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Abstract: Garlic consumption is a well-known cause of unpleasant breath and body odour, with
volatile organosulfur compounds, such as diallyl disulfide (DADS) and allyl methyl sulfide (AMS)
responsible for the characteristic odour. Certain foods that are rich in polyphenols (PPs) and polyphe-
nol oxidase (PPO) are known to deodorise garlic breath. However, no study into garlic body odour
has been reported owing to the very low amounts of emitted volatile organosulfur compounds.
Herein, we aimed to demonstrate the effects of ingesting natural food additives rich in both PPs
and PPO on the emissions of skin-derived DADS and AMS using a passive flux sampler in con-
junction with gas chromatography–mass spectrometry. Three healthy male subjects were subjected
to garlic-consumption testing, with all subjects commonly observed to exhibit remarkably higher
dermal DADS- and AMS-emission fluxes after consuming 45 g of cooked garlic, which then gradually
decreased toward their initial baseline levels. In comparison, remarkably lower emission fluxes of
both organosulfur compounds were observed after consuming a natural food additive following
garlic consumption in a dose-dependent manner. The optimal amount of ingested natural food
additive required to reduce garlic body odour was found to be 1–2 g. Considering the metabolic
pathway associated with garlic-derived sulfur compounds and elimination reactions involving PPs
and PPO, allyl mercaptan is likely to be a key substance involved in reducing garlic body odour
through the ingestion of natural food additives.

Keywords: garlic; diallyl disulfide; allyl methyl sulfide; ally mercaptan; natural food additive;
phenolic compounds; polyphenol oxidase

1. Introduction

Garlic (Allium sativum L.) is a bulb widely utilised as a seasoning, health-promoting
food, and a component of herbal medicine that has been used since the dawn of time [1,2].
The consumption of garlic has been shown to remarkably enhance health and prevent a
variety of prevalent human ailments such as cancer, cardiovascular and metabolic disorders,
hypertension, and diabetes through its antioxidant, anti-inflammatory, and lipid-lowering
properties [3–10]. However, consuming garlic is known to result in unpleasant breath
and body odour, which can persist for several hours or even days [11–15]. Organosulfur
compounds, such as diallyl disulfide (DADS) and allyl methyl sulphide (AMS) are known
to be responsible for characteristic garlic breath and body odour [12–17]. Garlic itself has a
barely noticeable smell; however, once chopped, crushed or chewed, its natural constituent
alliin (S-allylcysteine sulfoxide) is converted to allicin (diallylthiosulfinate) in an enzyme-
mediated process catalysed by alliinase [18]. Allicin is a precursor of several organosulfur
compounds that produce the distinctive garlic odour in the human body [18,19]. DADS,
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which has a very low odour threshold of 0.22 ppb, is a volatile organosulfur compound
produced through the metabolism of allicin [20]. DADS is subsequently metabolised into
other compounds such as AMS, which has a very low odour threshold of 0.14 ppb [20].
AMS is also formed via the rapid methylation of allylmercaptan (2-propene-1-thiol) [16,17].
While the excretion of these compounds through exhaled air and the skin surface is a
natural phenomenon, the odour of garlic can adversely affect interpersonal relationships;
consequently, developing methods for its deodorisation is imperative.

Ingesting various fruits and vegetables has been shown to successfully lower the levels
of the abovementioned volatiles both in vitro and in vivo because they contain polyphenols
(PPs), polyphenol oxidase (PPO), and reducing agents (reductases) [21,22]. Polyphenols
are naturally occurring compounds that are characterised by the presence of multiple
phenolic functional groups. PPs with hydroxyl groups at their ortho positions are oxidised
to the corresponding o-quinones, with the rate of the reaction enhanced by PPO [21,22].
o-Quinones bind thiols and eliminate them by forming conjugates. Disulfides are degraded
by reductases to the corresponding thiols which are also removed by o-quinones. The
resulting conjugates are either odourless or have different odours; consequently, garlic-
breath can be deodorised by ingesting foods rich in both PPs and PPO [16,21,22]. Mirondo
and Barringer [16] demonstrated that the levels of several organosulfur compounds in the
exhaled breath of subjects who chewed 3 g of garlic cloves were reduced by apple, lettuce,
mint leaves, and green tea, and elucidated the roles played by PPs and PPO in deodorising
such garlic-associated chemicals. However, to the best of our knowledge, how ingesting
foods rich in both PPs and PPO affect the deodorisation of garlic body odour associated
with trace amounts of dermal emissions has not been reported.

Body odour comprises a mixture of volatile organic and inorganic compounds that
emanate from the skin surface that are collectively known as human skin gas [23–25].
These compounds are released from the skin surface via three emission routes: dermal
glands, blood, and surface reactions [25]; they move to the skin surface during perspiration
and sebum secretion (dermal ground route) and/or directly leave from the bloodstream
through the dermal layers (blood route) when they are produced in the human body
through internal metabolism. In addition, skin-derived gases are produced by bacterial
metabolism or chemical reactions with substrates in the sweat and sebum on the skin
surface (surface reaction route). As for body odour associated with garlic, DADS and AMS
are produced by the internal metabolism of allicin and then released mainly via the blood
route during circulation [17]. Human skin gas affects indoor odour more than exhaled
gas [26]; hence, deodorising garlic body odour also contributes to improving the quality
of indoor air. Hiramoto et al. [27] aimed to develop a novel and safe deodorant using
natural materials and produced a food additive derived from coffee and burdock (which
are familiar foods) as a water-soluble powder prepared by mixing green coffee-bean extract,
which is rich in PP (mainly chlorogenic acid), with burdock powder, which contains PPO, in
a 1:1 ratio. Chewing gum containing the natural food additive has been reported to reduce
the concentrations of hydrogen sulphide, methyl mercaptan, ammonia, and trimethylamine
in the oral cavity [27]. Furthermore, the direct addition of the natural food additive to
human faeces reportedly diminished the release of hydrogen sulphide, methyl mercaptan,
and lower fatty acids [27]. With this background in mind, this study aimed to demonstrate
the effects of ingesting a natural food additive on the dermal emissions of DADS and AMS,
which are responsible for garlic body odour.

2. Materials and Methods
2.1. Materials and Reagents

Garlic was purchased from a local supermarket in Japan, wrapped in aluminium foil,
and grilled, which is culinary practice and a popular way of enjoying garlic in Japan.

As a deodorising material, the natural food additive (trade name: DEOTAK® P-1-G,
Takasago International Corporation, Tokyo, Japan) was used. It was prepared by mixing
green coffee-bean extract (PP rich) and burdock powder (PPO rich) in a 1:1 ratio based
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on weight. The green coffee-bean extract and burdock powder were prepared as follows:
Green coffee beans (robusta species) were ground and the beans that did not pass through
a 5-mm mesh were removed, water was added, and the beans were extracted at 85–95 ◦C
for 2 h. The extract was filtered and the filtrate was adsorbed onto an XAD-2 column
(Organo Co., Ltd., Tokyo, Japan). The column was then washed with water and the
adsorbed substances were eluted with methanol and dried to obtain green coffee-bean
extract. The polyphenol content of the extract was determined to be 0.84 mmol g−1 by the
Folin–Ciocalteu method [28,29]. The polyphenol concentration in the extract was expressed
as catechol equivalents, which was spectrophotometrically determined using chlorogenic
acid as a standard. Washed raw burdock and acetone cooled at −20 ◦C were placed in
a mixer, ground, and then suction-filtered. The residue was then thoroughly washed
with aqueous 80% acetone at 5 ◦C and freeze-dried to obtain the burdock powder. The
enzyme-specific activity of burdock powder was determined to be 50 units g−1 based on
substrate reactivity toward chlorogenic acid.

Reagent-grade DADS and AMS were purchased from a commercial source (Fujifilm
Wako Pure Chemical, Osaka, Japan) and used to calibrate dermal emissions.

2.2. Subject Testing

Open-label and before/after trials of the natural food additive on the dermal emissions
of DADS and AMS were conducted by recruiting three healthy male subjects (age 24, 25,
and 31). Exclusion criteria were as follows: (1) subjects regularly using medicines or
supplements that could affect metabolism, (2) those who are not good at eating garlic,
(3) those participating in another study, and (4) those judged inappropriate for the study by
the investigator. The dermal emission amounts of both organosulfur compounds before
and after garlic consumption were measured at the non-dominant forearm of each subject,
following the schedule shown in Figure 1. After sampling human skin gas for 1 h, (between
8:00 and 9:00 (t = −1 h), the subjects consumed ~45 g of the grilled garlic, and subsequently
ingested 0 (control), 0.50, 1.0, 2.0, or 4.0 g of the natural food additive, 0.50 g of the
green coffee-bean extract, or 0.50 g of burdock powder over 30 min. All test materials
were dissolved in 200 mL of water. The quantity of garlic consumed was calculated by
measuring the weight difference of the dish before and after consumption using an electric
balance. After intake, sampling was conducted for 0.5 h between 9:30 and 10:00 (t = 0 h)
and between 10:00 and 10:30 (t = 0.5 h), after which sampling was performed for 1 h at t = 1,
2, 3, 6, and 8 h. The subjects were asked to refrain from consuming garlic, polyphenol-rich
fruits and vegetables (apples, prunes, berries, burdocks, blackcurrants, etc.), tea, coffee, or
milk during the test period, with bread, rice, or noodles along with water recommended
for breakfast and lunch. The three subjects ingested the same amount of the natural food
additive on the same days.
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Figure 1. Subject-testing schedule for investigating the effect of ingesting test materials on the dermal
emissions of DADS and AMS after consuming 45 g of grilled garlic.
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2.3. Measuring Dermal DADS and AMS Emissions

Following a previous report [17], the emission fluxes of DSDS and AMS emanating
from the skin surface were determined using a passive flux sampler (PFS) in conjunction
with gas chromatography–mass spectrometry (GC-MS). Figure 2 shows a schematic of the
PFS applied to human skin. The skin surface was not specially treated prior to sampling.
The PFS was gently affixed to the skin surface to create a headspace. The DADS and AMS
released from the skin move toward and were sampled by the flat adsorbent composed
of monolithic silica embedded with activated carbon particles (MonoTrap® DCC18, GL
Science, Tokyo, Japan). The diffusion length, a distance between the skin surface and the
adsorbent in the PFS, was set to 0.80 cm.
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Figure 2. Schematic of the PFS used to sample DADS and AMS released from the human skin surface.
During the sampling, the PFS was gently affixed to the skin surface with surgical tape.

After sampling, the adsorbent was placed into a glass vial and sealed. The trapped
volatile compounds were heated and desorbed at 120 ◦C using a STRAP headspace sampler
(JEOL, Tokyo, Japan) and the desorbed gases in the headspace were introduced into a GC-
MS system (JMS-Q1000GC MkII, JEOL, Tokyo, Japan) by a split mode at the ratio of 10:1.
The analytes were separated using an InertCap® Pure-Wax column (0.25 µm film thickness;
30 m × 0.25 mm, GL Sciences, Tokyo, Japan) using the following column temperature
program: hold for 5 min at 35 ◦C, increase at 5 ◦C min−1 to 100 ◦C, then immediately to
250 ◦C at 25 ◦C min−1 and hold there for 6 min. G1 grade helium (Taiyo Nippon Sanso,
Tokyo, Japan) was used as a carrier gas with 1.0 mL min−1 of flow rate. Sample data
were acquired using real-time Selected Ion Monitoring (SIM) mode: m/z = 41 for DADS
and m/z = 73 for AMS. The temperature of the detector interface was held at 250 ◦C. The
emission fluxes of DADS and AMS at sampling time t, Et in the unit of ng cm−2 h−1 was
calculated by:

Et =
Wt

S·Tt
(1)

where Wt is the collected amounts (ng) of DADS and AMS at sampling time t, S is the
functional cross-section of the disk-type adsorbent (=0.594 cm2), and Tt is the sampling
duration (0.5 or 1.0 h). Because no significant contamination was observed in the blank
samples, the limit of detection was set at three-times the baseline noise level (S/N = 3),
resulting in 8.7 × 10−3 ng cm−2 h−1 for DADS and 2.2 × 10−3 ng cm−2 h−1 for AMS after
1 h of sampling.
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The total amounts of DADS and AMS emitted during testing following garlic consump-
tion, Q (ng cm−2), were calculated by integrating the obtained emission fluxes multiplied
by the sampling duration at 0.5, 1, 2, 3, 6 and 8 h, as follows:

Q = ΣEt·Tt (2)

2.4. Statistical Analysis

All the statistical analyses were conducted using Microsoft Excel for Windows 2021
MSO. Differences in the total dermal emissions following garlic consumption were analysed
using a two-tailed paired t-test. Statistical significance was set at: * p < 0.05, ** p < 0.01.

3. Results

Figure 3a shows the time course of the average dermal DADS-emission flux of the
three subjects prior to and following the consumption of 45 g of cooked garlic with or
without the ingestion of the natural food additive. The time points on the x-axis show
the sampling times following ingestion (Figure 1). The three male subjects exhibited a
common trend in the control experiment. An initial DADS emission flux (t = −1 h) of
0.072 ± 0.020 ng cm−2 h−1 was recorded at the forearm (n = 3); this value falls within the
range of daily baseline levels that have been previously reported [17]. The emission flux
exhibited a maximum value of 4.8 ± 0.36 ng cm−2 h−1 during the first sampling period
(t = 0 h) following garlic consumption, and then continued to decrease over time. Despite
this trend, the emission flux remained greater than the initial value even at t = 8 h; hence,
the garlic odour released from the body surface is persistent. Meanwhile, the consumption
of the natural food additive led to different time courses that depended on the amount
ingested. A lower dermal emission flux was recorded at each measurement time compared
to that of the control, with peak values of 2.9 ± 0.18 ng cm−2 h−1 recorded after ingesting
0.5 g of the natural food additive (41% lower than the control), 1.6 g ± 0.92 ng cm−2 h−1

after ingesting 1 g (67% lower than the control), 1.4 ± 1.1 ng cm−2 h−1 with 2 g (72% lower),
and 1.9 ± 0.11 ng cm−2 h−1 with 4 g (67% lower) at t = 0 h.

AMS exhibited a different dermal emission flux time course to that of DADS; however,
it was common among all subjects, as shown in Figure 3b. An initial AMS-emission
flux of 0.022 ± 0.0010 ng cm−2 h−1 was measured in the control experiment (n = 3);
this value is approximately one-third that recorded for DADS and is within the range of
previously reported daily baseline levels of AMS [17]. The emission flux reached its peak at
2.9 ± 0.079 ng cm−2 h−1 at t = 0.5 h after ingesting grilled garlic and then decreased with
increasing time. The time course observed for AMS differed from that of DADS, whose
emission peaked at t = 0 h; that is, peak dermal AMS-emission flux was observed at a later
time, which is most likely due to AMS being formed from precursors like allyl mercaptan
and DADS, and remained somewhat latent in the skin layer after leaving the bloodstream,
unlike DADS [17]. While no apparent change was found in the variation of the cutaneous
emission flux after consuming 0.5 or 4 g of the natural food additive, a remarkably lower
emission flux was observed when 1 or 2 g of the natural food additive was ingested, with a
value of 0.84 ± 0.23 ng cm−2 h−1 following the ingestion of 1 g of the natural food additive
(72% lower than the control) and 0.61 g ± 0.01 ng cm−2 h−1 with 2 g (79% lower) at t = 0.5 h.

These results, presented above, show that natural food additives can reduce dermal
emissions of DADS and AMS, and that an optimal intake exists. Figure 4a displays the
relationship between the amount of the natural food additive ingested and the total dermal
emission of cutaneous DADS following garlic consumption to t = 8 h, as calculated using
Equation (2). Significantly lower DADS emissions were observed at all doses (two-tailed
paired t-test) compared to that of the control, with the greatest impact observed at doses of
1 and 2 g. In contrast, Figure 5a shows that significantly lower AMS emissions were only
observed when 1 or 2 g of the natural food additive was ingested (two-tailed paired t-test).
Therefore, we conclude that 1–2 g of the natural food additive is optimal for reducing body
odour caused by the consumption of 45 g of cooked garlic.



Appl. Sci. 2024, 14, 9631 6 of 11

Appl. Sci. 2024, 14, x FOR PEER REVIEW 6 of 11 
 

emission flux after consuming 0.5 or 4 g of the natural food additive, a remarkably lower 
emission flux was observed when 1 or 2 g of the natural food additive was ingested, with 
a value of 0.84 ± 0.23 ng cm−2 h−1 following the ingestion of 1 g of the natural food additive 
(72% lower than the control) and 0.61 g ± 0.01 ng cm−2 h−1 with 2 g (79% lower) at t = 0.5 h. 

 
Figure 3. Time courses of dermal emission fluxes of (a) DADS and (b) AMS measured from the 
forearms of three healthy male subjects prior to and following the consumption of 45 g of cooked 
garlic and 0, 0.5, 1, 2, and 4 g of the natural food additive dissolved in water. Bars show the means 
of three subjects with standard deviations. 

0.0
1.0
2.0
3.0
4.0
5.0
6.0

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-1
)

Time (h)

Control

0.0
1.0
2.0
3.0
4.0
5.0
6.0

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-
1 )

Time (h)

4g

0.0
1.0
2.0
3.0
4.0
5.0
6.0

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-1
)

Time (h)

2g

0.0
1.0
2.0
3.0
4.0
5.0
6.0

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-1
)

Time (h)

1g

0.0
1.0
2.0
3.0
4.0
5.0
6.0

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-1
)

Time (h)

0.5 g

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-1
)

Time (h)

Control

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-
1 )

Time (h)

4g

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-1
)

Time (h)

2g

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-1
)

Time (h)

1g

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

-1 0 0.5 1 2 3 6 8

Em
is

si
on

 fl
ux

 (n
g 

cm
-2

h-1
)

Time (h)

0.5 g

(a) DADS (b) AMS

Figure 3. Time courses of dermal emission fluxes of (a) DADS and (b) AMS measured from the
forearms of three healthy male subjects prior to and following the consumption of 45 g of cooked
garlic and 0, 0.5, 1, 2, and 4 g of the natural food additive dissolved in water. Bars show the means of
three subjects with standard deviations.
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Figure 4. (a) Influence of the ingestion of the natural food additive and (b) 0.5 g of each ingredient
on the total emission of DADS from the skin surface after garlic consumption, as calculated using
Equation (2). Significant differences: * p < 0.05, ** p < 0.01, two-tailed paired t-test against control.
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Figure 5. (a) Influence of the ingestion of the natural food additive and (b) 0.5 g of each ingredient
on the total emission of AMS from the skin surface after garlic consumption, as calculated using
Equation (2). Significant differences: * p < 0.05, ** p < 0.01, two-tailed paired t-test against control.

One gram of the natural food additive consists of 0.5 g of green coffee-bean extract
and 0.5 g of burdock powder. To investigate the role of each ingredient, we separately
investigated the effects of their ingestion on the cutaneous emission amounts of DADS
and AMS. Figures 4b and 5b show the total amounts of DADS and AMS dermally emitted
following garlic consumption and the ingestion of 0.5 g of each ingredient as well as those
of the control and 1 g of the natural food additive. While no significant changes in DADS
emissions were observed when the green coffee-bean extract was ingested, the ingestion
of burdock powder led to slightly lower emissions (p = 0.056). On the other hand, both
ingredients separately led to significantly lower cutaneous AMS emissions.

4. Discussion

As presented above, ingesting the natural food additive containing PPs and PPO can
successfully reduce the emission fluxes of cutaneous DADS and AMS. Emission fluxes
of human skin gases vary greatly from person to person [25,30,31]. However, the three
healthy male subjects exhibited common time-course profiles in the dermal emission fluxes
of both organosulfur compounds, with little individual variations observed, which is
mainly ascribable to the consumption of large amounts of garlic.

The mechanisms associated with the generation of garlic body odour and the removal
of organosulfur compounds by natural food additives are shown in Figure 6 based on
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the results presented above. Alliin is converted into allicin when garlic is consumed
orally, and allicin is a precursor of a variety sulphur-containing organic compounds in
the body, including allyl mercaptan and DADS, which are subsequently metabolised to
other compounds, including AMS. Volatile sulphur compounds, typically DADS and AMS,
are transferred to the skin surface via the blood and released, causing garlic body odour.
The shift in the peak observed in the AMS time course (Figure 3b) is most likely related
to AMS formed from DSDS and allyl mercaptan and is consequently somewhat latent in
the skin layer after leaving the bloodstream [17]. The PPs in the natural food additive is
readily oxidised to the corresponding o-quinones by oxygen and water, and this process is
promoted by PPO [21,22,30]. According to Yasuda and Arakawa [32], (−)-epigallocatechin
gallate (EGCg) exhibits deodorising activity against methyl mercaptan (CH3SH) because
the methylthio group (CH3S-) adds to the o-quinone; however, it exhibits no activity
against dimethyl disulfide (CH3S-SCH3), which suggests that the o-quinone generated
from the natural food additive eliminates allyl mercaptan rather than DADS. The results
shown in Figure 4b support the notion that no significant change is observed by ingesting
green coffee-bean extract alone. However, the slight decrease in the dermal emission was
observed when 0.5 g of the burdock powder was consumed; this probably reflects the
fact that a DADS reducing agent is present in the burdock powder, with a formation of
allyl mercaptan from DADS. Consequently, dermal emissions of DADS were significantly
reduced by the natural food additive because both ingredients are mixed. Meanwhile, only
cutaneous AMS emissions were significantly lowered by the ingestion of green coffee-bean
extract (Figure 5b). This is because AMS is produced through the rapid methylation of allyl
mercaptan by S-adenosylmethionine and gut microflora [16,17]. The resulting conjugates
are either odourless or have different smells. Based on the series of reactions examined
in this study, we propose that ally mercaptan acts as a key garlic-body-odour-reducing
substance through the ingestion of natural food additives rich in PPs and PPO.
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routes induced by the ingestion of the natural food additive.
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The optimal dose of the natural food additive determined in this study only applies
to the consumption of 45 g of cooked garlic, which is a limitation of this study. The
emission fluxes of skin-derived DADS and AMS have previously been reported [17] to vary
nonlinearly with garlic consumption, which is likely ascribable to the digestion rate of solid
garlic pieces affecting the rates of formation of the organosulfur compounds. Furthermore,
garlic is a versatile ingredient, with various cooking and consumption methods other than
grilling used globally. We intend to examine the effects of natural food additives on various
garlic dishes and their consumption for deodorising garlic body odour.

Food and food additives are known to control skin-gas emissions. For example, trans-2-
nonenal, an odour associated with ageing, can be reduced by ingesting New Zealand black
currant powder [30], while improving the gut environment by ingesting lactulose produced
from milk sugar reduces levels of ammonia while increasing levels of γ-lactone [31]. The
emission of cutaneous ammonia can also be reduced by ingesting L-ornithine, which is a
non-proteinogenic α-amino acid involved in the urea cycle that functions by lowering the
blood ammonia level [33,34]. This study is the first to report the deodorisation of garlic body
odour and provides new insight into reducing body odour through food intake. Therefore,
other human skin gases that may contribute to body odour need to be further studied.

5. Conclusions

This study aimed to demonstrate the effects of ingesting a natural food additive rich in
both PPs and PPO on the quantity of skin-derived DADS and AMS, which are responsible
for garlic body odour. Garlic-consumption experiments involving three healthy male
subjects revealed that the remarkably lower dermal emission fluxes of both organosulfur
compounds were achieved by ingesting the natural food additive after consuming 45 g of
cooked garlic compared to the control; the levels subsequently gradually decreased to those
initially recorded. While the DADS-emission flux peaked immediately following garlic
consumption, that of AMS peaked 30 min after consumption. Both compounds exhibited
lower dermal emission fluxes in a manner that depended on the amount of ingested natural
food additive. The optimal ingestion dose of the natural food additive was determined
to be 1–2 g for reducing garlic body odour. Considering the metabolic pathway for the
synthesis of DADS and AMS and the elimination reactions involving the PPs and PPO,
we suggest that mercaptan is a key substance associated with the reduction of garlic body
odour through the intake of natural food additives. Based on this study, we will further
investigate the deodorizing effect of ingesting the natural food additive on other human
skin gases, such as trans-2-nonenal and ammonia, considering the reaction mechanisms
with PPs and PPO.
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