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The hidden truths behind the 
bottled water, sports drink, and 
energy drink market and the 
threat they pose to the oral cavity
Abstract
This course will discuss the changing landscape of American beverage choices. 
Bottled water, sports drinks, and energy drinks are increasing in sales each 
year. People have misconceptions that these beverages are healthier alterna-
tives to traditional sodas; however, many of these substances pose a risk to 
the oral environment with their acidic nature and sugar content. The dental 
professional is in a key position to ensure patients are adequately informed 
of the risks versus benefits of their beverage choices. This course will discuss 
popular beverage choices and arm the dental professional with the knowl-
edge needed to educate patients on their beverage choices.

Educational objectives
At the conclusion of this course, the reader will be able to:
1. Understand the caries process as it relates to extrinsic acid attacks
2. Differentiate between bottled water, sports drinks, and energy drink 

contents
3. Be familiar with the oral implications associated with beverage choices 

and provide interventions to promote remineralization and a homeo-
static oral pH

4. Be better equipped to educate patients on the risks of beverage choices 
as related to the dental caries process

Q UIC K AC C E S S c od e 15401
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The American diet is rich in acidic choices, 
especially with the growing market of bot-
tled beverages. Many of these products 
are advertised as healthier alternatives to 
sodas, but their oral implications are sig-
nificant considering their pH content. This 
course will provide a brief overview of the 
caries process focusing on the effects extrin-
sic acids have on hard tissues. The pH of the 
oral cavity as compared to the pH of com-
mon beverages such as bottled water, sports 
drinks, and energy drinks will be presented. 
Then statistics, regulations, contents, defi-
nitions, and safety concerns of these bever-
ages will be discussed.

Extrinsic acids attack oral hard tissues 
and lead to destructive processes. Healthy 
saliva pH ranges from 6.8 to 7.4. When the 
pH of the mouth is altered to a more acidic 
state, the natural balance of protective ver-
sus pathological factors shifts, increasing 
the risk for demineralization and dental car-
ies. The American Dental Association pub-
lishes caries risk assessment forms on their 
website and lists sugary drinks (including 
juice, carbonated or noncarbonated soft 
drinks, and energy drinks) as a high-risk 
potential for patients.1 Dental providers 
need to question patients on their inges-
tion of these beverages and then alter oral 
hygiene instructions and treatment plans 
accordingly.

Caries overview
Dental caries is a preventable disease that 
has reached epidemic levels in the United 
States.2 It is considered one of the most com-
mon childhood diseases.2 According to the 
Centers for Disease Control and Prevention 
(CDC), 37% of children ages 2-8 experienced 
dental caries in their primary teeth, and 
14% had untreated tooth decay in 2011-
2012. During this same time period, 58% 
of adolescents ages 12-19 had dental decay 
in permanent teeth and 15% had untreated 
decay.2 Ninety-two percent of adults ages 
20-64 and 89% of adults ages 65 and older 
had dental caries in their permanent teeth.3 
Dental caries is a public health concern, and 
the cost of treating this disease is draining 
on the economy, especially since approxi-
mately only 50% of Americans have some 
form of dental insurance (private or pub-
lic).⁴ In 2017, Americans paid out-of-pocket 
for 47.1% of all dental expenditures.⁴ Aside 

from the economic impact, the treatment 
and prevention of caries is a complicated 
process for providers due to the nature of 
the disease.

Dental caries is a multifactorial process 
that involves destruction and alteration of 
the hard tissues of the mouth. It is through 
the process of demineralization that the 
caries process initiates, and acidic food and 
beverages play an important role in this pro-
cess. Demineralization is a process by which 
the minerals of tooth structures are dis-
solved.5 This course focuses on the effects 
of extrinsic acid introduction to the mouth 
and its role in the demineralization process.

Three important structures essential to 
the discussion of dental caries are enamel, 
dentin, and cementum. Enamel is a highly 
calcified/mineralized structure at 95% and 
consists of many elements such as hydroxy-
apatite, calcium, f luoride, and phosphate. 
Dentin is the next highest calcified struc-
ture at 70%, and cementum is 65% calci-
fied.6 The higher the calcification, the more 
resistant the structure is to extrinsic acid 
attacks from food and beverages bathing 
the hard tissues.

The pH scale is used to define how acidic 
or basic a substance is. pH stands for the 
“power of hydrogen,” and the scale range is 
1-14. The number 1 indicates a substance 
that is highly acidic (more H+ ions) and 14 
is a basic substance (lower concentration 
of H+ ions). The critical pH for enamel is 
4.4-5.5 and the critical pH for cementum 
is 6.0-7.0.5 This is the pH value at which 
demineralization of hard tissues is likely 
to occur. When critical pH is reached, cal-
cium and phosphate ions dissolve out of 
the tooth first, followed by hydroxyapa-
tite and fluorapatite.⁵ With the assistance 
of bacteria such as Streptococcus mutans 
and Lactobacillus, a cavity will form. Apa-
tite solubility increases tenfold when the 
pH drops to 3.0, and when the pH drops to 
2.0, apatite solubility approaches 1,000 g/L.⁷

It is important for dental health pro-
viders to remember that hard tissues can 
remineralize under the right conditions 
with the assistance of calcium, phosphate, 
and fluoride, and that proper recommen-
dations need to be made for patients when 
destructive processes are occurring. The 
last section of this course will focus on the 
commercially available products dental 

providers can utilize in the management 
of pH and dental caries.

As part of a successful caries manage-
ment plan, dental professionals need to edu-
cate patients on the dangers of a high acid 
intake and discuss beverage choices that 
can put the mouth in a critical pH environ-
ment. Table 1 lists common beverages in 
the American diet along with their respec-
tive pH value ranges. You will notice many 
common drinks have pH levels conducive 
to apatite solubility.7 For example, common 
beverages such as wine, beer, and coffee are 
acidic in nature. In the next sections, the 
pH values of bottled water, sports drinks, 
and energy drinks will be discussed, and 
you will notice these beverages have pH 
values that are also in the critical range for 
hard tissue dissolution.

Bottled water
Bottled water is the fastest growing drink 
choice in the United States. Sales soared 
in 2015 with increases from 6.5 to 11.4%.8 
Bottled water sales surpassed that of soda 
sales for the first time in 2016.9 Total vol-
ume sold grew 1 billion dollars in 2015, 
which equated to 9% annual sales growth. 
In 2016, sales grew another 7.4%, topping 
out at 16 billion wholesale dollars.9 The 
public increase in sales is attributed to 
many factors such as people seeing it as a 
healthy substitute to other packaged bev-
erages and tap water, as well as its quality 
of taste over tap water.9

The Environmental Protection Agency 
(EPA) and the Food and Drug Administra-
tion (FDA) set drinking standards for bottle 
water. Only 1% of bottled water is imported, 
with the vast majority being sourced in the 
US.8,9 The EPA states that “carbonated water, 
soda water, seltzer water, sparkling water, 

TABLE 1: pH ranges for 
common beverages7

2.0-3.0 pH Lemon juice, cola

2.3-3.8 pH Wine

2.4-3.8 pH Coffee

3.0-4.0 pH
Orange juice, iced tea, white wine, 
lemon-lime soda

4.0-5.0 pH Black tea, beer, carrot juice

6.0-7.0 pH Milk: skim and flavored

7.0+ pH Whole milk
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and tonic water are considered soft drinks 
and are not regulated as bottled water.”⁸

A dental concern to this rise in bottled 
water consumption among the American 
public is related to the pH values for individ-
ual products. In a peer review publication 
from the Journal of Dental Hygiene in 2015, 
10 out of 14 bottled waters tested acidic 
on the pH scale.10 The results are listed in 
Table 2 with more acidic products in red 
and more basic products in blue based on 
healthy saliva pH values.

Dental professionals should educate 
their patients on these results and the oral 
implications to ingesting acidic beverages 
throughout the day. If the public perception 
is that bottled water is a healthier alterna-
tive to other beverages, then discussing the 
acid content of these products needs to be 
an important piece of oral hygiene instruc-
tion. As listed in Table 2, the pH of city tap 
water varies by area, and oral health pro-
fessionals should become familiar with the 
pH of their city’s tap water when educat-
ing patients.

Sports drinks
Table 3 lists popular commercially avail-
able sports drinks sold in the United States.7 
Take notice of the acidic pH values of these 
substances. Sports drinks are advertised 
to rehydrate the body after exercise. They 
can contain multiple ingredients and com-
monly contain glucose, chloride, calcium, 
magnesium, sodium, potassium, carbohy-
drates, antioxidants, and electrolytes. Their 
effects are to replace lost electrolytes and 
carbohydrates during sustained strenuous 

exercise and prevent dehydration.11 Since 
sport drink consumption continues to rise 
each year in the United States by over 1.5 
billion dollars, dental providers are likely to 
encounter patients consuming these bev-
erages and will need to provide education 
on the effects extrinsic acids can have on 
oral hard tissues.12

Energy drinks
An energy drink is defined as any bever-
age that contains a variety of substances 
such as caffeine (CNS stimulant), sugars, 
sweeteners, guarana (South American plant 
that contains large amounts of caffeine and 
small amounts of theobromine, theophyl-
line, and tannins), taurine (antioxidant), 
L-carnitine (antioxidant), kola nut, yerba 
mate, cocoa, ginseng (East Asian herb), car-
nitine, yohimbine (alkaloid found in plants ), 
glucuronolactone, and/or vitamins.11,13 The 
main active ingredient is caffeine. They 
are legal stimulants marketed to increase 
alertness, attention, concentration, energy, 
stamina, and athletic performance.11,13 
Unfortunately, these drinks can produce 
undesirable physiological effects. They can 
increase heart rate, blood pressure, breath-
ing rate, and contribute to adverse CNS 
effects.11,13 According to the United States 
Department of Health and Human Ser-
vices, “next to multivitamins, energy drinks 
are the most popular dietary supplement 
consumed by American teens and young 
adults.”12 Energy drinks are packaged in two 
different forms: 16-ounce bottles or 2-2.5-
ounce energy shots. The caffeine range for 
16-ounce bottles is 70-240 mg. The caffeine 
range in an energy shot is 113-200 mg. By 
comparison, the caffeine amount in sodas 
is 35 mg and 100 mg in a cup of coffee.12

The FDA limits caffeine content to 71 mg 
per 12 ounces of drink.11 However, energy 
drinks are categorized as food, and as such, 
the caffeine amounts are unregulated.11 

When a product contains a plant extract 
such as guarana, manufacturers are not 
required to list the caffeine it contains. 
Thus, the actual caffeine in a serving may 
exceed what is listed on the product label.11 

Energy drink manufacturers can also claim 
their product is a “natural dietary supple-
ment,” and then they are exempt from test-
ing, warning labels, or restrictions against 
the sale or consumption by minors.14,15

Energy drinks are sold in over 140 coun-
tries, and while it is a small component of 
the nonalcoholic beverage industry, it had 
extremely dramatic growth by 60% from 
2008 to 2012.11,16 In 2012, total US sales for 
the energy drink and shot market was worth 
over 12.5 billion dollars and projected to 
grow to 21.5 billion dollars by 2017.16 Accord-
ing the United States Department of Health 
and Human Services, “men between the 
ages of 18 and 34 years consume the most 
energy drinks, and almost one-third of teens 
between 12 and 17 years drink them regu-
larly.”12 Children, adolescents, and young 
adults make up half the market of energy 
drink sales and it is reported that 30-50% of 
adolescents and young adults in the United 
States consume energy drinks.11

One United States survey conducted on 
496 college students in 2007 found that 51% 
consumed one energy drink per week, and 
the majority consumed energy drinks sev-
eral times a week.17 In this study, 54% of 
the respondents reported mixing energy 
drinks with alcohol, which has brought 
about additional public safety concerns.17 
People may not be able to tell how intoxi-
cated they are and may feel less intoxicated 
than they truly are when they mix energy 
drinks with alcohol.17 In 2011, 42% of all 
energy drink-related emergency depart-
ment visits involved combining these bev-
erages with alcohol or drugs.12 The CDC 
reported in 2017 that 10.6% of students in 
grades 8-12 and 31.8% of adults 19-28 years 
of age reported consuming alcohol mixed 
with an energy drink at least once in the 
past year.18

Of additional concern for dental profes-
sionals, as it relates to caries, is the amount 
of sugar in these beverages. One 16-ounce 
energy drink may contain 54-62 grams of 
sugar, which exceeds the maximum amount 
of sugars recommended for an entire day.12 

Energy drinks have no therapeutic benefits 

TABLE 3: pH values for popular 
U.S. sports drinks7

2.73-2.93 Powerade

2.97-3.17 Gatorade

2.98-3.65 Vitamin Water

3.01-3.17 Propel

3.15-3.53 Sobe

TABLE 2: pH values of common 
bottled water brands10

2.49 Vitamin Water

5.16 Ozarka

5.63 Aquafina

5.72 Dasani

6.24 Evian

6.9 Figi

6.91 Smart Water

7.29
Average for house tap water  
(pH varies from city to city)

8.78 Evamor

10.38 Essentia
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and many ingredients are understudied 
and not regulated.11 The American Acad-
emy of Pediatrics recommends that ado-
lescents do not consume energy drinks 
and children 12-18 years of age should not 
exceed 100 mg of caffeine per day.18-20 Chil-
dren younger than 12 years of age should 
not consume any caffeine. According to 
the CDC, “in 2007, 1,145 adolescents aged 
12 to 17 went to the emergency room for an 
energy drink related emergency, in 2011 that 
number climbed to 1,499.”13 Of the 5,448 US 
caffeine overdoses reported in 2007, 46% 
occurred in those younger than 19 years.11 

Heavy consumption of caffeine can lead to 
insomnia, seizures, mania, anxiety, dehy-
dration, digestive problems, irregular heart 
beat and blood pressure, stroke, and even 
sudden death.11,19

The pH of many commercially avail-
able and popular energy drinks are listed 
in Table 4.21 You will notice that all of these 
energy drinks have a pH value well below 
the critical pH for enamel and cemental dis-
solution and apatite solubility. The ranges 
of pH values are mostly dependent on the 
flavoring and sugar content of the product.

Patient education
Dental professionals should educate their 
patients on the acid content of the bever-
ages discussed in this course. Frequent 
acid attacks will lead to the demineral-
ization and dissolution of hard tissues in 
the mouth. Patients should be advised to 
consume these acidic beverages in a short 
time span and not sip on them throughout 

the day. Patients should also be advised 
not to brush their teeth right after an 
acid exposure, but wait 40-45 minutes 
to allow the mouth to adjust back to a 
healthy pH level.5

Additional preventive agents should be 
recommended based on a patient’s risk 
assessment for dental caries. Agents that 
contain fluoride, calcium, and phosphate 
are available in both over-the-counter and 
prescription formulations in the United 
States. According to a systematic review 
published in the Journal of the American 
Dental Association, an expert panel found 
that 38% silver diamine f luoride, dental 
sealants, 5% sodium fluoride varnish, 1.23% 
acidulated phosphate fluoride gel, and 5,000 
parts per million sodium fluoride tooth-
paste or gel are the most effective inter-
ventions for dental caries.22 Additionally, 
the panel stated that no other potassium 
or calcium products should be used as a 
substitute for other fluoride products when 
patients present with caries risk.22 How-
ever, these products do have the ability to 
alter the pH of the oral cavity and are used 
in the management of caries and dentinal 
hypersensitivity.

Amorphous calcium phosphate (ACP) 
is a reactive calcium phosphate compound 
that releases calcium and phosphate ions 
into the irregularities of enamel in order to 
assist in the formation of apatite.23,24 The 
disadvantage of ACP is that it is not bio-
available after the product is rinsed away 
and has high solubility and low substantiv-
ity.23,24 The challenges of ACP resulted in the 
development of carriers that work to stabi-
lize calcium and phosphate ions in amor-
phous form. Casein phosphopeptide (CPP) 
is a sticky, milk protein that can stabilize 
ACP by binding directly to enamel pellicle 
and plaque.5,24 CPP-ACP provides a reservoir 
of bioavailable calcium and phosphate in 
the saliva and at the surface of the tooth.25 
During acidic challenges, ACP is released 
from the CPP complex.24

Calcium sodium phosphosilicate (Nova-
Min) contains calcium, phosphorous, 
sodium, and silica.25 When introduced to the 
oral environment, it reacts with saliva to pro-
vide a twofold action. First, it buffers acidic 
pH, and second, it deposits calcium and 
phosphate ions into demineralized areas to 
form new layers of hydroxyapatite crystals.25 

NovaMin is available in prophy pastes that 
can be applied by dental professionals.

Dental sealants can also help prevent or 
arrest decay in the pits and fissures of teeth 
as reported by a peer-review publication in 
the Journal of the American Dental Asso-
ciation.26 When placed properly, sealants 
provide a physical barrier from acid chal-
lenges.25 Fluoride-releasing sealants have 
been shown to arrest caries progression in 
incipient demineralized lesions.5

When extrinsic acid attacks are a fre-
quent issue for a patient, dental profes-
sionals may want to recommend buffering 
agents such as sodium bicarbonate or 
desensitizing agents. Arginine products 
are available in the US and have a role in 
stabilizing pH. Arginine is an amino acid 
naturally found in saliva that can contrib-
ute to pH homeostasis of the mouth through 
its metabolism and production of ammo-
nia, a byproduct.27

Evidence shows that saliva has the abil-
ity to buffer pH after acid attacks as well 
as reverse the demineralization process.28,29 
The results of a systematic review in 2019 
found that “if there is an increase in pH, 
buffering capacity, and f low, there is a 
decreased caries incidence. Thick, sticky, 
and frothy saliva with an increased vis-
cosity makes the tooth more susceptible 
to caries.”29

When saliva flow rate and function are 
adequate, saliva has the ability to buffer the 
pH after an extrinsic acid attack.28 Saliva 
collection kits are commercially available to 
determine a patient’s saliva buffering capac-
ity in resting and/or stimulated states.30 
This can be used as part of an overall car-
ies risk assessment and enhance patient 
treatment plans and recommendations, 
and provide early detection/intervention. 
For example, if a patient has a high buffer-
ing capacity, attempts can be made to rem-
ineralize lesions before providing surgical 
interventions.31 For a patient with low buff-
ering capacity, surgical interventions may 
be the best option to avoid further gross 
destruction of teeth.31

All dental professionals should use their 
best clinical judgment in making recom-
mendations to individual patients. All 
recommendations should be made using 
evidence-based research that is supported 
by the American Dental Association.

TABLE 4: pH values of popular 
energy drinks21

2.47-3.14 Jolt

2.70-3.58 Monster

2.74-3.16 Rockstar

2.79-2.86 Amp Energy

2.81-2.82 5 Hour Energy

3.07 CliffShot Electrolite

3.08-3.10 Full Throttle

3.25-3.43 Red Bull

3.27-3.32 NOS

3.79 Cytomax

3.86 Accelerade
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Conclusion
Dental caries is a preventable disease that 
has reached epidemic levels in the United 
States. The increased sales and consump-
tion of bottled water, sports drinks, and 
energy drinks are adding to this public 
health crisis. Teeth that are subjected to 
chronic acid attacks throughout the day are 
at increased risk for demineralization and 
dental caries. Since people view these bev-
erages as healthy alternatives to tap water 
and sodas, dental professionals must edu-
cate their patients and the general public 
on the adverse oral effects of bathing hard 
tissues in extrinsic acidic substances.
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1. What is the pH range for healthy saliva?

A. 5.5-6.0

B. 6.5-6.8

C. 6.8-7.4

D. 7.4-7.8

2. What percentage of children ages 2-8 
experienced decay in 2011-2012?

A. 12%

B. 37%

C. 55%

D. 92%

3. What percentage of adults ages 20-64 
experienced decay in 2011-2012?

A. 12%

B. 37%

C. 55%

D. 92%

4. What percentage of dental expenditures did 
Americans pay out-of-pocket in 2017?

A. 12%

B. 14%

C. 22%

D. 47.1%

5. Which is described as a highly calcified/
mineralized structure at 95% and consists 
of many elements such as hydroxyapatite, 
calcium, fluoride, and phosphate?

A. Enamel

B. Dentin

C. Cementum

D. None of the above

6. What is the percentage of 
calcification of cementum?

A. 90%

B. 75%

C. 65%

D. 45%

7. What is the critical pH for enamel 
demineralization?

A. 4.0-5.0

B. 4.5-5.5

C. 5.0-6.0

D. 6.0-7.0

8. What is the critical pH for 
cementum demineralization?

A. 4.0-5.0

B. 4.5-5.5

C. 5.0-6.0

D. 6.0-7.0

9. When deminerilization occurs, which 
structuire dissolves last?

A. Calcium

B. Phosphate

C. Hydroxyapatite

D. Fluorapatite

10. What was the wholesale dollars of 
sales for bottled water in 2016?

A. 2 million

B. 6 million

C. 16 million

D. 16 billion

11. What agency/agencies set the drinking 
standards for bottled water in the US?

A. EPA

B. FDA

C. OSHA

D. Both a & b

12. What is the pH value for Dasani water?

A. 5.0

B. 5.72

C. 6.2

D. 7.0

13. What is the averge pH of tap water?

A. 3.3

B. 5.0

C. 6.2

D. 7.29

14. Which product is marketed to rehydrate the 
body after exercise and commonly contains 
glucose, carbohydrates, and electrolytes?

A. Bottled water

B. Sports drinks

C. Energy drinks

D. None of the above

15. Which product has caffeine as its main 
ingredient and additional ingredients 
such as guana, ginseng, and taurine?

A. Bottled water

B. Sports drinks

C. Energy drinks

D. None of the above

16. Which is a side effect that has 
been observed in people who 
consume energy drinks?

A. Increased heart rate

B. Increased blood pressure

C. Increased breathing rate

D. All of the above

17. What was the sales growth of the 
energy drink market in 2008-2012?

A. 25%

B. 30%

C. 35%

D. 60%
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18. What is the caffeine range 
for energy drinks?

A. 22-52 mg

B. 51-72 mg

C. 71-100 mg

D. 113-200 mg

19. What mg dose does the FDA set as 
the limit of caffeine in beverages?

A. 38 mg

B. 55 mg

C. 62 mg

D. 71 mg

20. Who are the largest consumers 
of energy drinks in the US?

A. Men ages 30-45

B. Men ages 18-34

C. Women ages 30-45

D. Women ages 18-34

21. What percentage of children ages 12-17 
drink energy drinks on a regular basis?

A. 1/3

B. 1/4

C. 1/2

D. 1/6

22. In 2011, what percentage of all energy 
drink-related emergency department 
visits involved combining energy 
drinks with alcohol or drugs?

A. 12%

B. 18%

C. 22%

D. 42%

23. How many grams of sugar are contained 
in one 16-ounce energy drink?

A. 10-12 g

B. 20-25 g

C. 25-35 g

D. 54-62 g

24. According to the American Academy 
of Pediatrics, children under what age 
should never consume caffeine?

A. 6 years

B. 12 years

C. 18 years

D. 21 years

25. What is the pH value range for Red Bull?

A. 3.25-3.43

B. 4.2-6.2

C. 5.5-6.5

D. 7.0-7.2

26. According to a systematic review published 
in the Journal of the American Dental 
Association, what percentage of silver 
diamine fluoride was found to be an 
effective intervention for dental caries?

A. 5%

B. 20%

C. 38%

D. 42%

27. Which of the following chemicals is 
not bioavailable after the product 
is rinsed away, and has high 
solubility and low substantivity?

A. ACP

B. Casein phosphopeptide

C. Calcium sodium phosphosilicate

D. Arginine

28. Which of the following chemicals is 
defined as a sticky milk protein that 
stabilizes ACP by binding directly 
to enamel pellicle and plaque?

A. ACP

B. Casein phosphopeptide

C. Calcium sodium phosphosilicate

D. Arginine

29. Which of the following chemicals 
contains calcium, phosphorous, sodium, 
and silica, and can buffer pH as well 
as deposit calcium and phosphate 
into demineralized areas to form new 
layers of hydroxyapatite crystals?

A. ACP

B. Casein phosphopeptide

C. Calcium sodium phosphosilicate

D. Arginine

30. Which of the following is an amino acid 
naturally found in saliva and when placed in 
the oral cavity extrinsically can contribute 
to pH homeostasis through its metabolism 
and production of the byproduct ammonia?

A. ACP

B. Casein phosphopeptide

C. Calcium sodium phosphosilicate

D. Arginine
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