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Abstract

Sweet taste is a fundamental sensory modality that plays a crucial role in food intake and preference.
In recent years, many studies have shown that sweet taste perception is not an isolated physiological
process but interacts significantly with other sensory systems, including other tastes modalities and
olfaction. This review summarizes cross-modal sensory interactions between sweet taste and other
sensory systems (saltiness, sourness, bitterness, and umami) as well as olfaction and trigeminal nerve.
It clarifies that the interaction between sweet taste and other basic tastes presents concentration-
dependent characteristics of enhancement, inhibition or masking, and reveals the synergistic or
antagonistic effects of olfactory aroma compounds on sweet taste perception, as well as the
modulation of sweet taste by trigeminal nerve-mediated temperature, texture and chemical
stimulation of food. This review focuses on the mechanisms underlying these interactions and their
potential applications in future food science and nutrition. These findings not only deepen the
understanding of the complex sensory perception of sweet taste, but also provide important
theoretical support and practical guidance for solving the health problems caused by excessive sugar
intake and optimizing food sensory quality.

Keywords: sweet taste; sensory perception; olfaction; trigeminal nerve; binary taste interactions;
cross-modal interaction

1. Introduction

Sweet taste is one of the most preferred sensory modalities in humans. It is detected by taste
receptor cells (TRCs) that are found in taste buds across the mouth, including the tongue, palate, and
throat [1]. It is now well-known that sweet taste is primarily detected by the human sweet taste
receptor-a heterodimeric family C G protein-coupled receptor (GPCR) Tas1R2/TasIR3 (taste 1
receptor member 2/taste 1 receptor member 3), which is expressed in taste buds on the tongue [2].
However, sweet taste perception is not solely dependent on the activation of the sweet taste receptor
and it is also influenced by interactions with other sensory systems. Previous research on the activity
of sweeteners in inducing taste receptors has mainly focused on the interaction between individual
sweeteners and sweet taste receptor, while the relationship between other receptors and sweeteners
was relatively less studied. Understanding these interactions is essential for developing food with
optimal sensory characteristics and for addressing issues related to overconsumption of sweet
substances. Meanwhile, these interactions can modulate the intensity, quality and hedonic value of
sweet taste, making it a complex and multifaceted sensory experience.

The first partial crystal structure of a sweet taste receptor was determined by Nango et al. [3],
who used X-ray crystallography to analyze the Venus flytrap domain (VFD) of the medaka fish
Tas1R2/Tas1R3 sweet receptor and obtained its co-crystal structure, and the ability of the VFD to bind
sweet ligands was confirmed. Recently, it was reported that the first cryo-EM structures of the full-
length human Tas1R2/Tas1R3 in both their unliganded (apo) and sucralose bound states were
elucidated [4]. The structural characteristics agonist binding mode and potential activation
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mechanism of the receptor were elucidated, which provided an important molecular basis for
understanding sweet taste perception.

First proposed by Shallenberger and Acree in 1967 to explain the interaction mechanism between
sweet-tasting molecules and sweet taste receptor, this theory demonstrated that a sweet-tasting
molecule must contain both a hydrogen donor (AH) and a proton acceptor (B) within a distance of
2.5-4 A [5]. Subsequently, the concept of a third hydrophobic (X) site in proper array with AH and B
was supplemented by Kier et al. [6]. Recently, it was proposed that sweeteners and the sweet taste
receptor TaslR2/TaslR3 exhibit analogous intramolecular connectivity patterns, including
electrostatic complementarity and topochemical compatibility, which mediate their complementary
interaction and account for the common molecular feature of sweetness generation (Figure 1) [7].
They also highlighted the synergistic role of multiple glucophores in a topological system in eliciting
and enhancing sweetness, presenting a framework for the structure-activity relationship-based
molecular design and modification of sweeteners (Figure 2).
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Figure 1. Representation of the glucophores in the AH-B-X theory and the structural model of interaction
counterparts in human sweet taste receptor. The structure is derived from the Protein Data Bank
(https://www.rcsb.org/), which consists of TasIR2 and TasIR3 in the human sweet taste receptor (PDB: 9INOT).
Tas1R2 and Tas1R3 are colored in green and cyan, respectively, and their VFDs, cysteine rich domains (CRDs),
and transmembrane domains (TMDs) are denoted.
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Figure 2. The cross-modal perceptual interactions. Sweetness enhancement or decreasement can arise from
cross-modal sensory interactions that integrate basic tastes (saltiness, sourness, bitterness, and umami), olfaction,

and the trigeminal nerve.
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2. Interaction of Sweet Taste with Other Taste Modalities

The taste sense of mammals can be divided into five categories: sour, sweet, bitter, salty, and
umami, which are crucial for the evaluation of the quality of food [8]. Therefore, the perception of
different tastants can enable humans and other species to select beneficial nutrients or discard
potentially detrimental substances. It is currently clear that sweet, bitter, and umami tastes are
mediated by the Tas1R and Tas2R receptor families of G protein-coupled receptors (GPCRs) [9], while
saltiness and sourness are mediated by the ion channels ENaC [10] and Otopetrin 1 [11-13],
respectively (Table 1). Results of several research groups [14-18] showed that a low concentration of
sweet taste had both enhanced and suppressed effects on different taste sensations. At the medium
or high concentration level, the sweet taste may mask other taste sensations.

Currently, sweet taste is widely used in food, which can not only provide pleasant taste, but also
works with other tastes to mask off-flavors and improve taste. Keast et al. proposed binary taste-taste
interactions: at low intensity/concentrations, the perception of sweetness is enhanced by saltiness; at
medium intensity/concentrations, sweetness is suppressed by bitterness; at high
intensity/concentrations, both bitterness and sourness suppressed the perception of sweetness, while
saltiness either suppressed sweetness or has no effect (Figure 3) [19]. Therefore, the existence of such
taste interactions implies that one taste can change the perceived intensity of one or more other tastes.
The effects of sourness, saltiness, umami, and bitterness on the perception of sweetness indicate that
taste interactions are mediated at different concentrations. It is important to note that these are only
generalizations and the effect will be compound specific.

Table 1. Representative compounds of five basic tastes and their molecular mechanisms.

Representative Molecule /

Taste Receptor / Mechanism

Source
Sucrose, fructose , glucose, Heterodimer Tas1R2/Tas1R3 (
Sweet . .
aspartame , steviol glycosides GPCR)
Citric acid , malic acid , tartaric )
Sour . L Otopetrin 1
acid , lactic acid
Bitter Caffeine , quinine , theobromine Tas2R family (Tas2Rs)
Salty Sodium chlorid? , potassium ENaC /TRPV1
chloride
M dium L - glutamat
. onosocium & - gizamate ( Heterodimer Tas1R1/Tas1R3 (
Umami MSG ), inosinate ( IMP),
GPCR)
guanylate ( GMP )
salty  sour
umami variable variable —— g mami
enhanced suppressed
. snhanced suppressed |
bitter enhance { Pp! bitter
sweel
salty & salty
®  enhanced ~N suppressed
sour Yo o i suppressed sour

umami  bitter
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Figure 3. The effect of basic taste on sweetness in solutions of different concentrations. Red arrow represents
high concentration solution, orange arrow represents medium concentration solution, and blue arrow represents

low concentration solution.

2.1. Sweet-Bitter Interactions

Bitterness arises from specific bioactive components. In summary, bitter compounds mainly
include phenolics, terpenoids, alkaloids, amino acids, nucleosides and purines [20]. The interaction
between sweet and bitter tastes has been extensively studied, especially in the context of low-calorie
sweeteners. This interaction is not only involved in taste perception but also reflects the complex
relationship between food components. The sweet-bitter balance has long been a focus of research:
too much bitterness inhibits sweetness, while too much sweetness masks or diminishes bitterness.
When bitter and sweet stimuli are present at the same time, subjects’ sensitivity to sweet decreases
significantly with increasing bitter compound concentration. To some extent, bitterness inhibits the
perception of sweetness, a phenomenon known as the  “bitterness suppression effect” . Jin et al. [21]
found that bitter compounds inhibited the responses of sweet-tuned Calb2* neurons in the nucleus
tractus solitarius to sweet stimuli. Experiments show that low concentrations of sucralose signal
appetitive feeding in Drosophila, while high concentrations signal feeding aversion. Finally,
silencing bitter GRNs reduced the aversive signal elicited by high concentrations of sucralose and
significantly increased sucralose feeding behaviors [22]. In another study, the sweet synergy and
bitter antagonism by adding sucrose, vanillin, and cocoa mixture to chocolate milk. On the basis of
reducing the amount of sucrose, adding vanillin to chocolate milk can keep the sweetness of milk
and inhibit the bitterness of milk [23]. With the exception of sucrose, fructose, and glucose, most
sweeteners produce a bitter taste [24]. The bitter taste of these sweet compounds is due to their ability
to activate a family of 25 type 2 taste receptors (Tas2Rs). The cellular-based assay demonstrated that
sucralose, acesulfame-K, rebaudioside A, mogroside V, and D-allulose activated at least 2 human
bitter taste receptors (Tas2Rs) [25]. Due to the existence of multiple binding sites in Tas1R2/Tas1R3,
it has been shown that mixing sweeteners can reduce bitterness. Recent studies have shown that
combining highly potent sweeteners, such as acesulfame-K or saccharin, with natural sugars, such as
glucose or fructose, can enhance sweetness while reducing bitterness [26]. This effect is attributed to
the ability of monosaccharides to inhibit the activation of bitter taste receptors, thereby improving
the overall sensory experience.

2.2. Sweet-Sour Interactions

Sweet and sour tastes often coexist in many food products and their interaction can significantly
influence the perceived flavor balance. The interaction between sweetness and sourness is a complex
phenomenon, which is influenced by many factors, including the concentration level used, the
evaluation method employed and the specific acid type, and therefore sometimes presents different
patterns. Studies have shown that the presence of sour taste can either enhance or inhibit sweetness,
depending on concentration and environment [27]. Similarly, Bonnans et al. [28] found that sucrose
and aspartame had the same inhibitory effect on sour taste. Sucrose was found to selectively elevate
sweet intensity alone, while also modulating the sour taste imparted by lemon extract [29].
Conversely, citric acid was shown to inhibit the sweet taste of sucrose [30].

Generally, the degree to which sweetness inhibits sourness depends on the concentration of both
tastes, and increasing sweeteners has a greater effect on inhibition than decreasing sourness. By
contrast, the influence of sourness on sweetness is more complex: high levels of citric acid can
suppress perceived sweetness [31], whereas very low concentrations may actually enhance it [32].
Mao et al. [33] explored the sweet-sour interactions in sucrose-citric-acid mixtures by constructing a
sweet-sour taste sensory strength variation model (SSTVM). Citric acid increased the absolute and
differential thresholds of sucrose, effectively inhibited perceived sweetness, and reduced sensitivity
to further sweetening increments. Conversely, sucrose elevated citric acid’s absolute threshold and
reduced perceived sourness, while simultaneously lowering its difference threshold and enhanced
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the ability to detect subtle changes in sourness. Subsequently, the dynamic perceptual interaction
between sucrose (sweet) and citric acid (sour) was simulated, demonstrating a significant reduction
in citric acid-induced sour intensity with elevated sucrose concentrations [34].

Sucrose inhibits citric-acid sourness far more strongly than citric acid inhibits sucrose sweetness,
which greatly reduces the maximum sour intensity and overall sour sensation in the mouth. These
quantitative models can guide the food and beverage industries to develop products with desirable
sweet and sour properties. Similarly, in fruit processing, Ikegaya et al. [35] found that increasing the
ratio of sucrose to total sugar in strawberry juice significantly enhanced the overall sweetness, while
increasing the ratio of malic acid to total organic acid significantly enhanced the perceived sourness.
In tomato juice, sugar significantly masked the effect of increasing sourness and saltiness [36].

2.3. Sweet-Umami Interactions

In 1908 Kikunae Ikeda discovered the unique taste component of konbu (kelp) as the salt of
glutamic acid and coined the term “umami” to describe this taste [37]. Umami was formally
recognized in 2002 as the fifth basic taste after salty, sweet, sour, and bitter, and was characterized by
a mouthwatering taste reminiscent of monosodium glutamate (MSG) [38]. Previous studies have
shown that heterodimeric G protein-coupled receptor Tas1R2/Tas1R3 and Tas1R1/Tas1R3 have been
identified as sweet and umami receptors, respectively, and these two receptors share the Tas1R3
subunit. By comparing the responses of sweet and umami receptors to compounds that act on the
Tas1R3 subunit, it showed that sweet receptor inhibitors can also act on umami receptors [39]. The
research conducted by Galindo-Cuspinera et al. [40] also confirmed the same results. The binding
mode of the Tas1R3 subunit of the sweet taste receptor and the perception of umami are interrelated,
but the effect of Tas1R3 TMD on umami taste receptor function is lower than that on sweet taste
receptor. At present, umami compounds are mainly classified into amino acids, nucleotides, organic
acids and compound umami enhancers. Umami and sweetness interact in a synergistic manner.
Research has shown that the combination of sweetness and umami can improve the overall
palatability of foods. This interaction is particularly important in the context of enhancing food taste,
where the addition of umami substances like glutamate can enhance perceived sweetness without
increasing sugar content. Taste interactions between umami and sweet compounds were investigated
via a cell-based assay of human Tas1R2/Tas1R3 [41]. The results showed that MSG and umami
peptides significantly reduced the sensitivity of sucrose to human Tas1R2/Tas1R3, but umami active
nucleotides did not. In addition, when sweet taste receptors are activated by sweeteners (such as
sucrose and acesulfame-K) that target the extracellular domain (ECD) of Tas1R2, MSG and glutamine
peptides have a clear inhibitory effect on sweet taste receptors. This suggests that MSG and glutamine
peptides may play an important role in the activation of sweet taste receptors. Furthermore, the
umami compounds and lactisole (an inhibitor targeting Tas1R3) have more significant inhibitory
effects. Inosine-5"-monophosphate (IMP), traditionally regarded as an umami enhancer, was found
to bind directly to the Tas1R3 subunit and potentiate the response of the Tas1R2/Tas1R3 receptor to
sweeteners including sucralose, neotame, and cyclamate [42]. Additionally, when L-AP4, a glutamate
receptor agonist, was mixed with one of the sweet substances, such as sucrose, glucose, fructose, and
maltose, large synergistic responses were observed [43].

2.4. Sweet-Salty Interactions

Salt is one of the most common seasonings in daily life, and saltiness meets people’s daily needs
for delicious food. It has been reported that a small amount of salt could sometimes taste sweet.
Current findings have shown that chloride ions can evoke taste by binding to the extracellular ligand-
binding domain (LBD) of sweet taste receptors. Atsumi et al. [44] employed structural biology
techniques to characterize the Tas1R2/Tas1R3 sweet-taste heterodimer in medaka fish: at sub-to low-
mM concentrations, chloride ions induced conformational changes in the Tas1R2/Tas1R3 LBD,
similar to the effects of typical taste substances. Furthermore, oral administration of chloride ions to
mice increased the impulse frequency of taste nerves connected to TaslR-expressing cells and
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promoted behavioral preferences. These responses were attenuated by Tas1R-specific blockers or
Tas1R3 knockout [45]. In addition, the interactive effect between saltiness and sweetness seemed to
be that salty taste inhibited sweet taste, while saltiness enhanced sweetness in dilute solution. Studies
have shown that the sweetness and saltiness of sucrose and NaCl solutions are not simply additive.
Instead, there is a complex interaction whose main feature is mutual masking. In addition, saltiness
enhances the perception of sweetness in certain systems. It was proposed that low concentrations of
salty substances can enhance sweetness, while moderate concentrations can inhibit it. It was shown
that NaCl slightly increased the sweetness of the sucrose solution when both sucrose and sodium
chloride concentrations were low. However, this effect turned into a pronounced inhibition as the
concentration increased [46].

Sweetness and saltiness are one of the most common flavor pairings: At low
intensity/concentration, the mixture resulted in an enhancement of sweetness. The effect on
sweetness was variable at moderate strength/concentration. High intensity/concentration mixing
yielded a suppression of sweetness.

3. Interaction of Sweet Taste with Olfaction

Cross-modal perception refers to the interaction between different sensory modalities, such as
taste and smell. Early studies focused on simple sensory interactions, but modern studies have
revealed more complex mechanisms. Olfactory perception occurs via two routes: the orthonasal and
the retronasal pathways [47]. In the orthonasal route, odorants are drawn directly into the nasal cavity
through the nostrils, generating an olfactory sensation; in the retronasal route, odor compounds are
released within the mouth as the food is processed (chewed and swallowed) (Figure 4). These
volatiles enter the nasal cavity through the oropharyngeal channel, where they interact with olfactory
receptors on the olfactory epithelium to produce olfactory perception [48]. Olfaction plays a crucial
role in the perception of taste, and recent studies have highlighted the significant interaction between
sweet taste and olfactory cues. Odor-induced taste enhancement (OITE) is a phenomenon of
integrated processing of taste and odor in the brain [49]. At present, the study of cross-modal
interaction between taste and olfaction is primarily conducted through sensory evaluation combined
with flavoromics techniques [50]. In recent years, the use of odors to enhance the perception of
sweetness in food has received extensive attention [51]. The combination of sweet and aromatic
compounds can enhance the overall sensory experience of the food. Existing studies have provided
evidence support for this theory. For instance, the presence of vanilla aroma can enhance the
perceived sweetness of a food product, even at lower sugar concentrations [52]. This phenomenon is
attributed to the multisensory integration of taste and olfactory signals in the brain, which can
regulate the perception of sweetness. Similarly, certain odors can enhance sweetness, while others
can inhibit it. For instance, it was proposed that when chocolate and strawberry aromas were co-
stimulated with sucrose, the response amplitude of the Insular Cortex (IC) region was positively
correlated with odor concentration [53]. Aromas such as caramel, strawberry and lychee (at low
concentrations) tended to enhance the sweetness of the sucrose solution, while aromas such as
angelica oil tended to inhibit it [54].

Enhancing sweetness via aroma is considered a sugar reduction strategy, but its effectiveness
depends on the aroma type. Bertelsen et al. [55] used descriptive sensory analysis to study the
enhancement effect of different aroma compounds on sweet perception of sucrose solution. Vanilla,
honey and banana significantly enhanced the perceived sweetness of the sucrose solution compared
to elderflower and raspberry aromas. A series of studies found that aroma compounds with sweet
attributes in brown sugar, such as 2,3-butanedione, -damascenone, 2-methoxyphenol, dihydro-2-
methyl-3(2H)-furanone, 2-furanmethanol and butyrolactone, can significantly improve the sweet
perception of sucrose solution [56]. The effects of red pigment and strawberry aroma on the sweetness
of aqueous sucrose solutions were evaluated, the results showed that strawberry aroma could
significantly enhance the perception of sweetness in aqueous sucrose solution. These findings suggest
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that some aroma compounds have the potential to enhance sweetness by acting synergistically with
sweet substances to enhance sweetness perception in food [57].

Orthonasal
olfaction

Figure 4. Sweet-orange aroma enhances olfactory perception.

Fruit aroma can also enhance the perception of sweetness in humans. Dai et al. [58] identified
seven watermelon juice volatiles-ethyl acetate, ethyl propionate, octanal, (E, E)-2,4-hexadienal, (E)-2-
octenal, methylheptenone and geranyl acetone — that significantly increased the perceived sweetness
of a 2.5% fructose solution while prolonging sweetness duration to >45 s. In addition, aroma is a key
quality attribute of citrus fruits. The aroma characteristics of sweet orange are a critical determinant
of fruit quality. Through analysis of volatiles in sweet orange juice, identified seven sweetness-linked
odorants—(E)-citral, (E)-p-farnesene, -myrcene, tallo-ocimene, nonanal, citronellyl formate and
tallo-ocimene-significantly —that markedly enhanced the sweetness of 5% sucrose solution [59].
Similarly, nine sweet orange aroma compounds—ethyl propionate, ethyl 2-methylbutanoate, octyl
acetate, ethyl butanoate, ethyl hexanoate, butyl hexanoate, +y-terpinene, nootkatone, and
acetophenone—were assessed for their sweetness-enhancing effects, and all nine significantly
influenced perceived sweetness in a 5% sucrose solution [60].

4. Interaction of Sweet Taste with Trigeminal Nerve

The trigeminal nerve is the largest cranial nerve—it comprises three branches: ophthalmic (V3),
maxillary (V) and mandibular (V;). Collectively, the trigeminal system transduces nociceptive
signals, chemical irritation, temperature, texture and mechanical consistency of food [61,62]. Menthol,
a naturally occurring compound in peppermint oil, is a trigeminal stimulant [63]. At low
concentrations it can activate olfactory receptors, producing a characteristic minty taste [64]. Biichner
et al. [65] found that menthol increased the recognition threshold of bitter/metallic taste of
acesulfame-K from 21.5 to 36.5 mg/L without changing its own recognition threshold. Trace amounts
of menthol can mask the odor of artificial sweeteners. In addition, sensory data showed no significant
change in perceived sweetness, but psychophysiology revealed menthol modulated autonomic
responses, indicating subtle interaction between the trigeminal nerve and taste pathways. TRPMS is
a TRP family cation channel which can be activated by cold stimuli or I-menthol. The result suggests
that TRPMS8 protein is present in sensory lingual nerve fibers mainly projected from trigeminal
ganglia and might work as cold and l-menthol receptors on tongue. The texture and mouthfeel of
food can also influence the perception of sweetness [66]. Studies have shown that the viscosity and
aeration of food can modulate the release and perception of sweet substances [61]. For instance,
creamy food may enhance the perception of sweetness compared to watery food. This interaction
may be mediated by the trigeminal system, which detects tactile and thermal sensations in the mouth.
Lago et al. [67] investigated how the texture of the cup held while drinking iced tea influenced
perceived sweetness; their results showed that tea sweetness could be increased by changing the
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surface of the cup. Some research also revealed a centrally mediated suppression of trigeminal
sensation by taste inputs [68]. It was proposed that there was a large decline in taste and trigeminal
functioning after COVID-19 infection [69]. The research indicates that in the paraventricular nucleus
of mice, TRPV1-positive somatic sensory fibers communicate with gustatory neurons. The somatic
sensory input from the trigeminal nerve can regulate the taste signals, providing evidence for the
interaction between sweetness and the trigeminal nerve center [70]. Other studies show that the
greater superficial petrosal (GSP) nerve is important to the rat in reinforcing high lick rates to sucrose
[71].

5. Practical Application

As the health risks posed by the soaring intake of sugar in the diet become increasingly apparent,
the interplay of sweetness with other tastes is crucial in beverage formulation. The selection and
application of sweeteners are becoming more important in the current boom in low-sugar or diet
drinks. Through precise formulation, sweetness can be paired with sourness, such as citric acid to
maintain palatability while reducing sugar intake [30]. The addition of umami enhancers such as
monosodium glutamate further enriches the complexity of beverages, and balancing the bitterness of
tea polyphenols with sweetness is a key strategy in tea-based products. By reconciling sweetness with
other tastes, this approach not only provides a unique sensory experience but also helps to satisfy the
different taste preferences of today’s consumers. In addition, in baked goods, proper sweetness not
only enhances flavor and mouthfeel but also creates complementary interaction with other taste
modalities. In pastry and confectionery, sweetness is often used to balance the salt contributed by
added sodium chloride [46]. When the concentrations of both tastes are moderate, a synergistic effect
emerges that makes the overall flavor more pleasant. The combination of bitter cocoa and sweetness
reinforces the rich image of chocolate pastries, while the addition of trace amounts of salt makes
breads and other foods richer and sweeter. Umami, such as that produced by yeast fermentation, can
further enrich the overall taste experience of flour products.

In cooking and seasoning, sweetness is often used to add umami and improve flavor [43]. In
stews, the right amount of sugar can reconcile sour and bitter, making dishes more balanced and
harmonious. In addition, natural sweeteners such as honey are widely combined with umami-rich
spices such as vanilla. Modern condiments also incorporate sweet elements to add complexity and
depth to the taste. This synergy provides inspiration and market potential for new composite
seasonings: a low-sodium sauce can be balanced with a touch of sweetness to round out saltiness and
enrich overall taste. Such formulations satisfy not only consumers’” health concerns but also their
growing demand for diverse and sophisticated tastes.

Beyond sweetness and saltiness, other tastes such as sourness, umami, and bitterness also
interact with sweetness. Sourness could enhance the refreshing quality of sweetness, while umami
could reduce the cloying effect of excessive sweetness. Sometimes, bitterness can be used as a
flavoring to balance out other more prominent tastes [24], especially when sweetness is evident.
Proper addition of salt can enhance the sweetness of desserts while reducing any pungent sourness.
The balance between sweetness and saltiness enriches the overall mouthfeel and adds depth to the
taste.

6. Future Directions

In practice, many foods such as coffee, tea, and beverages as well as medicines must be carefully
balanced for sweetness and bitterness. Adjusting the proportion of ingredients or using new food
additives (such as natural sweeteners and bitter masking agents) can significantly improve the
sensory quality. Therefore, future research should investigate the interaction between bitter and
sweet taste in more depth to provide a theoretical basis for the development of taste modulators. In
this regard, the understanding of sweet taste interactions with other sensory systems has significant
implications for food science and nutrition. For instance, the use of aroma compounds and umami
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substances can help reduce sugar content in food products while maintaining palatability.
Additionally, the development of novel sweeteners and flavor enhancers can benefit from insights
into the multisensory integration of taste and olfaction. Future research should focus on elucidating
the molecular and neural mechanisms underlying these interactions, as well as exploring their
potential applications in personalized nutrition and health.

7. Conclusion and Outlook

In this article, we have reviewed the interactions between sweetness and the four basic tastes —
bitter, sour, umami, and salty —and explored the cross-modal perceptual interactions of sweetness
with olfaction and trigeminal nerve, thereby offering new insights into how sweetness interacts with
other fundamental sensory qualities. Moreover, under specific conditions, aroma can enhance the
perception of sweetness. Building on this, combining sweeteners with selected aromas can be
investigated as a sugar-reduction strategy to intensify sweet taste. As for the interaction between
sweetness and other basic tastes, existing studies have confirmed the fundamental principles of
sweetness interactions with other basic taste modalities across a range of food matrices. Investigating
the functional mechanisms of these receptors and their interaction with sweetness will help elucidate
the principles underlying flavor formation and provide a theoretical foundation for optimizing food
formulations and enhancing product quality.
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