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The number of elderly people is growing in Europe. A decrease in gustatory capacities (detection, iden-
tification, discrimination) is associated with aging. In the literature, discrimination abilities have been
studied mainly in aqueous model solutions, but less is known about sensitivity in real food matrices.
Moreover, in foods, taste interactions can occur and modify perceptions (masking effect). This study
aimed to compare the discrimination abilities of elderly people and younger adults when tasting apple
purées and hypothesized that: discrimination abilities are lower in a group of elderly people (H1) and

g?; ‘::Zg; that taste interactions can modify discrimination performances (H2). A total of 105 young adults
Independently-living elderly (18-40 years-old) and 130 elderly people (65+ years-old) were recruited in France and Poland. Their
Apple purée discrimination abilities were measured for sweet and sour tastes in apple purées. Pairs of apple purées
Food matrix with different sugar/acid concentrations were presented to participants and they were asked to indicate
Sucrose the sweetest/sourest sample. The results showed that the performances of the elderly people group were
Malic acid as good as those of the young adults group for sweetness (chi®=0.036, p=0.850) and sourness

(chi?=0.271, p = 0.603) discrimination. For both groups, a difference of 10 g/kg of sucrose or 0.25 g/kg
of malic acid was enough to discriminate two samples (p < 0.001). In our experimental conditions, no sig-
nificant masking effect was found. These results could help food industries to develop new fruit-based
foods that match the sensory perceptions of elderly people.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction et al., 2015). As with olfaction, aging is associated with a decrease

in taste perceptions. This has been demonstrated for detection

Europe needs to tackle the problems of an aging population and
to ensure that the elderly population is well fed. Aging is associated
with a decrease in sensory perceptions (Kremer, 2008; Methven,
Allen, Withers, & Gosney, 2012; Sulmont-Rossé, Maitre, &
I[ssanchou, 2010) and it is assumed that these sensory losses could
be related to a loss of appetite and less pleasure in eating (Roberts
& Rosenberg, 2006).

Researchers have shown an overall decline in sensory percep-
tions with age, mainly in detection and identification abilities. A
decrease in olfactory performances with age is well established
(Doty et al., 1984; Kaneda et al., 2000; Kremer, Bult, Mojet, &
Kroeze, 2007; Murphy, Cain, Gilmore, & Skinner, 1991; Schiffman
& Pasternak, 1979; Stevens & Dadarwala, 1993; Sulmont-Rossé
et al., 2015), but masks an important inter-individual variability
(Kremer et al., 2007; Stevens & Dadarwala, 1993; Sulmont-Rossé
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abilities in salty and sour solutions (Kaneda et al., 2000; Kremer
et al, 2007; Methven et al, 2012; Mojet, Christ-Hazelhof, &
Heidema, 2001) but the results are more divergent for sweet and
bitter solutions (Kaneda et al., 2000; Kremer et al., 2007;
Methven et al., 2012; Mojet et al., 2001) and also when tested in
real foods (Schiffman, Sattely-Miller, Zimmerman, Graham, &
Erickson, 1994). Perceived intensities also seem to decrease with
age for the five tastes dissolved in solutions but only for sweet
and salty tastes in real food (Mojet, Heidema, & Christ-Hazelhof,
2003).

Regarding the impact of age on gustatory discrimination, the
results are scarcer and contradictory. On the one hand, authors
have studied discrimination using model solutions. Kaneda et al.
(2000) compared the discrimination performances of 20 young
adults (21-40 years-old) and 20 elderly people (59-75 years-old).
Using a 3-AFC procedure, participants tasted model solutions with
different sugar/acid ratios and had to find the sample that differed
from the two others. The results showed that, for sweet and sour
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mixtures, discrimination abilities were lower for elderly people. In
contrast, Gilmore and Murphy (1989) showed that the discrimina-
tion abilities of 12 elderly women were preserved for sweet solu-
tions but were lower than those of young people for bitter
solutions. Elderly people needed a larger difference in bitterness
between two samples to differentiate them. On the other hand,
Mojet et al. (2003) studied the discrimination abilities of 21 elderly
people when consuming real foods: iced tea, chocolate drink, may-
onnaise, tomato soup and bouillon. Using triangle tests, partici-
pants had to pick the odd sample out of three. Interestingly, the
results highlighted that “intensity discrimination seems to be
remarkably resistant to the effect of aging”. Given these contradic-
tory results, the impact of aging on gustatory discrimination abili-
ties still remains unclear and is worth being further explored.

Mojet et al. (2003) showed that the results are matrix-
dependent (model solutions versus real foods). Thus, the relevance
of determining gustatory discrimination abilities of taste com-
pounds dissolved in water may be limited for predicting perfor-
mances in real foods. Taste-taste interactions that occur in real
foods can modify gustatory perceptions. They have been well stud-
ied in model solutions (see Keast and Breslin (2002) and Green,
Lim, Osterhoff, Blacher, & Nachtigal (2010), for a complete review).
It is established that mutual masking effects can occur between
sweet and sour tastes. Researchers have shown that, when diluted
in water, a sweet taste reduces sour perception and a sour taste
reduces sweet perception (Pelletier, Lawless, & Horne, 2004;
Stevens, 1996). In 2004, Mojet, Heidema, & Christ-Hazelhof studied
the impact of taste-taste interactions on side tastes perceived
when consuming real foods (Mojet, Heidema and Christ-
Hazelhof, 2004). Five commercial products were chosen to be typ-
ical of one taste: iced tea (sweet), mayonnaise (sour), chocolate
drink (bitter), tomato soup (salty) and bouillon (umami). Taste
modifications were applied to each product (sweet variation for
iced tea, sour variation for mayonnaise, etc.). For each product, par-
ticipants rated the intensity of the five tastes. The results showed
that increasing the sugar concentration in iced tea reduced the
sour perception in this product. However, in mayonnaise, the
sweet perception remained stable, even when the acid concentra-
tion was increased. Thus, in real foods, taste interactions appear to
be not as “simple/linear” as those observed in model solutions and
could impact the discrimination thresholds.

This study is part of a European project: OPTIFEL (optimised
food for elderly people) which aims to develop innovative fruit-
and vegetable-based products for elderly people at risk of malnu-
trition (for more information: www.optifel.eu). In this context,
we decided to use apple purées. The objective of this study was
to evaluate the gustatory discrimination abilities of elderly people
for sweet and sour tastes when tasting apple purées. We hypothe-
sized that a group of elderly people would be less effective at dis-
criminating samples of apple purées compared to a group of young
adults (H1). The second hypothesis was that, in complex food
matrices, taste interactions could modify discrimination perfor-
mances (masking effects). In other words, small sugar variations
may be more difficult to discriminate at a high level of acid than
at a low level of acid and small acid variations may be more diffi-
cult to discriminate at a high level of sugar (H2) because of mask-
ing effects.

2. Materials and methods
2.1. Products
2.1.1. Sample preparation

The basic purée was an apple purée, commercially available in
France (reference: Andros “compote allégée”) which initially con-

tained 152 + 1 g of sugar per kilogram of purée (degrees Brix, mea-
sured by the refractometric method,) and 4.7 £ 0.1 g of malic acid
per kg of purée (measured by the pH-metric method, titration).
White caster sugar (sucrose) and powdered malic acid (DL malic
acid from AppliChem - Panreac, USP-NF, PRS-Codex, food grade)
were added to this basic purée.

An experimental design was built with 20 samples divided into
two blocks. A first block of 10 samples was prepared to study sweet
discrimination: 5 different concentrations of sucrose x 2 fixed
levels of malic acid. The two levels of malic acid (sub-block “al”
for “acid low” and sub-block “ah” for “acid high”) were designed
to study interactions between sweet and sour tastes. A second
block of 10 samples was prepared to study sour discrimination
abilities: 5 different concentrations of malic acid x 2 fixed levels
of sucrose. As previously, the two levels of sucrose (sub-block
“sI” for “sugar low” and sub-block “sh” for “sugar high”) were
designed to study taste interactions. Fig. 1 details all the samples
prepared for the study.

2.1.2. Sample codification

All samples were codified in the same way: the first letter was
for the tastant which varied: “S” stands for sugar variations and “A”
for acid variations. The number, from 0 to 4, was for the intensity of
this tastant (from weak to strong). The last two letters were for the
other tastant, which did not vary between samples of the same
sub-block. All the samples with their respective codes and tastant
concentrations are presented in the Fig. 1.

2.1.3. Sugar and malic acid variations

In apple purées, we decided to manipulate the sugar and acid
concentrations as this is realistic in a professional context. The
average sugar concentration was set at 200 g/kg in accordance
with the mean value found in the literature (Oqali, 2010). Low
and high levels of sugar were defined symmetrically around
200 g/kg; i.e. 160 and 240 g/kg. Thus, samples covered the “fruit
desserts” product range (Ministére de I'’Agriculture et de la
Péche., 2007; Oqali,, 2010).

No legislation regulates acid concentration in apple purées.
Authors have measured titratable acidity in apple purées
(expressed in malic acid equivalents) and shown that it can vary
from 2.0 to 8.9 g/kg (Briones-Labarca, Venegas-Cubillos, Ortiz-
Portilla, Chacana-Ojeda, & Maureira, 2011; Keenan, Brunton,
Butler, Wouters, & Gormley, 2011; Keenan, Valverde, Gormley,
Butler, & Brunton, 2012; Landl, Abadias, Sarraga, Vifas, & Picouet,
2010; Picouet, Landl, Abadias, Castellari, & Vifias, 2009). In four
apple purées, commercially available in France, the highest mea-
sured titratable acidity was 7.26 g of malic acid per kilogram of
purée. Taking account of measurements and literature data, the
upper limit was rounded to 7.5 g/kg and the lower limit to
4.71 g/kg (no malic acid addition). This was within the product
range without being too acidic, which would have been problem-
atic for elderly people (possible case of heartburn; for complete
review see Oliver & Jill Davies, 2008).

2.2. Sensory profile

The twenty samples of apple purée were described by conven-
tional sensory profiling. The panel was composed of 18 trained
panellists (2 men and 16 women). Since 2010, they have been
selected and trained according to the recommendations of
AFNOR (1995). To analyse apple purées, panellists were asked to
evaluate nine sensory attributes: three taste attributes (sweet,
sour, bitter), two textural attributes (fluidity, granularity) and four
aromatic attributes (overall aromatic intensity, raw fruit, cooked
fruit, oxidised fruit). For each attribute, intensity was evaluated
on unstructured line scales using Fizz software (Fizz Réseau by
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[ 20 samples ]

[ Block 1: Sugar variations

10 samples

N

Acid low Acid high
(al) (ah)

5 samples 5 samples

[ Block 2: Acid variations ]

10 samples

N

Sugar low Sugar high
(sh) (sh)

5 samples 5 samples

Code S A Code S A

Code S A Code S A

SO0.al 200 4.71
St1al 210 4.71
S2.al 220 4.71
S3.al 240 4.71
S4.al 280 4.71

S0.ah 200 7.5
S1.ah 210 7.5
S2.ah 220 7.5
S3.ah 240 7.5
S4.ah 280 7.5

AO.sl 160 4.71
Alsl 160 4.96
A2sl 160 5.21
A3.sl 160 5.71
Ad.sl 160 6.71

AO.sh 240 4.71
Al.sh 240 4.96
A2.sh 240 5.21
A3.sh 240 5.71
Ad.sh 240 6.71

Fig. 1. Design of the 20 samples of apple purées. The “S” columns indicate Sucrose concentrations (in g/kg) and the “A” columns indicate malic Acid concentrations (in g/kg).

Biosystémes, version 2.46). Intensity marks varied from 0 (absence
of the taste) to 10 (very intense). To prevent an order effect, all
samples were presented in a balanced order according to a
William’s Latin Square. Panellists were required to take a break
of two minutes and rinse their mouth with plain water before
evaluating the next sample.

2.3. Discrimination abilities

2.3.1. Participants

A total of 235 participants were recruited in two age groups.
First, the “young adults” (n =105, 64 in France and 41 in Poland,
39 and 25 women, respectively) were aged from 18 to 40 years-
old with a mean age of 28 * 6 years (France: 29 * 6 years, Poland:
27 £ 6 years). The second age group was the “elderly people”
(n =130, 69 in France and 61 in Poland, 46 women in each country)
who were aged from 65 to 83 years-old with a mean age of
71 £ 5 years (in both France and Poland) and still autonomous.
Young adults were recruited by mails and autonomous elderly peo-
ple were recruited by telephone. All participants had to meet the
following inclusion criteria: no operation / traumatism |/ illness
that may affect olfaction or gustation, no food allergies, no gastric
problems, no problems with sugar consumption and eating apple
purées at least once a year. Cognitive status of elderly participants
was assessed with the Mini Mental State Examination (MMSE)
questionnaire (Folstein, Folstein, & McHugh, 1975).

2.3.2. Procedure

Within each sub-block (al, ah, sl, sh), four pairs were designed
and named P1 to P4; P1 being the most difficult to discriminate
(very little variation between the samples of the pair). Each pair
consisted of: a reference sample (numbered 0) and a comparison
sample (numbered from 1 to 4). For example, the four pairs pre-
sented for sweet discrimination at a low level of acid were: SO.
al_S1.al (pair P1); S0.al_S2.al (pair P2); S0.al_S3.al (pair P3) and
S0.al_S4.al (pair P4). Each pair was presented twice to participants.

Thus, a total of 32 pairs (4 sub-blocks x 4 pairs x 2 replicates) were
tasted over the entire experiments (4 sessions). One whole sub-
block (4 pairs x 2 replicates) was evaluated in one session. The
order of presentation of samples was balanced within each sub-
block. The sub-block order was balanced over the four sessions.
To start each session, the pair P4 was presented to participants
as a warm-up (Angulo, Lee, & O'Mahony, 2007). This pair was the
easiest to discriminate and helped people to become familiar with
the method and the identification of the targeted taste (sweetness
or sourness). For each pair, participants were asked to perform
2-AFC comparison paired tests. They had to taste samples and
indicate the sweetest (block 1) or the sourest (block 2) sample.
Participants were asked to rinse their mouth with plain water
before evaluating the next pair. The number of correct answers
was collected for each sub-block and varied from O to 8.

2.4. Statistical analysis

Statistical analysis was performed using Statgraphics Centurion
XVI (version 16.1.03) and R software (version 3.1.2). All analyses
were carried out by sub-block. Intensity scores of sweet and sour
tastes from the sensory profile were analysed using analysis of
variance (ANOVA) with subjects as random factor, samples as fixed
factor and interaction between subjects and samples. When signif-
icant, the sample factor was submitted to Honestly Significant Dif-
ference (HSD) post hoc tests. To compute individual discrimination
scores, all replicates were used (replicates of the same pair were
not pooled). Discrimination abilities were analysed with chi2 for
the overall level (all pairs pooled) and with a binomial test (Norm
NF ISO 5495:2005(F), unilateral paired test) for pair analysis (Chiu,
Hewson, Yang, Linforth, & Fisk, 2015; Mueller, Koehler, & Scherf,
2016; Scherf, Pflaum, Koehler, & Hofmann, 2015). Discrimination
performances were also assessed using Thurstonian modelling
used through R software (sensR package). The d’ (d-prime) values
were calculated by pairs for young adults and elderly people and
d’ comparisons were computed between the two age groups.
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3. Results
3.1. Sensory profile

3.1.1. Sub-blocks with different sugar concentrations and two levels of
acid: Al and ah

ANOVA results showed that the sample effect was significant for
both sweet (F(g 339) = 21.45, p< 0001) and sour (F(g 339) = 41.24,
p <0.001) tastes. The subject effect was also significant for sweet
(F(IG, 339) = 15.34, p< 0001) and sour (F(16, 339) = 11.84, p< 0001)
perceptions. On the contrary, in both cases, no significant effect
was found for the interaction subjects x samples (sweet:
p =0.525; sour: p=0.121). HSD post hoc tests showed no signifi-
cant difference in sweet perceptions for the closest samples from
the al sub-block (S0.al and S1.al) and the ah sub-block (SO.ah and
S1.ah) (Table 1 and Fig. 2). Thus, when presented in pairs, these
samples were expected to be difficult to discriminate. Our results
confirm a sensory sweet-sour interaction: sugar additions
increased sweet and decreased sour perceptions (S4 was perceived
as sweeter and less sour than S1). Samples with a high level of acid
(ah) were perceived as sourer than samples with a low level of acid
(al). With a high level of acid, samples were perceived as less sweet
than with a low level of acid, but the difference was not significant.

Sensory profile also revealed that sugar additions was linked to
aromatic modifications. Compared to the reference (S0), the sweet-
est samples (A4) were described to have a higher global aroma
intensity, to be more “cooked fruit” and less “oxidised fruit”
(p<0.01 or lower). The sourest samples (A4) were described to
be more “raw fruit” and more “oxidised fruit” (p < 0.001). These
attributes were only significantly different between the references
(SO and A0) and the most intense samples (S4 and A4). No signifi-
cant differences were found by trained panellists between samples
presented in a monadic sequential manner with less intense sam-
ples (S1, S2 or A1, A2).

3.1.2. Sub-blocks with different acid concentrations and two levels of
sugar: Sl and sh

As for the previous sub-block, ANOVA results revealed signifi-
cant effects for the sample (sweet: Fg 339)=66.03, p<0.001;
sour: Fg 339)=9.95, p<0.001) and for the subjects (sweet:
F(15' 339) = 11.25, p< 0.001; sour: F(15_ 339) = 9.59, p< 0.001 ) The
subjects x sample interaction was significant for sour
(F(]44. 339) = 1.83, p<000]) but not for sweet (F(]44' 339) = 1.04,
pgreater than0.05) perceptions. HSD post hoc tests showed no sig-
nificant difference in sour perceptions for the closest samples from
the sl sub-block (AO.sl and A1l.sl) and the sh sub-block (AO.sh and
Al.sh) (Table 1 and Fig. 2). The discrimination of these samples
were expected to be difficult. As in paragraph 3.1.1, our results
confirm a sensory sour-sweet interaction: with acid additions, sour
perceptions increased and sweet perceptions decreased (A4 was
perceived as sourer and less sweet than A1). Samples with a high

level of sugar (sh) were perceived as sweeter and less sour than
samples with a low level of sugar (sl).

3.2. Discrimination abilities

3.2.1. Cognitive status of elderly participants

Participants with MMSE scores lower than 21/30 were not
included (Laureati, Pagliarini, Calcinoni, & Bidoglio, 2006). Mean
MMSE scores were higher than 28/30 in France (28.8 +1.2) and
in Poland (28.1 + 2.2), assuring that elderly participants were cog-
nitively able to answer questionnaires and perform pair tests.

3.2.2. Discrimination abilities per subject

To analyse discrimination performances at an overall level, the
numbers of correct answers for all pairs were pooled by sub-block.
Regarding the number of correct answers, no significant differ-
ences were found between countries for sweet (chi®=0.0299,
p =0.8627) or sour (chi® = 0.1215, p = 0.7274) discrimination tests.
Thus, participants from both countries were regrouped for further
analysis. Comparing the numbers of correct answers of elderly
people to those of young adults (see Table 2), no significant differ-
ences were found for sweet (chi®=0.0357, p=0.8502) or sour
(chi? = 0.2705, p = 0.6030). Taste interactions and masking effects
did not seem to impact the discrimination performances of partic-
ipants: correct answers for sweet discrimination did not decrease
at a high level of acid, and correct answers for sour discrimination
did not decrease at a high level of sugar.

3.2.3. Discrimination abilities - are all pairs significantly
discriminated?

We deliberately designed four pairs with increasing difficulty to
discriminate; P1 was the most difficult to discriminate with a sugar
difference of 10 g/kg or a malic acid difference of 0.25 g/kg. Within
each sub-block, data were analysed per pair. For both groups, the
percentages of wrong answers increased when the proximity of
samples increased. There were between 2% and 6% of failures for
pair P4 (difference of 80 g/kg of sucrose or 2 g/kg of malic acid)
and these reached more than 26% for pair P1 (difference of
10 g/kg of sucrose or 0.25 g/kg of malic acid). However, according
to Norm NF ISO 5495:2005(F) on paired comparison tests, all pairs
were significantly discriminated at a significance level of 0.001
(number of correct answers greater than 128 for young adults
and 156 for elderly people). Exact p-values were calculated for
each pair using the binomial test procedure from R (see
Tables 3 and 4). Young adults group and elderly people group were
able to discriminate significantly all samples (p <0.001 for each
pair), even those from pair P1. Small sugar variations were not
more difficult to discriminate at a high level of acid and small acid
variations were not more difficult to discriminate at a high level of
sugar. Fig. 3 and Fig. 4 represent the percentages of success and
error for each pair and each age group.

Table 1

Mean values (0-10) given by the trained sensory panel for sweet and sour perceptions in apple purées.
Sample Sweet Sour Sample Sweet Sour
S0.al 5.7 34 AO.sl 34 4
Sl.al 6.3 3.6 Al.sl 3.8 44
S2.al 6.4 3.2 A2l 34 5.1
S3.al 8 2.4 A3.sl 3.3 5.8
S4.al 8.5 2.6 Ad.s] 2.7 6.7
S0.ah 5.2 71 AO.sh 7.8 2.6
Sl.ah 5.9 7.1 Al.sh 7.6 34
S2.ah 6.1 7 A2.:sh 7.9 4
S3.ah 7.5 6.4 A3.sh 7.7 4.2
S4.ah 8.3 6.1 A4.sh 7.4 5.3
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Fig. 2. Sensory profile results for sweet and sour tastes (real perceived intensities). Letters represent HSD homogeneous groups on sweet perception (A) or on sour perception

(B). Symbols represent apple purée samples.

Table 2
Percentages of correct answers, given by age group for discrimination of sweet and
sour tastes at a low and high level of acid and sugar in apple purée.

Elderly people Young adults
A) al 84.7 85.0
ah 83.4 85.0
B) sl 84.1 83.1
sh 82.1 84.4

A: sweet discrimination at a low level of acid (al) and a high level of acid (ah).
B: sour discrimination at a low level of sugar (sl) and a high level of sugar (sh).

4. Discussion

The present study investigated discrimination abilities in a real
food matrix: apple purée. Our findings provide complementary
results about the preservation of discrimination abilities of elderly
people in real products. We showed that the group of elderly peo-
ple was as effective as the group of young adults in differentiating
apple purée samples, based on sugar or acid differences of at least
10 g/kg or 0.25 g/kg, respectively. In previous studies on model
solutions, researchers showed that the discrimination abilities of

Table 3

elderly people were preserved for sweet but not for bitter percep-
tions (Gilmore & Murphy, 1989) and, more recently, preserved for
the five tastes (Mojet et al., 2003). In 2003, Mojet et al. drew the
same conclusions for real food matrices (iced tea, chocolate drink,
mayonnaise, tomato soup and bouillon). The lowest variations dis-
criminated were 11.09 g/I for sucrose and 0.069 g/1 (acetic acid) or
0.005 g/l (citric acid). In 1989, CoSeteng, McLellan, & Downing
compared the perceived sourness of different acids and showed
that, at the same concentration, malic acid was perceived as less
sour than acetic acid but sourer than citric acid (CoSeteng,
McLellan and Downing, 1989). Moreover, overall taste concentra-
tions were different between experiments. While we used samples
with 200-210 g/kg of sucrose or 4.71-4.96 g/kg of malic acid,
Mojet et al. used samples with 42.9-53.9 g/kg of sucrose, 0.27-
0.34 g/kg of acetic acid or 0.019-0.024 g/kg of citric acid. Our
results thus complement those of Mojet et al. in real products with
the addition of malic acid and by exploring a lower variation of
sucrose.

Real foods involve taste interactions. Our experimental design
also allowed us to study the impact of malic acid concentrations
on sweet discrimination and the impact of sucrose concentrations
on sour discrimination. Even though the sensory profile confirmed

Number of correct answers, associated level of significance and d’ values, for sweet discrimination at a low level of acid (al) and a high level of acid (ah) in apple purées

Pairs Young adults (n=210) Elderly people (n =260) d’ comparison
n of correct answers d n of correct answers d’ p-value
al P1 142 7 0.65 180 0.71 0.71
P2 1727 1.29 205 1.13 0.41
P3 195 2.07 244 " 2.18 0.67
P4 205 2.80 2527 2.64 0.64
ah P1 148 7 0.76 181 0.73 0.84
P2 1717 1.26 207 1.17 0.62
P3 193 1.98 235 1.84 0.56
P4 202 2.51 244 2.18 0.24

" p<0.0001.
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Table 4
Number of correct answers, associated level of significance and d’ values, for sour discrimination at a low level of sucrose (sl) and a high level of sucrose (sh) in apple purées.
Pairs Young adults (n = 210) Elderly people (n = 260) d’ comparison
n of correct answers d n of correct answers d’ p-value
sl P1 1357 0.52 1927 0.90 0.025
P2 168 1.19 200 1.04 0.42
P3 193 77 1.98 236 1.88 0.66
P4 202 2.51 247 233 0.53
sh P1 13777 0.55 180 0.71 0.36
P2 165 1.12 196 0.97 0.41
P3 202 251 228 1.64 0.001
P4 205 2.80 250 2.50 0.36
" p<0.0001.
™ p<0.001.
" p<0.05.
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Fig. 3. Percentage of answers (question: what is the sweetest sample?) given by pair and age group for sweet discrimination. Black bars represent wrong answers while grey
ones represent correct answers. Pairs for al condition were composed of a reference sample S0.al and a comparison sample (from S1.al for pair P1 to S4.al for pair P4). Pairs for
ah condition were composed of a reference sample S0.ah and a comparison sample (from S1.ah for pair P1 to S4.ah for pair P4).

a sensory sweet-sour interaction, no effect of these interactions
was found on discrimination abilities in our conditions. A differ-
ence of 10 g/kg of sucrose was significantly discriminated by the
elderly people group at either a low level (4.71 g/kg) or a high level
(6.71 g/kg) of malic acid. Similarly, the elderly people group was
able to discriminate significantly samples with a malic acid varia-
tion of 0.25 g/kg, at either a low level (160 g/kg) or a high level

(240 g/kg) of sucrose. In 2000, Kaneda et al. compared the discrim-
ination abilities of 20 elderly people and 20 young adults using
sweet-sour model solutions. Participants evaluated mixtures in
which both compounds (sucrose and tartaric acid) varied between
samples. Their results showed that the elderly people group was
able to discriminate samples with variations of 34.57 g/kg of
sucrose and 0.11 g/kg of tartaric acid but not with variations of
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Fig. 4. Percentage of answers (question: what is the sourest sample?) given by pair and age group for sour discrimination. Black bars represent wrong answers while grey ones
represent correct answers. Pairs for sl condition were composed of a reference sample A0.sl and a comparison sample (from A1.sl for pair P1 to A4.sl for pair P4). Pairs for sh
condition were composed of a reference sample A0.sh and a comparison sample (from Al.sh for pair P1 to A4.sh for pair P4).

16.77 g/kg of sucrose and 0.057 g/kg of tartaric acid. As both tastes
varied at the same time, no conclusion can be drawn for only
sucrose or acid. In our study, we used specific tests to measure
sweet and sour discrimination performances independently (only
one taste varied between samples) and to conclude on each taste
independently.

It is noted that other sensory clues, apart from sweet and sour
variations, may have helped participants to discriminate apple
purées. For example, the sensory profile revealed that sugar and/
or acid additions were linked to aromatic modifications. These sen-
sory modifications may have helped participants to discriminate
samples. However, these attributes were only significant between
the references and the most intense samples. No significant differ-
ence was found by trained panellists, in monadic sequential, with
less intense samples (S1, S2 or A1, A2). However, in comparison
tests, these slight sensory modifications in aroma may have been
wide enough to help participants to differentiate apple purées, in
addition with sweet or sour variations.

The procedure used to measure discrimination abilities can also
be discussed. We decided to use 2-AFC paired comparison tests,
which could seem too “easy” (one chance in two of finding the cor-
rect answer). Recently, some authors have challenged the method-
ologies used with elderly people and have recommended replacing

triangle or tetrad tests by duo-trio or paired comparison tests.
These are more adapted to the frailty, limited attention and limited
working memory of the elderly (Issanchou, 2015; Maitre,
Symoneaux, & Sulmont-Rossé, 2015). Moreover, comparing the
power of different discrimination tests (2-AFC, 3-AFC, 10-AFC and
specified tetrad) as a function of sample size, authors concluded
that “the methods perform very similarly” (Ennis & Jesionka,
2011). In their experiments, Kaneda et al. (2000) and Mojet et al.
(2003) used triangle tests. More experiments are needed to con-
clude which methodology is the most accurate and best fits the
abilities of this specific population.

Another question is: were the differences between samples too
wide and the samples too easy to differentiate to highlight differ-
ences between the performances of elderly and young people?
Samples from pair P1 were designed to be very close in terms of
sweet and sour perceptions. Trained panellists did not give signif-
icantly different sweet and sour notes for the two samples from
this pair. As the sensory profile is a sequential monadic evaluation,
it is less efficient for discriminating samples than difference tests
but these results support the hypothesis that the samples from pair
P1 were very close to each other. The sensory profile results also
showed that increasing sugar concentration tends to decrease sour
perception, at either a low or a high level of acid. Increasing malic
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acid concentration tends to decrease sweet perception, but only at
a low level of sugar. These results support conclusions in the liter-
ature showing that sweet and sour tastes have mutual masking
effects (Pelletier et al, 2004; Stevens, 1996) which are
concentration-dependent (for a complete review, see Keast and
Breslin (2002). Regarding pair P1, d’ values were low (0.52 for
the lowest). Despite no significant difference for pair P1, d’ values
for young adults were found to be lower than d’ values for elderly
participants (except for sour discrimination at a low level of sugar).
Thus, even with small sugar or acid variations, discrimination per-
formances were at least equivalent between young adults and
elderly participants. Moreover, this study is part of a European pro-
ject (OPTIFEL) which aims to develop fruit- and vegetable-based
products for elderly people. The smallest sugar or acid variations
thus matched with “realistic” variations that could occur in food
industries (10 g/kg of sugar or 0.25 g/kg of malic acid). In previous
bibliography, d’ values are often compared between difference
tests (Ennis & Jesionka, 2011; McClure & Lawless, 2010; Van
Hout, Hautus, & Lee, 2011). However, little is known about d’ com-
parisons between different samples. In 2011, Van Hout et al. com-
pared two commercial margarine products. The authors ran a
preliminary study to be sure that the two products were “suffi-
ciently confusable in overall sensory properties to be appropriate
for the study”. Results showed that, at the first two sessions, the
d’ value was 0.58 (2-AFC procedure). With regards to product
specificity, these results give an insight into d’ values that could
be found between two commercial products. It could be interesting
to test smaller variations between samples in order to identify the
differentiation threshold for each compound. However, such small
sugar or acid variations (lower than 10 g/kg or 0.25 g/kg) would
not be realistic to achieve in terms of industrial production and
not of direct relevance for the food industry.

5. Conclusion

The present study provides original findings about the ability of
elderly people to discriminate sweetness and sourness in real
foods. Discrimination performances for sweet and sour tastes seem
to be relatively stable with age. Elderly people were still able to dif-
ferentiate sweetness and sourness concentrations in products.
Moreover, in our experimental conditions, no masking effects were
found between sweet and sour tastes. These results give flexibility
and opportunities to the food industry in developing fruit-based
products.
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