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The present study aimed to determine the mineral composition of the French type bread with partial 
replacement of sodium chloride by potassium chloride using the technique of X-ray fluorescence 
energy dispersive. The excitation energy used was 50 keV and detector operation at -176°C. The 
detected variations were from 10.16 to 613.69 mg 100 g-1 for sodium and from 211.58 to 958.96 mg 100 g-
1 for potassium. The concentrations of iron, magnesium, phosphorus and calcium ranged from 10.62 to 
21.45, 16.59 to 30.78, 92.53 to 125.77 and from 16.54 to 100.88 mg 100 g-1, respectively. The use of this 
simple technique proved to be reliable on detecting the variations imposed on the French type bread 
formulation. The results of this study indicate that, at the levels studied, the addition of potassium 
chloride assisted in getting French type bread with lower levels of sodium and proved the technological 
feasibility of producing French type bread with 43% salt reduction (1.0% in the commercial formulation) 
with 0.5% potassium chloride, which provide bread with the amount of sodium proposed to meet the set 
limits (174.09 mg.50 g–1), related to the salt standard formulation of 1.88% (306.5 mg.50 g-1). 
 
Key words: French bread, replacement, sodium chloride, potassium chloride, food analysis, minerals, energy 
dispersive. 

 
 
INTRODUCTION 
 
The reduction of salt (sodium chloride) is a public health 
problem in many countries because it has been identified 
as   the   main   cause   of   various   diseases   such    as 

hypertension, renal diseases, stomach cancer, 
osteoporosis, stroke and obesity (He and Macgregor, 
2010).  Most  of  the  salt  in  human   diets   is   found   in 
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Table 1. Ingredients of the formulations expressed in percentage (in flour basis) for French type bread formulations. 
 

Ingredients (%)* 
Formulations 

FP FP1 F1 F2 F3 F4 F5 
Wheat flour 100 100 100 100 100 100 100 
Water 40 40 40 40 40 40 40 
Ice 12.5 12.5 12.5 12.5 12.5 12.5 12.5 
Biological yeast 3 3 3 3 3 3 3 
Margarine 1.25 1.25 1.25 1.25 1.25 1.25 1.25 
Flour improver  1 1 1 1 1 1 1 
NaCl 1.88 0 0.4 1.6 0.4 1.6 1 
KCl 0 1.88 0.2 0.2 0.8 0.8 0.5 

 

*Values are expressed as % of wheat flour. 
 
 
 
processed foods. The majority of people have no idea 
about the salt content of food, nor the amount of salt they 
are eating. As a result, the intake of high sodium content 
occurs without the knowledge of the consumers (Dótsch 
et al., 2009). 

A recent review of studies evaluating sodium intake in 
many countries has shown that in most populations, the 
mineral consumption is above 2,300 mg day-1, and 
particularly in China and Japan, the average was above 
4,600 mg day-1 (Brown et al., 2009). In Brazil, it was 
observed that the consumption varied between 3,100 and 
4,900 mg day-1 (Sarno, 2010). The current 
recommendation of the World Health Organization for 
daily intake of sodium is 2,000 mg (WHO, 2007). Of all 
foodstuffs, French type bread was identified as a major 
contributor to the total daily intake of salt (Dewettinck et 
al., 2008). 

A way of reducing the sodium is a partial replacement 
by another salt. The most used is potassium chloride 
(KCl), which has similar properties to NaCl, is regarded 
as safe and can be used without loss of technological 
property. However, addition of potassium chloride is 
restricted due to the bitter taste that it gives to the product 
when used in large quantities. In wheat bread, the 
replacement of 55.2% of potassium chloride, 69.0% 
magnesium chloride and 34.8% calcium chloride was 
possible (Charton et al., 2007). 

Several methods can be used to determine the amount 
of sodium chloride on bread, based on the determination 
of sodium or chloride. In published studies on this 
subject, the official analytical methods more applied are 
atomic absorption spectrometry, sodium direct 
potentiometry and classical titration for chloride. 
Generally, these techniques require prior partial or total 
destruction of organic matter in the sample and require a 
long time for its analysis, as well as providing loss of 
volatile elements, which has led to the search for faster 
alternatives (Castanheira et al., 2009; Julshamn et al., 
2005; Yperman et al., 1993). 

The fluorescence spectrometry X-ray by energy 
dispersive (EDXRF)  is  a  nondestructive  technique  that 

can be applied directly to solid samples without requiring 
complex preparations. Although, it has the disadvantage 
of not achieving detection limits comparable to the 
techniques of atomic spectrometry, it has great 
advantages such as simplicity, safety, low cost, minimal 
use of glassware, generates little or no waste and 
eliminates the step of decomposition of the sample. 
Another advantage of EDXRF over other spectroscopic 
techniques is the absence of chemical interference, since 
it involves the participation of electron inner layer and it is 
therefore insensitive to the chemical form that the 
element lies (Oliveira et al., 2006). 

This paper proposed a method for the determination of 
minerals in samples of French type bread with partial 
replacement of sodium chloride with potassium chloride, 
employing fluorescence spectrometry x-ray by energy 
dispersive. 
 
 
MATERIALS AND METHODS 
 
The raw materials used in the production of breads were: wheat 
Gold Medal (M. Dias Branco) flour; flour improver (Zeas; contained 
corn starch, stearoyl lactylate, ascorbic acid and amylase); 
margarine (Primor); fresh yeast (Fleishman); sodium chloride 
(Cisne) and potassium chloride (Plury). 
 
 
Production of breads 
 
Breads were produced by employing a standard formulation with 
1.88% sodium chloride (PF) and a formulation with 1.88% 
potassium chloride (FP1). Replacement levels of sodium chloride 
with potassium chloride in other formulations (F1, F2, F3, F4 and 
F5) were based on the positive results of previous studies on 
French bread type (Charlton et al., 2007; Ignacio et al., 2013). The 
formulations of the breads are presented in Table 1. 

The production of breads was carried out by the straight dough 
process with batches of 4.0 kg of wheat flour. The ingredients were 
mixed in supreme spiral dough mixer (Model SR 15, São Paulo, 
Brazil). This step was performed in two phases: slow speed (90 
rpm) for 5 min, and fast speed (180 rpm) for 5 minu fixed for all 
breads. Water was used at a temperature of about 10°C to obtain 
the final dough temperature of about 28°C. After mixing, the dough 
was divided into pieces of 1.8 kg and divided  into  portions of  60 g, 
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Table 2. Mineral content of French bread with partial substitution of sodium chloride with potassium chloride. 
 

Formulations 
Levels of minerals (mg 100 g-1)** 

Sodium Potassium Chloride Iron Phosphorus Magnesium Calcium 
 F1 110.78e±1.57 211.58f±0.58 172.22f±0.87 214.5a±1.42 125.77a±1.69 24.38b±0.73 100.98a±1.19 
F2 490.91b±0.69 322.97d±1.44 590.87d±1.41 16.39bc±0.35 92.53c±0.83 16.59e±0.25 48.55cd±0.63 
F3 144.38d±1.83 474.56b±0.36 412.09e±1.80 13.25cd±0.92 94.65c±1.01 22.41c±0.69 18.88e±0.10 
F4 490.86b±1.10 481.65b±0.52 901.64a±1.76 18.39ab±0.60 96.78bc±0.21 30.72a±0.12 65.97b±0.67 
F5 348.18c±0.98 367.11c±0.94 590.72d±1.35 10.62d±0.49 79.50d±1.59 18.40d±0.49 46.54d±0.39 
FP 613.69a±0.85 247.77e±0.18 728.76c±1.10 14.40c±0.50 102.54b±0.45 30.78a±0.53 66.01b±0.09 
FP1 10.16f±0.28 958.96a±1.01 747.46b±1.40 16.61bc±0.15 102.22b±0.29 29.70a±0.56 50.97c±0.56 

 

**Values expressed as mean of three replicates ± standard deviation. Averages followed by the same letter in the same column do not differ 
statistically (P> 0.05) by Tukey's test. 

 
 
 
left to rest for 20 min and molded in the shape of French type bread 
in shaping model HM2 0.5 Hp (Hypo, Ferraz de Vasconcelos, SP, 
Brazil), arranged on drilled trays and allowed to proof in the 
fermentation chamber with temperature around 32°C and relative 
humidity of 80% for a period of 8 h. After fermentation, the surface 
was cut and the baking process was performed in an electric oven 
with steam injection for 15 min at 220°C. The cooling of the loaves 
was performed in wire mesh at room temperature. 
 
 
Determination of the content of mineral 
 
The minerals were quantified by Energy Dispersive X-Ray 
Fluorescence (EDXRF) model EDX-720 (Shimadzu - Japan) from 
ashes of the breads. The total ash was measured according to 
AOAC Official Method 923.03 (AOAC, 1997). The samples were 
placed in a cuvette covered with a polypropylene film of 5 μm in 
thickness. The X-ray tube used was rhodium and the working 
atmosphere was nitrogen. The excitation energy used was 50 keV 
and detector operated at -176°C. Analyses were performed in 
triplicate. 
 
 
Determination of specific volume 
 
The specific volume of the breads was determined by method 10-
05.01 of the AACC (2000) on the same day in which they were 
processed. These determinations were performed in decaplicata (n 
= 10). 
 
 
Analysis of results 
 
Data were statistically analyzed by analysis of variance (ANOVA) 
and Tukey's test was applied to check the significant differences 
between the averages with a significance level of 0.05, using the 
statistical package Statistica version 5.0 (Statsoft, 2004). 
 
 
RESULTS AND DISCUSSION 
 
In Table 2, there are concentrations of sodium, potassium, 
chloride, phosphorus, magnesium, iron and calcium in 
bread of different formulations. The variation was from 
10.16 to 613.69 mg 100g-1 for sodium and from 211.58 to 
958.96 mg 100g-1 for potassium. The sodium content 
decreased with the percentage of substitution  of  sodium 

chloride by potassium chloride. F5 formulation (1.0% 
NaCl and 0.5% KCl) provided a 43% reduction in sodium 
from the standard formulation (FP) with 1.88%, which 
would mean that a 50 g bread would pass from 306.84 
mg to 174.90 mg sodium. 

Similar results were found by Ignatius et al. (2013). By 
replacing sodium chloride with potassium chloride in 30 
and 50% on French bread, they found values ranging 
from 8.87 to 613.87 mg 100g-1 for sodium and from 
156.20 to 548.72 mg 100g-1 for potassium. 

According to the Best Practice Guidelines for Nutritional 
Bread French by ANVISA (Brazil, 2013), it was agreed 
that the addition of salt to the product be gradually 
reduced from 2 to 1.8% by the end of 2014, representing 
a reduction 10% of the amount of sodium in the product. 
Thus, a unit of French bread (50 g) currently that had an 
average 320 mg sodium, will have 288 mg in 2014. 

The presence of sodium and potassium in the 
formulations FP1 and FP can be explained in part by the 
composition of minerals from wheat flour, which has 
sodium content close to 1 mg 100g-1 and near 151 mg 
100 g-1 potassium (TACO, 2011). 

A Canadian study of Na and K content of 154 foods 
consumed widely representative in this country, found 
values of sodium and potassium to bread: 601.2 and 
121.4 mg 100 g-1 respectively. These authors 
recommended decreasing sodium intake and increase 
potassium intake (Tanase et al., 2011). 

The amount of chlorine ranged from 172.22 to 901.64 
mg 100g-1, a very high rate. This can be justified by the 
amount of chlorides (sodium chloride + potassium 
chloride) present in the sample in lesser and greater 
amounts. 

The concentrations of iron, phosphorus, magnesium 
and calcium ranged from 10.62 to 21.45; 79.50 to 125.77; 
16.59 to 30.78 and 18.88 to 100.88 mg 100g-1, 
respectively. The presence of these minerals is justified 
by the use of wheat flour, which is the main raw material 
in the manufacture of bread and these elements are 
present in the same concentrations of 1.0 mg 100 g-1 for 
iron, 115 mg  100 g-1  for  phosphorus,  31 mg 100 g-1  for 
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Figure 1. Mineral content of French type bread with partial substitution of sodium chloride by potassium 
chloride. 

 
 
 
magnesium and 18 mg 100 g-1 for calcium (TACO, 2011). 

In a study conducted in France, were analyzed the 
contents Na, K, Mg and Ca by atomic emission 
spectrometry (AAS) in 1319 foods commonly consumed 
by the population. For the 14 bread samples analyzed, 
these authors found values of Na varying from 669.6 to 
1001.00 mg 100 g-1 with an average of 669.6 mg 100 g-1. 
Mg values ranging from 27.7 to 70.3 mg 100 g-1 were 
found to have an average of 40.6 mg 100 g-1. For Ca, 
they found a variation from 18.4 to 130.0 mg 100 g-1 with 
an average of 47.7 mg 100 g-1. K values have a range of 
154.0 to 362.0 mg 100 g-1 with an average of 238.9 mg. 
The bread is included in the cereals group, which is 
responsible for the eighth position for the Ca intake, 
fourth to Mg intake, third for the intake of Na and has the 
first position of K intake (Chekri et al., 2012).  

Due to the high rates of anemia and diseases caused 
by deficiency of folic acid in the Brazilian population, the 
Ministry of Health and ANVISA become compulsory in 
the fortification of flour and corn. With the publication of 
Resolution - RDC no. 344, of December 13, 2002, each 
100 g of wheat and maize flour should contain 4.2 mg of 
iron and 150 mg folic acid. Thus, flours and products 
such as breads, pasta, cookies, cake mixes and snacks 
should contain higher amounts of iron and folic acid in the 
final formulation (Brazil, 2002). 

A potentiometric study compared two methods with a 
reference method (atomic absorption spectrometry) to 
determine the level of salt (sodium chloride) into bread in 
various cities in the north of Portugal. Significant 
differences  between  the  results   of   the   two   analysis 

methods were proposed as the content of sodium 
chloride exceeded the legal limit methods when using 
potentiometric methods, but when using atomic 
absorption spectrometry method, they were not 
observed. The difference between the results of methods 
emphasizes that care must be taken when analyzing 
samples for lawful purposes. Therefore, it is advisable 
that the authorities provide additional information about 
the review process that must be followed (Plácido et al., 
2012). 

The replacement of sodium chloride by potassium 
chloride did not significantly alter their specific volumes. 
The average specific volume of samples FP, FP1, F1, F2, 
F3, F4 and F5 were 7.00, 5.82, 7.38, 6.07, 6.98, 6.50 and 
6.95 cm³ g-1, respectively. Yi and Kerr (2009), consideed 
a satisfactory specific volume which are situated in the 
range of 5.0 and 8.0 cm³ g-1.  

It can be seen in Figure 1 that the minerals that are in 
larger quantities are potassium, chloride, sodium, 
phosphorus and calcium. The iron and magnesium are 
present in smaller quantities. 

Figure 2 shows the spectra of X-ray fluorescence of the 
samples with the characteristic emission lines for each 
mineral. Each peak corresponds to the characteristic 
energy of each mineral present in the sample. 
 
 
Conclusion 
 
In the present work, French type bread formulation was 
successfully altered to lower sodium chloride content.   
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Figure 2. Fluorescence spectra of X-ray by energy dispersive samples of French bread. (a) F1; (b) F2; (c) F3; (d) F4; (e) F5; (f) FP1; (g) FP. 

 
 
 
The variation of sodium in French bread type was 
10.16 to 613.69 mg 100 g-1 and 211.58 to 958.96 
mg 100 g-1 for potassium. Sodium content 
decreased with the increasing replacement 
percentage of potassium chloride. The amount of 
chloride ranged from 172.22 to 901.64 mg 100g-1. 
Concentrations of iron, magnesium, phosphorus 
and calcium ranged from 10.62 to 21.45; 16.59 to 
30.78; 92.53 to 125.77 and from 16.54 to 100.88 
mg 100 g-1, respectively. The presence of these 
minerals is justified by the use of wheat flour, 
which is the main raw material in the manu-
facturing of bread. The use of EDXRF, which is a 
simpler method, proved to be reliable on detecting 
the variations imposed on the French bread 
formulation and an alternative to determining the 
mineral content in the food. 
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