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When it comes to eating and drinking, multiple factors from diverse sensory modalities have been shown to influence
multisensory flavour perception and liking. These factors have heretofore been strictly divided into either those that are
intrinsic to the food itself (e.g., food colour, aroma, texture), or those that are extrinsic to it (e.g., related to the packaging,
receptacle or external environment).
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| 1. Introduction

Eating and drinking are amongst the most multisensory of the experiences that we have. When people think about the
consumption of food and drink, the senses of taste and smell usually come to mind first. However, a growing body of
research conducted over the last decade or two has increasingly demonstrated that all of our senses play a role in
influencing flavour perception (see References MIZE! for reviews). For instance, recalling the experience of eating an
apple will usually evoke not just taste and smell, but also its colour, weight, shape, its firmness, crunchiness, juiciness and
even the sound of chewing and perhaps its provenance (e.g., supermarket, organic, local, or the tree in the backyard).

A large body of research now supports the view that both food-intrinsic sensory factors (e.g., product colour, aroma,
texture, viscosity, etc.) as well as food-extrinsic factors (e.g., visual, olfactory, and tactile properties of product packaging
or servingware, background music, ambient lighting, temperature and aroma, etc.) play a role in determining whether we
accept and how we perceive food and beverages (e.g., for intrinsic factors A&l and for extrinsic factors [EIZIEIRILOILL]
[Q). What is less clear, however, is how these different factors interact and the relative importance of intrinsic and
extrinsic factors to our perception of, not to mention our behaviour towards, food and drink.

In this review, we focus on how intrinsic and extrinsic factors can enhance the perception of sweetness in foods and
beverages and address the question of how (and if) they can be combined in order to deliver an enhanced perception of
sweetness. The decision to target the perception of sweetness is informed by the growing public health concern over
excessive sugar consumption. The consumption of sweet foods has been argued to be one of the major contributors to
the current obesity epidemic, with more than 3 million deaths globally each year 311411511161 njoreover, sugar reduction is
of critical concern to major food and beverage companies such as PepsiCo, Givaudan, and Arla, who have been engaging
in a number of major initiatives in order to reduce added sugars and develop naturally resourced sweeteners 718119
Therefore, a multisensory, psychological model of sweetness perception is especially important when it comes to the
design of sugar-reduced/replaced foods and beverages.

Hutchings et al. 29 recently outlined four general strategies for sugar reduction. Sugar substitution, altering food structure
(e.g., heterogeneously distributing sucrose, modifying tastant release, or reducing particle size), gradual long-term sugar
reduction, and using the principles of multisensory integration. However, Hutchings et al. 2% do not address the role of
product-extrinsic factors in sweetness perception.

2. Food-Intrinsic versus Food-Extrinsic Influences on Sweetness
Perception

In the following section, we will target each sensory modality in turn and review the literature on the intrinsic and/or
extrinsic cues regarding their influence on sweetness perception. Table 1 provides a representative summary of studies
demonstrating sweetness enhancement effects from the influence of different sensory modalities.

Table 1. A representative selection of studies demonstrating sweetness enhancement via food-intrinsic and extrinsic
sensory cues.
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