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Sodium overconsumption - a global issue: Sodium intake among adult males in 2010

WHO recommendation Mean global intake



Research needs on sodium reduction

• Understanding how salty taste preferences develop throughout the lifespan

• Developing innovative methods to reduce sodium in foods while maintaining 
palatability, physical properties, and safety

• Enhancing current understanding of factors that impact consumer awareness and 
behavior relative to sodium reduction

Institute of Medicine, Strategies to Reduce Sodium Intake in the United States,  2010



Source of sodium

• Top Sources of Sodium (CDC)

Breads and rolls

Cold cuts and cured meats

Pizza

Poultry

Soups

Sandwiches

Cheese

Pasta dishes

Meat dishes

Snacks

Restaurants, fast 
foods, & home, 

29%

Breads, grains, 
cereals, 20%

Red meats, 
poultry, eggs, 

12%

Dairy, 8%

Gravies, 
seasonings, 

sauces, dressings, 
7%

Soy & teriyaki sauces

Vegetables & textured 
vegetable protein

Soups

Pickles & olives

Baking powder & soda Margarines

Source of dietary sodium in the US 
Mattes 1991; Anderson 2010



Categories with most 
research conducted regarding 
sodium reduction

❖Protein foods

❖ Primarily cured meats

❖Grains

❖ Bread, rolls, tortillas

❖Milk and dairy

❖ Cheese

Food category breakdown of primary studies included in the scoping reviewAll Primary Studies in 
the Scoping Review 
(n=277)



❖Order of frequency
❖Salt replacers (42%)

❖Salt removal (41%)

❖Flavor modification (31%)

❖Physical modification (23%)

❖Functional modification (7%)

❖Protein foods
❖ Most represented across 

all reduction method 
categories

❖Beverages, Vegetables,
❖Least represented

Food category breakdown of primary studies included in the scoping review by 
sodium reduction method category

All Primary Studies in 
the Scoping Review 
(n=277)

Sodium 

Reduction 

Method

Salt Removal Salt Replacers
Flavor 

modification
Functional 

Modification

Physical 

modification

n
% of 

withina
n

% of 

within
n

% of 

within n
% of 

within
n

% of 

within

No. of 

studies

(n = 277)

113 41% 117 42% 86 31% 20 7% 63 23%

Model Food 

Category

Beverages -

Juice
2 2% 1 1% 0 0% 0 0% 0 0%

Cheese 16 14% 17 15% 10 12% 0 0% 4 6%

Condiments 

& Sauces
7 6% 8 7% 3 3% 0 0% 4 6%

Fats and Oils 2 2% 4 3% 5 6% 1 5% 1 2%

Grains 

(includes 

bread)

20 18% 15 13% 11 13% 2 10% 6 10%

Protein 

foods
47 42% 62 53% 31 36% 16 80% 39 62%

Snacks 7 6% 3 3% 3 3% 0 0% 9 14%

Vegetables 2 2% 3 3% 4 5% 0 0% 3 5%

Mixed 

Dishes
20 18% 7 6% 28 33% 1 5% 1 2%

a = The total percentages of references is greater than 100% and the sum of studies by reduction method may not match the 

total as multiple reduction methods, sensory methods and/or food products may have been investigated in a single reference



Flavor modification 
(n = 86)

Most diverse category, including 
but not limited to:

❖ Umami ingredients (clean 
label)

❖ Cheese, yeast, soy 
derivatives

❖ Glutamates

❖ Monosodium glutamate, 
Calcium diglutamate, 
Magnesium diglutamate

❖ Amino acids

Note: three most common are all 
associated with conferring an 
umami taste

Categories of flavor modification strategies

3%

15% 14%

29%

12%

38%

8%
6%
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45%

* = OISE: Odor-induced saltiness enhancement
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90% of Americans consume more sodium than the 

recommended limit of 2,300 mg/day

• Can lead to hypertension, heart disease, 

and stroke

2016 governmental response

• FDA has drafted voluntary sodium reduction 

recommendations for packaged, processed, 

and prepared food

• 2 year and 10 year reduction goals

(Cogswell and others, 2012) (Havas and others, 2007)

Left to right, the average daily American intake 

of sodium, the recommended upper limit, and 

the recommended amount.

Excess sodium is linked to American deaths



Flavored potato chips reduction

• 2 year short-term goal: 18%

• 10 year long-term goal: 51%

Flavored puffed rice reduction

• 2 year short-term goal: 20%

• 10 year long-term goal: 57%

Reduction in sodium may decrease consumer liking

(Food and Drug Administration, 2016)

The FDA has short- and long-term sodium reduction goals



Flavor enhancers contribute a savory taste

• Monosodium glutamate (MSG) 

• Parmesan cheese, tomatoes, and breast milk

• Disodium inosinate and guanylate (I+G)

• Mushrooms

• Used in conjunction with MSG

(Walker and others, 2000) (Center for Food Safety and Applied Nutrition, 2017) (Code of Federal Regulations, 2017) (Leech, 2017)
(Sigma-Aldrich, 2018)

FDA approved flavor enhancers are safe



Compare the acceptability of reduced sodium potato chips and 
rice puffs seasoned with and without flavor enhancers across 
three conditions: 

1. Blind tasting 

2. Ingredient information 

3. Ingredient information with education

Aim of the study



Day 1

5 minute break

Day 2

Demographic 

questionnaire

Objective 1 Objective 2 Objective 3

Blind Informed Informed with education

Experimental design

Seasoned with salt (51% reduced sodium), monosodium 

glutamate (MSG), and disodium inosinate and disodium guanylate



The American Heart Association recommends 1500 mg sodium/day, but 99% of American adults consume 
levels greater than this recommendation. Extreme sodium intake may lead to hypertension, heart diseases, 
diabetes, stroke, and kidney diseases.

The United States Food and Drug Administration has recently suggested voluntary sodium reductions for 
packaged, processed, and prepared food. They have set two-year and ten-year goals for products including 
flavored potato chips and rice puffs. The ten-year goal reduces sodium content to less than half of the 
current sodium value. The reduction in sodium may cause foods, such as snack foods, to seem less 
palatable to consumers. Strategies, like the use of flavor enhancers, may address the sodium reduction 
goals, while still producing desirable products.

The flavor enhancers monosodium glutamate (MSG), disodium inosinate, and disodium guanylate are 
recognized as safe for consumption for the general population by the United States Food and Drug 
Administration. These compounds have been shown to improve the palatability of reduced sodium 
products. Monosodium glutamate is the sodium salt of glutamic acid, an amino acid, and is naturally 
present in our bodies. Glutamic acid is naturally present in a variety of foods, including cheese and 
tomatoes, while disodium inosinate and disodium guanylate are naturally present in mushrooms. The 
addition of these flavor enhancers has been shown to make foods more flavorful and savory. In a particular 
study, sensory panelists were overall more satisfied with the flavor enhanced samples and had increased 
positive emotions when compared to the consumption of a control sample. Disodium inosinate and 
disodium guanylate have proven to enhance the savory taste of foods when used in conjunction with 
monosodium glutamate.

The need for 
sodium 

reduction

FDA’s guidelines 
and a decrease 

in liking of 
reduced sodium 

products 

MSG and I+G 
safety and a 
solution to 

increase liking of 
reduced sodium 

products

Educational piece



Sodium Contribution (g)/serving

Sample Chips BBQ NaCl MSG I+G Total (g)

Full sodium 0.005 0.011 0.205 - - 0.221

Reduced sodium short-term 0.005 0.011 0.165 - - 0.181

Reduced sodium long-term 0.005 0.011 0.095 - - 0.111

Reduced sodium short-term with MSG 0.005 0.011 0.158 0.007 - 0.181

Reduced sodium long-term with MSG 0.005 0.011 0.088 0.007 - 0.111

Reduced sodium short-term with MSG 

and I+G 
0.005 0.011 0.158 0.007 0.0002 0.181

Reduced sodium long-term with MSG

and I+G
0.005 0.011 0.088 0.007 0.0002 0.111

FDA short-

term goal

FDA 

long-term 

goal

List of sodium sources and intended amounts for 28-g 
potato chip sample serving. 

NaCl = sodium chloride, BBQ = barbeque type flavor powder, MSG = monosodium glutamate, I+G = disodium inosinate and guanylate.

9.2% DV

7.5% DV

4.6 % DV



BBQ seasoning

93° C for 30 minutes

Potato Chips: processing

Seasoning with 

salt, MSG, and 

I+G

(Christina, 2015)



(NewAge Industries, 2014)

spice 

seasoning

Puffed Rice: processing



Scale: vertical, 9-point hedonic scale to 
fit mobile phone format and tablet 
using Qualtrics

Attributes rated:

• Overall liking

• Saltiness liking

• Flavor liking

Location: Study hall type of setting

Consumer test procedure



Descriptive Analysis Session outline

• Hybrid of Spectrum Method and Quantitative Descriptive Analysis

• Sessions 1-8: familiarized with samples and attribute and reference food 

generation

• Sessions 9-12: attribute definitions, reference selection, sampling and 

rating procedure

• Session 13: Practice session in sensory booths

• Session 14 and 15: duplicate final testing days with samples divided 

between 2 sessions



Potato chip descriptive attributes, definitions, and references with 
reference preparation and average intensity.

Modality Term Definition Reference preparation Reference product Reference Intensity

Aroma

Meaty The aroma associated with bacon
5 bacon pieces served in 29.5 

mL cup

Real Bacon Bits (Meijer Distribution, Inc., 

Grand Rapids, MI., U.S.A.)
13.5

Raw potato
The aroma associated with freshly 

cut raw potato

1.5 cm cube served in 29.5 mL 

cup
Peeled Russet potato 12.3

Aroma-by-

mouth

Cooked 

potato

The flavor in the mouth associated 

with cooked potato
1 chip served in 163 mL cup

Original Pringles (Pringles Manufacturing Co., 

Jackson, TN., U.S.A.)
12.6

Meaty
The flavor in the mouth associated 

with bacon

5 bacon pieces served in 29.5 

mL cup

Real Bacon Bits (Meijer Distribution, Inc., 

Grand Rapids, MI., U.S.A.)
13.6

Taste

Salty
The taste associated with sodium 

chloride
1 chip served in 163 mL cup Lay's Classic (Frito-Lay, Inc., Plano, TX., U.S.A.) 11.6

Sour The taste associated with vinegar
7.682 g vinegar in 1 L water 

(place 15 mL in 29.5 mL cup)

Heinz Distilled White Vinegar (Kraft Heinz 

Food Company, Pittsburgh, PA., U.S.A.)
12.1

Aftertaste

Fried potato
The aftertaste associated with a 

fried potato
1 chip served in 163 mL cup

Lay's Lightly Salted Classic (Frito-Lay, Inc., 

Plano, TX., U.S.A.)
11.6

Meaty
The aftertaste associated with 

cured meat

5 bacon pieces served in 29.5 

mL cup

Real Bacon Bits (Meijer Distribution, Inc., 

Grand Rapids, MI., U.S.A.)
12.9

Salty
The aftertaste associated with 

sodium chloride
1 chip served in 163 mL cup Lay's Classic (Frito-Lay, Inc., Plano, TX., U.S.A.) 12.9

Umami
The aftertaste associated with 

monosodium glutamate

0.614 g MSG in 1 L water (place 

15 mL in 29.5 mL cup)

Monosodium Glutamate Fine Crystal 

(Ajinomoto North America, Inc., Itasca, IL, 

U.S.A.

12.4



Potato Chip - reference foods

Aroma

Meaty

Raw 

potato

Aroma-by-
mouth

Cooked 
potato

Meaty

Taste

Salty

Sour

Aftertaste

Fried potato

Meaty

Salty

Umami



Puffed rice descriptive attributes, definitions, and references with 
reference preparation and average intensity

Modality Term Definition Reference preparation Reference product
Reference 

Intensity

Aroma Paprika The aroma associated with paprika spice 0.035 g in 59 mL cup
Organic Paprika (Wal-Mart Stores, Inc., 

Bentonville, AR., U.S.A.)
14.0

Aroma-by-

mouth

Chili powder
The flavor in the mouth associated with chili 

powder
0.02 g in 59 mL cup

Chili Powder (McCormick & Co., Inc., Hunt 

Valley, MD., U.S.A)
13.2

Roasted
The flavor in the mouth associated with 

roasted almonds
1 almond in 59 mL cup

Roasted Almonds (Meijer Distribution, Inc., 

Grand Rapids, MI., U.S.A.)
12.2

Texture Crunchiness The snap/ease of breakdown in mouth 1 puff in 163 mL cup
Organic White Cheddar Bunny Tail Puffs 

(Annie's, Inc., Berkeley, CA., U.S.A.)
10.1

Taste

Salty The taste associated with sodium chloride 1 cracker in 163 mL cup
Triscuit Garden Herb (Mondelez Global 

LLC, East Hanover, NJ., U.S.A.)
12.2

Savory
The taste associated with monosodium 

glutamate

0.614 g MSG in 1 L water 

(place 15 mL in 29.5 mL 

cup)

Monosodium Glutamate Fine Crystal 

(Ajinomoto North America, Inc., Itasca, IL, 

U.S.A.)

11.7

Aftertaste

Bitter
The aftertaste associated with nutritional 

yeast
0.01 g in 59 mL cup

Premium Nutritional Yeast Seasoning (Brag 

Live Food Products, Santa Barbara, CA., 

U.S.A.)

12.6

Savory
The aftertaste associated with monosodium 

glutamate

0.614 g MSG in 1 L water 

(place 15 mL in 29.5 mL 

cup)

Monosodium Glutamate Fine Crystal 

(Ajinomoto North America, Inc., Itasca, IL, 

U.S.A.)

12.2

Garlic The aftertaste associated with garlic powder 1 fried onion in 59 mL cup
Original Crispy Onions (Meijer Distribution, 

Inc., Grand Rapids, MI., U.S.A.)
12.9



Puffed Rice - reference foods

Aroma

Paprika

Aroma-
by-mouth

Chili 
powder

Roasted

Texture

Crunchiness

Taste

Salty

Savory

Aftertaste

Bitter

Savory

Garlic



Acceptance 
of snack 
products

Flavor-enhanced 
samples were rated 

the highest

Ingredient information 
increased liking of reduced 
sodium and savory samples

Savory, salty, garlic and 
crunchy are drivers of liking

Findings

Education increased 
liking or maintained 
liking from informed 

condition levels



2020



Compare consumer acceptance of reduced-salt versions of four 
“better-for-you” dishes enhanced with monosodium glutamate 
(MSG) through a “Salt Flip” in an amount that still substantially 
reduced total sodium to the normal-salt versions.

Aim of the study



Cauliflower fried rice 
with pork 

Roasted 
vegetables

Savory
yogurt dip

Quinoa
bowl

(CR) (RV)

(SD) (QB)



Findings



Overall Conclusions and Future Directions

• Flavor enhancers (MSG and I+G) effective in mitigating 
loss of sensory palatability in reduced sodium snack 
products and healthful products

• Education effective in increasing liking for foods with 
flavor enhancers

• Identify other products that would benefit from sodium 
reduction with flavor enhancers strategy

• Identify the mode of education that can further enhance 
consumer learning to accept flavor enhancers



Thank you!


