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Abstract

In contrast to taste sensitivity, the assessment of texture or tactile sensitivity has
received relatively little attention in the food context. Texture plays an important
role in food preferences and food intake, and individual differences make it impor-
tant to understand physiological drivers of perception as tactile sensitivity. The
multi-dimensional and dynamic aspects of texture perception suggest there is not
one single method that can explain individual differences. This scoping review aims
to systematically map methods assessing tactile sensitivity, in the context of food,
highlighting differences in approach and implementation. Eligibility criteria included
papers describing methods to assess individual differences in tactile sensitivity, that
involved human participants and the context was relevant to food behavior. Sources
are peer-reviewed publications of original research in English. In mapping the
methods, we assessed how they relate to food texture parameters (mechanical, geo-
metrical, and surface) and the dynamics of breaking down (touch with hand, first
bite/sip, oral processing, residual or after-swallowing sensations). We also review
other parameters associated (oral processing, preference, diet and food intake
behavior). The literature in this relatively young area is still very fragmented and it is
difficult to have a clear picture regarding best practices or recommendations for the
measurement of tactile sensitivity in the food context. Future studies should aim to
methodological harmonization for application in the food behavior area, with a
design of experiment combining different aspects of tactile sensitivity to food,
focusing on the thresholds and perceived intensity of textural parameters as well as
affective and behavioral responses, and covering the whole spectrum of tactile tex-
ture perception (mechanical, geometrics, and surface), including the dynamics of

perception.
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1 | INTRODUCTION

1.1 | Background

Food texture plays an important role in food preferences and rejection,
texture liking is in fact considered as important as flavor as driver of food
choices (Pellegrino & Luckett, 2020). How the food is manipulated and
perceived in the mouth is determined by the interaction with the food
structure; and textural properties are not only linked to preferences, but
also to food intake amounts, by influencing satiety perception and meal
size estimation (McCrickerd & Forde, 2016). Different groups of con-
sumers may have distinct textural preferences and satiety perception
(Varela et al., 2021) which may in turn be reflected in different food con-
sumption patterns (Laureati et al., 2020). The influence of texture per-
ception in food choices can be more pronounced in sensitive periods of
life, that is, childhood and old age. Neophobia and picky eating in child-
hood are often manifested in the rejection of, for instance, heteroge-
neous or clumpy textures, while in older consumers, harder and sticky
textures can be an issue for chewing, together with an enhanced dryness
and astringency perception (Chow et al., 2022; Schwartz et al., 2018).

Segments of consumers who like foods with different textural
characteristics, have been linked by some authors to preferred ways
of manipulating food in the mouth (Jeltema et al., 2016); however, the
concept of mouth behavior has been disputed by some (Kim & Vick-
ers, 2020). At the light of those group and individual differences, the
concept of tactile sensitivity may be key to better understand differ-
ences in textural preferences and eating behavior. Liu et al. (2022)
suggest some factors influencing tactile sensitivity may include age,
sex, ethnicity as well as various physiological factors, but still, how
those affect perception, preferences, and other expectations, have
not been consistently studied in literature; while some works show
relationships between oral tactile sensitivity and sensory perception
or preference of food texture, other studies fail to do so. In a review
on texture perception and preference of children the authors even
went so far as to state that the two concepts, tactile sensitivity and
texture preferences, appear to be unrelated (Chow et al., 2022). How-
ever, compared to basic taste sensitivity, the assessment of tactile
sensitivity has received relatively little attention so far (Zhou
et al.,, 2021) and is therefore still in a formative stage.

Texture perception is multifaceted and therefore more complex
than the measurement of basic tastes. Texture perception is multidi-
mensional: it is not perceived by a single receptor (in contrast to basic
tastes and color) (Szczesniak, 2002), but composed of tactile sensation
of the skin/cutaneous system (mechanoreceptors, thermoreceptors,
and nociceptors embedded in the skin) as well as proprioceptive sen-
sation through kinesthesis (mechanoreceptors embedded in muscles,
tendons, and joints) needed for sensing active touch (Lederman &
Klatzky, 2009; Pramudya & Seo, 2019).

To represent the highly multidimensional construct of food tex-
ture, characteristics have been classified into three primary categories:
mechanical, geometrical and surface properties (Szczesniak, 1963,
2002) with further subcategories, see for example, ISO norms on tex-
ture vocabulary (ISO 5492:2008 Sensory vocabulary, ISO 11036:2020
Texture profile) and a recently developed texture sensory wheel

(Bondu et al., 2022). Further, there is a dynamic component in the
perception of food texture. While some texture parameters are per-
ceived when the food is first placed in the mouth (and even previously
if one includes skin touch with the hand or manipulation with utensils
(Pramudya & Seo, 2019)), most texture characteristics change during
consumption, and are perceived when the food is deformed, broken,
manipulated and moved around with the tongue in the oral cavity and
mixed with saliva, as well as leaving residual sensations after swallow-
ing (Szczesniak, 2002).

The multidimensional as well as dynamic aspects of food texture
perception and the complexity of the receptors sensing texture, indi-
cate that there is not one single physiological method that can explain
individual differences in food texture sensitivity. Instead, a wide range
of methods has come into application, and they should be combined
to get a more wholistic picture into texture or tactile sensitivity. Apart
from physiological methods, tactile sensitivity has also been assessed
through validated questionnaires, many building on the concept of
sensory processing (Chow et al., 2022). Sensory processing connects
neurological thresholds (high vs. low) and behavioral response (active

vs. passive) leading to different sensory processing patterns.

1.2 | Objective
This scoping review aims to systematically map methodological
approaches to measure tactile sensitivity in the food context.

Primary research question: What tactile sensitivity methods are
available to study individual differences in food related consumer
behavior? Are the test protocols used consistently across studies?
What are the main differences of the methods that have been pro-
posed to measure sensitivity?

Secondary research question: Is tactile sensitivity related to food
preferences and food behavior (oral processing, preference, diet and
food intake behavior)?

No previous reviews on the described topic have been found in a
preliminary search in database (December 9, 2021). However, two nar-
rative literature reviews on oral tactile sensitivity (Liu et al., 2022) and
texture perception (including tactile sensitivity methods) and preference
of children (Chow et al., 2022) have been published recently and were
considered in the writing of this paper. Liu et al. (2022) included selected
psychophysical measurements (experimental methods that connect
physical parameters to human perception). In this scoping review we
aim to provide an extensive overview of tactile or texture sensitivity
methods that have been applied in the food context also including ques-

tionnaire formats that assessed hypersensitive sensory processing.

2 | METHODS

21 | Protocol and registration

A protocol was registered prospectively with the Open Science
Framework on November 9, 2021 (https://osf.io/u5req/?view_only=
c57beeba3f4f4cd3bb6d5dceeblad5a18).
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2.2 | Eligibility criteria

Papers included in this review needed to describe a methodological
approach used to assess individual differences in tactile sensitivity.
Included studies involved human (not animal) participants and the
context was limited to studies that described the sensitivity method
as relevant to food-related consumer behavior. Experimental methods
that did not control for perception via other senses, for example, che-
moreceptors in the case of fat sensitivity, were not included. How-
ever, with questionnaires this distinction could not be implemented to
the same degree. The source of information included was limited
to peer-reviewed publications of original research in English without
restriction on publication year.

2.3 | Sources of evidence

The search was conducted in two databases, Web of Science and Sco-
pus, according to the following procedure: Initial limited search in one
online database (Scopus) followed by an analysis of the text words
contained in the title, abstract, and of index terms. Second search
using all identified keywords and index terms across included data-
bases on March 1, 2022 (search queries in Supplementary material 1).
The reference list of identified articles was searched for additional
sources to be included in the review. An excel file was used for the
management of the results of the search. Source selection (both at
title/abstract screening and full-text screening) was performed by one
reviewer. The fulfillment of the decision criteria were then discussed

with the second author.

24 | Charting methods

The initial data charting procedure described in the registered proto-
col was adapted iteratively and discussed between the two authors of
this review. The following information was extracted from the
included studies and summarized in a table: reference, sample (sample
size and subsamples if applicable), test protocol indicators (including a
reference to a previous test protocol if applicable), results related to
method (if applicable), associations between methods used within a
study (if applicable) as well as associations to food preferences and
behavior (if applicable). The extracted methods were classified accord-
ing to methodological approach (instrumental measurements, food
models, questionnaires), response measured, texture category, and

dynamic stage of food ingestion (if applicable).

3 | RESULTS
3.1 | Selection of articles

Figure 1 presents the flow chart of the article selection process. Fifty

one studies met the inclusion criteria for this review.

Texture Studies _—‘—3

3.2 | Methodological approaches used to assess
food texture sensitivity

An overview of the individual studies included in this review is pre-
sented in Table 1 including an overview of methods used, results
related to method assessment as well as tested associations to food
preferences and behavior.

The identified studies group into three measurement approaches:
instrumental measurements (Section 3.2.1), food models (Section 3.2.2)
and questionnaires (Section 3.2.3). Instrumental measurements mostly
used standardized, reproducible measurement devices such as clinical
tools or 3D printed devices. Food models consisted of ingested sam-
ples that were manipulated in a way to measure the sensitivity toward
a specified texture aspect. Questionnaires consisted mostly of scales
or subscales related to tactile or food texture sensitivity but included
an experimental setup where stimuli were rated in a questionnaire,
either by respondents or through observation in the case of young
children.

In the following sections, the methods identified will be described
highlighting differences in implementation between the included stud-
ies, results related to method assessment, associations between
methods if assessed, as well as tested associations to food prefer-
ences and behavior. References to the study setups can be found in
Table 1 if not indicated in the text.

3.2.1 | Instrumental measurements

The instrumental methods identified included clinical measurement
tools as well as more tailor-made devices. In all cases, the tactile prop-
erties could be quantified by physical measurements.

One-point pressure (15 method descriptions)

One-point pressure to measure sensitivity to light touch was the most
widely applied instrumental measurement. In 14 method descriptions,
commercially available clinical tools called Von Frey or Semmes-
Weinstein monofilaments of different thicknesses (corresponding to
different weights and forces) were applied while one study used air
pressure instead of monofilaments (Chamberlain et al., 2007). For
measurements with monofilaments, a fiber was pressed vertically
against a skin surface until a bend was reached which translated to a
specific force depending on the thickness/weight of the filament fiber.
The studies differed regarding response measured and measurement
location. Seven studies measured detection threshold with staircase
procedures. Some staircase protocols controlled for response bias
using a (temporal) 2-Alternative forced choice (2-AFC) test. Five stud-
ies measured detection of one or several filament weights via R-Index
where response bias is controlled via signal detection theory a low
value indicating guessing and a high value detection (see O'Mahony
(1992) for a detailed explanation of R-Index), one including protocol
recommendations for the measurement with children (Appiani
et al., 2020). Two studies assessed discrimination threshold between

filament weights with a staircase procedure using weights above
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individuals’ detection threshold. Further, two studies measured the
perceived intensity of filament weight/air pressure on a visual ana-
logue scale (VAS). One-point pressure sensitivity was measured at dif-
ferent locations on the tongue, other places in oral cavity, on the
outer lips and fingers.

A methodological study estimated the time to measure thresholds
(detection or discrimination) to 20 min per respondent, also providing
test protocol recommendation such as rewetting the tongue continu-
ously in order to maintain sensitivity (Etter et al., 2020). Further, the
authors of the study concluded a floor effect for measuring detection
thresholds where the majority of respondents could detect the lowest
filament weight that is commercially available (0.008 g) as limitation, a
result found in several other studies as well (Breen et al., 2019; Lv
et al., 2020; Santagiuliana et al., 2019). Correspondingly, the detection
measurement via R Index with lowest filament weight showed a bet-
ter discrimination between respondents than the next heavier fila-
ment (Appiani et al., 2020; Zhou et al., 2021); distributions being;
however, still skewed toward a high fraction of detecting respondents
(Appiani et al., 2020). Two studies measured discrimination thresholds
additionally to detection thresholds and concluded a better discrimi-
nation between individuals with this procedure (Breen et al., 2019;
Etter et al., 2020). Some studies further found that measurement
place had an effect on sensitivity; Aktar et al. (2015b) (but not Aktar
et al. (2015a)) found a lower detection thresholds on the tongue than
fingertip, Yackinous and Guinard (2001) found a higher detection rate
(R-Index) on the front tongue than mid tongue and Chamberlain et al.
(2007) a higher perceived intensity on the anterior tongue than the
posterior tongue and velum.

One study compared one-point pressure detection via R-Index to
a second instrumental measurement, the grating orientation task, find-
ing a significant but weak correlation between low filament weights
and finer gratings® (Appiani et al., 2020). Further, several studies com-
pared one-point pressure detection (threshold or R-Index) to texture
sensitivity in food models without finding associations to viscosity
(Aktar et al., 2015b; Lv et al., 2020), hardness (Aktar et al., 2015b),
elasticity (Aktar et al., 2015b) and particle texture (Breen et al., 2019;

Santagiuliana et al., 2019). However, Breen et al. (2019) did find a sig-
nificant association with particle texture measuring discrimination
thresholds (instead of detection thresholds).

Four studies measuring one-point pressure detection (threshold
or R-Index) and one study measuring perceived intensity (Ludy &
Mattes, 2012) investigated in the association with food preferences
and behavior. In two studies, researchers concluded an association
with oral processing: mastication performance (Schimmel et al., 2017)
and preferred oral processing behavior (firm vs. soft) (Cattaneo
et al., 2020). However, no associations to preferences: liking of
yoghurt samples (Liu et al., 2021), food texture (Appiani et al., 2020)
or diet and food intake behavior: food consumption frequency
(Appiani et al., 2020), food neophobia (Appiani et al., 2020), spicy food
usage (Ludy & Mattes, 2012) were found in total samples. Appiani
et al. (2020) found a weak but significant effect of one-point detec-
tion on food neophobia in the youngest age group (6-7 y.o.) of chil-

dren suggesting a potential relevance for young children.

Letter recognition (eight method descriptions)
The stereognosis assessment via letter recognition task required
respondents to recognize capital letters of the Latin alphabet by active
touch of the letter on their tongue involving kinesthetic perception.
Most studies used commercial Teflon strips with embossed letters,
while one study used custom-made 3D printed letters and three stud-
ies used confectionary letters. Only a subset of letters was used of
which respondents were however not aware resulting in a low gues-
sing probability. The studies differed regarding response measured.
The most common test protocol (with engraved or 3D printed letters)
aimed to measure the letter size recognition threshold, all studies
referring to a test protocol proposed by Essick et al. (1999) resulting
in aligned implementations via a staircase procedure while the studies
with confectionary letters measured recognition of one font size via
forced-choice tests.

Steele et al. (2014) found fewer reversals than recommended by
Essick et al. (1999) to be sufficient: three for young adults and five for
elderly participants. Further, one study administered the letter
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recognition task (size thresholds) to children (7-10 y.0.)

(Lukasewycz & Mennella, 2012) recommending protocol adaptions
such as offering respondents a visual answering sheet of the whole
alphabet to decrease cognitive load which also came into application
in a study with adults (Bangcuyo & Simons, 2017). There was a low
number of children who had to be excluded due to difficulties with
the task (4%), the task duration (7.5 min average) and threshold ranges
(2.5-7.5 mm) were comparable to adults.

One study compared letter recognition (without size threshold) to
the shape recognition task finding a correlation between the two
stereognosis measurements (Shupe et al, 2018). Further, the only
study correlating letter recognition (size threshold) to food models
measuring particle texture sensitivity did not find a significant correla-
tion between the measurements (Olarte Mantilla et al., 2022). Shupe
et al. (2019) included letter recognition as one of several instrumental
measurements to form high and low tactile sensitivity groups which did
not differ in their sensitivity to hardness and elasticity in a food model.

So far, only few studies investigated the association with food
preferences and behavior. Mastication performance was not associ-
ated to letter recognition (without size threshold) (Shupe et al., 2018),
although mastication behavior (chewing pattern, movement, overall
number of chewing cycles) varied between a high tactile sensitive and
low tactile sensitive group built based on three tactile sensitivity mea-
surements (letter recognition, shape recognition and hardness sensi-
tivity) (Shupe et al, 2019). A third study found no associations
between letter size thresholds and food texture preferences as well as

food neophobia in children (Lukasewycz & Mennella, 2012).

Two-point discrimination (six method descriptions)

The two-point discrimination test was used in six studies determining
the narrowest distance that can be sensed as two distinct pressure
points via commercially available clinical tools. In all studies the dis-
crimination threshold was determined via staircase procedures
(ascending/descending/adaptive) using distance ranges between
0/0.25-8/15 mm. In no study the control for response bias (e.g., via
2-AFC test) was described. The test was most frequently administered
in a static way (pressure) while one study included a dynamic mea-
surement (stroke) as well. Measurement places included different
places on the tongue, palate, lip, and cheek.

Two studies reported a floor effect where most participants could
discriminate the lowest distance of two-points applied (Aktar
et al., 2015b; Lv et al., 2020). The place of measurement was linked to
different sensitivities in two studies which could then influence the
capacities to measure individual differences: the posterior of the ton-
gue was less sensitive and more discriminative between respondents
than the anterior (Olarte Mantilla et al., 2022) and the tongue (exact
location not specified) more sensitive than the index fingertip (Aktar
etal, 2015b).

A study compared respondents two-point discrimination thresh-
olds to size estimation of steel spheres as psychophysical function of
actual size without finding a link (Engelen et al., 2004). Three studies
compared two-point discrimination thresholds to texture sensitivity in

food models, finding a link to particle texture for measurements on

the posterior (but not anterior) tongue (Olarte Mantilla et al., 2022).
Other studies did not find a link to viscosity (Lv et al., 2020), hardness
(Aktar et al., 2015b), and elasticity (Aktar et al., 2015b).

Two studies investigated links to oral processing. In a small sam-
ple of healthy respondents two-point pressure sensitivity (on the
anterior tongue) was not associated to chewing efficiency (Engelen
et al., 2004) while in a pooled sample of stroke patients and control, a
significant effect was found for measurements on the lip in a regres-
sion model where stroke was included as confounder (Schimmel
et al., 2017). So far, no studies investigated into links to texture pref-
erence, diet and food intake behavior.

Grating orientation (four method descriptions)

The grating orientation task where respondents determine the orien-
tation of engraved lines (either horizontal or vertical) pressed on their
tongue was described in four studies of which three included children.
The measurement tools of the studies were tailor made, 3D printed
(Appiani et al., 2020; Lee et al., 2022; Rabitti et al., 2021), and
machine-cut (Ross et al., 2022). All studies measured orientation iden-
tification via R-Index controlling for response biases. The assessed
groove widths varied between studies ranging from 0.1 to 1.25 mm.

A methodological study with adults tested groove widths
between 0.1 and 1.25 mm finding a large range of individual thresh-
olds between <0.1 and >1.25 mm (Rabitti et al., 2021). For children
one study determined larger groove widths (0.75, 1, 1.25 mm) as rele-
vant (Appiani et al., 2020) while two other studies included 0.5 mm
(Lee et al., 2022; Ross et al., 2022). Two studies included test protocol
recommendations for children, such as that they could indicate the
direction with their hand or with a visual answer sheet in order to
reduce cognitive load (Appiani et al., 2020; Lee et al., 2022). With
adapted test protocols the number of children (5-12 y.o0.) who had to
be excluded due to difficulties with the task was low (4%) (Lee
etal., 2022).

Grating orientation task performance was correlated to one-point
pressure sensitivity (Appiani et al., 2020). No further links to other
tactile or texture sensitivity measurements were tested in the
included studies.

Only one study investigated links to food preference and behav-
ior (food texture preference, food consumption frequency, food neo-
phobia) without finding any significant associations (Appiani
et al,, 2020).

Shape recognition (three method descriptions)
The stereognosis assessment via shape recognition task required
respondents to recognize shapes on their tongue. Geometric shapes
(e.g., square, rectangle, triangle, star) were created by 3D printing,
raised as well as recessed (Shupe et al., 2018; Shupe et al., 2019) while
the third study used plastic shapes without specifying their origin
(Calhoun et al., 1992). Recognition was measured by forced-choice
tests with a visual answer key of the shapes tested.

The test procedure was able to discriminate between respon-
dents (Calhoun et al., 1992). Further it was noted that some shapes

were easier to identify than others (Calhoun et al., 1992).
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Shupe et al. (2018) found a significant correlation between shape
and letter recognition. Mastication performance was not associated to
shape recognition (Shupe et al., 2018), although mastication behavior
(chewing pattern, movement, overall number of chewing cycles) var-
ied between a high tactile sensitive and low tactile sensitive group
built based on three tactile sensitivity measurements (letter recogni-
tion, shape recognition, and hardness sensitivity) (Shupe et al., 2019).

Size estimation (two method descriptions)
The perceived object size rated on a VAS as psychophysiological func-
tion of actual size was assessed in two studies. In one study commer-
cial steel spheres were administered in black cups to eliminate visual
cues (Engelen et al., 2004). In another study, participants estimated
the size of the letter O on the tongue (Bangcuyo & Simons, 2017).
The size estimation of steel spheres was not associated to two-
point discrimination (Engelen et al., 2004). In the same study, authors

concluded a link to oral processing (chewing efficiency).

Vibration sensitivity (two method descriptions)
In one study, vibratory detection threshold on the tongue was mea-
sured via staircase method with a Bio-Thesiometer, 100 Hz, 15-1 V
(Lv et al., 2020), in the other study discrimination between vibration
versus no-vibration pressure on the lip was assessed with a tuning
fork, 256 Hz (Calhoun et al., 1992). The procedure suggested by Cal-
houn et al. (1992) was not able to discriminate between younger
adults which reached a 100% discrimination, while the method was
more suitable for older age groups.

Vibration thresholds were correlated to viscosity discrimination
thresholds in a food model (Lv et al., 2020).

Roughness sensitivity (two method descriptions)
Lingual surface roughness sensitivity was assessed using metal cou-
pons of different grits which were licked by blind-folded participants
using active touch (Linne & Simons, 2017). The study assessed dis-
crimination threshold with a staircase method using 2-AFC to control
for response bias as well as intensity perception of roughness in
suprathreshold regions on the gLMS.

Roughness sensitivity thresholds were linked to food preference:
a higher liking of astringent food versions (unripe banana and dark

chocolate).

Bite force sensitivity (two method descriptions)

Bite force sensitivity was measured with tailor-made non-edible
foams in 1 cm? cubes attached to an applicator in two publications by
the same author (Shupe et al., 2018; Shupe et al., 2019). Foam sam-
ples of different hardness levels (hardness not indicated) but similar
densities were compared via 2-AFC discrimination tests on the partici-
pants’ preferred side of the back molars. The number of correct
responses was used as a measure of sensitivity.

The studies investigated links to oral processing: Mastication per-
formance was not associated to bite force sensitivity in the whole
sample. However, there was a significant interaction with age group
(Shupe et al., 2018). Further, mastication behavior (chewing pattern,

Texture Studies m

movement, overall number of chewing cycles) varied between a high

tactile sensitive and low tactile sensitive group built based on three
tactile sensitivity measurements (letter recognition, shape recognition,

and hardness sensitivity) (Shupe et al., 2019).

Sharp versus soft discrimination (one method descriptions)

For sharp versus soft discrimination, one-point pressure was applied
either with a sharp drafting compass needle or with a soft cotton-
tipped applicator on the anterior tongue and the midpalate in repeti-
tion and respondents had to differentiate between the two sensations
(Calhoun et al., 1992). The method was not suitable to establish indi-
vidual differences as most respondents (including age groups up to
80 y.0.) were able to discriminate the two sensations.

3.22 | Food models

In food models used for sensitivity assessment, texture properties
were modified through ingredients, composition and physical pro-
cesses. In most studies, the intended texture differences were quanti-

fied by laboratory analysis.

Particle texture (eight method descriptions)

Sensitivity to particle texture was measured in solid (powdered sugar,
chocolate), semi-solid (soft cheese, custard) as well as liquid (yoghurt,
chocolate cream) food models—most often measuring discrimination
between different particle sizes and in one case particle
concentrations—but also to measure detection by adding particles to
a smooth food model. The different food models as well as particle
texture indicators used in the studies limit comparability between
studies. Further, response measurements and test protocols differed.
Three studies measured discrimination via attribute-specific 2-AFC
for the attribute “grittiness” in chocolate (Breen et al., 2019) and
“finer particles” in powdered sugar (Kremer et al., 2007) as well as
with the attribute-unspecific triangle test (Pellegrino et al., 2021). One
study measured discrimination thresholds in quark and processed
cheese via 2-AFC tests using a sample without particles as constant
reference (Santagiuliana et al., 2019). One study measured detection
of particles in yoghurt via two CATA attributes (“particle” and “dry-
ing”) (Olarte Mantilla et al., 2022). Further, the perceived intensity of
particle texture was assessed in two studies: in a study with custard
desserts two attributes “particle size” and “roughness after-feel” were
evaluated on a VAS (Engelen et al., 2005) and in a study with cocoa-
based cream the texture attribute “graininess” was evaluated on a
gLMS (Puleo et al., 2020).

Several studies explored associations to instrumental methods.
One-point pressure detection thresholds were not associated with
particle texture discrimination and discrimination thresholds (Breen
et al., 2019; Santagiuliana et al., 2019) while the measurement of one-
point discrimination thresholds was associated to particle texture dis-
crimination (Breen et al., 2019). Further, two-point discrimination
thresholds but not to letter recognition size thresholds were associ-

ated to the detection of particles in yoghurt sample via CATA
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attributes (Olarte Mantilla et al., 2022). One study explored the asso-

ciation between two intensity ratings of particle texture: perceived

particle size was negatively correlated to roughness after-feel
(Engelen et al., 2005). Further, differences in particle texture discrimi-
nation were compared between a high and low touch sensitive group
assessed by the touch subscale of the Sensory perception quotient
guestionnaire without finding a significant difference.

One study explored associations to preference patterns: con-
sumer groups differing in perceived graininess intensity showing dis-
tinct preference patterns for the same cocoa-based cream samples
(Puleo et al., 2021).

Hardness and/or elasticity (five method descriptions)

Sensitivity to hardness and elasticity was measured in food models of
semi-solid jellies or gummies differing in gelling agent concentration
or bloom strength. While similar food models were used, the quantifi-
cation of hardness and elasticity varied limiting comparability between
studies. Further, response measurements and test protocols differed.
Three studies measured discrimination; one study measured discrimi-
nation thresholds for hardness and elasticity of the same samples
(Aktar et al., 2015b) with attribute-specific Same/Different tests for
the attributes “firmness” and “elasticity” and two studies measured
discrimination via attribute-unspecific triangle tests (Pellegrino
et al., 2021; Shupe et al., 2019). Further, Puleo et al. (2021) measured
perceived “hardness” intensity on a gLMS. Aktar et al. (2015b) com-
pared hardness and elasticity discrimination thresholds on fingers and
in mouth finding lower elasticity but not hardness thresholds in the
mouth than on fingers.

Two studies assessed if hardness and elasticity discrimination
capability of food models was linked to tactile sensitivity measured
via instrumental methods (one-point pressure and two-
point-discrimination (Aktar et al., 2015b), letter, shape recognition,
and bite force sensitivity combined (Shupe et al., 2019)) but found no
significant associations. Further, hardness sensitivity was compared
between a high and low touch sensitive group assessed by the touch
subscale of the Sensory perception quotient questionnaire without
finding a significant difference.

One study explored associations to preference patterns:
consumer groups differing in perceived hardness intensity showing

distinct preference patterns for the same samples (Puleo et al., 2021).

Viscosity (five method descriptions)

Viscosity sensitivity was measured in different liquid food models
(soup, fruit juice, syrup, and chocolate cream) by varying thickener
concentrations, differences were either expressed in thickener con-
centrations, dynamic viscosity measurements (mPa s) or stress over-
shoot. Three studies assessed discrimination thresholds by
comparison to a constant reference of the lowest viscosity level with
attribute-specific tests where respondents either evaluated “viscos-
ity” in the case of syrup/maltodextrin solutions or “thickness” in the
case of soup (Aktar et al., 2015a; Lv et al., 2020; Lyu et al., 2021). One
study measured discrimination with the attribute-unspecific triangle
test in fruit-flavored beverages (Pellegrino et al., 2021) and one study

perceived “flowability” intensity of chocolate cream via gLMS (Puleo
et al., 2021). One study compared viscosity discrimination thresholds
on fingertips and tongue finding lower thresholds on the tongue. The
tongue measurement were however confounded by differences in
sweet taste corresponding to syrup concentration which poses a limit
to the oral assessment of this food model (Aktar et al., 2015a).

When comparing viscosity discrimination thresholds to those
measured by other instrumental methods, significant associations
were found to vibratory detection thresholds (Lv et al., 2020), how-
ever, associations to one-point pressure detection (Aktar et al., 2015a3;
Lv et al., 2020) or two-point discrimination thresholds (Lv et al., 2020)
were no significant. Furthermore, viscosity discrimination thresholds
differed significantly between a high and low touch sensitive group
assessed by the touch subscale of the Sensory perception quotient
questionnaire (Pellegrino et al., 2021).

One study explored associations to preference and diet: con-
sumer groups differing in perceived flowability intensity showed dis-
tinct preference patterns for the same samples and differed in their
hard versus soft texture preference of solid but not liquid food items
while their food neophobia level did not differ significantly (Puleo
etal., 2021).

Fatty texture (one method descriptions)

The measurement of fatty texture sensitivity is not straightforward as
most fats are perceived via the somatosensory system as well as che-
mosensory receptors (and aroma receptors which could be controlled
for by using a nose clip, however). Heinze et al. (2018) investigated
the effect of fat discrimination thresholds using different fats, paraffin
oil as example of exclusive texture perception. According to the
authors, paraffin oil is composed of hydrocarbons and therefore a
taste sensation evoked by free fatty acids (FFAs) from triacylglycerols
(TAG) can be ruled out. Paraffin oil is non-toxic and applied as laxative
(Speight, 2020), but not naturally occurring in food, presenting a
somewhat artificial food matrix. In the study, fatty texture discrimina-
tion threshold via a 3-AFC with a constant reference at the lowest
concentration was measured in milk-based food models. The study
found associations to diet measured via food diaries.

3.2.3 | Questionnaires

The questionnaires identified included validated scales and subscales
consisting of tactile cues (items or stimuli) where the response was
assumed to differ systematically between tactile sensitive and non-
sensitive individuals. Apart from the “Sensory perception quotient,”
the questionnaires collected mainly affective and behavioral
responses which built on the concept of sensory processing. Sensory
processing connects neurological thresholds (high vs. low) and behav-
ioral response (active vs. passive) leading to different sensory proces-
sing patterns: low registration (high threshold and passive response),
sensation seeking (high threshold and active response), sensory
sensitivity (low threshold and passive response), and sensation avoid-

ing (low threshold and active response) (Dunn, 1997). Most
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guestionnaires assessed general tactile rather than food texture sensi-
tivity but were applied in a food-related context assuming a relation-

ship between general tactile sensitivity and food texture sensitivity.

Sensory profile, short sensory profile, and adolescent/adult sensory
profile (13 method descriptions)

The sensory profile (SP) questionnaires are commercially available val-
idated scales that assess processing patterns across sensory domains
of which the tactile domain is one (Dunn, 1999). Iltems are rated on a
5-point frequency Likert scale. Ten food-related studies assessed chil-
dren's tactile sensitivity via caregiver report with a selection of low
neurological threshold items from the original SP questionnaire, for
example, “Avoids going barefoot, especially in sand or grass”
(Coulthard & Sahota, 2016; Coulthard & Thakker, 2015b) reporting
internal consistency of a > .75 or a shortened version developed for
screening and research, the short sensory profile (SSP) (Mclntosh
et al., 1999) reporting internal consistencies between a = .69. and
a =.75, two studies using a validated Spanish version (Navarrete-
Munoz et al, 2019; Navarrete-Mufioz et al., 2020). Further, three
studies used a sub-selection of the adolescent/adult sensory profile
scale (AASP) (Brown & Dunn, 2002) tactile dimension items for adult
respondents that corresponded to low neurological threshold, for
example, “| dislike having my back massaged” reporting somewhat
lower internal consistency of a>.60 (Coulthard, Abdullahi,
et al, 2022; Coulthard, Aldridge, & Fox, 2022; Coulthard &
Sahota, 2016). The food-related questionnaires came into application
both with neurotypical populations as well populations with a diagno-
sis that could lead to heightened sensitivity such as autism.

Three studies investigated the association with tactile play/
subjective tactile sensitivity. Two studies with children concluded no
associations (Coulthard & Thakker, 2015a; Nederkoorn et al., 2015)
while one study with children and their parents found associations
(Coulthard & Sahota, 2016).

Many of the studies tested associations to diet and food intake
behavior, concluding significant associations to picky eating
(Coulthard, Abdullahi, et al., 2022; Zickgraf et al., 2022), food neopho-
bia (Coulthard, Aldridge, & Fox, 2022; Coulthard & Blissett, 2009;
Coulthard & Sahota, 2016), fruit and vegetable consumption
(Coulthard & Blissett, 2009; Coulthard & Thakker, 2015b), adherence
to Mediterranean diet (in Spain) (Navarrete-Mufoz et al., 2019) and
feeding problems in children living with autism (Panerai et al., 2020a;
Zulkifli & Rahman, 2021). Two studies with lower sample sizes
(N =70) did not find significant associations to food neophobia
(Coulthard & Thakker, 2015b) as well as picky eating and food variety
(Nederkoorn et al., 2015). One study further found a relationship to
food preference, tactile sensitivity reducing willingness to taste food
with edible changes compared to normal food (Coulthard, Abdullahi,
etal, 2022).

Tactile play and subjective tactile sensitivity (four method
descriptions)

Tactile play or subjective tactile sensitivity were measured in experi-
mental setups where participants were asked to feel stimuli expected
to evoke negative responses in hypersensitive individuals with their
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hands while their affective response to the textures was assessed

through a questionnaire with Likert scale ratings. Two studies used
exclusively edible samples which were visible to the respondents
(Coulthard & Sahota, 2016; Coulthard & Thakker, 2015b) and two
studies used food as well as non-food items that were not visible to
the respondents (Nederkoorn et al., 2015; Nederkoorn et al., 2019).
The internal consistency was reported in one study (a=.5)
(Nederkoorn et al., 2019). Most studies were conducted with children
(Coulthard & Sahota, 2016; Coulthard & Thakker, 2015b; Nederkoorn
et al., 2015) while two involved adults (Coulthard & Sahota, 2016;
Nederkoorn et al., 2019). The studies that included children intro-
duced the task like a game and used either an adapted smiley scale to
assess children's self-reported affective response (4-10 y.o. children)
(Nederkoorn et al., 2015) or observation on enjoyment by parents and
researchers (2-5 vy.o. children) (Coulthard & Sahota, 2016;
Coulthard & Thakker, 2015b). The studies tested associations to tac-
tile sensitivity assessed via the Sensory profile described above.

All studies tested associations to diet and food intake behavior,
concluding a decreased enjoyment of touching textures for individuals
with heightened picky eating (Nederkoorn et al., 2015; Nederkoorn
et al, 2019) or neophobia traits (Coulthard & Sahota, 2016;
Coulthard & Thakker, 2015b). The studies did not find a significant
associations to fruit and vegetable consumption (Coulthard &
Thakker, 2015b) and food variety (Nederkoorn et al., 2015).

Food texture sensitivity (two method descriptions)

The food texture sensitivity questionnaire was developed to classify
children as food texture sensitive or non-sensitive based on five items
of which three were derived from the “Short Sensory Profile” from
the oral sensitivity (not tactile sensitivity) domain (e.g., “My child limits
self to certain textures”). Further, two additional questions related to
picky eating and food neophobia of textures were included (Ross
et al.,, 2022). The questionnaire is filled-in by a caregiver of the respec-
tive child using a 5-point frequency Likert scale that ranges from
“almost always” to “almost never” for four of the items as well as a
binary answer (yes, no) for one. The two studies that have developed
and used the scale included children living with and without down
syndrome (Ross et al., 2022; Surette et al., 2021) classifying approxi-
mately 20% of children as texture sensitive, with higher ratios in chil-
dren living with down syndrome (Ross et al., 2022).

No associations to the instrumental method grating orientation
was found (Ross et al., 2022). Regarding food preference and diet,
food texture sensitivity limited young children's (11-58 m.o.) willing-
ness to taste and enjoyment of tasting food. Further increased food

fussiness was reported for children (5-12 y.o.) (Ross et al., 2022).

Sensory perception quotient (two method descriptions)

The Sensory perception quotient (SPQ) questionnaire includes exclu-
sively perceptual (opposed to affective and behavioral) items. The
questionnaire was developed for adults with and without autism aim-
ing to measure hyper- and hyposensitivity across five sensory
domains, for example, “I notice the weight and pressure of a hat on
my head” (Tavassoli et al., 2014). The degree of agreement to the
statements is rated on a 4-point Likert scale. The Sensory perception
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quotient questionnaire contains touch sensitivity questions related to

sensitivity to pressure, vibration, temperature, and pain and is mostly
not focused on the eating domain. Two eating-related studies used
the scale with neurotypical participants, reporting a good internal con-
sistency a =.71 and adherence to normal distribution (Pellegrino
et al., 2021; Pellegrino & Luckett, 2020).

In those studies, neurotypical adults were grouped according to
high or low subjective sensitivity in the SPQ touch modality
(Pellegrino et al., 2021; Pellegrino & Luckett, 2020). Subjective touch
sensitivity (high and low SPQ group) was associated with discrimina-
tion ability of viscosity in a liquid food model, but not in semi-solid
(discrimination of particle amount) and solid (discrimination of hard-
ness) food models (Pellegrino et al., 2021). Further, the tactile sensitiv-
ity group put more weight on motivators (unpleasantness, anticipation
of consequences, other factors) and the sensory modalities texture,

flavor and aroma as reasons for rejecting food.

Sensory over-responsivity (one method description)
The sensory over-responsivity (SensOR) scales assess discomfort or
distress in seven sensory domains, including texture (Schoen
et al., 2008). The scale is binary and includes a caregiver-reported ver-
sion and is thus applicable to measure children's and adults’ sensory
over-responsivity. The food-related study included in this review Zick-
graf et al. (2022) applied the texture scale with children and adults,
further splitting texture items into an oral (e.g., “lumpy food”) and
non-oral (e.g., “getting haircut”) reporting good internal consistency
for both subscales (oral subscale a > .77, non-oral subscale a = .94).
Oral and non-oral texture sensitivity predicted participants’ picky
eating in each sub-sample: representative sample of children, children
diagnosed with anxiety disorder, children diagnosed with autism spec-
trum disorder (ASD), representative sample of young adults. For the
ASD sub-sample, a different questionnaire was used which is not

reported in this review due to insufficient documentation.

4 | SYNTHESIS OF RESULTS AND
DISCUSSION

4.1 | Sensitivity methods to study individual
differences in food related consumer behavior

This review paper focuses on mapping what tactile sensitivity
methods are available to study individual differences in food related
consumer behavior (as described in Section 3.2. and Table 1), if the
test protocols of methods are used consistently across studies and

what are the main differences among methods.

41.1 | Test protocols within identified methods

This review included more established methods which were used in
several studies across different research groups. However, these
methods were often heterogenous in their implementation reducing
comparability between the studies. For established instrumental

methods (one-point pressure, two-point discrimination, letter identifi-
cation, and grating orientation) the response measured, and testing
procedure used varied (staircase methods, discrimination tests in
threshold region, intensity). Food models further varied in the food
matrix assessed, structural difference introduced, quantification of
structural differences as well as sensory description of the texture
attribute. For questionnaires, the Sensory profile (SP and adaptations
SSP, AASP) was used among several studies with slight variations in
the selection of tactile items. Some studies only included items repre-
senting low neurological thresholds to measure tactile sensitivity
while other authors used the whole tactile subscale of the shortened
version (SSP). Further, cultural aspects as well as translations might
have introduced variability, studies in Spain referring to validation
studies for Spanish translations (Beaudry-Bellefeuille, 2015; Roman-
Oyola & Reynolds, 2010).

For thresholds, the measurement in the relevant threshold region
to assess individual differences was not always achieved, both in
established as well as less established methods. For one-point pres-
sure detection and two-point discrimination, several studies with
healthy adults as respondents reported bottom effects where most
respondents were able to detect/discriminate the lowest level. In both
methods, pressure is applied to a small surface and several studies
showed difference in sensitivity between measurement locations,
which could explain why in some studies, authors concluded bottom
effects while others did not. In food models, the design of a reproduc-
ible food matrix and structural differences that are relevant to mea-
sure individual differences is challenging, for example, one study
showed that particle texture thresholds may depend on the food
matrix (Santagiuliana et al., 2019). Further methodological studies are
needed to standardize and validate procedures with a focus of asses-
sing individual differences relevant for tactile/texture sensitivity in
the food context. For letter recognition, most studies referred to a
common test protocol by (Essick et al., 1999) leading to a more
homogenous implementation. In this review two recent methodologi-
cal studies were identified, for one-point pressure (Etter et al., 2020)
and grating orientation (Rabitti et al., 2021) could guide further har-
monization of methods. Etter et al. (2020) described a one-point pres-
sure test protocol based on discrimination instead of detection which
showed a higher discriminability between respondents. The same pro-
tocol was used in a second study where discrimination but not detec-
tion threshold was significantly associated to particle texture
sensitivity in a food model (Breen et al., 2019).

4.1.2 | Main differences among identified methods

Measurement approaches included instrumental measurements, food
models and questionnaires. Instrumental measurements, particularly
with commercial measurement tools and standardized test protocols,
can guarantee high reproducibility. Many instrumental methods
require a researcher/lab assistant to administer the stimulus to the
respondent which is time intensive, limiting the measurement on
larger samples. Further, many methods assessed passive touch
through the administration of the stimulus to the respondent,
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excluding the kinesthetic sense which might measure a different sen-
sitivity than active touch perception (Lederman & Klatzky, 2009) rele-
vant for food texture perception. In this sense, the measurement of
food models might be less time intense and more ecologically valid as
concluded by Liu et al. (2022). However, the definition of a relevant
food model as well as reproducibility require careful consideration.
Questionnaires can be administered to large samples and are a highly
reproducible measurement tool. However, only few questionnaires
were specifically designed for the food context and the items included
often described affective or behavioral responses to tactile experi-
ences (further discussed in next paragraphs). Added to this, most
guestionnaires were originally developed for special populations such

Texture Studies m

as individuals living with autism. It is unclear to which degree the

defined items are relevant to neurotypical populations.

Responses collected to measure sensitivity can be grouped into
three categories: thresholds (often based on test designs that consider
guessing probability), intensity (such as ratings on gLMS or VAS), and
affect/behavior (rating of items/stimuli assumed to evoke disliking or
avoidance in sensitive individuals) which indicates a wide definition of
the term sensitivity. Table 2 classified the methods identified in this
review into these classes. The instrumental measurements and food
models as well as the SPQ questionnaire reviewed in this work aimed
to measure sensitivity on the perceptual level including threshold as
well as intensity. On the other hand, questionnaires with the

TABLE 2 Methods according to measurement approach and response category assessed. Number of studies is indicated in brackets. If
applicable, methods are further classified according to texture category (mechanical, geometrical, and surface) and dynamic stage of food

ingestion (*touch/manipulation with hand, 2oral processing, °residual).

Threshold Intensity

Instrumental Mechanical Mechanical

measurements One-point pressurem (14) One-point pressure2 (1)
Vibration sensitivity? (2) Geometrical
Bite force sensitivity? (2) Oral Perception of Object
Size? (1)
Sharp versus soft Surface
discrimination? (1)
Geometrical Surface roughness? (1)
Two-point discrimination? (6)
Grating orientation? (4)
Letter recognition? (8)
Shape recognition? (3)
Oral perception of object size?
1)

Surface
Surface roughness? (1)

Food models Mechanical Mechanical
Hardness? (4) Hardness? (1)
Elasticity®? (2) Viscosity? (1)
Viscosity*? (4) Geometrical/Surface
Geometrical/Surface Particle texture?® (2)

Questionnaires

Particle texture? (5)
Surface
Fatty texture®2 (1)

Sensory perception quotient (SPQ) (2)

Affect/behavior

Sensory profile (SP), Short sensory profile (SSP)
and Adolescent/Adult Sensory Profile (AASP)
(13)

Food texture sensitivity (2)
Sensory Over-Responsivity Scales (1)

Subjective tactile sensitivity/tactile play* (4)

Note: Stage of food ingestion (investigated in the specific study; could potentially also be applied at other stages).
1Touch/manipulation with hand: One-point pressure on hand, hardness, elasticity and viscosity evaluation with fingers, subjective tactile sensitivity/tactile

play with hands.

20Oral processing: Most instrumental measurements and food models.

3Residual: Roughness after-feel of particle texture, fatty texture assessment likely included residual.
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exception of the SPQ, assessed sensitivity on the affective and behav-

ioral level, either self-reported or answered by caregivers, referring to
sensory processing theory which links neurological thresholds to dif-
ferent affective and behavioral responses (Dunn, 1997). So far only
one study assessed if sensory processing was related to neurological
thresholds measured via instruments or food models: Ross et al.
(2022) compared Sensory texture questionnaire sensitivity to instru-
mental grating orientation sensitivity in children without finding sig-
nificant associations. Further studies are needed to assess if the
sensitivity assessment according to sensory processing theory is con-
nected to thresholds relevant for food texture perception.
Instrumental measurements and food models measured specific
aspects of food texture perception defined by Szczesniak (2002),
while questionnaires were often not designed to assess specific eat-
ing/sensing experiences but combined items spanning different
somatosensory domains and dynamic components. The modeling of
food preferences and behaviors might be improved if sensitivity
methods are selected according to the texture properties relevant for
oral processing, rejection of certain textures and diet. In an open-
ended questionnaire about sensory reasons of food rejection Pelle-
grino and Luckett (2020) found mainly mechanical texture properties
(as well as oily = surface) as drivers of rejecting food while Chow
et al. (2022) highlighted geometrical aspects as relevant for children's
food rejection. Geometrical texture aspects have been proposed to be
important for the adjustment of the mastication and swallowing by
detecting the size and shape (stereognosis) of the initial food structure
as well as the bolus formed (Engelen et al., 2004) which could explain
their relevance in populations such as children and elderly where mas-
tication of certain textures poses challenges. Therefore, Table 2 aimed
to classify the methods (if applicable) into food texture aspects:
mechanical, geometrical, and surface, as well as the dynamic stage of
ingestion: 1. touch/manipulation with hand, 2. oral processing,

3. Residual (after-swallowing sensations).

4.2 | Tactile sensitivity related to food preferences
and food behavior

The number of subjects tested as well as statistical testing varied
widely among the revised studies limiting the comparability of results.
Many of the papers did not include in their objectives concluding on
associations with food preferences or food behavior, and were instead
centered in assessing measuring protocols, comparing instrumental
methods among each other or with food model approaches. Those
studies aiming at concluding on the links to food behavior or food
preferences were not always successful in finding relations or aligned
in their conclusions. Table 3 summarizes the main associations tested
in different studies and if their statistical significance.

421 | Links to oral processing

Studies focusing on food models might be considered more ecologi-
cally valid, particularly when it comes to oral processing, as food

models represent sensory experiences closer to real food-related
experiences, but working with food models may be challenging and
difficult to generalize, as some authors pinpoint tactile sensitivity may
vary with the food matrix. For instance, Santagiuliana et al. (2019)
found that discriminations thresholds measured in two dairy food
matrixes were different, suggesting that thresholds would vary with
product properties. At the same time, they did not find significant dif-
ferences in tactile sensitivity between ethnicities (Dutch vs Chinese)
or relations to participant's characteristics as PROP status, fungiform
papillae density, neither links to the instrumental measurement via
point pressure threshold on the tongue. On the contrary, when seg-
menting participants into high and low sensitivity groups based on
detection and discrimination thresholds for oral point pressure with
Von Frey Hairs (Breen et al., 2019) found an association with particle

size discrimination in chocolate samples.

422 | Links to preferences

Most of the reviewed papers failed to find correlations of tactile acu-
ity with preferences, in line which was concluded in the review by
Liu et al. (2022). Puleo et al. (2020) succeeded in segmenting partici-
pants in three groups (high sensitivity; moderate sensitivity; low sen-
sitivity) based on their graininess perception in cocoa-based cream,
however they found only small differences in terms of liking scores.
Olarte Mantilla et al. (2022) found some participants that were more
able to detect differences in particle size in yoghurt models, poten-
tially driven by various aspects of their oral physiology (FP count
and density, and higher tactile sensitivity), reported yoghurt texture
preferences (liked thick and cohesive yogurts), and personality
(openness).

423 | Links to diet and food intake behavior

Some of the studies explored if tactile sensitivity influenced food
behavior and diet. Heinze et al. (2018) found a positive correlation
between fat detection thresholds (using milk based food models) and
the intake of high-fat food, however they worked with only 30 sub-
jects in their study. By using behavioral measures (sensitivity ques-
tionnaires) Coulthard, Aldridge, and Fox (2022) linked an enhanced
tactile sensitivity with higher food neophobia, while Coulthard, Abdul-
lahi, et al. (2022) connected it to picky eating. However, Appiani et al.
(2020) did not find significant associations among texture preferences
nor food consumption with lingual tactile sensitivity in children or
adults, not significant differences among those populations, but only a
weak positive correlation between lingual tactile sensitivity using Von
Frey filaments and food neophobia in young children, suggesting
those with higher neophobic characteristics could react more strongly
to textural cues. This may be related to food intake, with neophobic
and picky eaters having lower intakes and less varied diets
(Pellegrino & Luckett, 2020). Nevertheless, the potential link between
tactile sensitivity and satiety perception or food intake has not been
explored in any of the reviewed papers.
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4.3 | Limitations
In this review, papers coming from areas of knowledge not related to
foods were not considered, those may include potential testing
methods that could be relevant to use in the food area.

Deviation form protocol: some papers were included after the lit-
erature review, as outlined in Figure 1, because of their high relevance
(e.g., Liu et al., 2022).

5 | OUTLOOKAND CONCLUSION

The literature in this relatively young area is still very fragmented.
From the sources studied in this review, it is difficult to have a clear
picture of best practices or recommendations for the measurement of
tactile sensitivity in the food context, and what are the implications
of the individual differences encountered in tactile sensitivity when it
comes to food oral processing, food behavior, or preferences.

Different approaches have been used (instrumental, food models,
questionnaires), with differing methods and protocols, measuring one
or some of the dimensions of texture perception (mechanical, geomet-
rical, and surface properties), and utilizing different responses (thresh-
olds, perceived intensity, affective or behavioral). The reviewed
studies have been performed with varying groups of subjects regard-
ing number or type. Harmonized protocols are needed and it has to
be considered that some of the reviewed methods are difficult
to apply with large population samples.

Mostly geometrical, mechanical, and surface properties have been
addressed by instrumental methods and food models. There has
been much less focus on trigeminal sensations, mouthfeel, smooth-
ness, and other surface properties related lubrication or the interac-
tion of food with saliva-coated surfaces in the mouth. With the quick
growing area of tribology in the food domain (see for an overview Sar-
kar and Krop (2019)) we expect to see new developments in this still
very under researched area in the years to come.

Further, some of the studies have been directed to assess percep-
tion issues, or sensitivity out of the norm (e.g., hypo/hypersensitivity)
and one can argue that sensitivity may be defined differently in the
food texture context when it comes to explaining differences in pref-
erences or eating behavior.

When it comes to food models, they may be difficult to develop
and standardize but are more ecologically valid, meaning more repre-
sentative or real-life perception, that is, studying tactile sensitivity via
model samples is closer to what a consumer may experience when
eating a food, as opposed to what instruments can measure. However,
food models measures can be challenging to generalize, as some
authors pinpoint tactile sensitivity may vary with the food matrix. For
instance, Santagiuliana et al. (2019) found that discrimination thresh-
olds measured in two dairy food matrixes were different, suggesting
that thresholds would vary with product properties. Food models can
also be more representative for active touch, involving the kinesthetic
sense, being more adequate when it comes to measure also sensitivity

related to dynamics of texture perception. They could also be

Texture Studies m

designed to go further than current instrumental methods, including

for example lubrication properties.

Approaches with the use of questionnaires seem in principle an
easy way of characterizing large groups of subjects, and they can
potentially span several dimensions of tactile sensitivity. However, so
far, the most used questionnaires have covered mostly affective
responses (not directly comparable to instrumental measurements or
food models) and in some cases they are only available commercially
(for a payment) so they have not been widely used. Added to this, val-
idation with different populations is still missing in the most used
ones. The development of a food texture perception questionnaire
that covers not only affective responses but also links to eating
behavior and perception thresholds, and that covers a wide range of
food categories and properties, is missing.

No single study has focused on methodological harmonization or
optimization for application in the food behavior area, with a design of
experiment that combines multiple different aspects of tactile sensitivity
to food, or covering the whole spectrum of tactile perceptions, including
the dynamics of texture perception. Food texture sensitivity assessment
needs a multidimensional approach. To this end classification into
dimensions and processing dynamics could be used to model individual
differences in texture aspects of interest more specifically. Satiety and
food intake have been widely linked to texture perception but there are
currently no studies trying to link satiety perception to tactile sensitivity.

Future studies should aim to further methodological harmoniza-
tion of protocols for their application in the food behavior area; ide-
ally, with a design of experiment combining different aspects of tactile
sensitivity to food. Such studies should focus on thresholds and per-
ceived intensity of textural parameters as well as on affective and
behavioral responses and covering the whole spectrum of tactile per-
ceptions (mechanical, geometrics, and surface). Added to this, future
research should include aspects related to dynamics of perception. It
could be desirable to have a toolbox with a set of measures that char-
acterize subjects in an objective and reproducible way
(e.g., instrumental) and a set of validated questionnaires that can
assess their eating behavior. These could be then combined either
with studies on model or real foods that could link product character-
istics to their perception (i.e.,, product description, preferences, or
food intake) or to eating habits measurements that could inform about

dietary implications.
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