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Abstract
Acetone contained in our exhaled breath is a metabolic product of the breakdown of body fat
and is expected to be a good indicator of fat-burning. Typically, gas chromatography or mass
spectrometry are used to measure low-concentration compounds in breath but such large
instruments are not suitable for daily use by diet-conscious people. Here, we prototype a
portable breath acetone analyzer that has two types of semiconductor-based gas sensors with
different sensitivity characteristics, enabling the acetone concentration to be calculated while
taking into account the presence of ethanol, hydrogen, and humidity. To investigate the
accuracy of our prototype and its application in diet support, experiments were conducted on
healthy adult volunteers. Breath acetone concentrations obtained from our prototype and from
gas chromatography showed a strong correlation throughout the experiments. Moreover, body
fat in subjects with a controlled caloric intake and taking exercise decreased significantly,
whereas breath acetone concentrations in those subjects increased significantly. These results
prove that our prototype is practical and useful for self-monitoring of fat-burning at home or
outside. Our prototype will help to prevent and alleviate obesity and diabetes.

S Online supplementary data available from stacks.iop.org/JBR/7/036005/mmedia

(Some figures may appear in colour only in the online journal)

1. Introduction

More than 200 compounds have been identified in human
breath, some of which have been correlated to various diseases
such as metabolic disorders and lung or gastrointestinal
diseases, and therefore breath analysis has received increasing
attention in recent years for non-invasive clinical diagnoses
[1–3]. Indeed, the number of breath-based tests approved
by the US Food and Drug Administration (FDA) has
increased over the past decade [4]. It is well known that
the concentrations of endogenous compounds found in human
breath, such as inorganic gases (e.g., nitric oxide and carbon
dioxide) and volatile organic compounds (e.g., acetone,
ethanol, isoprene, and ammonia), are in the range of parts per
million (ppm) to parts per trillion (ppt) and their compositions
vary widely from person to person [2].

This paper focuses on breath acetone analysis. Acetone
is a metabolite derived from fat-burning, produced in the
blood, that is expelled through alveoli of the lungs during

exhalation [1]. Thus, there is a strong correlation between the
concentration of breath acetone and that of blood acetone [5].
Considering that breath acetone could be a good indicator
for monitoring fat metabolism, extensive previous work has
studied the relationships between breath acetone and diabetes
[6–12], ketogenic meals [13, 21], exercise [14, 15], sleep
[16], age and gender [17], dieting [18], blood glucose and
hemoglobin A1c [10, 11]. To detect low concentrations
of breath acetone accurately, typically, gas chromatography
(GC)-based methods and/or mass spectrometry (MS)-based
methods have been used [7–9, 12–18, 21]. Current GC-
and MS-based methods, however, are still not practically
suitable for point-of-care instrumentation for diet-conscious
people who wish to monitor their own fat metabolism at
home or outside, because these methods often require large
instruments and skilled operators. Because obesity increases
the risk of lifestyle-related illnesses, enabling users to measure
breath acetone concentration by themselves and to monitor
the state of fat-burning could play a pivotal role in daily diet

1752-7155/13/036005+08$33.00 1 © 2013 IOP Publishing Ltd Printed in the UK & the USA

http://dx.doi.org/10.1088/1752-7155/7/3/036005
mailto:tsuguyoshi.toyooka.zu@nttdocomo.com
http://stacks.iop.org/JBR/7/036005
http://stacks.iop.org/JBR/7/036005/mmedia


J. Breath Res. 7 (2013) 036005 T Toyooka et al

(a) (b)

Figure 1. Photograph of our prototype portable breath acetone analyzer. (a) External appearance of the prototype. (b) Inside of the prototype.

management and diabetes diagnosis [18–20]. Portable breath
acetone analysis is desirable and some effort has been made
in this direction [19, 20, 22]. Existing works, however, have
used dry air, simulated breath, or a respiratory flow controlled
mask to measure acetone concentration, and the applicability
of these to practical use remains unclear.

Here, we prototype a portable breath acetone analyzer
that has two types of semiconductor-based gas sensors, with
no gas separation columns. It is known that semiconductor-
based gas sensors are compact, highly sensitive, cheap, and
maintenance free, and so they are often used in commercially
available mouth odor and breath alcohol checkers. However,
the concentration of breath acetone is one or two orders of
magnitude lower than mouth odor or alcohol concentration,
which means the effects of interference from other types
of gaseous constituents must be taken into account when
detecting breath acetone. To meet this requirement, our
prototype calculates the breath acetone concentration using
the signals from two sensors with different sensitivity
characteristics; the first sensor has particularly high sensitivity
to acetone and the second has almost equal sensitivity to both
acetone and interference gases such as hydrogen and ethanol.
Our prototype is easy to use, simply involving blowing into
our handheld prototype for 6 s. The measured results are
automatically sent to an AndroidTM-based smartphone via
either a wireless Bluetooth R©connection or a wired audio cable
and are displayed a few seconds later. Thus, our prototype
requires, at most, only 10 s for a single measurement.

The aims of this work were to investigate the accuracy of
our prototype and to discuss the applicability to diet support
along with experiments conducted by 17 healthy adult subjects
whose body-mass indexes (BMIs) were above the Japanese
standard. To the best of our knowledge, this paper is the first to
prototype a portable breath acetone analyzer that uses multiple

kinds of semiconductor-based gas sensors and is ready for daily
use to monitor personal fat-burning at home or outside.

2. Materials and methods

2.1. Prototyped portable breath acetone analyzer

We aimed to prototype a portable and easy-to-use breath
acetone analyzer that does not rely on GC- and MS-based
methods (figure 1). Our prototype used a pressure sensor to
detect the blowing breath and two types of semiconductor-
based gas sensors with no gas separation columns to calculate
the breath acetone concentration from the output signals from
the two sensors. The measured results were automatically
sent to an Android-based smartphone via either a wireless
Bluetooth connection or a wired audio cable. The prototyped
analyzer was 65 × 100 × 25 mm in chassis size and 125 g in
weight, including two AA batteries.

Our prototype was designed to detect breath acetone
ranges from 0.2 to 50 ppm and to display the measured results
to a resolution of 0.1 ppm. Our design is feasible because breath
acetone concentration typically varies from 0.2 to 2.4 ppm in
fasting healthy adults [17] to below 10 ppm in diabetics [11].
The gas sensors used had different sensitivity characteristics;
the first sensor (referred to as sensor 1) was developed by FIS
Inc. (Itami, Japan) and was made of platinum-doped tungsten
oxide, whereas the second sensor (referred to as sensor 2) was
commercially available and was made of tin oxide (SB-30,
FIS Inc.). Both sensors were operated at 400 ◦C and required
at least 2 min to stabilize their sensitivities after their power-
supplies were started. We used a coil heater small enough
to fit within a micrometer-scaled ellipsoidal space (about
300 × 300 × 500 μm), and thus the housing of each sensor
was not hot during heating. Our prototype was able to run at
least 10 h under a continuous running test during which the
heaters and Bluetooth modules were continuously on.
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Figure 2. Sensitivity characteristics of sensor 1 (a) and sensor 2 (b) for various kinds of gases at concentrations of 100, 10, and 1 ppm.

Figure 2 shows the sensitivity characteristics of sensors
1 and 2 for various kinds of gases at concentrations of 100,
10, and 1 ppm. Generally, that ratio of ‘Rair’, the electrical
resistance of the gas sensor in the air, and ‘R’, the electrical
resistance of the gas sensor in the target gas, is expressed
as ‘R/Rair’, a value that indicates sensitivity to gas. When
this ratio is less than 0.8, gas detection is possible. It can
be seen that sensor 1 had a particularly high sensitivity to
acetone (figure 2(a)), while sensor 2 had relatively broad
sensitivity to other gases (figure 2(b)), indicating that the
changes in resistance in sensors 1 and 2 could be used to
estimate the effects of interference gases when calculating
acetone concentration.

Considering that breath hydrogen, ethanol, and relative
humidity may affect sensor sensitivity, we prepared simulated
breath that contained known concentrations of acetone
and/or ethanol, with background hydrogen (50 ppm) and
humidity (saturated water vapor at 37 ◦C), to determine
calibration curves in advance of actual breath tests. The
calibration curves obtained are shown in supplementary figures
S1–S3 (available at stacks.iop.org/JBR/7/036005/mmedia)
and were stored within the circuit of our prototype for
the calculation of breath acetone concentration. Which
calibration curves to use were systematically determined,
depending on the output resistance signals from the two
sensors for input breath (details of the algorithms are
described in the supplementary document (available at
stacks.iop.org/JBR/7/036005/mmedia)). This enables breath
acetone to be calculated while taking into account the presence
of ethanol, hydrogen, and humidity. Example actual breath
responses from the two sensors are shown in supplementary
figure S4 (available at stacks.iop.org/JBR/7/036005/mmedia),
and the calculated signal-to-noise ratios of each sensor were
high (>50).

2.2. Subjects and experimental procedures

Seventeen healthy adult subjects (11 men and 6 women
volunteers, ranging from 21 to 70 years old) whose BMIs

Table 1. Profiles of each subject.

Subject no. Group Sex Age BMI

1 A M 24 24.9
2 A M 46 25.9
3 A F 40 22.9
4 A M 46 24.8
5 A M 62 24.2
6 A F 64 25.7
7 B F 39 28.6
8 B F 28 25.2
9 B M 34 22.5

10 B M 33 28.1
11 B M 60 25.4
12 B F 70 26.6
13 C M 21 25.6
14 C M 33 39.4
15 C M 33 31.1
16 C F 58 24.2
17 C M 67 25.5

were above the Japanese standard were tested. Table 1 shows
the profiles of each subject and figure 3 shows the histograms
of age and BMI distribution of the subjects, respectively.
Note that subjects were divided into three groups according
to the enforcement or otherwise of controlled caloric intake
and/or light exercise. Subjects 1 through 6 belonged to
Group A, whose subjects had their regular life and had no
controlled caloric intake or light exercise. Subjects 7 through
12 belonged to Group B, whose subjects were given light
exercise such as jogging or fast walking for 30–60 min per day
throughout the experiments. Subjects 13 through 17 belonged
to Group C, whose subjects had enforced controlled caloric
intake and the same light exercise as Group B throughout the
experiments. Subjects in Group C were supposed to take foods
and drinks with clearly identified amounts of calories, and the
allowed number of calories (ANC) taken by subjects each day
was calculated from their ‘ideal’ body weight by using the
following formula:

ANC [kcal/day] = (height [m])

×(height [m]) × 22 × (25–30 [kcal]) . (1)
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Figure 3. Statistical analysis of the subjects. (a) Histogram of age distribution of the subjects. (b) Histogram of BMI distribution of the
subjects.

Here, 22 denotes the standard BMI in Japan and
25–30 denotes the required calories per one kilogram in
weight. Considering that the calculated ANC shall not be less
than the value of basal metabolism (BM) calculated from the
‘current’ body weight of each subject, the BM was used as the
ANC for subjects for whom the calculated ANC was below
his/her BM. Calculation of the BM was based on the following
simple formulas:

BM for men [kcal] = 14.1 × (current weight [kg]) + 620

(2)

BM for women [kcal] = 10.8 × (current weight [kg]) + 620.

(3)

All subjects were supposed to get together before
breakfast for 14 consecutive days and to measure their body
weight and body fat percentage with a bath scale (HBF-701,
OMRON Corp.) as well as breath acetone concentrations. Each
subject blew deeply into our prototype for 6 s through the
breath input port using a straw and the concentration of breath
acetone was immediately measured for the breath during the
last 3 s of input. A pressure sensor was used to detect the
start of blowing and the breath in the first 3 s that mainly
contains disturbing oral gas constituents was discarded. To
minimize the effect of flow rate on the measurement, we
trained each subject prior to experiments so that he/she could
blow consistently into the prototype. At the same time as the

measurements using our prototype, each subject blew his/her
end-expiratory gas into a 1 L Tedlar R© bag (type N, Sanplatec
Corp.) and the concentration of breath acetone was measured
at the date of breath sampling by using a conventional GC
(SGEA-P2, FIS Inc.) calibrated with known concentrations
of acetone gases. We used the simple straw-based approach
because our prototype was designed as a portable and easy-
to-use device for diet-conscious people who are not familiar
with breath analysis. The straw-based approach is somewhat
advantageous because users can easily blow into the prototype
without dispersing their breath. Furthermore, it is expected to
alleviate the effect of water vapor contained in the exhaled
breath by adsorbing the water vapor on the inner surface of the
straw.

3. Results and discussion

To investigate the accuracy of our prototype, the concentrations
of breath acetone obtained from our prototype and from
conventional GC were first compared. Figure 4 shows the
scatter plots of breath acetone concentrations obtained from
all of the subjects throughout the experiments, over 14 days.
The plots show that the concentrations of breath acetone
obtained from our prototype and from conventional GC
have a strong correlation (R = 0.95, p < 0.001) throughout
the experiments; confirming that our prototype can be used
as a practical breath acetone checker with a reasonable
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Figure 4. Scatter plots of breath acetone concentrations obtained
from our prototype and from a conventional GC. The plots were
obtained from all of the subjects throughout the experiments, over
14 days (N = 238, R = 0.95, p < 0.001).

range of measurement deviations. Although we trained each
subject prior to the experiments so that he/she could blow
consistently into the prototype, the flow rate differed between
individuals. The difference caused deviations in the slope of the
correlation line between the sensor output and the conventional
GC measurement (supplementary figure S5 (available at
stacks.iop.org/JBR/7/036005/mmedia)). By comparing with
the results obtained from the conventional GC, we calculated
the standard error of the results obtained from our prototype
and found it was ± 0.1 ppm. This indicates that our prototype
cannot distinguish between concentration differences below
0.2 ppm. The errors may have arisen from the uncontrolled
flow rate and disturbing breath constituents of each individual,
which were not taken into account in our calibration curves.
Although an improvement in sensor sensitivity may be
required in future work, we believe that our prototype is
still useful because it is portable and easy to use. All of the
volunteer subjects, including persons who were not familiar
with electronic devices, were able to use our prototype and
were able to measure their breath acetone concentrations by
themselves throughout the experiments. Furthermore, unlike
the typical GC- and MS-based methods, our prototype can
measure the concentrations of breath acetone within 10 s;
indicating that we can monitor changes in breath acetone
even if the time between measurements is very short (e.g.,
measurements every minute during exercise).

To investigate the applicability to diet support, subjects
were divided into three groups, according to the enforcement or
otherwise of a controlled caloric intake and/or light exercise.
Loss of body fat from day 1 and breath acetone concentrations
were monitored throughout the experiments, over 14 days

(figure 5). We found that subjects who had their regular
life (Group A) and subjects who followed enforced light
exercise (Group B) were not able to lose significant fat, and
their breath acetone concentrations remained approximately
constant. Although subjects in Group B definitely performed
light exercises, such as jogging or fast walking for 30–60 min
per day throughout the experiments, the effect of exercise on
fat-burning was limited. This is probably because the subjects
were able to decide their walking speed and distance on
their own, and so their exercise intensity was too weak and
was far away from the anaerobic threshold in which exercise
intensity is suitable for losing fat. Alternatively, considering
that the fat of the subjects in Group B decreased slightly
over time and previous work that found an increase in breath
acetone concentration during exercise [14, 15], we should
have measured them during/after the light exercise in addition
to the early morning measurements. In contrast, subjects
who followed enforced controlled caloric intake and light
exercise (Group C) were able to lose significant fat, and their
breath acetone concentrations were increased significantly.
Considering that their exercise intensity was almost the same
as that of Group B, we can suppose that controlled caloric
intake was very effective for fat-loss, resulting in an increased
concentration of breath acetone. To confirm the effect of
controlled caloric intake, we compared average breath acetone
concentrations during the first three days as well as during the
last three days of the experiments between groups (figure 6).
We found that there was no significant difference in the average
breath acetone concentrations between groups at the beginning
of the experiments (figure 6(a)), while the average breath
acetone concentration in Group C was significantly higher
than those in Groups A and B at the end of the experiments
(figure 6(b)). These results indicate that breath acetone could
be a good indicator for monitoring fat-burning and support
the results obtained from previous work aimed at daily dietary
management [18].

We also investigated the individual differences in fat-
burning of subjects in Group C. Figure 7 shows the amount
of fat-loss per weight from day 1 and breath acetone
concentrations during the 14-day monitoring of three subjects
whose results showed distinctive trends. Here, the fat-loss per
weight is an indicator of the extent to which the subjects
performed healthy dieting. Although there was more or less
difference in dieting effects, the fat per weight of subjects 14
and 16 gradually decreased over time, and their breath acetone
concentrations gradually increased over time, indicating that
their dieting was going well. In contrast, the decrease in fat
per weight of subject 13 reached a plateau in the middle of the
experiment, and his increasing breath acetone concentrations
also turned downward in the middle of the experiment. This is
probably caused by the biological defense mechanism against
rapid fat loss at the beginning of the experiment, and means
that we need to change the extent of controlled caloric intake
and/or exercise intensity during the experiment to lose further
fat. These results indicate that the effect of dieting could be
estimated from changes in breath acetone concentration and
that breath acetone monitoring could be used to adjust the
extent of individual dieting programs.

5
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(a)

(b)

Figure 5. Monitoring of fat-burning throughout the experiments over 14 days. (a) Average amount of loss of body fat from day 1.
(b) Average concentrations of breath acetone during each day. Solid and dashed lines represent simple trend lines that are intended to show
whether the plots are in uptrend or downtrend. All of the lines are linearly-fitted.

(a) (b)

Figure 6. Comparison of average breath acetone concentrations of subjects in each group. (a) Average breath acetone concentrations during
the first three days of the experiments. (b) Average breath acetone concentrations during the last three days of the experiments. The error
bars represent the standard errors from 3-day measurements of five or six subjects.

Figure 8 shows the relationship between increase in breath
acetone concentrations of five subjects in Group C and their
BMIs at day 1. Considering that the results of day 1 were only

results prior to the start of dieting, we chose them as baselines
and compared them to the top three highest concentrations of
breath acetone during the consecutive 13-day dieting of the
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(a)

(b)

Figure 7. Individual difference in fat-burning during the 14-day
monitoring of three subjects in Group C. (a) Amount of fat-loss per
weight from day 1. (b) Concentrations of breath acetone during each
day. Solid and dashed curves represent simple trend curves that are
intended to show whether the plots are in uptrend or downtrend. The
curves for Subject 13 are inversely-fitted or quadratically-fitted.
Others are linearly-fitted.

five subjects. Although previous work concluded that there
is no significant correlation between the breath acetone and
BMI [17], it can be seen that the increase in breath acetone
concentrations exhaled from subjects with lower BMIs were
relatively high, whereas those exhaled from subjects with
higher BMIs were relatively low. Unlike the previous work,
in which fasting or uncontrolled diet subjects were analyzed,
our results were obtained from diet-controlled but not fasting
subjects. Although further studies based on larger numbers of
subjects will be required to draw a definite conclusion, this
result implies that subjects with lower BMIs tend to burn body
fat easier and quicker than subjects with higher BMIs, and
breath acetone could be an indicator that estimates physical
constitution and ease of fat-burning for diet-conscious people.

Finally, it should be mentioned that breath sampling
methods such as sampling timing have not been standardized
yet and remain an open issue. In our experiments, all
subjects were measured in the morning before breakfast
to minimize the impact of ingested food and exercise and
to standardize conditions during the 14-day monitoring.
Considering that previous works have reported that the
amount of carbohydrate contained in the ingested food and

Figure 8. Relationship between increase in breath acetone
concentrations of five subjects in Group C and their BMIs at day 1.
The error bars represent the standard deviation from top three
highest concentrations of breath acetone during the consecutive
13-day dieting of each subject.

executed physical activities influence the level of breath
acetone [1, 13–15, 21], measurements in the morning before
breakfast are expected to be reasonable and have been widely
employed. However, it should be noted that the breath acetone
concentrations tend to be relatively high in the morning before
breakfast [16]. Furthermore, it should be noted that inter-
individual variations arising from several factors such as age,
gender, BMI, and metabolic disorder may influence the level
of breath acetone [1, 2, 6, 12, 17, 21]. We intend to carry out
larger studies with more subjects in the future to account for
these factors.

4. Conclusions

This paper describes a world-first prototype of a portable
breath acetone analyzer that uses two kinds of semiconductor-
based gas sensors with different sensitivity characteristics.
This enables the acetone concentration to be calculated while
taking into account the presence of ethanol, hydrogen, and
humidity. Experiments on 17 healthy adult volunteer subjects
with BMIs above the Japanese standard have proved that our
prototype can be used as a practical breath acetone checker
for diet-conscious people, within an acceptable range of
measurement error. Our experiments also proved that breath
acetone could be a good indicator for monitoring fat-burning
and our prototype is useful for self-monitoring. Considering
that the effect of dieting could be estimated from changes in
breath acetone concentration, the estimated results could be
used to adjust the conditions for individual dieting programs.
It is expected that our prototype could play a pivotal role in
daily diet management and will help to prevent and alleviate
obesity and diabetes.
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1 

Supplementary document for “A prototype portable breath 

acetone analyzer for monitoring fat loss” by Toyooka et al. 
 
 
Sensor calibration 
 

To find calibration curves, we conducted the following experiments prior to the real breath tests: 

(1) we prepared simulated breath containing known concentrations of acetone with background hydrogen (50 

ppm) and humidity (saturated water vapor at 37°C), and determined the calibration curve for Sensor 1 for the 

simulated breath acetone (Supplementary figure S1). 

(2) we prepared simulated breath containing known concentrations of ethanol with background hydrogen (50 

ppm) and humidity (saturated water vapor at 37°C), and determined the calibration curve for Sensor 2 for the 

simulated breath ethanol (Supplementary figure S2). 

(3) we prepared simulated breath containing known concentrations of acetone and ethanol with background 

hydrogen (50 ppm) and humidity (saturated water vapor at 37°C), and determined calibration curves for 

Sensor 1 for the simulated breath acetone and ethanol (Supplementary figure S3). Although we show the 

results only for simulated breath containing 10, 75, or 150 ppm ethanol to maintain clarity in figure S3, we 

conducted similar experiments for a greater variety of ethanol concentrations. 

 

 

Figure S1. Calibration curve for Sensor 1 for the simulated breath acetone. 
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Figure S2. Calibration curve for Sensor 2 for the simulated breath ethanol. 

 

 

Figure S3. Calibration curves for Sensor 1 for the simulated breath acetone and ethanol. RL denotes a load 

resistance and corresponds to 10 kΩ. 

 

 

To estimate and calculate the actual breath acetone, we used the following algorithms in our prototype: 

(1) when the resistance of Sensor 2 (RS2) was greater than 10 kΩ for input breath, the calibration curve in figure 

S1 was used to determine the breath acetone concentration. 

(2) when the resistance of Sensor 2 (RS2) was below 10 kΩ and the resistance of Sensor 1 (RS1) was below 3.5 

kΩ for the input breath, the calibration curve in figure S1 was used to determine the breath acetone 

concentration. 

(3) otherwise, the calibration curve in figure S2 was used to determine the breath ethanol concentration for the 

input breath, and the calibration curve for the estimated ethanol in figure S3 was then used to determine the 

breath acetone concentration. 
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This enables breath acetone to be calculated while taking into account the presence of ethanol, hydrogen, and 

humidity. 

 
 

Actual breath response and signal-to-noise ratio 
 

Supplementary figure S4 shows example actual breath responses of Sensors 1 and 2. The gas sensitivities of the 

two sensors were decreased as soon as the prototype detected the start of input breath (containing 304 ppb acetone, 

25 ppm hydrogen, 0 ppm ethanol, and 95 ppb isoprene, as determined by the conventional GC), and then they 

reached plateau values. After flushing the retained breath, the baselines were recovered. Note that consecutive 

measurements were possible before flushing; in that case the gas sensitivities were further decreased from the 

plateaus. We found that the calculated signal-to-noise ratios of each sensor were high (>50) and similar responses 

were observed for other actual breath samples. 

 

 

Figure S4. Example responses from Sensors 1 and 2 for actual breath (containing 304 ppb acetone, 25 ppm 

hydrogen, 0 ppm ethanol, and 95 ppb isoprene, as determined by the conventional GC). 

 

 

Influence of differences in flow rate 
 

We trained each subject prior to the experiments so that he/she could blow into the prototype consistently, and this 

training contributed to a strong correlation between the sensor output and the conventional GC for each subject. 

Examples obtained from three representative subjects are shown in Supplementary figure S5. Not surprisingly, the 

flow rate differed between individuals and these differences caused deviations in the slope of the line of 

correlation between the sensor output and the conventional GC. 
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Figure S5. Scatter plots of breath acetone concentrations obtained from our prototype and from a conventional 

GC. The plots were obtained from three representative subjects throughout the experiments, over 14 days. 
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