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Abstract

Purpose: Coffee consumption is a well-known contributor to tooth 
discoloration, and the extent of staining is influenced by the chemical com-
position of the coffee. This study investigated the associations of coffee 
roasting level, chlorogenic acid (CGA) content, absorbance level, and their 
combined effects with tooth discoloration. 
Methods: Bovine tooth enamel specimens were immersed in light, 
medium, and dark roasts of four coffee types (two Arabica and two Robusta 
coffees) for 72 h. High-performance liquid chromatography (HPLC) was 
used to measure CGA content, absorbance levels were estimated by using 
pigment concentration, and discoloration was assessed by spectrophotom-
etry. The data were analyzed with the Friedman test.
Results: Medium roasts induced the greatest discoloration, and tooth spec-
imens immersed in Ethiopia Arabica exhibited the greatest color difference 
based on CIEDE2000 (ΔE00 at 72 h: 13.51 ± 4.63). Light roasts induced the 
least staining, despite having the highest CGA content. Dark roasts showed 
the highest absorbance, indicating a higher pigment concentration. Fried-
man analysis revealed a significant difference in color change in relation to 
roasting level for all coffee types.
Conclusion: The present findings indicate that tooth discoloration is 
caused by the complex interaction of CGA, melanoidins, and roasting 
level. Because of the interplay of these factors, medium roasting had the 
greatest effect on discoloration.

Keywords: chlorogenic acids, coffee, high-performance liquid 
chromatography, melanoidin, spectrophotometry, tooth 
discoloration

Introduction

Tooth discoloration often results from dietary habits and lifestyle choices 
and is a common concern. Among the culprits, coffee stands out because of 
its widespread consumption and significant staining potential [1,2]. Coffee 
contains numerous compounds, and tannins, chlorogenic acids (CGAs), 
and chromogens are key factors in tooth discoloration. Although evidence 
indicates that these components are linked to discoloration, the compo-
nents that have the most substantial effects, and the mechanisms involved, 
are unclear. CGA content in coffee positively correlates with tooth discol-
oration [3,4]. Similarly, tannins contribute significantly to tooth staining 
[5]. However, few studies of coffee composition have examined the com-
plex interactions that contribute to tooth discoloration and the factors that 
increase the concentrations of the relevant components.

Coffee consumption habits are potential factors in the degree of tooth 

discoloration. Coffee temperature notably changes staining potential, as 
hot coffee is associated with greater staining [6]. Additionally, the roasting 
level of coffee should be considered. Coffee roasts are typically classi-
fied as light, medium, and dark—each requiring different temperatures 
and roasting times [7]. These differences in roasting affect the flavor and 
chemical composition of the coffee [8]. The pigments in coffee, primarily 
melanoidins formed during the roasting process, may cause discoloration 
by depositing on the tooth surface [9]. It is important to determine how 
these factors, along with CGAs, affect discoloration trends. Therefore, 
coffee consumption styles and preferences should be evaluated when con-
sidering the complex extrinsic staining process of teeth.

This study aimed to develop a comprehensive understanding of coffee-
induced tooth discoloration by examining the individual and combined 
effects of CGA and pigments and determining how their concentrations are 
affected by coffee roast level. Measurements were made with colorimetry, 
high-performance liquid chromatography (HPLC), and ultraviolet-visible 
(UV-Vis) spectrophotometry. By exploring the interactions between these 
factors, this study attempted to identify the main contributors to coffee-
induced tooth discoloration and provide insights on mitigating such 
discoloration.

Materials and Methods

Bovine teeth procured from the Korean Traditional Market in Seoul and 
stored at −20°C until use were used as tooth enamel specimens (Fig. 1). 
Mandibular central and lateral incisors were used, and teeth with cracks 
or caries were discarded. Before modification, the teeth were thawed at 
room temperature. Holes (diameter, 8 mm) were drilled through the center 
of the teeth with a bench drilling machine (YDM-13 mm, Yongsoo Preci-
sion, Daegu, Republic of Korea) equipped with a cylindrical diamond core 
(10 × 8 mm) while supplying water to prevent overheating. The drilled 
teeth were then affixed to custom-made acrylic rings (30 × 12 × 4 mm) 
by using self-curing resin (ASCP3000500, Vertex-Dental, Soesterberg, 
Netherlands). To maintain the enamel layer and prevent dentin exposure, 
the specimens were meticulously polished with a grinding and polishing 
machine (LaboPol-5, Struers, Copenhagen, Denmark) using silicon carbide 
papers (#220, #600, and #1200 SiC sand paper, R&B, Daejeon, Republic 
of Korea) [10-12]. To ensure consistent thickness overall—a requirement 
for accurate microhardness measurement—specimen thickness was mea-
sured after each grinding session with a digital micrometer (CD67-S15PM, 
Mitutoyo, Kawasaki, Japan). 

The specimens were selected by using predefined inclusion criteria—
those having a Vickers Hardness Number (VHN) ≥250 and a 75 ± 1 L* 
value were considered satisfactory [3,4,13]. The VHN was determined 
with a Vickers hardness tester (HM-220, Mitutoyo) to ensure that each part 
consisted primarily of enamel rather than dentin. Additionally, the baseline 
colors of each specimen were measured with a spectrophotometer (Ci7600 
X-rite Pantone, Grand Rapids, MI, USA) in reflectance mode.

Coffee preparation
Two types of Arabica (Coffea arabica) and two types of Robusta (Coffea 
canephora) raw beans (Ethiopia Yirgacheffe Arabica, Colombia Supremo 
Arabica, Vietnam Robusta, Uganda Robusta; Greenearth Coffee, Yongin, 

Journal of Oral Science. doi.org/10.2334/josnusd.24-0287

Original Article

Effect of coffee roasting level on tooth discoloration
Soyeon Kim1), Sri Larnani1), Noha Taymour2), Shin Hye Chung3), Murali Srinivasan4), Young-Jae Kim5),  
and Young-Seok Park*1,6)

1)Department of Oral Anatomy and Dental Research Institute, School of Dentistry, Seoul National University, Seoul, Republic of Korea
2)Department of Substitutive Dental Sciences, College of Dentistry, Imam Abdulrahman Bin Faisal University, Dammam, Saudi Arabia
3)Department of Dental Biomaterials Science and Dental Research Institute, School of Dentistry, Seoul National University, Seoul, Republic of Korea
4)Clinic of General-, Special Care- and Geriatric Dentistry, Center for Dental Medicine, University of Zurich, Zurich, Switzerland
5)Department of Pediatric Dentistry and Dental Research Institute, School of Dentistry, Seoul National University, Seoul, Republic of Korea
6)Center for Future Dentistry, School of Dentistry, Seoul National University, Seoul, Republic of Korea

Received July 21, 2024; Revised September 27, 2024; Accepted September 28, 2024; J-STAGE Advance Publication: December 6, 2024

*Corresponding author: Young-Seok Park, Department of Oral Anatomy and Dental Research 
Institute, School of Dentistry, Seoul National University, 101 Daehak-ro, Jongno-gu, Seoul 03080, 
Republic of Korea
Fax: +82-2-2072-3859  E-mail: ayoayo7@snu.ac.kr

This work is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International License. 
creativecommons.org/licenses/by-nc-nd/4.0/ 
©2024 Nihon University School of Dentistry



2

Republic of Korea) were roasted to three levels (Fig. 2A). By using a 
coffee bean roaster (MK301, RAF, Jinhua City, China), beans were roasted 
at 205°C for 13 min for light roasts, at 210°C for 20 min for medium 
roasts, and at 220°C for 25 min for dark roasts. A grinder (BCG-740All, 
Beancruise, Seoul, Republic of Korea) was then used to coarsely grind 
the roasted beans, and 15 g of the ground coffee powder was inserted into 
a drip coffee maker (LCZ1002WT, Lacuzin, Seoul, Republic of Korea) 
containing 250 mL of distilled water. The brewed coffee was transferred to 
a plastic container for immersion of tooth specimens. A small portion was 
saved for HPLC analysis of CGA content and absorbance measurements. 

HPLC analysis of CGA 
The most abundant CGA isomers—3-caffeoylquinic acid (3-CQA), 5-caf-
feoylquinic acid (5-CQA), and 4-caffeoylquinic acid (4-CQA)—were 
measured to determine the CGA content in the present coffee solutions 
[14]. The standards were purchased from Sigma-Aldrich (St. Louis, MO, 
USA), and the standards and coffee solutions were analyzed with an HPLC 
photodiode array detector (HPLC YL 9100-PDA, Youngin Chromass, 
Anyang, Republic of Korea) and YL-Clarity software (Youngin Chro-
mass), in accordance with the conditions recommended by DIN 10767 [15]. 
Gradients of 0 min-90% mobile phase A (Acetonitrile, Sigma-Aldrich) 
and 40 min-40% mobile phase B (1% phosphoric acid, Sigma-Aldrich) 
were created at a flow rate of 1.0 mL/min. The coffee solutions were then 
centrifuged at 10,000 rpm for 10 min at 4°C, after which the supernatant 
was collected, filtered through a 0.2-µm filter (Advantec, Tokyo, Japan), 
transferred to an HPLC vial, and loaded into an autosampler for testing.

Absorbance
To estimate and compare pigment concentration, which indicates the mela-
noidin levels formed during the three-level roasting process, the coffee 
supernatant was subjected to absorbance testing at a wavelength of 416 nm 
(Hidex Chameleon, Hidex Oy, Turku, Finland) (Fig. 2B).

Tooth immersion
To measure color change from coffee exposure, 120 tooth specimens were 
used. The sample size was calculated using G*Power Version 3.1.9.6 
(Heinrich Heine University Düsseldorf, Düsseldorf, Germany), assuming 
a significance level of 0.05, a power of 0.95, and an effect size of 0.15. 
Although the recommended sample size was 60, the experiment proceeded 
with 120 specimens to ensure sufficient power and reliability. Coffee 
solutions were prepared at three different roast levels—light, medium, 
and dark—for each type of coffee bean: Ethiopia Yirgacheffe, Colombia 
Supremo, Vietnam, and Uganda (Greenearth Coffee). This resulted in 
three batches per coffee type, with 10 specimens immersed for each batch. 

Fig. 1   Workflow of the present experiment

Fig. 2   Coffee beans arranged by roast level from left to right—raw green beans, light-roasted 
beans, medium-roasted beans, and dark-roasted beans (A), and coffee solutions brewed from light, 
medium, and dark roasts (B)
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Baseline measurements of the tooth specimens were taken before and after 
immersion for 1, 3, 9, 24, 48, and 72 cumulative hours. In accordance with 
the Commission Internationale de l'Éclairage L*a*b* (CIELAB) method 
[16], L*, a*, and b* values were measured to determine color differences 
with the CIEDE2000 (ΔE00) formula [17]. 

ΔE00 RT=
∆L' 
kL SL

+
2( ) ∆C ' 

kC SC
+

2( ) ∆H' 
kH SH

+
2( ) ∆C ' 

kC SC
( ) ∆H' 

kH SH
( )

ΔL*, Δa*, and Δb* were calculated by subtracting the baseline measure-
ments from the measurements taken at a specific time point. The whiteness 
index (WID) was calculated using a formula developed by Pérez et al. [18]: 

WID = P × a* + Q × b* + R × L*

Statistical analysis
To assess the normality and homoscedasticity of the data, the Shapiro-Wilk 
and Levene tests were conducted. On the basis of the test results, the Fried-
man test was then applied with a significance level set at P < 0.05. All 

analyses were performed using Python 3.10.12 (main, November 20, 2023, 
15:14:05) [GNU Compiler Collection 11.4.0].

Results

The results of the Shapiro-Wilk normality test showed deviations from nor-
mality for all variables, indicating that the assumption of normality was not 
met. The Levene test was used to assess homogeneity of variances across 
the different coffee types for each of the three variables. Color change and 
absorbance had differences in variances across the groups (P = 0.019 and 
P = 0.040, respectively), indicating a violation of the homogeneity of vari-
ances assumption. In contrast, CGA showed no significant difference in 
variances across groups (P = 0.078), suggesting that the assumption of 
homogeneity of variances was valid for this variable. 

The Friedman test was used to assess the significance of differences in 
color change, CGA content, and absorbance across the roast levels. The 
results indicated significant differences in color change across roast levels 
for all coffee types (P < 0.001). Moreover, pairwise comparisons using the 
Wilcoxon signed-rank test with Bonferroni correction revealed significant 
differences between most pairs of roast levels (Table 1). For CGA content 

Table 1   Color difference (ΔE00), whiteness index difference (ΔWID), and CGA content (median and interquartile ranges), by coffee type and roast level 

Roast Level Coffee 1 h 3 h 9 h 24 h 48 h 72 h
ΔE00 ΔE00 ΔE00 ΔE00 ΔE00 ΔE00

ΔWID ΔWID ΔWID ΔWID ΔWID ΔWID

Light A1 0.61 1 1.96 2.55 3.83 3.98a 

(0.29-1.06) (0.33-1.37) (1.36-3.09) (1.78-4.19) (2.12-4.81) (3.09-5.41)
0.88 0.92 4.17 7.56 7.37 8.82

(0.54-1.78) (-0.06-1.70) (3.31-5.00) (3.87-8.02) (5.19-12.53) (6.14-10.85)
A2 0.63 1.08 1.28 3.02 3.05 5.15a 

(0.52-0.79) (0.52-2.50) (0.71-2.17) (2.05-4.66) (2.20-4.42) (3.95-6.90)
0.7 1.66 2.86 4.32 5.92 8.61

(0.16-1.39) (0.24-2.74) (2.20-4.54) (1.71-6.20) (3.96-8.99) (6.18-13.20)
R1 0.71 1.04 1.16 1.49 2.7 3.75a 

(0.29-1.97) (0.73-2.45) (0.51-2.64) (1.12-4.22) (1.11-4.01) (1.77-5.05)
−0.45 0.74 1.06 1.4 2.01 3.59

(−1.13-0.55) (−1.07-1.68) (−0.76-2.68) (−1.67-3.49) (−0.88-6.69) (0.18-8.18)
R2 0.41 1.03 1.25 2.08 2.81 3.12a

(0.25-0.70) (0.54-1.85) (0.40-2.34) (1.42-3.72) (2.05-5.35) (2.70-5.59)
0.57 1.15 1.53 2.94 4.49 6.1

(0.02-0.78) (0.22-2.41) (0.85-2.63) (1.71-4.27) (2.48-6.27) (2.31-7.26)

Medium A1 1.35 1.95 5.48 7.83 8.92 11.97b 

(0.95-2.14) (1.68-3.11) (3.25-7.54) (5.93-10.13) (7.58-16.31) (10.48-15.27)
3.63 5.5 10.46 14.38 16.32 25.74

(1.66-5.89) (2.79-8.40) (6.36-17.64) (9.31-27.98) (13.55-37.21) (16.50-33.85)
A2 0.68 1.46 2.18 4.62 6.97 9.23b 

(0.36-1.14) (1.14-3.09) (1.94-4.12) (3.73-7.95) (5.35-10.64) (6.25-13.88)
1.31 3.79 5.11 9.02 12.42 16.89

(0.36-3.27) (1.25-5.15) (2.54-9.71) (4.81-14.88) (6.63-16.77) (8.04-25.35)
R1 0.99 1.52 2.29 3.11 5.07 7.14b 

(0.64-1.77) (1.18-2.60) (1.45-3.24) (2.47-5.91) (3.93-7.41) (6.27-10.70)
1.74 2.76 3.92 5.89 8.72 14.93

(0.13-3.11) (1.38-4.87) (2.09-7.66) (3.84-12.76) (6.40-17.71) (8.44-21.21)
R2 1.85 3.03 4.21 8.04 10.43 12.82b

(0.95-2.01) (2.10-5.34) (3.37-6.73) (5.61-11.15) (6.71-15.34) (9.20-17.28)
2.9 4.86 6.11 8.64 15.48 17.58

(1.32-4.08) (2.57-9.72) (4.18-12.72) (6.02-21.31) (7.44-25.88) (8.68-30.87)

Dark A1 0.87 1.55 2.89 4.38 6.03 6.67c

(0.50-1.39) (0.92-2.22) (2.54-4.89) (3.56-6.09) (4.74-7.92) (4.96-8.71)
1.76 3.33 7 8.83 11.54 12.34

(0.21-3.33) (2.50-5.73) (4.83-10.66) (6.17-10.43) (9.12-14.43) (7.64-15.69)
A2 1.19 2.48 3.18 4.93 6.64 8.50b 

(0.58-1.46) (1.54-3.30) (1.99-3.82) (3.79-6.58) (4.63-9.17) (6.54-9.45)
1.85 1.93 3.94 5.69 9.67 12.11

(0.61-3.12) (0.65-4.54) (3.23-4.95) (3.88-11.01) (5.88-13.80) (6.21-15.92)
R1 1.06 2.22 2.7 4.22 4.86 7.34b 

(0.71-1.45) (1.86-2.66) (2.43-3.55) (3.73-6.55) (3.74-7.73) (6.25-9.72)
2.89 5.66 7.15 11.08 12.81 16.11

(0.82-3.62) (1.66-6.81) (4.89-9.54) (6.57-15.77) (5.40-16.76) (11.08-19.90)
R2 0.53 1.75 2.08 4.95 5.62 6.75c 

(0.17-0.82) (1.17-2.00) (1.48-2.80) (3.06-6.00) (3.76-7.17) (4.10-8.10)
0.63 2.92 3.35 6.36 8.55 9.04

(0.28-1.86) (1.41-3.89) (1.65-6.10) (4.08-14.42) (5.27-11.73) (4.33-15.35)
A1: Ethiopia Yirgacheffe (Arabica), A2: Colombia Supremo (Arabica), R1: Uganda (Robusta), R2: Vietnam (Robusta). a,b,cdifferent letters in the same column indicate a 
significant difference.
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and absorbance, significant differences were detected across all roast levels 
(P ≤ 0.001 for all comparisons).

Specimens immersed in medium roasts exhibited the highest ΔE00 and 
ΔWID across all four coffee types at the final 72-h sequence (Table 1). 
Specifically, medium-roast Ethiopia Arabica resulted in the greatest discol-
oration, with the highest ΔE00 (13.51 ± 4.63; median: 11.97, interquartile 
range [IQR]: 10.48-15.27) and ΔWID (26.24 ± 11.45; median: 25.74, IQR: 
16.50-33.85). These findings indicate substantial overall color change in 
the specimens and that there was a considerable reduction in whiteness, 
which suggests prominent yellowing or darkening over time.

In contrast, Uganda Robusta had the lowest ΔE00 (8.76 ± 4.74; median: 
7.14, IQR: 6.27-10.70) and ΔWID (15.44 ± 9.94; median: 14.93, IQR: 8.44-
21.21) among the medium roasts. Although this coffee type still caused 
noticeable discoloration and reduction in whiteness, the extent was sig-
nificantly less than that for Ethiopia Arabica. This suggests that Uganda 
Robusta affects the color and whiteness of the specimens, but to a lesser 
degree than other medium roasts.

Among light roasts, the Colombian Arabica had the highest ΔE00 (5.27 
± 1.59; median: 5.15, IQR: 3.95-6.90) and ΔWID (9.82 ± 4.57; median: 
8.61, IQR: 6.18-13.20) at 72 h. These values are lower than those for 
medium and dark roasts, indicating that light roasts result in less discolor-
ation and less reduction in whiteness. This trend was consistent across all 
light roasts. The Uganda Robusta light roast had the least impact on ΔE00 

and ΔWID, particularly in the early immersion periods.
Among dark roasts, Ethiopia Arabica again caused the most substantial 

discoloration and reduction in whiteness: ΔE00 was 7.47 ± 3.78 (median: 
6.67, IQR: 4.96-8.71) and ΔWID was 12.19 ± 4.46 (median: 12.34, IQR: 
7.64-15.69) at 72 h. Although these values are lower than those for the 
medium roast of the same coffee, they are still notable and suggest that, 
even at darker roast levels, Ethiopia Arabica contributes to considerable 
color change and whiteness reduction.

All specimens except those immersed in light roasts exhibited discol-
oration above the thresholds of perceptibility (0.8) and acceptability (1.8) 
after just 1 h of immersion. This highlights the rapid impact of coffee on 
specimen discoloration, particularly for medium and dark roasts, for which 
color changes were noticeable and significant after a short interval. The 
light roasts, while still causing discoloration, exhibited a slower rate of 
color change and remained closer to the perceptibility threshold in the 
early stages. 

HPLC analysis revealed that total CGA content was highest in light 
roasts, followed by medium and dark roasts (Table 2). The differences 
among coffee types were minimal as compared with the variance observed 
among roast levels. Conversely, absorbance was lowest for light roasts and 
highest for dark roasts (Table 2).

Discussion

The present prolonged immersion times of tooth specimens in coffee solu-
tions—up to 72 h—do not reflect typical coffee consumption habits, which 
involve brief contact. However, this method is useful experimentally as 
it amplifies the effects of coffee compounds on enamel, thus allowing for 
clearer observation of staining potential and the chemical interactions 
involved. By extending immersion time, the study aimed to simulate 
cumulative exposure over a longer period, thereby providing insights into 
the potential long-term effects of regular coffee consumption on tooth 
discoloration.

The present results shed light on the relationship between roasting 
levels, CGA content, absorbance levels, and their combined effects on 
tooth discoloration. Previous studies established that CGA level positively 
correlates with tooth discoloration [3,4,19]. The different roast levels 
of coffee evaluated revealed that CGA content varies greatly in relation 
to roast level, which was partly reflected in the discoloration trends of 
tooth specimens. Specimens immersed in medium roasts had the great-
est discoloration. While CGA was most prevalent in light roasts, the least 
discoloration occurred in these roasts, suggesting that tooth discoloration 
results from the complex interaction of various factors rather than from a 
single component.

Absorbance measurements of coffee revealed that dark roasts had the 
highest absorbance, indicating the highest pigment concentration. This is 
consistent with chemical transformations known to occur during roasting, 

where higher temperatures and longer roasting times degrade CGA and 
create more melanoidins through Maillard reactions [20,21]. The Maillard 
reaction in coffee occurs when the temperature of the beans is above 154°C 
and involves a complex reaction between sugars to produce melanoidins 
[22]. Although melanoidins comprise 29% of the total weight of coffee, 
they cannot be directly analyzed because of uncertainty regarding their 
structures; hence the use of absorbance to estimate their concentration [22-
24]. Melanoidins tend to exhibit maximum absorbance near a wavelength 
of 405-420 nm [23,24].

Medium roasts, which induced the most discoloration, contained 
moderate levels of CGA and melanoidins, as compared with light and 
dark roasts, highlighting the importance of these components in inducing 
discoloration. Moreover, when beans are exposed to extremely high tem-
peratures, CGAs are almost completely degraded, as observed in the dark 
roasts, which had much lower CGA levels than light and medium roasts 
[25]. Despite the low CGA content, dark roasts still had greater discolor-
ation than light roasts, indicating that melanoidin concentration is slightly 
more important than CGA in tooth staining.

There were only minor variations in CGA, pigment content, and discol-
oration trends among the different coffee types. The findings for Ethiopia 
Arabica coffee, which induced the greatest discoloration, were consistent 
with those of a previous study that reported that Arabica coffee tended to 
stain more than Robusta coffee [6]. However, differences in discoloration 
attributable to coffee type were minimal, as compared with differences in 
discoloration due to differences in roasting level. A previous CGA analy-
sis also reported that CGA was more affected by roasting level than by 
geographical factors [7]. This indicates that roasting level has a greater 
impact on CGA content than the origin of the beans and that roasting level 
indirectly and substantially affects tooth discoloration attributable to coffee 
consumption.

CGAs contribute to tooth discoloration through several mechanisms. 
CGA, a colorless acid, can potentially erode tooth enamel [26]. Com-
promised enamel integrity can lead to dentin exposure, making the tooth 
surface more porous, rough, and prone to staining [27]. Pigments formed 
during roasting are more likely to deposit on pores and roughened surfaces. 
Past experiments on enamel-acid exposure have shown demineralization, 
as indicated by increased surface roughness and decreased microhardness 
[28].

CGAs can also cause tooth discoloration through heat-induced break-
down into quinic and caffeic acids. This process increases the complexity 
of coffee-driven tooth discoloration because it contributes to the brown 
color and is incorporated into melanoidins. Melanoidins are indirect 
products of CGA thermal breakdown and are indirectly influenced by 
CGAs. A study reported that quinic and caffeic acids are incorporated into 
melanoidins during roasting, and that more quinic acid was released during 
CGA breakdown [29]. Although CGA content in coffee may be indirectly 
positively correlated with melanoidin production, CGAs enhance the 
functional properties of melanoidins. Therefore, the indirect interactions 
between CGAs and melanoidins suggest that coffee with naturally high 
CGA content likely causes substantial tooth discoloration when heavily 
roasted.

Table 2   Chlorogenic acid content and absorbance, by roast level

Roast level Coffee CGA (mg/100 mL) Absorbance (AU)
Median (IQR) Median (IQR)

Light A1 61.51 (61.25-61.74)a 1.03 (1.02-1.06)a

A2 49.88 (47.91-51.88)a 0.94 (0.93-0.96)a

R1 52.09 (51.61-52.57)a 0.77 (0.76-0.80)a

R2 58.17 (55.88-60.42)a 1.12 (1.10-1.14)a

Medium A1 30.88 (30.18-31.62)b 1.88 (1.87-1.91)b

A2 26.92 (25.76-28.09)b 2.45 (2.43-2.47)b

R1 34.15 (33.33-34.98)b 1.93 (1.89-1.98)b

R2 31.64 (30.89-32.40)b 2.14 (2.11-2.18)b

Dark A1 7.24 (6.87-7.61)c 2.73 (2.70-2.76)c

A2 3.88 (3.68-4.01)c 2.68 (2.65-2.72)c

R1 5.32 (5.31-5.35)c 2.72 (2.69-2.77)c

R2 5.73 (5.46-5.97)c 3.23 (3.21-3.26)c

A1: Ethiopia Yirgacheffe (Arabica), A2: Colombia Supremo (Arabica), R1: Uganda (Robusta), R2: Vietnam 
(Robusta). a,b,cdifferent letters in the same column indicate a significant difference
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Although the role of saliva was not considered in this study, a previous 
study has shown that polyphenols bind to salivary proteins [30], which 
indicates that CGAs can interact with salivary proteins and adhere to 
tooth surfaces. However, further research is needed to determine how this 
contributes to tooth discoloration. Future studies should also consider the 
amount of sucrose in coffee, to confirm the association between sucrose 
and melanoidins [31]. Additionally, the effects of coffee additives are 
important because many consumers add sugar or syrup to their drinks. 
These additives could alter the chemical composition and staining poten-
tial of the coffee. It is also crucial to explore the impact of dairy products 
such as milk and cream, because they might interact with polyphenols and 
affect their binding to tooth enamel. Furthermore, investigating the role of 
brewing method, including espresso, drip, and cold brew, could provide a 
comprehensive understanding of how preparation techniques influence the 
staining properties of coffee. Understanding these variables will help in 
developing more-effective strategies for preventing coffee-induced tooth 
discoloration and maintaining oral health.

In summary, the present findings indicate that tooth discoloration is 
driven by a complex interplay of CGA, melanoidins, and coffee roasting 
level. Discoloration was greatest for medium roasts because of the con-
siderable amounts of CGAs and melanoidins, and specimens exposed to 
Ethiopia Arabica coffee had the greatest discoloration. Light roasts, despite 
having the highest CGA content, induced the least discoloration, indicat-
ing that factors other than CGA influence staining. Dark roasts had the 
highest pigment concentration, as evidenced by absorbance measurements, 
highlighting the role of melanoidins formed during roasting. 
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