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In vitro evaluation of variances between real and declared concentration
of hydrogen peroxide in various tooth-whitening products
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Abstract

Objectives. The aim of this in vizro study was to analyze the real hydrogen peroxide (HP) concentration in various
commercially available tooth-whitening products containing HP and/or carbamide peroxide (CP). Materials and methods.
Sixteen commercially available tooth-whitening products containing various concentrations of CP or HP were investigated.
The products were divided into four groups: dentist-supervised home bleaching products (Group 1, n = 5), in-office bleaching
products (Group 2, n = 4), over-the-counter bleaching products (Group 3, 7 = 3) and whitening toothpastes and rinses (Group
4, n=4). The peroxide concentration was determined using the oxy-reduction titration method. All the reagents used in the
study were of analytic grade and freshly prepared before the experiment. Results. The HP concentration in various dentist-
supervised home bleaching products and in-office bleaching products ranged from 3.02-37.08% (expected range = 3-38%).
The HP concentration of over-the-counter whitening products ranged from 1.24-5.57% (expected range cannot be estimated
as no concentration of active ingredient was provided). Among whitening toothpastes and rinses, Colgate Plax whitening rinse
showed more than 1% HP concentration, whereas it was lower than 0.05% in other whitening toothpastes and oral rinses
(expected range cannot be estimated as no active ingredient was mentioned). Conclusions. HP concentration of most of the
professional tooth-whitening products was different from the expected concentrations, although the deviations were small and
most of the products were close to the expected concentration. No concentration of active ingredient was provided for over-
the-counter whitening products and no active ingredient was mentioned for whitening toothpastes and rinses.

Key Words: Tooth bleaching, tooth whitening, hydrogen peroxide, carbamide peroxide

Introduction

Peroxides have wide-ranging industrial and medical
applications, owing to their superior oxidizing prop-
erties [1]. In the field of dentistry, hydrogen peroxide
(HP) [2] and one of its predecessors, carbamide
peroxide (CP), are used in cosmetic products [3]
such as teeth whiteners, toothpastes and mouth
washes. Therefore, the concentration of peroxide in
these products is critical because, in this case, perox-
ide comes into contact with living tissue [4]. HP has
been used as a tooth-bleaching (tooth whitening)
agent for more than 70 years, but its demand has
increased dramatically in recent years [5]. Successful
bleaching of teeth depends on a number of factors
such as the type of bleaching agent, the type of stain

[6], frequency of application and the period for which
the agent remains in contact with the tooth surface
[7].

Bleaching products with high concentrations of
peroxide are believed to produce quicker whitening
of teeth as compared with products with lower
peroxide concentrations [8]. Studies evaluating the
efficacy of different concentrations of CP found that,
although a lower concentration of peroxide takes a
longer time to whiten the teeth, it eventually achieves
the same result as achieved by higher concentrations
[7,9].

A large number of whitening products are com-
mercially available. These products have different
compositions and concentrations. Previous studies
have reported that even commercially produced
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whitening products had lower concentrations of active
bleaching agents specified by the manufacturers
[10,11]. However, little data are present in the liter-
ature, which reports the real concentration of HP in
professional and over-the-counter tooth-whitening
products as opposed to that specified by the manu-
facturers for a specific product containing HP or CP.

The aim of this in vitro study was, therefore, to
analyze the HP concentration in various commercially
available tooth-whitening products containing HP
and/or CP and to compare them with the concentra-
tion stated by manufacturers.

Materials and methods
Tooth whitening products used for investigation

Sixteen commercially available tooth-whitening pro-
ducts containing various concentrations of HP and/or
CP were investigated in this study. These products
were divided into four categories: dentist-supervised
home bleaching products (Group 1, n = 5) (Youtel®
Patient, Opalescence® PF, Nite® White ACP and
Opalescence® Treswhite Supreme), in-office bleach-
ing products (Group 2, n = 4) (Yotuel® 10 minutes,
Opalescence® PF Quick, Yotuel® Special and
Opalescence® Boost), over-the-counter bleaching
products (Group 3, n=3) (White Glo, Absolute white
and Speed white) and whitening toothpastes and
rinses (Group 4, n = 4) (Plus + White whitening
prerinse, Plus + White with peroxide, Pearl Drops
whitening tooth polish and Colgate Plax whitening
rinse).

Reagents used for chemical analysis

Reagents used for chemical analysis included the
following: potassium iodide (10% solution in ionized
water), ammonium molybdate acid mixture (0.18 g of
ammonium molybdate, 750 ml of water and 300 ml of
concentrated sulfuric acid), potassium iodate solution
(0.1 N), starch solution (10 g/L) and standardized
sodium thiosulfate solution (0.1 N).

Procedure of chemical analysis

Sixteen commercially available tooth-whitening
products containing various concentrations of HP

Table I. Dentist-supervised home bleaching products.

and/or CP were investigated. Samples of all the pro-
ducts were measured in triplicate from three different
packages. The peroxide concentration was deter-
mined using oxy-reduction titration method. All
reagents used in the study were of analytical grade
and freshly prepared before starting the experiment.

A weighed sample of whitening product was dis-
solved in 200 ml of deionized water in a 500 ml
Erlenmeyer flask using a Bibby HC502 magnetic
stirrer (BibbySterilin Ltd, Staffordshire, UK). Potas-
sium iodide solution and acid mixture were added to
the solution and mixed well. The flask was covered
with a stopper and left to stand for 5 min. The color of
the solution became light yellow to dark brown,
depending on the peroxide concentration of the sam-
ple. The mixed sample solution was titrated with
standardized sodium thiosulfate solution (0.1 N) in
a 50 ml burette, until a light straw color was achieved.
Then, a few drops of starch solution were added and
titration continued until the color changed sharply
from blue to colorless. The volume of sodium
thiosulfate used for titration was recorded as ‘A’.

The titration was repeated without the addition of a
whitening product (control/blank) and the volume of
sodium thiosulfate used was recorded as ‘B’. The HP
concentration was calculated according to the follow-
ing formula [12]:

A —B)(N)(1.7007
Hydrogen peroxide % w/w :( JAN)( )

Sample weight

with A being the titration volume of sodium thiosul-
fate, B being the titration volume of sodium thiosul-
fate for blank and N being normality of sodium
thiosulfate.

Statistical analysis

Simple descriptive statistics such as mean were
calculated. Analyses were performed using SPSS
software (version 19.0; SPSS Inc., Chicago, IL).
The HP concentration of 3-3.35% in 10% CP prod-
uct was used as a standard for comparison purposes.

Results

The HP concentration in various dentist-supervised
home bleaching products and in-office bleaching
products ranged from 3.02-37.08% (Tables I and II).

Products Active ingredient Expected H,O, Mean H,0, concentration (%)
Yotuel® Patient 10% CP 3-3.35 3.02
Opalescence® PF 10% CP 3-3.35 3.40
Nite White*ACP 10% CP 3-3.35 3.75
Opalescence® PF 20% CP 6-6.67 6.31
Opalescence® Treswhite Supreme 10% HP 10 8.98




Table II. In-office bleaching products.
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Expected H,O0,% Mean H,0, concentration (%)

Product Active ingredient
Yotuel® 10 Minutes 30% CP
Opalescence® PF Quick 45% CP
Yotuel® Special 35% HP
Opalescence® Boost 38% HP

9-10 9.93
13.5-15 16.24
35 27.19
38 37.08

Table III. Over-the-counter bleaching products.

Products Active ingredient % H,0, Mean H,0, concentration (%)
White Glo CP Not provided 1.24
Absolute White HP Not provided 3.20
Speed White HP Not provided 5.57

The HP concentration in over-the-counter whiten-
ing products ranged from 1.24% for White Glo to
5.57% for Speed White (Table III). Colgate Plax
whitening rinse showed more than 1% HP, although
it was lower than 0.05% in other whitening tooth-
pastes and oral rinses (Table IV).

Discussion

It has been reported that 10% CP dissociates into a
HP concentration of 3-3.5% [13,14]. Therefore, CP-
based whitening products were expected to have the
corresponding HP concentrations. The results of the
present study show that the HP concentration of most
of the professional tooth-whitening products was dif-
ferent from the expected concentrations. Mean HP
concentration of a few professional tooth-whitening
products was higher but lower for some professional
products as compared with expected HP concentra-
tion. However, deviations were small, and most of the
products were close to the expected range, except
Yotuel Special, which showed the largest variation, as
it was expected to have 35% HP concentration when
freshly prepared, but the concentration found was
only 27.19%. A number of studies have demonstrated
that the use of 10% CP or less applies no or minimal
effect on enamel microhardness and mineral content
[15-17]. However, in one study, which utilized
bleaching products with 16% and 35% CP, it was
established that the patients should be cautioned

Table IV. Whitening toothpastes and rinses.

against potential damage to the enamel minerals by
these products [18]. Therefore, it is difficult to com-
ment exactly about the safest concentration of HP that
can be used by the consumer without damaging the
tooth structure.

Although active ingredients were labeled on over-
the-counter whitening products tested in the present
study, no concentrations were provided by the man-
ufacturers. As for whitening toothpastes and oral
rinses, only Colgate Plax whitening rinse showed a
HP concentration of 1.50%, whereas it was almost nil
in the remaining products.

There are very few studies available in the literature
which determine real HP concentration in profes-
sional and over-the-counter tooth-whitening agents.
This fact makes it difficult to compare the results of
the present study with data from the literature. How-
ever, few studies that assessed the CP concentration
of professional tooth-whitening products showed that
the concentrations of these products were lower than
those expected [10,11,19]. It was evaluated in an n-
virro study that the concentration of 16% CP products
produced commercially or dispensed by pharmacies
were different from those expected in all products.
However, the commercially produced bleaching
product showed the best mean concentration close
to the expected 16% [6]. The findings are in agree-
ment with the results of the present study, which also
found that HP concentration of bleaching products
were marginally different from those expected.

Products

Active ingredient

Expected H,0,% Mean H,0, concentration (%)

Plus + White whitening pre-rinse
Plus + White with peroxide
Pearl Drops Whitening Tooth Polish

Colgate Plax whitening rinse

Not provided
Not provided
Not provided
Not provided

Not provided < 0.05
Not provided
Not provided
Not provided 1.50
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In the present study, HP concentrations of three
10% CP products from different manufacturers were
determined. The results reveal marginal differences
among these products. These variances could be
present because of the differences in formulations,
manufacturing and quality of the products.

The rate of bleaching is related to peroxide
concentration and application time [20] and lower
concentrations require longer treatment times than
HP concentrations. It has been reported previously
that a higher CP concentration of 15% resulted in a
quicker and greater whitening than 10% CP during
the early phase of treatment. However, the whitening
effect showed some relapse after the cessation
of active bleaching treatment and no significant
differences were found after 6 weeks [19]. The
results of the present study revealed lower than
expected peroxide concentrations for some profes-
sional tooth-whitening products such as Opales-
cence Treswhite Supreme and Yotuel Special.
Therefore, these products would probably require
longer treatment times than those recommended by
the manufacturers.

Despite the results achieved, further studies should
be carried out to investigate the efficacy and side-
effects of these products on tooth structure, particu-
larly enamel.

Conclusions

Based on the results of this study, the following
conclusions can be drawn:

(1) Professional (dentist-supervised home bleaching
and in-office bleaching) products showed per-
oxide concentrations that differed marginally
from the desired values, except Youtel Special.

(2) The concentration of HP in various over-the-
counter tooth-whitening products ranged from
1.24-5.57%.

(3) HP concentration in whitening toothpastes and
rinses was negligible, except in Colgate Plax
whitening rinse, which had 1.50% HP.

Acknowledgments

The authors acknowledge funding by the South
African Dental Association, Dentistry Development
Foundation fund and University of Western Cape
research grant.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] Linley E, Denyer SP, McDonnell G, Simons C, Maillard JY.

Use of hydrogen peroxide as a biocide: new consideration of

its mechanisms of biocidal action. J Antimicrob Chemother

2012;67:1589-96.

Majeed A, Grobler SR, Moola MH, Oberholzer TG. Effect of

four over-the-counter tooth-whitening products on enamel

microhardness. SADJ 2011;66:412-15.

Tredwin CJ, Naik S, Lewis NJ, Scully C. Hydrogen peroxide

tooth-whitening (bleaching) products: review of adverse

effects and safety issues. Br Dent J 2006;200:371-6.

Ertas N, Timur S, Akyilmaz E, Dinckaya E. Specific deter-

mination of hydrogen peroxide with a catalase biosensor based

on mercury thin film electrodes. Turk J] Chem 2000;24:95-9.

Marshall MV, Cancro LP, Fischman SL. Hydrogen peroxide:

a review of its use in dentistry. J Periodontol 1995;66:786-96.

Martin JM, Torno V, Vaz MV, Vieira S, Rosa EA, Mazur RF.

Specific concentration evaluation of 16% carbamide peroxide

compounded at dispensing pharmacies. Braz Oral Res 2007;

21:318-22.

Leonard RH, Sharma A, Haywood VB. Use of different

concentrations of carbamide peroxide for bleaching teeth:

an n vitro study. Quintessence Int 1998;29:503-7.

Kihn PW, Barnes DM, Romberg E, Peterson K. A clinical

evaluation of 10 percent vs 15 percent carbamide peroxide

toothwhitening agents. ] Am Dent Assoc 2000;131:1478-84.

Matis BA. Degradation of gel in tray whitening. Compend

Contin Educ Dent 2000;21:28-35.

[10] Al Shethri S, Matis BA, Cochran MA, Zekonis R, Stropes M.
A clinical evaluation of two inoffice bleaching products. Oper
Dent 2003;28:488-95.

[11] Matis BA. Tray whitening: what evidence shows? Compend
Contin Educ Dent 2003;24:354-62.

[12] Solvay Chemicals. Determination of hydrogen peroxide
concentration (0.1% to 5%). Brussels, Belgium: Solvay Che-
micals Inc.; 2004. TDS XX-122 Available online at http://
www.solvaychemicals.us/static/wma/pdf/6/6/2/5/XX—122.pdf.
accessed 15 January 2014.

[13] Zantner C, Beheim-Schwarzbach N, Neumann K,
Kielbassa AM. Surface microhardness of enamel after differ-
ent home bleaching procedures. Dent Mater 2007;23:243-50.

[14] Basting RT, Rodrigues AL, Serra MC. The effect of seven
carbamide peroxide bleaching agents on enamel microhard-
ness over time. ] Am Dent Assoc 2003;134:1335-42.

[15] McCracken MS, Haywood VB. Effects of 10% carbamide
peroxide on the subsurface hardness of enamel. Quintessence
Int 1995;26:21-4.

[16] McCracken MS, Haywood VB. Demineralization effects of
10 percent carbamide peroxide. J Dent 1996;24:395-8.

[17] Nathoo SA, Chmielewski MB, Kirkup RE. Effects of Colgate
Platinum Professional Tooth Whitening System on micro-
hardness of enamel, dentin, and composite resins. Compend
Contin Educ Dent 1994:627-30.

[18] Bitter NC. A scanning electron microscope study of the long-
term effect of bleaching agents on the enamel surface in vivo.
Gen Dent 1998;46:84-8.

[19] Matis BA, Mousa HN, Cochran MA, Eckert GJ. Clinical
evaluation of bleaching agents of different concentrations.
Quintessence Int 2000;31:303-10.

[20] Rodrigues JA, Marchi GM, Ambrosano GM, Heymann HO,
Pimenta LA. Microhardness evaluation of iz situ vital bleach-
ing on human dental enamel using a novel study design. Dent
Mater 2005;21:1059-67.

[2

—

3

[}

4

—

[5

[t}

[6

—_

(7

—

[8

[t}

[9

—


http://www.ncbi.nlm.nih.gov/pubmed/22532463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22532463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23193870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23193870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23193870?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16607324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16607324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16607324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7500245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18060258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18060258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9807130?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9807130?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9807130?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11042989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11042989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11042989?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14531592?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12793212?dopt=Abstract
http://www.solvaychemicals.us/static/wma/pdf/6/6/2/5/XX&ndash;122.pdf
http://www.solvaychemicals.us/static/wma/pdf/6/6/2/5/XX&ndash;122.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17109950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17109950?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14620012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14620012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14620012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8990683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8990683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9667168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9667168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11203940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11203940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16143381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16143381?dopt=Abstract

	Abstract
	Introduction
	Materials and methods
	Tooth whitening products used for investigation
	Reagents used for chemical analysis
	Procedure of chemical analysis
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	Declaration of interest
	References

