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Introduction

Antioxidants in the diet play an important role in the pre-
vention of chronic diseases such as cardiovascular disease 
(CVD), type 2 diabetes, and certain cancers. Antioxidants 
are substances that work to delay or prevent the oxidation of 
oxidizable substrates such as proteins, lipids, carbohydrates, 
and DNA (Halliwell, 1997). The ability of antioxidants to 
reduce the amount of reactive oxygen species (ROS) in the 
body makes them important to maintaining physiological 
health. Excess ROS is harmful, and thus antioxidants pro-
tect the body from the destructive effects of free radicals, 
maintaining optimal reduction–oxidation (redox) balance 
(Marques et al., 2014; Seifried et al., 2007). Oxidative stress 
has been shown to be related to CVD (Garcia et al., 2017), 
cancer (Sosa et al., 2012), and other chronic diseases (Chris-
ten 2000; Maritim et al., 2003). Antioxidant molecules can 
hinder oxidative processes by delaying or preventing the 
oxidative stress reducing the risk of these diseases.

Coffee has a high content of phenolic acids such as such 
as caffeic acid and chlorogenic acid, making it one of the 
major contributors to antioxidants in the diet (Lee et al., 
2019). Coffee is among the most widely consumed bever-
ages worldwide (Samoggia and Riedel, 2019) and has been 
reported to account for approximately 40% of total phenolic 
intake daily (Grosso et al., 2014). Coffee continues to be 
widely consumed by Americans (Loftfield et al., 2016); 
for this reason, it is important to investigate its potential 
health benefits. Due to its widespread consumption, coffee 
is the greatest contributor to redox-active compounds in the 
diet, contributing more than 60% of total dietary antioxi-
dants (Bohn et al., 2013). Studies investigated the impacts 
of coffee consumption on different aspects of health such 
as breast (Ganmaa et al., 2008; Pathy et al., 2010), pros-
tate (Cao et al., 2014; Liu et al., 2015; Wilson et al., 2011), 
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colorectal (Schmit et al., 2016), and liver cancers (Larsson 
and Wolk, 2007; Loftfield et al., 2020; Sang et al., 2013). 
However, there has also been controversy over the impact 
of coffee consumption on coffee and its effects on blood 
pressure and CVD (Chrysant, 2017; Rodríguez-Artalejo and 
López-García, 2018). Coffee variety and brewing methods 
may affect the phenolic content in brewed coffee extracts 
(Olechno et al., 2020) and thus differentially contribute to 
redox balance. The inconsistency of these findings can thus 
be in part a result of the various types of brewing methods 
since they may contribute to the antioxidant concentrations 
in coffee extracts. Mena et al. (2021) found that after cof-
fee consumption mammalian and microbial metabolism 
occurs with phenolic catabolites appearing mainly as phase 
II metabolites. When these compounds are ingested, they 
can be rapidly and partially absorbed and excreted allowing 
for detection in plasma and urine. This study also found that 
the bioavailability of coffee phenolic acids was reduced with 
increased consumption due to the saturation effect.

With the increasing popularity of coffee, it is important 
to investigate how various coffee brewing methods affect 
the antioxidant capacity of coffee extracts and contribute 
to increasing the body’s antioxidant status which ultimately 
helps with reducing the risk of CVD. However, there are 
limited studies assessing how the variety of brewing meth-
ods and types of coffee affect antioxidant capacity. Prepara-
tion methods may lead to differences in phenolic content 
of brewed coffee, indicating the significance of this study 
because it will contribute to the limited information on cof-
fee preparation methods. The purpose of this study was to 
investigate the impact of coffee preparation on total phenolic 
content in brewed coffee extracts and their contribution to 
urinary total antioxidant capacity.

Materials and methods

Preparation of coffee extracts

For preparation of the coffee extracts for measuring total 
phenolics and total antioxidant capacity, a single-serve cap-
sule coffee brewing machine with plastic water reservoir 
and a stainless-steel French press coffee maker and coffee 
grinder were used to brew six brands of coffee. The capsule 
coffee machine and French press were washed thoroughly 
with distilled deionized water (DDW) before and in between 
each extraction. Capsule coffee solutions were obtained three 
times for a total of 540 mL using the brewing instructions 
for making a small cup of coffee described in the brewing 
machine manual. For the intervention study, capsule coffee 
was prepared from a single coffee brand. First, the brew-
ing machine was run three times using only HPLC-grade 
water to rinse any potential residue. Three capsules were 

then brewed sequentially using HPLC-grade water, and the 
resulting coffee brew was mixed (producing approximately 
540 mL of coffee). French press coffee was brewed using 
stainless steel equipment (French press, coffee bean grinder 
and water kettle) and a whole bean version of the same brand 
of coffee. First, the coffee grinder was filled with beans and 
ground for 14 s. Then 27 g of ground coffee (equivalent 
to the amount of coffee contained in three capsules) was 
placed in the French press along with 600 mL of hot HPLC-
grade water and brewed for 4 min producing approximately 
540 mL coffee. Coffee was immediately served in a ceramic 
mug.

Human study design and procedure

A 15-day randomized crossover trial was conducted with 
30 healthy participants who were randomized into one of 
two groups: capsule or French press (n = 15 each group). 
Randomization was followed by a 7-day run-in period in 
which they were instructed not to consume coffee. Then on 
the day of intervention, participants were provided break-
fast (Table 1). Participants were then instructed to finished 
assigned coffee at the testing site. For the following 6 h after 
finishing the coffee, participants were allowed to leave the 
testing site but were permitted to only consume a provided 
lunch. For the 18 h following this, participants were free to 
consume food and beverages that adhered to the protocol, 
including: (1) avoid consuming coffee and soy-based prod-
ucts (e.g., tofu, edamame, soy milk) and (2) avoid using 
paper/plastic silverware (e.g., cups, plates, utensils), touch-
ing paper receipts, and using sunscreen (Sakaki et al., 2022). 
Participants then repeated the intervention after a 6-day 
washout period (Fig. 1).

Enrollment criteria consisted of being between 19 and 
55 years old and a self-reported coffee consumer. Exclu-
sion criteria for participation included: (1) individuals with 
a history of heart diseases, cancer, liver disease, endocrine 
disease, or kidney dysfunction; (2) having allergic reactions 
of adverse effects to ingestion or cessation of 540 mL of 
coffee; (3) current smokers; (4) having a job requiring con-
tact with thermal paper receipts; (5) having a job with a 
food packaging or plastic manufacturing company; and (6) 
women taking estrogen therapy or estrogen birth control pills 

Table 1   List of optional food and beverages provided to participants

Breakfast Lunch

1 protein bar 1 protein bar
355 mL ginger ale 355 mL ginger ale
1 medium banana 1 medium banana
1 medium apple 1 medium apple

1 slice bread
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within the last 3 months. The study protocol was approved 
by the University of Connecticut Institutional Review Board 
(H18-017).

Urine collection

Three urine samples were collected from each participant, 
for each coffee type. A spot urine sample was collected 
immediately prior to consumption of coffee (baseline). A 
second sample was collected for 6 h post coffee consumption 
(6H), and a third was collected for 24 h post coffee consump-
tion (hours 6–24; 24H).

Measurements of total phenolic contents

Total phenolic contents were measured from the 6 varieties 
of capsule coffee and the matching French press coffee by 
performing a total phenolic assay (Lee et al., 2019). This 
process included creating a gallic acid standard solution at 
10, 30, 60 and 100 mg/L for the standard curve. Using 96 
well plates, after the addition of DDW and each sample, the 
addition of Folin & Ciocalteau’s phenol reagent was timed 
followed by the addition of a 7% (w/v) Na2CO3 solution. 
After standing at room temperature for 90 min, the absorb-
ance was measured at 750 nm using the microplate reader 
(BioTek Synergy 2, BioTek, Winooski, VT, United States). 
This process was additionally repeated for each of the base-
line, 6H, and 24H urine samples from capsule coffee and 

French press groups. Total phenolic content was expressed 
as mg gallic acid equivalents (GAE)/L of coffee extract.

Measurement of total antioxidant capacity (TAC) 
with 1,1‑diphenyl‑2‑picrylhydrazyl (DPPH) assay

The TAC in coffee extracts was first measured using a DPPH 
scavenging assay. This includes creating the DPPH radical 
solution and adjusting for its absorbance to 0.650 ± 0.020 at 
517 nm. Vitamin C (ascorbic acid) was used as an antioxi-
dant standard to create the standard curve. Using 96 well 
plates, the extracts of six coffee varieties and standard solu-
tion were added to the DPPH solution. After standing in 
the dark for 30 min, the solutions were measured to find the 
decrease in absorbance at 517 nm measured by the spectro-
photometer. DPPH was used as one method to analyze TAC 
of coffee extracts because the radical chromogens of this 
method can only be solubilized in organic media (Kim et al., 
2002). Antioxidant capacity was expressed as mg Vitamin C 
equivalents (VCE)/100 mL of coffee extract.

Measurement of TAC with 2,2ʹ‑azino‑bis‑3‑ethylbenzthi
azoline‑6‑sulfonic acid (ABTS) assay

TAC in coffee extracts was also measured using the ABTS 
radical chromogen (Lee et al., 2017). For this assay, a PBS 
solution was first prepared to be combined with AAPH 
(2,2ʹ-azobis-(2-amidinopropane) HCl) and ABTS to create 
the radical solution. After heating for 30 min, the radical 
solution was filtered and adjusted for absorbance at 734 nm 
using PBS. Each sample was then mixed with the radical 
solution, and absorbance was measured at 734 nm after 
10 min. The antioxidant capacity was then calculated by 
using the reduction in absorbance. This process was repeated 
for each of the urine samples in duplicate. ABTS was used 
for both coffee extracts and urine because ABTS radical 
chromogens can be dissolved in both aqueous and organic 
phases (Kim et al., 2002). This allows for measurement of 
TAC of any food samples in which compounds are lipophilic 
or aqueous (Re et al., 1999). Urine TAC was measured using 
only ABTS rather than DPPH as urine is largely a carrier 
of hydrophilic products. Antioxidant capacity measured in 
both coffee extracts and urine samples was expressed as mg 
VCE/100 mL of sample.

Statistical analysis

To summarize the total phenolic content and total anti-
oxidant capacity of coffee extracts and urine samples, the 
mean values and standard deviation are displayed. Corre-
lation and statistical significance were determined using 
Pearson correlation between capsule coffee and French 
press extracts and urine collected after capsule coffee and 

Fig. 1   Randomized cross-over intervention design. Participants were 
assessed for eligibility then randomized into the capsule coffee of 
French press group. After the 7-day run-in period, participants con-
sumed their assigned coffee and provided urine samples. Following 
a 6-day washout period, participants then consumed the other coffee 
and provided urine samples
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French press consumption. Urine was analyzed using two-
tailed, paired t tests tests and coffee extracts were analyzed 
using two-tailed, independent t tests. Statistical signifi-
cance was set at P < 0.05.

Results and discussion

Demographic characteristics of participants

The demographic characteristics of all 30 participants 
based on different variables are shown in Table 2. The 
majority of participants were female. Caucasian was the 
most common race/ethnicity follow by Asian-American/
Pacific Islander, both encompassing nearly 90% of the 
racial makeup. The participants were generally young 
adults and consumed slightly over 1 cup of coffee daily 
habitually.

Total phenolic content and total antioxidant capacities 
of coffee extracts

The mean total phenolic content of coffee extracts from 
six different brands brewed using a capsule coffee machine 
and French press are shown in Fig. 2. Capsule coffee had 
higher total phenolic content across all coffee extracts. 
This trend is also shown in Table 3: the mean total phe-
nolic content of capsule coffee samples is significantly 
higher than that of French press (P < 0.01). Data from 
the DPPH assay suggests there is a significant differ-
ence between capsule coffee and French press samples 
(P < 0.01); however, there was no significant difference 

between brewing methods in the ABTS assay (Fig. 2 and 
Table 3).

Total phenolic content and total antioxidant capacities 
of urine samples

Urine samples were analyzed at baseline, 6H, and 24H to 
analyze TAC and total phenolic content over the course of 
one day. The results of the total phenolic and TAC assays 
for urine are displayed in Table 4. In the ABTS assay, 6H 
urinary TAC after capsule coffee consumption was not 
significantly higher than after French press consumption 
(P = 0.06). However, the 24H TAC of capsule coffee was sig-
nificantly higher than French press (P < 0.01). Both TAC and 
total phenolic 6H and 24H values did not exceed the mean 
baseline values. Urine values were adjusted using urinary 
creatinine levels; however, this did not show any changes in 
significance with the exception of the total phenolic content 
24H comparison between capsule coffee and French press 
(P < 0.01).

The main objective of this study was to investigate how 
the brewing methods of capsule coffee and French press con-
tribute to total phenolic content and TAC of coffee extracts 
and human urine. Coffee consumption contributes greatly to 
phenolic contents and antioxidant uptake in the diet. How-
ever, the variability in brewing methods has not been thor-
oughly investigated to determine their impacts on the body’s 
total phenolic and antioxidant status. Of the coffee brands 
investigated in this study, capsule coffee extracts had sig-
nificantly higher total phenolic content and total antioxidant 
capacity than French press coffee extracts.

The difference in antioxidant capacities may be due to 
the difference in brewing times between the methods which 
play a role in the extraction of antioxidants (Ludwig et al., 
2012), while the difference in total phenolic content may 
be due to chemical changes that occur during roasting and 
the roasting intensity (Sacchetti et al., 2009). Differences in 
total phenolic content may also be due to the limited vari-
ety of coffee products and brewing methods investigated, 
unlike a previous study that measured various other forms, 
such as cans and plastic bottles, to calculate the approximate 
daily intake of total phenolics (Grosso et al., 2014). Brewing 
time and coffee origin are also sources that could lead to 
differences in values of total phenolics and TAC; however, 
coffee bean roasting may have a more significant impact 
on levels of antioxidants and phenolics (Górecki and Hall-
mann, 2020). A discrepancy in values observed between the 
DPPH and ABTS assays for coffee extract has been shown 
a previous study in which the DPPH assay underestimated 
antioxidant capacity by approximately 33.8% compared with 
the ABTS assay (Kim et al., 2002). This can be explained by 
the fact that phenolic compounds on the free radicals react 

Table 2   Demographic characteristics of participants

Data are presented as number (%) for categorical and mean (SD) for 
continuous variables

Variable Participants

Female 22 (73.3%)
Male 8 (26.7%)
Age (years) 24.8 (5.5)
Race/ethnicity
Caucasian 15 (50%)
Asian-American/Pacific Islander 11 (36.7%)
Hispanic 2 (6.7%)
African American 1 (3.3%)
Other 1 (3.3%)
Coffee consumption over the past 12 months (cups per 

day)
1.2 (1.1)
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Fig. 2   Mean total phenolic 
content (A) and TAC (ABTS 
(B) and DPPH (C)) from 
six brands analyzed using 
capsule coffee (CC) and French 
press (FP) extracts. Data are 
presented in mean ± standard 
deviation (bars). GAE gallic 
acid equivalents, VCE vitamin 
C equivalents; *Statistical 
significance (P < 0.05)
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differently between the aqueous phase and organic phase 
(Kim et al., 2002).

An unexpected result was that urine samples did not 
display a significant difference between the baseline, 6H, 
and 24H total phenolic content for both capsule coffee and 
French press urine samples. This may be a result of the food 
and beverages consumed because participants were not 
required to consume or finish the breakfast provided and 
the difference in food consumed while not on the research 
site contributing to a difference in TAC. An investigation of 
specific antioxidants and phenolic compounds in the future 
may be useful to determine which compounds are specifi-
cally contributing to the total calculations.

This study has found that the contribution of total phe-
nolics and antioxidants to the body is greater with the con-
sumption of capsule coffee versus French press. Natural 
antioxidants, such as phenolic compounds, and roasting-
induced antioxidants such as melanoidins contribute to the 
antioxidant capacity of brewed coffee extracts (Ludwig 
et al., 2012). This study differs from previous literature 
based on the investigation of different brews of coffee from 
different regions of the world using a wider variety of brew-
ing methods and investigating caffeine content. A previous 
study, demonstrating the difference in total phenolic content 
and antioxidant capacity of filter brew and espresso coffee, 

found that coffee with higher caffeine content is thought 
to account for the higher antioxidant capacity and total 
phenolic content for both espresso and filter coffee brews 
(Ludwig et al., 2012). It has been proposed that caffeine 
acts as an antioxidant compound against lipid peroxidation 
induced by ROS (Lee, 2000). Another previous study found 
that the coffee brewed from different regions in the world 
have a significant impact on the antioxidant potential with 
cappuccino having the highest antioxidant capacity followed 
by Turkish coffee and instant coffee (Wolska et al., 2017). 
These results differ from this study based on the methods: 
the thermal treatment of coffee beans transforms the bio-
logical and chemical properties of coffee beans leading to 
increased antioxidant activity (Castillo et al., 2002; Vicente 
et al., 2014). This trend is also seen in this study through the 
differences in total phenolic content and antioxidant capacity 
among the different brands of coffee analyzed as well as the 
brewing methods.

The results of this study should be interpreted with atten-
tion to some limitations. First, this study did not test the 
effect of caffeination and roast methods on TAC. Second, 
this study only considers two methods of coffee brewing, 
when there are numerous more methods. However, the study 
was designed to specifically use a brewing method with 
minimal plastic material (stainless steel French press) as a 
control against capsule coffee. Further investigations with 
various brewing and roasting methods along with variations 
in caffeine content will prove beneficial. Third, the diet was 
not strictly controlled for participants during the 24H urine 
collection. Breakfast and lunch were provided to participants 
to minimize endocrine-disrupting chemical contamination 
(primarily through limiting plastic materials); however, par-
ticipants were not required to finish each meal, leading to 
possible discrepancy of results among participants. There 
are, however, notable strengths. First, the crossover design of 
the study limits the possible variation of confounding vari-
ables due to the metabolism of individuals as each partici-
pant was their own control. Second, the collection of three 
urine samples after coffee consumption allowed for analysis 
of TAC and total phenolic content for the totality of a day. 
Finally, we assessed two brewing methods that have not been 
widely assessed contributing to the data on the effects of 
different brewing methods on coffee.

Table 3   Total phenolic content 
and total antioxidant capacity of 
coffee extracts (n = 6)

P-values comparing mean capsule coffee and French press values
Data are presented in mean ± standard deviation
GAE gallic acid equivalents, VCE vitamin C equivalents

Variable Capsule coffee French press P-value

Total phenolic content (mg GAE/L) 1933.65 ± 291.98 1240.53 ± 133.92 < 0.01
ABTS total antioxidant capacity (mg VCE/100 mL) 282.74 ± 16.02 200.47 ± 16.01 0.06
DPPH total antioxidant capacity (mg VCE/100 mL) 183.29 ± 13.93 131.02 ± 10.91 < 0.01

Table 4   Total phenolic and total antioxidant capacity (ABTS assay) 
of urine samples at baseline, 6 h, and 24 h (n = 30)

Data are presented in mean ± standard deviation
GAE gallic acid equivalents, VCE vitamin C equivalents
P-values comparing mean capsule coffee and French press samples

Capsule coffee French press P-value

Total phenolic 
content (mg 
GAE/L)

Baseline 575.40 ± 365.42  502.43 ± 269.04 0.23
6H 203.84 ± 105.36 186.82 ± 88.37 0.11
24H 460.55 ± 186.29  463.20 ± 257.46 0.94
Total antioxidant capacity (mg VCE/100 mL)
Baseline 81.81 ± 37.68  54.20 ± 24.90 < 0.01
6H 27.32 ± 18.70  21.08 ± 11.35 0.06
24H 61.80 ± 29.17  47.42 ± 22.48 < 0.01
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In conclusion, the data suggest that capsule coffee pro-
vides a higher concentration of total phenolic and anti-
oxidant capacity. In line with this, drinking capsule coffee 
increased the body’s antioxidant status more than French 
press and was the superior choice in this case. This may 
impact coffee drinkers’ future choices on brewing methods. 
The major implication of this study is that although there 
are a variety of other brewing options, capsule coffee has 
shown to provide a greater concentration of antioxidants 
than French press coffee. Further studies can expand on this 
by using a broader range of brewing methods and providing 
more strict diet recommendations to evaluate the contribu-
tion of brewing methods of coffee to antioxidant status.
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