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Chewing gum is one of the most consumed confection-
ery products all over the world (Fenimore, 2008). The 
gum industry has also been growing in Turkey and new 
products which meet consumer expectations are con-
stantly being put on the market. According to the Mint-
el market size report, 11,000 tons of chewing gum were 
put on the market for consumption in Turkey in 2021. 

Chewing gum is also used for medicinal purposes 
(Ozcelik and Kunduk, 2021; Rassing, 1994). The first 
commercial medical gum, “Aspergum”, with a for-
mula containing acetylsalicylic acid, was put on the 
market in 1924 (Woodford and Lesco, 1981). A new 
line of sugar-free chewing gum for dental care was 
introduced by Mondelez and P&G-owned Oral B in 
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ABSTRACT

�The use of in vivo instrumental analysis and sensory evaluation techniques in the investigation of volatile 
compounds released from gum matrices is a convenient method for scientists to obtain more decisive results 
on the properties of chewing gums. In this study, four types of lemon-flavoured chewing gum were prepared, 
and their flavour permanence was monitored by in vitro and in vivo techniques. For this purpose, both sen-
sory and analytical techniques were conducted using a retronasal aroma-trapping device and DHA-GC/MS. 
Cis-citral and trans-citral were chosen as the flavour compounds to be monitored. An accelerated shelf-life 
test was also performed. Although the presence of cis-citral and trans-citral in the breath was most intense 
5 minutes after chewing the gum, it could still be detected even 45 minutes later. The lemon flavouring was 
also perceived by the assessors in the 45th minute. The lemon taste was found to persist in the formulations 
for 12 months.

Keywords: chewing gum, flavour permanence, flavourings, lemon flavouring, retronasal aroma-trapping 
device, sensory analysis
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2020 in Europe. Fluoride is added to the product to 
strengthen teeth against acids, preserve tooth minerali-
zation, and aid in the neutralization of dental plaque. 
Chewing gums are also used to manage nicotine ad-
diction. They can provide an advantage in masking the 
bad taste of the drug. Chewing gums containing some 
drugs, such as nystatin (Andersen et al., 1990), metha-
done (Christrup et al., 1990a), verapamil (Christrup et 
al., 1990b), caffeine (Guest et al., 2021), ondansetron 
(Nagaich et al., 2010), and miconazole (Bastian et 
al., 2004), have been designed for their oral and topi-
cal application. Dental caries can be treated and oral 
health can be maintained with specifically formulat-
ed chewing gums which stimulate the flow of saliva, 
thus providing more rapid oral clearance, neutralizing 
plaque pH, and increasing remineralization of early le-
sions (Dodds, 2012). 

Xylitol is a polyol widely used in both medical 
and non-medical chewing gums. It has a significant 
antiplaque effect on tooth surfaces and decreases gin-
gival inflammation. As a result, it is commonly used 
in chewing gums as a preventive agent for dental car-
ies as it reduces levels of pathogenic microorganisms 
(Gasmi Benahmed et al., 2020). Xylitol was reported 
to prevent acute otitis media in children up to 12 years 
of age (Azarpazhooh et al., 2016).

Whether it is used as confectionery or for thera-
peutic purposes, the flavour of chewing gum must be 
palatable and permanent. Due to the increasing de-
mand for this indispensable confectionery, manufac-
turers try to diversify their products by considering 
consumer satisfaction all over the world. Flavourings 
that give taste and odour to foods are one of the most 
important factors determining the quality and mar-
ket value of chewing gums (De Roos, 2008). 0.4–1 
g/100 g flavour components are generally used in 
chewing gum formulations for this purpose (Wong 
et al., 2009). However, after 3–5 minutes of chewing, 
most gums usually lose their flavour and consumer 
perception fades (Fenimore, 2008). Flavour perma-
nence (in other words, flavour release during chew-
ing) is closely related to factors including chewing 
power, saliva flow rate, and the properties of chewing 
gums, such as rheological properties and the ingredi-
ents used in the production of the gum base (Boland 
et al., 2007; Haahr et al., 2003; Hodgson et al., 2003; 
Koliandris et al., 2008; Wong et al., 2009). Gum base 

is produced with or without sugar. Various additives 
such as texture modifiers and preservatives are used 
in combination in the production of gum base, and 
these ingredients specify the desirable characteristics 
of chewing gums. Distribution of the flavour com-
ponents between the hydrophobic and hydrophilic 
phases of gums depends on their hydrophobicity 
and hence their affinity to these phases (Hinderink et 
al., 2019; Potineni and Peterson, 2008; Taylor et al., 
2000). In addition, increasing the sweetness and sour-
ness of the gum base affects the intensity of the per-
ceived flavour (Bonnans and Noble, 1993; Lotfabadi 
et al., 2020; McBride and Johnson, 1987; Pfeiffer et 
al., 2006). Existing encapsulation techniques are used 
to protect the flavour compounds being processed and 
to protect the final product during storage (Castro and 
Johnson, 2006). Perception of the flavourings of the 
chewing gum during chewing begins and continues 
in the oronasal tract. Since the flavour permanence 
of the chewing gum determines consumer prefer-
ence, reliable analytical techniques have been devel-
oped to monitor the release of the flavour volatiles 
from production to storage (Guichard, 2002). These 
techniques involve in vivo and in vitro instrumental 
analysis. Methods used to determine the perception of 
food products in the past were based on static percep-
tion in a given moment. However, current dynamic 
techniques have higher reliability and allow for better 
detection of consumer perceptions (Dijksterhuis and 
Piggott, 2000; Lotfabadi et al., 2020). 

Sophisticated instrumental methods and specific 
instruments have been developed to analyse flavour 
compounds in chewing gums including headspace solid-
phase microextraction (HS-SPME), atmospheric pres-
sure-chemical-ionization mass spectrometry (APCI-MS,  
MS-noise), and proton transfer reaction mass spec-
trometry (PTR-MS; Boland et al., 2006; Buettner and 
Schieberle, 2000; Buettner et al., 2008;  Dijksterhuis 
and Piggott, 2000; Kataoka et al., 2000; Taylor et al., 
2000). The retronasal aroma-trapping device (RATD- 
-GC/MS; retronasal olfactometer-GC/MS) has been 
designed to detect flavour release as part of the retrona-
sal olfaction test. To use this device, assessors breathe 
into a nozzle placed in a glass mask and the air sam-
ple (breath) passing through the mask is trapped in the 
Tenax TA. Then, the trapped molecules are analysed 
through GC/MS to determine the flavour components 
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in the breath (Bonneau et al., 2018; Muñoz-González 
et al., 2014). Sensory evaluation techniques are used 
to determine consumers’ reactions to the appear-
ance, taste, texture, and other sensory characteristics 
of foods. Among sensory analysis tests, the affective 
(preference) test is mostly used to determine consumer 
preferences. In the literature, no in vivo studies involv-
ing simultaneous sensory and instrumental analysis 
of lemon-flavoured chewing gums were found, but 
it is very important to conduct in vivo instrumental 
analysis with sensory evaluation techniques to moni-
tor the release of volatile components from the gum 
matrix. Flavourings include a lot of complex flavour 
compounds, which can react with each other and with 
other ingredients in foods. In the food optimization 
process, it is difficult to define the permanence of per-
ception and to determine the release of flavours using 
instruments. The RATD-GC/MS can provide a reliable 
analysis by using flavour precursors for each flavour-
ing component.

Flavour permanence studies on different food ma-
trices using an RATD-GC/MS can support the creation 
of more permanent flavourings by assisting with pro-
cess optimization in confectionery production. In this 
study, the permanence of lemon-flavoured gums dur-
ing chewing was analysed in vivo by RATD-GC/MS 
combined with sensory evaluation techniques. An af-
fective test and descriptive sensory analysis (DSA) 
were performed to assess the correspondence between 
analytical and sensory evaluation techniques.

MATERIALS AND METHODS

Material
The gum base was purchased from Remik Chemis-
try Trade Inc. Co., Pendik, Istanbul. The gum base 
contained cis-citral (CAS 106-26-3), trans-citral 
(CAS 141-27-5), and citric acid (CAS 77-92-9; Jun-
gbunzlauer Suisse AG); malic acid (CAS 6915-15-7; 
Tate & Lyle, Turkey); encapsulated citric acid (50%; 
Tastetech, Bristol, UK); sorbitol, maltitol syrup, man-
nitol and xylitol (Roquette Agriculture and Food LLC, 
Turkey); cooling agent (WS3 Type; Henan Sunlake 
Enterprise Corporation, Henan, China); isomalt (Be-
neo, Turkey); sucralose (Splenda, Turkey); encapsu-
lated sucralose (10%; Tastetech, Bristol, UK). Lemon 
flavour, encapsulated lemon flavour, and extruded 

lemon flavour were obtained internally (Aromsa Fla-
vours and the Food Additives Inc. Co., Kocaeli, Tur-
key). All other chemicals were of analytical grade. 

Sample preparation
Lemon-flavoured chewing gums were prepared in ac-
cordance with Council Regulations EU No: 1330/2008 
(The European Parliament and of the Council of 16 
December 2008 on Food Additives; Table 1). An artifi-
cial flavouring mixture of the same concentration was 

used in all chewing gum formulations (equal amounts 
of its liquid, encapsulated, and extruded forms). Since 
stick gums are the most preferred chewing gum type 
in the world, 2.2 ±0.2 g of stick gum were prepared in 
this study (Fritz, 2008). Immediately after preparation, 
they were put in a plastic bag and wrapped in alumin-
ium foil. They were stored at 21°C and 35% relative 
humidity until being used for analysis.

Table 1. Composition of lemon-flavoured chewing gums, %

Ingredients
Formulations 

A B C D

Flavour mixture* 1.5 1.5 1.5 1.5

Gum Base (Talk Type) 30 30 30 30

Encapsulated citric acid 1.2 1.2 1.2 1.2

Citric acid 0.5 0.5 0.5 0.5

Malic acid 0.5 0.5 0.5 0.5

Sorbitol 47.3 47.3 47.75 47.75

Maltitol syrup 7.5 7.5 7.5 7.5

Mannitol 3 3 3 3

Encapsulated sucralose 1 1 0.5 0.5

Sucralose – – 0.05 0.05

Xylitol 7.5 – 7.5 –

Isomalt – 7.5 – 7.5

Cooling agent 0.1 0.1 0.1 0.1

*Flavour mixture includes the same flavourings (liquid, encap-
sulated and extruded ingredients).
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Study design
The study was designed in two stages. The first was the 
preselection stage, including a sensory evaluation test 
(affective test), and the second was the instrumental 
analysis stage, including a sensory evaluation (descrip-
tive sensory analysis − DSA) only for selected sam-
ples. The effectiveness of formulations was evaluated 
and accordingly, the optimum taste for chewing gums 
was selected by trained and experienced assessors. 

Formulation A included xylitol and encapsulated sucla-
rose. Formulation B included isomalt and encapsulated 
suclarose. Formulation C included xylitol, encapsulated 
suclarose, and free suclarose. Formulation D included 
isomalt, encapsulated suclarose, and free suclarose. 
Hence, the use of free and encapsulated forms of sucra-
lose in the presence of xylitol or isomalt was assessed 
by comparing A with C and B with D. Then, the most 
preferred formulation was determined by comparing the 
favourite among A and C with the favourite among B 
and D. Thereafter, the flavour profile of all formulations 
was characterized by DSA (Table 2 and Fig. 1). For the 
second stage of the study, according to the results of the 
sensory analysis, the flavour permanence of each select-
ed chewing gum was monitored both by sensory evalua-
tion analysis and using an in vivo aroma trapping device.

Assessors. All assessors were selected and trained 
according to guidelines from the International Or-
ganization for Standardization (ISO 8586:2014). The 
formulations were evaluated by the affective test, con-
ducted with an experienced and trained assessor group 
(16 male and 24 female healthy assessors aged 25–50, 
7 of whom participated in the in vivo RATD-GC/MS 
experiments) to determine the intensities of the tast-
ing and flavouring attributes. The assessors, volunteers 
from AROMSA Inc. Co., were non-smoking, non-preg-
nant, had no piercings in the mouth, had no mastication 
or swallowing disorders, and had no known illnesses. 
They also had normal olfactory and gustatory function. 
All assessors provided informed consent for this study.

Sensory evaluation analyses
Affective (preference/acceptance) test. This test was 
performed in the personal cabins of the AROMSA Inc. 
Co. Sensory Analysis Laboratory. Positive pressure 
was applied to remove various odours from the cab-
ins. The cabin temperature and relative humidity were 
kept at 21 ±1°C and 50–55% during the analysis. There 
were no objects that could have disturbed the con-
centration of the assessors in the cabins. A five-point 
linear scale was used to evaluate the intensity of the 
sample taste. Instructions about the evaluation and the 
scale were also provided on evaluation monitors. The 
samples were presented to the assessors with no dis-
tinguishing features and coded with randomly selected 
3-digit numbers (Lawless and Heymann, 1998).

Table 2. Lemon flavouring attributes selected for DSA

Attribute Characteristics

Lemon typical acidity of citrus

Sour lemon sourness

Astringent lemon juice and the bitter taste in its peel

Sweet a small amount of sweetness felt in lemon

Peely the typical taste of lemon peel

Juicy the typical taste of lemon juice

Sweet the typical sweetness of strawberries

Flavouring attributes were selected by tasting the flavoured 
chewing gums.

0

1

2

3

4
Sour

Juicy

Peely

Astringent

Bitter

Sweety

Lemon 
Taste

Fruity

Lemon Flavoured Chewing Gums (A-D)

A B C D

Fig. 1. Sensory analysis radars of lemon-flavoured chewing 
gums. Flavouring attributes of the assessors on formulations 
A, B, C and D
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In the affective test, assessors were first asked 
which gum formulation they preferred. In addition, 
they were asked to rate the chewing gums according to 
the hedonic scale of 0–5 with regard to Figure 1. The 
flavoured chewing gums were evaluated in separate 
sessions by each assessor. The assessors participated in 
two evaluation sessions, which occurred over the whole 
day, one in the morning and the other in the afternoon. 
Each assessor evaluated two samples in each session. 
A and C were evaluated in one session; B and D in the 
other session. Finally, the preferred samples were re-
evaluated in each session. In the third session, the most 
preferred sample was chosen by the assessors. In every 
session, water and crackers were provided to clean the 
assessor’s mouth (Hort and Hollowood, 2004). 

Descriptive sensory analysis (DSA) was performed 
for the flavouring attributes of each selected lemon-fla-
voured chewing gum (Table 2). The formulations were 
evaluated by an experienced assessor group to deter-
mine the intensities of the tasting and flavouring attrib-
utes. Before DSA, flavoured chewing gums were given 
to the assessors, who were informed about the meth-
od, analysis steps, and product information (ISO/DIS 
13299: 2016). Critical information like production and 
expiration dates was not given to the assessors. Evalua-
tions were also performed in the personal cabins of the 
Aromsa Sensory Analysis Laboratory. A five-point line-
ar scale was used to evaluate the sample taste intensities. 
Instructions for the evaluation and the scale were also 
provided on the evaluation monitors. The samples were 
presented to the assessors with no distinguishing fea-
tures and coded with randomly selected 3-digit numbers. 

Flavour lexicons are used in a sensory evaluation to 
determine the flavour profiles of food products. In the 
DSA method, we used a consumer panel composed of 
a small, highly trained group of people known as a de-
scriptive panel. Descriptive panels use lexicons, a list 
of defined terms, to describe products. The assessors 
discussed and determined the characteristics of each 
attribute of the samples and reference products (Law-
less and Heymann, 1998).

In vivo aroma trapping device (RATD-GC/MS)
A RATD-GC/MS was used for in vivo experiments as 
reported in our earlier study (Uzun et al., 2022). The 
method reported by several groups (Bonneau et al., 

2018; Buettner and Schieberle, 2000; Buettner et al., 
2008; Muñoz-González et al., 2014) was modified 
for this purpose. The device has 3 parts: an olfactory 
glass port, the Tenax TA part, and a vacuum pump. 
Assessors put their noses into the glass port and ex-
haled through the nasal cavity during the mastication 
of flavoured chewing gum. The olfactory port was 
combined with an adsorbent polymer conditioned in 
stainless steel tube (200 mg Tenax TA, 60–80 mesh, 
Gerstel, Germany). The Tenax TA tube was connect-
ed to a vacuum pump at the outlet of the device. The 
vacuum pump provided a stable 500 mL/min flow 
during in vivo aroma trapping. Here, a gas flowme-
ter (ADM 2000 Flowmeter, Agilent Technologies, 
Wilmington, USA) was used to measure the stable 
gas flow. The flavoured compounds from the asses-
sors’ breath were collected in the Tenax TA, and 
then the thermal desorption unit, which is a unit 
of DHA-GC/MS, desorbed these compounds from 
the Tenax TA. The desorbed compounds were in-
jected automatically into the same column used for  
calibration. 

Protocol. The protocol of this study was prepared based 
on earlier studies performed at Aromsa Research and 
Development Center. The assessors were not permitted 
to eat or drink anything except water in the 2 hours be-
fore the in vivo experiments. Lemon-flavoured chew-
ing gum formulations were studied in triplicate over 
six sessions held on separate days, at the same time of 
day. The first gum sample was put into the mouth and 
chewed for 20 s by exhalation through the nose. At the 
end of 20 s, 3 breaths were blown into the olfactory 
glass port at approximately 5 s intervals and data T0 
were collected. The same process was repeated in the 
5th and 45th minutes of chewing (3 blows at 5 s inter-
vals) and the permanence of the flavour components, 
which were collected in the Tenax TA, was measured 
with DHA-GC/MS (Uzun et al., 2022). 

Volatile compounds analysis. Cis-citral and trans-ci-
tral, as flavouring precursors, were dissolved in ethanol 
for preparation of the calibration curves (0–2 mg/mL, 
7 points). Solutions were put into vials and collect-
ed in the Tenax TA, and the thermal desorption unit 
then  desorbed these compounds from the Tenax TA. 
The desorbed compounds were injected automatically 
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into a DP-WAX UI GC column (60 m × 25 μm film 
thickness × 0.25 mm innerdia; INNOWAX, Germany). 
A calibration curve was obtained for each compound.

The volatile compounds of the flavoured chew-
ing gum were analysed by DHA-GC/MS. Their total 
ion chromatogram was obtained using a Gerstel DHS 
System (Germany) connected to an Agilent 7890A GC 
and 5975C MS equipped with an Inert MSD with tri-
ple axis detector (Germany). 

The flow rate of the helium carrier gas was adjusted 
to 1.2 mL/min. Each sample in the Tenax TA was ana-
lysed in splitless mode. The GC oven temperature was 
programmed to increase from 40°C to 240°C at 5°C/min. 

Data treatment and statistics. RATD-GC/MS data 
were evaluated by one-way analysis of variance 
(ANOVA), and significant differences found among 
the assessors were further evaluated by Tukey’s test in 
the SPSS package program (Version 23.0, IBM Inc., 
New York, USA). The results were considered statis-
tically significant at p < 0.05. All sensorial analyses 
were carried out using Fizz Software (the non-para-
metric Friedman test; Biosystems, Couternon, France) 
at a 95% confidence level.

Accelerated shelf-life analyses
The shelf-life of chewing gums is generally reported 
to be monitored for at least 12 months in the market. 
According to previous research at Aromsa Research 
and Development Center, storage at 35 ±1°C and 
30–40% relative humidity for 3 months is accepted to 
be equal to 12 months. For this purpose, the samples 
were divided into experimental and control groups. 
Experimental samples were used for both sensory and 
instrumental analysis. The lemon-flavoured chewing 
gums were chewed by 7 assessors for 45 min. The 
experimental samples were stored under 35 ±1°C 
and 30–40% relative humidity in an incubator (Nüve 
ES252, Istanbul, Turkey) as the control group of 
chewing gums was freshly produced for each analy-
sis. The samples were analysed with RATD-GC/MS. 

RESULTS AND DISCUSSION

The first stage of the study
In the first session of the affective test, formulation 
A was preferred by 66.67% of the assessors, and in the 

second session, formulation D was preferred by 60% 
of the assessors. In the third and final session, groups 
D and A were compared, and formulation A was found 
to be preferred by 82.35% of the assessors. The as-
sessors evaluated formulation A as a juicier and softer 
chewing gum with a balanced lemon peel taste which 
is more permanent and with more intensive lemon 
taste nuances than other formulations (Fig. 1). 

In the first session of the affective test, formula 
A was found to be preferred by 82.35% of the as-
sessors. Xylitol, which is used in formulation A, is 
known as a raw material with refreshing and positive 
dental effects. It makes the flavour more intense in 
the presence of acid and sucralose (Fritz, 2008). The 
use of encapsulated sucralose in formulation A influ-
ences taste assessments due to natural lemon sourness 
rather than sweetness. Because of lemon’s sourness, 
taste was more important than sweetness for the asses-
sors. Acidity regulators should be used in acidic fruit 
flavours due to their flavour-supporting properties in 
lemon-flavoured chewing gums. Especially in lemon 
flavourings, the acidity in gum is determined by higher 
citric acid concentrations, increased maximum sour-
ness intensity, and the time of the end of a sour taste in 
the lemon flavour (Veldhuizen et al., 2018). Therefore, 
the formulations with xylitol are preferred in lemon-
flavoured chewing gums due to its cooling effect and 
better enhancement of fruit flavourings, especially in 
acidic environments.

The second stage of the study
The evaluation results on the permanency of flavour-
ings and fruity taste nuances over 45 minutes of chew-
ing are presented in Figure 2. 

The most observable compounds for lemon-fla-
voured chewing gum were chosen to monitor the per-
manency with in vivo RATD-GC/MS after specifically 
formulated lemon flavouring was analysed in GC. For 
this purpose, cis-citral and trans-citral were monitored 
and both were still observed in the 45th minute (Ta-
ble 3). The sensory and DHA-GC/MS analyses were 
confirmed to be compatible. According to the sensory 
evaluation results, the lemon was still perceived as 
a lemon flavouring by the assessors after 45 minutes. 
It should be considered that working with devices with 
precisely selected compounds gives parallel results in 
sensory evaluation studies. 
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Because they are the most observable compounds 
for lemon-flavoured chewing gum, cis-citral and 
trans-citral were monitored with in vivo RATD-GC/
MS. The sensory and DHA-GC/MS analyses were 
confirmed to be compatible. Headspace solid-phase 
microextraction (HS-SPME; Parliment, 1998; Pawli-
szyn, 1997), positive chemical ionization tandem mass 
spectrometry (PCI-MS), microstructure noise (MS- 
-noise; Boland et al., 2006; Taylor et al., 2000), and 
proton-transfer-reaction mass spectrometry (PTR-MS; 
Buettner et al., 2008; Kataoka et al., 2000) are some 
of the instrumental methods used to analyse flavour 
compounds in chewing gums. Although other systems 
have been developed, they are expensive and hard to 

use. RATD-GC/MS is easier to use and cheaper than 
the others. Only a vacuum pump, special glass appara-
tus, and Tenax TA are required in this apparatus. It can 
be easily adapted to GC/MS. RATD-GC/MS could be 
an easy solution to monitor flavour quality parameters 
in the production of gum-type products as it gives sim-
ilar and close results to human perception.

Accelerated shelf-life analysis
The permanency of flavourings and fruity taste nu-
ances were evaluated during the product’s shelf-life 
(Tables 3 and 4, and Figures 2 and 3). It was confirmed 
that the results obtained from the sensory analysis 
were consistent with the data from the RATD-GC/MS.
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Fig. 2. Sensory analysis of lemon-flavoured chewing gum

Table 3. Data obtained from RATD-GC/MS experiment on lemon-flavoured chewing gums

Assessors
T0 5 min 45 min

cis-citral trans-citral cis-citral trans-citral cis-citral trans-citral

1 86.34 ±0.11a 100.78 ±0.12a 78.43 ±0.13a 91.65 ±0.12a 15.57 ±0.09a 20.28 ±0.07a

2 41.51 ±0.10b 44.92 ±0.12b 39.14 ±0.10b 42.19 ±0.09b 20.28 ±0.11b 20.95 ±0.09b

3 57.45 ±0.12c 62.62 ±0.11c 55.01 ±0.07c 59.12 ±0.11c 36.04 ±0.0012c 31.29 ±0.10c

4 63.08 ±0.11d 59.08 ±0.08d 59.28 ±0.11d 55.67 ±0.11d 30.05 ±0.10d 29.15 ±0.09d

5 77.22 ±0.09e 79.89 ±0.14e 71.25 ±0.09e 74.16 ±0.13e 23.48 ±0.08e 29.75 ±0.10e

6 47.07 ±0.13f 53.25 ±0.11f 44.81 ±0.11f 50.09 ±0.09f 27.26 ±0.09f 25.79 ±0.11f

7 32.45 ±0.10g 36.51 ±0.13g 30.79 ±0.10g 33.95 ±0.13g 18.01 ±0.09g 13.61 ±0.08g

Results are mean ±SD (10–2 mg/mL). Different letters in the same column indicate significant differences at p < 0.05.
While preparing the curve, weights were made on the flavour and the quantity analysis was started. 
R = 0.99716, y = 1.19 × 107X + 3.39 × 104 for cis-citral and R = 0.99733, y = 1.20 × 107X + 7.29 × 104 for trans-citral.
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Fig. 3. End of shelf-life sensory analysis results for lemon- 
-flavoured chewing gum
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CONCLUSION

The flavour of foods is typically estimated exclusively 
by using sensory perception analysis to evaluate fla-
vour release and permanence. However, because fla-
vour and taste perception is a human sensory function, 
there may be circumstances in which flavour release 
cannot be properly predicted and the perception of 
taste and flavour might not be apparent due to various 
characteristics of food products. Due to the intricacy 
of mixing effects and the possibility of perceptual in-
teraction, changes in objective measurements of fla-
vour release should always be compared to human 
perception.

The data gained in this study are useful for the for-
mulation and manufacture of confectionary products 
that meet consumer preferences. The perception of 
flavourings and the permanence of the flavours can-
not be determined only by sensory techniques. Taste 
perception may not be clear due to properties of food 
products such as sugar or acidity in the food matrix. In 
this study, the taste persistence of chewing gums was 
examined using both sensory methods and the RATD- 
-GC/MS methodology in the presence of specifically 
chosen chemicals from the flavourings of chewing 
gum and the results were found to be compatible. It 
was noted that the measurements and the assessors’ 
ratings agreed on certain key points. 

It was concluded that the use of RATD-GC/MS 
along with in vivo sensory analysis to create more 

permanent flavours in food could be used to carry 
out more meticulous and detailed research. In addi-
tion, this methodology would provide great support to 
manufacturers in optimizing the production process. 
It could also be used to determine how to mask the 
undesirable flavours that drugs may leave in the mouth 
by adding active ingredients to chewing gum formula-
tions. Since chewing gums with added xylitol are ex-
pected to be effective in protecting the health of teeth, 
gingiva, and oral mucosa, it is important to develop 
effective methodologies to assess its impact on taste 
perception. 
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