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Abstract

Fat and salt are a common and attractive combination in food and overconsumption of either is
associated with negative health outcomes. The major aim was to investigate contributions and
interactions of salt and fat on taste pleasantness and perception.The minor aim was to investigate
individual fat taste sensitivity (detection threshold of oleic acid [C18:1]) on pleasantness for fat.
In a complete factorial design, 49 participants (18-54 years, 12 males) tasted tomato soups with 4
different fat concentrations (0-20%) and 5 different salt concentrations (0.04-2.0%). The preferred
concentration and the discrimination ability for both fat and salt were determined by ranking tests.
Results show that salt and fat affected pleasantness separately (P < 0.01), with salt having the
strongest effect. Fat concentrations 0%, 5%, and 10% did not differ in pleasantness, whereas 20%
was less pleasant (P< 0.05). There were no interactions for fat and salt on pleasantness or saltiness
and fattiness intensity. Fat taste sensitive participants preferred lower fat concentrations than less
sensitive participants (P = 0.008). In conclusion, the strong effect of salt on pleasantness in this
study suggests that salt, rather than fat, play a major role in the attraction to savory fatty foods.
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Introduction

Fat and salt both stimulate appetite (Blundell and Macdiarmid 1997;
Leshem 2009) and are therefore an attractive combination in food.
Many processed foods high in dietary fat also have high salt con-
tents, like meat, cheese, crisps, fries, and many other savory foods.
Mixtures of fat and salt are commonly found in high-fat, high energy
dense snacks and fast foods. Overconsumption of both dietary fat
and salt are associated with various negative health outcomes, for
example, cardiovascular disease (Bray and Popkin 1998; Bray et al.
2004; Brown et al. 2009; He and MacGregor 2010).

There is increasing evidence that fatty acids (i.e., the breakdown
products of dietary fat) are detected by the gustatory system and
“fat” is considered as a sixth taste primary (e.g., Mattes 2009a;
DiPatrizio 2014; Tucker et al. 2014; Keast and Costanzo 2015). The
ability to taste and discriminate between fat concentrations varies
between individuals and has been found to be inversely related to
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body weight (Stewart et al. 2010, 2011a, 2011b; Martinez-Ruiz
et al. 2014), however, the area remain contentious as others have not
found this relationship (Mattes 2009b, 2011). Previous research sug-
gests that diet is an important factor influencing fat taste sensitivity
and excessive consumption of dietary fat over 4 weeks attenuates fat
taste sensitivity in lean subjects, while reducing dietary fat increases
sensitivity in both lean and obese (Stewart and Keast 2012b).

It is important to unravel factors that contribute to the over-
consumption of dietary fat. Salty/savory foods are major sources
of dietary fat intake. Preference for foods high in both fat and salt
are associated with high daily energy intakes and obesity (Cox et al.
1999; Méjean et al. 2014). Salt is added to a wide range of pro-
cessed foods to increase the palatability (Booth et al. 1983; Dotsch
et al. 2009), which consequently increases energy intake (Bouhlal
et al. 2011; Bolhuis et al. 2012). Salt in food is highly palatable,
however, the role of fat on palatability is less clear (Cox et al. 2015).
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We propose that salt plays an essential role in the palatability of
savory fatty foods, indicating that salt concentrations drive prefer-
ences rather than fat concentrations.

Fat may influence the perception of saltiness in a food. Ohta et al.
(1979) found that saltiness intensity was reduced in oily compared
with aqueous media. Similarly, 2 other studies found that saltiness
intensity increased when water increases in the emulsion, or reduced
when oil increases in the emulsion (Rietberg et al. 2012; Suzuki
et al. 2014). A proposed hypotheses was that oil may act as a bar-
rier between salt and the salt taste channels. However, others found
no effect of oil content on saltiness perception (Metcalf and Vickers
2002), or even an increased saltiness perception with higher oil con-
centrations in oil in water emulsions (Yamamoto and Nakabayashi
1999; Thurgood and Martini 2010).

The primary aim is to investigate independent contributions and
interactions of salt and fat concentrations on pleasantness and pref-
erences of a food. The second aim is to investigate whether fat affects
the salt intensity perception and vice versa. The third aim is to inves-
tigate effects of individual fat taste sensitivity on pleasantness for fat,
and if this is influenced by salt.

Methods

Experimental design

This study involved a complete factorial design in which partici-
pants tasted and rated a tomato soup with 4 different fat concen-
trations (canola oil, hereafter referred to as “fat”) and S different
salt concentrations (NaCl, hereafter referred to as “salt”), thus 20
in total over a total of 4 sessions. The 20 samples were randomized
between participants, 10 samples were tasted per session to pre-
vent sensory fatigue. Participants came 4 times to rate the tomato
soup samples, 2 times to rate the samples hedonically, and 2 times
to rate the samples on intensity. After the hedonic sessions, the
most preferred fat or salt concentration was assessed by a ranking
test, based on liking. After the intensity sessions, discrimination
ability was assessed by a ranking task in which participants rank
according to intensity of saltiness or fattiness. In addition, fat taste
sensitivity was established in duplicate by determination of the
threshold of oleic acid (C18:1), which was assessed in 2 separate
sessions.

Subjects

Subjects were recruited at Deakin University, Burwood, Victoria,
Australia. Fifty participants enrolled in the study, one partici-
pant dropped out after the first session because he did not like
the test food. Of the remaining 49 participants (12 males), 2 male
participants did not finish the study due to overseas travelling.
Participants were aged between 18 and 54 years (27+8 vyears,
mean = SD). The BMI range was between 16.7 and 34.2 kg/m?
(23.2 +3.8kg/m?, mean = SD). Exclusion criteria were: smoking;
gained, or lost > 5 kg weight during the last year; lack of appetite;
and difficulties with eating or swallowing. Participants provided
informed written consent prior to participation. This study was
conducted according to the guidelines laid down in the Declaration
of Helsinki and all procedures involving human subjects were
approved by the Deakin University Human Research Ethics
Committee. Pleasantness and intensity procedures were conducted
in computerized, partitioned sensory booths using Compusense
Five Software Version 5.2 (Compusense Inc.). This study was reg-
istered (ACTRN12614000955617) at the Australian New Zealand
Clinical Trials Registry (ANZCTR).

Test foods

A tomato soup was used as the test product in this study, prepared
from 50% tomato passata (Remano, Aldi) and 50% water. Canola
oil (Homebrand Coles), was used to manipulate the fat concentra-
tions: 0, 5%, 10%, and 20% (w/w). Sodium Chloride (NaCl, Saxa
salt) was added to manipulate the salt concentrations: 0.04% (no
added salt) 0.25%, 0.5%, 1.0%, and 2.0% (w/w). Samples were
homogenized for 1min per 100g (Silverson L4RT homogenizer).
These 4 different fat concentrations and $ different salt concentra-
tions were used for hedonic and intensity ratings. One additional fat
concentration (15%), and 2 additional salt concentrations (0.35%
and 0.7%) were prepared for the ranking tests (Table 1).

Fat taste sensitivity was assessed by determining the detection
threshold for C18:1 in a nonfat milk base (Haryono et al. 2014). For
test sample preparation, C18:1 was mixed at varying concentrations
(0.02, 0.06, 1, 1.4, 2, 2.8, 3.8, 5, 6.4, 8, 9.8, 12, and 20mM) with
long-life skim milk (99.9% fat free, Devondale). Textual cues were
minimized with an addition of 5% (w/v) gum acacia (Deltagen) and
liquid paraffin (Merck). To prevent oxidation, samples were mixed
with 0.01% (w/v) EDTA (Merck). Samples were homogenized for
30s per 100mL solution (Silverson L4RT homogenizer). Control
samples were prepared in the same manner, but without the addition
of C18:1.

Procedure of hedonic and intensity ratings

Participants were instructed to refrain from drinking (except water)
and eating at least 1h before the start of the session. Participants
started to taste and rate 10 samples differing in salt and fat concen-
trations without nose clips, and rinsed their mouth with water in
between samples. In the hedonic sessions participants rated pleasant-
ness, desire-to-eat and just-about-right saltiness on a 100 unit visual
analogue scale (VAS). Pleasantness was rated on a scale ranging from
“very unpleasant” (0) to “very pleasant” (100). Desire-to-eat was
rated on a scale ranging from, “not at all” (0), to “very much” (100).
For just-about-right saltiness intensity, “not nearly salty enough”
was at the left anchor (-50), “just right” in the middle (0), and
“much too salty” (50) at the right anchor. In the intensity sessions,
participants rated both the intensity of fattiness and saltiness on a
labelled magnitude scale (LMS).

Procedure of ranking tasks: The most preferred
concentration and the discrimination ability

After tasting and rating 10 samples, participants were instructed to
rank either fat or salt in an order of liking or intensity (Table 1). Five
salt concentrations were used, but only 4 fat concentrations were
used, as it was expected that it was more difficult to discriminate
between fat concentrations. Participants ranked the 4 fat concentra-
tions once without added salt (0.04%), and once with salt (1.0%).
Similarly, they ranked the 5 salt concentrations without fat (0%)

Table 1. Overview of ranking tasks after taste sessions

Taste Ranking Used fat for Used salt for
session task ranking (%) ranking (%)
Hedonic 1 Preferred fat 5,10,15,20 0.04and 1

concentration

Hedonic 2 Preferred salt 0 and 20 0.25,0.35,0.5,0.7, 1.0
concentration
Intensity fat

Intensity salt

0.04 and 1
0.25,0.35,0.5,0.7, 1.0

5,10,15,20
0 and 20

Intensity 1
Intensity 2
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and with fat (20%) (Table 1). In the hedonic sessions, participants
were instructed to rank the samples from left to right from the least
preferred to the most preferred. In the intensity sessions, participants
were instructed to rank the samples from left to right from the least
to the most intense perceived saltiness or fattiness.

To calculate the score of the discriminatory ability, the order of
the concentrations were put in a formula: Discrimination ability for
salt= (-2 x¢cl) = (1 xc2) + (0 xc3) + (1 xc4) + (2 xc5). Where c1-c5
were the values of the concentrations in the order of the subject from
low to high. The values of the concentrations were -2 for the lowest
concentration (c1), -1 for the second lowest (c2), 0 for the middle
(c3), 1 for the second highest concentration (c4), and 2 for the high-
est concentration (c3). In this way, the complete correct order means
a score of 10 and the complete wrong means a score of -10 (De
Graaf and Zandstra 1999). The discrimination ability for fat was
calculated in similar way: (=2 x c1) = (1 x ¢2) + (1 x c3) + (2 x c4).

Fat taste sensitivity

The threshold for C18:1 was assessed by an ascending method of the
3-alternative forced choice test, in duplicate at 2 different sessions
(Haryono et al. 2014). Participants were instructed to refrain from
drinking (except water) and eating at least 1h before the start of
each session. To prevent confounding from nonoral sensory inputs,
participants wore nose clips and milk samples were presented under
red light conditions. The detection threshold was defined as the con-
centration that was correctly identified as the odd sample 3 consecu-
tive times. The arithmetic mean detection threshold was calculated
from the 2 sessions. Six participants showed a detection threshold
that differed more than 3 concentrations measured at 2 different
sessions. These participants were invited for a third session, the 2
closest measured detection thresholds were averaged and the outly-
ing measurement was omitted.

Statistical analyses

Statistical analyses were performed using SAS version 9.3 (SAS
Institute, Inc.). Data on hedonic and intensity ratings are presented
as mean = SD. Effects of salt and fat concentration and their interac-
tion on hedonic and intensity ratings were tested in a generalized
linear model (PROC GLM) that included participant as repeated fac-
tor. Tukey—Kramer was used for post hoc comparisons. A quadratic
response surface by least-squares regression (PROC RSREG) was
used to approximate the maximal hedonic response and the corre-
sponding salt and fat concentrations at this maximum.

The frequency distribution of the most preferred fat and salt con-
centrations (hedonic ranking), are presented in a histogram. Equality
for frequency distributions was tested with chi-square tests. The dis-
crimination ability for fat and salt are expressed as scores based on
the intensity ranking task. The scores are presented as medians with
the interquartile range (IQR 25th—75th percentile) as index of vari-
ance. Medians were compared by using the Wilcoxon Signed-Ranks
Test. Participants were divided in 3 groups based on fat taste sensi-
tivity (threshold C1:18). Medians between groups were compared
by Wilcoxon Signed-Ranks Test. Spearman’s Rho was calculated for
correlations between various outcome measurements.

Results

Pleasantness of fat and salt concentrations

There was a main effect of salt [F(4,892) =47, P < 0.001] and a main
effect of fat [F(3, 892) = 4.4, P = 0.004] on pleasantness (Figure 1),
but no interaction (P = 0.79). Post hoc comparisons for salt (of all
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Figure 1. Mean + SD values of pleasantness ratings as a function of salt and
fat concentrations (n = 47).

fat concentrations together) showed that 2% salt was least pleas-
ant (different from other salt concentrations, all P-values < 0.001),
followed by 0.04% salt (different from other salt concentrations,
all P-values < 0.01), followed by 1% salt (different from other salt
concentrations, all P-values < 0.05), whereas 0.5% salt and 0.25%
salt were the most pleasant and did not differ (P = 0.84). Post hoc
comparisons for fat (of all salt concentrations together) showed that
concentrations of 0%, 5%, and 10% fat did not differ (all P-values
> 0.78), but significantly lower pleasantness for 20% fat compared
with 0% and 10% of fat (both P-values < 0.05). Similar effects for
salt and fat were found on ratings of desire-to-eat (data not shown).

Figure 2 shows the quadratic response surface curve mapping of
pleasantness as a function of salt and fat. The model clearly shows
that pleasantness was more affected by the salt concentration than
by the fat concentration in the test food.

Preferred fat concentration, with and without salt

Figure 3 shows the frequency distribution preferred fat concentra-
tion without added salt and with added salt (1%). Frequencies of
preferred fat without salt (P = 0.15) and with salt (P = 0.25) were
equally distributed according to chi-square tests.

Preferred salt concentration, with and without fat

Figure 4 shows that the preferred salt concentration without fat is
0.5%, whereas with fat, the preference for salt was spread out over
different salt concentrations. Chi-square tests for equal distributions
showed that salt preference without fat was not equally distributed
(P = 0.04), whereas with fat, salt preference was equally distributed
over the salt concentrations (P = 0.96).

Intensity of fat and salt concentrations

The intensity of saltiness is affected by the salt concentration [F(4,
882) = 273, P < 0.001], and there was no interaction with fat
(P =0.29) (Figure SA). The intensity of fattiness is affected by the fat
concentration [F(3, 882) = 147, P < 0.001], and there was no interac-
tion with salt (P = 0.77) (Figure 5B).

Discrimination ability of fat and salt concentrations

The median score for the ability to discriminate between 5%, 10%,
15%, and 20% of fat was 6 (IQR 1-9) without salt and 3 (IQR
1-9) with 1% salt in the test food (P = 0.87). The median score
for the discrimination ability for salt was 9 (9-10) without fat
and 9 (8-10) with 20% fat in the test food (P = 0.94). In general,
the score of the discrimination ability was much higher for salt
(with and without fat) than for fat (with and without added salt)
(P < 0.001).
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Figure 2. Response surface curve mapping of the maximal pleasantness as a function of salt and fat concentrations in the test food.The quadratic response surface
model (P < 0.001) identified an optimum with the following coordinates: Pleasantness = 56 mm, salt = 0.24% (salt_log = -0.61), fat = 2.2% (fat_log = 0.35) (n = 47).
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Figure 3. Frequency distribution of preferred fat concentration without salt
(black) and with 1% salt (gray) (n = 49).

The discrimination ability for fat without added salt tend to be
negatively correlated with the preferred fat concentration without
salt (Rho = -0.27, P = 0.065), indicating that participants who
prefer higher fat concentrations were less able to discriminate
between different fat concentrations. This effect was not observed
in salt.

The discrimination ability for salt was positively correlated with
the slope for the ratings of “just-about-right” saltiness (Rho = 0.36,
P =0.02 for discrimination ability without fat, Rho = 0.24, P = 0.10
for discrimination ability with fat). A steep slope means that partici-
pants have high hedonic sensitivity to saltiness, whereas a weaker
slope means that participants have a low hedonic sensitivity to salti-
ness (all salt concentrations are closer to the “just right” saltiness).
This means that participants who discriminate better between dif-
ferent salt concentrations do also show more hedonic differences
to salt.

Preferred salt concentration

20+
@B No fat

2 @l 20% fat
c 154
[
2
0
t 101
®
o
s
o 51
=

0-

D 5 O QD
RN

salt (%)

DO O
PP S

Figure 4. Distribution of preferred salt concentration without fat (black) and
with 20% fat (gray) (n = 45).

Effects of fat taste sensitivity on fat and salt

preference and perception

Table 2 shows differences in preferred fat and salt concentrations,
and discrimination ability. Figure 6 shows the frequency distribu-
tion of the detection threshold of C18:1. The median threshold of
C18:1 was 2.0mM (IQR 1.2-6.6), participants were split into 3
groups with equal number of participants based on their sensitiv-
ity. Participants with higher fat taste sensitivity (i.e., lower detection
thresholds of C18:1) preferred lower fat concentrations, but only
without added salt. This is most obvious when looking at the inter-
quartile range and the frequency distribution (data not shown); only
one subject selected the 20% fat as most pleasant in the most sensi-
tive group, whereas 6 participants selected the 20% fat concentra-
tion in the least sensitive group (without added salt). There were
no other differences observed in preferences for fat and salt or in
discrimination ability.
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Discussion

The present study shows effects of both fat and salt on pleasant-
ness and taste perception within a food matrix. Salt concentration
(ranged from 0.04% to 2%) had more impact on pleasantness than
fat concentration (0-20%). There was no interaction of fat and salt
on pleasantness or taste perception.

The primary aim was to investigate contributions and interactions
of salt and fat on pleasantness and preferences of a food. The present
study shows that salt has a major impact on pleasantness, as also found
in other studies (Booth et al. 1983; Shepherd et al. 1984; Bolhuis et al.
2010, 2012). The response surface curve mapping (Figure 2) and the
pleasantness curve (Figure 1) show that pleasantness was very closely
related to salt concentration, and less related to fat concentration. The
most pleasant concentration of salt was around 0.25-0.5%, accord-
ing to the pleasantness curves (Figure 1), response surface mapping
(Figure 2), and most preferred saltiness (Figure 4). There was no clear
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Figure 5. Mean + SD saltiness intensity ratings of increasing salt
concentrations (A) and fattiness intensity ratings of increasing fat
concentrations (B) (n = 48).

hedonic breakpoint for fat, we expected that low fat concentrations
would slightly increase pleasantness. However, fat concentrations of
0%, 5%, and 10% were not significantly different in pleasantness,
whereas 20% of fat was less pleasant. Abdallah et al. (1998) used a
similar design and investigated different sugar and fat concentrations
in a solid food matrix. In accordance to our study, pleasantness was
less determined by fat and more by sugar concentration.

In line with poor hedonic differences in fat concentrations, par-
ticipants also poorly discriminated the intensity between fat concen-
trations. Participants discriminated much better between different
salt concentrations, and also show more hedonic differences between
salt concentrations. In accordance, other studies showed that partici-
pants had poor perception of different fat concentrations (Abdallah
etal. 1998; Drewnowski and Schwartz 1990), but preferred the mod-
erate fat (Abdallah et al. 1998) or highest fat sample (Drewnowski
and Schwartz 1990). It has been suggested that preference for high-
fat stimuli is not based on a conscious perception of the fat content
(Drewnowski and Schwartz 1990; Mela 1990). This is reinforced
by a recent study demonstrating there was no discrimination in the
primary taste cortex for high vs. low fat, but high-fat induces reward
responses in the brain (Tzieropoulos et al. 2013). Given that humans
poorly discriminate between different fat concentrations, but fat
is related to activation of reward areas, suggests that implicit [i.e.,
unconscious, spontaneous reaction (Berridge 2004)] measurements
(e.g., working tasks, food intake) maybe more useful for measuring
preferences for fat than line scales.

The second aim of the study was to investigate whether fat affects
the salt intensity perception and vice versa. No interactions were
found for fat and salt on saltiness or fattiness intensity ratings. In
line with this, the discrimination ability for salt was not affected by
increasing fat concentration and vice versa. In accordance, others did
not find salt (0-0.6%) and fat (0.5-36 %) interactions in a dairy liquid
product on hedonics (Warwick and Schiffman 1990), or found salt
and fat (9% and 17%) interactions on saltiness intensity in oil-in-
water emulsions (Metcalf and Vickers 2002). However, Suzuki et al.
(2014) investigated effects on saltiness intensity for 0%, 10%, 20%,
and 40% oil-in-water emulsions as function of salt concentration and
reported differences in saltiness intensity diminished with increasing
oil concentrations, especially at 40% oil. The present study did not
use higher concentrations than 20% oil. Although we did not find a
significant interaction between salt and fat, Figure 4 suggests a dimin-
ished hedonic sensitivity for salt in the 20% fat containing soup. In
20% fat, the preference for saltiness is spread out into different con-
centrations, whereas a clear preference is observed for 0.5% salt in

Table 2. Detection threshold C18:1, preferences, and discrimination ability between groups classified on fat taste sensitivity, data pre-

sented as medians and IQR

Fat taste sensitivity group (range detection threshold C18:1 mM) P

Group 1 (n=17) Group 2 (n = 16) Group 3 (n =16)

(threshold 0.5-1.5) (threshold 1.7-4.4) (threshold 5-20)
Detection threshold C18:1 (mM) 1(0.8-1.2) 2.2 (1.7-3.3) 10.5 (6.5-13.8) <0.001
Preferred fat concentration (%) (no salt) 10 (5-10) 12.5 (5-15) 12 5 (5-20) 0.008
Preferred fat concentration (%) (1% salt) 15 (10-17.5) 10 (5-15) 5 (6.25-15) 0.30
Discrimination ability fat (score) (no salt) 9 (3-9.5) 6 (-3-9) 8 (2-10) 0.53
Discrimination ability fat (score) (1% salt) 6 (3-9) 3(1-9) 3(1-9) 0.58
Preferred salt concentration (%) (no fat) 0.5 (0.5-1) 0.5 (0.27-0.7) 0.5 (0.35-0.7) 0.88
Preferred salt concentration (%) (20% fat) 0.5 (0.35-0.7) 0.5 (0.25-0.7) 0.43 (0.35-0.7) 0.97
Discrimination ability salt (score) (no fat) 9 (8-10) 9 (9-10) 9 (8-10) 0.99
Discrimination ability salt (score) (20% fat) 9 (9-10) 9 (9-10) 9 (3-10) 0.58

Bold P-values indicate significant difference.
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the 0% fat soup. Whether 20% or higher concentrations of fat affects
salt perception and pleasantness needs to be studied further, prefer-
ably in semi-solid or solid foods because higher levels of fat are more
common and seemed to be better liked in solid than in liquid foods
(Drewnowski et al. 1989; Drewnowski and Schwartz 1990).

Surprisingly, the present study does not show an increase in pleas-
antness when fat is added to the food. We expected to find an increase
in pleasantness in the 5% and 10% fat soups, but pleasantness did not
differ between the soups with 0%, 5%, and 10% fat. Studies generally
report a positive relationship between liking and fat content, although
there are some mixed results (see for review, Cox et al. 2015). Different
test foods may explain the variation in results. The test food in the
present study was a tomato drink that was associated with a cold/
room temperature soup. However, participants in the present study
might be unfamiliar with fat in the tomato soup, which may explain
that we did not find an increase in pleasantness. Another explanation
could be the choice of canola oil, which is possibly less palatable than
for example cream. Possibly, using cream instead of canola oil may
have led to stronger effects on pleasantness, but such a major impact
on pleasantness as salt would be unlikely. Canola oil was used as it
has the highest percentage of mono-unsaturated fatty acids compared
with other commonly used oils, which was aimed to be linked to fat
taste sensitivity measured using oleic acid (C18:1). Although no grav-
ity or separation of the oil and water phases have been observed and
the fact that all samples were freshly prepared and stirred thoroughly
just before assessment, a possible negative effect of emulsion stability
on hedonics cannot be excluded (Granato et al. 2010).

The average and low pleasantness scores of the tomato soup in
general may not be representative to palatable salty and fatty foods
that easily lead to overconsumption. Nevertheless, the low score of
the tomato soup without fat and salt was ideal to observe increases
in pleasantness due to additions of salt and fat. A main outcome of
this study was no interaction of salt and fat on pleasantness and
taste perception. Also others did not find salt and fat interactions
on pleasantness (Warwick and Schiffman 1990) and on saltiness
intensity in liquid foods (Metcalf and Vickers 2002), therefore, this
is considered to be wider applicable to other savory liquid foods.
Another main outcome is the relative importance of salt on pleasant-
ness compared to fat. This reflects the challenge of the food industry
to reduce salt while maintaining palatability (Dotsch et al. 2009),
whereas low-fat or even 0% fat foods seem to be more common and
widely accepted (e.g., like 0% fat yoghurts and custards).

The third aim of the study was to investigate how individual fat
taste sensitivity affects preferences for fat, and whether this is influ-
enced by salt. The results show that sensitive participants (i.e., low
threshold for C18:1), preferred lower fat concentrations compared

with less sensitive participants. This effect was only observed in
the food without salt, suggesting that salt masks these fat pref-
erences. We did not observe a relationship of fat taste sensitivity
on discrimination ability for fat concentrations, in contrast to a
previous study (Stewart and Keast 2012a). The study of Stewart
and Keast (2012a) used nose clips to exclude odor attributes and
corrected for textural differences. The present study did not use
those corrections when tasting the tomato soup, because hedonics
of fat and salt combinations was the primary aim. Fat perception
is a combination of textural, odor, and taste attributes. The specific
role of taste on fat perception in suprathreshold fat concentrations
is not clear (Keast and Costanzo 2015). No odor blocking or tex-
ture masking was used in this study, which could explain the lack
of relationship between taste sensitivity and discrimination ability.

Conclusion

This study shows that salt is more closely related to pleasantness
than fat in a savory liquid food. The passive role of fat on pleasant-
ness found in this study and others indicates that fat content may be
reduced while maintaining palatability, however, this will depend on
the food matrix as well. The strong effect of salt on pleasantness may
indicate that salt is major driver of food intake of savory fatty foods,
and reflects the challenge to reduce salt while maintaining palatabil-
ity (Dotsch et al. 2009). Relationships between salt taste responses
and overconsumption or obesity have been suggested (Méjean et al.
2014; Cox et al. 2015), however, received little attention in litera-
ture compared with sweet or fat taste responses. Future research is
needed to investigate whether high fat concentrations (20% in the
present study) decrease hedonic sensitivity to salt.

Funding

The study was supported by National Health and Medical Research Council
(1043780) and the School of Exercise and Nutrition Sciences of Deakin
University, Vic, Australia.

Acknowledgments
We kindly acknowledge Kathryn Colla for all the help in conducting the study.

References
Abdallah L, Chabert M, Le Roux B, Louis-Sylvestre J. 1998. Is pleasantness of

biscuits and cakes related to their actual or to their perceived sugar and fat
contents? Appetite. 30(3):309-324.



Chemical Senses, 2016, Vol. 41, No. 3

195

Berridge KC. 2004. Motivation concepts in behavioral neuroscience. Physiol
Behav. 81:179-209.

Blundell JE, Macdiarmid JI. 1997. Fat as a risk factor for overconsumption:
satiation, satiety, and patterns of eating. | Am Diet Assoc. 97:563-S69.
Bolhuis DP, Lakemond CM, de Wijk RA, Luning PA, de Graaf C. 2010. Effect
of salt intensity on ad libitum intake of tomato soup similar in palatability

and on salt preference after consumption. Chem Senses. 35(9):789-799.

Bolhuis DP, Lakemond CM, de Wijk RA, Luning PA, de Graaf C. 2012. Effect
of salt intensity in soup on ad libitum intake and on subsequent food
choice. Appetite. 58(1):48-55.

Booth DA, Thompson A, Shahedian B. 1983. A robust, brief measure of an
individual’s most preferred level of salt in an ordinary foodstuff. Appetite.
4(4):301-312.

Bouhlal S, Issanchou S, Nicklaus S. 2011. The impact of salt, fat and sugar
levels on toddler food intake. Br | Nutr. 105: 645-653.

Bray GA, Paeratakul S, Popkin BM. 2004. Dietary fat and obesity: a review of
animal, clinical and epidemiological studies. Physiol Behav. 83:549-555.

Bray GA, Popkin BM. 1998. Dietary fat intake does affect obesity! Am | Clin
Nutr. 68:1157-1173.

Brown IJ, Tzoulaki I, Candeias V, Elliott P. 2009. Salt intakes around the
world: implications for public health. Int | Epidemiol. 38:791-813.

Cox DN, Hendrie GA, Carty D. 20135. Sensitivity, hedonics and preferences for
basic tastes and fat amongst adults and children of differing weight status:
a comprehensive review. Food Qual Pref. 41:112-120.

Cox DN, Perry L, Moore PB, Vallis L, Mela DJ. 1999. Sensory and hedonic
associations with macronutrient and energy intakes of lean and obese con-
sumers. Int | Obes. 23:403-410.

De Graaf C, Zandstra EH. 1999. Sweetness intensity and pleasantness in chil-
dren, adolescents, and adults. Physiol Behav. 67:513-520.

DiPatrizio NV. 2014. Is fat taste ready for primetime? Physiol Behav.
136:145-154.

Dotsch M, Busch J, Batenburg M, Liem G, Tareilus E, Mueller R, Meijer G.
2009. Strategies to reduce sodium consumption: a food industry perspec-
tive. Crit Rev Food Sci Nutr. 49:841-851.

Drewnowski A, Schwartz M. 1990. Invisible fats: sensory assessment of sugar/
fat mixtures. Appetite. 14(3):203-217.

Drewnowski A, Shrager EE, Lipsky C, Stellar E, Greenwood MRC. 1989.
Sugar and fat—sensory and hedonic evaluation of liquid and solid foods.
Physiol Behav. 45:177-183.

Granato D, De Castro IA, Ellendersen LSN, Masson ML. 2010. Physical sta-
bility assessment and sensory optimization of a dairy-free emulsion using
response surface methodology. ] Food Sci. 75:5149-S155.

Haryono RY, Sprajcer MA, Keast RS]J. 2014. Measuring oral fatty acid thresh-
olds, fat perception, fatty food liking, and papillae density in humans.
J. Vis. Exp. (88):e51236. doi:10.3791/51236.

He FJ, MacGregor GA. 2010. Reducing population salt intake worldwide:
from evidence to implementation. Prog Cardiovasc Dis. 52:363-382.
Keast R, Costanzo A. 2015. Is fat the sixth taste primary? Evidence and impli-

cations. Flavour. 4:5.

Leshem M. 2009. Biobehavior of the human love of salt. Neurosci Biobehav

Rev. 33:1-17.

Martinez-Ruiz NR, Lépez-Diaz JA, Wall-Medrano A, Jiménez-Castro JA,
Angulo O. 2014. Oral fat perception is related with body mass index,
preference and consumption of high-fat foods. Physiol Behav. 129:36-42.

Mattes RD. 2009a. Is there a fatty acid taste? Annu Rev Nutr. 29:305-327.

Mattes RD. 2009b. Oral thresholds and suprathreshold intensity ratings for
free fatty acids on 3 tongue sites in humans: implications for transduction
mechanisms. Chem Senses. 34(5):415-423.

Mattes RD. 2011. Oral fatty acid signaling and intestinal lipid processing: sup-
port and supposition. Physiol Behav. 105:27-35.

Méjean C, Deglaire A, Kesse-Guyot E, Hercberg S, Schlich P, Castetbon K.
2014. Association between intake of nutrients and food groups and liking
for fat (The Nutrinet-Santé Study). Appetite. 78:147-155.

Mela DJ. 1990. The basis of dietary fat preferences. Trends Food Sci Technol.
1:71-73.

Metcalf KL, Vickers ZM. 2002. Taste intensities of oil-in-water emulsions with
varying fat content. | Sens Stud. 17:379-390.

Ohta S, Sakamoto Y, Kondo K, Kusaka H. 1979. Influences of oil and fats in
foods on “five tastes”. | Jpn Oil Chem Soc [Yukagaku] 28:321-327.

Rietberg MR, Rousseau D, Duizer L. 2012. Sensory evaluation of sodium chlo-
ride-containing water-in-oil emulsions. ] Agr Food Chem. 60:4005-4011.

Shepherd R, Farleigh CA, Land DG. 1984. The relationship between salt intake
and preferences for different salt levels in soup. Appetite. 5(4):281-290.

Stewart J, Keast R. 2012a. Recent fat intake modulates fat taste sensitivity in
lean and overweight subjects. Int | Obesity. 36:834-842.

Stewart JE, Feinle-Bisset C, Golding M, Delahunty C, Clifton PM, Keast RS]J.
2010. Oral sensitivity to fatty acids, food consumption and bmi in human
subjects. Br | Nutr. 104:145-152.

Stewart JE, Feinle-Bisset C, Keast RS]. 2011a. Fatty acid detection during food
consumption and digestion: associations with ingestive behavior and obe-
sity. Prog Lipid Res. 50:225-233.

Stewart JE, Keast RSJ. 2012b. Recent fat intake modulates fat taste sensitivity
in lean and overweight subjects. Int | Obes. 36:834-842.

Stewart JE, Newman LR, Keast RS]. 2011b. Oral sensitivity to oleic acid is
associated with fat intake and body mass index. Clin Nutr. 30:838-844.

Suzuki AH, Zhong H, Lee ], Martini S. 2014. Effect of lipid content on salti-
ness perception: a psychophysical study. | Sens Stud. 29:404-412.

Thurgood JE, Martini S. 2010. Effects of three emulsion compositions on
taste thresholds and intensity ratings of five taste compounds. ] Sens Stud.
25:861-875.

Tucker RM, Mattes RD, Running CA. 2014. Mechanisms and effects of “fat
taste” in humans. Biofactors. 40(3):313-326.

Tzieropoulos H, Rytz A, Hudry ], le Coutre J. 2013. Dietary fat induces
sustained reward response in the human brain without primary taste
cortex discrimination. Fronmt Hum Neurosci. 7:36. doi:10.3389/
fnhum.2013.00036.

Warwick ZS, Schiffman SS. 1990. Sensory evaluations of fat-sucrose and
fat-salt mixtures—relationship to age and weight status. Physiol Behav.
48:633-636.

Yamamoto Y, Nakabayashi M. 1999. Enhancing effect of an oil phase on the
sensory intensity of salt taste of nacl in oil/water emulsions. | Texture Stud.
30:581-590.





