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Abstract

Purpose of Review The application of sensory and consumer science (SCS) in developing novel food products that meet
consumer demands has become increasingly important in recent years. In this context, this review article explores the sig-
nificance of SCS in developing novel food products.

Recent Findings It highlights the instrumental of SCS in developing healthier food options by reducing sodium, sucrose, and
fat while maintaining sensory appeal. It also outlines the transition from traditional sensory methods using trained panels to
consumer-based methods that better capture consumer preferences and expectations.

Summary The paper proposes a sequence for developing novel food products based on SCS, focusing on both intrinsic
(sensory properties) and extrinsic (packaging, labeling, etc.) factors. Conjoint analysis is the most representative method
used to understand the impact of extrinsic factors on consumer preferences and predict purchase behavior. Lastly, the final
product should be optimized based on consumer feedback and compared to competitors before the market launch. Overall,
the paper emphasizes the importance of SCS in creating successful food products that align with consumer preferences and

health trends.

Keywords Healthier products - Intrinsic and extrinsic properties - Conjoint analysis

Introduction

Applying SCS is crucial for developing novel food products
that meet consumer demands, being considered a conver-
gence of different sciences such as biology, chemistry, sta-
tistics, social sciences, gastronomy, food science, and food
design, among others. It is, in the words of Worch et al. [1]:
“the tastiest of all sciences.” This new science uses different
methods to identify food product attributes that drive con-
sumer liking, facilitating product optimization. Traditionally,
descriptive analysis performed by trained assessors provides
sensory characteristics of food products [2]. These attrib-
utes subsequently correlate with consumers’ overall liking
via preference maps [3]. Despite the statistical advantages
of preference maps, there are still some limitations, as the
sensory space of the trained panel does not always coincide
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with the hedonic space of the consumers [4]. In this context,
consumer-based sensory methods have gained prominence
due to consumers’ capability to describe the same product
sensorially and hedonically [5].

The transition from traditional sensory methods using a
trained panel to consumer-based methods to describe sen-
sorially the products has been driven by the recognition that
consumers can perform sensory analytical tests besides the
hedonic ones [6]. Moreover, consumers have demonstrated
the ability to demand more from their products (sensory
quality, healthiness, sustainability, etc.) and to be more
specific when expressing their expectations and desires.
These consumers’ demands cannot be captured by classi-
cal descriptive methods that focus on the intrinsic sensory
properties of the product, so these new methods enable the
capture of static and temporal sensory descriptions, emo-
tions, and attitudes from the consumers’ vocabulary [7ee,
8ee] being critical to the success of food products in the
marketplace. Thus, the SCS focused on consumer perception
has made it possible to go beyond the sensory and hedonic
aspects, such as social responsibility [9], food literacy [10],
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sustainability [11], public policies [12, 13], and healthiness
[14-16].

In response to the increasing demand for healthier food
options, SCS has been instrumental in developing novel
food products that cater to the current population’s needs
[17]. Researchers have focused on reducing salt, sugar, and
fat levels in food products while maintaining their sensory
appeal [18]. This has led to exploring alternative ingredients,
flavor enhancers, and processing techniques. Reformulating
food products to make them healthier poses challenges in
maintaining their sensory characteristics [16]. Modifying
the formulation of a product to reduce specific components
may impact its sensory and hedonic experience. To over-
come these drawbacks, food scientists used technological
strategies such as the size reduction of salt crystals [15] and
ultrasound to improve the salt dispersion in meat batters
[19]. Another technology recently applied to animal prod-
ucts was the microencapsulation of fish oil incorporated
during burger manufacture to protect EPA and DHA from
oxygen while mixing meat and ingredients, avoiding lipid
oxidation of the final product [20]. For this reason, sensory
methods are essential at the intrinsic level (e.g., estimat-
ing to what level sucrose reduction affects the sensory and
hedonic profile of the product) and extrinsic level (adding
cues to inform consumers about the nutritional quality of
the product), providing information that the most advanced
instrumental techniques cannot reproduce. In this regard,
the present critical review will focus on sensory methods
for measuring consumer-based intrinsic sensory properties,

followed by sensory methods for measuring extrinsic proper-
ties to formulate/reformulate a food product, focusing on the
actual healthier trend, following the steps of Fig. 1.

Food (Re)Formulation Process

Figure 2A displays the evolution of the formulation/refor-
mulation of foods in scientific research published in Scopus-
indexed journals from 2010 to 2023. Thematic evolution
shows two-time slices. The first slice, from 2010 to 2020,
was associated with the impact of food reformulation on
human health. On the other hand, the second thematic slice,
corresponding to the papers published from 2021 to 2023,
deals with reformulations to improve the nutritional aspects
of the products, considering animal interventions and later in
humans. In this second slice, the sensory dimension of taste
appears as an object of interest for researchers, reflecting
the current trend to look beyond the nutritional aspects of
food and consider also the sensory quality of foods. Human
research is a well-established (motor) theme in academia,
while meat product reformulation has been gaining impor-
tance lately (emerging) based on its relevance and devel-
opment (Fig. 2B). Figure 2C shows sensory analysis as an
emerging ally for characterizing sodium reduction in meat
products.

Figure 3 shows a two-dimensional representation of
scientific articles’ most commonly occurring words. The
words were processed through multiple correspondence
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Fig. 1 Recommended sequence for developing novel food products applying sensory and consumer science
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Fig.2 Thematic evolution of 2010-2020
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analysis [21], revealing three distinct word clusters. These
clusters represent three types of studies that were con-
ducted between 2010 and 2023. The first cluster, colored
green, is related to the sensory characterization of meat
and meat products. The second cluster, in blue, pertains
to the study of consumer behavior towards reduced-fat

Relevance degree
(Centrality)

products for individuals of different age groups. Finally,
the third red cluster combines the previous two clusters
and emphasizes the importance of reformulating foods to
improve their nutritional profile by reducing fat, sodium,
sugar, and calories. Such modifications can promote a
healthier diet among consumers.
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Fig.3 Multiple correspondence analyses of the main published topics on food reformulation

Intrinsic Sensory Properties of Foods

The intrinsic sensory properties of foods (ISPF) refer to their
color, aroma, taste, and texture [22, 23], which are deter-
mined by their chemical composition and physical structure
[24]. Sensory characteristics of food products are tradition-
ally measured using discriminant, descriptive, and affective
methods [2]. Among these, descriptive methods are consid-
ered the most sophisticated and complete [25]. Descriptive
analysis (DA), the most representative and extensively used
descriptive method [26], involves training judges to evalu-
ate samples based on a detailed protocol, repeatedly rating
the intensity of attributes glossary in different samples. This
approach ensures that DA has sufficient statistical power to
detect even subtle differences between attributes for some
treatments at univariant (analysis of variance—ANOVA)
and multivariant (principal component analysis—PCA) lev-
els [27]. Despite all the statistical advantages of DA, such
as considering sample heterogeneity as a factor within the
ANOVA model [28, 29], it also has some drawbacks related
to the time needed for panel training and replicated final
evaluation. This has led academia and industry to look for
alternatives to reduce the time required to sensorially profile
a product, such as eliminating the training [30] or reducing
the number of repetitions in the final evaluation [26, 31].
New methodologies have emerged to enable sensory
profiling of food products based on consumers’ perceptions
[32]. This approach has the advantage of saving time and

@ Springer

preserving the consumer’s vocabulary [33]. However, it is
essential to interpret the results cautiously, as there may be
variations in consumers’ sensory perception due to biologi-
cal individual differences between consumers, which should
be analyzed more deeply [5]. For the reasons described
above, sensory profiling with consumers has become popular
in industry and academia, helping to align sensory profiling
with acceptance to identify the drivers of liking [34]. It has
also enabled the study of dynamic sensory properties based
on consumers’ responses, recognizing that sensory percep-
tion is a process that changes during tasting [14, 35]. Below,
we have compiled a summary of various novel and reformu-
lated products characterized by ISPF Table 1.

After conducting sensory profiling and acceptance tests,
the product with the best performance is chosen. Then, the
extrinsic sensory properties, such as labeling, packaging,
and price, are examined. In the next section of this review
article, we will focus on the extrinsic sensory properties of
food products.

Extrinsic Sensory Properties of Foods

Expectations are present in our daily lives and play a cru-
cial role in our experiences with products and services
[56]. External cues, such as packaging color, influence
expectations and contribute to increasing or decreasing
them, impacting purchase decisions of food products [57,
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58]. Conjoint analysis (CA) is the most representative
method used to analyze the extrinsic features of differ-
ent foods in SCS. It is an experimental approach where
consumers are asked to rate their expected acceptance
or purchase intention for product profiles with specific
extrinsic factors [59]. These factors vary at specific levels
according to an experimental design. This analysis aims
to measure the impact of product attributes on consumer
preferences and predict consumer behavior [60].

In summary, the CA process involves three stages, as
shown in Fig. 4. The first stage is the stimuli design. This
consists of selecting the factors and levels of interest and
arranging them in a full or fractional factorial scheme.
The second stage is data collection. Consumers are pre-
sented with the stimuli and asked to rate their expected
acceptance or purchase intention. Finally, the data analy-
sis of CA provides information on the relative importance
and utility of different factors and levels. This helps in
selecting the high-performing stimuli.

The CA is commonly accompanied by additional
measurements, such as sensory characteristics obtained
through free or attribute-based descriptions [57, 58]. In
recent times, even intrinsic and extrinsic variables have
been combined to simulate an actual consumer situation,
increasing the ecological validity of the test [61, 62].

Based on the suggestions in this review, after select-
ing the ideal extrinsic properties for the product, further
analysis needs to be conducted on the best intrinsic and
extrinsic conditions with target product purchasers. The
following section will provide more details on this.

-~

. Stimuli design

Factor 2

Factor 1

e

Fig.4 Steps to implement the CA

Low

@ Springer

2. Data collection

- 5T & -

Expected liking

Final Food Product

The food industry needs to choose a prototype product with
optimized properties based on the expectations of the target
consumer before launching the final product in the market.
This prototype will be compared to a competing, top-selling
product. The selected products will be sent to the homes of
potential consumers, who will evaluate them under actual
consumer conditions, considering several factors such as
sensory profile, acceptance, suitability for use, and purchase
intention. Additionally, the sensory and hedonic character-
istics of the ideal product may also be required as both the
prototype and the commercial product may differ from the
ideal product.

Suppose you want to create a functional and refreshing
drink that contains antioxidant compounds extracted from
agro-industrial waste and germinated quinoa. Optimizing
its sensory and hedonic profile using DA and an accept-
ance scale would be best to achieve this. Next, you should
estimate the relative importance of extrinsic properties and
determine the best levels of the factors through CA. This will
help you select the best extrinsic profile. Finally, it would
be best to verify the product’s suitability by combining the
best extrinsic conditions with the best prototype. After con-
ducting home use tests, the samples should be represented
in multivariate biplots with the prototype, commercial, and
ideal products. An in-depth analysis of the biplot will reveal
whether the product is ready to be launched on the market or
if further optimization is necessary.

Based on the review recommendations, we encour-
age the academic and industrial community to follow the
sequence proposed in this review, which may initially
seem time-consuming and complex. However, empirical

3. Data analysis

20

Relative importance

A B Cc D
Factors

High
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evidence shows several success stories in developing foods
widely sold in today’s market.

Concluding Thoughts and Upcoming Trends

The SCS is crucial for developing novel food products
that meet consumer demands. It highlights the transition
from traditional sensory methods using trained panels to
consumer-based methods that better capture consumer
preferences and expectations. Based on the literature, this
review suggests a detailed and multifaceted approach to
food product development and reformulation using SCS,
which, despite being time-consuming, has proven success-
ful in bringing competitive products to market. It empha-
sizes the importance of combining intrinsic and extrinsic
sensory and consumer insights to align product charac-
teristics with consumer preferences for healthiness and
sensory quality.

Based on the themes and conclusions provided in the
paper, the upcoming trends in food product development
and reformulation using SCS may include the following:

a. Health-conscious formulations: With SCS aiding in cre-
ating food products with reduced salt, sugar, and fat, we
can expect a continued trend towards health-conscious
formulations that maintain the original sensory appeal
of the product.

b. Technology integration in SCS: The use of advanced
technological strategies, such as microencapsulation,
ultrasound, and size reduction of salt crystals, in main-
taining or enhancing the sensory attributes of reformu-
lated, healthier products is expected to grow.

c. Consumer-driven sensory analysis: A significant trend
involves shifting from expert-driven to consumer-
driven sensory analysis methods. Consumers’ ability to
describe their sensory experiences in their own words
provides more diverse data for product development.

d. Extrinsic properties of foods: There will be an increasing
focus on how packaging, branding, and other extrinsic
factors influence consumers’ sensory expectations and
perceptions, affecting their purchase decisions.

e. Food literacy: A growing trend in consumer empow-
erment and education about food choices, termed food
literacy, will likely emerge as a key focus area, influenc-
ing how consumers perceive and value different sensory
attributes about health and wellness.

These trends represent a future where food product devel-
opment is increasingly consumer-centric, health-oriented,
and technologically advanced, with SCS playing a pivotal
role in guiding the industry.
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