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Abstract
Objectives: To explore salt content in bread and to evaluate the feasibility of
reducing salt contained in ‘pan francés’ bread.
Design: The study had two phases. Phase 1, an exploratory phase, involved the
estimation of salt contained in bread as well as a triangle taste test to establish the
amount of salt to be reduced in ‘pan francés’ bread without detection by
consumers. In Phase 2, a quasi-experimental, pre–post intervention study assessed
the effects of the introduction of low-salt bread on bakery sales.
Setting: A municipal bakery in Miraflores, Lima, Peru.
Subjects: Sixty-five clients of the bakery in Phase 1 of the study; sales to usual
costumers in Phase 2.
Results: On average, there was 1·25 g of salt per 100 g of bread. Sixty-five
consumers were enrolled in the triangle taste test: fifty-four (83·1 %) females, mean
age 58·9 (SD 13·7) years. Based on taste, bread samples prepared with salt
reductions of 10 % (P= 0·82) and 20 % (P= 0·37) were not discernible from regular
bread. The introduction of bread with 20 % of salt reduction, which contained 1 g
of salt per 100 g of bread, did not change sales of ‘pan francés’ (P= 0·70) or other
types of bread (P= 0·36). Results were consistent when using different statistical
techniques.
Conclusions: The introduction of bread with a 20 % reduction in salt is feasible
without affecting taste or bakery sales. Results suggest that these interventions are
easily implementable, with the potential to contribute to larger sodium reduction
strategies impacting the population’s cardiovascular health.
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There is evidence that high salt intake has harmful
effects on health, including raising blood pressure(1) and
increasing the incidence of cardiovascular and kidney
disease(2,3) and stomach cancer(4). As a result, the WHO
recommends a salt intake for healthy adults of less than
5 g/d, equivalent to 2 g Na/d(5). However, many popula-
tions consume twice the recommended intake(6).

The overall salt content in Western foods could in some
cases be excessive, especially processed foods(7). Bread is
one of the principal sources of salt worldwide(8) and its
salt content can vary from 0·4 to 1·6 g per 100 g of
bread(8–10). As a consequence, some countries have
established targets for the maximum salt content in bread.
For example, in New Zealand(9), there was a 7 % reduction
in the salt content in bread products over four years. In
Ireland, through a salt reduction programme, the bakery

industry established 0·45 g of salt per 100 g of bread as the
average value in white and brown bread(11). In 2007, as
part of the Second National Nutrition and Health Program,
one-third of bakeries in France reported reducing
the amount of salt added to bread(12). Similarly, in 2005,
the Spanish Confederation of Bakeries agreed to decrease
salt content in bread from 22 to 18 g per 100 g, reducing,
on average, by 1 g/kg of flour per year(12). Thus, evidence
from various countries shows there is a potential for
salt reduction programmes to effect changes in the salt
content of bread as a cost-effective strategy to improve
public health.

In Peru, between 12 and 16 % of the population aged
15 years and older has hypertension(13,14), but no active
public policies focus on reducing salt intake. On average,
it has been reported that each adult in Peru consumes 2 kg
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of bread per month(15), and the amount of salt added
during preparation is variable, ranging from 16 to 25 g/kg
of flour(7). There are several types of bread in Peru;
the most common and one of the main products sold by
Lima city bakeries is known as ‘pan francés’ bread(16),
made of flour, baking powder, salt, sugar, yeast and water.
Therefore, the aim of the present study was to explore
salt composition patterns in bread as well as to evaluate
the feasibility of reducing the salt content in one type
of bread, the ‘pan francés’ bread, at a municipal bakery in
Lima, Peru.

Methods

Objectives
The present study had two main objectives, investigated in
sequential order: (i) to explore the practices around salt
usage during bread preparation as a proxy for determining
salt contained in bread, as well as to determine a prag-
matic and feasible amount of salt reduction in bread by
using a sensory discrimination test (triangle taste test); and
(ii) to evaluate a 6-month intervention focused on salt
reduction in the preparation of bread and its impact on
bakery sales using a quasi-experimental (pre–post inter-
vention) study design. We hypothesized that the intro-
duction of low-salt bread would not affect bread sales in
the bakery during the period of study.

Setting
The study was carried out in Miraflores, a district in the south
of Lima, Peru. According to the 2007 Peruvian census, the
district has 85 000 inhabitants, consisting mostly of wealthy
people, high rates of literacy (96·1%) and high access to
health care (80·0%)(17). Through different municipal pro-
grammes, the district is implementing several strategies to
promote healthy lifestyles, especially based on physical
activity and adequate nutrition(18). As a result, the municipal
bakery in the district of Miraflores was selected by con-
venience to implement the present intervention. Usually, this
bakery has a daily production of 5000 bakery products
including bread as well as desserts and pastries, among others.

Study phases
The study had two phases performed in sequential order:
the first was exploratory, lasting 2 months; the second was
the intervention, performed over 6 months following the
first phase.

Phase 1: exploratory phase
This phase was focused on estimating the salt contained in
bread (target identification), as well as a triangle taste test.

Target identification and estimate of salt content
We determined the amount of salt used to prepare
‘pan francés’ bread as a way to estimate salt content in

bread. For this, we decided to interview bakery staff
regarding procedures of ‘pan francés’ preparation. The
interview was performed by a trained nutritionist and
included questions regarding number and specific activity
of personnel, types of bread commercialized, bread
characteristics including weight and ingredients used in
cooking, recipe standardization, sales reporting, etc. Later,
the same nutritionist verified directly the bread-making
procedures; especially those related to recipes, weight of
ingredients and bread-preparation techniques by obser-
ving cooking activities. Although the salt content in bread
was not directly determined, standardized procedures
regarding the weight of ingredients used during bread
preparation were confirmed.

Triangle taste test
After estimating the salt content, a triangle taste test
was conducted to determine the proportion of salt
that could be reduced in ‘pan francés’ bread without
detection by potential consumers. Two different bread
preparations were used: one reduced salt by 10 % per
kilogram of flour and the second reduced salt by 20 %
per kilogram of flour. The amount of other ingredients
used in ‘pan francés’ bread preparation was not changed
in this process (Fig. 1).

Inclusion criteria for this part of the study included
participants aged ≥18 years and regular bread consumers
who reported buying bread at least three times each week.
Individuals were invited to perform the test. Informed
consent for participation was obtained before starting
activities. After consent, participants responded to a short
questionnaire about sociodemographic data (age and
gender) as well as information regarding consumption of
‘pan francés’ bread: average amount (number of units) of
bread bought in a day and number of ‘pan francés’ eaten
by the participant in a day. After that, participants were
offered two different sets of bread coded with a random
number. Each set had two identical samples and one odd
sample, and were presented simultaneously in a pre-
determined random order. Procedures were explained to
the participants by previously trained research staff and
participants were asked to identify the odd sample, i.e. the
10 % or 20 % low-salt ‘pan francés’ bread. Each participant
was exposed to two sets: one compared the common
bread with the 10 % low-salt ‘pan francés’ bread and the
other compared the common bread with the 20 % low-salt
‘pan francés’ bread. The samples were randomly pre-
sented to avoid positional bias since the middle sample is
usually chosen as odd. If the participant was unable to
determine which sample was different, s/he was reques-
ted to guess. In addition, participants were asked to drink
a glass of water between samples tasting to avoid sensory
fatigue(19). To ensure consistency in food preparation, all
‘pan francés’ bread samples were prepared following the
same protocol: the usual bakery recipe was changed only
in the content of salt (Fig. 1). After completing the test,
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participants were required to identify the sample they
believed to be the odd one, to indicate the degree of
difference between samples (slight, moderate or high), the
taste (salty), the acceptability of the taste of the samples
and the option of buy this bread if available. The sensory
discrimination test was planned to include sixty-five par-
ticipants in total. This sample size provided 80 % power at
a 5 % level of significance to have a 50 % probability of the
participant correctly selecting the odd sample instead of a
33 % probability (by chance) in a triangle taste test(20).

Phase 2: intervention study

Design
A quasi-experimental study, a non-randomized pre–post
intervention, was performed to assess the impact of the
implementation of low-salt ‘pan francés’ bread on sales.
Information gathered in Phase 1 of the study regarding salt
contained in bread as well as triangle taste test results were
used to design the intervention. We decided to change
only the salt content in ‘pan francés’ bread, as bakery
personnel were concerned about the potential risk of
reducing sales.

Intervention and procedures
One of the low-salt ‘pan francés’ breads assessed in the
previous phase was selected to be introduced and sold in
the bakery. To ensure appropriate blindness, consumers
were not informed of the change in bread composition to
reduce the potential impact of cognitive bias(21). All the
different types of bread normally offered were available
during the intervention. At the end of every day, bread
sales were recorded as part of the usual bakery routine.
The implementation was planned to last 6 months, from
April to September 2014.

Outcome
The main outcome was ‘pan francés’ bread sales, recorded
daily according to a copy of sales vouchers and reported
monthly in the bakery’s accounting books. Information of
these books was used for analysis. Secondary outcomes
included the sales of other types of bread available in the
bakery (desserts, cookies, pastries or similar products
were not considered) collected in the same way as the
main outcome. Data from previous bread sales, including
‘pan francés’ and other types of bread, were taken from
available records of the bakery for up to 5 years before the
implementation.

Sample size
Based on bakery records and usual bread sales (more
than 20 000 units of ‘pan francés’ bread sold each month),
and assuming 5 % level of significance, we had a power
over 90 % to detect a change in the regression coefficient
of the intervention as small as 2 % in the variation of
bread sales.

Statistical analysis
After data entry was completed, the information was
transferred to the statistical software package STATA 13 for
Windows for analysis.

Phase 1: triangle taste test
To determine if the total number of correct responses for
the total number of participants was statistically significant,
we used the critical number of correct responses in a tri-
angle taste test. Thus, we computed a χ2 test based on the
following formula:

x2 ¼ 4a�2fj j�3ð Þ2
n

;

where a is the proportion of participants who answered
correctly, f is the proportion of participants who did not
answer correctly and n is the number of participants(22,23).

Phase 2: intervention study
Bread sales trends were assessed by graphical analysis.
In addition, first-order differences in sales were calculated
as the change of sales from one month to the next, and
then plotted for visual verification of the variation in bread
sales over time. Based on the pre–post intervention design
of the study, sales of ‘pan francés’ bread were compared
using the Student t test using data from the 6 months prior
to and after the intervention implementation. The same
technique was used to compare the sales of the other
types of bread also available in the municipal bakery,
which were secondary outcomes.

In addition, linear regression analysis with robust standard
errors was used to evaluate whether the introduction of salt-
reduced bread had an impact on bakery sales, considering the
time (in months) in the model as a way to estimate the
potential change in the trend of bread sales independently of
the effect of the intervention, i.e. whether the sales increased
or reduced over time without influence of the intervention.
Different linear regression models using bread sales as well as
first-order sales differences were assessed using information
from records from the last 5 years as well as using just the last
year alone. Similarly, linear regression was used to evaluate the
impact of the intervention on the sales of other types of bread.

Ethical approval
This project was reviewed and approved by the Institu-
tional Ethical Committee at Universidad Peruana Cayetano
Heredia, Lima, Peru.

Results

Phase 1: exploratory phase

Salt content of bread
After verifying the method of bread preparation (see Fig. 1),
20 g of salt was combined with 1 kg of flour to prepare 40
units of ‘pan francés’ bread. Every unit of ‘pan francés’ bread
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has 40 g of flour containing on average 0·5 g of salt (1·25 g of
salt per 100 g of bread). As a result, a reduction of 10% in
salt content involved reducing the salt from 20 to 18 g/kg of
flour, or an average of 0·45 g per unit of bread. A reduction
of 20% in salt content involved a change from 20 to 16 g of
salt/kg of flour, or 0·40 g per unit of bread.

Triangle taste test
A total of seventy bakery clients were contacted, but five
(7·1 %) did not meet the inclusion criteria, therefore only
sixty-five were enrolled in the sensory discrimination test
and analysed; mean age 58·9 (SD 13·7) years and fifty-four
(83·1 %) were females. On average, bakery clients repor-
ted eating 3·6 (SD 1·8; range 1–10) units of ‘pan francés’
bread per day. Moreover, 23·1 % of the clients reported
consuming five or more units of ‘pan francés’ per day.

Based on taste, ‘pan francés’ bread containing 0·45 g of
salt per unit (P= 0·82) or 0·40 g of salt per unit (P= 0·37)

were not distinguishable from the usual bread containing
0·50 g of salt per unit. In addition, there were no differ-
ences between those who appropriately recognized the
odd samples in the reported difference (P= 0·57 for the
case of 10 % low-salt bread and P= 0·13 for the 20 %
low-salt bread), salty taste (P= 0·56 for the 10 % low-salt
bread and P= 0·80 for the 20 % low-salt bread) or reported
acceptability (P= 0·36 for the 10 % low-salt bread and
P= 0·99 for the 20 % low-salt bread). Moreover, after the
test, over 60 % of clients reported they would buy the
low-salt bread if it were available.

Phase 2: intervention study
Based on the results of the sensory discriminatory test, the
‘pan francés’ bread containing 0·40 g of salt per unit (i.e.
16 g of salt/kg of flour, a reduction of 20 % in the salt
content) was introduced because was not discernible from
the regular ‘pan francés’ bread. The variation in bread

Baking powder
Weight: 10 g

Salt
Weight: 20 g

Sugar
Weight: 15 g

Mixing

Adding water

Knead and mould

Flour
Weight: 1 kg

Yeast
Weight: 10 g

Let stand for 30 min

Fermentation
30°C for 90 min

Baking
180°C for 15 min

Fig. 1 Preparation protocol for ‘pan francés’ bread
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Fig. 2 Variation over time of (a) total sales and (b) first-order differences in sales for ‘pan francés’ bread (——) and other types of
bread (– – – – –) before and after the implementation* of 20% low-salt ‘pan francés’ bread (0·40 g of salt per unit; i.e. 16 g of salt/kg
of flour) at a municipal bakery in Miraflores, Lima, Peru. *The implementation was performed from April to September 2014
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sales and first-order differences in sales are shown in
Fig. 2(a) and 2(b), respectively.

When comparing monthly bread sales, ‘pan francés’
sales were greater after the intervention than before the
intervention (20 888 (SD 1609·7) v. 18 107 (SD 2542·1) units/
month, respectively, P< 0·05). Sales of other types of
bread were similarly greater after the intervention than
before the intervention (28 615 (SD 6299·7) v. 19 294
(SD 4994·3) units/month, respectively, P= 0·02).

When analysed using linear regression techniques, the
intervention did not change ‘pan francés’ sales (β= –669·4;
P= 0·70) when data of the previous 5 years were analysed.
Similarly, results were not significant (β= 3709·3; P= 0·12)
when only data from the last year were used. In addition,
the intervention did not change sales of the other types
of bread when using 5-year data (β= 2765·5; P= 0·36),
neither using last-year information (β= 5210·4; P= 0·47).
Details of results are shown in Table 1.

Discussion

Our results suggest that the introduction of bread with a
reduced salt content is feasible without affecting taste or
bakery sales: the sensory discriminatory test demonstrated
that a reduction of 20 % in the salt content of ‘pan francés’
bread was not discernible from the usual bread, and
different statistical techniques showed that bakery sales
were not affected by the introduction of this salt-reduced
product. Taken together, this approach suggests a prag-
matic route for implementation of similar strategies in
other bakeries, both locally and internationally, thus con-
tributing to wider prevention efforts.

Salt reduction in bread without affecting taste
The results of the first phase of the study showed that a
sample of consumers of the municipal bakery were not

able to discriminate bread with a 10 % or 20 % reduction in
salt content from commonly consumed ‘pan francés’
bread. As taste can be one of the main barriers to the
implementation of interventions reducing the salt content
in food preparations(9,24), our results demonstrate that
low-salt bread samples were well accepted; furthermore,
after the test, more than two-thirds of participants reported
that they would buy the low-salt bread if available.

In addition, the present study found that, on average,
3·6 pieces of bread per day were consumed by each
participant, equivalent to a daily consumption of 1·8 g
of salt coming only from bread, assuming that each
piece contains 0·5 g as reported. As a result, bread intake
alone represents approximately 36 % of the WHO
recommended daily salt consumption(5). In addition,
approximately 25 % of the sixty-five bakery clients enrol-
led in this phase of the study reported eating five or more
pieces of ‘pan francés’ bread per day, equivalent to 2·5 g
or more of salt per day.

Feasibility of the salt-reduced bread intervention
The introduction of 20 % salt-reduced bread did not
change bakery sales when considering ‘pan francés’ or
other types of bread in the analysis. Moreover, our results
were consistent when different statistical techniques were
used to verify the potential impact of this pragmatic
intervention on bakery sales. Thus, we believe it is feasible
to reduce the amount of salt in bread in Peru and have, in
the long term, a potential benefit on population health
without increasing costs.

Salt reduction might have a detrimental effect on the pro-
duction process of bread, as initially suggested by bakery
staff. These effects could include an impact on dough
handling and final bread quality characteristics, including
shelf-life, bread volume and sensory characteristics(25), any of
which could have an impact on sales. In some cases, a partial
substitution of sodium with potassium has been performed,

Table 1 Results of Phase 2: intervention study; linear regression models assessing the impact on sales of implementation of the 20%
low-salt ‘pan francés’ bread (0·40 g of salt per unit; i.e. 16 g of salt/kg of flour) at a municipal bakery in Miraflores, Lima, Peru

Sales First-order sales differences

Coefficient* 95% CI P value Coefficient* 95% CI P value

Using 5-year data
‘Pan francés’ bread
Time (in months)† −99·8 −174·1, −25·6 0·009 −13·1 −80·2, 54·0 0·70
Intervention −669·4 −4096·6, 2757·8 0·70 858·1 −2506·5, 4222·7 0·61

Other types of bread
Time (in months)† 251·8 169·1, 334·5 <0·001 0·8 −76·4, 77·9 0·98
Intervention 2765·5 −3240·1, 8771·1 0·36 2767·6 −1187·5, 6722·8 0·17

Using last-year data
‘Pan francés’ bread
Time (in months)† −154·8 −998·9, 689·4 0·69 99·9 −647·4, 847·1 0·77
Intervention 3709·3 −1157·5, 8576·1 0·12 657·9 −4577·5, 5893·2 0·78

Other types of bread
Time (in months)† 685·2 −2054·3, 3424·8 0·59 531·7 −617·3, 1680·7 0·32
Intervention 5210·4 −10 346·9, 20 767·6 0·47 1126·3 −6487·4, 8740·0 0·75

*Robust standard errors were used to estimate coefficients and 95% confidence intervals.
†Time was included in the model to estimate the potential change of bread sales independently of the effect of the intervention.
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especially in white bread(26), but additional costs due to the
potassium or other electrolytes needs to be considered in this
process. In other cases, bread has been flavour-compensated
with other substances such as yeast(27). Despite this concern,
many countries have started the introduction of salt reduction
strategies in different foods and salt reduction in bread has
been one of the common starting points in this process(9,12,28).
For example, the UK set a voluntary salt reduction target for
bread of 1 g of salt per 100 g of bread, whereas New Zealand
established 1·12 g of salt per 100 g of bread.

By reducing the salt content of bread by 20 %, we have
eliminated 4 g of salt/kg of flour, equivalent to 0·10 g per
piece of bread. Given that clients reported eating 3·6
pieces of bread per day, this would lead to a reduction in
salt intake of 0·36 g of salt per consumer per day. Recent
modelling studies have concluded that sodium intake
exceeds the recommended levels in almost all countries
and, therefore, all populations would benefit from sodium
reduction(6,29). In addition, as literature describes, the
potential benefits are related not only to reducing blood
pressure levels but also to a long-term reduction in car-
diovascular events(2). However, the amount of salt
reduction that is feasible without affecting taste is not
conclusive. For example, a previous study found that a
one-quarter reduction in the sodium content of white
bread can be delivered over a short time period without
detection by consumers(30). In this particular case, the salt
reduction was performed weekly during six consecutive
weeks. In another study, a 52 % salt reduction in bread did
not lead to lower consumption of bread compared with
regular bread(31). Moreover, when bread was flavour-
compensated, a 67 % reduction in salt did not lead to
lower consumption. To the best of our knowledge, there is
no significant evidence regarding the amount of salt that it
is feasible to reduce without affecting taste. Accordingly,
we believe it is necessary to better understand population
characteristics before implementation of this kind of
strategy, as some data suggest that salt preferences can be
a learned process(24). Therefore, it is possible that among
participants with more frequent exposure to salt, the
detection threshold may be gradually decreased over time.
This provides a major opportunity to transit, gradually,
towards lower salt practices that contribute to accrue
longer-term health-related benefits. In this regard, there is
substantial room for further improvements in health by
reducing greater salt content in bread as well as other
processed foods, but this process needs to be supported
by enhanced surveillance and legislated approaches(6).

Previous studies and experiences have demonstrated
that the introduction of low-salt bread is technically fea-
sible by making appropriate changes to the bread-
preparation process(10,30). Overall, the resulting product
maintains the same bread characteristics and qualities,
except for taste(25,32). Our results suggest that it is possible
to introduce a bread product with 20 % salt reduction
without compromising taste and sales.

Strengths and limitations
Strengths of the present study include its pragmatic nature
as well as the use of several years of routine data. In
addition, different statistical models were evaluated to
show consistency of our results. However, the study has
also some limitations. First, the quasi-experimental design
might have been influenced by several confounders
not assessed in the study. Nevertheless, we used an
interrupted time-series design, where a string of con-
secutive observations equally spaced in time is interrupted
by the imposition of an intervention(33). Thus, with mul-
tiple measurements both pre- and post-intervention, we
can easily address and control for confounding and
regression to the mean, two of the most common pro-
blems in these types of studies. Second, results may not be
generally applicable given that the study only used one
bakery, selected by convenience. Moreover, the popula-
tion of the selected district has information about healthy
lifestyle choices through municipal programmes and
therefore may be more conscious about the importance of
salt reduction. However, based on previous reports, we
believe that interventions such as the one described in the
present study can be easily implemented in any setting and
because the intervention was blinded to bakery clients, the
potential impact of the other programmes implemented by
the Municipality of Miraflores on our results is considered
low. In addition, during the intervention, there was no health
programme related to hypertension or excessive salt intake.
Finally, it was not possible to corroborate if there was a
change in the number of bakery consumers during the
period following the intervention: for instance, some of the
usual clients may have been replaced by other consumers.
However, we maintained the consumers blinded to the
intervention implementation and, thus, we reduced the
possibility of impact on consumers’ replacement.

Conclusions

A 20% salt reduction in bread can be a feasible intervention
as bakery clients were not able to discern changes in taste in
the bread. In addition, the implementation of this strategy did
not reduce bread sales in a local bakery in Lima, Peru. This
suggests that such an intervention can be implemented
efficiently without sacrificing sales or financial revenues, a
major consideration among bread producers.
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