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Introduction

The laboratorial activities are characterized by the 
high costs due to a monopoly of industries that produces re-
agents and equipment at high prices. This fact penalizes the 
attempts of small laboratories and research facilities to de-
velop their investigations. Analyzes involving milk and milk 
products are an example.

Milk is a highly nutritious type of food formed in 
the udders of dairy cows and stands out for its participation in 
the world economy. The global cow milk production in 2016 
was approximately 495 million tons, the European Union 
being the main producer, with 152.0 million tons (USDA, 
2017). The dry matter of milk is considered determinant for 
quality and yield in the production of dairy products. 

When determining the dry matter of milk and other 
food types, the addition of analytical sand in porcelain capsu-
les can avoid blistering and crusting during the evaporation 
process (BRADLEY JR., 2010). The problem, in this case, 
is the labor expended in manufacture or the high cost of ac-
quiring it. By the 925.23 method (AOAC, 1998), fluid milk 
is pre-heated in the drying vessel with the sample of milk on 
the steam bath for 10-15 minutes and placed in oven at 102 ± 
2 °C until it reaches constant weight, which extends the time 
of analysis. Usually, methods for quick determination of dry 
matter are simpler to perform and allow for more evaluations 
in shorter periods of time (BAVKAR; KOSMER, 2002) than 
official methods. The use of electronic equipment allows ra-
pid measurements, however, doing so raises the problem of 
the cost of its acquisition. 
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ABSTRACT: This study aims to evaluate a simpler methodology for determination of dry matter in three types of milk. The 
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drying in porcelain capsules and pre-heating; use of analytical sand in the process of drying, as well as a simplified methodo-
logy characterized by drying in Petri dishes without analytical sand and pre-heating proceeding. The statistical analysis was 
performed with F test (5% significance level), Pearson’s correlation and Lin’s concordance correlation coefficient. All metho-
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was superior in material savings and shorter time consumption for the analysis. 
KEYWORDS: Accuracy. Analytical methodologies. Composition. Milk. 
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tipos de leche. Los tratamientos consistieron en tres metodologías: AOAC (Association of Official Agricultural Chemists), 
caracterizada por pre-secado y secado en cápsulas de porcelana; uso de arena analítica en el proceso de secado y utilización de 
metodología simplificada basada en el uso de placas de Petri con secado directo en invernadero, sin el uso de arena analítica 
y procedimiento de pre secado. El análisis estadístico involucró la prueba F al nivel de significancia del 5%, correlación de 
Pearson y coeficiente de concordancia de Lin. Todas las metodologías mostraron precisión en la determinación de la materia 
seca para todos los tipos de leche, pero la metodología simplificada fue superior en economía y menor tiempo de análisis.
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In recent years, research works carried out in coun-
tries such as Brazil, Argentina and Paraguay have shown ir-
regularities in milk quality, mainly as for density parameters, 
freezing point, fat and nonfat dry matter and those research 
works highlight the importance of the dry matter as an in-
dication of quality (DOMARESKI et al., 2010; CORREA; 
CAMPOS; PINTO 2015). To determine the true value of the 
dry matter of milk, it is necessary that lab tests be accurate 
and precise. 

Aiming to propose an alternative methodology for 
dry matter determination, this study compared the determina-
tion of dry matter in three types of fluid milk by a simplified 
methodology with the official methodologies described by 
AOAC (1998) and Pereira et al., (2001).

Material and methods 

Dry matter determination
To perform the assays, five packages of each type 

of milk (UHT whole milk, pasteurized whole milk and UHT 
skimmed milk) were acquired in the market. Every package 
was homogenized with 25 package inversions (VITTORI et 
al., 2008) before the analysis. The weighing was performed 
with an analytical balance with precision of 0,0001g (Mettler 
Toledo®).

For the AOAC (1998) method, 5 g of milk were col-
lected for each determination, pre-warmed into capsules on 
steam bath for 10-15 minutes and then, dried in the oven at 
102 ± 2 °C until a constant value between weighing was ob-
tained. In this process, porcelain capsules without analytical 
sand were used. By the method described by Pereira et al. 
(2001), aliquots of 5 g of milk were placed into porcelain 
caps and Petri dishes with analytical sand, and the drying was 
performed in oven at 102 ± 2 °C. Lastly, the samples were 
dried into a 9 cm-diameter Petri dishes, without analytical 
sand, directly inside the oven at 102 ± 2 °C (simplified me-
thod). 

While oven drying, temperature control was care-
fully observed to avoid burning of the samples (in addition to 
the oven thermometer, two more thermometers were placed 
in the interior, at the same level of the samples, to make sure 
that the temperature is 102 °C). Petri dishes and capsules, 
both with and without sand, were dried in oven and cooled 
in desiccator, prior to every method application. All samples 
were placed on the same shelf and distributed randomly in 
the interior of the oven to avoid the effect of heating of the 
walls and uneven drying, with a minimal distance of 10 cm 
of the walls of oven. The samples were placed in the oven 
only when its temperature reached 102 °C.

Treatments 1 to 4 were designed as follows:
-Treatment 1 (T1): AOAC (1998), method of reference;
-Treatment 2 (T2): Pereira et al. (2001), porcelain capsule 
with analytical sand;
-Treatment 3 (T3): Pereira et al. (2001) Petri dish with 
analytical sand;
-Treatment 4 (T4): Petri dish without analytical sand (sim-
plified method).

Experimental design and statistical analysis
The experiment was conducted in a completely ran-

domized design (CRD) with five repetitions per treatment 

(each package is a repetition). For each treatment, we used 
three types of milk (UHT whole milk, pasteurized whole 
milk and UHT skimmed milk). For each package, the analy-
ses were performed in triplicate, totalizing 15 observations 
per treatment, to each type of milk. 

To evaluate the results, an analysis of variance 
(ANOVA) was carried out using the R statistical program 
(R DEVELOPMENT CORE TEAM, 2013). The Pearson’s 
correlation coefficient and Lin’s concordance correlation co-
efficient (LIN, 1989) were performed with the computer pro-
gram Excel 2010 and Analyse-it (Microsoft®).

Results and discussion

The ANOVA indicated no significant differences 
among treatments for the three types of milk. Table 1 exhi-
bits the results of Lin’s concordance correlation coefficient 
(CCC), Pearson’s correlation coefficients (PCC) and the ave-
rage of dry matter (DM) in percentage of the treatments for 
the UHT whole milk, UHT skimmed milk and pasteurized 
whole milk. The reference was the T1.

Table 1. Lin’s correlation coefficients (CCC) and Pearson 
correlation coefficients (PCC) of the treatments, with refe-
rence to the AOAC method (1998) and the media of dry mat-
ter (DM) for each treatment.

Analysis Comparison 
of treatments U.W. U.S. P.M.

PCC
T1*T2 0,96 0,96 0,99
T1*T3 0,92 0,97 0,99
T1*T4 0,98 0,97 0,99

CCC
T1*T2 0,87 0,84 0,95
T1*T3 0,89 0,82 0,95
T1*T4 0,97 0,93 0,93

ANOVA Treatment* U.W U.S. P.M.

Average values 
(%)

T1 11,77 9,24 11,46
T2 11,81 9,19 11,39
T3 11,79 9,33 11,49
T4 11,80 9,19 11,49

Coefficient of 
variation (%) 1,05 3,26 5,81

* no significant difference among treatments in the ANOVA for the 
three types of milk in 5% significance level
U.W.: UHT whole milk
U.S.: UHT skimmed milk
P.M.: pasteurized whole milk 

According to the statistical analysis (test F with 5% 
significance level), the means of treatment makes no signifi-
cant difference among the three types of milk. The results in-
dicated that the average values obtained from the drying me-
thodologies were similar. For UHT whole milk, the average 
values of dry matter are between 11,77 and 11,81%; for UHT 
skimmed milk the average values is between 9,19 and 9,33% 
and the pasteurized milk, between 11,39 and 11,49%. Similar 
obtained values of dry matter after the drying process, de-
monstrate that all methodologies are equivalent. When com-
paring different drying methodologies (traditional and sim-
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plified), Correa, Correa and Abreu (2016) concluded that the 
differences among results were not significant, which means 
any of them can be used in the determination of dry matter in 
dairy products. The simplified method was the most efficient 
regarding drying speed, lower cost, and ease of performing.

In addition to the results of ANOVA, through the 
analysis of PCC and CCC, it can be inferred that the sim-
plified methodology features precision and accuracy in the 
determination of the dry matter, as compared with the T1. 
The PCC is a measure of precision and the CCC a measure 
of accuracy. By analyzing the PCC of every method, their ac-
curacy and precision is verified, which allows one to choose 
the most advantageous methodology. 

For pasteurized milk, a value of 0.99 was obtained 
for all treatment methods, indicating high correlation among 
T2, T3, T4 and T1. In the case of UHT whole milk, T3 sho-
wed the lowest correlation value (0.92) when compared to 
the T1. As for the other treatments, the PCC was 0.96 and 
0.98 for T2 and T4 respectively, indicating that T4 has the 
highest correlation with the T1. For UHT skimmed milk, the 
PCC values were 0.96 (T1*T2) and 0.97 for the other treat-
ments, considering T1 as reference. 

The results for CCC suggest minor variations be-
tween treatments. The values of CCC for the three types of 
milk under the different treatments were between 0.82 and 
0.97. For UHT skimmed milk, a lower value for the CCC 
was obtained, especially when under T3. For this type of 
milk, CCC values were between 0.84, 0.82 and 0.93 for T2, 
T3 and T4, respectively, the T1 being the reference. In the 
case of pasteurized milk, the values were between 0.93 and 
0.95, indicating a high accuracy of the methodologies. The 
small variations between methods and the types of milk can 
be explained as mere random phenomena.

Innovation and improvement of the analyses should 
be a continuous process for industry and research centers, in 
view that money and time are involved in the activites. Little 
information can be found about optimization of drying me-
thodologies. Venturoso et al., (2007), studying ways of deter-
mining milk and dairy products nutrients concluded that the 
results of physicochemical analysis under the classic metho-
dology and ultrasound are comparable. The results for nonfat 
dry matter, protein, fat and density obtained by ultrasound 
correlate with the official methods results in the majority of 
situations. Ahn et al. (2014) studying different methodolo-
gies of drying of feed ingredients, observed that drying at 
135 °C for 2 h is not appropriate for determining the moisture 
content in whey permeate, whey powder or distillers dried 
grains with soluble as well as the mixed diet containing these 
ingredients. The oven-drying method at 105 °C for 5 to 6 h 
appears to be appropriate, in contrast with drying samples at 
135 °C for 2 h. 

Conclusion

All methods indicated similar dry matter values in 
relation to the official method AOAC, besides precision and 
accuracy in the Pearson correlation coefficient and Lin agree-
ment coefficient tests, respectively, for all types of milk. The-
se results allow researchers to choose the one that best fits in 
their work routine, being the simplified method the recom-
mended as an alternative, due to the easiness of performing.
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