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Abstract: This study was carried out to determine the current levels of nitrates in 
baby foods marketed in Lisbon, Portugal to estimate the toxicological risk associated 
with their intake. The nitrate content was determined in bottled baby foods of 
four varieties: vegetable-based foods, meat-based foods, fish-based foods, and 
fruit-based foods. A total of 39 samples were analyzed over the period 2010–2011. 
Average and median levels of nitrate in baby foods were lower than the maximum 
limits established by European Union legislation (200 mg kg−1). Median nitrate 
values in baby foods were 61, 30, 39, and 15 mg kg−1 w/w for vegetable-based baby 
foods, meat-based baby foods, fish-based baby foods, and fruit-based baby foods, 
respectively. The estimated nitrate daily intake through bottled baby foods for 
infants indicate that individually, these foods are not able to induce nitrate toxicity 
in the children population.
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1. Introduction
In the discussion of population health, the issue of infant feeding is extremely important. Due to the 
sensitivities of the physiology of babies and infants, it is extremely important to control the type of 
substances ingested by them. Initially, it is important to control the feeding of pregnant and 
breastfeeding women, and then this concern is reflected in the control of infant feeding.

Infants are especially vulnerable to the acute, sub-acute, and chronic effects of ingestion of xeno-
biotics, as the nervous, reproductive, digestive, respiratory, and immune systems of infants are in 
developing stage. Moreover, dietary exposure of infants to xenobiotics tends to be higher when the 
exposure is calculated as mg kg−1 body weight than that of other population groups, and the assess-
ment of acute and chronic dietary exposure to contaminants in baby foods is needed to ensure 
healthy infant growth (Piccinelli et al., 2010).

It is common to feed the baby with mashed fruit and vegetables in the first months of life, and add 
meat and fish from 6 months onward. The introduction of new foods in infant feeding is well studied 
and although doctors sometimes disagree on some specific issues, it is important to note that this 
introduction follows a pattern related to the age of the baby (number of months), which is closely 
related to your metabolism and your ability to process food. All studies in this area show that there 
is a great concern given to child health, which no doubt contributed greatly to the reduction of infant 
mortality rate that has been observed since the early twentieth century. This feed contributes to the 
rate of development of a country, and, even without the socioeconomic consequences, from human 
viewpoint, it is always important to take care of the new generation.

Since the first year of life is a very vulnerable and sensitive period in the human development, the 
composition of baby foods and its consumption pattern are crucial, although a deep assessment of 
these products has not been achieved (Pandelova et al., 2009).

Traditionally, the baby foods were cooked at home, under the guidance of the physician according 
to the baby’s age. However, today in developed countries (or in development), part of infant nutrition 
is made in the form of processed food, and as such it has become very important to keep a tight 
control over their production (Kersting, Alexy, Sichert-Hellert, Manz, & Schöch, 1998). One of the 
compounds under study in processed baby foods is nitrates.

The nitrogenous-base derivatives, in particular nitrate and nitrite, may have some effects on 
human health when present in large quantities. Nitrate per se is relatively non-toxic, but its 
metabolites—nitrite, nitric oxide, and N-nitroso compounds—make nitrate of regulatory importance 
because of their potentially adverse health implications (European Food Safety Authority (EFSA), 
2008; Santamaria, 2006). These nitrogen compounds present particularly in water (particularly in 
untreated wells or in proximity to agricultural land), vegetables (through the fertilizers, the 
composition usually includes some form of nitrogenous derivative), and dried, smoked, or cured 
meat (as a preservative because of the addition of nitrites or nitrates) are necessary to prevent the 
growth and toxin production by bacteria, particularly Clostridium botulinum) (EFSA, 2003).

In 2010, EFSA published a statement on possible public health risks for infants and young children 
from the presence of nitrates in leafy vegetables (EFSA, 2010). The Scientific Committee for Food (SCF) 
refers that vegetables are the principal source of nitrate exposure, providing 70–90% of the average 
daily nitrate intake. Some vegetables, particularly leafy vegetables like rucola, lettuce, and spinach, 
have been shown to have relatively high levels of nitrate (EFSA, 2010). Foodstuffs other than vegetables 
and cured meats usually contribute relatively little to intakes of nitrates (European Community, 1997). 
With regard to nitrites, fresh and undamaged plant tissues are usually very low in this compound, but 
this concentration can be increased during post-harvest storage (decreased water content) by the 
action of nitrifying bacteria and an inadequate storage (EFSA, 2010). Spinach has often been seen as 
one of several major vegetable sources for nitrate in the diet, and high levels of nitrite have been found 
in home-made spinach baby food stored under inappropriate conditions (Greer, Shannon, & Committee 
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on Nutrition, Committee on Environmental Health, 2005; Sanchez-Echaniz, Benito-Fernandez, & 
Mintegui-Raso, 2001). Due to the frequent use of nitrite as a preservative, most of the nitrite is obtained 
by meat consumption (60 to 95%) (Hsu, Arcot, & Alice Lee, 2009). It recommended, however, 
continuation of efforts to reduce exposure to nitrate via food and water (European Community, 2006b).

The primary health concern regarding nitrate and nitrite is the formation of methemoglobinemia,  
so-called “blue-baby syndrome” (Greer et al., 2005). Nitrate is reduced to nitrite in the stomach of infants, 
and nitrite is able to oxidize hemoglobin (Hb) to methemoglobin (metHb), which is unable to transport 
oxygen around the body. The reduced oxygen transport becomes clinically manifest when metHb 
concentrations reach 10% or more of normal Hb concentrations; the condition, called methemoglobinemia, 
causes cyanosis and, at higher concentrations, asphyxia. The normal metHb level in infants under 
3 months of age is less than 3%. The Hb of young infants is more susceptible to metHb formation than 
that of older children and adults; this is believed to be the result of the large proportion of fetal Hb, which 
is more easily oxidized to metHb, still present in the blood of infants. In addition, there is a deficiency in 
infants of metHb reductase, the enzyme responsible for the reduction of metHb to Hb. The reduction of 
nitrate to nitrite by gastric bacteria is also higher in infants because of low gastric acidity (WHO, 2004). 
As a result, the methemoglobinemia manifested mainly in the first six months of life, but the greater 
incidence is in the first quarter (Fewtrell, 2004; Greer et al., 2005; Phillips, 1971; Zeman, 2005).

Although, the occurrence of nitrates and nitrites in foodstuffs has been a subject of concern to 
health authorities for a long time, more recently, especially attention is given to baby foods and  
according to European legislation (EC, 2006b), a maximum level of 200  mg  kg−1 of nitrates in  
processed cereals and baby foods for infants and young children is established.

An acceptable daily intake (ADI) of 0–3.7 mg kg−1 body weight day−1 was established by the SCF in 
1990 (European Community, 1992), retained in 1995 (European Commission, 1997) and reconfirmed 
by the Joint FAO/WHO Expert Committee on Food additives (JEFCA) in 2002 (FAO/WHO, 2003).

The European Commission, in considering options for a longer term strategy to manage any risks 
from dietary nitrate exposure, used the scientific basis provided by the opinion of the European Food 
Safety Authority (EFSA) on “Nitrate in vegetables” issued by the Panel on Contaminants in the Food 
Chain (CONTAM Panel) in 2008. As part of the process, more information was requested on potential, 
acute health effects of nitrate exposure in infants and young children consuming lettuce or spinach, 
taking into accounts the possibility of establishment of slightly higher maximum levels as an alter-
native to local derogation (EFSA, 2010).

As some estimates of chronic nitrate exposure were in the region of the ADI, it is to be expected 
that acute exposure will exceed the ADI on some instances. Occasionally exceeding the ADI does not 
per se indicate a health risk, since the ADI for nitrate was derived from subchronic and chronic studies. 
Since nitrate, after reduction to nitrite, has the potential to cause methemoglobinemia, which can 
occur after a single exposure, it would be appropriate to establish an Acute Reference Dose (ARfD), in 
order to assess the safety of acute exposure to nitrate. The available data from studies in animals and 
reports of human nitrate poisoning did not provide an adequate basis for establishing an ARfD. 
However, the available data indicate that methemoglobin (MetHb) is not elevated in children or 
infants above 3 months old when exposure to nitrate from drinking water or from vegetables is below 
at least 15 mg kg−1 body weight day−1. Poisoning due to nitrates in food is serious, but rare, and occurs 
mainly due to water contamination and not necessarily through food, which, in most cases, will only 
contribute to a cumulative effect of continuous exposure to nitrates (EFSA, 2010).

Distinct analytical methods are available for the analysis of nitrates and nitrites in water and food 
matrices, such as potentiometric method with ion-selective electrodes (Consalteri, Rigato, Clamor, & 
Giandon, 1992), ion chromatography (McMullen, Casanova, Gross, & Schenck, 2005), spectroscopic 
methods (Casanova, Gross, McMullen, & Schenck, 2006; Clesceri, Greenberg, & Eaton, 2005), and 
capillary electrophoresis (Erdogan & Onar, 2012).



Page 5 of 14

Rebelo et al., Cogent Food & Agriculture (2015), 1: 1010414
http://dx.doi.org/10.1080/23311932.2015.1010414

Spectroscopic methods are by far the most widely used for nitrate/nitrite determination due to the 
excellent limits of detection obtained and facile assay-type protocols. A broad range of techniques 
have been evaluated, including UV/Vis, chemiluminescence, fluorimetric, and IR/Raman protocols 
(Moorcroft, Davis, & Compton, 2001).

The objectives of this study were to analyze the contents of nitrates in processed foods intended 
for children consumption marketed in Portugal. A colorimetric method after extraction with hot 
water and reduction in cadmium columns (CRM) was in-house validated and subsequently used for 
sample analysis.

Some samples’ results were compared with those ones obtained for the same samples analyzed 
by ion chromatography (IC) with conductivity detector. This chromatographic method is one of the 
accredited methods in LALA (Laboratório de Águas do Litoral Alentejano), an accredited laboratory 
with which our laboratory is collaborating on various methodologies. In this method, nitrate and 
nitrite were separated on a hydroxide-selective anion-exchange column using online electrolytically 
generated high-purity hydroxide eluent and detected using suppressed conductivity detection.

Results regarding the calibration, linearity, recovery, precision, detection, and quantification limits 
are presented and discussed. The in-house validated method was applied for the analysis of target 
processed foods from all studied matrices and was found to be appropriate for monitoring nitrates 
in these matrices, at levels ≥ 0.3 mg kg−1.

2. Materials and methods

2.1. Samples
Sample selection was conducted in order to include a large number of bottled baby foods and brand 
names labeled as being intended for infants or young children. The products were selected particu-
larly for children up to the first year of life. Due to this fact, the number of brands and products is 
scarce. A total of six brand names, two with national origin and the remaining imported were ana-
lyzed. A total of 39 baby foods were purchased comprising 15 meat-based meals (for infants with 
four, six, eight, and twelve months of age), 4 fish-based meals (for infants with eight and twelve 
months of age), 7 vegetables-based meals (for infants with four, six, and eight months of age), and 
13 fruit-based meals (for infants with four, six, and eight months of age). Samples were randomly 
selected from big supermarkets, organic produce retail outlets, and pharmacies in Lisbon city 
(Portugal) between August 2010 and January 2011.

The quantification of any analyte in a sample can be made if its concentration in the sample is 
higher than the LOD or LOQ, although it is more accurate to use the LOQ. However, between the LOD 
and the LOQ can be several samples, which were considered negative if the measurement were 
made with the LOQ.

In this study, all samples are considered positive when their concentration in food sample is above 
the LOD, and it means that analyte is present in the sample. Therefore, this sample is different than 
the other sample, where analyte is not detected.

Therefore, samples with a concentration of nitrates higher than the LOD were considered to be 
positive, whereas samples with concentrations lower than LOD were considered to be negative. All 
results are reported as uncorrected for recovery.

2.2. Reagents and standard solutions
All the aqueous solutions and serial dilutions were prepared by dilution with ultra-pure water (Mili Q 
System, Millipore, Billerica, MA, USA).
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Several reagents (pro-analysis grade), such as copper sulfate, potassium hexacyanoferrate(II)-
3-hydrate, potassium nitrate, sodium hydroxide, N-(1-naphthyl)-ethylenediamine dihydrochloride 
(NED dihydrochloride), sodium nitrite, 85% ortho-phosphoric acid, 37% sulfuric acid, sulfanilamide, 
and zinc sulfate heptahydrate, were purchased from Merck (Darmstadt, Germany). The cadmium 
granules (30–80-mesh) was purchased from Sigma-Aldrich (Sigma-Aldrich, Portugal).

One liter of Griess reagent (color reagent) for nitrites reaction was prepared with 100 ml of 85% 
ortho-phosphoric acid, 10 g of sulfanilamide, and 1 g of NED dihydrochloride, according to the stand-
ard methods procedure (4500-NO2

− B) (Clesceri et al., 2005).

A nitrate stock solution at 1000 mg l−1 was purchased from Eutech Instruments (Thermo Scientific, 
Portugal). This commercial solution was used to prepare the control intermediate solution. A total of 
10 ml of this stock solution was diluted with ultra-pure water to 100 ml to obtain an intermediate 
control solution of 100 mg l−1 NO3

−. Appropriate amounts of the intermediate control solution were 
diluted with ultra-pure water in order to get a standard control of 0.2 mg l−1 and 4.0 mg l−1.

A nitrate standard solution at a concentration of 100 mg l−1 was prepared by dissolving 0.163 g of 
potassium nitrate in 1000 ml. This solution was used to prepare the standard solutions for the cali-
bration curve. Appropriate amounts of the standard solution were diluted with ultra-pure water in 
order to obtain a final concentration between 0.2 and 4.0 mg l−1 (calibration curve).

A buffer solution of pH9.6–9.7 (1.7 ml v/v of sulfuric acid with 10% v/v of sodium hydroxide at 25% 
w/w), Carrez I solution (15% w/v of potassium hexacyanoferrate (II)-3-hydrate), and Carrez II solu-
tion (22% w/v of zinc sulphate heptahydrate with 3% v/v of glacial acetic acid) was also prepared.

A nitrite stock solution at 1000 mg l−1 was purchased from Eutech Intruments (Thermo Scientific, 
Portugal). This commercial solution was used to prepare the standard intermediate solution. A total 
of one milliliter of this stock solution was diluted with ultra-pure water to 100 ml to obtain an inter-
mediate control solution of 10 mg l−1 NO2

−. Appropriate amounts of the intermediate control solution 
were diluted with ultra-pure water in order to get a standard control of 0.03 mg l−1 and 1.5 mg l−1.

All these solutions are prepared and stored in polyethylene bottles at room temperature and  
protected from light.

2.3. Analysis of nitrates in baby foods

2.3.1. Sample treatment
Ten grams of homogenized sample was measured and transferred to a 750 ml Erlenmeyer flask. 
Then, 500 ml of hot water (± 70°C) was added. Extraction was performed in a thermostated water 
bath (± 100°C) during 15 min. After cooling to room temperature, the sample was transferred to a 
500 ml volumetric flask and it was completed to graduation mark with ultra-pure water. Clarification 
was done by adding 12 ml of Carrez I, 12 ml of Carrez II, and 40 ml of buffer solution. The mixture 
was then filtered through a paper filter. For filtration, a gravimetric analysis filter, 0.45 μm with thin 
pad 37  mm, 150  mm of diameter, and white from Millipore (Molsheim, France) was used. Some  
results were compared with the ones obtained by ion chromatography analysis. In these cases, the 
final extract was passed through a 0.45-mm PET (polyester).

2.3.2. Preparation of reduction column
A glass chromatography with a PTFE plug stopcock at the bottom was used. The column has an outer 
diameter of 20 mm and a height of 150 mm. A glass wool plug was inserted into the bottom of  
reduction column and then, about 10 g of cadmium granules was introduced. The cadmium was 
previously treated and activated (4500-NO3

− E) (Clesceri et al., 2005). Above the activated cadmium 
granules, the water level was maintained to prevent entrapment of air. Before column utilization 
(with samples or standards), the water above the cadmium granules was removed.
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The cadmium column was regenerated when its reducing capacity indicated a loss of efficiency, 
which was tested by the analysis of nitrate standard controls (Clesceri et al., 2005). The efficiency was 
evaluated by the comparison of a reduction of a nitrate standard (NO3

−) and a nitrite standard (NO2
−).

2.3.3. Spectrophotometric method
For nitrate analysis, a spectrophotometric method was selected. Nitrate was reduced to nitrite by post-
column reduction using a cadmium column. 50 ml of treated sample or a portion diluted to 50 ml was 
introduced in a cadmium column. The sample was collected in 50  ml volumetric flask. As soon as 
possible, and not more than 15 min after reduction, 2 ml of Griess reagent was added. Between 10 min 
and 2 h afterward, the absorbance was measured at 543 nm against an ultra-pure reagent blank. If the 
concentration of nitrate exceeds the standard curve range, use remainder of reduced sample to make 
an appropriate dilution and analyze again. Nitrite reacted with Griess reagent to produce a dye that was 
detected at 543 nm (SMEWWA 4500 NO2-B) (Clesceri et al., 2005). The spectrophotometric analysis 
was performed using a double-beam UV/Visible spectrophotometer, HITACHI U-2000 (Tokyo, Japan).

2.3.4. Ion chromatography method
The Ion chromatography system consists of a CS-2000 quaternary-proportioned gradient pumping 
system consisting of a Dionex GS50 pump, EG50 eluent generator, AS50 auto-sampler, DS6 heated 
conductivity cell, LC 30 chromatography oven with rear-loading Rheodyne injection valve (1000 
loop), ICS-2000 isocratic pumping system with integrated conductivity detection, AS50 auto-sam-
pler. A Dionex anion self-regenerating suppressor set to 50 mA (ASRS 300, 4 mm) was used for the 
electrochemical suppression with Dionex eluent generator cartridge EGC III KOH.

Dionex IonPac® AS19, 250 mm × 4 mm i.d. and a guard column: IonPac® AG19, 50 mm × 4 mm 
i.d. were used.

The injection volume was 250 μl. The standard working solutions were always analyzed together 
with the samples. Samples were injected in duplicate and checked for repeatability. Data were 
collected and analyzed using the Chromeleon® 6.6 link data software. Peak identification was 
performed comparing the retention times with those from pure standards.

Quantification was made using external standard calibration. All samples, calibration solutions, 
and control solutions was analyzed by the same way according to selected method (Clesceri et al., 
2005). The nitrate concentration was expressed in mg kg−1.

2.4. In-house validation studies
The linearity range was studied by analysis of 10 solutions containing nitrate at different concentra-
tion levels (0.02–4.0 mg l−1—preliminary linear range). The calibration curve was plotted, applying 
least square regression analysis. Linearity was evaluated by the values of determination coefficients 
(R2) and coefficient of variation of the method (CVm, %), and later several statistical tests were  
applied, such as residual analysis, Mandel test (Fisher-Snedecor test), and RIKIL test (ISO 1990; van 
Trijp & Roos, 1991). The initial results were treated in order to comply with all the defined limits for 
each statistical test.

The choice of the working range was made by evaluation of the homogeneity of variances. In  
order to verify the homogeneity of variances, 10 standard solutions of each of the lowest (0.20 mg l−1) 
and the highest (4.0 mg l−1) concentrations of the linear range are analyzed separately. The standard 
deviation (S) and variances (S2) of both series of measurements were checked for homogeneity using 
an F-test (ISO, 1990).

These solutions were analyzed to evaluate the repeatability of the method. The values of the limit 
of detection (LOD) and of the limit of quantification (LOQ) of the method were calculated using the 
repeatability data and using residual standard deviation (Sx/y) and slope (b) of calibration curve 
(LOD = 3 × 

Sx∕y

b
 and LOQ = 10 × 

Sx∕y

b
).
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The precision of spectrophtometric method was evaluated by repeatability and intermediate 
precision assays. The repeatability was studied by the standard deviation determination of 10 
independent standard solutions of the lowest concentration (0.2 mg l−1), intermediate concentration 
(1.0  mg  l−1), and the highest concentration (4.0  mg  l−1) of the working range. The intermediate 
precision or intra-laboratory reproducibility was evaluated by analysis of 10 independent standard 
solutions of three concentration levels (0.2 mg l−1, 1.0 mg l−1 and 4.0 mg l−1), which were analyzed in 
two series of independent working days (2 days: 5 analyzes/day). Then, we determined the relative 
standard deviation of the 10 determinations for each concentration level. The repeatability and  
intra-laboratory reproducibility of the method were expressed as a relative standard deviation, RSDr 
and RSDR, respectively.

Accuracy was evaluated by recovery studies in all matrices, meat-based baby foods, fish-based 
baby foods, vegetables-based baby foods, and fruit-based baby foods.

A sample of each baby food of approximately 50 g was weighed and spiked with two concentra-
tions of nitrates (5 and 15 mg kg−1). The spiked food samples were homogenized with a vortex mixer. 
Three subsamples of 10 g from each spiked baby food (meat-based, fish-based, vegetables-based, 
and fruit-based) were transferred to a 750 mL Erlenmeyer flask. Three subsamples of 10 g of each 
remaining baby food (blank assay) were also weighed and transferred to a 750 ml Erlenmeyer flask. 
Both samples were analyzed according to the procedure described in Section 2.3.1.

3. Results and discussion

3.1. Linearity and working range
Linearity was determined by analyzing several calibration standards in the range of 0.02–4 mg l−1. This 
preliminary linear range did not comply with several acceptance criteria like determination coefficient 
(R2 ≥ 0.995), the residuals analysis and the RIKILT residuals (< 10%). Moreover, the first points of the 
calibration curve showed no absorbance value. Therefore, the linear range was reduced. The new 
calibration curve (0.2–4.0 mg l−1) fulfills all the requirements for a linear method, shows a well-defined 
linear range (Table 1), and the quantification limit obtained by the calibration curve was equal to the 
first concentration level.

Table 1. Regression data and analytical limits for nitrate by spectrophotometric method
Calibration curve

Number of data points (N) 6

Linear range (mg l−1) 0.2–4.0

Slope (b) 0.3163

Intercept (a) 0.0055

Determination coefficient (R2) 0.9992

Coefficient of variation of method (CVm %) 2.7

Residuals analysis (%) [−1.1; 11]

RIKILT test (%) [3; 10]

LOD (mg l−1) 0.05

LOQ (mg l−1) 0.17

Mandel test

PG 2.99

F(1; N−3; 95%) 10.13

Homogeneity of Variances

PG 4.14

F(N−1; N−1; 99%) 5.35

Notes: F = value of Fisher/Snedecor (tabulated value).
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LOD and LOQ showed equal results when determined by both methods, under repeatability condi-
tions and using data values of calibration curve. Daily, the LOQ was tested in routine analysis as 
control standard (0.2 mg l−1).

The values of LOD and LOQ were corrected with volume of dilution (ml) and test portion of baby 
food (g) and are expressed at mg kg−1. The LOD and LOQ in baby food samples were 2.8 mg kg−1 NO3

− 
and 9.3 mg kg−1 NO3

−, respectively.

The absorbance values of nitrate calibration standards (after reduction on cadmium column) are 
plotted on a graph against the absorbance values of nitrite calibration standard with same concen-
tration (nitrate standard absorbance vs. nitrite standard absorbance). The concentration of nitrite 
calibration standard is the theoretical concentration obtained after reduction of nitrate in the cad-
mium column. There was a good correlation between both standards with a R2 of 0.9993 (N = 6). The 
results are showed in Figure 1.

The efficiency of cadmium column was 82% with a RSD of 7.7%.

3.2. Repeatability, intra-laboratory reproducibility, and accuracy
The repeatability and intra-laboratory reproducibility were studied by analyzing replicate samples of 
ultra-pure water spiked with different concentration of nitrate in validated working range. These 
quality parameters are expressed as relative standard deviation (RSD) (Table 2).

The results in both conditions showed an RSD lower than 10%, therefore, the method had a good 
precision.

The repeatability was also studied in our baby foods spiked with two concentrations of nitrate. 
Samples with nitrate levels of 50 mg kg−1 for meat-based food, 30 mg kg−1 fish-based food, 40 mg kg−1 
for vegetable-based food, and for 11 mg kg−1 for fruit-based food were used for repeatability studies. 
A total of 24 samples were analyzed. Table 3 shows the repeatability for nitrate by 

Figure 1. Correlation between 
theoretical and experimental 
concentration of nitrites. y = 0,7581x + 0,0285

R² = 0,9993
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Table 2. Repeatability and intra-laboratory reproducibility for nitrate by spectrophotometric 
method

Repeatability Intra-laboratory 
reproducibility

Spiked level, mg l−1 0.2 1.0 4.0 0.2 1.0 4.0

RSDr (%), n = 10 9.7 6.1 2.1 – – –

RSDR (%), n = 20 (2 days) – – – 8.6 7.4 3.5
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spectrophotometric method (cadmium reduction method) in baby food samples and the recovery 
results (Rec, %) in these different matrices after fortification. These recovery results are also a tool 
for evaluating the accuracy of the method.

The RSDr values for 5 mg kg−1 spiked level for meat-based food, fish-based food, vegetable-based 
food, and fruit-based food were 15, 2.9, 4.4, and 11%, respectively.

The RSDr values for 15 mg kg−1 spiked level for meat-based food, fish-based food, vegetable-based 
food, and fruit-based food were 11, 8.3, 9.5, and 11%, respectively.

The recoveries’ values are according to the defined requirements (between 60 and 120%, for a 
concentration range of 0–500 mg kg−1) (European Community, 2006a) and the variability of the data 
was satisfactory with an RSDr ≤ 20%.

These results showed that cadmium reduction method for nitrate analysis had a good accuracy.

Method accuracy was also determined by the analysis of some baby food samples by both methods, 
CRM and IC. When analyzed as duplicates, the concentration obtained by both methods showed 
differences duplicate (DD%) below 20% for all concentration samples (40–120 mg kg−1), with values 
between 2.4% and 16%. The results suggest that the analysis of nitrates by CRM did not have a 
significant loss of nitrate (error < 20%) (Figure 2).

Comparison of baby foods’ nitrate concentrations using colorimetric analysis and an ion chroma-
tography shows a good correlation (R2 = 0.978). The 95% confidence intervals for regression line 
parameters are: 0.80–1.0 for the slope and −0.5–26 for the y-intercept.

Table 3. Recovery rates (Rec, %) and RSDr for nitrates by spectrophotometric method (cadmium 
reduction method) in baby foods at two spiked levels
Spiked level, mg kg−1 Matrix

Meat-based 
foods

Fish-based 
foods

Vegetables-based 
foods

Fruit-based 
foods

n = 3 n = 3 n = 3 n = 3
5 Rec, % 85 82 103 116

RSDr, % 15 2.9 4.4 11

15 Rec, % 90 94 89 96

RSDr, % 11 8.3 9.5 3.8

Figure 2. Comparison between 
the results of baby food 
samples obtained by cadmium 
reduction method and ionic 
chromatography.
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The greatest losses are associated with the nitrates extraction process with hot water, although 
such losses are according to the defined requirements (between 60 and 120%, for a concentration 
range of 0–500 mg kg−1) (European Community, 2006a).

3.3. Analysis of baby foods
The optimized and validated CRM was applied for nitrate analysis in baby food samples. Nitrate con-
centration of target samples is present in Figure 3.

In the present study, we didn’t observe higher nitrate levels in vegetable-based baby foods than 
the legislated value (200  mg  kg−1), which may be due to the small number of these baby foods 
because there are few brands and products (meat, fish, vegetables, and fruits) intended for child 
consumption in Portuguese supermarkets. Furthermore, most of the brands did not present in their 
composition, the green vegetables with more concentration in nitrates, such as lettuce, watercress, 
and spinach (EFSA, 2010; Hardisson, Gonza, Padron, Frias, & Reguera, 1996; Santamaria, 2006). The 
dominant green vegetable in meat-based foods and fish-based foods are the peas and green beans, 
but the main vegetables in meat-based baby foods, fish-based baby foods, and vegetable-based 
baby foods are the potato and the carrots.

The majority of samples (87%) had nitrate concentration higher than LOQ (9.3 mg kg−1) and 13% 
of samples had nitrate concentration between LOD and LOQ (2.8–9.3 mg kg−1). This last group of 
samples belongs to the fruit-based baby foods. Occurrence studies showed a higher nitrate 
concentration in vegetable-based baby foods (61 ± 41 mg kg−1), followed by fish-based baby foods 
(39  ±  15  mg  kg−1), meat-based baby foods (30  ±  19  mg  kg−1), and fruit-based baby food 
(15 ± 10 mg kg−1), respectively. Considering totality of samples, the highest nitrate level was observed 
in some vegetable-based baby-foods with a maximum of 129 mg kg−1 nitrate and the lowest nitrate 
level was observed in a fruit-based food (3.8 mg kg−1).

There wasn’t a correspondence between nitrate concentration of samples and their brand, and 
within each brand, there is not a relationship between nitrate levels and the type of vegetable, fruit, 
meat, or fish.

Analysis of variance (ANOVA) showed significant differences between nitrate levels of baby food 
samples (p = 0.000877). However, ANOVA showed no significant differences between nitrate levels 
of meat-based baby foods and fish-based baby foods (p > 0.05).

Nitrate values for fruit-based fruits were lower than vegetable-based baby foods, which is consist-
ent with values below 10 mg kg−1 reported by EFSA (EFSA, 2010) and other Portuguese study (Vasco 
& Alvito, 2011). However, some samples with banana or strawberries had nitrates levels between 

Figure 3. Nitrate levels in meat-
based foods, fish-based foods, 
vegetables-based foods, and 
fruit-based foods.
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25 mg kg−1 and 31 mg kg−1. These values are consistent with the values obtained by other authors 
(Hardisson et al., 1996) that noted that fruit products containing bananas or strawberries showed a 
greater concentration of nitrates than others fruit products.

According to Alvito (Vasco & Alvito, 2011), nitrate level in baby foods was 108 ± 54 mg kg−1 and 
15 mg kg−1 in vegetable-based foods and fruit-based foods, respectively. However, in our study, the 
mean nitrate level in vegetable-based foods was significantly lower (61  mg  kg−1). These results 
regarding vegetable-based foods are consistent with the ones obtained in a region of Valencia, Spain 
(60.4 ± 38.6 mg kg−1) (Pardo-Marin, Yusa-Pelecha, Villalba-Martin, & Perez-Dasi, 2010), but they are 
lower than those obtained in Spain (Hardisson et al., 1996) and in Estonia (Tamme et al., 2006), 
where mean levels of 92 and 88  mg  kg−1 were reported, respectively. Tamme and collaborators 
(Tamme et al., 2006) detected the highest levels in baby foods containing carrot and pumpkin  
(62–148 and 124–162 mg kg−1, respectively).

There are no consumption data for this kind of baby foods. However, these baby foods (processed 
foods) are made for a substitution of a meal. Therefore, one bottle represents a meal and usually, 
the main meals are made at lunch (until six month), and in both meals, lunch and dinner (after 
8 months). Thus, the worst scenario is two meals of bottled foods per day.

The methodology to obtain the resultant risk is a deterministic one, using mean levels and mean 
consumption data as point of departure, and the number of meals with processed baby foods neces-
sary to reach the ADI levels was determined.

If a four-month-old infant with 6.5 kg of body weight eats 200 g of a vegetable-based baby food 
with a mean nitrates level of 61 mg kg−1, it will represent approximately 51 % of the ADI (3.7 mg kg−1 
body weight day−1). However, for the same meal for an eight-month-old infant with 11 kg of body 
weight, it will represent approximately 30% of the ADI. As a result, the nitrate daily meal with toxic-
ity risk for these children represents 24 and 39 mg day−1 for a four and eight-month-old infant, re-
spectively. A daily intake of around 394 g (about 2 meals of 200 g) and 516 g (about 2.5 meals of 
200 g) is necessary to induce toxic effects in infants of four months and eight months, respectively.

However, the available data indicate that methemoglobin (MetHb) is not elevated in children or 
infants above 3  months old when exposure to nitrate from drinking water or from vegetables is  
below at least 15 mg kg−1 body weight per day (EFSA, 2010). For this value, the vegetable-based baby 
food for an infant of four and eight months old, it will represent approximately 13% and 10% of the 
ADI, respectively. Again, these estimated exposures are not likely to be of health concern.

If the infants make a meat-based meal, it will represent approximately 25 % and 19% of the ADI. 
If the infants make a fish-based meal, it will represent approximately 32 % and 25% of the ADI.  
A daily intake of around 802 g (about 4 meals of 200 g) and 1048 g (about 5 meals of 200 g) of meat-
based baby food, and 617 g (about 3 meals of 200 g) and 806 g (about 4 meals of 200 g) of meat-
based baby food is necessary to induce toxic effects in infants of four months and eight months, 
respectively. Thus, these levels of nitrate in meat-based and fish-based baby food are not a health 
concern.

As the concentration of nitrates in fruit-based baby foods is much lower than the other baby 
foods, they are also not a health concern. A fruit-based meal will represent approximately 12% and 
10% of the ADI.

4. Conclusions
The infant food producers must pay more attention to the type (vegetables, meat, fish, or fruit) and 
quality of raw materials. Nitrate content analyses should be added as compulsory tests to the qual-
ity assurance programs.
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The colorimetric method described in this study is adequate for the nitrate analysis of baby foods 
and fulfills the validation criteria and quality control purposed for these procedures.

The concentrations of nitrates in all analyzed samples are below the acceptable daily intake 
(ADI = 3.7 mg kg−1 body weight day−1), indicating that individually, these baby foods are not able to 
induce nitrate toxicity in the infant population.

Although the main infant exposure to nitrate is through the consumption of vegetable-based 
foods, it should be highlighted that for the total nitrate daily intake, the contribution of water and 
other products (meat-based foods, fish-based foods, and fruit-based foods) must be taken into 
account.

As such, future studies combining various exposure routes would be effective in determining  
nitrates exposure.
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