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Association between salt substitutes/enhancers and changes
in sodium levels in fast-food restaurants: a cross-sectional
analysis

Mary J. Scourboutakos PhD, Sarah A. Murphy BSc, Mary R. L’Abbé PhD

Background: Restaurant foods have high sodium levels, and efforts have been made to promote reductions. The objective of this
study was to understand if salt substitutes and enhancers are associated with changes in sodium levels in fast-food restaurants.

Methods: A longitudinal database (MENU-FLIP) containing nutrition information for Canadian chain restaurants with 20 or more
locations nationally was created in 2010 and updated in 2013 and 2016. In 2016, when available, ingredient lists were collected
from restaurant websites and searched for the presence of salt substitutes/enhancers. Changes in sodium levels (per serving) and
the prevalence of salt substitutes/enhancers in 222 foods from 12 of the leading fast-food restaurant chains were compared
across 3 time points.

Results: Sixty-nine percent of foods contained a salt substitute/enhancer. Substitutes/enhancers were found in every restaurant
chain (n = 12) for which ingredient data were available. The most common substitutes/enhancers were yeast extracts (in 30% of
foods), calcium chloride (28%), monosodium glutamate (14%) and potassium chloride (12%). Sodium levels in foods that contained
substitutes/enhancers decreased significantly more (190 + 42 mg/serving) over the study period than those in foods that did not
contain a substitute/enhancer (40 + 17 mg/serving, p < 0.001).

Interpretation: Salt substitutes and enhancers are prevalent in restaurant foods and are one means by which restaurants may be

lowering sodium levels in their foods. At this time, the potential consequences of these findings, if any, are uncertain.

xcessive dietary sodium intake is a causal risk factor

for hypertension,! which is the leading preventable

risk factor for death worldwide.? Research has shown
that 72% of dietary sodium comes from food obtained at
restaurants.’ This is partly due to the increased prevalence of
eating outside the home,*® along with the excessive sodium
levels commonly found in restaurant foods.”!! It has been
recommended that the best strategy to lower sodium intake
is to gradually reduce levels across the food supply to enable
consumers’ taste buds to become accustomed to less salt.'>!*
Salt substitutes (such as potassium chloride) and salt enhanc-
ers (such as monosodium glutamate [MSG] and yeast
extracts) are one means by which sodium can be removed
from food without reducing its perceived salty taste.!?!1316
The market share for salt enhancers such as MSG, yeast
extracts and hydrolyzed vegetable proteins is on the rise."”
Food manufacturers find MSG desirable because it stimu-
lates the fifth taste: umami.'® Furthermore, when compared
with table salt, MSG contains one-third the amount of
sodium, thus enabling manufacturers to reduce sodium by as
much as 40%, with no loss of palatability.'®!” However,
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MSG has been a controversial ingredient since 1968.2° MSG
is believed to elicit symptoms because of the free (unbound)
glutamate that it contains. Studies have investigated the
effect of MSG on a variety of symptoms (including head-
ache, nausea, flushing, dizziness, burning, perspiration, chest
pain/pressure, muscle pain and insulin secretion), with mixed
results.”’~** The inconsistency of the findings is probably due
to the fact that many early studies were anecdotal,’***3¢ had
small sample sizes,?!?>?%273! tested a wide range of doses
(varying from 1.25 to 10 g),”**** administered MSG in a vari-
ety of food contexts (e.g., non-caloric beverages versus
whole meals),?1:#2283037539 and were confounded by the fact
that some individuals are sensitive to MSG while others are
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not.??#7.2%3%* The first objective of this study was to investi-
gate the prevalence of salt substitutes/enhancers in restau-
rant foods. The second objective was to understand if there
is an association between the presence of a salt substitute/
enhancer in a food and the magnitude of decrease in the
sodium level of that food between 2010 and 2016. The third
objective was to determine if the presence of glutamate-con-
taining enhancers (MSG, yeast extracts and hydrolyzed veg-
etable proteins) is associated with decreased sodium levels in
restaurant foods between 2010 and 2016.

Data for this study were derived from the University of Tor-
ronto’s MENU-FLIP database of restaurant nutrition. This
study was the third in a series of studies investigating changes
in sodium levels in Canadian chain restaurant foods. First, a
baseline analysis of sodium levels in restaurant foods in 2010
was published.* Three years later a longitudinal follow-up
was conducted to investigate changes in sodium levels
between 2010 and 2013.#
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Data collection
In 2010, MENU-FLIP was created using publicly available
nutrition information provided online by all chain restaurants
that had 20 or more locations nationally.* According to the
2010 Directory of Restaurant and Fast-Food Chains in Canada,
172 restaurants had at least 20 locations nationally.® A web-
site search revealed that 95 of these restaurants provided
nutrition information online; data were extracted by a single
researcher. Data for over 9000 a la carte entrées, side dishes,
beverages and condiments were collected and compiled into
the database (Figure 1). Foods were categorized according to
the restaurant (e.g., McDonald’s, Subway; subsequently
referred to as the restaurant variable), the type of restaurant
(fast food v. sit down), the type of food (e.g., hamburger,
sandwich, chicken, french fries; subsequently referred to as
the food category variable) and the type of food item (e.g.,
entrée, side dish, kids’ item). Additional details about the data-
base can be found elsewhere.*

In 2010, 4044 entrées, side dishes and kids’ meals were
analyzed in the baseline report.* In May 2013, restaurant
websites were revisited and data were recollected.’’” When

n = 95 restaurants

Restaurant chains with > 20 locations in Canada
and publicly available nutrition data in 2010

v

Excluded n =10

« Restaurants that did not provide serving size
data, did not provide Canadian data or were a
cafeteria supplier

n = 4178 foods

2010 baseline analysis n = 85 restaurants

\

Excluded n =24

* Restaurants that did not provide serving size or
sodium data, discontinued providing nutrition
information online or changed the format of their
disclosed information

2013 follow-up analysis n = 61 restaurants

n = 2198 matched foods

A

Excluded n =10
« Restaurants that did not provide serving size or
sodium data or that discontinued providing

nutrition information online
4

2016 follow-up analysis n = 51 restaurants
n = 1087 matched foods

Excluded n = 39
* Restaurants that did not provide
ingredient information online

\

4

n = 12 restaurants n = 222 foods

Figure 1: Identification of foods and restaurants meeting inclusion criteria.
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available, the updated nutrient information collected in 2013
was matched with the product data from 2010. In 2013, we
were able to match data for 2198 foods across the 2 time
points. When previous data had not been collected for a par-
ticular food item, the food was labelled as being a new prod-
uct. In May 2016, this process was repeated. Data collected in
2016 were entered and matched with those for foods in 2010
and 2013 by one author (SAM). Another author (M]JS) dou-
ble-checked data entry and matches. In addition, range and
logic checks were conducted and 10% of the data set was veri-
fied against the original source by a third-party data checker.

After sodium levels (per serving) in 2016 were subtracted
from sodium levels (per serving) in 2010, foods were coded as
having increased, decreased or stayed the same. This coding
was subsequently converted into a binary “decrease versus did
not decrease” variable that distinguished between foods whose
sodium level decreased and those whose sodium level did not
decrease (increased or stayed the same). Among foods whose
sodium level decreased, a numerical “magnitude of decrease”
variable was calculated by subtracting 2010 sodium levels (per
serving) from 2016 levels.

Ingredient information was collected from restaurant web-
sites in 2016. The list of salt substitutes/enhancers in Appen-
dix D of the Institute of Medicine’s Strategies to Reduce Sodium
Intake in the United States was used to identify potential substi-
tutes/enhancers.'? Ingredient lists were searched for all substi-
tutes/enhancers listed in the report (Appendix 1, Supplemen-
tal Table 1, available at www.cmajopen.ca/content/6/1/E118/
suppl/DC1). When a food contained a salt substitute/
enhancer, this information was entered into the MENU-
FLIP database. The presence of each salt substitute/enhancer
in a given food was coded separately as a binary (yes/no) vari-
able. Two additional aggregate variables were also created:
salt substitute/enhancer (a binary yes/no variable to indicate
whether a given food contained any salt substitute/enhancer)
and glutamate-containing enhancers (a binary yes/no variable
to indicate whether a given food contained monosodium glu-
tamate and/or hydrolyzed vegetable protein and/or yeast
extracts). According to the aforementioned Institute of Medi-
cine report, hydrolyzed vegetable protein and yeast extracts
“often contain MSG.”"* A complete list of ingredient names
that were considered to potentially contain MSG can be
found in Appendix 1.'>*% The glutamate-containing enhanc-
ers variable enabled us to assess the prevalence of glutamate-
containing enhancers; we investigated this because glutamate
is the active component in these enhancers that has been
mechanistically linked with symptoms such as headache and
muscle pain.?1#6-48

Inclusion and exclusion criteria

The following foods were excluded from this analysis: foods
that are not a major source of dietary sodium (beverages,
baked goods, desserts and ice cream), appetizers (because por-
tion sizes varied widely from 2 to 10 servings), sauces and con-
diments (because they were not consistently reported), meals
that reported data for entrées in combination with side dishes
(only individual, a la carte menu items were analyzed), foods
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for which serving size or sodium information was unavailable,
size duplications, and foods in categories that had fewer than
10 items. Sit-down restaurants were excluded because those
that met the study criteria did not provide complete ingredi-
ent information and therefore data from these restaurants
could not be analyzed.

Statistical analysis

The proportion of foods that contained any substitute/
enhancer, each substitute/enhancer and glutamate-containing
enhancers was tabulated and stratified across foods whose lev-
els of the substitutes/enhancers decreased versus those whose
levels did not decrease between 2010 and 2016.

X’ tests were used to assess the association between the
presence of a salt substitute/enhancer in a food and whether
that food’s sodium content (mg/serving) decreased over the
study period (the “decrease versus did not decrease” variable).
"This test was repeated for each substitute/enhancer and for
the glutamate-containing enhancers variable.

For the subset of foods whose sodium level decreased, the
non-parametric Wilcoxon signed-rank test was used to com-
pare the median magnitude of decrease in foods that con-
tained a salt substitute/enhancer with that in foods that did
not contain a salt substitute/enhancer. Comparisons of the
magnitude of decrease were computed overall and were strati-
fied by food category.

All statistical analyses were conducted using SAS version

9.3 software (SAS Institute Inc.).

Ethics approval

This study was not required to undergo review by the Health
Sciences Research Ethics Board at the University of Toronto
because the research did not involve human subjects.

Table 1: Sample characteristics

No. of foods
Restaurant No. of outlets represented in the
chain (as of 2016) sample
A&W 820 30
Arby’s 53* 24
Burger King 291 44
Edo Japan 106 18
KFC 638 19
McDonald’s 1417 31
Pizza Pizza 631 3
Pizza 73 102 21
Subway 3100 36
Taco Del Mar 45 20
Taco Time 128 16
Tim Hortons 4000 25
*2016 data were not available for Arby’s; therefore, 2013 data were used for this
restaurant chain.
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Figure 2: Percentage of fast-food items (n = 222) that contained each salt substitute/enhancer and comparison of the proportion of foods that
decreased (n = 140) and did not decrease (n = 82) in sodium per serving. Salt substitutes were identified using Appendix D in Strategies to
Reduce Sodium Intake in the United States published by the Institute of Medicine. *p < 0.001 for 2 test comparing the association between
the presence of a particular salt substitute/enhancer in a food and the likelihood that the sodium level (mg/serving) in that food decreased
between 2010 and 2016.

Tacos/burritos
(n=22)

Stir-fry entrées
(n=12)

Sandwiches/
wraps (n = 39)
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Figure 3: Proportion of fast-food items that contained salt substitutes/enhancers (n = 191), by food category and type of salt substitute/
enhancer. Yeast extracts and hydrolyzed vegetable proteins “often contain MSG” according to the Strategies to Reduce Sodium Intake in the
United States report published by the Institute of Medicine.' The following categories were not included in this figure because their sample size
was less than 10: hot dogs (n = 2), sushi (n = 1) kids’ meals (n = 3), fries (n = 4), poutine (n = 1), salad entrées (n = 5), soup (n = 9) and other
side dishes (n = 6). Note: MSG = monosodium glutamate.
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The analysis included a total 222 foods (measured across 3
time points) from 12 of the leading fast-food restaurants in
Canada (Table 1). The sample encompassed 84% of outlets
from the top 10 restaurant chains (including sit-down chains)
in Canada. Our data set included 11 331 outlets, representing
39% of all chain-restaurant outlets across Canada.

Prevalence of salt substitutes/enhancers

Sixty-nine percent of foods contained a salt substitute/
enhancer. Yeast extracts were the most common salt
substitute/enhancer, being found in 30% of foods (Figure 2),
followed by calcium chloride (in 28% of foods), monosodium
glutamate (in 14% of foods), potassium chloride (in 12% of
foods), hydrolyzed vegetable proteins (in 8% of foods) and
lactates (in 4% of foods).

Salt substitutes/enhancers were found in every restaurant
chain (# = 12) for which ingredient data were available. More
than 50% of chicken dishes, cheeseburgers and sandwiches/
wraps (often chicken and turkey sandwiches) contained

substitutes/enhancers, while 100% of tacos/burritos, stir-fry
entrées and pizza slices contained substitutes/enhancers

(Figure 3).

Association between salt substitutes/enhancers and
magnitude of decrease in sodium levels

Sixty-four percent of the foods that contained a salt substi-
tute/enhancer decreased in sodium level (measured in milli-
grams per serving) between 2010 and 2016. The sodium level
of foods that contained a salt substitute/enhancer decreased
by a significantly higher amount (190 + 42 mg/serving) than
the sodium level of foods that did not contain a salt substi-
tute/enhancer (40 = 17 mg/serving, p < 0.001) (Figure 4).
This trend was seen in all analyzable food categories, and the
difference was significant in hamburgers and cheeseburgers

(p < 0.001).

Glutamate-containing substitutes/enhancers

Salt substitutes/enhancers that contain or often contain free
glutamates (MSG, yeast extracts and hydrolyzed vegetable
proteins) were found in 53% of foods. Seventy percent of
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B Foods that contained a salt substitute/enhancer
= Foods that did not contain a salt substitute/enhancer
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All food categories
(n=140)

Hamburgers

Cheeseburgers
(n=15)

Sandwiches/wraps

(n=11) (n = 30)

Y
Individual food categories

Figure 4: Magnitude of decrease in sodium (mg/serving) among fast-food items whose sodium level decreased (n = 140). Values are compared
for foods in this group that contained a salt substitute/enhancer (n = 99) and foods that did not contain a salt substitute/enhancer (n = 41). Bars
represent median + standard error. *p = 0.01, tp < 0.001, non-parametric Wilcoxon signed-rank tests. “All food categories” includes breakfast
items, cheeseburgers, chicken entrées, hot dogs, hamburgers, kids’ meals, fries, pizza, poutine, salad entrées with meat, sandwiches/wraps,
mashed potatoes, rice, soup and tacos/burritos. Only categories with more than 10 foods are presented individually in this figure. Although the
overall study included 222 foods, only 140 foods are represented in this figure because it depicts the analysis only of foods whose sodium level
decreased.
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foods that had a glutamate-containing enhancer decreased in
sodium between 2010 and 2016. Furthermore, foods that had
glutamate-containing enhancers were significantly more
likely to have decreased in sodium (p = 0.0345) than foods
that did not have glutamate-containing enhancers. Foods
with glutamate-containing enhancers had a significantly
higher magnitude of decrease (190 + 39 mg/serving) than
foods that did not have glutamate-containing enhancers (60 =
51 mg/serving, p < 0.001).

Glutamate-containing enhancers were found in all but one
restaurants that provided ingredient information. Eighty
percent of chicken menu items (including battered/fried
chicken and breaded chicken strips) contained MSG (Figure 3).

Sixty-nine percent of the foods investigated in this study con-
tained salt substitutes/enhancers in this study. Yeast extracts
(which often contain free glutamate)'? were the most common
salt substitutes/enhancers, being found in 30% of foods. MSG
was found in 14% of foods and was particularly prevalent in
fast-food chicken products. The sodium levels in foods that
contained salt substitutes/enhancers decreased significantly
more than those in foods that did not contain salt substitutes/
enhancers.

MSG is considered a safe food additive;** however,
according to the International Classification of Headache
Disorders, MSG (or more specifically, free glutamate) can be
a causative trigger of headaches in healthy populations and
especially in people who get migraine headaches.’® Gluta-
mate is the most ubiquitous excitatory neurotransmitter in
the body,’" and it has been demonstrated to play a critical
role in headache pathophysiology in animal models and
human studies.?’?>4%52-57 Previous studies have detected a
dose-response relationship when MSG is administered at
increasing levels.”>=** One study suggested that the threshold
for reactivity may be 2.5 g?* and anecdotally reported that a
highly seasoned restaurant meal could provide as much as 5 g
of MSG. At this time the MSG content of restaurant foods is
unknown as levels have never been formally investigated or
reported. Therefore, no conclusion can be made regarding
whether the current levels in fast foods have the potential to
elicit symptoms.

MSG may have different effects depending on the context
in which it is consumed. Evidence from animal models sug-
gests that a spike in plasma glutamate is the mechanism by
which glutamate causes symptoms.** Research has shown
that when MSG is consumed on its own (i.e., in a calorie-free
beverage), the plasma concentration of glutamate peaks 30
minutes to 1 hour after ingestion.*>*® However, when MSG is
ingested with carbohydrates, measurable plasma concentra-
tions of glutamate are not achieved.” Similarly, one of the
largest studies of MSG concluded that symptoms are only
present when large doses are ingested without food.”* How-
ever, it should be noted that other studies have detected
symptoms when MSG was administered with tomato juice?
or in the context of a lunch meal.”® In the present study, MSG
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was found in a variety of food categories (ranging from
chicken to sandwiches to soup) with varying levels of accom-
panying carbohydrate. Therefore, whether or not dietary glu-
tamate consumed in the context and amounts currently found
in fast-food meals can elicit symptoms is unknown.

Limitations

The small sample (z = 222) of foods for which ingredient
information was available and the lack of longitudinal data on
the prevalence of salt substitutes/enhancers before 2016 are
limitations of this study. Hence, this study demonstrates an
association between salt substitutes/enhancers and changes in
sodium levels (per serving) but does not prove that salt
substitutes/enhancers have been added to achieve sodium
reductions. Restaurant foods are constantly being introduced
to or removed from menus; therefore, this study only includes
foods that persisted on menus between 2010 and 2016.
Ingredient data were not collected in 2010 or 2013; therefore,
longitudinal comparisons to prove that substitutes were added
at the same time as sodium levels decreased were not possible.
Ingredient data were only available for fast-food chains;
therefore, it is unknown whether the findings in this study
would be applicable to sit-down restaurant chains and
independent restaurants. In addition, our data set only
represents restaurants that provided nutrition and ingredient
information online. Furthermore, the findings of this study
are dependent upon the accuracy of the data provided by the
establishments. The accuracy of restaurants’ self-reported
sodium or ingredient information has never been investigated.
Research on restaurants’ self-reported information on the
calories in their menu items found that the information for
most foods (with some exceptions) was within the margins of
error deemed acceptable in food regulations;* however, with
respect to packaged foods, research in Canada showed that
the sodium levels indicated in Nutrition Facts tables were
consistently underreported.®® Finally, research on MSG is
highly controversial. Susceptibility to MSG-related symptoms
varies from person to person and depends on dosage, amount
and food source. Additional research is needed to determine
the exact dose of MSG and free glutamates in restaurant
foods. Therefore, at this time, conclusions cannot be drawn
regarding whether or not the MSG dosage currently present
in restaurant foods is sufficient to elicit symptoms. Hence, the
potential consequences of these findings, if any, are uncertain.

Conclusion

Salt substitutes/enhancers are prevalent in restaurant foods
and may be a means by which restaurants are responding to
calls to lower sodium. More research is needed to understand
the implications of these findings.
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