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Reducing Sodium in Foods: The Effect on Flavor
Nutrients 2011, 3, 694-711

Abstract: Sodium is an essential micronutrient and, via salt taste,
appetitive. High consumption of sodium is, however, related to
negative health effects such as hypertension, cardiovascular
diseases and stroke. In industrialized countries, about 75% of
sodium in the diet comes from manufactured foods and foods
eaten away from home. Reducing sodium in processed foods will
be, however, challenging due to sodium’s specific functionality in
terms of flavor and associated palatability of foods (i.e., increase
of saltiness, reduction of bitterness, enhancement of sweetness
and other congruent flavors). The current review discusses the
sensory role of sodium in food, determinants of salt taste
perception and a variety of strategies, such as sodium replacers
(i.e., potassium salts) and gradual reduction of sodium, to
decrease sodium in processed foods while maintaining palatability.
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2. Physiological Role of Sodium in the Body, Recommended
Sodium Intake, and Sodium Consumption Trends
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Table 1, Comparison of the sodium content of some of the “natural™ and processed foods [15].
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_ e - © REE BEBTEN . AOSOMEREBHT
fooditem ________Description Sodium content (mg/100 2) REeaiHN > BERBERY ) 2RN BOEEEE
ee opside, roast. lean and fat Z]UIE ) @'i_} HQ{D = .
Corned beef, canned 950 &= 0o HE Lm
Bran Dran, wheat e o TEREDEEZERY - R EERUAER RFER®D E}Tﬁzﬂiﬂ
Cheese Hard. average 620 *m\ Eﬁi{ﬁ %W %IL;\ THH HQ ==} B)g 30'50% _( 1) ?_ E—E \d E
Processed 1320 omem £ BA KRR EENE 2K B8 = 205 PTI0 A BYEA(E L0
‘i 1 i i T i = Sy 7
s et atmea ™" r— &) - TR hIREEDRNRIMENBE LR « FII0E—
. re=heated. 22 it — .
Portato Raw. boiled in unsalted water 9 Kiﬂ%ﬁ%ﬂgﬁkmoo mgﬁﬁﬂij B EWT%HQJ:BE(23OO mg/ B ’
Canned, re-heated, drained 250¢= 5.8 gE%ﬁ/ B ) °
Peas ?2::13132?}11;;::;%aclltl‘:i;;;“el Tll;gc- Figure 1. Percentage contribution of food types to average daily intake of sodium [15.24].
Potato Homemade. fried in blended oil 12 80
chips Oven chips. frozen, baked 53 e== =0
Salmon Raw. steamed 110 :2
Canned 570 - 20
Smoked 1880 10 —I I = UK
Sweet com On-the-cob. whole, boiled in unsalted water 1 o . I e W =N | I - US.
Kernels, canned. re-heated. drained 270¢= & " N = lapan
Tuna Raw 47 h%*cz’ - e‘l:jb .QJ;.} <<’$'5‘B- & Q#QB gef"—"e’b &‘e“,
Canned in oil. drained 290 gum *F _o‘p‘ap < <& gf
Canned in brine. drained 320 e &
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3. Flavor Perception
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* We do not perceive sweetness independently of orange aroma and
carbon dioxide tingle; we perceive the sensations simultaneously as
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4. Taste Perception
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FTRAA0BY E kB 41BN [E B — quality ~ intensity
temporal ~ spatial patternsSF R ZEEIFIE o

YIRS Taste quality is the most important defining feature of
taste sensation and is defined as a descriptive noun given to
categorize sensations that taste compounds elicit: sweet, sour,
salty, bitter and umami.

%0858 [E Perceived intensity is related to the strength of the
taste sensation and, when plotted against tasted
concentrations, creates a psychophysical function.

i # 1=\, Temporal pattern is used to describe the time course
of the taste perception and

E @b I spatial topography relates to location and localizability
of taste sensation.
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Figure 2. Scale diagram of taste perception as concentration mecreases (adopted from [26]).
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5. Taste Interaction
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5.1 Levels of Taste Interactions

BRI EM 2B EGER - EUWERE I H EL 1B 3 (mixture
suppression and enhancement) D] 35 =B ANENBIX :

chemical interactions: EERERESD @ HlfEEZPHgluten®=
ORBIER @ {522 AR AR o

oral physiological interactions: —{¢\, ¥ FIBAE _E{, &Y ERIE
B H Rk Z M AR SN W kB B M o B B %8 /% peripheral
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&G ERRIB PIREIE - RSB ESBAEEIMmEEE
Bmixture suppression » BIRRX0ZZ G EARBI—HI o
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5.2 Taste Interactions Involving Saltiness
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Figure 3. Schematic review of binary interactions of taste qualities at different levels of

ntensity/concentration, Adapted with permission from Elsevier [2].
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Figure 3. Conf.
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. Etbeﬁéﬁ‘fﬁﬂenIletteﬁ(wss)ﬁﬁﬁﬁn W =RSPIAN
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Figure 4. Influence of sodium reduction on flavor. The height of the boxes making up total

flavor reflects intensity of the named attribute in standard or reduced sodium
food [14.35].
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e Overall, reducing sodium in foods not only reduces perceived
saltiness, but is also associated with a wide range of complex
taste interactions, which may negatively impact the liking of Salty Psweet
foods. Without sufficient knowledge about taste interactions
the search for sodium replacers and other strategies to § s
decrease sodium in industry sourced foods will be challenging. N
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6. Factors Affecting Sensitivity and Preference for Salt Taste in Foods
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6.1 Genetic Factors

R2IBHATE 5 157 - BENBHKEHELEGBER - BIEHFZNE
E8K Mﬂﬂiﬂﬂ%li]ﬁx%o\ °

6.2 Environmental Factors
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7. Methods of Sodium Reduction
7.1 Sodium Restriction Diet
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7.2 ZBEHIZE#E-Sodium Reduction by Stealth
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7.3 Use of Salt Substitute
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7.4 Other Approaches to Sodium Reduction
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8. Concerns for Food Industry for Sodium Reduction
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8.1. Loss of Palatability and Consumer Acceptance
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8.2. Texture and Other Quality Characteristics

BIERCIhES T EEMEAEV BRI - BIEEKE B
A5E » pH ~ BIE ~ SRETIIMER N0 TR o BIR0RI L 3REE
TEEEOE MBI RRITKD - BUKIRPIMITEZINERY) -
NMERBEIR - LAERIAPTERNETINEEMEARE ©

LI BIRGIEZ 6V £ RMEEE POVRANFSISIZ, © B
5B R CIAR MEENEE S0 ANRIE N0EL AN S 2BV AR AR
foig - HRRENEAREE - 58 @ FEILBPIRIL
NEREREHOM - JAM - BEANE B R/ EN AR L 26
BERFERITEESE0ES BB L ©

BUSEEFARRGRER | RREKRERKREN07 - RYEIAE RIS E - [EREIE (26/27)

8.3. Preservation and Microbial Safety
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8.4 Other Functions of Sodium
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Alone Alone

P. A.S. Breslin & G. K.
Beauchamp., 1997. Salt
enhances flavour by
suppressing bitterness.
Nature 387, 563

ixed and salted

Magnitude

05 M Sucrose 1.0 M Urea 0.5 M Sucrose 0.5 M Sucrose
+ 1.0 M Urea + 10 M Urea
+0.3 M Na acetate
FIGURE 1. The normalized reported magnitude of the taste of various solution mixtures
is shown. L EREIRE NRELRIELREABIBE(LB) @ Rt ORI ¢
REEYR  ReRENRIBMRRECCRIINEEEEDR) G481t « 0I5
AT PIBRE(PE) - EFEININN @ BERSRE @ SHRBERANE
B - SINsES PG - R 2EHRREIRS EIE SRR A8 5K
DHIEHR (BE) o Relative to binary mixture levels, asterisk denotes increase
(P<0.0001) and star denotes descrease (P<0.0001). These trends were evident
for other concentrations tested. Detailed analyses availabel from the authors.




Suppression of Bitterness by Sodium: Variation

Among Bitter Taste Stimuli (PA.S. Breslin and G.K.
Beauchamp, Chemical Senses 20: 609-623, 1995)

Abstract

Taste interactions between salts (NaCl, LiCl, KCI, L-
arginine:L-aspartic acid, Na-acetate and Na-
gluconate) and bitter-tasting compounds (urea,
quinine HCI, magnesium sulphate, KCI, amiloride
HCI and caffeine) were investigated. In each study
binary combinations of three or four
concentrations of one bitter compound with four
concentrations (0, 0.1, 0.3 and 0.5 M) of one salt
were rated for bitterness and saltiness using the
method of magnitude estimation.

In most cases, perceived bitterness was suppressed by
salts, although the degree of suppression varied. In
general, bitterness suppression was not accompanied
by an equivalent reciprocal suppression of saltiness.
Only MgS04 and amiloride had suppressing effects
on the saltiness of NaCl at the intermediate
concentrations and no bitter compound affected the
saltiness at the high concentrations of NaCl. Since salt
suppressed the bitterness of urea effectively, a
detailed analysis of suppression of the bitterness of
urea by different salts was conducted.

Those studies indicated that the key component in this
effect was the sodium or lithium ion for two reasons:
first, all three sodium salts and the lithium salt had a
suppressive effect on bitterness, whereas KCl did not;
secondly, the effect of a salt on suppression of the
bitterness of urea was independent of its perceived
saltiness; that is, NaCl, Na-acetate (which is
perceived as less salty than NaCl), and Na-gluconate
(which is perceived as less salty than Na-acetate)
reduced bitterness comparably. These results suggest
that there is a major peripheral component to the
suppression of the bitterness of urea, and perhaps
other bitter tasting compounds, by sodium.

Flavor Effects of Sodium Chloride

Marianne Gillette

Food Technol., June 1985, p47-52&56

There are two approaches to matching the flavor acceptability of
salted products in reduced sodium foods:

(1) Add other ingredients to substitute for, but not replace, the
salty flavor, thereby maintaining a high flavor intensity but not
necessarily a “salty” one. Examples of this include: use of lemon,
onion/garlic, vinegar or other acids, and spices and herbs.

(2) Match the flavor by replacing the salty flavor with other, non-
sodium containing ingredients which mimic the effects of sodium
chloride. There are no known ingredients which thoroughly perform
this task, although some ingredients have some “salty” flavor effects
(Table 1). These salt substitutes include calcium chloride, magnesium
chloride, magnesium sulfate, glutamic acid, potassium glutamate,
potassium chloride, and potassium sulfate.




Table 1—Flavor Descriptors for sodium chloride, potassium chloride, and MSG

Salt Ingrecient e
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STRENGTH
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FLAVOR STRENGTH [ e at

Overall
balance

—e 0.3% Sol

2% Succinic esid

“IKEA" chicken

noodle soup

Fig. 2—Aroma and Flavor Profiles for
chicken noodle soup with 0.3% salt {sodi-
um chioride), 0.3% moncammonium gluta-
mate, and 0.2% succinic acid added

0.3% salt
0.3% MSG
0.2% succinic acid

0.2% Mencommonivm
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THICKNESS
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“/&#R” tomato soup

Fig. 3, —Aroma and Flavor Profiles for
tomato soup with 0.3% salt (sodium chlo-
SWEETNESS ride), 0.1% dill weed, or 0.2% onion

powder il
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@ 0.3% salt
A 0.3% EXBZ L5
O Ao

Fig. 4—Aroma and Flavor Profiles for
split pea soup with 0.3% salt (sodium

idal, 0.3% i and
with nothing added

EENNOXN I
ABRMIBIRS

AROMA
STRENGTH

OVERALL
FLAVOR STRENGTH

THICKNESS® =

FULLNESS® *
SALTINESS® *

SWEETNESS

METALLIC® *®

_____ « ——a 0.3% Sait
& == 0.3% Patassium Glutamate
©——0 With Nothing Added

/

OVERALL
BALANGE™ *

" * Statistically signiticont ot the 29% level of confidence.

@ 0.3%salt
/\ 0.2% Yeast A
(0 0.2% Yeast B staeneTH )/

Fig. 5—Aroma and Flaver Profiles for
chicken noodle soup with 0.3% salt (sodi-
um chionidel or 0.2% yeast A or 8 added
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—— 0.3% S5t > >
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O=——0 0.2% Yeast 8
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*  Stotistically significant ai the 35% level of confidence.

® Statistically significent ot the 99% level of confidence.
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THICKNESS
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——
QVERALL
BALANCE

#——=8 0.2% Polossium Chloride A

A== 0.2% Salt Substitute 8

o—=0 0.2% Potozsium Chleride C
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« SALTINESS
~
\
Y ~ “SWEETNESS
# METALLIC Fig. 6—Aroma and Flavor Profiles for

potassium chloride A, salt substitute 8,
and potassium chloride C at 0.2% in

T strained peas
0.2% KCI A
0.3% Salt Substitute B
0.2% KCI C

The results of these evaluations
revealed that the addition of sodi-
um chloride to food products does
more than simply add a “salty”
flavor. The flavor enhancing effects
of sodium chloride were very simi-
lar for all of the products tested.
These effects were grouped into five
factors: mouthfeel, sweetness, me-
callic/chemical off-notes, balance,
:nd saltiness.

Mouthfeel: Sodium chloride in-
creased the perception of “fullness”
and “thickness,” giving the impres-
sion of a less watery or thin prod-
uct.

Sweetness: The addition of salt
to all of the products enhanced the
perception of sweetness. In some of
the products (tomato soup, split
Dea soup, and the beef soup) the
iweetness was enhanced more than
che basic saltiness.

TEREET ¢ RIS
MERY) - MWIEEEH
DOABRIRTIE © 1EPf
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ORL ~ 30k ~ B/
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Metallic/chemical/offnotes: In
many of the products, a metallic/
chemical off-note was decreased or

masked by the addition of sodium
chloride.

_Balance: Overall, the most sig-
nificant effect that the sodium chlo~

ride had upon the wvarious food
products was to improve the flavor
balance. Flavor balance was
“smoothed,” “rounded out,” and
“fuller,” and the overall intensity
was greater. This factor was partial-
ly a result of decreased off-notes,
enhanced mouthfeel and sweetness,
and increased flavor strength, but
also it was the result of a “blend-
ing” of flavor perceptions so that
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individual flavor notes were less
discrete.

Saltiness: The effect on pure
saltiness taste perception ranged
from subliminal to significant,
depending upon the concentration.
When presented in the wvarious
soups at 0.3%, the “salty’ taste per
se was not notable. However, in the
rice, eggs, and barbecue potato
chips. the salt taste was distinct.

The potassium-chloride-based
salt substitutes also enhanced
sweetness, but did not enhance
mouthfulness or flavor balance in
the manner that sodium chloride
did. Additionally, the potassium-
chloride-based substitutes im-
parted a bitter, chemical, metallic
off-note.
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In summary, a panel was trained
to recognize the effects of sodium
chloride on a variety of foods. The
panel categorized these effects into
five main factors: sodium chloride
was found to enhance mouthfeel,
sweetness, balance, and saltiness,
while decreasing or masking off-
notes. Potassium chloride based
salt substitutes did not enhance
mouthfeel or balance and signifi-
cantly increased bitter/metallic off-
notes.

The panel has been extremely
valuable in their evaluations of var-
ious salt substitutes (Fig. 6) and
blends thereof, giving clear direc-
tion to the food chemists in their
evaluations of competitive products
and for new product formulation.




