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Odour-induced umami - olfactory contribution to umami taste in seaweed extracts (dashi) by sensory 1 

interactions 2 

 3 

 4 

Abstract  5 

Umami is a basic taste. However, culinary practitioners often refer to it as a flavour, hinting that sensory 6 

interactions may affect the gustatory perception. Dashi is a basic soup stock that can be made simply by 7 

extracting seaweed in water. By creating a sensory diverse set of 15 dashis, we found that odour-induced 8 

umami enhancement exists by omitting the sense of smell in sensory characterization of the dashis. Such 9 

an enhancement has not been studied in a realistic food system before. The sensory results demonstrate 10 

that it is possible to modulate umami in a realistic food, similarly to what is known about enhancement of 11 

salt and sweet taste. The underlying mechanism must be odour-taste congruency. The odour-induced 12 

umami enhancement can be systematically utilized to create more palatable foods. The umami-13 

enhancement may also be used to develop clean-label foods by the use of only natural agents for umami, 14 

such as seaweeds. By carefully selecting the source of seaweed, we suggest that it is possible to 15 

simultaneously have a low MSG content and a good contribution to perceived umami intensity, via the 16 

odour-induced umami enhancement uncovered in the present work. In addition to this it was possible to 17 

link umami-enhancement to specific compounds that we identified with GC-MS. Concentrations of 18 

compounds were semi-quantitatively characterized. Two compounds are present in concentration more 19 

than 100 odour activity value (OAV; ratio of concentration to odour threshold), being 2-methyl butanal and 20 

2,3-butanedione. Butanal has an OAV of 20-50. These are good candidate compounds to start a search for 21 

the causation of odour-induced umami enhancement. However, at present the relationship is based on 22 

correlations, and further studies are needed to establish causality. 23 

 24 

Introduction 25 

Umami is a basic taste and the compounds responsible for eliciting umami are well-known. The amino acid 26 

salts glutamate and aspartate bind to the umami receptor (Zhao et al., 2003) and furnish basal umami. Free 27 

ribonucleotides such as inosinate,  guanylate, and adenylate bind synergistically to the T1R1/T1R3 umami 28 

receptor (Mouritsen & Khandelia, 2012) enhancing the umami sensation (Zhang et al., 2008). However, 29 

perception of real food is a multi-modal process with many interactions between different senses and 30 
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integration of input from several senses. This integration occurs at brain processing levels (e.g., Shepherd, 31 

2006, Delwiche, 2004; Small, 2012). Thomas-Danguin, Sinding, Tournier, & Saint-Eve (2016) provide a good 32 

overview of multi-modal interactions related to food.  33 

Among chefs and other practitioners umami is sometimes referred to as a flavour or even an aroma. This 34 

suggests that sensory interactions may be involved when food professionals give the evaluation of this 35 

basic taste. Over the years the present authors have observed chefs describing particular seaweeds to have 36 

high umami, despite their content of glutamate is known to be low. This led to an investigation of both 37 

chemical composition and its relationship to sensory properties in extracts (dashi) of a range of brown 38 

seaweeds collected from all over the world (Mouritsen et al., 2019). The sensory descriptive analysis 39 

demonstrated that the relationship between glutamate content and perceived umami is not 40 

straightforward. The different kinds of dashi made from konbu (Saccharina japonica) were found to have 41 

the highest concentrations of glutamate, but other species of seaweed, such as bull kelp (Nereocystis 42 

luetkeana), macrokelp (Macrocystis pyrifera), winged kelp (Alaria esculenta), and arame (Ecklonia bicyclis) 43 

have almost similar level of perceived umami taste, despite the fact they contain one or two orders of 44 

magnitude lower concentrations of free glutamate. This was not due to synergistic nucleotides, as they 45 

were not detected. In addition, for traditional flavourful sauces, so-called garums, it has been shown that 46 

glutamate concentration in itself is not a good predictor of umami intensity (Mouritsen et al., 2017). These 47 

observations, taken together, indicate that in simple food systems without synergistic umami from 48 

nucleotides, there may be other compounds than glutamate, aspartate that contributed to the perception 49 

of umami.  50 

Umami intensity has in one instance been reported to be modulated by aroma. In basic taste solutions it 51 

has been demonstrated that umami and bitterness can be enhanced by a cheese aroma mixture, while it 52 

did not affect the remaining basic tastes (Niimi et al., 2014). This type of effect has apparently not been 53 

studied in more realistic food model systems.  54 

This provided the inspiration for the present study of odour-induced umami. We investigate if this is the 55 

case in a very simple model system, which is also a realistic food – a basic soup stock made from an 56 

aqueous extract of seaweed. It is a simple version of dashi, the traditional soup stock of Japanese cuisine 57 

(Japanse Culinary Academy, 2017). It can be made simply by extracting seaweed in hot water (Mouritsen et 58 

al., 2012). With a diverse set of species of seaweeds, collected from locations in multiple waters (Table 1) 59 

we created a sensory diverse set of different types of dashi. Dashi was specifically chosen for the simplicity 60 

of the food system, and simultaneously not limiting the diversity of sensory properties in an ecological valid 61 

experimental design. 62 



Odour-induced taste enhancement  63 

Numerous cross-modal enhancements exists, one such is odour-induced taste enhancement (Djordjevic et 64 

al., 2004). The effects of olfactory input on other basic tastes but umami have been reported for a range of 65 

foods and model systems. Odour-induced taste enhancement has for example been used as a strategy to 66 

decrease salt content in cheese (Lawrence, Salles, Palicki, Septier, Busch & Thomas-Danguin, 2011) and 67 

increase creaminess in low-fat dairy products (Frøst & Janhøj, 2007). Enhancement of fattiness was also 68 

obtained in model cheeses by addition of butter-associated aromas (Syarifuddin et al., 2016). However, 69 

congruent odour-induced taste enhancement does not have an effect at higher taste intensities, as shown 70 

by Nasri et al. (2011), where  absence of enhancement of salt perception in 0.04 M NaCl solutions by a 71 

congruent odour (sardine). The inverse phenomenon, taste-induced aroma enhancement, has been 72 

observed. Linscott and Lim ( 2016) demonstrated that umami taste can enhance the intensity of congruent 73 

odours (chicken and soy sauce). Human brain mapping studies demonstrate that the odour-induced taste 74 

enhancement constitute sensory phenomena that are associated with increased activity in brain regions 75 

associated with odour-taste integration, such as the insula, frontal operculum, anterior cingulate cortex, 76 

and orbitofrontal cortex (Seo et al., 2013).  77 

A common method to study sensory interaction between smell and taste is to exclude olfactory input by a 78 

nose-clip (e.g., Labbe, Damevin, Vaccher, Morgenegg, & Martin, 2006; Ovejero-López, Bro, & Bredie, 2005), 79 

or simply asking the respondents to pinch their nose during the evaluation of the samples. By this simple 80 

method it is possible to very efficiently block olfactory stimulation. This procedure prevents the air from 81 

the oral cavity to be purged into the nasal cavity, as is normal during expectoration (Buettner et al., 2001; 82 

Heath, 2002). With sensory descriptive analysis, it is possible to explore odour-induced umami 83 

enhancement by both including and omitting the sense of smell in sensory characterization of the different 84 

types of dashi.  85 

We have designed the experiments to address the following research questions  86 

1. Will the inclusion of olfactory input increase the perception of the basic taste umami? 87 

This will be the case if there is significant increase in umami intensity of the dashi, when the dashi is 88 

evaluated with olfactory input. However, a specific odour-induced enhancement of a sensory 89 

property is present when there is a statistical interaction effect for dashi x tasting condition, i.e., 90 

the effect of pinching the nose is not the same for all types of dashi. 91 

2. Are there other sensory interactions operating between olfactory input and other senses in dashi? 92 

There may be other previously undescribed sensory interactions in this simple food system, and we 93 

explore those. 94 

3. In case of odour-induced umami enhancement, can it then be linked to particular aroma compounds, 95 

that we can suggest (by correlation) to be responsible for this effect? 96 



This will be investigated by analysing the relationship between the concentration of identified 97 

aromatic compounds in the dashi and differences in umami intensity between the two tasting 98 

conditions.  99 

Materials and Methods  100 

Stimuli 101 

Dashi stocks were made from 16 different seaweed samples (9 different species) collected from locations 102 

in 6 different countries, following procedures of Mouritsen et al. (2012), as described in Mouritsen et al. 103 

(2019). The seaweeds were selected to represent a wide variety of brown seaweeds and thus wide 104 

difference in sensory properties. Table 1 gives an overview of origin of the seaweed samples for dashi 105 

preparation. 106 

 107 

Sensory procedures  108 

Initially, potential panellists were screened for their sensitivity to monosodium glutamate (ISO 3972:2011, 109 

2011). The purpose was to ascertain that they could perceive the compound and understand the sensory 110 

descriptor. The sensory training consisted of two stages. The first stage was a descriptor development 111 

session with a duration of approximately 2 h. In the second stage (two sessions of 1½–2 h), the panellists 112 

were trained for the assessment of the dashi. In the training sessions panellists were provided with 113 

reference materials for a range of sensory properties. Of relevance for the present experiment were the 114 

five basic tastes and mouthfeel properties (viscosity and astringent, fatty and metallic after mouthfeel). All 115 

compounds and concentrations presented were in the ranges allowed by the ISO standard for selection 116 

and training of panellists (ISO 8586:2012). In addition to standard ISO references, strong green tea (20 g/l 117 

steeped 5 minutes from a starting temperature of 70°C) was used a reference for bitter and astringent, and 118 

Thick & Easy for viscosity (1.5g/L).   119 

The descriptive sensory analysis was conducted with eight paid external panellists (6 females, mean age 120 

30.7 years, range 23-49, SD 8.9) over six sessions (duration 1-1½ hour). The analysis was carried out in two 121 

different conditions—with and without olfactory input, three sessions of each variant. In the descriptor 122 

development session, the panellists came up with all the descriptors they could think of to describe the 123 

samples. The panel leader chose the descriptors to use for the training based on consensus among the 124 

panellists. In each session, a subset of the samples presented in the evaluations was used. 23 descriptors 125 

were chosen for the final evaluation. These included descriptors for appearance, aroma, flavour, 126 

mouthfeel, after mouthfeel, and taste. Of the total 23 descriptors used for the tasting condition with 127 



olfactory input, only 11 related to appearance, taste and mouthfeel and were evaluated in the tasting 128 

condition without olfactory input  (Table 2 lists these 11 descriptors). Of the remaining 12 descriptors, 5 of 129 

them showed no significant differences between samples (rubber odour, white fish odour and flavour, crab 130 

flavour and raw potato flavour) and were omitted from further analysis and discussion (table 4 lists results 131 

from the remaining 7 descriptors. 132 

During training sessions, panellists were seated at individual tables and not disturbing each other during 133 

tastings. The subsequent sensory evaluations were performed in a sensory test facility, with panellists 134 

seated at individual booths and not disturbing each other during tastings. In each session, 16 samples were 135 

served (i.e., three sensory replicates under each of the two conditions). Samples were served in 136 

randomised balanced order, marked with three-digit random numbers. Each sample serving size was 50 137 

mL. Prior to serving, the samples were heated for 15 min in a steam oven (Rational, Bent Brandt, Denmark) 138 

and kept at a serving temperature of 60°C in a thermostat (Termaks KB8182, Nino Lab, Denmark).  139 

Chemical analyses 140 

High-pressure liquid chromatography (HPLC) following the procedures of Mouritsen et al. (2017) were used 141 

to assess free amino acid content, and headspace gas chromatography mass spectrometry (GC-MS) 142 

following the procedures of Bak et al. (2018) were applied to identify and quantitate volatile aroma 143 

compounds. Concentrations were estimated relative to the concentration of an added internal standard 144 

(semi-quantitative data).  145 

Statistical methods 146 

Sensory descriptive data were analysed by ANOVA (in IBM SPSS 27) for effects of olfactory input and 147 

interaction effects between tasting condition (with/without pinched nose) and samples. A mixed model 148 

was used with panellist as random factor. Initially, all two- and three-way interaction effects were included. 149 

A stepwise elimination procedure was subsequently applied, whereby non-significant interaction effects 150 

were removed, until all non-significant effects were eliminated. This was done in order to stabilise and 151 

simplify the statistical model and avoid using up degrees of freedom. For the descriptors that were only 152 

evaluated without pinched nose, the same analysis was performed, but without tasting condition. For all 153 

multivariate data analysis, mean panellist rating (averaged over 8 panellists) was used. ANOVA-Partial Least 154 

Square Regression (A-PLSR2, Martens & Martens, 2001) was applied for multivariate analysis of the sensory 155 

properties, and models were validated by cross validation leaving one sensory replicate out at a time and 156 

applying Martens’ uncertainty test to determine effects and optimal number of underlying factors 157 

(Martens & Martens, 2000). The difference between perception with and without olfactory input was 158 



calculated (delta = intensity with nose – intensity without nose). Partial Least Square Regression (PLSR1 159 

and 2, Unscrambler v10.4, Camo, Norway) was applied to analyse which aroma compounds were prevalent 160 

in the dashi where there is a positive olfactory contribution to the sensory properties with odour-induced 161 

enhancement. The relative concentrations of identified aroma compounds from GC-MS were used to 162 

predict delta by PLSR1. X-variables (relative concentrations) were standardised, and models were validated 163 

by cross validation leaving one replicate out at a time and applying Martens’ uncertainty test to determine 164 

effects and optimal number of underlying factors (Martens & Martens, 2000).  165 

 166 

Results  167 

The combined results from GC-MS and sensory analysis with olfactory input indicated that one sample was 168 

markedly different from all other samples (see also Mouritsen et al., 2019). It is a sample of Atlantic 169 

wakame, 15Up, that is characterized by both a strong fishy odour and flavour, as well as a high seaweed 170 

odour intensity. The analysis of aroma compounds showed that for a wide range of the 49 identified 171 

compounds, 15Up had the highest relative concentration, in some cases as much as several orders of 172 

magnitude more than the other samples (Mouritsen et al., 2019). Hence it was decided to remove sample 173 

15Up from the analysis in the present work. Results from parts of the data analysis with the inclusion of 174 

sample 15Up can be found in Appendix 1.  175 

Table 2 shows the results of the analysis of variance for all 11 sensory descriptors that were used in both 176 

tasting conditions. There are highly significant differences between the samples for all descriptors, 177 

indicating that the samples have a large span in the sensory properties, and as concluded in Mouritsen et 178 

al. (2019) they are all statistically different in their sensory properties, also when sample 15Up is 179 

eliminated. Significant main effects of the tasting condition were found for two of the basic tastes, umami 180 

(p=0.0015) and sweet (p=0.018). Also, the sensations of astringent after mouthfeel (p=0.020), fatty after 181 

mouthfeel (p=0.0077), and metallic after mouthfeel (0.0072) were affected by tasting condition. The visual 182 

descriptor turbidity was also affected (p=0.028). It may be a spurious effect, as elaborated below when 183 

explaining the size and direction of the effect. From the statistical analysis it is evident that the act of 184 

pinching the nose has a profound effect on the perception of sensory properties – as expected. As often 185 

observed in descriptive analysis there are large individual differences between the panellists, and also 186 

interactions between panellist and tasting condition. This is normal, even for highly trained sensory panels. 187 

However, no 3-way interactions were observed. For the sensory properties, where other relevant 188 

interactions were found, the non-significant three-way interaction effects were eliminated to stabilise the 189 

models. Table 3 lists mean ratings for all individual dashis in the two different tasting conditions. For the six 190 



descriptors with a significant main effect of tasting condition, the absence of olfactory input lead to a 191 

decreased intensity of the sensations. Further analysis of the patterns of differences are described below.    192 

The overall pattern of differences in sensory properties between dashis and the tasting conditions can be 193 

seen from the A-PLRS2 of sensory properties. The analysis showed that up to 5 underlying components 194 

contributed to describe the systematic variation in the samples (87% of the total variance). However, a 195 

conservative estimate based on the decreasing validated variance for each component suggest 3 196 

underlying dimensions, describing 78.5% of the variance in sensory properties. Figure 1 shows component 197 

1 and 2, that account for 67% of the total variance. In the score plot (Figure 1A) differences between dashis 198 

can be seen, and the effect of olfactory input on the overall properties of individual dashis is indicated with 199 

red arrows. A clear pattern of differences between seaweed species emerges. For the species that are 200 

represented in more than one dashi, clear groups emerge. The konbu dashis (18-27 Sj) are located together 201 

in the negative part of component 1. The two dashis from bull kelp 01N and 37Ni, are in the upper part of 202 

component two, while the two sugarkelp dashis, 10Sl and 13Sl, are in the lower part. The direction of the 203 

red arrow indicates the change for each dashi between tasting conditions. It is highly systematic with an 204 

upwards direction in component 2. The first indications of systematic differences in effects of olfactory 205 

input are seen by the very small changes for the konbu samples. The samples with a high delta umami 206 

generally change their position the most (e.g., 10Sl, 30Eb and 16Ae). The interrelationship between sensory 207 

descriptors is seen in figure 1B. Colour intensity is located at the highly positive end of component 1, bitter 208 

and astringent are located nearby. Surprisingly, umami is correlated with sweet, and uncorrelated with 209 

salt, whereas salt is highly correlated with sour. The main variance accounted for by component 3 (not 210 

shown), stems from differences in turbidity. 211 

An odour-induced enhancement of a sensory property is present when there is a statistical interaction 212 

effect for dashi x tasting condition, i.e., the effect of pinching the nose is not the same for all types of dashi. 213 

This was only observed for umami (p=0.009). Considering all six descriptors that were significantly affected 214 

by omission of olfactory input, i.e., turbidity, umami, sweet, and the three after mouthfeel descriptors, 215 

astringent, fatty and metallic, it is possible to deduct some patterns. Figure 2 shows the dashi sorted by the 216 

size of delta umami (prefix 01-15 from smallest to largest). To evaluate the size of the effects, all 217 

descriptors are shown using the same scale. For sweet and metallic the effects are large, and evenly 218 

distributed over all samples. For astringent and fatty there are some samples, where the majority of the 219 

konbu dashi that are not affected, and the overall size of the effect is present but not large. For turbidity 220 

the overall effect appears small, and it may be a spurious finding. It has a p-value of 0.028, the highest p-221 

value of all the significant descriptors. Last to consider is umami. The dashis are listed in order of delta 222 



umami. Dramatic differences in perceived intensity for a number of dashis can be observed. In total 12 of 223 

the 15 dashi samples show significant differences in perceived umami taste as a result of pinching the 224 

nose. The only three dashi samples that do not show a decrease in umami intensity are some of those 225 

derived from konbu (23Sj, 25Sj, 26Sj). The effect is non-existent or small in the dashis highest in umami 226 

intensity, and increases in size at lover intensity, similar to what Nasri et al. (2011) has observed for odour-227 

induced salt enhancement.  There are a number of dashi samples that have much higher umami intensity 228 

than their glutamate content would suggest. The analysis of amino acids (Mouritsen et al., 2019) shows 229 

that the five konbu samples have the highest concentration of glutamate, and the descriptive analysis with 230 

olfactory input shows that they also have the highest umami intensity. The one konbu sample that has the 231 

highest delta umami is also the one with the lowest umami intensity and the lowest glutamate content 232 

(Mouritsen, et al 2019). Other dashi samples do, however, also have a relatively high umami intensity, 233 

although they have a very low glutamate content. Those that display the largest difference in umami 234 

between the two tasting conditions are 10Sl, 30Eb and 03Ls. However, all these three samples are in the 235 

lower intensity range of umami. The sample 01Nl (bull kelp) has a comparatively higher umami intensity, 236 

yet it is still enhanced substantially by the olfactory input.  237 

Table 4 lists the results from the sensory descriptors evaluated only in the tasting condition with all senses 238 

included (i.e., without a pinched nose), also displaying significant differences between dashi samples. 239 

Detailed analysis of these results show that samples which are affected the most by omitting the olfactory 240 

input exhibit some of the highest intensities of mushroom and  roasted (O and F). They have lower 241 

intensity of fishy (O and F) and tea. Regarding seaweed odour, it is less conclusive. Some of the dashis with 242 

relatively high delta umami are among the most intense in seaweed, 16Ae in particular. Yet, the samples 243 

with the highest delta umami are in the middle of the range for seaweed.  244 

 245 

As a follow up, an analysis of the relationship between the aroma compounds and delta for all sensory 246 

properties was carried out. However, it did not provide valid and useful information regarding whether 247 

certain aroma compounds were predictive of the overall changes. This may well be due to that only umami 248 

had a significant dashi x tasting condition effect, and thus the only sensory property that is affected in a 249 

systematic manner. Four other descriptors showed some systematic differences between the two tasting 250 

conditions that could somewhat be linked to their aroma compound content when analysed individually by 251 

PLSR1. It is viscosity, astringent, fatty, and salt. However, it is only appropriate to relate the one that has a 252 

significant dashi x tasting condition effect, i.e. umami. In the other cases It would be an attempt to model 253 

sample differences in sensory descriptors between tasting conditions that are not found significant by 254 



univariate ANOVA. For delta umami the cross validation determined that only one principal component 255 

was the optimal solution, describing 22% of the total variance in delta umami. Scrutiny of the model shows 256 

that 10 aroma compounds contribute with a significant positive regression coefficient to describe the 257 

variance in delta umami. The 10 compounds are listed in Table 5. The group of compounds that are 258 

positively correlated to delta umami are 2,3 Butanedione, 2-Methylbutanal, butanal, 1-Penten-3-ol, 2-259 

Methyl-2-pentenal, 2,2,6-Trimethylcyclohexanone, 2-Heptanone, 1-(3-Methylphenyl)-ethanone, 7-260 

Oxabicyclo[2.2.1]heptane, and 1,6-Dimethylhepta-1,3,5-triene. Table 3 also lists the estimated maximum 261 

concentration in the dashi(s) with highest concentration(s) and indicates which of the dashi(s) it is. The 10 262 

compounds’ aroma threshold values are listed for those where it is known. Among the compounds are 263 

some that to our knowledge not previously have been reported as aroma compounds (1-(3-Methylphenyl)-264 

ethanone, 7-Oxabicyclo[2.2.1]heptane, and 1,6-Dimethylhepta-1,3,5-triene). 7-Oxabicyclo[2.2.1]heptane 265 

may be a fraction of the terpene 1,4-Cineol (= 1-Isopropyl-4-methyl-7-oxabicyclo[2.2.1]heptane, but it does 266 

not have a known threshold value (Leffingwell and Associates, n.d.). 1,6-dimethylhepta-1,3,5-triene is also 267 

a terpene fraction that has no known aroma descriptor nor threshold value (Leffingwell and Associates, 268 

n.d.).  1-(3-methylphenyl)-ethanone is a known compound that does not possess odour and/or flavour 269 

qualities (Leffingwell and Associates, n.d.).  270 

 271 

One way odours may enhance perceived intensity of a taste is when the mixture of odorants is composed 272 

of congruent odour-taste pairs (see e.g. Small, 2008; Thomas-Danguin et al., 2016). In this set of 273 

ecologically valid samples, odour-taste congruency is the most relevant enhancement cause. Thus, it is 274 

useful to restrict the attention to compounds that have estimated concentrations that are several orders of 275 

magnitude above the aroma threshold concentration. The compounds 2-methylbutanal and 2,3-276 

butanedione have in the samples studied here estimated concentrations of more than several hundred 277 

times the threshold. The compound butanal has an estimated concentration of 20-75 times above its 278 

threshold. The remainder of the compounds have maximum concentrations that are near or below the 279 

threshold.  280 

 281 

Discussion  282 

The dashi made of wakame from Brittany (15Up) has a distinct sensory and chemical profile. From a 283 

sensory perspective it is the dashi with the highest intensity of fishy smell retronasally and the highest 284 

orthonasal intensity of seaweed and fishy smell (Mouritsen et al., 2019). This has undoubtedly had an 285 



effect on the sensory interactions with or transfer to other sensory properties. It was omitted from any 286 

further analysis. The same ANOVA as shown in Table 2, but including dashi 15Up, showed one additional 287 

effect on perceived astringency (appendix A). So, with the inclusion of the outlier sample 15Up, still no 288 

other basic taste properties but umami showed odour-induced enhancement.  289 

Overall, there were large effects of olfactory input on the sensory properties, as shown by the main effect 290 

of tasting condition on 6 of 11 sensory descriptors. The pattern of change indicates that konbu dashis, with 291 

the highest umami intensity were not or only relatively little affected by omission of olfactory input. The 292 

pattern in changes of sensory properties indicates that dashis with the largest delta umami were affected 293 

most by omission of olfactory input.  294 

In the medium to lower range of umami intensity, the odour-enhancement effects were more pronounced.  295 

and more specifically related to samples with a low glutamate concentration. In particular among those 296 

with the largest delta umami are the three dashis (30Lb, 03Ls, and 16Ae) that have the lowest content of 297 

glutamate (cf. Mouritsen et al., 2019). The 10Sl dashi has a glutamate content of 0.86 mg/100 mL, ranked 298 

fifth lowest among the tested samples. It is thus clear that dashis with a low umami potential have been 299 

affected most by olfactory omission. Also, it is evident that among the 6 sensory properties affected, 300 

umami intensity is most affected. This points to that the likely cause for the odour-induced taste 301 

enhancement is odour-taste congruency. To underpin this, it is useful to cross-check with the intensity of 302 

the olfactory descriptors. Is it reasonable to associate umami with the origin of the olfactory descriptors 303 

that have a high intensity and where the dashi simultaneously has a high delta umami? Careful scrutiny of 304 

the results from table 4 shows that it is the descriptors mushroom and roasted, that both can be linked to 305 

high umami-intense foods. So, it adds to the argumentation for odour-taste congruency as a determining 306 

factor in odour-induced umami enhancement.  307 

The analysis of the relationship between aroma compounds and delta umami identifies a limited number 308 

of aroma compounds that potentially contribute to the sensation of umami. The two compounds 2-methyl 309 

butanal and 2,3-butanedione are estimated to be present in concentration several hundred times above 310 

threshold. Butanal is also estimated to be present well above the threshold. The identified compounds are 311 

in their pure form associated with certain descriptors. 2-Methyl butanal is described as musty, cocoa, 312 

coffee, and nutty; 2,3-butanedione as buttery, sweet, creamy and caramel. Butanal is characterized with 313 

descriptors such as pungent, cocoa, musty, green, malty, and bready. However, these sensory properties 314 

have been identified when the compounds are in their pure form. In the present context they are part of a 315 

complex mixture of compounds, and their contribution will most likely not be identified with those 316 

particular sensory properties. The remaining four identified aroma compounds are estimated to be either 317 



in concentrations only a few times above, or even below the threshold value. It is very unlikely that they 318 

have a positive contribution to umami. In addition, three volatile compounds without any known aroma 319 

qualities were identified. From the identification, the estimation of maximum concentrations, and the 320 

established correlations to umami there are only two to three candidate compounds that can contribute to 321 

odour-induced umami enhancement. The most likely compounds are 2,3-butanedione and 2-methyl 322 

butanal, while butanal may also contribute. However, further experiments are necessary to establish a 323 

causal relationship. One approach to use could be a sensomics approach, developed by Schieberle and 324 

colleagues (see e.g. Dunkel et al., 2014; Grosch, 2001; Langos et al., 2013; Schmidberger & Schieberle, 325 

2017), whereby addition of identified key aroma compounds can confirm their contribution, also across 326 

sensory modalities.  327 

 328 

Conclusions  329 

In the present experiment we observe odour-induced enhancement of umami in a simple food system, a 330 

dashi. The results demonstrate that it is possible to modulate umami, similarly to what is known about 331 

enhancement of salt and sweet taste. Although other sensory properties than umami were affected, the 332 

effect size was smaller, and none of them displayed a particular differentiated pattern across the dashis, 333 

leading us to the conclusion that the effect is specific for umami. An analysis of which aroma sensory 334 

descriptors that high in samples with odour-induced umami enhancement point to odour-taste congruency 335 

as a determining factor. The odour-induced umami enhancement can be used to create more palatable 336 

foods with simple and sustainable means, which can be made widely available. The perspective of the 337 

research is that the phenomenon of umami-enhancement could be applied for development of clean-label 338 

foods by the use of only natural agents for umami, such as seaweeds. Some consumer segments may still 339 

have an aversion towards high monosodium glutamate (MSG) content, independent on whether it is of 340 

natural occurrence in the raw materials or from addition of high MSG ingredients. By carefully selecting the 341 

source of seaweed, it is possible to simultaneously have a low MSG content and a good contribution to 342 

perceived umami intensity, via the odour-induced umami enhancements uncovered in the present work.  343 

Lastly, by correlation alone it was possible to link umami-enhancement to specific aroma compounds that 344 

we also identified. It is 2-methyl butanal, 2,3-butanedione, and possibly also butanal. However, the finding 345 

is based on correlations, and they may not be causal. Further experiments such as a sensomics approach 346 

need to be carried out to prove the effects of the three compounds on perceived umami.  347 

 348 
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 452 

Figure headings  453 

 454 

Figure 1:   455 

ANOVA-PLSR analysis: X-matrix: Dashi samples in the two tasting conditions. Y-matrix: Sensory descriptors. 456 

Dimensions 1 (Y=38%) and 2 (Y=29%)  A: Score plot Dashi samples (in blue), connected by arrows for each 457 

condition – arrowhead without olfactory input. B: Correlation Loading plot. Confer Table 1 for sample 458 

names and abbreviations  459 

 460 

Figure 2: Mean rating for 6 sensory descriptors affected by tasting conditions. A: Sweet, B: Metallic after 461 

mouthfeel, C: Astringent after mouthfeel D: Fatty after mouthfeel, E: Umami, F: Turbidity. Blue lines: with 462 

olfactory input; green lines without olfactory input. All dashi sorted by lowest to highest delta umami 463 

(running number 01-15). Error bars indicate 95% confidence intervals. For sample identity confer Table 1. 464 

 465 
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Table 1: Overview of all samples
Sample abbreviations used in plots and 

subsequent tables
Common name

01Nl Bull kelp

02Mp Macrokelp

03Ls North Pacific konbu

10Sl Sugar kelp

13Sl Sugar kelp

15Up Wakame

16Ae Winged kelp

18Sj Hidaka-konbu (Daichu Kahomotsu Hidaka)

23Sj Rishiri-konbu (Fukui district)

25Sj Raushu-konbu (Fukuoka)

26Sj Ma-konbu (Fukuoka)

27Sj Ma-konbu (Sakai)

28Pp Sea palm

30Eb Arame

32Fv Bladderwrack

37Nl Nereocystis  salt

Table Click here to download Table tables submitted.xlsx 

https://www.editorialmanager.com/ijgfs/download.aspx?id=25996&guid=f47ab3fa-1468-45ff-930f-81783d1c72c6&scheme=1
https://www.editorialmanager.com/ijgfs/download.aspx?id=25996&guid=f47ab3fa-1468-45ff-930f-81783d1c72c6&scheme=1


Species Origin

Nereocystis luetkeana Bamfield, Vancouver Island

Macrocystis pyrifera Bamfield, Vancouver Island

Laminaria setchellii Bamfield, Vancouver Island

Saccharina latissima Grindavik, Iceland

Saccharina latissima Lillebælt, Denmark

Undaria pinnatifida Brittany, France

Alaria esculenta Stykkishólmur, Iceland

Saccharina japonica Hokkaido, Japan

Saccharina japonica Hokkaido, Japan

Saccharina japonica Hokkaido, Japan

Saccharina japonica Hokkaido, Japan

Saccharina japonica Hokkaido, Japan

Postelsia palmaeformis California, USA

Ecklonia bicyclis Chiba, Japan

Fucus vesiculosus Lillebælt, Denmark

Nereocystis luetkeana Bamfield, Vancouver Island



Table 2 Results from ANOVA for relevant sensory descriptors evaluated in both tasting conditions

df Turbidity

14 0.000

98 (a)

1 0.029

7 (b)

7 0.000

11.307 (c) 

14 0.815

98 (d) 

98 0.007

98 (d) 

7 0.665

98 (d) 

98 0.717

480 (e)

d.  MS(SampleAbbreMan * Servingcondition * Panelist)

e.  MS(Error)

a.  MS(SampleAbbreMan * Panelist)

b.  MS(Servingcondition * Panelist)

c.  MS(SampleAbbreMan * Panelist) +  MS(Servingcondition * Panelist) -  MS(SampleAbbreMan * Servingcondition * Panelist)

Dashi x Tasting condition

Dashi x Panelist

Tasting condition x Panelist

ProductName_A * Servingcondition * Panelist

Source

Dashi

Tasting condition

Panelist



Table 2 Results from ANOVA for relevant sensory descriptors evaluated in both tasting conditions

Colour intensity Salt Umami Sour Bitter

0.000 0.000 0.000 0.000 0.000

0.521 0.777 0.002 0.085 0.114

0.000 0.003 0.000 0.000 0.000

0.675 0.247 0.009 0.121 0.673

0.000 0.000 0.000 0.000 0.000

0.092 0.000 0.000 0.000 0.000

0.829 0.316 0.882 0.356

d.  MS(SampleAbbreMan * Servingcondition * Panelist)

e.  MS(Error)

a.  MS(SampleAbbreMan * Panelist)

b.  MS(Servingcondition * Panelist)

c.  MS(SampleAbbreMan * Panelist) +  MS(Servingcondition * Panelist) -  MS(SampleAbbreMan * Servingcondition * Panelist)



Sweet Viscocity

Astringent after 

mouthfeel

Fatty after 

mouthfeel

Metallic after 

mouthfeel

0.000 0.000 0.000 0.000 0.000

0.018 0.237 0.020 0.008 0.007

0.004 0.000 0.006 0.000 0.001

0.179 0.108 0.069 0.143 0.393

0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.002 0.000

0.393 0.705 0.800 1.000



Table 3:  Sensory characteristics of 15 dashis for all sensory descriptors evaluated in both tasting conditions. For dashi abbreviations cf. Table 1. Mean ratings and 95% confidence Interval (CI95%)

Dashi sample +olfactory -olfactory +olfactory -olfactory +olfactory

01Nl 6.8 6.9 2.9 2.9 6.4

02Mp 4.1 3.9 7.4 7.3 6.9

03Ls 4.4 5.2 0.6 0.6 1.7

10Sl 3.6 4.6 2.5 2.1 1.8

13Sl 1.4 1.7 4.9 4.6 1.5

16Ae 2.4 2.7 2.8 2.5 7.7

18Sj 3.9 4.5 0.3 0.2 3.2

23Sj 1.9 2.5 0.3 0.3 2.7

25Sj 2.4 2.7 0.6 0.6 5.9

26Sj 2.3 2.6 0.3 0.2 3.9

27Sj 2.7 2.1 1.4 1.3 6.8

28Pp 4.6 4.4 5.8 5.8 5.5

30Eb 2.2 2.1 8.6 9.1 5.9

32Fv 1.4 2.1 7.8 7.6 2.0

37Nl 4.6 5.3 1.4 1.8 9.4

CI95%

Footnote:

Mean rating on a scale 1-10 (over panellists and replicates) of intensity for all significant sensory descriptors for the 15 samples of dashis  subjected to descriptive analysis. Confidence intervals (CI95%) are from ANOVA.

0.60.8 0.4

Turbidity Colour intensity Salt



Table 3:  Sensory characteristics of 15 dashis for all sensory descriptors evaluated in both tasting conditions. For dashi abbreviations cf. Table 1. Mean ratings and 95% confidence Interval (CI95%)

-olfactory +olfactory -olfactory +olfactory -olfactory +olfactory -olfactory

6.5 6.5 4.7 2.1 1.8 2.4 2.1

6.9 5.9 4.7 2.3 1.9 3.6 2.9

2.4 5.0 3.0 0.9 0.8 1.9 1.6

1.9 5.5 2.7 1.1 0.9 2.6 1.4

1.6 4.5 3.0 0.8 1.0 4.3 3.5

7.1 5.6 3.7 2.2 1.7 2.2 1.5

3.6 6.9 5.1 1.4 1.2 1.8 1.4

3.4 6.9 6.6 1.2 1.1 1.3 1.5

5.8 7.7 7.2 2.1 1.6 2.1 1.6

4.5 7.9 7.4 1.7 1.3 1.4 1.6

6.9 8.0 6.9 2.4 1.4 2.0 1.4

5.5 5.7 4.0 1.8 1.6 3.8 3.3

4.9 6.2 4.0 2.0 1.2 6.7 6.4

2.1 4.6 3.0 1.0 1.0 2.6 1.5

9.4 6.2 4.5 3.8 2.4 4.8 4.4

0.7

Mean rating on a scale 1-10 (over panellists and replicates) of intensity for all significant sensory descriptors for the 15 samples of dashis  subjected to descriptive analysis. Confidence intervals (CI95%) are from ANOVA.

0.6 0.5 0.6

Salt Umami Sour Bitter



+olfactory -olfactory +olfactory -olfactory +olfactory -olfactory +olfactory

3.4 2.2 5.1 4.5 3.6 3.0 4.0

2.9 2.1 4.8 4.5 4.7 4.3 3.8

2.9 1.3 3.2 2.7 2.7 2.2 2.1

1.9 0.9 3.7 3.3 3.4 1.9 2.5

2.5 1.0 3.1 2.7 4.5 3.2 2.4

2.7 1.7 4.4 4.0 4.1 2.5 4.1

2.4 1.8 4.3 3.5 3.1 2.4 3.2

4.3 2.5 4.6 4.6 3.2 2.8 4.2

3.7 2.9 4.3 4.7 3.1 3.1 3.5

4.0 2.5 4.5 5.0 3.2 2.7 3.8

3.2 2.2 4.9 5.4 3.2 2.9 4.1

2.8 1.6 4.2 3.3 5.1 3.3 3.4

2.4 1.6 4.4 3.7 6.0 4.8 3.8

1.6 1.3 3.8 2.7 4.3 2.3 2.8

2.1 1.5 5.4 5.3 5.7 4.4 4.3

Mean rating on a scale 1-10 (over panellists and replicates) of intensity for all significant sensory descriptors for the 15 samples of dashis  subjected to descriptive analysis. Confidence intervals (CI95%) are from ANOVA.

0.70.5

Sweet Viscocity Astringent after mouthfeel

0.6 0.7

Fatty after mouthfeel



-olfactory +olfactory -olfactory

2.7 3.6 3.0

2.6 4.3 3.4

1.2 3.4 1.9

1.6 3.3 1.4

1.2 3.6 2.2

2.8 3.8 2.3

2.3 3.8 2.1

3.1 3.6 2.4

3.7 3.9 2.4

4.2 3.7 2.3

4.2 4.1 2.4

2.6 4.5 2.3

2.3 4.7 3.3

1.6 3.6 1.6

3.3 5.8 4.5

0.7 0.7

Fatty after mouthfeel Metallic after mouthfeel



Table 3:  Sensory characteristics of 15 dashis for sensory descriptors only evaluated in the tasting condition with olfactory inout. For dashi abbreviations cf. Table 1. Mean ratings and 95% confidence Interval (CI95%)

Dashi sample Seaweed (O) Mushroom (O) Fishy (O)

01Nl 5.7 5.5 4.0

02Mp 4.6 4.3 2.7

03Ls 5.7 4.7 3.3

10Sl 5.5 5.4 3.6

13Sl 6.7 4.5 4.5

16Ae 7.3 4.0 4.6

18Sj 6.4 5.2 4.5

23Sj 4.2 5.2 2.7

25Sj 4.8 6.3 1.8

26Sj 3.3 4.9 1.7

27Sj 4.9 5.2 3.2

28Pp 7.5 4.4 5.2

30Eb 6.1 5.8 3.6

32Fv 6.1 4.7 7.2

37Nl 6.5 5.6 4.0

CI95% 0.7 0.8 0.8

Footnote:

Mean rating on a scale 1-10 (over panellists and replicates) of intensity for all significant sensory descriptors for the 15 samples of dashis  subjected to descriptive analysis. Confidence intervals (CI95%) are from ANOVA.



Table 3:  Sensory characteristics of 15 dashis for sensory descriptors only evaluated in the tasting condition with olfactory inout. For dashi abbreviations cf. Table 1. Mean ratings and 95% confidence Interval (CI95%)

Tea (O) Roasted (O) Roasted (F) Fishy (F)

2.8 2.4 4.2 2.0

6.2 3.9 5.3 1.8

2.4 2.7 2.8 1.4

3.2 4.8 4.5 1.1

3.8 3.7 4.0 1.5

3.4 3.6 3.7 2.6

2.8 2.2 3.6 1.1

2.5 2.7 3.4 1.2

2.9 2.6 3.5 1.1

2.3 2.4 3.2 1.0

2.6 2.9 3.8 1.8

4.0 2.9 4.3 3.1

3.8 4.8 6.3 2.3

3.3 3.8 4.1 2.9

3.2 3.1 3.0 2.8

0.7 0.7 0.5 0.7

Mean rating on a scale 1-10 (over panellists and replicates) of intensity for all significant sensory descriptors for the 15 samples of dashis  subjected to descriptive analysis. Confidence intervals (CI95%) are from ANOVA.



Table 3:  Sensory characteristics of 15 dashis for sensory descriptors only evaluated in the tasting condition with olfactory inout. For dashi abbreviations cf. Table 1. Mean ratings and 95% confidence Interval (CI95%)

Mean rating on a scale 1-10 (over panellists and replicates) of intensity for all significant sensory descriptors for the 15 samples of dashis  subjected to descriptive analysis. Confidence intervals (CI95%) are from ANOVA.



Table 4: Volatile compounds that may contribute positively to perceived umami. Their maximum semi-quantitative concentration in the dashi samples and their sensory threshold value, if applicable. Compounds are listed in the order from highest magnitude of threshold concentration. Confer text for details regarding individual compounds

Volatile compound

Semi-quantitative max concentration (µg/L) in dashi with the 

highest concentration

2,3 Butane-dione 500

2-Methylbutanal 500

Butanal 700

1-Penten-3-ol 800

2-Methyl-2-pentenal 800

2,2,6-Trimethylcyclohexanone 500

2-Heptanone 600

1-(3-Methylphenyl)-ethanone 800

7-Oxabicyclo[2.2.1]heptane 800

1,6-Dimethylhepta-1,3,5-triene 700

1): Schmidberger & Schieberle (2017)

2): http://www.leffingwell.com/odorthre.htm

3): Burdock (2016) Ch M, p 1351-1352



Table 4: Volatile compounds that may contribute positively to perceived umami. Their maximum semi-quantitative concentration in the dashi samples and their sensory threshold value, if applicable. Compounds are listed in the order from highest magnitude of threshold concentration. Confer text for details regarding individual compounds

Threshold value in water (µg/L)

1 
1)

1,5 
1)

9-37 
2)

400 
2)

290 
3)

310 
1)

140-3000 
2)

n/a 
2)

n/a 
2)

n/a 
2)



Table 4: Volatile compounds that may contribute positively to perceived umami. Their maximum semi-quantitative concentration in the dashi samples and their sensory threshold value, if applicable. Compounds are listed in the order from highest magnitude of threshold concentration. Confer text for details regarding individual compounds

Typical descriptors

buttery, sweet, creamy, caramellic

musty, cocoa, coffee, nutty

pungent, cocoa, musty, green, malty, bready

ethereal, horseradish, green, radish, chrysanthemum, vegetable, tropical, fruity

green, grassy, fruity

pungent, thujonic, labdanum, honey, citrus

cheese, fruity, coconut, waxy, green

n/a

n/a

n/a



Table 4: Volatile compounds that may contribute positively to perceived umami. Their maximum semi-quantitative concentration in the dashi samples and their sensory threshold value, if applicable. Compounds are listed in the order from highest magnitude of threshold concentration. Confer text for details regarding individual compounds

Dashi(s) with highest concentration(s)

01NI & 03Ls

13Sl

13Sl, 16Ae & 37NI



Table 4: Volatile compounds that may contribute positively to perceived umami. Their maximum semi-quantitative concentration in the dashi samples and their sensory threshold value, if applicable. Compounds are listed in the order from highest magnitude of threshold concentration. Confer text for details regarding individual compounds



Implications for gastronomy: 

 

The sensory results demonstrate that it is possible to modulate umami in a realistic food, similarly to 

what is known about enhancement of salt and sweet taste.  

The odour-induced umami enhancement can be systematically utilized to create more palatable foods.  

The umami-enhancement may also be used to develop clean-label foods by the use of only natural 

agents for umami, such as seaweeds.  

By carefully selecting the source of seaweed, we suggest that it is possible to simultaneously have a low 

MSG content and a good contribution to perceived umami intensity, via the odour-induced umami 

enhancement uncovered in the present work. 

Implications for gastronomy (.doc)
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