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• - Excessive intake of sodium has undesirable effects on health such as hypertension and other 
diseases such as cancer and osteoporosis… 

 
• - Consequently, WHO and other health organisms recommended to modern countries to 

decrease 25 % salt content in targeted foods. 
 

• - Role of salt in processed foods such as cheese; meat products… is complex and multifunctional 
(technological, preservation, organoleptic)  

 

• - Many solutions were proposed to decrease salt in foods such as: progressive reduction of salt 
in foods, substitution (total or partial) by other salts (KCl in particular), use of saltiness 
enhancers…but most of them imply significant addition of compounds which are not present in 
the original product  

 

• Other proposed solutions:  

- Enhance saltiness intensity using aroma perception (cross-modal perceptive interaction) 

- Increase heterogeneity in salt distribution (higher contrast in salt concentration) 

- Change in the matrix structure and /or composition in order to increase the quantity of salt 
released in mouth or at least modify the release kinetic 

 

 

Context 



The objective of this presentation is to review a series of results on these 3 strategies: cross 

modal interactions, heterogeneity of distribution, change in food composition as a mean to 

enhance salty taste in food.  

Plan of the presentation 

1- Saltiness enhancement by aroma in water medium 
 - saltiness-aroma  
 - saltiness-aroma-sourness 
  
2- Salt reduction strategies applied on solid foods 
 - Saltiness enhancement by aroma in model cheeses 
 - Heterogeneity in stimuli distribution 
 - Influence of matrix composition on flavour release and perception 
  
3- Conclusion  



Selection of odours evoking salty taste 

Lawrence et al. (2009). Odor-Taste interactions: A way to enhance saltiness in low-salt contents solutions. Food Quality and  Preference, 20 , 241-248. 

Experimental 

Aroma stimuli names            Procedure 

81 consumers 

Bacon 
Chicken 
Mushroom 
Strawberry 
Lemon 
… 

This food seems you: 

Bacon 

Bitter 

Sour 
Salty 

Sweet 
0 10 

78 food names associated with saltiness and  
8 controls not associated with saltiness 
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Component 1 (56%)
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Selection of odours  evoking salty taste 

Sourness 

Bitterness 

Sweetness Differences in expected saltiness were observed and are 
correlated with actual salt content of food products. 
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Impact of odours on saltiness enhancement in water solutions 

Lawrence et al. (2009). Odour-Taste interactions: A way to enhance saltiness in low-salt contents solutions. Food Quality and  Preference, 20, 241-248. 

Experimental 

Aroma stimuli                  Procedure 

30 consumers 

Bacon 

  Bitter 

  Sour 
  Salty  

  Sweet 
0 10 

15 aroma solutions without  
or with salt (0,02M) 

Odour* 

* Odour intensity 
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Odourant  
solutions 

OISE (Odour Induced Saltiness Enhancement) =  

saltiness [aroma + salt] – saltiness [salt] 
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Salt associated aroma could  

enhance saltiness in 
solutions containing a low 
level of salt 

***p < 0.001   
** p < 0.01   
*  p < 0.05 
(*)p < 0.1  

Impact of odours on saltiness enhancement in water solutions 
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Lawrence et al. (2009). Odour-Taste interactions: A way to enhance saltiness in low-salt contents solutions. Food Quality and  Preference, 20, 241-248. 
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Odourant  
solutions 

Lawrence et al. (2009). Odour-Taste interactions: A way to enhance saltiness in low-salt contents solutions. Food Quality and  Preference, 20, 241-248 . 
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 Only salt associated aroma 

could enhance saltiness in 
solutions containing a low 
level of salt 
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Impact of odours on saltiness enhancement in water solutions 
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Impact of odours on saltiness enhancement in water solutions 

Effect of salt concentration 

BC

AB

A
A

CD

D

BC BC

-2

0

2

4

6

8

-1

0

1

2

3

4

A
ro

m
a

 In
ten

sity

O
IS

E
O

IS
E 

A
ro

m
a In

te
n

sity 

64 consumers 

Aromas 
- No 
- Sardine 
- Carrot 

Salt contents 
- No 
- Salt1: 0,01 M 
- Salt2: 0,02 M 
- Salt 3: 0,04 M 

OISE depends on odour-taste congruency but also clearly on salt concentration (i.e. saltiness intensity). OISE  
increased significantly for low- or medium-salt content solution when subjects perceived the congruent sardine 
aroma but OISE was no more significant in case of high saltiness solutions. 

Nizar et al. (2011). Cross-modal interactions between taste and smell: Odour-induced saltiness enhancement depends on salt level. Food Quality and  Preference, 22, 
678-682 . 
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Saltiness enhancement by aroma: Combination with other strategies 

- Solutions containing a mixture of NaCl and KCl were the saltiest (no influence of sardine aroma).  
- Mixing NaCl (20 mM) and citric acid did not modify saltiness (/ sample containing salt only). 
- Adding sardine aroma led to a significant increase of saltiness in the acid+salt mixture only.  
- In all the other solutions (apart from 20 mM NaCl), adding sardine aroma led to a significant  
increase of saltiness (confirmed by OISE values).  

Ternary mixture 

Nasri et al. (2013). Enhancing salty taste  

through odour-taste-taste interactions:  

Influence of odour intensity and salty  

tastants’ nature. Food Quality and   

Preference, 28, 134-140. 



Impact of odours on saltiness enhancement in model cheeses 

Lawrence et al. (2011). Using cross-modal interactions to counterbalance salt reduction in solid foods. International Dairy Journal, 21, 103-110. 

Experimental 
Aroma stimuli                               Procedure 

27 consumers 

Odour intensity 
Taste intensity 
- Sourness 
- Bitterness 
- Saltiness 
- Sweetness 

 
 

Congruency of  
aroma to product 
Texture 
- Firmness 
- Graniness 
- Moistness 

Liking 

12 flavoured and  
4 unflavoured model  
cheeses with 0,5 % salt 

1 2 

3 4 

440-20 440-40 

370-40 370-20 

1 2 

3 4 



Salt associated aromas could 
enhance saltiness in solid foods 
containing a low level of sodium 
chloride.  

 

 Influence of composition on 
the size of OISE. 

 

 OISE NS in the firmest product. 
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Firmness  

D1F1 

D: Dry matter, F: Fat/D ratio 

1: low level ; 2: high level 

Impact of odours on saltiness enhancement in model cheeses 

Lawrence et al. (2011). Using cross-modal interactions to counterbalance salt reduction in solid foods. International Dairy Journal, 21, 103-110. 



 OISE is NS at higher salt content 
Higher salty perception inhibits OISE potency  

 OISE seems driven by odour intensity 

*
(*)(*)

*

abc
c

ab

c

a

bc

0

1

2

3

4

B
lu

e
 C

h
.

C
1

B
lu

e
 C

h
.

C
2

C
o

m
té

  
C

1

C
o

m
té

  
C

2

S
a
rd

in
e
 C

1

S
a
rd

in
e
 C

2

Flavoured products with 0.5 % of salt
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Flavoured products with 1 % of salt
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Impact of odours on saltiness enhancement in model cheeses 

Lawrence et al. (2011). Using cross-modal interactions to counterbalance salt reduction in solid foods. International Dairy Journal, 21, 103-110. 
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Product composed of four cream-based layers (served at 55°C)  

Same overall salt concentration in each  

product (0.8%) 

Salt distribution varied among the layers 

According to 3 levels of heterogeneity 

According to 3 different spatial distributions 

Heterogeneity of stimuli distribution 

Stimuli contrast : Experimental 

• Saltiness Evaluation 

– 102 consumers  

 

 

 

Not salty Very salty 

Liking Evaluation 

 80 consumers  

I do not like I like very much 
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• Generally, the products are well accepted 

• Products perceived as saltier seem less liked 

0 0 

+25% 

Heterogeneity of stimuli distribution 
 

(Emorine et al, Heterogeneous salt distribution in hot 

snacks enhances saltiness without loss of acceptability, 

Food Research International, 2013, 51, 641-647. 

 



Heterogeneity of stimuli distribution 
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- Odour induced saltiness enhancement whatever the tastant distribution 
- High heterogeneity of salt distribution leads to higher saltiness enhancement as 
compared to homogeneous distribution 

+35% 

High heterogeneity of salt allows to compensate for 35 
% of salt reduction 
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Salt distribution 

* Aroma distribution 

(Emorine et al, in preparation) 



Influence of fat content on Na release and perception 
 in model lipoprotein matrices 
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Higher salt conc :  Fat content   Imax  

In-mouth sodium release 
Saltiness intensity 

Lawrence et al, JAFC (2012) 60, 5287-5298. 

Products: lipoproteic matrices (= model cheeses) 2 fat levels  

5 subjects selected with different stimulated salivary flow (SF, parafilm test) and 

masticatory performance (MP, Optosil test). 
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 Cheese with ratio Lipids/Proteins = L28/P20 

 without or with 1% NaCl added (S) 

 3 lipids/protein ratios, 2 salt levels 

 No syneresis 

 Cheese with ratio Lipids/Proteins = L20/P28 

 without or with 1% NaCl added (S) 

 Cheese with ratio Lipids/Proteins = L24/P24 

 without or with 1% NaCl added (S) 

Effect of fat and salt content on aroma release in model cheeses 



L28P20 

L28P20s L20P28s L24P24s 

L24P24 L20P28 

Effect of fat and salt content on cheeses structure 

Work at maximal deformation  

 

Firmness increases from high fat 

to low fat cheeses 

Firmness decreases with 

adddition of salt 
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Confocal microscopy 

 

Differences in structure: 

Bigger fat globules (red) in 

cheeses with salt added 

 

Boisard et al, The structure and composition of model cheeses influence sodium release and mobility, Food Chemistry, 136, 1070-1078. 



Effect of fat and salt content on aroma release in cheeses 

Total area under the curve: 

Higher aroma release for  

 high fat and low protein content 

 softer cheese 

 

Effect of salt depend both on aroma and on 

cheese composition 

A2/A1: Released after swallowing/ Release 

before swallowing 

Nonan-2-one, more hydrophobic, More 

released after swallowing when salt added: 

effect of droplet size larger which reduces mass 

transfer 

Few effect on the less hydrophobic compound 

Oral parameters: number of swallowing events 

higher when salt added 

Higher aroma release for subject with a high 

number of swallowing events 
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Boisard et al., Salt and lipid composition of model cheeses modifies in-mouth 

flavour release and perception in 

relation with free sodium ion content, Food Chemistry, 2014, 145, 437-444. 

 



Influence of matrix composition on flavour release and perception 
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For salted products, the L20P28 

is perceived less salty due to  

differences in composition 

- when the salt content , the overall aroma perception intensity 

 and the specific aroma notes ;   

 

- when L/P ratio , the overall aroma perception intensity 

 and the specific aroma notes 



Conclusion 

- OISE could be a very interesting strategy to enhance saltiness perception in liquid  
and in solid foods with reduced salt content. However, it is dependent on the texture  
and salt concentration. 
 
- OISE can be used in combination with other strategies developed to compensate salt 
reduction such as taste-taste interactions, stimuli contrast, change in composition. However,  
changes in composition influence both aroma and salt release.  
 
- A good solution to efficiency decrease salt content without decrease saltiness  
could be to combine different solutions such as change in composition until  
acceptable limits (for technology and acceptability) and to add or favour the formation of 
aroma notes enhancing significantly saltiness. 
 
- These aspects are developed now in Terifiq FP7 project. (www.terifiq.eu) 
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