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Abstract: This work mainly consisted in the elaboration of procedures and appropriate tests of 

homogeneity and stability for the characterization of two types of foods, namely powdered milk for 

infants and soup in package, as matrix for the preparation of reference materials for the 

macroconstituents: moisture, ash, protein, fat and acidity. 

The familiarization with the NP EN ISO/IEC 17025:2005 standard, in combination with ISO Guide 34, 

is fundamental to know the main tests to accomplish in the production of reference materials. 

The homogeneity and stability tests for the powdered milk and soup in package are discussed. 

Homogeneity data indicate that the powdered milk is homogeneous for the macroconstituents ash, 

protein and fat but not for moisture and acidity. Stability data over a storage period of 8.5 month 

indicate that this food is stable for the temperatures studied and can be used as reference material. 

For the soup in package, the results of the homogeneity test show that the material is homogeneous 

for the macroconstituents protein and fat and the stability test results indicate that this material is 

sufficiently stable to be used as reference material. 

 

Introduction 

 

A reference material is defined as a material or substance with one or more properties values 

sufficiently homogeneous and well established to be used for the calibration of apparatus, the 

assessment of a measurement method, or for assigning values to materials (ISO Guide 30). [3, 4] 

Reference materials play an important role in the quality control (QC), in the quality assurance (QA), 

and in the consistency of the measurement process. They are used in several studies for the analysis 

of numerous parameters. 

The ISO Guide 34 presents the necessary requirements that a producer of reference materials must 

have to show its competence, as well as the essential steps to consider in the production of a 

reference material. [3] 

The main steps to be considered, and presented in this work, are homogeneity, stability and 

characterization study. [3, 4] 

This paper describes the results and methods used to evaluate the feasibility of the powdered milk 

and the soup in package as reference materials. 

 

Materials and methods 

 

Samples 

The analysed samples were the powdered milk and soup in package. 
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The powdered milk for infants was selected because it is an already known matrix for other 

parameters, and the soup was chosen as a new matrix for the analysis of macroconstituents. 

Homogeneity and stability studies were carried out in order to conclude about feasibility of the 

matrixes as reference materials of the following macroconstituents: moisture, ash, protein, fat and 

acidity. 

 

Sample powdered milk 

 

A pool from two lots of powdered milk was made from which 22 portions of 50 g were separated and 

wrapped in aluminum foil. 

 

Homogeneity study 

In this study, 6 sachets were used: 5 sachets for the homogeneity study between sachets and 1 

sachet for the homogeneity study within sachet.  

 

Stability study 

In this study, 16 sachets were stored over periods of 15 days, 1.5, 3.5, 6.5 and 8.5 months, and were 

submitted to the different temperatures: 4 sachets at 40 ºC in an oven, 4 sachets at -20 ºC in a freezer 

chamber, 4 sachets at 5 ºC in a refrigerating chamber and 4 sachets at ambient temperature. The 

analysis of the macroconstituents was carried out for each randomly selected sachet after 15 days of 

storage for the temperature of 40 ºC and after 1.5, 3.5, 6.5 and 8.5 months of storage for the 

remaining temperatures.  

 

Analytical procedures 

The moisture was determined by the drying method in an oven at 101 ºC ± 5 ºC based on internal 

procedure of the laboratory [7]. 

The ash was determined by dry incineration in an oven at 525 ºC ± 5 ºC following an internal 

procedure of the laboratory. [9] 

Kjeldahl method adapted of the NP – 1988:1991 was used for the determination of the protein and 

Gerber method for fat determination. [10] 

The acidity was measured by titration with NaOH 0.1N following NP – 1090:1980. [8] 

 

Sample soup in package 

 

Homogeneity study 

In this study 5 soup packages were used. The soup was previously homogenized by grinding and then 

the macroconstituents moisture, ash, protein and fat were determined.  
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Stability study 

In this study, 5 soup packages were used. They were previously homogenized by grinding. A soup 

package was transferred to 3 tubes of 50 ml and submitted to the temperature of 40 ºC in an oven 

over a period of 15 days. A second and third soup packages were each transferred to 3 tubes of 50 ml 

and submitted to the temperature of -20 ºC in a freezer chamber during 3 months. The two remaining 

soup packages were each equally transferred to 3 tubes of 50 ml and submitted to the temperature of 

-80 ºC in a freezer chamber during 3 months. The analysis of the macroconstituents moisture, ash, 

protein and fat was carried out after 15 days for the temperature at 40 ºC and after 1 and 3 months of 

storage for the other temperature.  

 

Analytical procedures 

The moisture was determined by the drying method in an oven at 101 ºC ± 5 ºC. 

The ash was determined by dry incineration in an oven at 525 ºC ± 25 ºC following an internal 

procedure of the laboratory. [9] 

Kjeldahl method adapted of the NP – 1988:1991 was used for the determination of protein and Arrêté 

method was used for the determination of fat. [10] 

 

Statistical Analysis  

The data obtained were statistically treated doing a variance analysis, ANOVA using the software of 

the treatment of statistical data SPSS. 

 

Results and discussion 

 

Sample powdered milk  

 

Homogeneity study 

The results obtained for the macroconstituents analysed are presented in the Table 1. These were 

calculated from the mean of the means obtained for each analysed macroconstituent in the sachets of 

powdered milk used in this test.  

 

Table 1 – Macroconstituents (%) in powdered milk 

Macroconstituents Mean ± SD 

Moisture 1.8 ± 0.2 

Ash 2.68 ± 0.02 

Protein 12.1 ± 0.4 

Fat 20.2 ± 0.1 

Acidity 0.45 ± 0.01 
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Table 2 – Results of the ANOVA test homogeneity  

Macroconstituents F (calculated)* Sig.* F (critical)** 

Moisture 6.644 0.031 5.19 

Ash 3.093 0.124 5.19 

Protein 1.129 0.437 5.19 

Fat 4.167 0.075 5.19 

Acidity 15.028 0.005 5.19 

* - At the 95 % Confidence Level 

** - Standard value for n1 and n2 freedom degree 

 

Table 3 - Coefficients of variations (CVs) calculated for the several parameters  

Macroconstituents CV (%) between sachets CV (%) within sachet 

Moisture 9.5 1.6 

Ash 0.73 0.25 

Protein 2.9 1.6 

Fat 0.4 0.1 

Acidity 3.19 0.20 

 

The results from ANOVA at the 95% confidence level for the homogeneity study are shown in the 

Table 2. Sig. values lower than the significance level 0.05 and consequently F values higher than the 

critical ones were obtained for moisture and acidity. This indicates an inhomogeneity of these two 

parameters. For the moisture, the lack of homogeneity may be due to the packing conditions of the 

samples.  

The same table shows that Sig values higher than 0.05 were obtained for the parameters ash, protein 

and fat. This matrix is then feasible as reference material for the analysis of the ash, protein and fat.  

The coefficients of variation (CVs) given in the Table 3 show that the variation within sachet is less 

than the variation between sachets. This indicates that the powdered milk present a good 

homogeneity within sachet. The CVs between sachets are however lower than 5% except for the 

moisture. The powdered milk presents then an acceptable homogeneity for the others 

macroconstituents.  

 

Stability study 

The results obtained in the stability study for the powdered milk, stored at different temperatures      

(40 ºC, -20 ºC, 5 ºC and ambient temperature), are presented in Tables 4, 5, 6 and 7. All the results 

were normalized for the initial month (0 month). 

 

Table 4 – Stability study for sample stored at 40 ºC after 15 days 

Macroconstituents 0 month Mean Sig. 

Moisture 1.6 1.8 0.193 

Ash 2.65 2.68 0.078 

Protein 12.0 11.5 0.061 

Fat 20.1 20.0 0.158 

Acidity 0.44 0.45 0.237 
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Table 5- Stability study for sample stored at -20 ºC during several months  

 0 month 1month and a half 3 months and a half 6 months and a half 8 months and a half 

Macroconstituents  Mean  Sig. Mean  Sig. Mean  Sig. Mean  Sig. 

Moisture 1.6 1.7 0.638 1.6 0.753 1.8 0.406 1.9 0.056 

Ash 2.65 2.65 0.836 2.63 0.132 2.64 0.146 2.64 0.199 

Protein 12.0 12.1 0.432 12.3 0.604 11.6 0.286 11.1 0.047 

Fat 20.1 19,9 0.118 20.0 0.113 19.8 0.076 19.9 0.059 

Acidity 0.44 0.44 0.300 0.45 0.083 0.45 0.045 0.44 0.004 

 

Table 6 - Stability study for sample stored at 5 ºC during several months  

 0 month 1month and a half 3 months and a half 6 months and a half 8 months and a half 

Macroconstituents  Mean  Sig. Mean Sig. Mean  Sig. Mean Sig. 

Moisture 1.6 2.3 0.024 3.3 0.012 3.1 0.000 2.8 0.000 

Ash 2.65 2.63 0.140 2.55 0.002 2.65 0.000 2.59 0.000 

Protein 12.0 12.1 0.409 11.8 0.174 12.3 0.145 11.7 0.193 

Fat 20.1 20.2 0.207 20.0 0.111 19.7 0.007 19.9 0.005 

Acidity 0.44 0.45 0.115 0.45 0.057 0.45 0.035 0.4 0.003 

 

Table 7 – Stability study for sample stored at ambient temperature during several months  

 0 month 1month and a half 3 months and a half 6 months and a half 8 months and a half 

Macroconstituents  Mean  Sig. Mean Sig. Mean  Sig. Mean  Sig. 

Moisture 1.6 2.0 0.069 2.5 0.005 3.1 0.000 2.1 0.000 

Ash 2.65 2.62 0.121 2.60 0.036 2.62 0.027 2.58 0.004 

Protein 12.0 12.0 0.602 12.1 0.868 12.1 0.922 12.1 0.880 

Fat 20.1 20.0 0.262 20.0 0.234 20.0 0.544 18.9 0.453 

Acidity 0.44 0.44 0.841 0.45 0.291 0.44 0.347 0.44 0.359 

 

The results obtained for the sample stored at 40 ºC show that it presents a good stability during 15 

days of storage.  

As to the moisture, the sample stored at -20 ºC remained stable during the studied period. The results 

obtained for higher temperatures show that moisture increases during the storage period and this 

happens for all samples which can be due to the packaging conditions. 

As to the ash content, a parameter from which we can evaluate the existing minerals, it remains stable 

in the samples stored at 5 ºC and at ambient temperature over a period of 3.5 months. For longer 

periods, a variation is observed in comparison with the initial month and thus the value of Sig. 

decreases (α < 0.05). 

Regarding the fat, it remains stable at -20 ºC and at ambient temperature; a decrease is observed at   

5 ºC.  

The macroconstituent protein remains stable during all the time of storage, which is confirmed by the 

Sig. values. The stability of this macroconstituent is reported in the literature. [12] 

For the parameter acidy, the results indicate a good stability during the time of storage, contrarily to 

what can be observed in the homogeneity test.  

Since all macroconstituents remain stable during the full storage period, when kept at -20 ºC, this 

showed to be the reference temperature. Ambient temperature can also be considered to be 

appropriate. 
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Characterization 

The results presented in Table 8 show that there is a good agreement between experimental and 

labeled values, given by the manufacture, and so this powdered milk can be used as reference 

material for further studies of labeling. Taking into account the nutrients referred in the Portuguese 

Food Composition Table for powdered milk, the sample chosen in this work also showed to be 

suitable to be used as reference material. [6, 14] 

 

Table 8 – Experimental labeled and tabulated (PFCT) values (%) of the macroconstituents in powdered milk 

Macroconstituents Mean ± SD Label PFCT* 

Moisture 1.8 ± 0.2 3.0 2.6 

Ash 2.68 ± 0.02 -  

Protein 12.1 ± 0.4 12.0 26.8 

Fat 20.2 ± 0.1 20.4 25.9 

Acidity 0.45 ± 0.01 - . 

* PFCT - Portuguese Food Composition Table 

 

 

Sample soup in package 

 

Homogeneity study 

The results obtained for the macroconstituents analysed in the samples of soup in package are 

presented in the Table 9 and were calculated from the mean of the means obtained for each 

macroconstituent analysed in the five soup packages used in the homogeneity study. 

The results from ANOVA at the 95% confidence level for the homogeneity study are shown in the 

Table 10. 

 

Table 9 – Macroconstituents (%) in soup package 

Macroconstituents Mean ± SD 

Moisture 91.3 ± 0.1 

Ash 1.10 ± 0.02 

Protein 0.8 ± 0.1 

Fat 1.8 ± 0.1 

 

Table 10 – Results of the ANOVA test homogeneity 

Macroconstituents F (calculated) Sig. F (critical) 

Moisture 11.081 0.000 3.06 

Ash 7.792 0.001 3.06 

Protein 0.362 0.832 3.06 

Fat 2.957 0.075 3.06 

* - At the 95 % Confidence Level 

** - For n1 and n2 freedom degree 

 

From the F (Fc) or Sig. values, we can conclude that the soup presents a good homogeneity for the 

macroconstituents protein and fat. This indicates that soup in package is feasible as reference 
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material for these macroconstituents. The same is not true for the moisture and the fat since Sig. is 

less than 0.05. However, from the results of stability study presented below (tables 11-13), we 

conclude about the feasibility of soup for these two parameters. 

 

Stability study 

The results obtained in the stability study for the soup in package stored at the different temperatures 

(40 ºC, -20 ºC and -80 ºC) are presented in Tables 11, 12 and 13. All values were normalized for the 

initial month (0 month). 

 

Table 11 – Stability study for sample stored at 40 ºC after 15 days 

Macroconstituents 0 month Mean Sig. 

Moisture 91.5 1.8 0.193 

Ash 1.12 2.68 0.078 

Protein 0.8 11.5 0.061 

Fat 1.8 20.0 0.158 

 

Table 12 – Stability study for sample stored at -20 ºC   

 0 month 1 month 3 months 

Macroconstituents  Mean Sig. Mean Sig. 

Moisture 91.5 91.5 0.944 91.5 0.617 

Ash 1.12 1.09 0.154 1.09 0.128 

Protein 0.8 0.7 0.365 0.9 0.396 

Fat 1.8 1.8 0.127 1.8 0.112 

 

Table 13 – Stability study for sample stored at -80 ºC 

 0 month 1 month 3 months 

Macroconstituents  Mean Sig. Mean Sig. 

Moisture 91.5 91.4 1.000 91.5 0.225 

Ash 1.12 1.10 0.141 1.10 0.410 

Protein 0.8 0.7 0.464 0.8 0.467 

Fat 1.8 1.9 0.423 1.8 0.369 

 

The stability test shows that all macroconstituents analysed in the soup in package remain stable 

during the full period of storage and for the temperatures analysed. This indicates that soup in 

package can be used as reference material for further work.  

 

Characterization 

The results presented in Table 14 show that they are near to those mentioned in label, and so this 

food can be used as reference material for further studies of labeling. 

The results of macroconstituents are also near to those referred in the Portuguese Food Composition 

Table (PFCT). [6, 14] 
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Table 14 – Experimental labeled and tabulated (PFCT) values (%) of the macroconstituents in soup in package 

Macroconstituents Mean ± SD Label PFCT* 

Moisture 91.3 ± 0.1 - 93.0 

Ash 1.10 ± 0.02 - - 

Protein 0.8 ± 0.1 1.1 0.6 

Fat 1.8 ± 0.1 1.9 1.5 

* PFCT - Portuguese Food Composition Table 

 

Conclusions 

 

The establishment of traceability and evaluation of feasibility studies for the production of reference 

materials of macroconstituents was investigated by appropriate standards. The present methodology 

fulfils the requirements of ISO 17025 and ISO guide 34 for the production of reference materials. 

The results of method optimization were presented and were accompanied by ANOVA evaluation. A 

procedure for obtaining appropriate homogeneity was established. The methods were checked 

against routine conditions in laboratory and have demonstrated that the results are appropriate or not 

complete for the purpose. 

Stability was evaluated step by step in order to improve the understanding of the procedure of 

certification. 

The characterization using comparability against values described in written standards and legislation 

was done by a single laboratory. 

The homogeneity is matrix dependent and should be evaluated separately. The stability is nutrient 

dependent and seems related with packaging procedure. 

For those nutrients future studies are needed to test the stability in a large period of time. 
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