforces that the 
determining factor in this gap is not the degree of roast, but the fundamental difference between a 
fresh infusion and rehydration of a processed extract [27]. 

Unlike caffeine, CGAs, coffee’s main phenolic compound and a potent antioxidant [8,11] is 
highly thermolabile [28,29]. This characteristic was a clear differentiator between the results obtained. 
In coffee beans, the concentration of CGAs was significantly higher in the medium roast than in the 
dark roast, confirming its degradation at higher roasting temperatures [28–30]. This differential 
degradation is quantitatively evidenced by the caffeine:CGAs ratio, which increased from 1.77 in the 
medium roast to 1.92 in the dark roast, reflecting a loss of this compound to caffeine. Among instant 
coffees, the freeze-dried product stood out for its high CGAs retention, comparable to that of 
medium-roast instant coffee. Freeze-drying, a low-temperature drying process, is known to preserve 
heat-sensitive compounds more effectively [31,32]. The notably lower caffeine:CGAs ratio in freeze-
dried coffee (ratio: 1.12) compared to its powdered counterparts (ratio: 1.48) reinforces that this 
processing method offers an advantage in preserving the phenolic profile. This finding demonstrates 
that the superiority of filtered coffee in terms of CGAs dose per serving goes beyond the mass of 
product used. It represents the fundamental 327 difference between an in-situ extraction from a more 
phytochemically intact matrix and the rehydration of an industrial extract [26,33]. The soluble coffee 
manufacturing process, which includes large-scale extraction, concentration and thermal drying 
steps, subjects the compounds to prolonged thermal and oxidative stress [34]. Given the known 
thermolability of CGAs [28], cumulative degradation is inevitable along this production chain [28]. 
Consequently, coffee beans, when subjected only to roasting prior to final infusion by the consumer, 
retain a higher CGAs potential that is efficiently released during fresh preparation [35]. Therefore, 
with respect to the results of this work, the higher CGAs concentration per cup of filtered coffee is a 
direct reflection of the superior preservation of the compound in a product that bypasses intensive 
post roast industrial processing. 

The antioxidant capacity of coffee is a complex property that does not depend exclusively on 
CGAs [26]. In coffee beans, this correlation was direct: the medium roast, with the highest CGAs 
content, had a significantly higher antioxidant capacity than the other coffee bean samples. However, 
in instant coffees, the picture was different. Despite variations in CGAs content, no significant 
differences in antioxidant capacity were observed between the different brewed coffees when 
normalized by concentration (mg/mL). This apparent discrepancy between CGAs concentration and 
reported antioxidant capacity suggests a contribution from other antioxidants compounds, such as 
CGAs-derived lactones, which arise from the degradation of CGAs, and may have antioxidant 
properties [35]. These are formed due to the coffee roasting process [35] or the process of generating 
instant coffee [26]. This could explain the robust antioxidant capacity of instant decaffeinated coffee, 
which, despite its low CGAs content, was not significantly lower than the others [35,36]. 

The results of this study show that, although medium-roasted coffee beans have the highest 
CGAs content, instant coffee preparations demonstrate greater antioxidant capacity per unit mass 
(mg/ml). This reinforces the hypothesis that industrial processing, while reducing the native CGAs 
content, enriches the final product with a set of antioxidant compounds that modify its functional 
properties [26], whereas in coffee beans CGAs is the main predictor of antioxidant capacity, in instant 
coffee this property is the result of a more complex balance between the original phenols and 
compounds generated during processing [37,38]. 

5. Conclusions 

This study demonstrates that the concentration of caffeine and CGAs in commercially available 
coffee products shows a marked variability determined by the type of format, degree of roasting and 
industrial processing. While medium roast coffee beans provide the highest concentration of caffeine 
and CGAs per serving, instant coffee - particularly in its freeze-dried format - exhibits a more 
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favorable retention of phenolic compounds relative to instant coffee powder, despite its lower total 
caffeine content. Furthermore, the antioxidant capacity is not only explained by CGAs, but by a more 
complex web of metabolites derived from thermal and industrial processing. 

Significantly, this work is the first systematic characterization of caffeine, CGAs and antioxidant 
capacity in instant and whole bean coffees available on the Chilean market, providing unprecedented 
evidence for the national context. The absence of previous studies of this type in Chile reinforces the 
importance of these findings and opens up the need for future research that considers both the 
diversity of commercial matrices and the impact of these variations on the dietary exposure of the 
population. 

It is important to move towards studies that integrate these chemical profiles with clinical and 
nutritional assessments in order to understand how differences between instant and whole bean 
coffees affect the bioavailability of bioactive compounds and their effects on health. It would also be 
relevant to explore the development of optimized soluble products that preserve the integrity of the 
phenolic compounds, offering more standardized functional alternatives for mass consumption. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ANOVA One-way analysis of variance. 

CGAs Chlorogenic Acids. 

CI Confidence Interval. 

DPPH 2,2-diphenyl-1-picrylhydrazyl. 

SD Standard Deviation. 

UHPLC Ultra High-Pressure Liquid Chromatography. 

Appendix A 

Table A1. Coffee samples and quantities used for beverage preparation (200 mL). 

Instant Coffee Samples Mass (g) / 200 mL 
Instant (blend) 3 

Dark roast instant  3.3 
Medium roast instant  3.3 
Decaffeinated instant  5 

Freeze-dried 2.22 
Freeze-dried decaffeinated 5 

Bean Coffee Samples Mass (g) / 200 mL 
Medium roast. 11.1 

Dark roast 8 
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Decaffeinated dark roast 11.1 

The table summarizes the amount of coffee powder or ground coffee (in grams) required for the 
preparation of 200 mL beverages across different commercial presentations. Instant coffee (blend, dark 
roast, medium roast, and decaffeinated), freeze-dried samples (regular and decaffeinated) and beans 
coffee preparation were weighed according to label instructions or standardized serving sizes. 
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