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The influence of sensory  
training on taste sensitivity
Effects on sweet and bitter perception over a half-year period 
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Summary
The sensory abilities of test persons must be regularly tested and trained. How- 
ever, there are no basic data available on the effect of training on the percep-
tion and recognition of the basic tastes. The present controlled study examines 
whether the perception of the basic tastes sweet and bitter can be influenced 
by sensory training and whether this effect extends over a study break of 29 
weeks. The intervention group (n = 41) received intensive sensory training over 
the course of a week. The results from a matching test and threshold tests were 
compared with a control group (n = 35). It was found that the perception and 
recognition of both groups improved during the study. Thus, experience and 
habituation could influence this just as much as sensory training. Moreover, the 
“sensory break” of 29 weeks had hardly any influence on the training and expe-
rience effect.
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Introduction

Over a period of decades, the sensory 
testing of foods has been established 
and has proven its worth in product 
development and in guaranteeing de-
fined product quality. This mainly 
employs analytical procedures under 
controlled test conditions and with 
selected and trained test persons (TPs) 
(• Figure 1). To save money and time, 
analytical tests are mostly only per-
formed in larger companies that can 
manage the difficult development of 
a specified panel. Smaller companies 
may use service providers or often to-
tally dispense with sensory analysis 
[2]. Many people have therefore asked 
how sensory methods, recruitment, 
and training can be simplified and 
abbreviated. It has been generally ac-
cepted that about five or six times as 
many people must be recruited than 
are actually needed [3]. For example, 
people are excluded from the start if 

OVERVIEW 1: FACTORS INFLUENCING SENSORY EVALUATION 

References [4] and [5] provide a good overview of the physiologi-
cal basis of taste perception.
•  Age: Taste and odor thresholds increase with age [6, 7].
•  State of health: Dental health (e.g. dentures [8]), drug intake 

[5, 9] and hormonal status (e.g. pregnancy) influence sensory 
evaluation.

•  Psychological factors: Taste perception is influenced by the state 
of mind or mood [10].

•  Genetic disposition: The sensitivity of TPs depends on the rate 
of salivary flow (low flow vs. high flow, [11]), the density of the 
fungiform taste papillae (33–184 papillae/cm2 [12]), as well as 
the ability or inability to perceive bitter-tasting compounds with 
isothiocyanate or thioamide groups (e.g. phenylthiocarbamide 
[PTC] or propylthiouracil [PROP] [4, 5, 13]).
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they are not willing or available, or 
if their sensory or cognitive abilities 
(e.g. the ability to express themselves) 
do not meet the demands. It would be 
simple to generate knowledge on indi-
vidual differences in the sensitivity of 
the test personnel (cf. • Overview 1) 
and thus their suitability for sensory 
tests; this might shorten the process. 
Another possibility to save time and 
money would be to shorten the diffi -
cult training process. However, there 
have been few studies on these issues. 
In particular, there are little or no 
fundamental data on sensitivity to 
basic tastes and how this is infl uen-
ced by sensory training. The present 
article concentrates on solutions of 
sweet and bitter tastes and investi-
gates whether and to what extent 
untrained TPs differ with respect to 
their sensitivity to these basic tastes. 
It is also investigated whether and to 
what extent sensory training infl u-
ences taste sensitivity and whether 
any training effects can last over an 
extended period (29 weeks) without 
further intervention.

Material & methods
Study design and test persons 

The study was performed as part of 
the cooperation between the Faculty 
of Life Sciences, Hamburg Univer-
sity of Applied Science (HAW), and 
the Dr. Rainer Wild Foundation, 
Heidelberg, and was fi nanced by 
the Dr. Rainer Wild Foundation. 
The taste tests were performed in 
the HAW Sensory Analysis Labo-
ratory (conceived in accordance 
with DIN EN ISO 8589 [14]) and 
approved in advance by the Univer-
sity Ethics Committee. 82 female 
students (mean age = 22.3 years, 
standard deviation [σ] = 2.5) were 
recruited from the HAW Faculty 
of Life Sciences. The selection crite-
ria included the following aspects: 
age under 30 years, not pregnant 
or breast feeding and without trai-
ning in sensory analysis (“naive”). 
The test persons gave their writ-

ten consent and were reimbursed 
for their expenditure at the end of 
the study.
The study plan is shown in • Figure 
2. After time point t0, the TPs were 
randomly assigned to the control or 
intervention groups, allowing for 
their PROP-(6-Propyl-2-thiouracil) 
status1, so that the different types 
were balanced in the control and in-
tervention groups. In the third week 
of the study, the intervention group 
took part in a 5-day training session 
on sensory analysis.

Taste samples and 
determination of taste 
sensitivity
The aqueous solutions of sucrose 
and caffeine were prepared in 1 L 
graduated flasks with deionized 
water (• Table 1). The taste samples 
(20 mL) were presented in 40 mL 
plastic beakers labelled with a 3-fi g-
ure random code. The samples 
were tasted with the “whole mouth 
sip-and-spit method” (taste and 
spit out). Between the individual 
samples, the TPs were instructed 

to neutralize the taste with deioni-
zed water and/or matzo bread and 
to wait for at least 30 seconds. The 
matching test used the highest con-
centration in the serial dilution (D1). 
This deviates from the instructions 
in ISO 3972 [15], which recommend 
lower concentrations for the test. In 
this way, it was ensured that the 
majority of the TPs could perceive 
the actual taste. The test was per-
formed in two parts:
1. Openly presented samples of test 
substances for each taste (sweet, 
sour, salty, bitter, metallic2);
2. Tray with twelve randomized and 
coded taste samples; each taste was 

1  The methods and results on the PROP status 
will be covered in a second article. The PROP 
status designates a receptor variant that in-
fl uences the ability to perceive the taste of 
thiourea.

2  An initial test showed that, for some TPs, the 
taste quality “umami” “clung on” and some-
times greatly infl uenced the perception of 
other taste qualities (cf. [16]). For this reason, 
“umami” was not included in the matching 
test. “Metallic” was introduced as a stimulus, 
even though its perception is not restricted 
to the taste buds, but probably also involves 
nasal, retronasal and tactile perception [17].

Fig. 1:  Defi nition of sensory analysis (based on [1])
Under controlled test conditions with selected and trained test persons, sensory analysis 
leads to statements on objective product properties (e.g. “The new product A has the 
same creaminess as the old product B, even though the fat content was reduced”). Test 
persons (TPs) make their assessments in a considered, careful, reproducible, reliable and 
objective manner. Hedonic tests are performed at different locations with consumers who 
make affective and subjective assessments. These can lead to statements about preferen-
ces (e.g. “Product A tastes better than product B”) and acceptance (“I would prefer the 
new product A to the old product B”).

consumers
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duplicated and two water samples 
were also presented. In the test 
form, the TPs assigned a taste to 
each sample.
As laid down in the ISO [15], 
the stimulus and recognition  
thresholds (• Overview 2) for 

sweet and bitter were specified with 
a series of eight increasing concentra-
tions; each series started with a water 
sample. The TPs tasted the samples 
in ascending sequence; after each 
sample, they recorded the perceived 
sensory impression on the test form.

Sensory training

The content and structure of sen-
sory training in the third study 
week was based on ISO Standard 
8586 [3]. Each of the five trai-
ning units consisted of one hour 
of practical exercises, including 
training of the optical, haptic, ol-
factory and taste perception of 
aqueous solutions and complex 
foods, as well as half an hour on 
the theoretical principles of sen-
sory testing (e.g. explanation of 
the correct procedures for tasting 
and neutralization, use of scales, 
structure and use of various test 
procedures).

Statistics

The data were evaluated with the 
program SPSS Statistics 21. To 
calculate the means and standard 
deviations, logarithms were taken 
of the concentrations of the test 
substances in μmol/L. However, 
the results are transformed back 
to the original units. This aids 
comprehensibility and comparison 
with the results of other groups. 
Group differences were calculated 
with single factor variance analysis 
(ANOVA). Study time points with- 
in a single group were compared 
with the paired t test. When the 
probability of error was α = 5 % 
(p ≤ 0.05), significance was assu-
med. In addition, some results are 
presented which only approached 
significance (p ≤ 0.1; [18]).

Results and discussion

• Figures 3–5 present the results 
of the taste sensitivity tests over 
a period of 31 weeks, both as a 
block diagram and as a table (t0–t2).  
• Table 2 gives an overview of the 
results, but is restricted to the “po-
sitive” findings – the findings that 
show that the TPs have improved 
their taste sensitivity. 

Fig. 2:  Study design 
TP = test person; PROP = 6-propyl-2-thiouracil; PROP status = receptor variant which 
influences the ability to perceive the bitter taste of thiourea; extends from virtually 
“taste blind” to extremely sensitive. (The methods and results on the PROP status 
will be covered in a subsequent article).

OVERVIEW 2: THRESHOLDS

According to the ISO definition, the stimulus threshold is the con-
centration of a test substance that is capable of producing a sen-
sory impression that differs from water. It is not necessary that the 
type of taste is recognized. In contrast, the recognition threshold 
is the concentration of a test substance at which the TPs can assign 
the sensory impression to the correct taste.
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Matching test

Untrained TPs could correctly as-
sign a mean of 10.2 (85 %) of 12 
samples. Sweet was correctly clas-
sified in a mean of 95 % samples 
and bitter in 80 % (t0, • Figure 3).
The minimum ISO requirements 
[3] are that TPs who correctly as-
sign more than 80 % of samples 
fulfil the criteria for selection. With 
12 samples, this corresponds to 10 
correctly recognized samples (≈ 83 
%). With the higher concentrations 
selected here, this would have been 
reached on average by all TPs. On 
the other hand, the range was be-
tween 5 and 12 correctly recogni-
zed samples. Only 67 % of the TPs 
(n = 51) actually fulfilled the ISO 
requirements, i.e. correctly assi-
gned at least 10 samples to the cor-
rect taste. It would also be expec-
ted that the number of untrained 
TPs who spontaneously reached 
the ISO reference would have been 
even lower if the lower concentra-
tions recommended in the standard 
had been used. In an earlier study 
[19] with the test design and con-
centrations as in ISO 3972 [15], the 
TPs reached the reference value for 
sweet (≈ 80 %), but not for bitter 
(< 60 %). In the present study too, 
the TPs assigned the sweet samples 
better than they did the bitter 
samples.
After the intervention (t1), the 
trained TPs (n = 41) tended to 
have a higher rate of taste recog-
nition (p = 0.07; t = -1.86) and 
recognized significantly more bitter 
samples (p = 0.04; t = -2.08) than 

at t0 (• Figure 3, • Table 2). On the 
other hand, the rates of taste rec- 
ognition in the control group did 
not change. More intervention TPs 
reached the ISO minimum require-
ments of 80 % correct assignments 
than was managed by the control 
TPs (n = 34; 82.9 % and n = 26; 
74.2 %, respectively).

Threshold test for sweet

In the untrained “naive” condition, 
the mean value of the stimulus  
threshold for sweet for all TPs was 
1.7 mmol/L (• Figure 4), which 
was just under D7. Thus the pres-
ent value is lower than in other 
studies, in which the TPs had mean 
stimulus thresholds of 5.5 mmol/L 
and 5.8 mmol/L, respectively [19, 
20].
In the present study, the mean re-
cognition threshold for sweet was 
12.9 mmol/L (just under D3), 
which was above the value of 9.5 
mmol/L found by Gomez et al. [20]. 
The differences in these results may 
be linked to differences in test con-
ditions (e.g. different serial dilu-
tions or test design). The mean rec- 
ognition threshold for sweet in 
the present study (4.4 g/L) was 
below the value of 5.76 g/L given 
in the ISO references for trained 
TPs [15]. However, it appears 
that threshold values are gen- 
erally imprecise and are highly 
variable, as they are influ- 
enced by the physical and psycho- 
logical status of the TPs [21].  
Moreover, the studies use different 
concentrations and methods – such 

as the filter paper method [22] and 
the “triangle-forced-choice” test 
with increasing concentrations 
[23]). For example, Keast and RopeR 
[23] do refer to ISO 3972 [15], 
but then use a different caffeine 
concentration, without giving the 
reason for this. FuKunGa et al. [22] 
also determined thresholds of basic 
tastes. However, their dilution se-
ries for sucrose exceeded the ISO 

Taste Concentration series*

sweet  
(sucrosea; 
C12H22O11;  
342.30 g/mol)

Stock solution: 24 g/L

Dilution g/L mmol/L

D1 12.00 35.06

D2   7.20 21.03

D3   4.32 12.62

D4   2.59   7.57

D5   1.56   4.56

D6   0.94   2.73

D7   0.55   1.61

D8   0.34   0.98

bitter  
(caffeineb; 
C8H10N4O2;  
194.19 g/mol)

Stock solution: 0.54 g/L

Dilution g/L mmol/L

D1 0.27 1.39

D2 0.22 1.11

D3 0.17 0.89

D4 0.14 0.71

D5 0.11 0.57

D6 0.09 0.46

D7 0.07 0.36

D8 0.06 0.29

Tab. 1:  Concentrations of test substances 
*  prepared by dilution of the stock solution (eight loga-

rithmic dilution steps) 
                        a   Riedel-de Haën, Sigma-Aldrich Laborchemikalien 

GmbH, Seelze; 
                        b  Fluka, Sigma-Aldrich Chemie GmbH, Steinheim

Matching test Threshold test

Matching rate 
(total of  
12 samples)

Sweet recogni-
tion (total of  
2 samples)

Bitter recogni-
tion (total of  
2 samples)

sweet bitter

Stimulus  
threshold

Recognition 
threshold

Stimulus  
threshold

Recognition 
threshold

t1 vs. t0 Intervention (*) – Intervention* Intervention**
Intervention*
Control**

Intervention (*)
Intervention*
Control***

t2 vs. t0 – – – Intervention**
Intervention**
Control**

– Intervention*

Tab. 2:  Overview of positive effects on the taste sensitivity by sensory training (intervention TPs) and by habitua- 
tion-experience (control TPs) (significant improvements in the matching test are presented, together with re-
duced taste thresholds for “sweet” and “bitter”)   
(*) = trend (p ≤ 0.10); *–*** = significant: *p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001
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values by large factors: the lowest 
concentration was 1.7 g sucrose/L 
and the greatest 342 g/L, instead of 
the concentrations of 0.34–12 g/L 
as given in • Table 1.
After the intervention (t1), the 
trained TPs had significantly 

reduced both their stimulus 
threshold (p = 0.01; t = 3.01; to a 
value between D7 and D8) and their 
recognition threshold for sweet 
(p = 0.01; t = 2.67; to a value 
between D4 and D5) (• Figure 4; 
• Table 2). Thus they improved 

both the perception and recognition 
of sweet. In contrast, the control 
TPs only signifi cantly improved the 
recognition of sweet – to a value 
just under D4 (p = 0.003; t = 3.18). 
Some earlier studies [24–26] have 
already addressed the hypothesis 
that sensitivity to taste test sub-
stances increases with repeated 
contact (experience or habituation); 
this is the so-called “taste induc-
tion hypothesis”. This hypothesis 
has been confi rmed for some test 
substances for taste or smell (e.g. 
glucose, monosodium glutamate 
[MSG], 1,5-pentandial). Moreover, 
functional magnetic resonance to-
mography (MRT) has demonstra-
ted increasing activation of specifi c 
regions of the brain after repeated 
contact with previously unknown 
taste components (e.g. aspartame, 
quinine hydrochloride, threonine 
etc.) [27].

Threshold test for bitter

Just as with the sweet recogni-
tion threshold, the bitter recog-
nition threshold for bitter for the 
untrained TPs at t0 (0.67 mmol/L; 
between D4 and D5; • Figure 5) 
was below the ISO reference value 
[4] for trained 0.13 g/L TPs (0.205 
g/L). In the present study, the 
corresponding stimulus threshold 
was 0.34 mmol/L (below D7). For 
both threshold tests (“sweet” and 
“bitter”), a taste that was differ-
ent from water was perceived at a 
mean value near to the second low-
est concentration.
In two other studies [23, 28], TPs 
exhibited mean stimulus thresh-
olds of 1.2 mmol/L and 1.83 
mmol/L, respectively, and Dsamou 
et al. [28] classifi ed six volunteers 
as hypersensitive who had exhi-
bited caffeine stimulus thresholds 
below 0.5 mmol/L. However, the 
mean stimulus thresholds for un-
trained TPs in the present study are 
consistent with two other studies 
[19, 29], which found mean values 
of 0.5 mmol/L and 0.52 mmol/L 

5  This category “other reasons, namely:” was 
given as a response option in the questions 
on the reasons for use as well as the reasons 
for non-use of both distribution channels.

Fig. 3:  Number of correctly matched samples (overall matching rate; recog-
nition of sweet samples and recognition of bitter samples) in the 
matching test 
Number of test persons (TPs) per group and study time point: control TPs (t0 and t1) = 35; 
control TPs (t2) = 30; intervention TPs (t0 and t1) = 41; intervention TPs (t2) = 34
(*) = trend (p ≤ 0.10) 
* = signifi cant (p ≤ 0.05)

Kontrolle	   Interven+on	   Kontrolle	   Interven+on	   Kontrolle	   Interven+on	  
Erkennungsrate	  (max.	  12)	   Süß-‐Erkennung	  (max.	  2)	   Bi?er-‐Erkennung	  (max.	  2)	  

t0	   10,2	   10,2	   1,92	   1,92	   1,61	   1,61	  
t1	   10,4	   10,7	   2	   1,93	   1,63	   1,8	  
t2	   10,3	   10,5	   2	   2	   1,63	   1,74	  
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Fig. 4:  Results of threshold test for the taste “sweet” (sucrose) in mmol/L 
Number of test persons (TPs) per group and study time point: control TPs (t0 and t1) 
= 35; control TPs (t2) = 30; intervention TPs (t0 and t1) = 41; intervention TPs (t2) = 34
*–*** = signifi cant: * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001
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(mattes [29] did not differentiate 
between stimulus and recognition 
thresholds).
After the sensory training, the in-
tervention TPs exhibited a trend to 
a reduced bitter stimulus threshold. 
The value was just under D8 (low-
est concentration; • Figure 5; p = 
0.10; t = 1.69). At t1, both study 
groups (intervention and control) 
exhibited signifi cantly lower rec-
ognition thresholds in compari-
son to t0 (intervention: p = 0.03; 
t = 2.27; control: p = 0.001; t = 
3.54). There was thus both an ef-
fect of sensory training in the in-
tervention group and an effect of 
experience and habituation in the 
control group.
An older study also compared the 
threshold values of trained and 
untrained TPs [30]. The authors 
reported the group differences for 
sweet, sour and salty solutions, 
but not for bitter solutions. The 
trained TPs had signifi cantly lower 
thresholds for the three tastes.

Eff ects of a sensory break 
(29 weeks) on taste sensitivity

The sensory break of 29 weeks did 
not infl uence the results from the 
matching test: The matching rates 
or the recognition of sweet or bitter 
did not change in either the con-
trol or the intervention groups. In 
a long-term study, BItnes et al. [31] 
concluded that TPs continuously 
improved their taste recognition 
rates for “sweet”, “sour”, “salty” 
and “bitter”. For TPs who had been 
members of the panel for longer pe-
riods (and were therefore older) and 
who had carried out more tests, the 
number of mistaken identifi cations 
of basic tastes gradually decreased.
In the current study, the break had 
an unfavorable effect on the con-
trol TPs‘ stimulus thresholds for 
sweet and bitter. After the relati-
vely long sensory break, this group 
only perceived “sweet” and “bitter” 
at higher concentrations than at 
the start of the study (t0). On the 

other hand, the control and inter-
vention groups maintained their 
improved recognition of the sweet 
taste (t0 vs. t1) even at t2 after the 
break. Thus, at t2 the intervention 
TPs recognized the sweet taste at a 
mean concentration of 5.2 mmol/L 
(p = 0.001; t = 3.753) and con-
trol TPs at a mean concentration 
of 5.97 mmol/L (p = 0.002; t = 
3.39). This is in disagreement with 
the study of KoBaYasHI et al. [32], 
in which the experience and habi-
tuation effect for the recognition 
of monosodium glutamate (MSG) 
was reversible after the relatively 
short break of 11 days.
 

Limitations

This analytical and basic research 
study on taste sensitivity provides 
information on two basic tastes 
(“sweet” and “bitter”). It is un-
clear whether the results would 
also apply to the other basic tastes 
(“sour”, “salty” and “umami”), 
other types of sensory perception 
(e.g. “metallic”, “fatty” or “hot”) 
or to complex foods with other 

sensory perceptions. Moreover, 
the study group was deliberately 
homogenous (female students of 
European origin, not older than 
30 years), so that sociodemo-
graphic factors were excluded. It 
would have to be tested whether 
our results also apply to older test 
persons and/or to male subjects. 
As some very different methods 
have been used to determine taste 
sensitivity, additional studies are 
needed to determine optimal pro-
cedures and concentrations.

Conclusion and outlook

One important conclusion from the 
data presented is that TPs improved 
their taste sensitivity for “sweet” 
and “bitter” during the study as a 
result of training and/or experience 
and habituation. The results were 
independent of the group (control or 
intervention). These results extend 

Kontrolle	   Interven+on	   Kontrolle	   Interven+on	  
Wahrnehmungsschwelle	   Erkennungsschwelle	  

t0	   0,34	   0,34	   0,67	   0,67	  
t1	   0,34	   0,31	   0,5	   0,48	  
t2	   0,35	   0,32	   0,59	   0,46	  
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Fig. 5:  Results of the threshold test for the taste “bitter” (caff eine) in 
mmol/L
Number of test persons (TPs) per group and study time point: control TPs (t0 and t1) 
= 35; control TPs (t2) = 30; intervention TPs (t0 and t1) = 41; intervention TPs (t2) = 34
(*) = trend (p ≤ 0.10)
*, *** = signifi cant: * p ≤ 0.05; *** p ≤ 0.001

*** (*)
*

*

(*)

Threshold test bitter

Control Control Intervention Intervention

Stimulus threshold Recognition threshold

0.34

0.34

0.35

0.34

0.31

0.32

0.67

0.5

0.59

0.67

0.48

0.48

5  The p values are for the comparison between 
t0 and t2, and were calculated using a pair 
difference test.
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our knowledge of “experience-in-
duced taste modulation” (“the taste 
induction hypothesis”) and confirms 
that the results of previous studies 
[24–26] also apply to sucrose and 
caffeine.
As regards the selection process of 
sensory TPs, this is a confirmation 
of the ISO recommendation [3] that 
the final panel should only be formed 
after the training phase. Thus, even 
TPs whose initial taste sensitivity was 
outside the reference values could be 
trained and their performance might 
then be just as good. This is also sup-
ported by a study that showed that 
TPs who initially exhibited low taste 
sensitivity for glucose could be given 
sensory training and might then 
achieve the same sensitivity as TPs 
whose performance was originally 
average [24]. It is also possible that 
excessively high demands on the sen-
sory abilities might lead to excessive 
loss of TPs, and thus to smaller pan- 
els [33]. In the present study, the fa-
vorable training and experience effects 
were maintained over the relative- 
ly long period of 29 weeks without 
participation in sensory tests. This re-
sult is confirmed in other studies [34, 
35]. The performance of the sensory 
TPs appears to be stable and repro-
ducible over a relatively long period.
Our results also suggest possible new 
projects of practical relevance. Perhaps 
training courses for the senses could 
help to bring about long-term chan-
ges in nutritional and health beha-
vior. Such courses have been used in 
nutritional education for many years. 
For example, it would be interesting 
to find out whether training and 
experience can reduce sweet thresh- 
olds in such a way that foods are 
selected or preferred that contain less 
sugar. 
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