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ABSTRACT: This study investigated the kinds of foods that counteract teeth discoloration caused by consumption of coffee
and red wine. A protein contained in dairy products is known for possessing enamel demineralization properties, and strawberries
have been associated with teeth whitening functions. In this study, dairy, and strawberries were examined to determine if they
contain properties that can substantially counteract tooth enamel discoloration caused by the consumption of coffee and red wine.
When considering discoloration caused by coffee, milk, and strawberries were examined; when considering discoloration caused
by red wine, cheese and strawberries were examined. Sixty cow teeth were assigned to ten combination groups and the AE* (total
color change in Commission Internationale de L'Eclairage (CIE)) was calculated for the color change of teeth after immersion
in respective solutions. Dairy products such as milk and cheese reduced discoloration induced by coffee and red wine while straw-
berry did not. The concentration of beverages was critical to teeth discoloration. Based on our results, we recommend that people
consume dairy products such as milk or cheese when they drink coftee or wine. We also recommend people drink light coffee

(Americano) or light wine in order to keep teeth whiter and brighter.
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INTRODUCTION

One part of the face people care about most is their teeth.
Some of the most common causes of tooth discoloration come
from beverages including coffee and wine. These beverages are
consumed with high frequency by people with varying life-
styles due to the positive effects that are felt after consumption.
'The caffeine in coffee increases psychomotor function to stay
awake and provides physiological effects by increasing energy.!
Wine gives relaxation and pleasure to people as well as reduc-
es the risk of cancer, diabetes, gallstones, and cardiovascular
disease.? However, our teeth become discolored by such bev-
erages, thus, we need to find out the foods which are effective
for the prevention of teeth discoloration when taken together
with wine and coffee. This paper will look at the kinds of foods
that counteract teeth discoloration and make recommenda-
tions based on the findings to revise one’s diet. The specific
research question is as follows: Which foods can prevent teeth
discoloration when they are taken together with the stain-in-
ducing beverages?

Coffee and wine are frequently consumed by people, but
these drinks are shown to cause tooth discoloration. Coffee
contains brown or black colors, and red wine contains red, pur-
ple and brown colors.? These beverages contain chromogenic
polyphenols capable of chemical interaction, and the color of
stained teeth is thought to be derived from polyphenolic com-
pounds which provide the color in food.# The substances in
coffee and wine that are responsible for causing dental stains
are known as tannins and are composed of polyphenols such

as catechins and leucoanthocyanins. Nathoo® explained that
these materials generate color due to the presence of conju-
gated double bonds and are thought to interact with tooth
surfaces via an ion exchange mechanism and categorized this
discoloration as an N1 type mechanism. The tannins in the
pigmented foods react with chromogen which is responsible
for colors and result in discoloration by precipitating with
chromogenic substances on the enamel of the tooth that is
naturally porous. Additionally, the tannins in coffee and wine
which are acidic, lower the pH inside a person’s mouth and
eventually causes discoloration, which is facilitated by a low
pH level; acidity causes erosion of tooth surfaces.® Moreover,
acidity in wine is so strong that it creates rough spots and
grooves that enable chemicals that cause staining to penetrate
deeper into the tooth.” Therefore, frequent intake of wine can
lead to the erosion of dental hard tissues and thus, increase the
likelihood of tooth discoloration in the presence of pigmented
foods and beverages by allowing the penetration of these pig-
ments into the tooth.*

People commonly drink coffee together with milk and pair-
wine with cheese. The milk protein, casein is known to prevent
enamel demineralization;” more specifically, it stabilizes high
levels of amorphous calcium phosphate on tooth surfaces, and
thus, prevents demineralization.!® Therefore, it is pertinent to
study whether milk and cheese can counteract teeth discol-
oration induced by coffee and red wine through protecting
enamel surfaces of teeth.
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Strawberries are also well known for their function to whiten
teeth. Strawberries contain a substance known as malic acid,
which is effective at dissolving any superficial staining such as
chromogenic substances on teeth.! Therefore, the tooth-whit-
ening activity of malic acid that is present in straw berries
might help diminish discoloration by eliminating some of the
stains on the surface of teeth. However, the pigments and dyes
in strawberries may deepen discoloration, especially the red
dye in strawberries. In addition, the acid of this food may facil-
itate the discoloration of teeth through the erosion of enamel.®
Therefore, we need to examine whether strawberries minimize
or deepen discoloration of teeth. We also need to investigate a
way of combining these dairy products and strawberries with
stain-inducing beverages and to determine how they may in-
fluence teeth discoloration difterently.

In studies of discoloration and whitening of teeth, many re
searchers use cow teeth of which the surface closely resembles
that of human teeth. These studies examined the staining of
enamel with red and white wine;” the effect of children's fa-
vorite beverages on enamel;'? the effects of a bleaching agent
with calcium;!® the effect of fluoridated carbamide peroxid
on enamel surface change and whitening!# and the effect of
carbonated water on enamel erosion and plaque adhesion.!®
Therefore, cow teeth can be used for the experimentation of
discoloration and whitening of human teeth.

RESULTS

Discussion

In order to discover different types of food that would
best prevent tooth discoloration, the current experiment was
conducted with two cases of stain-inducing beverages:coffee
and red wine. For coffee, milk, and strawberry were set as the
counteracting beverage and food. For red wine, cheese, and
strawberry were the counteracting beverage and food. Those
foods were combined with possible causations for counteract-
ing discoloration; for coffee groups, coffee and milk at the same
time (‘coffee + milk’) or milk before coffee (‘milk — coffee’),
and coffee and strawberry (Str.) at the same time or strawberry
before coffee; for red wine groups, the same combination as
the coffee groups incorporating cheese instead of milk. A con-
trol group was set for coffee groups and another for red wine
groups respectively; ‘coffee only’” groupand ‘wine only’ group.
'Thus, five particular groups were set up for the coffee groups
and five groups for wine groups, for a total of 10 groups. The
change of color was measured after immersing the teeth in
different combinations of solution, where the AE* means the
increase of color change from the pretest scores.

Coffee Groups
The results of coffee groups are presented in Table 1 and
Figure 1.

Considering the data resulting from the teeth immersed
in each solution for three hours, the teeth groups that were
transferred from strawberry to coffee solution (mean 18.58)
and the teeth groups that were immersed in the mixture of
coffee with strawberry (mean 15.98) resulted in higher col-
or change compared to the control coffee only group (mean
10.87). On the other hand, the teeth groups that milk were
set as the counteracting beverage, both the group of transfer-
ring from milk to coffee solution (mean 8.50) and the group
of mixture of coffee with milk (mean 5.29), resulted in lower
color change than the coffee only group. Therefore, in the case
of coffee groups, the solutions that contained milk, counter-
acted discoloration of teeth while the solutions that contained
strawberries accelerated discoloration. In addition, the mixture
groups (coffee + milk, coffee + strawberry) were lower in their
color changes than their respective transferring groups (milk
— coffee, strawberry — coffee).

Table 1. The color change of coffee groups (AE¥).

Solution N E*o (pretest) | AE*1 (1 hour) | AE*2 (2 hours) | AE*3(3 hours)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Coffee only 6 | 63.62(2.49) 3.45 (1.33) 5.98 (1.42) 10.87 (1.29)
Coffee + Milk | 6 | 69.13(3.48) 2.89 (0.86) 3.99 (1.77) 5.29 (1.79)
Milk — Coffee | 6 | 67.44 (4.93) 4.55 (2.51) 5.74 (1.16) 8.50 (2.34)
Coffee + Str. | 6 | 74.51(4.56) 6.09 (2.45) 10.48 (4.09) 15.98 (5.27)
Str. — Coffee | 6 | 67.26 (3.98) 6.49 (2.00) 12.41 (2.08) 18.58 (1.80)
25
20 Str.—Coffee
15 1 Coffee+Str.
10 Coffee only
1 Milk—Coffee
5 Coffee+Milk

3 hours

2 hours

pretest

Figure 1. The color change of coffee group (AE¥).

Red Wine Groups

The results of red wine groups are presented in Table 2
and Figure 2. In the case of wine groups, the teeth that were
transferred from strawberry to wine solution (mean 20.59) pre-
sented higher color change than the control wine only group
(mean 17.27). However, contrasted with the coffee groups, the
teeth that were immersed in the mixture of wine with straw-
berry (mean 10.88) resulted in a smaller mean change than
the tooth saturated in the wine only solution. The teeth groups
transferring from cheese to wine (mean 15.52) and the group
in the mixture of wine with cheese (mean 5.62) also had a
lower change in color than the control (wine only) group. This
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further shows that the solutions containing cheese (cheese —
wine, wine + cheese) and the mixture of wine with strawberry
reduced teeth discoloration. In addition, the mixture groups
(wine + cheese, wine + strawberry) experienced less color
change than their respective transferring groups (cheese —
wine, strawberry — wine).

Table 2. The color change of wine group (AE*).

Solution N E*o (pretest) | AE*i (1 hour) | AE*2(2 hours) | AE*3 (3 hours)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Wine only 6 | 68.74(6.17) | 7.87(240) | 13.44(2.99) | 17.27(3.96)
Wine + Cheese | 6 | 68.49(5.25) | 3.26 (1.11) 4.07 (1.59) 5.62 (1.85)
Cheese — Wine | 6 | 65.06(3.35) | 8.87(2.49) | 10.93(1.93) | 15.52(2.62)
Wine + Str. 6 | 65.00(4.28) 4.15 (1.69) 7.26 (2.25) 10.88 (2.70)
Str. - Wine 6 | 68.17(3.45) | 9.82(5.71) | 15.77(4.53) | 20.59 (3.77)

25

20 Str.—Wine

Wine only
i Cheese—Wine

10 * | Wine+Str.
0
pretest 1 hour 2 hours 3 hours

5

Figure 2. The color change of wine group (AE®).

CONCLUSION

Two issues regarding prevention of tooth discoloration are
discussed: the effects of dairy products, and concentration of
stain-inducing beverages including the issue of both acidity
and colorants.

Dairy products such as milk and cheese seem to counteract
tooth discoloration induced by coftee and wine. When we refer
to the results with less color change among the teeth groups
immersed in the mixture of coffee with milk and with cheese,
compared with teeth groups in the coffee only or wine only
solutions, it is assumed that dairy products such as milk and
cheese contain properties that may help reduce discoloration
of teeth which were exposed to coffee or wine. Dairy products
seem to be able to diminish discoloration as a protein in dairy
products protects tooth enamel by stabilizing calcium phos-
phate on tooth surface.”°

Strawberries did not contribute to diminishing the disco
oration of teeth even though they are well-known for their
whitening effect by dissolving any superficial staining such
as chromogenic substances on the teeth.!* Rather strawber-
ries facilitated tooth discoloration. This discoloration may be
a tributed to the colorants in strawberries and their acidity.
In this study, cow teeth were immersed in the mixture of cof-
fee with strawberry or in the mixture of wine with strawberry

for three hours. The negative effects of discoloration might
be amplified through erosion on the surface of the tooth due
to acid, therefore letting the pigments infiltrate deeper into
the structure.® Therefore, considering the results, the custom
of adding milk in different kinds of coffee and having cheese
together when drinking wine may be beneficial since dairy
products may counteract against discoloring the teeth from
the colorants in coffee. However, the opposite might be true
for strawberries.

Additionally, the concentration of a stain-inducing bever-
age might be an element that affects tooth discoloration.
Comparing the color changes of the mixture groups with the
transferring groups, the color of teeth immersed in the mixture
groups of ‘coffee + milk’, ‘coftee + strawberry’, ‘wine + cheese’,
and ‘wine + strawberry’ changed consistently less than the re
spective transferring groups (‘milk — coffee’, ‘strawberry —
coffee’, ‘cheese — wine’, and ‘strawberry — wine’). These re-
sults seem to come from the low concentration of colorants;
the colorants in coffee and wine are diluted in the mixture
groups, and thus the amounts of polyphenolic compounds that
are responsible for the coloring of teeth were reduced.*

From the experiment with red wine, we can assume that the
conce tration of wine is critical to teeth discoloration. The col-
or change of the mixture group of ‘wine + strawberry’ was less
than the transferring group ‘cheese — wine’ and the wine only
group although strawberry contains stain-inducing colorants.
It is assumed from this result that the acidity of wine was dilut-
ed and further reduced the degree of tooth discoloration when
we refer the previous research asserting that the low pH level
leads to erosion of dental hard tissues.*”'® More specifically,
a low pH causes dissolution of calcified tooth structure, a de-
crease in enamel hardness and an increase in enamel porosity,
and as a result, allows penetration of the pigments of beverages
or food into the tooth. Therefore, lowering the concentration
of stain-inducing beverages which are acidic is important in
order to prevent tooth discoloration.

In conclusion, dairy products such as milk or cheese can
minimize the discoloration of teeth induced by coffee or red
wine. Another important finding is that the concentration of
beverages is critical to teeth discoloration. Therefore, we re
commend that people consume dairy products such as milk or
cheese when they drink coffee or wine. It will be better if they
drink light coffee (or light wine in order to keep teeth mini-
mize the effects of discoloration).

METHODS

Materials

As the physical and chemical characteristics of cow teeth
much resemble that of human teeth,3 60 cow teeth were used
in this study. The extracted cow teeth were obtained from a
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butcher and were cleaned and kept in a 0.9% NaCl saline solu-
tion. Before the experiment, the parts of cow teeth that were
cracked were covered with nail polish in order to prevent the
solutions from leaking through. The cow teeth were assigned
to 10 groups, with six in each group, in order of the size of the
cow teeth, as the thickness of teeth enamel is a critical element
to the degree of discoloration.

Materials included 10 capsules of ground coffee bean (Ne-
spresso Ristretto), a bottle of red wine (JINRO house wine of
16.67% alcohol by volume (ABV)), whole milk, cream cheese
(Philadelphia), frozen strawberry, 0.9% NaCl saline solution,
and a bottle of nail polish. In detail, 40mL of coffee (espres-
s0) was extracted from each capsule of 5.5g; cream cheese was
mixed with mineral water in a 1:1 ratio to form a liquid state;
and frozen strawberry was ground without any additional

water or sweetener. The tool used for measuring color was Mi-
nolta CR 400.

Pilot Study

A pilot study was conducted in order to find out how
much time was needed for the cow teeth to be discolored and
for the researcher to become familiar with the procedure of
the experiment and the use of the Minolta CR 400. A tooth
was immersed in coffee and another tooth in the mixture of
coffee and milk at a ratio of 1:1 for 1 hour. The L* a*, b* val-
ues were measured every 10 minutes. As a result, measuring
every hour for three times was determined to be sufficient.

Experimentation for the coffee groups

The cow teeth were immersed in the extracted espresso
coftee for the ‘coffee only’ group and in the coffee and milk
mixture - at a ratio of 1:1 - for an hour respectively. For the
transferring from milk to coffee (‘milk — coffee) group, the
cow teeth were immersed in milk for five minutes, rinsed with
0.9% NaCl saline solution, and then immersed in coffee for
20 minutes repeatedly until the time immersed in the coffee
solution reached one hour. This procedure was continued so
that the teeth to be immersed in each solution for three hours,
while measuring the colors each hour. For the experimentation
of the ‘coftee + strawberry’ group and the ‘strawberry — coftee’
group, the same procedure was conducted as described above.

Experimentation for the red wine groups

Liquid cheese which was made of cream cheese mixed with
mineral water was used for the cheese in the transferring from
‘cheese — wine’ group, and the liquid cheese was mixed with
wine at a ratio of 1:1.Except for this cheese condition, all other
procedures were the same as described for the coffee groups

Measurement and Analysis

In this study, the colors of the cow teeth were measured
with CIE (Commission Internationale de L'Eclairage, CIE)
standard wherein the L* a* b* refer to the variation in the
white-black, red-green and yellow- blue chromaticity respec-
tively.’® The colors of teeth were assessed four times; pretest,

and one hour, two hours and three hours after immersion in
the solutions utilizing the Minolta CR 400. Each cow tooth
was measured three times for each assessment and the average
of L*, a* and b* values was calculated for those color values.
Then, the value of the total color change (AE*) was calculated
using the following formula:
AE*=V((AL")A2+(Aa*)A2+(Ab*)A2)
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