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ABSTRACT 

 

In Portugal, goat milk is mainly used for traditional cheesemaking. However, goat milk 

does not yet have an “image” in this country, a better scientific knowledge related with its 

composition and health benefits being needed. The aim of the present study was to 

determine and compare the concentration of minerals and trace elements from the milk of 

indigenous Portuguese goat breeds and those of an exotic breed, and relate the results with 

their production system, nutritional and health benefits. 

Raw goat milk samples from Portuguese breeds (Serrana - two ecotypes: 

Transmontana and Ribatejana, Charnequeira, Serpentina , Algarvia) and from Saanen, were 

collected monthly at their local grazing sites during one lactation period. 

Major constituents, minerals and trace elements of goat milk were determined for all 

samples following validation and quality assurance programs. It was concluded that there 

was no significant differences for goat milk between the indigenous Portuguese breeds, but 

Serrana milk was distinct from the others, being also ecotype Transmontana significantly 

different from ecotype Ribatejana. Milk from the Portuguese breeds can be grouped in two 

main clusters: Serrana-Transmontana, Charnequeira and Serpentina, and Saanen, Algarvia 

and Serrana-Ribatejana. 

In general, the Portuguese goat milk is a good source of functional ingredients. 

 

 

Keywords: Portuguese goat milk, Mineral and Trace elements. 
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RESUMO 

Em Portugal, o leite de cabra é maioritariamente utilizado para o fabrico de queijo e o 

consumidor não o vê com outra finalidade. Para tal, é necessário mais investigação sobre a 

composição e vantagens do leite de cabra para a saúde. O objectivo deste trabalho foi 

determinar e comparar as concentrações de sais e minerais do leite de raças caprinas 

autóctones e relacioná-las com o sistema produtivo, aspectos nutricionais e possíveis 

benefícios para a saúde. 

Durante um período de lactação foram recolhidas mensalmente amostras de leite crú 

das raças autoctones (Serrana – dois ecotipos: Transmontana e Ribatejana, Charnequeira, 

Serpentina e Algarvia) e de uma raça exótica (Saanen) nas respectivas áreas geográficas 

de produção. 

Determinou-se a composição global, minerais e elementos vestigiais por métodos 

validados e controlados com programas de garantia da qualidade. Concluiu-se que não há 

diferenças significativas entre o leite das diferentes raças, mas o leite da Serrana destacou-

se das outras, sendo também o leite da Serrana-Transmontana significativamente diferente 

do leite da Serrana-Ribatejana. A análise de “Clusters” permitiu-nos agrupar as raças em 

dois grandes grupos: Serrana-Transmontana, Charnequeira e Serpentina num grupo, e 

Saanen, Algarvia e Serrana - Ribatejana noutro. 

No geral, o leite de cabra das raças autóctones é uma boa fonte de ingredientes 

funcionais. 

 

 

PALAVRAS-CHAVE: Leite de cabra; Raças autóctones; Minerais. 
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RESUMO ALARGADO 

 

O leite cabra em Portugal é, tradicionalmente, usado no fabrico de queijo. O 

conhecimento científico da composição química e dos benefícios para a saúde deste leite 

poderá melhorar a sua “imagem” no nosso País.  

Neste trabalho pretendeu-se determinar e comparar minerais e elementos em 

concentrações vestigiais dos leites de raças de cabras Portugueses autóctones e outro de 

uma raça exótica e relacionar os resultados obtidos com o seu sistema de produção, 

aspectos nutricionais e os benefícios para a saúde. 

Colheram-se amostras de leite de cabra de quatro raças portugueses Serrana (SR: 

dois ecotipos: SRT e SRR), Charnequeira (CH), Serpentina (SP) e Algarvia (AL) e de uma 

raça exótica Saanen (SA), com a periodicidade de uma por mês nas suas zonas de 

pastoreio durante um período de lactação, de Outubro de 2007 a Junho de 2008. 

Caracterizaram-se os seus constituintes principais, nomeadamente gordura, 

proteína, cinza e resíduo seco e ainda o pH e acidez titulável em todas as amostras. 

Os teores de sais e minerais nos leites de cabra foram determinados pelo 

espectrometria de absorção atómica com chama (Ca, Mg, Na, K, Fe, Mn and Zn) ou 

atomização electrotérmica (Cr, Cd, Co, Cu, Ni, Mo, e Pb), enquanto o fósforo total foi 

determinado por espectrometria de absorção molecular no ultravioleta-vísivel. As amostras 

de leite de cabra foram previamente decompostas por digestão ácida em vaso fechado, 

assistido com tecnologia de microondas, ou por calcinação seguida de dissolução ácida do 

resíduo. O ião cloreto foi determinado por titulação potenciométrica.  

Implementaram-se programas de garantia da qualidade de modo a validar e controlar 

todas as metodologias e avaliaram-se as características de desempenho dos métodos, 

nomeadamente, as gamas de trabalho, limites de detecção e de quantificação, precisão e 

veracidade. A adequabilidade dos métodos para o fim a que se destinam os resultados foi 

avaliada com os materiais de referência certificados (CRMs) de leite em pó, BCR 063 e BCR 

151. Nos casos em que não se dispunha de valores certificados as amostras de leite de 

cabra foram fortificadas.  

A incerteza dos resultados foi estimada por uma abordagem relativa com base nos 

dados de validação e de controlo da qualidade que englobaram todo o procedimento e as 

componentes de incerteza relevantes. A precisão foi estimada a partir das cartas de controlo 

de amplitudes e a veracidade pelas recuperações dos CRMs e das amostras fortificadas. 

Não foi efectuada qualquer correcção para o “bias” por os valores das recuperações não 

serem significativamente diferentes de 1. 
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Os resultados de validação obtidos foram discutidos com base nos critérios de 

desempenho dos métodos exigidos pelas directivas e regulamentos da União Europeia (UE) 

sempre que estes são utilizados no controlo de géneros alimentícios. Verificou-se que os 

métodos de análise usados neste trabalho na caracterização dos leites de cabra satisfazem 

os requisitos da UE na medida em não ocorrem efeitos de matriz, os valores de Horrat são 

inferiores a 2.0, as recuperações enquadram-se no intervalo 1.00 ± 0.10, com excepção 

para os  elementos em concentrações vestigiais (1.00 ± 0.20), e a incerteza dos resultados é 

menor que o máximo de incerteza padrão estabelecido. 

 Os valores médios obtidos evidenciaram que, na generalidade, não existem 

diferenças significativas (p>0.05) entre os leites de cabra das raças Portuguesas autóctones, 

mas o leite da raça Serrana destacou-se dos restantes. Também o leite dos ecotipos desta 

raça revelou ser significativamente diferente, concretamente para as concentrações de 

proteína, gordura, cinzas totais, resíduo seco, Ca, P, Cl, Zn, Fe e Mn. 

Na generalidade das raças estudadas, a razão Na/K encontrada foi particularmente 

baixa (0.22 – 0.29) mas a razão Ca/P apresenta valores superiores aos referidos na 

literatura (1.31 – 1.42 vs. 1.20).  

Não foram encontradas diferenças significativas entre o leite da raça Saanen e o das 

raças Portuguesas, provavelmente devido a condições ambientais, região geográfica e 

maneio alimentar a que esta raça está sujeita em Portugal.  

A análise de “clusters” permitiu-nos agrupar as raças em dois grandes grupos: 

Serrana-Transmontana, Charnequeira e Serpentina num grupo e Saanen, Algarvia e 

Serrana-Ribatejana noutro. 

Entre os minerais e os constituintes da composição global do leite foi possível 

observar correlações positivas significativas entre teor de gordura e resíduo seco, teores de 

P e Zn com o teor de gordura, Zn com resíduo seco, P e Fe com pH e Na e Mn com teor de 

proteína, Zn com P, Ca com P e Fe. Por outro lado, as correlações negativas significativas 

encontradas foram para os teores de K com gordura e resíduo seco, Ca e Fe com a acidez, 

Zn com K e Mn com Mo. 

Potenciais elementos tóxicos, tais como Pb, Ni, Cd e Co não foram detectados para 

todas as amostras de leite de cabra analisadas. 

Uma consideração importante que pode ser retirada dos resultados obtidos para a 

concentração de alguns minerais e elementos vestigiais no leite de cabra produzido em 

Portugal, é a não contaminação dos solos das regiões de pastoreio. Perante estes 

resultados conclui-se que, actualmente, a exposição a elementos tóxicos pela ingestão de 

leite de cabra não é alarmante.  

Globalmente e em comparação com os dados da literatura o leite de cabra das raças 

autóctones poderá ser considerado uma boa fonte de ingredientes funcionais. 
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1.  INTRODUCTION 

Goat is believed to be the first true livestock domesticated and world goat milk 

production reached 12.5 million tons in 2001, most of it being used by households or 

families. Europe owns only 2.5% of the world goat milk, but it is the only continent where 

goat milk has such an economic importance and organization (Dubeuf, 2005). Goat milk has 

ancient traditions in southern Europe. European goat breeding has a strong specialization for 

milk production, being Greece, France, Spain and Portugal the main producers (ca. 80% of 

the goat milk in the European Communities - EC). Portugal also has a long tradition for 

raising goats and national breeds are well adapted to local environmental conditions and 

traditional agricultural systems. The main Portuguese goat breeds are the Serrana, 

Charnequeira (CH), Serpentina (SP) and Algarvia (AL). They have a mixed aptitude 

(meat/milk) depending on production conditions, Serrana ecotype Ribatejana (SRR) and 

Algarvia being the best milk producers. Studies reported on these breeds are scarce and 

refer to the chemical and microbiological characteristics of milk and cheese, and main factors 

of production systems such as nutrition, reproduction and parasitology (Barbosa, 1993). 

Recently, studies concerned mainly with the associations between milk production traits and 

genetic polymorphisms in the Algarvia (Malveiro et al., 2001) and the Serrana goats 

(Marques et al., 2003). The genetic characteristics of all Portuguese autochthonous breeds 

have only recently been assessed (Pereira et al., 2005). In Portugal, goat milk is mainly used 

for the production of traditional cheesemaking, sometimes also mixed with ewe milk, or, at a 

very limited scale, for direct household consumption (Morgan et al., 2003). 

Nevertheless, the demand for goat milk products is recent. Over the past 20 years, a 

new and growing interest in goat milk and goat milk products has occurred everywhere in the 

world, not withstanding the majority of organized goat milk dairy sectors being located in the 

developed European countries. The growing demand of goat milk is related to consumer 

interest in goat milk products especially cheeses and yoghurt in many developed countries. 

This demand also is growing because of a wider awareness of problems with traditional 

medical treatments to the affliction of people with cow milk allergies and other gastro-

intestinal ailments, especially in developed countries. These two later aspects of demand for 

goat milk are quite different from the first; here, goat milk is wanted or even needed by 

people of all income levels. Despite the much larger volume available of cow milk, it’s much 

cheaper production and therefore lower market price, the production and marketing of goat 

milk and its products is therefore an essential niche in the total dairy industry sector 

(Haenlein, 2004). A better scientific knowledge related with goat milk health benefits is 
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needed in order to further promote goat farming, goat milk and innovative products as a 

basis for regional and national socio-economic development.  

Today’s consumers in developing and developed countries are requesting more and 

more information concerning the composition, constituents and hygienic quality of dairy 

products as they relate to human health. Today’s nutrition labels on food products indicate 

levels not only of protein, fat, carbohydrates, sodium, calcium, and vitamins but also of such 

special ingredients as saturated, unsaturated, omega-3, conjugated and trans-fatty acids. 

This open knowledge leads to interest into ascertaining which dairy products may be superior 

to others, which animal feeding system is best, such as pasturing versus barn feeding, and 

which animal species produces a more suitable or preferable human food to others. In terms 

of milk for infants or sick patients, answers are sought as to which is closest to human milk 

and best for babies, or which milk creates fewer allergies, which one is better tolerated by 

people with gastrointestinal ailments, and which dairy products causes no lactose intolerance 

symptoms (Park, 2006). 

Despite this, research on goats is less developed than on cattle, and in Portugal, 

being one of the main producers in Europe, it has been frequently neglected. In fact, goat 

milk does not yet have an “image” in this country. 

The aim of the present study was to characterize milk from the main Portuguese 

indigenous breeds, (Serrana, Serpentina, Charnequeira and Algarvia), in respect to their 

composition and physiological functionality, particularly concerning the micronutrients, and 

compare with one exotic breed (Saanen) grazed in Portugal.  

  Minerals and trace elements (Ca, P, K, Na, Mg, Zn, Cl, Fe, Mn, Cu, Cr and Mo) will be 

analyzed due to their importance, as they possess remarkable physiological and nutritional 

qualities. Among other minerals, special attention will be given to chromium content of goat 

milk from the different breeds, (due to its need to make insulin in promoting glucose 

metabolism, especially in some diabetics subjects). Toxic heavy metals, such as Cd and Pb, 

will also be screened. The results obtained for milk samples from the different breeds were 

related with their different geographical distribution, as the trace elements in milk come from 

the feeds eaten by the animal and ultimately from the soil in which the feeds were grown, 

probably causing wide variations in mineral contents of goat milk.  

The results obtained in this work were supported in analytical values. So, special 

attention was dedicated to the quality of chemical measurements that was supported on 

validation of methods and uncertainty and traceability of the results.  Quality 

assurance/quality control programs were proposed and implemented to validate and to 

control the analytical methodologies used and to estimate precision and trueness of the 

methods. These were estimated using an intralaboratory relative approach based on 

applying the validation studies and quality control data. This model was supported by the 
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definition of accuracy, which comprises trueness and precision. Both trueness and precision 

warrant the performance of the method (EURACHEM/CITAC, 2000; Eurolab, 2007). The 

entire analytical procedure was tested for measurement accuracy in order to estimate the 

degree of reliability of the data. Trueness was constantly monitored using both Certified 

Reference Materials (CRMs) and spiked samples. Precision was monitored through triplicate 

analyses.  

With the results obtained in this study we hope to contribute for the promotion of goat 

farming in Portugal, for rural and local development as well as for niche markets in urban 

societies, stressing on the indigenous breeds as a consequence of the nutritional and 

functional value of their milk, with specially beneficial and proven properties for human 

nutrition and health.  
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2.   LITERATURE REVIEW 

2.1. COMPOSITION OF GOAT MILK 

Milk composition varies with breed, animals, parity, stage of lactation, environmental 

and management conditions, breeding system encountered in each country and feeding. In 

Table 2.1 is shown the average composition of goat, cow and human milks published in 

literature. 

 

Table 2.1 - Composition of goat, cow and human milks  

Country Species Breed 

Total 

Solids  
Fat Proteins  Caseins  Lactose  Ash  

 

% (w/w) 

UK Goat British Saanen 11.6 3.48 2.61 2.30 4.30 0.8 

(*) 

UK Goat Nubian - 4.94 3.60 - 4.51 - 

France Goat Alpine/Saanen  3.6 3.2    

Italy Goat Sardinian  5.1 3.9   0.71 

Greece Goat Local 14.8 5.63 3.77 3.05 4.76 0.73 

Cyprus Goat Damascus 13.2 4.33 3.75 2.97 - 0.83 

Spain Goat 
Murciano-

Granadina 
  4.09 3.21   

-- Goat -- 12.2 3.8 3.5  4.1 0.8 

(**) -- Cow -- 12.3 3.6 3.3  4.6 0.7 

-- Human -- 12.3 4.0 1.2  6.9 0.2 

(*) Pirisi et al. (2007) and Psathas (2005) cit in Raynal – Ljutovac et al., 2008(*) 

(**) Posati and Orr (1976); Jenness (1980) and Haenlein and Caccese (1984) cit in  Park, 2006; 2007 

 

According to Table 2.1 the results indicate that goat milk has more fat, protein, and 

ash and less lactose than cow milk. During the course of lactation changes in milk 

composition occur, in goat milk, just like in bovine milk. The fat, total solids and protein 

content of the milk are high in early lactation, fall rapidly and reach a minimum during the 

second to third months of lactation; they then increase towards the end of lactation. This 

causes an inverse relationship between the yield of milk and percentage composition of 

these components (Park, 2006). 

The most remarkable differences in basic composition between goat and human milk 

exist in protein and ash contents and energy derived from lactose and protein. Goat milk has 

three to four times more of the first two components than human milk and fat, protein and 

lactose in goat milk account for approximately 50, 25 and 25 % of the energy, respectively. 
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(Jenness, 1980).This differences encountered are related to species specifications of growth 

rate of the newborn.  

 

2.1.1 Proteins 

 

The average protein content in goat, 4.6 % (w/w), is in general normally lower than 

sheep milk (5.8% (w/w)) but higher than cow milk (3.3% (w/w)). The main factors for the 

protein content variation are: 

a) Individually: breed and animal, specially the genetic polymorphism of 

αs1-casein. 

b) Non-Individually: stage of lactation, feeding, environmental conditions, 

age, parity, season, and udder/animal health status. (Park et al., 2007) 

Goat milk contains about 0.7-1.0 % N, which is distributed in fractions, whose 

importance varies in terms of dairy technology and human nutrition. Goat milk has a higher 

level of non-protein N and less casein-N than sheep and cow milk. This is responsible for low 

cheese yield and weak yogurt structure and texture (Park et al., 2007). 

The principal proteins in goat milk are about the same as in cow or sheep milk and 

they fall into two major categories by their chemical behavior towards acid or rennet enzyme. 

One is called insoluble and it is composed of caseins, which precipitate at pH 4.6 at room 

temperature or by the addition of rennet without pH change and make up 55-86% of the total 

milk protein. The other category is called soluble and it is composed of protein that remains 

soluble in whey after casein precipitation. Consist mainly of α-lactalbumin (α-La), β-

lactoglobulin (β-Lg), serum albumin, immunoglobins and protease-peptones, besides minor 

components with nitrogen content. 

According to Jenness (1980), β-Lg content is similar in goat and cow milk, but goat 

milk contains nearly twice as much α-La than cow milk. However, a recent report revealed 

that the α-La content is about the same, and β-Lg content in goat milk practically double the 

α-La content. 

The casein fraction in goat milk is more complex than in cow’s milk because in the 

latter there are fewer genetic variations. These consist of alpha (α), beta (β) and kappa (k) 

caseins with about 27 genetic variants from A to E for each. The whey proteins also have 11 

different genetic variants (Ehrmann et al., 1993 cit in Haenlein, 2002). This gives goat milk 

proteins considerable variation between animal species, which can be exploited for 

processing and human health. 
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Table 2.2 – Genetic polymorphism of caseins in goat milk 

 Alleles Level Refrence 

αs1-casein 

A, B1, B2, B3, B4, C, H, L High – 3.5 g L-1 

Park, 2006 
E, I Medium – 1.1-1.7g L-1 

F, G Low – 0.5 g L-1 

O1, O2 Null – less than 0.5 g L-1 

αs2-casein 
A, B, C, E, F Normal -2.5 g L-1 

Park et al, 2007 
D Lower than 2.5 g L-1 

β-casein 

A1, A2, A3, B, BZ, C, D, E Normal 
Park, 2006; 

 Chessa et al, 2005 
O, O’ Null 

k-casein A, B (most frequently)  Park et al, 2007 

 

Deep relationships between the large genetic variation and the functional and 

biological properties affecting milk quality, composition, and technological characteristics 

have been found mainly in goat αs1-casein gene, which is characterized by high quantitative 

and qualitative variation. For αs2-casein and β-casein genes have been associated with 

differences in the level expression of the specific protein (Chiatti et al., 2007).  

Unlike cow’s milk, where the predominant casein fraction is the αs1-casein, in goats 

milk it cannot be said for sure which casein is the predominant one, because of the higher 

complexity of genetic variations in the casein fraction. Some authors say the β–casein is the 

predominant (Jenness, 1080; Chessa et al., 2005). Others, however, say it is αs2-casein 

(Robinson, 2001), but it can also be the k-casein (Chiatti et al., 2007). So what really 

happens is that, in goat milk, the dominant casein fraction is dependent on breed and strain, 

because these factors influence the frequency of each allele, and may be related to 

geographical localization and the breeding system (animal selection) practiced. For example, 

Chessa et al. (2005) reported that the monitoring of β-casein variability in goat breeds rared 

in Italy clearly indicates predominance of type C β-casein. Except for Saanen, type A and 

type C β-casein showed similar frequencies, type C β-casein occurred with a higher 

frequency than type A β-casein. Thus, it can be said that total protein may depend indirectly 

on the breed because it directly depend on the αs1-casein allele frequency (Raynal-Ljutovac, 

et al. 2008). 

Some authors also say that goat milk lacks a homolog of bovine αs1-casein, the major 

casein in cow milk (Jenness, 1980). However, recent studies demonstrated that the 

previously assumed general absence of αs1-casein in goat milk is not totally right. It is now 

recognized that certain goat breeds and strains within breed may have either no αs1-casein or 
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low or high amounts, depending on genetic types (Table 2.2). Thus, it can be said that the 

casein composition, i.e., the amount of each type of casein in goat milk is determined by: 

1) Genetic polymorphism on the casein locci:  

2) Specific phosphorylation of the goat milk casein: The positive charge at position 37 in 

β-casein C is thought to hinder phosphorylation at Ser35, while the negative charge in 

all other genetic variants at position 37 may facilitate phosphorylation at Ser35 (Park, 

2006). 

A study of the polymorphism for the Portuguese Serpentina breed was done recently 

(Bettencourt, 2004) and the results are shown in  Figure 2.1. 
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Figure 2.1 Representation of alleles frequency for each loccus in the genotyped animals S2 - 

αs2-casein; S1 αs1-casein -; F - allele; C -allele, B - allele; A - allele.  

 

Breeding strategies should focus on the quality of  milk protein instead fo quantity and 

breeding system should have different objectves according to milk destination: 

a) If milk is aimed for cheesemaking it should be encoureged the maintenance of strong 

and intermediate alleles of αs1-casein. Low amounts of αs1-casein have shorter 

cheese coagulation time, less curd firmness, less cheese yield and weaker resistance 

to heat treatments, which can all therefore be related to digestibility in human nutrition 

(Haenlein, 2002).  

b) Milk for consumption would benefit from higher amounts of αs2, beta e kapa caseins (§ 

2.2) 

Several reports (Chandan, et al., 1968; Devendra and Burns, 1970; Haenlein and 

Caccese, 1984; Park, 1994 cit in Park, 2006) also suggested that goat milk proteins may be 

digested more efficiently than cow milk proteins because the former forms smaller, softer, 

and more friable curds during acidification in the stomach, which would provide stomach 

proteases with easier digestive actions (Devendra and Burns, 1970; Park, 1994 cit in Park, 
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2006). Thus, milk nutritional quality could be an interesting breeding objective to enhance the 

economic value of the indigenous Portuguese goat breeds. In this case, the selection of CN 

genotypes or haplotypes should involve consideration of new aspects (i.e., hypoallergenic 

milk, bioactive peptides), and specific breeding strategies should be applied (Chiatti et al., 

2007).  

 

2.1.2 Lipids 

 

Fat content is influenced by feed and geographical location. As an example, 

Matsushita et al. (2007) characterized the fatty acid profile and physico-chemical parameters 

of milk samples from Saanen goats fed diets enriched with 3% of three different vegetable 

oils (soybean, canola and sunflower). They reported that milk from animals that received 

sunflower oil presented the highest concentrations of conjugated linoleic acid (CLA), whereas 

animals receiving canola oil had the lowest levels. Animals treated with soybean oil had the 

highest monounsaturated and polyunsaturated fatty acids concentrations and the lowest 

concentrations of saturated fatty acids. According to Jenness (1980) goats of several 

European breeds produce milk with a lower fat content in the tropics than in temperate 

zones.  

In average, goat milk contains 97-99 % of free lipids and 1-3 % bound lipids of total 

milk fat. 

The comparison of fatty acid composition of total lipids showed that goat milk fat has 

significantly higher levels of short-medium chain length fatty acids (C4:0 –C14:0) than cow 

and human milks (53, 59, 60, 62, 64). Goat milk has almost twice higher amounts of caproic 

(C6:0), caprylic (C8:0), and capric (C10:0) acids than cow milk does, which are highly 

correlated to “goaty” flavor.  Human milks contain an especially negligible quantity of short-

chain fatty acids (Park, 2006). 

Among the multitude of fatty acids and their combinations making up triglycerides, 15 

are predominant, but the presence of each may vary quantitatively depending on influence of 

feeding, season or body fats immobilized (Haenlein, 2002).  

 

2.1.3 Carbohydrates 

 

Goats milk does naturally contain lactose but the amount of lactose per 100g is 

marginally less than cows milk (4.4 and 4.8 g per 100g milk, respectively) (Robinson, 2001). 

A large amount and variety of oligosaccharides (OS) were found in goat’s milk. 

Oligosaccharides are thought to be beneficial with regard to their probiotic and anti-infective 

properties (Martinez-Ferez et al., 2006; Lara-Villoslada et al.,2006), and so far no milk from 
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farm animals has been considered to be a good natural source of lactose-derived 

oligosaccharides for human nutrition. There is great interest in evaluating sources of 

oligosaccharides other than human milk and currently, there is only a limited amount of 

quantitative data on the total amount of oligosaccharides and on individual components in 

animal milk.  

Oligosaccharides are the third most abundant component of human milk after lactose 

and fat (Morrow et al., 2005 cit in Daddaoua et al., 2006). Their concentration varies between 

5 and 8 g/l (14). Human milk contains more OS than ruminant milk, and these OS are very 

heterogeneous; More than 100 different structures have been described. Recently, the 

concentration of OS in human, bovine, caprine and ovine milk was studied  Even though the 

concentration of goat milk OS is low compared with human milk (0.25-0.30 g/l), it is higher 

than in milk of bovine and ovine origin (0.03-0.06 and 0.02-0.04 g L-1, respectively). That 

study also showed that the OS profile of goat milk is most similar to that of human milk.  

Therefore, goat milk OS could be included in infant formulas to improve the nutrition of 

infants (Daddaoua et al., 2006). 

 

2.1.4 Vitamins 

 

Goat milk has a higher amount of vitamin A than cow milk. Caprine milk is whiter than 

bovine milk because goats convert all β-carotene into vitamin A in the milk (Raynal-Ljutovac, 

et al. 2008; Park, 2006). 

Goat milk supplies adequate amounts of vitamin A and niacin, and excesses of 

thiamin, riboflavin, and pantothenate for a human infant and if the infant was fed solely on 

goat milk it would be oversupplied with protein, Ca, P, vitamin A, thiamin, riboflavin, niacin 

and pantothene in relation to the FAO-WHO requirements (Jenness 1980). Complex B 

vitamin levels in goat and cow milks are a result of rumen synthesis, and are somewhat 

independent of diet (Haenlein and Caccese, 1984; Mann, 1988 cit in Park, 2006). In small 

ruminant milk, vitamin B content is higher than in cow or human milk, specially niacin 

(Raynal-Ljutovac et al. 2008). 

Goat milk, however, has a significant drawback in deficiencies of vitamin E (Raynal-

Ljutovac, et al. 2008), folic acid, and vitamin B12 as compared to cow milk (Park, 2006). Cow 

milk has five times more folate and vitamin B12 than goat milk, and folate is necessary for 

the syntheses of hemoglobin. The deficiency in folate has been reportedly implicated in “goat 

milk anemia”. Both goat and cow milks are equally deficient in pyridoxine (B6), vitamin C, 

and vitamin D, requiring these vitamins to be supplemented from other food sources 

(Jenness, 1980; Park, 2006). 
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2.1.5 Minerals and Trace elements 

 

Mineral contents of goat milk are much higher than those in human milk.  Goat milk 

contains about 134 mg Ca and 121 mg P per 100g while human milk contains only one-

fourth to one-sixth of these minerals. 

Table 2.3 shows the mineral and trace element composition of goat, cow and human 

milk. 

Table 2.3 – Mineral composition of goat, cow and human milk. 

  Goat  Cow  Human  

  A B A B A B 

Ca 

g kg-1 

1.26 1.34 1.20 1.22 0.32 0.33 

Mg 0.13 0.16 0.11 0.12 0.04 0.04 

P 0.97 1.21 0.92 1.19 0.15 0.43 

Na 0.38 0.41 0.45 0.58 0.20 0.15 

K 1.90 1.81 1.50 1.52 0.55 0.55 

Cl 1.60 1.50 1.10 1.00 0.45 0.6 

Zn 

 mg kg-1 

3.4 5.6 3.8 5.3 3.0 3.8 

Fe 0.55 0.7 0.46 0.8 0.60 2.0 

Mn 0.080 0.32 0.06 0.2 0.36 0.7 

       

Cu 

µg kg-1 

300 500 220 600 360 660 

I 80 0.22 70 0.21 80 0.07 

Se 20 13.3 31 9.6 20 15.2 

Ca/P  1.3 1.2 1.3 1.0 2.1 0.76 

Na/K  0.20 0.22 0.30 0.38 0.36 0.27 

(A) Giuéguen (1997), Haenlein and Wendorff (2006) cit in Raynal-Ljuovac et al., 2008. 

(B) Posati and Orr (1976); Park and Chukwu (1988, 1989); Jeness (1980); Haelein and 

Caccese (1984); Desbski et al. (1987) ; Coni et al. (1999), Gebhart and Mattews (1991) and 

Park (2006) cit in Park et al. (2007) 

 

In underdeveloped countries, where meat consumption is low, goat milk is an 

important daily food source of animal protein, phosphate, and calcium due to lack of 

availability of cow milk. Goat milk has higher calcium, phosphorus, potassium, magnesium 

and chlorine, and lower sodium and zinc contents than cow milk (table 2.3). Substantial 

changes in contents of the major minerals in goat milk were found during the first 7 weeks of 

lactation by Maraval and Voignon (1982) cit in Park et al. (2007). Overall goat milk has more 

Ca, P, K, Mg and Cl and less Na and S contents than cow milk (Park et al., 2007), 
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Concentrations of minerals and trace elements are affected by diet, breed, animals, 

and stages of lactation. The P levels revealed slightly higher than Ca in French-Alpine and 

Anglo-Nubian goats.Mean levels of Mn, Cu, and Fe in French-Alpine goat milk were 0.33, 5.0 

and 1.7 mg/l, while Anglo-Nubian goat milk contain significantly higher levels of Cu (1.36 vs 

1.69 mg/l) and Zn (7.9 vs. 11.9 mg L-1) (Park et al., 1988; 1989 cit in Park, 2006). Park et al 

(2007) reported that Zinc content is the greatest among the trace minerals, and Zn  in goat 

and cow milk is greater than in human milk. Also, goat and cow milk contain significantly 

greater levels of iodine than human milk, which may be important for human nutrition since 

iodine and thyroid hormone are closely related to metabolic rate of physiological body 

functions (Underwood, 1977 cit in Park, 2006).  

From table 2.3 it can be seen that iron and manganese content of goat and cow milk 

are lower than in human milk (Park et al., 2007). 

Milk and liquid dairy products contain significant levels of minerals. In general in dairy 

liquid products either having casein micelle (the case of milk, retentates, etc) or not 

containing casein micelles (different types of whey and caseinate, permeates, etc.), the 

monovalent ions (sodium, potassium, chloride) are present in almost all the aqueous phase 

while the multiple valence ions (calcium, magnesium, phosphate and citrate) are partly linked 

to proteins. Calcium, inorganic phosphate and citrate are essential elements that contribute 

to balance minerals. Other minerals such as magnesium, sodium, potassium and chloride 

are also present in milk and dairy products in significant quantities, but have a less crucial 

role in these balances. In the aqueous phase of milk, calcium ions exist mainly in the form 

associated with citrate and phosphate ions and less in the free from (Goucheron et al., 

2004). Partition of calcium, phosphorus and magnesium between the soluble and colloidal 

phases of milk are similar for cow and goat milks; sheep milk however has far lower solubility 

(Holt and Jenness, 1984 cit in Raynal-Ljutovac et al, 2008). 

Goat and human milk contain higher concentrations of selenium than cow milk (Table 

2.3). Less than 3% of the total selenium is associated with the lipid fraction of milk (Park, 

2006). 

Goat milk is also distinguished by its high chloride and potassium content. As far as 

contaminant metals are concerned, concentrations are highly variable according to studies 

and sampling (feeding, geographic areas, pollution, …) and it is therefore difficult to  

compare species and breeds (Raynal-Ljutovac et al., 2008). 

Goat milk may contain various elements with nutritional importance. So, research on 

some mineral fractions of goat milk and products has been reported (Haenlein, 1980; Park, 

1990, 2000; Guo et al., 2001; Belewu and Aiyegbusi, 2002; Mumba et al., 2003; Stelios and 

Emmanuel, 2004 cit in Park, 2006). 
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2.2. NUTRITION AND HEALTH BENEFITS OF GOAT MILK 

 

A major topic in food science and nutrition is the contribution of specific components 

in the diet to health, for example, flavonoids in fruits and vegetables, catechins in tea, or 

bioactive peptides in cheese and yoghurt. In the early 1980’s the Japanese were the first to 

recognize dairy components as having significant contributions to physiologically functional 

foods. Since then, there have been an increasing number of investigations that have 

supported this view. Almost all milk components may contribute potential health benefits 

including proteins, peptides, lipids, minor carbohydrates, minerals and vitamins. The benefit 

of milk in preventing infection has been recognized for thousands of years. Much of this 

activity has been attributed to antibodies, but the role of complex sugars in milk and other 

minor proteins, such us lactoferrin and lactoperoxidase as bioactive agents are only recently 

being recognized (Séverin and Wenshui, 2005). 

 

2.2.1 Proteins 

 

As said previously, there are qualitative differences in milk protein between cow and 

goat milk, especially the αs1-casein in goat milk contributes to a softer curd than does that in 

cow milk. This is probably one of the reasons for the better digestion of goat milk compared 

to cow milk. Also the better tolerance of goat milk by infants and children suffering from 

hypersensitivity to cow milk (direct or indirect milk allergy) could be attributes to the 

differences in proteins between the two types of milk (Kondyli et al., 2007). 

Whey is a source of proteins generating potent high-valued ingredients. The major 

whey proteins, α-lactalbumin (α-la) and β-lactoglobulin (β-lg) are well known to contain 

bioactive peptidic sequences (Didelot et al., 2006),  which, can be released by enzymatic 

proteolysis, for example, during gastrointestinal digestion or during processing (Gobetti, et 

al., 2002) and may act in the body as regulatory compounds. Concentrates of these peptides 

are potential health-enhancing nutraceuticals for food and pharmaceutical applications. 

Better digestibility and non-allergic properties of goat milk has been explained by the 

low or no αs1-casein content. As said previously, there is genetic polymorphism on the αs1-

casein gene associated with various amounts of this protein in milk (Table 2.2). Milk from 

animals possessing strong αs1-casein alleles contain significantly more total caseins and can 

be used to produce milk for dairy industries and cheesemaking, while milk from animals with 

weak alleles or null allele can be employed to produce milk for allergic subjects. The non-

allergic properties of goat milk are also due to the fact that most of the milk proteins are 

unable to pass through the walls of the digestive tract in their original.  A study on rats with 
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malabsorption syndrome, the feeding of goat milk instead of cow milk as part of the diet 

resulted in significantly higher digestibility and abortion of iron and copper, (probably due to 

the levels of essential amino acids in goat milk), thus preventing anemia ( Barrionuevo et al., 

2002).    

 

2.2.2 Lipids 

 

Owing to the species-specific characteristics (high amounts of short- and medium-

chain fatty acids) in goat milk fat, it has been suggested that goat milk fat may have the 

following significant contributions to human nutrition:  

i) The fat of goat milk is more digestible than that of cow milk because the fat globules of 

goat milk are smaller and have a greater surface area and lipases attack the ester 

linkages of the short chain fatty acids more readily, contributing to more rapid 

digestion of goat milk fat (Jenness, 1980).  

ii)     Goat milk fat may be more rapidly digested than cow milk because, in average, goat 

milk has smaller fat globules than cow milk (3.5 µm vs. 4.5 µm), which provide a 

better dispersion and more homogeneous mixture of fat in milk. This natural 

homogenization of milk fat, provide lipases with a greater surface area of fat for 

enhanced digestive action. Lipase, also, attacks more ester linkages of short- or 

medium-chain fatty acids more easily than those of longer chains (Park, 2006); 

iii) Low-chain fatty acids such as caproic, caprylic, capric and other medium-chain fatty 

acids of goat milk have been used for the treatment of malabsorption syndromes, 

because of their unique metabolic ability to provide direct energy instead of being 

deposited in adipose tissues, while at the same time lowering, inhibiting and 

dissolving cholesterol deposits (Alferez et al., 2001)   

iv) Low and medium-chain fatty acids also have been therapeutically used for treatment 

of various cases of malabsorption patients suffering from steatorrhea, chyluria, 

hyperlipoproteinemia, and in cases of intestinal resection, coronary bypass, 

childhood epilepsy, premature infant feeding, cystic fibrosis, and gallstones  

(Haenlein, 2002) 

v) Conjugated linoleic acid (CLA), one of the most important fatty acids in goat milk fat, 

has gained great attention in recent years because of range of positive health 

effects. These include suppression of carcinogenesis (Tsiplakou et al, 2006; Park, 

2006), antiatherogenic activity (Park, 2006; Matsushita et al., 2007; Tsiplakou et 

al., 2006), modulation of the immune system and reductions in diabetes 

(Tsiplakou et al., 2006; Matsushita et al., 2007) the ability to enhance growth 
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promotion (Park, 2006) and the ability to reduce fat (Tsiplakou et al., 2006; Park, 

2006) 

Technologically, goat milk has poor creaming ability due to smaller fat globule size. 

Also, reports suggest that clustering of fat globules is favorably achieved by agglutinin, which 

is deficient in goat milk, whereby it has a weaker creaming ability than cow milk (Park, 2006). 

The different lengths of fatty acids undergo different routes in digestion and 

metabolism, when milk and its fat is eaten, with the short and medium chain triglycerides, up 

to C14, not being incorporated into body lipids mostly, in contrast to the longer chain fatty 

acids. Thus, the short chain fatty acids do not contribute to obesity like the long chain fatty 

acids do, nor to related problems of heart diseases (Greenberger and Skillman (1969) cit in 

Haenlein, 2002). 

Fat in human milk is absorbed more readily by infants than that of cow milk. This is 

probably due to the differences in arrangement of fatty acids in triglycerides (Park, 2006). 

 

2.2.3 Carbohydrates 

 

Two types of lactose intolerance are known: 

a) Primary: whenever, after childhood there is no more milk ingestion. 

This is typical in Eastern Europe, Asian and African. 

b) Secondary: also known as temporary due to, a exposure to a bad 

nutrition period or gastro-intestinal infection in the lumen, particularly in 

childhood. 

 It has been established that many people with lactose intolerance (secondary) can 

still include some lactose-containing products in the diet, while remaining symptom free. The 

amount of lactose that may be tolerated is variable between people because it depends on 

several factors, for example: psychological, ability of large intestine bacteria to become 

tolerant of lactose, eating lactose-containing food as part of meal rather than between meals 

may be helpful, as the emptying of the stomach is delayed. 

It must be stressed that goats milk is unsuitable for people with the rare primary 

lactose intolerance. However, it can be a useful source of nutrients for people with the 

secondary type of lactose intolerance who can still tolerate some lactose while remaining 

symptom free. Other natural bioactive substances from milk include oligosaccharides that are 

involved in growth-promotion of bifidogenic bacteria, act as receptor analogues for epithelial 

cells to prevent the adhesion of pathogens, or can inactivate toxins. The biological functions 

of human oligosaccharides have been shown to have health benefits in humans, especially 

infants (Kunz and Rudloff, 2006). They contribute mainly to the growth of beneficial intestinal 

flora in the colon, postnatal stimulation of the immune system, and defense against bacterial 
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and viral infections by acting as competitive inhibitors for binding sites on the intestinal 

epithelial surface (Mehra  and Kellyl, 2006). 

For over 30 years it has been accepted that breast-fed infants are more protected 

against infectious agents than formula fed infants. Human milk oligosaccharides are thought 

to be among the agents responsible for this effect because of their ability to stimulate the 

growth of bifidobacteria in the gastrointestinal tract while protecting against enteric 

pathogens (Daddaoua et al., 2006). 

 

2.2.4 Minerals and Trace elements 

 

Macrominerals such as sodium, potassium, magnesium and calcium are an important 

group of milk nutrients required by the human body in amounts greater than 100 mg per day 

for optimal function. Indeed, sodium, as the principal cation in extracellular fluid, is known to 

be involved in nerve and muscle function, regulation of plasma volume and acid–base 

balance. Potassium is the major cation in intracellular fluid and plays a role in the regulation 

of osmotic pressure, blood pressure and acid–base balance. Calcium is important in the 

development and maintenance of strong bones and teeth and is also involved in nerve 

function, muscle contraction and blood clotting. Magnesium is primarily an intracellular 

nutrient and plays diverse roles in protein and carbohydrate metabolism, synthesis of 

Deoxyribonucleic acid (DNA), and muscle relaxation. Furthermore, magnesium forms a 

complex with adenosine triphosphate (ATP), which serves as the true substrate for 

biochemical reactions involving energy utilization (Noël et al. 2008) 

Iron is an element of fundamental biological importance that participates in the 

transport (hemoglobin) and storage (myoglobin) of oxygen and in oxidative metabolism 

(cytochromes) (Linder, 1996 cit in  Barrionuevo, M., 2002). Most milks, including human milk, 

are deficient in iron contents (Jenness, 1980). In an iron biovailability study of goat and cow 

milks using anemic rats, Barrionuevo et al. (2002) reported that the rats fed on goat milk 

grew significantly better, had higher liver weights, hemoglobin iron gain, and higher iron 

absorption rates and also had greater hemoglobin regeneration efficiencies than those on 

cow milk diet.  

Copper, on the other hand, is essential to mobilize the iron in the synthesis of 

hemoglobin. Thus, ceruloplasmin, a plasma enzyme that contains copper, catalyses the 

oxidation of the ferrous ion into the ferric ion, thus ensuring that the iron is taken up by the 

transferring and transported to the tissues for the synthesis of iron-containing compounds, 

chief among which is hemoglobin (Anderson et al., 1985 cit in Barrionuevo, M., 2002). 

Calcium, magnesium and potassium are thought to play a role in the regulation of blood 

pressure (Houston, 2005). A daily intake of 1000 to 1500 mg per day of calcium through a 
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combination of low fat dairy foods and other foods supplemented with dairy calcium is 

recommended to decrease the risk of hypertension in world populations. Calcium is also 

important in the prevention of colon cancer. Calcium phosphate in milk binds bile salts, which 

are the main factor involved in the promotion of colon cancer, and prevent their toxic effect 

(Van der Meer and Lapre, 1991). Some trace elements in milk also have a bioactive role in 

the human body. Recent studies have made a link between type II diabetes and chromium, 

as trivalent chromium is involved in insulin function and lipid metabolism in mammals, and 

insufficient dietary chromium is associated with the development of diabetes (Pei et al. 2006, 

Vincent, 2001). Chromium is excreted after an insulin challenge in the form of the 

oligopeptide chromodulin. This oligopeptide has been isolated and purified from the liver and 

stimulates insulin-dependent glucose metabolism (Vincent, 2001). Generally, milk contains 

very low levels of chromium but differences can be found between cow, sheep and goat’s 

milk due to the different kind of feed consumed by these animals and their different 

chromium content (Bratakos, 2002). 

Nevertheless the previous considerations, the value of goat milk in human nutrition 

has received little academic attention and few facts are available. The physiological and 

biochemical facts of the unique qualities of goat milk are just barely known and little exploited 

(Haenlein, 2004). Goat milk and its products (mainly cheese and yoghurt) have been related 

for years with human nutrition and health. The importance of goat milk in infant diet is 

growing, because it is reported that goat’s milk in some cases is less allergenic than cow’s 

milk. It has been prescribed by doctors for children who are sensitive to cow milk and is used 

as an alternative for people who are allergic to cow milk, namely people suffering from 

acidity, aczema, asthma, migraine, indigestion, etc. (Babayan, 1981).  

Compared to cow or human milk, goat milk is reported to possess unique 

characteristics, such as high digestibility, distinct alkalinity, and higher buffering capacity as 

well as certain therapeutic values in medicine and human nutrition. Because goat milk has a 

strong potential for therapeutic and hypoallergenic advantages towards infants suffering from 

gastrointestinal allergy and chronic enteropathy and patients having cow milk allergy (CMA), 

goat milk as a substitute for cow milk or a basis of cow milk-free diet is of great importance 

for individuals with CMA, goat milk consumers, producers, and the goat milk industry in 

general (Park, 2006). 

Cow milk allergy is a frequent disease in infants, but its etiologic mechanisms are not 

clear. Symptoms of milk allergy usually develop between two and four weeks of age, almost 

always appear within the first six months of life and involve gastrointestinal, respiratory, 

dermatologic, and systemic local tissues. Brenneman, 1978 cit in Park and Haenlein, 2006 

reported that approximately 40% of allergic patients, sensitive to cow milk proteins, are able 

to tolerate goat milk proteins. The patients may be sensitive to cow milk lactalbumin, which is 
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species specific. Other milk proteins such as beta- lactoglobulin, are mostly responsible for 

cow milk allergy, because this protein is not found in human breast milk (Park and Haenlein, 

2006). 

The wide variety of genetic polymorphisms of the different caseins and whey proteins 

in milk adds to the complexity of the cow milk allergy situation and difficulty to determine 

which protein is mainly responsible for an allergic reaction. However, this diversity might help 

scientist to discover witch protein is the allergen in specific tests using this genetic 

polymorphism protein. Recently it has been discovered that goat milk lacking αs1-casein is 

less allergenic than other goat milk. Since this allele has a relatively low frequency, 

compared to αs2-casein allele and thus respective proteins content, and in contrast with cow 

milk αs1-casein, it is logical to think that children and adults with cow milk allergy  are more 

tolerant to goat milk. 

Thus, goat milk is a viable dairy option to fulfill the nutritional needs of infants, 

children, and adults, especially in developing countries (Park and Haenlein, 2006). 
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3.   MATERIAL AND METHODS 

3.1.  MILK GOAT SAMPLES 

 

Flocks with more than 50 heads per flock from the four Portuguese breeds Serrana 

(SR: two ecotypes: Serrana Transmontana - SRT and Serrana Ribatejana - SRR), 

Charnequeira (CH), Serpentina (SP) and Algarvia (AL) and from an exotic breed (Saanen, 

SA), all explored extensively, were chosen with the help of the Portuguese Goat Associations 

to warrant controlled animals. Milk from the different breeds were obtained by machine 

milking twice a day, and collected for this study from the bulk holding tanks once a month 

during one lactation period (between October 2007 to Jun 2008) at their local production 

area, which covers the whole country (Figure 3. 1).  

Raw goat milk samples were collected into decontaminated plastic containers with 

rigorous precautions to minimize any possible source of exogenous contamination. Milk 

samples were then brought refrigerated to the Laboratory for further analysis.  

 
SRT 

SRR 
SP 

AL 

CH 

 

 

Figure 3.1 – Geographical distribution of the Portuguese breeds. SRT – Serrana 

Transmontana,  SRR – Serrana Ribatejana, CH – Charnequeira; SP – Serpentine: Al – 

Algarvia.  

3.2. CERTIFIED REFERENCE MATERIALS (CRMS) 

 

The Certified Reference Materials (CRMs) used in this work, BCR Nº 151 (Trace 

elements in spiked Skim Milk Powder) and BCR (Community Bureau of Reference) – 063R 

(skim Milk Powder) were purchased from the European Institute for Reference Materials and 

Measurements, (former BCR, and nowadays ERM). These CRMs were selected considering 

the target concentration of the analytes and how they match the matrix under consideration. 
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3.3. REAGENTS AND SOLUTIONS 

 

All chemicals were of analytical-reagent grade and obtained from Merck, Darmstadt, 

Germany, unless stated otherwise. Solutions were prepared using ultrapure water of 18 MΩ 

cm-1 resistivity supplied from a Millipore Milli-Q water purification system (Millipore, Bedford, 

MA). For mineral and trace elements digestion nitric acid (HNO3) 65% (w/w) and hydrogen 

peroxide (H2O2) 30% (w/w) suprapur grade were used. Sulfuric acid (H2SO4) 95% (w/w) and 

HNO3 65% (w/w) both grade for analysis were used for protein digestion and chloride 

determination.  

For pH calibration buffer, solutions with a pH of 4.01±0.02, 7.00±0.02 and 10.00±0.05 

were used.  

The catalyser mixture used for milk digestion for protein test was constituted by 3% 

(w/w) of copper(II) sulphate pentahydrate (CuSO4.5H2O), 3% (w/w) of titanium oxide (TiO2), 

1% (w/w) of stearic acid for synthesis (C18H36O2) and 93% (w/w) of potassium sulphate 

(K2SO4). DL-tryptophan (C11H12N2O2) >99% (w/w) purity was used as quality control standard 

for protein test. Sucrose with high purity from PANREAC (Barcelona, Spain) was also used. 

Methyl red and methylene blue indicator solutions were prepared by dissolution of 

0.05 g of methyl red [(CH3)2NC6H4N:NC6H4COOH] (Baker’s Analyzed, Phillipsburg, N. J., 

USA) or 0.15 g of methylene blue [C16H18ClN3S.xH2O (x=2-3)] in 80mL of ethanol 95 % (v/v) 

and diluted to 100 mL with water, respectively. Boric acid solution containing the indicator 

was prepared. 20 g of boric acid (H3BO3) was dissolved in hot water. After cooling 10 mL of 

the methyl red and 2 mL of methylene blue solutions were added and dilute to 1000 mL with 

water (ISO 5663:1984). 

Hydrochloric acid (HCl) 0.10 mol L-1 and sodium hydroxide (NaOH) 0.10 mol L-1 

standard solutions were prepared by appropriate dilution of titrisol ampoules. 0.10 mol L-1 of 

sodium carbonate (Na2CO3) standard solution  was used to standardize HCl solution (NP EN 

ISO 9963-1:2000) while NaOH solution was subsequently standardized.  

NaCl 0.025 mol l-1 standard solution was prepared by dissolving 1.4614 g sodium 

chloride (NaCl), previously dried at 105 ºC, in water and diluted to 1000 mL. AgNO3 0.01 mol 

L-1 standard solution was prepared by appropriate dilution of Silver nitrate (AgNO3) titrisol 

from Merck, Germany. 

Calibration standard (CS) solutions for each element were prepared, just before used, 

by diluting mono-elemental stock standard solutions of 1000 mg L-1 Spectrosol grade, with 

exception for phosphorus. Stock standard solutions of phosphate were prepared by 

dissolving 0.2195 g of potassium di-hydrogen phosphate (KH2PO4) in water and diluted to 

1000 mL.   
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Mono-elemental quality control standard (QCS) solutions were prepared, as described 

for CS solutions, just before used, but using independent 1000 mg L-1 standard solution. The 

following QCS solutions were used: 0.6 mg L-1 for Ca; 0.3 mg L-1 for Fe;  0.3 mg L-1 for K; 0.1 

mg L-1 for Mg; 0.5 mg L-1 for Mn; 0.15 mg L-1 for Na and 0.1 mg L-1 for Zn in case FAAS and 

0.25 µg L-1 for Cd, 0.25 µg L-1 for Co; 1 mg L-1 for Cr;  0.5 mg L-1 for Cu; 3 µg L-1 for Mo;  0.25 

µg L-1 for Ni, 5 µg L-1 for Pb and 0.25 µg L-1 for P by UV-Vis-MAS. 

Matrix modifiers, graphite furnace grade,  of magnesium nitrate, Mg(NO3)2 with 

c(Mg(NO3)2=(10.0±0.2) g L-1; palladium nitrate (Pd(NO3)2 with (Pd(NO3)2 = (10.0±0.2) g L-1) 

and ammonium  phosphate NH4H2PO4 with c(NH4H2PO4) = (100±2) g L-1 were used. 

The ammonium molybdate and stannous chloride solutions used to color 

development on phosphorous determination were those described in the procedure (APHA –

AWWA-WPCF, 4500-P D, 2005). 

 

3.4. EQUIPMENT 

 

An Orion model 420 A (Orion Research, Inc, USA) pH meter with an Orion combined 

electrode was used to carry out the pH measurements and for detection of the final point of 

the acid-base potentiometric titration (titrable acidity). 

 For chloride quantification an ORION 420A potentiometer (Orion Research, Inc, USA) 

with an ORION Ag2S electrode and INGOLD double calomel electrode as reference was 

used. The final point of the titration was determined using the Gran’s method (Gran, 1988). 

For nitrogen/protein content quantification a digestion system 1007 digester and a 

Kjeltec System 1026 distilling unit both Tecator, Höganäs, Sweden, were used. 

A MMM Medcenter drying oven (Einrichtungen GmbH, Gräfelfing, München, Germany) 

thermostatically controlled and calibrated at (103±1) ºC was used for total solids analysis. For 

ash quantification and dry ashing digestion a Labotherm L9/SH furnace (Naberherm, 

Germany) was used. 

All weights were done using a calibrated Mettler Toledo AT 200 analytical balance, 

with 200 mg capacity and 0.1 mg readability. 

A Milestone ETHOS Plus Microwave Labstation (Milestone, Sorisole, Italy) to assisted 

wet digestions on closed vessels was used. The reaction vessels were cleaned with 5 mL of 

concentrated HNO3 before each digestion. 

Ultraviolet- Visible molecular absorption spectrometry (UV-Vis-MAS) was performed 

using an 8265 UNICAM UV/Visible spectrometer (Thermo Electron Corporation, Cambridge, 

UK) at the maximum of absorption band with a cell size of 1 cm and λ= 690 nm for 
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phosphorous determination. Calibration blank and standard solutions were prepared 

following the same procedure as for samples. 

Flame atomic absorption spectrometry (FAAS) was carried out on a SOLAAR M Series 

Thermo Electron spectrometer, equipped with deuterium lamp background correction 

system, using hollow-cathode lamps from Thermo Electron Corporation (Cambridge, UK) as 

radiation source at each element. In Table 3.1 the FAAS The instrumental and operational 

conditions are summarized.  

 

Table 3.1 – Instrumental and operating conditions for Flame Atomic Absorption Spectrometry 

Element 
Wavelength 

(nm) 

Lamp current 

(mA) 

Slit 

width (nm) 

Background 

Correction 
Flame chemistry 

a)
 

Na 589.0 6 0.2 - 
Air/C2H2 – 

Stoichiometric 

K 766.5 7 0.5 - 
Air/ C2H2 – 

Stoichiometric 

Ca 422.6 5 0.5 - Air/ C2H2  – Reducing 

Mg 285.2 3 0.5 - 
Air/ C2H2 – 

Stoichiometric 

Zn 213.9 8 0.2 D2 lamp 
Air/ C2H2 – 

Stoichiometric 

Fe 248.3 10 0.2 D2 lamp 
Air/ C2H2 – 

Stoichiometric 

Mn 279.5 10 0.2 - 
Air/ C2H2 – 

Stoichiometric 

- Without background correction; a) Burner position: aligned with optical axis. 

 

Electrothermal atomic absorption spectrometry (ETAAS) was performed in a 

SOLAAR M Series Thermo Electron spectrometer equipped with a GF95Z Zeeman furnace 

head, an FS 95 furnace autosampler (Thermo Electron Corporation, Cambridge, UK).  

Pyrolytic graphite tubes (Thermo Scientific, Germany) were used. ETAAS 

instrumental conditions and electrothermal programs used are presented in Table 3.2. 

Sample volumes, ramp and hold times for drying, ashing, atomization and cleaning 

temperatures were optimized to obtain the maximum absorbance and minimal background. 

During the analysis, the flow rate through the graphite tube was 0.2 L min-1 except for Mo in 

cleaning step (0.3 L min-1); flow rate were interrupted during atomization. The signals were 

processed in peak height mode. 

Matrix modifiers were injected on the graphite tube with the sample digestion 

solutions as follows: 200 µg NH4H2PO4 for Cd and Pb; 50 µg Mg(NO3)2 for Co, Cr and 50 µg 
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Mg(NO3)2 plus 7,5 µg Pd(NO3)2 for Cu. Ni and Mo were analyzed without addition of matrix 

modifiers. All standard solutions were performed in 0.1 mol L-1 nitric acid. 

 
Table 3.2 – Instrumental parameters and electrothermal programs for ETAAS 
  Cd Co Cr Cu Mo Ni Pb 

P
ar

am
et

er
s 

Wavelength (nm) 228.8 240.7 357.9 324.8 313.3 232.0 217.0 

Slit width (nm) 0.5 0.2 0.2 0.5 0.5 0.2 0.5 

Lamp current (mA) 5 10 9 4 12 12 10 

Sample volume (µL) 15 15 10 10 20 20 15 

Modifier volume (µL) 5 5 10 10 0 0 5 

Zeeman Background 

Correction 
Yes Yes Yes Yes Yes Yes Yes 

G
ra

ph
ite

 fu
rn

ac
e 

st
ep

s 

D
ry

in
g1

 Temperature (ºC) 100 100 100 100 100 95 100 

Time (s) 30 30 10 30 30 10 30 

Ramp time (ºC s-1) 10 10 10 10 10 8 10 

D
ry

in
g 

2 Temperature (ºC) 150 150 150 -- 150 150 150 

Time (s) 20 15 10 -- 40 20 15 

Ramp time (ºC s-1) 20 20 15 -- 10 3 20 

P
yr

ol
ys

is
 Temperature (ºC) 700 1500 1300 700 1800 700 800 

Time (s) 20 20 10 20 20 20 40 

Ramp time (ºC s-1) 150 3 130 150 150 13 150 

A
to

m
iz

at
io

n 

Temperature (ºC) 1500 2500 2500 2400 2800 2300 1600 

Time (s) 3 3 3 3 3 2.5 3 

Ramp time (ºC s-1) 0 0 0 0 0 0 0 

C
le

an
in

g Temperature (ºC) 2400 2600 2600 2500 2850 2500 2500 

Time (s) 3 3 3 3 3 2 3 

Ramp time (ºC s-1) 0 0 0 0 0 0 0 

 

3.5. ANALYTICAL PROCEDURES 

 

Chemical analyses were performed in aliquots of all milk samples collected in order to 

characterise milk from the different breeds and establish their nutritive value. Methods of 

analysis used for gross composition, mineral and trace elements were mainly according to 

Portuguese standards (NP) or internal methods based on Portuguese and/or ISO-IDF 

(International Organization for Standardization|International Dairy Federation standards). 

Prior to analysis the milk samples were brought to laboratory temperature (around 

20ºC) and carefully mixed, if they were refrigerated. Whenever the fat was not well dispersed 
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the sample were slowly heated to 40ºC, mix gently and cool to the laboratory temperature 

(ISO 8968-2|IDF 20-2). 

Sample preparation is a critical step in quantitative analysis and a methodology is 

considered adequate if it is fast, reproducible, safe and free of contamination and requires 

low reagent consumption. For this purpose, microwave digestion has been frequently used, 

as it is very effective, with a reduced digestion time and good reproducibility (Noel et al., 

2003). 

 

3.5.1 Gross chemical composition 

 

 pH was determined by direct measurement (APHA –AWWA-WPCF. 4500 H+B, 2005. 

Titrable acidity (NP 470:1983), fat (NP 469: 1983), total nitrogen/protein (ISO 8968-2|IDF 20-

2:2001) and dry matter (NP 475:1983) were determined for all samples using normalized 

methods. Ash content was determined following an adaptation of a standard method (NP 

477:1983) which heating program is described in Dry Ashing Digestion (§ 3.7.2). 

 An adapted potentiometric titration method was used to Chloride quantification in milk 

(ISO 5943 | IDF 88: 2006). Milk samples (~2 g) were weighed and 2 mL of HNO3 plus 10 mL 

of KNO3 solution was added and diluted to 100mL with water. AgNO3 0.01 mol L-1 solution 

was standardized, dairy, with NaCl standard solution, in the same conditions of the samples 

using Gran´s method for detection of the final point of the titration (Gran, 1988).  

 

 

3.5.2 Mineral and Trace elements 

 

 In Figure 3.2 the analytical procedures used for minerals and trace elements 

determination is shown. Wet and dry ashing milk digestions were used selected in 

accordance to the characteristics and concentration levels of each element. 

 Na, K, Ca, Mg, Zn, Fe and Mn were analyzed by FAAS (APHA –AWWA-WPCF. 3111, 

2005; ISO 8070|IDF 119, 2007). The trace elements Cd, Co, Cr, Cu, Mo, Ni and Pb were 

determined by ETAAS (APHA–AWWA-WPCF 3113, 2005; Güler, 2007; ISO 6733|IDF 133, 

2006). Ultraviolet-Visible Molecular Absorption Spectrometry (UV-VIS-MAS) was used to 

analyze P (APHA –AWWA-WPCF. 4500-PD, 2005).  
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Figure 3. 2 – Diagram of the analytical procedure for minerals and trace elements 

determination. 

 

 

3.6. ATOMIC ABSORPTION SPECTROMETRY 

 

Atomic absorption spectrometry (AAS) is based upon the absorption of radiation 

emitted by a primary radiation source by free atoms, usually in the ground state, at the 

characteristic wavelength of the element. Optical transition occurs from ground state to an 

excited level, usually the first excited levels – resonance lines (Kellner et al., 1995).  

For monochromatic radiation, absorbance is directly proportional to the concentration 

of species absorbing. Notice that the free atoms in the light path are in dynamic equilibrium 

with the sample and the products of combustion in the flame. The use of Beer’s law for 

quantitative analysis in AAS require a calibration step (absorbance versus concentration) 

assuming that the free atoms are proportional to the concentration of the element in solution.  

As primary radiation source of characteristic wavelength, hollow cathode lamps (HCL) 

were used. Free atoms were produced either in the flame, after the sample solution has been 
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sprayed, or inside a graphite furnace. Three steps are involved, in FAAS, in turning a liquid 

sample into an atomic gas: desolvation, where the liquid solvent was evaporated and the dry 

sample remains, followed by vaporization of the solid sample to a gas and volatilization for 

breaking the compound bonds into free atoms. 

Temperature and stoicheometric of the flame, efficiency of the nebulization and the 

alignment of flame with the beam light are factors that control the quality of the 

measurements. The air/acetylene flame (1800 ºC to 2300 ºC) was used for the determination 

of elements Na, K, Ca, Mg, Zn, Fe and Mn, in this work (Table 3.1). 

Trace metals (Table 3.2) were determined by ETAAS as limits of detection are 

markedly lower than in FAAS due to the atomization of the entire sample and with increasing 

of the residence time of the free atoms. Lower volumes of samples (5 to 20 µL) were used 

but the interferences are more severe (Skoog, 1998). The graphite rod is heated according to 

the four step cycle. The temperature is gradually increased in order to firstly dry the sample 

ensuring the evaporation of the solvent; followed by ashing with pyrolysis and charring of the 

matrix and finally the atomization. The last step was the cleaning of the tube. Argon flows, 

except in atomization step for warranting sufficient residence time. Atomization period is 

relatively short (Rouessac et al., 2000; Skoog et al., 1998). 

According to Beer’s law, beyond a certain absorbance level, calibration curves can be 

non-linear. In this cases alternatives are applied either to dilute the samples in order to 

bracket the sample absorbance value within the linear calibration range, or to use curvature 

correction algorithms to compute concentration from absorbance in the non-linear portion of 

the standard curve. Three types of interference may influence the results: spectral 

interference, chemical interference and physical interference.  

Spectral interferences arising from the radiation overlapping within the spectral 

bandpass of the dispersive system and can be solved selecting an alternative line. Non 

specific absorption due to molecular bands of species either present in the matrix or formed 

during the atomization process could result in a significant increasing of the absorbance 

since the transmitted radiation intensity diminishes leading to analytical positive errors 

(Kellner, et al., 1998). Due to excess in absorbance, it is necessary to carry out background 

subtraction in order to obtain reliable absorbance of the analyte (Kellner et al., 1998). In this 

work correction of non specific absorption was done using the continuum source correction 

method for FAAS, and background correction based on Zeeman effect for ETAAS.   

Both FAAS and ETAAS are sensitive to chemical interferences, which induce 

changes in the formation of free atoms. The solution must be presented to the flame in the 

form of fine droplets that can be completely evaporated and converted to atoms in their short 

residence time in the flame. In the case of flame, the limits of flame temperature also can not 
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ensure a full dissociation or/and atomization of thermally stable compounds in the gaseous 

phase.  

The chemical effects that can influence the conversion of the element of interest into 

atoms are due to either the presence of easily ionized elements; or molecular species with 

low volatility at high temperatures, or dissociations of equilibrium reactions in the flame either 

involving metal oxides and hydroxides. The ashing step is also crucial stage in ETAAS with 

the possibility of loss of volatile species. In this case chemical modifiers were used to 

minimize matrix effects by increasing the differences of volatilization between the analyte and 

the matrix to obtain either a less volatile analyte (analyte modifier) or a more volatile matrix 

(matrix modifier). Modifiers are usually in liquid inorganic salts such as Pd(NO3)2, Mg(NO3)2, 

NH4H2PO4, etc., although organic additives such as ascorbic acid have been describe  

(Kellner, et al. 1998). The mixture Pd(NO3)2+ Mg(NO3)2 has been considered an universal 

modifier as Pd reduces the volatility of the analyte and Mg(NO3)2  improve the matrix ashing. 

For the more accurate results, it is important to match the major element chemical 

matrix of standards and samples. When analyzing samples of unknown concentration, this 

matching can be accomplished by the method of standard additions, where a small spike of 

the standard is added to a split of the sample solution. 

Physical interferences are more related to matrix interference due to diffeences of 

surface tension and viscosity of sample and standard solutions. 

 

3.7. DECOMPOSITION OF THE SAMPLE 

 

3.7.1 Microwave digestion  

 

Milk samples (~2 g) were weighed in the microwave vessel and 3 mL of HNO3 65% 

(w/w), 1 mL of H2O2 30% (w/w) and 10 mL of water were added. The microwave system was 

set up at a maximum power of 1000 Watts as follows: increasing 195 ºC at a rate of 17 ºC 

min-1 and hold at 195 ºC for 20 minutes. After cooling, the carousel was removed from the 

oven, the vessels were uncapped and samples were diluted to 100 mL with water. All sample 

digestion solutions were clear. This constitutes the working solution A. 

 

3.7.2 Dry Ashing Digestion 

. 

Milk samples (~25 g) were placed into a platinum crucible. The furnace temperature 

was programmed as follows: temperature increase from 25ºC to 100ºC at a rate of 2.5ºC min-

1; hold at 100ºC for 2.5 hours; increased at a rate of 1ºC min-1 to 200ºC; hold at 200ºC for 1 
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hour; increased at a rate of 4 ºC min-1 to 300ºC; hold at 300ºC for 1 hour; increased at a rate 

of 4 ºC min-1 to 550 ºC; hold at 550 ºC for 6 hours. The white residues were dissolved in 0.5 

mL of HNO3 (25%v/v) and 5 mL of water, heating the mixture slowly. The solution were 

transferred to a 25 mL volumetric flask and made up to volume with water. This constitutes 

the working solution B. 

 

3.8. VALIDATION AND QUALITY ASSURANCE OF THE METHODOLOGIES 

 

Quality assurance/quality control programs associated to the working analytical 

sequences are shown in Figure 3.3. They include the calibration function characteristics and 

its stability, influence of the matrix on the calibration, assessment of contamination, precision 

and trueness.  The calibration step was only used for UV-Vis-MAS and AAS.  

Milk Sample

Digestion

Calibration of equipment

Precision 

Trueness

Stability of calibration function

Assessment of contamination

Influence of sample matrix 

result ± expanded uncertainty 

(     ± U)

Calibration

w

Limit of detection

Limit of quantification

 

 

Figure 3.3 – Diagram of Quality assurance/Quality control program associated to the 

working analytical sequences 
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3.8.1 Calibration Performance Characteristics 

 

Atomic absorption and UV-Visible molecular spectrometric techniques require 

calibration of the equipments since the absorbance of the sample digestion solution was 

compared with those of a set of calibration standard solutions. For chloride no calibration 

function was needed. 

The calibration functions were calculated by regression analysis assuming that all 

errors are normally distributed in y-axis. The linearity of the calibration curves was verified 

using the Mandel’s fitting test (Funk et al., 1995). Previously the homogeneity of absorbance 

variances was verified by F-tests (Funk et al.,, 1995, ISO 8466-1; 1990). Variation coefficient 

of the calibration lines, xoV , were calculated due to residual standard deviations are a 

measure of the scatter of the values (ISO 8466-1, 1990; ISO 8466-2, 2001). 

Limit of detection ( LODC ) and limits of quantification ( LOQC ) expressed as 

concentration of the elements in the digestion solution (mg.L-1) were estimated from IUPAC 

recommendations (IUPAC, 1978): BBL ksyy +=  being Ly  the LODC and LOQC  values 

expressed as absorbance signal, By  the mean of blank measurements and Bs  the standard 

deviation of the blank and k  a numerical factor (IUPAC, 1978). The intercept of the 

regression lines was used to By  and, due to variances homogeneity, residual standard 

deviation of the linear regression line,
1ys , instead of Bs  (Miller et al., 2000) and k =3 and 

k =10, respectively, for LODC  and LOQC  estimations. 

After the establishment of the statistical performance characteristics of calibration 

functions, quality control (QC) actions with acceptance criteria were defined to be used in 

routine: the calibration blank absorbance, cB , should be lower than 0.005 for K, Zn, Fe and 

Mn, 0.010 for Na and the elements analyzed by ETAAS and cB <0.015 for Ca and Mg;  the 

squared correlation coefficient, 2r , should be higher than 0.995 and the intercept of the 

regression lines, a , and cB  values should be related by the equation: 003.0Ba c ±=  in 

order to hold the lower analytical limits. If the calibration function acceptance criteria fall 

outside the limits, then the calibration procedure was repeated after the corrective actions 

were taken (Trancoso et al., 2003).  

The stability of the calibration curves was verified every six sample sets, at least, 

using QCS solutions: Relative errors on QCS solutions concentration within ± 5 % of the 

expected values for FAAS and ±10 % for ETAAS and UV-Vis-MAS were considered 

acceptable. Whenever the QCS values were outside the acceptance criteria the equipment 
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was recalibrated and the samples reanalyzed (Funk et al., 1995, Trancoso et al., 2003). If a 

second QCS measurement was again outside the limits the analyze was stopped, new both 

CS and QCS solutions were prepared and a new calibration done. 

 

3.8.2 Assessment of Contamination 

 

The assessment of contamination was performed with calibration and reagent blank 

( reagB ) measurements carried out in each batch of samples. reagB  values lower  than 0.005 

for K and Mn, 0.010 for Zn; 0.015 for Ca and Mg; 0.020 for Na and the elements analyzed by 

ETAAS were accepted. If the reagent blank absorbance differs of cB  values more than 

0.003, then reagB  and cB values should be subtracted to the absorbance values of the 

samples and standards solutions, respectively. New calibration plot must be calculated. 

reagB  values must be lower than 0.3 mL for total nitrogen/protein and reagB ≤0.2 mL in 

case of chloride quantification. 

 

3.8.3 Limits of detection and quantification 

 

For mineral and trace elements the mass fraction corresponding to the limits of 

detection ( LODw ) and limits of quantification ( LOQw ) of the methods, were estimated from the 

LODC  and LOQC  values (§3.8.1), using the same expressions as those used to calculate the 

mass fraction on the milk samples.  

For chloride Bs  were estimated from the standard deviation of the spiked reagent 

blanks at a chloride range of 50 mg kg-1 using the IUPAC recommendations (IUPAC, 1978; 

Eurachem, 1998). For protein the reagent blank values were also used. 

In case of both total solids and ash the LODw  values were estimated multiplying the 

own acceptance criteria of constant mass (± 5 mg) by 2 and the LODLOQ ww ×= 3.3  

(Eurachem, 1998). 

 

3.8.4 Precision  

 

The precision was estimated from triplicate analysis. Acceptance criteria for triplicate 

relative range, relR , were previously established:  relR ≤2% for total solids; relR ≤ 5% for pH, 

titrable acidity and protein, relR ≤ 10% for the elements analyzed by UV-VIS- MAS and 

FAAS, except for Fe and Mn and ashes, 
relR  (≤20%), and 

relR ≤30% for  ETAAS.  
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Relative standard deviations at intralaboratory reproducibility conditions, RRSD , were 

calculated from R-charts (Funk et al., 1995). If the analytical results were lower than the 

limits of quantification of the method, the RRSD  values were obtained from own acceptance 

criteria of triplicates assuming a rectangular distribution (ISO GUM, 1995). 

 

3.8.5 Trueness 

 

Trueness (recovery) was estimated by analyzing independent sets of CRMs using the 

complete procedures: BCR Nº 063 for Na, K, Ca, Mg, P, Cl, Zn and Cu and BCR –151 for Cd 

and Pb. For Co, Cr, Mo, Ni and Pb spiked milk samples were used since CRMs were not 

available. For protein all the procedure was evaluated by analysis of tryptophan together with 

sucrose (ISO 8968-2|IDF 20-2:2001) and a quality control standard of pH=7.00 for pH. The 

mean recoveries, mR , were estimated by equation 3.1 and equation 3.2  for CRM or element 

spiked samples, respectively (Eurachem/CITAC, 2000).  

The results were previously considered unbiased whenever mR  were within the 

interval 1.00±0.02 for pH, the interval 1.00±0.10 for Ca, K, Mg, Na, Fe, Mn, Zn, and Cl and 

1.00±0.20 for trace elements (Cd, Cu, Co, Cr, Mo, Ni and Pb) according to the Directive 

2001/22/EC (EC, 2001) requirements for Pb in milk. 

CRM

CRMobs

m
w

w
R

_
=                                                                                                      (3.1) 

spike

sampleobssamplespikeobs

m
w

ww
R

__
−

=
+                                                                            (3.2) 

where sampleobsw
_

, CRMobsw
_

 and samplespikeobsw +_
 are the mean values of replicate 

analysis of the samples, the CRMs and spiked samples, respectively, CRMw  the certified 

value of the CRM and spikew  the element spiked mass fraction. 

 For total solids and ash the procedure was considered complete when the difference in 

mass between two successive weights does not exceed 5 mg, recording the lowest weight. 

 

3.8.6 Measurement uncertainty 

 

The relative combined standard uncertainties, ( )wu
rel

c , were estimated from the 

contribution of the precision and trueness components according to equation 3.3. Precision 

was expressed as relative standard deviation, RRSD , and trueness as recovery being 

( )
m

rel
Ru  the relative standard uncertainty associated to mR . This approach further implies 
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that ( )
m

rel
Ru  is independent of the analyte concentration and RRSD  values are 

approximately constant within the working range (Barwick et al, 2000; Eurolab, 2007). 

 

 ( ) ( )m

rel2rel

c RuRSDwu +=                                                                                  (3.3) 

 

The ( )m

rel
Ru  values were calculated by equation 3.4 if the trueness components were 

evaluated using CRMs and by equation 3.5 when mR  were estimated from spiking studies 

(Barwick et al, 2000).  
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where n  is the number of replicates, CRM_obss  the standard deviation of CRM replicates 

( )CRMwu  the standard uncertainty of the certified value of the CRM, samplespike_obss +  and samples  

were standard deviations of spiked samples and sample, respectively and ( )
spikewu  the 

standard uncertainty of spike on the milk sample estimated applying the general relationship 

between a result Y and the associated input quantities for a model Y=f(x1,x2,…,xi,…,xn), 

following the law of propagation of uncertainties for independent input quantities (ISO GUM, 

1995). 

 The statistic t  significant test was used to check if mR  values were significantly 

different from 1. In case of spiked milk samples a mean values of the recoveries were 

calculated. 

3.9. STATISTICAL ANALYSIS AND DATA TREATMENT 

 

Descriptive statistics of the results (namely average and standard deviation) and 

analysis of variance (ANOVA) were performed using Microsoft Office Excel 2007 and 

STATISTICA® version 6.0 from StatSoft® Inc., OK, Unites States of America.  

The effect of milk from the different breeds was evaluated for chemical composition, 

using the factorial model analysis of variance based on a completely randomised block 

experimental design. The interaction effect “breed x element analysed” for each 

determination was also determined by evaluating the differences between means at the 95% 

level calculated from the residual mean square using Fisher’s test. 
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4.  RESULTS AND DISCUSSION 

4.1. VALIDATION AND QUALITY ASSURANCE PROGRAMS 

 

4.1.1 Performance characteristics of calibration functions 

 

Table 4.1 shows the performance characteristics of the calibration functions, that is, the 

linearity tests, coefficients of variation and limits of detection and quantification, required to 

AAS and UV-Vis-MAS methods.  

 
Table 4.1 – Performance characteristics of calibration functions: linearity tests, coefficients of 
variation, limit of detection ( LODC ) and limit of quantification ( LOQC ) on the milk digestion 

solutions 

Element 
Method Concentration 

  range (mg L-1) 

Absorbance 

range 
TV  xoV  LODC  

(mg L-1) 

LOQC  

(mg L-1) 

Na 

FAAS 

0.02 - 0.3 0.02 – 0.21 12.2 0.03 0.008 0.02 

K 0.02 – 0.5 0.02 – 0.20 7.2 0.02 0.008 0.02 

Ca 0.02 – 4.0 0.03 – 0.25 2.8 0.03 0.07 0.2 

Mg 0.02 – 0.2 0.08 – 0.28 34.1 0.02 0.008 0.02 

P 
UV-Vis -

MAS 
0.05 – 1.0 0.06 – 0.86 278 0.11 0.01 0.03 

Zn 

FAAS 

0.02 – 0.4 0.02 – 0.18 0.1 0.03 0.007 0.02 

Fe 0.1 – 1.0 0.02 – 0.11 1.2 0.05 0.03 0.10 

Mn 0.025 – 0.50  0.01 – 0.11 1.1 0.01 0.001 0.004 

Cr 

ETAAS 

(0.25 – 2.5)×10-3 0.02 -  0.12 -2.8 0.07 0.1×10-3 0.3×10-3 

Mo (1 – 10)×10-3 0.02-0.12 0.2 0.07 0.4×10-3 1×10-3 

Ni (1 – 10)×10-3 0.02 – 0.07 1.7 0.04 0.3×10-3 1×10-3 

Cu (1 – 20)×10-3 0.02 - 0.30 -2.4 0.04 0.37×10-3 1×10-3 

Cd (0.1 – 1.5)×10-3 0.02 – 0.22 -3.0 0.05 0.04×10-3 0.1×10-3 

Co (0.5 – 7.5)×10-3 0.02 – 0.18 -2.8 0.08 0.2×10-3 0.6×10-3 

Pb (1 – 7.5)×10-3 0.02 – 0.10 -3.0 0.10 0.5×10-3 1×10-3 

TV-Testing value for linearity evaluation, ( ) ( ) 2

2y

2

2y

2

1y ss3Ns2NTV −−−= , 1ys and 2ys  - residual 

standard deviation of linear and second order regression lines (FunK et al., 1995; ISO 8466-1: 1990); 

N  - number of calibration data pairs;  xoV  - relative variation coefficient (ISO 8466-1: 1990) 
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From Table 4.1 it can be concluded that linear calibration functions provided the best 

adjustment for all elements, except for Mg and P, since the calculated testing values, TV, are 

lower than the critical Fisher values ( 99.0;4,1F =21.2). A second order calibration function was 

used for P and Mg since TV > F.  

The precision of regression analysis was judged using the xoV values. They are close 

to 5% for FAAS and 10% for ETAAS, being those values considered acceptable (Welz et al., 

1999). For UV-Vis-MAS, xoV  values of 11% were obtained due the high absorbance range of 

the calibration function. 

LOQC  values were close to the lowest concentration of the calibration range fulfilling 

the requirement that LOQC  values correspond to the lower limit of quantitative measurements 

(Funk et al., 1995; Miller and Miller, 2000). Limits of detection and limits of quantification 

depend on the precision of the regression and they should be checked on a daily basis 

(Trancoso et al., 2003).  

Direct calibration curves were used, because the recoveries on the interval 90-110% 

were obtained for FAAS and UV – Vis - MAS and 85–115% for ETAAS for spiked milk 

digestion solutions. Otherwise, the standard addition method should be used to correct the 

possible matrix effects.  

 

 

4.1.2  Precision, Trueness and Accuracy 

 

Validation and quality assurance reports, showing relative standard deviations in 

intralaboratory reproducibility conditions, RRSD , and recoveries,  are presented in Table 4.2 

and Table 4.3, for gross chemical composition and mineral and trace metals, respectively. 

The figures in both tables show the results obtained for the methodology used to warrant the 

performance characteristic of the methods. 
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Table 4.2 – Validation and quality assurance report for gross chemical composition 
 Precision Trueness   Uncertainty 

Parameter 
RRSD  HorwitzRSD  HorratR ( )mm RuR ±  LODw  LOQw  

rel

cu  rel

fU  

pH 0.0028 --- ---- 1.00±0.01 -- -- 0.01 -- 

Acidity 0.0015 --- ---- ----- 

0.8 cm3 

NaOH 1N 

dm-3 

2.5 cm3 

NaOH 1N 

dm-3 

0.002 ---- 

Protein 0.014 0.033 0.4 0.99±0.04* 0.3 g kg-1 1 g kg-1 0.03 0.10 

Total Solids 0.0038 0.027 0.1 ---- 2 g kg-1 7 g kg-1 0.004 0.10 

Ash 0.019 0.041 0.5 --- 0.4 g kg-1 1.3 g kg-1 0.03 0.10 

RRSD - relative standard deviation ( ( )
chartRwdRRSD −=

2
); 693.1

2
=d  for triplicates) (Funk et al., 2005);. 

HorwitzRSD  - relative standard deviation calculated by Horwitz formula ( )wlog5.01

Horwitz 2RSD
−= ; mR - mean 

recovery; ( )
mRu - standard uncertainty of mR  (Eq. 3.1); *  ( ) n/RRu mm = ; LODw  mass fraction on the 

limit of detection of the method; LOQw  – mass fraction on the limit of quantification of the method; rel

cu  - 

relative combined uncertainty (Eq. 3.3); rel

fU - maximum standard uncertainty. 
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Table 4.3  – Validation and quality assurance report for minerals and trace elements 

 Precision Trueness   Uncertainty 

Parameter RSDR HorwitzRSD  HorratR ( )mm RuR ±  LODw  

mg kg-1 
LOQw  

mg kg-1 

rel

cu  

 

rel

fU  

Na 0.026 0.046 0.6 1.01±0.03 20 60 0.04 0.10 

K 0.023 0.037 0.6 0.96±0.01 20 60 0.03 0.10 

Ca 0.025 0.038 0.7 1.06±0.03 5 15 0.04 0.10 

Mg 0.022 0.054 0.4 1.06±0.06 5 15 0.06 0.10 

P 0.024 0.039 0.6 1.01±0.01 25 75 0.04 0.10 

Cl 0.021 0.037 0.6 1.01±0.02 30 90 0.03 0.10 

Zn 0.030 0.093 0.3 0.99±0.02 0.4 1.0 0.04 0.19 

Fe 0.068 0.13 0.5 0.90±0.07 0.04 0.11 0.10 0.19 

Mn 0.036 0.16 0.2 0.93±0.04 0.01 0.02 0.06 0.15 

Cr 0.12 0.23 0.5 1.09±0.11 0.0003 0.001 0.15 0.20 

Cu 0.09 0.16 0.7 1.02±0.02 0.001 0.004 0.09 0.18 

Mo 0.11 0.18 0.6 1.13±0.10 0.001 0.004 0.13 0.20 

Ni 0.087* 0.31 0.3 0.83±0.07 0.001 0.004 0.10 0.30 

Cd 0.087* 0.42 0.2 1.02±0.07 0.0002 0.0006 0.11 0.22 

Co 0.087* 0.34 0.3 0.87±0.05 0.0007 0.002 0.10 0.26 

Pb 0.087* 0.28 0.3 1.01±0.05 0.002 0.007 0.10 0.32 

RRSD - relative standard deviation ( ( )
chartRwdRRSD −=

2
); 693.1

2
=d  for triplicates (FunK et al., 

1995);.(*) 32/RRSD
rel= ; HorwitzRSD  - relative standard deviation calculated by Horwitz formula, 

( )wlog5.01

Horwitz 2RSD
−= ; mR - mean recovery; ( )

mRu - standard uncertainty of mR (Eq. 3.4 or Eq. 3.5); LODw  

- mass fraction on limit of detection; LOQw  - mass fraction on limit of quantification; rel

cu  - relative combined 

uncertainty (Eq.3.3); rel

fU - maximum standard uncertainty. 

 

For all parameters included in gross composition (Table 4.2) the RRSD  values are 

lower than 0.02. RRSD  values lower than 0.05 or 0.1 for FAAS, UV-Vis-MAS and ETAAS, 

respectively, (Table 4.3) were obtained, which indicate the good precision of the methods. All 

data used for estimation of precision from triplicate analysis within specific concentration 

range are shown in Table A.1 of Annex A.  

In food control the precision of the methods are also assessed using the Horrat 

values i.e, the ratio obtained from the Horwitz formula, HorwitzRSD  (Alber et al., 1997, Noel et 

al., 2008). Horrat values lower than 2.0, as required by the European Regulation 333/2007 

for Pb in milk (EC, 2007), were observed as can be seen in Tables 4.2 and 4.3. For pH and 

acidity HorwitzRSD  values were not reported since this calculation requires the results 

expressed by mass fraction.  
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The trueness was evaluated as recoveries, ( )
mm RuR ± , obtained either from CRMs 

or spiked samples for minerals and trace elements or using standard solutions in case of pH 

and protein.  Table 4.2 and Table 4.3 show that  mR  values ranged between 0.9 and 1.1 and 

are within the limits previously established. For pH, protein and chloride quantification 

calibration functions were not required and mR  values much more closed to 1.00 were 

obtained. For acidity, total solids and ash, mR =1.00 were assumed with negligible ( )
m

rel
Ru , 

since volumetric methods was not a relative procedure, all the equipments were calibrated, 

no treatment of milk sample was performed and the titration was standardized before 

analysis (Williams, 1996, Maroto et al., 2002). 

All the data used for estimation of ( )m

rel
Ru  from CRMs recovery analysis and from 

spiked milk samples using the equation 3.4 and 3.5 respectively are shown in Table A .2 and 

Table A.3 of Annex A. In Table A.4 of the Annex A the calculations also used for estimation 

the standard uncertainty of each mass fraction of the spiked element, spikew , are shown. 

These values are required to estimate ( )m

rel
Ru .  

A correction for bias was not considered because mR  values were not significantly 

different from 1, as the significance t  tests were lower than the coverage factor of 2 (Tables 

A .2 and Table A.3 f Annex A). 

For mineral and trace elements, mass fraction of goat milk on the limits of detection 

and quantification, LODw  and LOQw , respectively, were obtained from the LODC  and LOQC  

values reported in Table 4.1 for the same experimental conditions of the samples. LODw  

and LOQw ,values met the performance criteria required for the limits of detection and 

quantification for Pb in milk imposed by European regulation 1881/2006 (EC,2006) amended 

by the European regulation 629/2008 (EC, 2008)  ( )Pb(LODw = 0.004 mg kg-1 and ( )PbLOQw = 

0,008 mg kg-1) In case of gross chemical composition both LODw  and LOQw  values (Table 

4.2) are significantly lower than the results expected for milk samples. 

An intralaboratory approach based on validation and quality control data was used to 

estimate ( )wu
rel

c  (Eq. 3.3), combining both relative standard uncertainties of precision and 

recovery. In case of total solids and ash the combined uncertainties were totally given by 

RRSD , as reported before (Mouro, F., 2008). Table 4.2 and Table 4.3 show the relative 

combined uncertainty estimated. 
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The European regulation 333/2007 (EC, 2007) inserts a new performance criterion to 

assess the fitness of analytical methods to be used in food control based on uncertainty 

function approach to calculate a maximum standard uncertainty, fU , following equation 4.1:  

( )2

2

2
aw

w

w

U
U LODfrel

f +







=        (4.1) 

where a is a numeric factor depending on the value of w . 

As can be observed in Table 4.2 and 4.3 the methodologies studied to characterize 

minerals and trace metals in milk gave results with relative combined uncertainty less than 

rel

fU . This indicates that the “Uncertainty Function Approach” requirement was fulfilled and 

the methods presented are suitable to be used in laboratories of milk analysis.  

The relative expanded uncertainty, ( )wU
rel

exp , was obtained by multiplying the 

combined standard uncertainty by the coverage factor  of 2, which gives an interval with 

approximately 95% confidence (Eurachem/CITAC, 2000).  

 

4.2.  CHEMICAL COMPOSITION OF PORTUGUESE GOAT MILK  

 

4.2.1 Results along the lactation period 

 

Results of gross composition and minerals and trace elements in Portuguese goat’s 

milk were obtained following quality procedures, which assure confidence in both methods 

and results used. Tables 4.4 to 4.9 show the results obtained for gross composition, minerals 

and trace elements for milk from the indigenous Portuguese goat breeds (SRT, SRR, CH. 

SP, AL) and for Saanen (SA) goat milk, collected along the lactation period studied (seven 

months between October-07 and Jun-08). All the results have associated the expanded 

uncertainty.  

The observed wide range of the published data for each element, lead us to suggest 

that an harmonized performance criteria for evaluation of the methods of analysis and 

uncertainties within each food sector is needed, in order to warrant confidence in the results 

and allow comparability of data. Such approach is even more important concerning trace 

elements in milk, particularly the ones potentially toxic. At the present, for milk sector, only 

Pb has a limit value considered in EC regulations. 
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From the analysis of Tables 4.4 to 4.9, it can be observed that the stage of lactation 

had significant effects (p<0.05) on the milk gross composition for all goat breeds. 

At the beginning of lactation period, the highest values for total solids and ash were 

obtained. For pH and acidity, no regular trends were observed among goat’s milk probably 

due to the different conditions of refrigeration, preservation and transport of the milk samples. 

This can be associated to the microbiological quality of the milk which is related to herd 

health, number of animals in lactation and sanitary quality of the milking room. For example 

for SP milk, towards the end of lactation there is an increasing in pH and acidity values while 

for SRT these values decreased. 

In general, protein content in goat milk depends on the birth season. Thus, some 

breeds registered higher values in the beginning of the lactation period and others show two 

major peaks for protein content and no trend was observed. For example, the main CH birth 

seasons were Autumn and Spring (Annex B) and therefore protein contents showed two 

peaks in January and Mars, respectively. On the other hand, the protein content is also 

influenced by the weaning of kids, increase of lactating goats, transformations in the feeding 

system and environmental conditions. However, there wasn’t enough information available to 

explain this protein behavior. 

The stage of lactation had also significant (p<0.05) effects on the minerals and trace 

elements concentration (Tables 4.4 to 4.9). 

In general, the higher mineral concentrations were found for Ca, Zn, Fe, Mn, Cu at 

the beginning of the lactation period. Jenness (1980) reported that Fe, Cu, Mn and Zn 

contents are much higher in colostrums than in mature milk and Zn content varies greatly 

with Zn in the diet. This could be one of the explanations for a higher content of these 

minerals at the beginning of lactation. In October 2007 some females gave birth and had to 

be milked once a day because the milk yield was too much for the kids. Towards the end of 

lactation an increasing of Na, K, P and Cr concentrations were registered. Higher contents of 

Cl and Mo were found at the end of the lactation period studied. Concentrations for Na, Cu 

and Fe found were lower and concentrations of Ca, P, Zn and Mn in Portuguese goat milk 

were higher than the ones reported by Kondyli et al. (2007) for Greek breeds, but for K 

concentrations our values were lower than the minimum value reported by Konar et al. 

(1971) cit in Park et al. (2007) and contradicting these authors the stage of lactation had 

effect on the mineral content. Nevertheless the variation of Ca and P concentrations were in 

accordance with the ones found by Güler (2007) and Kondyli et al. (2007). 
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4.2.2 Characterization of Portuguese goat milk 

 

The comparison of the results with the ones found in literature was only possible for goats 

from different species and geographical locations. To the best of our knowledge, there is no 

data available for milk from the Portuguese breeds. 

Table 4.10 and Table 4.11 show the gross composition and mineral and trace elements 

composition (wet weight basis), respectively, for goat’s milk from the four indigenous 

Portuguese breeds (SR two ecotypes, SRT and SRR; CH; SP and AL) and for Saanen (SA) 

grazing in Portugal during one period of lactation (Oct. 2007 to June 2008). In order to 

harmonize the results in the same basis all the mineral and trace elements concentrations 

were converted in dry weight basis, as shown in Table 4.12. 

 
Table 4.10 - Gross composition of goat’s milk 

Breed pH 
Acidity 

(cm
3
 NaOH 1N dm

-3
) 

Fat  (g.kg
-1

) 
Protein 

(g.kg
-1

) 

Ash 

(g.kg
-1

) 

Total Solids 

(g.kg
-1

) 

SRT 6.69b±0.14 15.6ab±3.3 55.7b±10 41c±4.9 8.40b±0.67 143.4b±14 

SRR 6.66ab±0.05 14.9a±2.2 43.9a±7.4 33.5a±1.7 7.7a±0.28 125.74a±10 

CH 6.67ab±0.07 16.4ab±1.6 53.5ab±9.7 36.1ab±1.6 8.4ab±0.12 138.88ab±12 

SP 6.65ab±0.04 16.3ab±1.4 56.4b±10.9 38.2bc±3.0 8.1ab±0.29 144.7b± 7.0 

AL 6.62ab±0.05 17.4b±1.2 49.00ab±4.5 38.9bc±4.7 7.9ab±0.24 134.01ab±6.0 

SA 6.60a±0.11 16.2ab±1.9 50.11ab±11 37.5b±1.9 8.3b± .12 135.88ab±13 

Média 6.66±0.040 16.3 ± 0.6 53 ± 3 39 ± 2 8.2 ± 0.21 140 ± 4 

 

For Portuguese breeds, fat values were on average higher than both local Greek 

(Kondyli et al., 2007) and Hatay goat breeds (Güler, 2007), and also for goat milk produced 

in United States of America (Park, 2000).  
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Results shown in Tables 4.10 to 4.12 are, to the best of our knowledge, the first 

comprehensive results for gross composition, minerals and trace elements content of goat 

milk from indigenous Portuguese breeds. It can be observed from Table 4.10 that, on 

average, results obtained for gross composition of Portuguese goat milk were higher than the 

ones referred by Park (2006) and within the values referred by Raynal-Ljutovac et al. (2008) 

and particularly similar to the Italian Sardinian breed (see Table2.1). However, in some 

cases, our results for protein and fat content were higher than the ones in the literature 

(Güler, 2007; Kondyli et al., 2007; Park et al., 2007).  

From Table 4.10 it can be observed that, except for pH and acidity, ecotype SRT 

showed the highest values for fat, protein, ash and dry matter content and ecotype SRR 

presented the lowest values for the same parameters, being milk from other breeds in 

between these results with no significant differences. These differences between the two 

ecotypes are probably due to the geographical region of milk origin and milk production 

system (Fig. 3.1). 

Mean values for minerals and trace elements presented in Table 4.12 are close to the 

certified values reported in the IRMM Certificate for non spiked CRM (Annex A, Table A. 2)  

Macrominerals (Table 4.11) from the milk of the breeds studied are not so different 

from the results presented by Raynal - Ljutovac et al (2008), but concentrations of Cu and Fe 

are higher. 

Average values obtained for Ca and P (Table 4.11) are within the literature results 

(Raynal-Ljutovac et al., 2008; Güler, 2007; Kondyli et al., 2007; Park et al., 2007). Ca/P ratio 

for all the breeds were within the mean results obtained by Raynal - Ljutovac et al. (2008) 

and Kondyli et al. (2007) and there are no significant differences between them. Jenness 

(1980) indicated that goat milk provides a great amount of calcium and phosphorus and the 

normal ratio of Ca/P in milk has been considered as 1.2:1. The ratio in the present study was 

slightly higher (1.36). The Na/K ratio was similar to the ones reported by Park et al (2007) 

and Raynal-Ljutovac et al. (2008). However, it was half of the value referred by Kondyli et al. 

(2007) (0.25 vs. 0.40), and even lower than the ratio referred by Khan et al. (2006) (0.25 vs. 

0.80), because Na content is similar to the ones referred by the latter and was lower than the 

value referred by Kondyli et al. (2007), while the values for K referred by Khan et al. (2006) 

were one third of the mean value for milk from Portuguese breeds. These higher values for K 

and lower Na in goat milk have been reported before (Kondyli et al., 2007). Again, SRT milk 

presented the highest Na/K ratio, but lower values obtained for this ratio might be of 

considerable importance from the human nutrition point of view, especially for people 

suffering from high blood pressure or under dialysis. 

Ecotypes for Serrana breed (SRT and SRR) differ significantly for Ca, Na, K, Zn, Fe, 

Mn and Cl. This might be due to the geographical difference of grazing and feeding, as well 



 Results and Discussion                                                                                                                                 49 

 

as differences in gross composition. Table 4.12 also reveals that there is no significant 

difference (p>0.05) for Cr content within milk from the different breeds. However, a great 

variability could be observed for the other trace elements, even within the same breed, which 

is probably due to the influence of geographical region and season. Values for Cr and Mo are 

very scarce in literature. Only Güler (2007) reported values for these elements, that were well 

above the ones obtained in this study (0.012 vs. 0.77 and 0.0046 vs. 0.94 mg kg-1, 

respectively, on wet weight basis (wwb) which might indicate a certain degree of 

contamination.  

One can also observe from Tables 4.10 to 4.12 that milk from the exotic breed 

Saanen (SA) did not differ significantly (p>0.05) from milk from the indigenous breeds, except 

in two parameters from Serrana milk (in protein content for both ecotypes and in ash content 

for SRR). Regarding minerals and trace elements, milk from Saanen showed some 

significant differences, but not enough to distinguish this breed from the rest.  This fact might 

indicate that breed is not as important for milk composition as geographical region, milk 

production system or even feeding 

The average Cu and Mn contents found were 78 µg kg-1 and 0.13 mg kg-1, 

respectively, which are higher than the mean values reported by Kondyli et al (2007) for 

Greek goat milk.  

Portuguese goat milk as much lower content of Mo, (4.6±1.6) µg kg-1, than others 

goat and cow milk. Hart et al. (1967) cit in Jenness (1980) reported mean values of 12.4 µg 

L-1 of Mo in 25 samples of goat milk and 25.9 µg L-1 in 27 samples of cow milk. This can be 

related with differences among the soil compositions. 

A very important consideration that can be drawn from the results obtained for 

minerals and trace elements content of Portuguese goat milk is that the soils where the 

animals grazed are not contaminated. In fact, these soils, mainly in the inland countryside, 

were never subjected to sewage sludge deposition as fertilizers (Trancoso, et al., 2003) and 

values for the potentially toxic elements such as Cd, Pb and Ni are well below the value 

stipulated by the EC directive (EC, 2001) for Pb in milk (0.02 mg kg-1 in wwb). This lead us to 

conclude that, human exposure to toxic elements through goat milk doesn’t seem to be a 

source of risk at the present. 
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4.2.3 Principal Component Analysis 

 

Three principal component analyses (PCA’s) were performed on the data matrix. For 

the first one (A) 18 variables (protein, fat, dry matter, ash, Cl, pH, acidity, Na, K, Ca, Mg, P, 

Zn, Fe, Mn, Cr, Cu and Mo) and 6 cases (6 goat breeds) were analyzed, and values were 

expressed on wet basis. Second (B) and third (C) PCA were performed on the data matrix of 

11 variables (Na, K, Ca, Mg, P, Zn, Fe, Mn, Cr, Cu and Mo) and 6 cases (6 goat breeds) 

using wet and dry bases values, respectively. 

Data was previously standardized (mean zero and variance equal 1) since there is a 

wide variation of responses of different variables, ie, differ in order of magnitude. Samples 

with the content of analyte below the LODw  of the method was not assigned any value. 

After performing PCA analysis, the screen plot of Eigenvalues for the A, B and C 

analysis, indicated that 72.59%, 74.89% and 73.78% of the total variance could be explained 

by 2 main factors in each of the analysis, respectively.  

Table 4.13 show the Pearson correlation matrix for the gross, mineral and trace 

elements composition. Significant positive correlations were obtained for fat and total solids, 

P and Zn contents with fat, Zn with total solids, P and Fe with pH and Na and Mn with 

protein, Zn with P, Ca with P and Fe. Significant negative correlations for K with fat and total 

solids, Ca and Fe with Acidity, Zn with K and Mn with Mo were obtained. 

In Figures 4.1 to 4.3 are shown the projections of the variables and the goat breeds 

on the factor-plane (1 x 2) for the three analyses. 
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A - Projection of all variables (Wet basis) 

 

A1 - Projection of goats breeds 

 

 

Figure 4.1 - Projections of all variables and breeds on wet basis according to factors 1 and 2 
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B - Projection of Minerals (Wet basis) 

 

B1 - Projection of goats breeds 

 

 

Figure 4.2 - Projections of minerals and trace elements and breeds on wet basis according 

to factors 1 and 2 
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C – Projection of minerals (Dry basis) 

 
C1 – Projection of goats breeds (Dry basis) 

 
Figure 4.3 - Projections of minerals and trace elements breeds on dry basis according to factors 1 

and 2 
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Factor 1 and 2 account for 72.59 %, 74.89%, 73.78% for the 1st, 2nd and 3rd analyses, 

respectively and as it can be seen below, factors 1 and 2 are the ones with highest 

cumulative variance. 

For projections A and A1 (Figure 4.1), the most important parameters for factor 1 are 

total solids (RS), fat (GB), pH , acidity (Acidity), potassium (K), calcium (Ca), phosphorus (P), 

zinc (Zn), Iron (Fe) and for factor 2 are protein (PB), sodium (Na), manganese (Mn) and 

copper (Cu).  

According to the projections A and A1 milk from Serrana SRT can be distinct from the 

others according to both factors 1 and 2. This means that, for factor 1, this breed has the 

highest values for the parameters total solids, fat, Ca, P, Zn, Fe content and pH, and the 

lowest values for K, Mo and titrable acidity.  

Referring to Mg and Cl values, there were no significant differences between milk 

from SRT and milk from the other breeds (table 4.11). 

For factor 2, SRT shows the highest values for Mn and protein, and, although there 

are no significant differences, it also presents slightly higher values for Na and Cu in 

comparison to the other breeds (table 4.11). 

A different approach is the observation of clusters. It is possible to group the different 

breeds studied in three different groups: one formed by SRR, SP and CH breeds, another 

formed by SA and AL (according to factor 1, one is the opposite of the other) and a third 

group formed only by SRT, due to the fact that significantly differs from the others. 

Referring to Serrana ecotypes SRT and SRR, both have higher values for protein, fat, 

ash, Ca, Fe, Zn, P, Mn and lower values for K , Mo and water content than AL and SA 

(p<0,05), but because SRT has significantly higher values for these parameters than SRR, 

the projection is shown in a different quadrant (tables 4.10 and 4.11). 

Results from PCA analysis using only mineral values are shown in projection B1 

(Figure 4.2) and are not so different from projection A1. The weight of each parameter in 

each factor is maintained and in projection B one can see that parameters that were more 

important before, maintained the same importance. Factor 2 was more responsible for the 

separation of SA and AL, namely the Mn values, since there were no significant difference 

between Na and Cr values for all breeds (table 4.12). As before, three clusters are also 

similarly formed. Thus, without gross composition values, it can be observed the behavior of 

the minerals from each breed and their importance for breed characterization. 

For results expressed on a dry weight basis, the profile was slightly different 

(projections C and C1 in Figure 4.3). For factor 1, the most important parameters were the 

same but Na and Cr were stronger in this factor than in factor 2. For factor 2 Cu and Mn were 

stronger. Mo was again weak for both factors, probably due to a high variation coefficient 

obtained. 
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The differences between wet and dry basis are more evident on Serrana ecotypes, 

since the position for SA, AL and CH, SP were basically maintained. This means that, while 

water content for the former breeds was not that different, water content for SRT and SRR 

was significantly different. was significantly different, having an influence on other 

parameters. Breeds CH and SP are still characterized by having higher Ca, Fe, P, Zn and Cr 

content and lower content for Na, K, Mg, Mn and Cu. Breeds SA and AL are exactly 

opposite, both in wet as in dry weight basis.  

For Serrana ecotypes (SRT and SRR), the major differences observed were the 

higher contents of Na for SRR and the higher contents of K and Cl for SRT. This difference in 

two ecotypes for the same breed is probably due to the production system, as milk samples 

for SRT were obtain from a bulk dairy container, while SRR milk samples were from a single 

heard with seasonal production.  

 

4.2.4 Cluster Analysis 

 

Cluster analysis was applied to the matrix of the means for each parameter in each 

breed. Four cluster analyses were performed; two with all the parameters (variables) studied 

(18) and two considering only the minerals as variables (11), all on a wet and dry weight 

basis. The results are shown in Figure 4.4.  
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1 - All variables (wet basis) 2 - Minerals (wet basis) 

  
3 - All variables (dry basis) 4 - Minerals (dry basis) 

 
Figure 4.4- Summary of cluster analysis dendograms 
 

As expected, dendograms 1, 2 presented I n Figure 4.4 confirm the three groups 

observed in projections A1 and B1 (Figure 4.1) for wet basis analysis, respectively. 

Dendogram 4 confirms the two groups found in projection C1 (Figure 4.3), although it can be 

seen that SRT is somehow different from CH and SP. With or without gross composition 

parameters, the cluster composition is the same for wet and dry basis. 

On wet weight basis it can be observed, for both gross composition and minerals, that 

SRT milk is considerably different from the others, forming three clusters. On the other hand, 

on dry weight basis analysis SRT milk is closer to CH and SP milk, but SRR is now closer to 

SA and AL milk, forming two clusters. 

SRT milk is clearly different from SRR both in wet and dry basis, but for all the 

parameters studied on dry weight basis, it can be seen that Serrana breed (both ecotypes) is 

the breed that shows greatest distance from the others. 
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5. CONCLUSIONS 

5.1. VALIDATION AND QUALITY ASSURANCE PROGRAMS 

Nowadays, results with uncertainty associated are recognized as an essential part of 

the measurement process, since it is a requirement for accredited methods and facilitates the 

interpretation of results. In food control, there is a high need of comparability of the results; 

however, the use of standardized methods is not compulsory by European legislation.  

Methods used for characterization of minerals and trace elements in goat milk comply 

with EC requirements applied to methods of analysis for the official control since they are 

specific. Also, the Horrat values were lower than 2.0 and recoveries were within the interval 

1.00 ± 0.10 for minerals and 1.00 ± 0.20 for trace metals. Uncertainty estimation of the 

results was lower than the maximum standard uncertainty calculated using the uncertainty 

function approach. 

5.2. CHEMICAL COMPOSITION OF GOAT MILK FROM THE INDIGENOUS 

PORTUGUESE BREEDS 

Results obtained were, to the best of our knowledge, the first comprehensive results 

for gross composition, minerals and trace elements content of goat milk from indigenous 

Portuguese breeds, and since no data was available for our goats milk, the comparison of 

these results with the ones found in literature was only possible for goats from different 

species and geographical locations.In general, results obtained for gross composition of 

Portuguese goat milk were similar to the Italian Sardinian breed.  

 

The average concentrations of Ca, P, Zn and Mn in Portuguese goat milk were higher 

than the mean values for Greek goat milk but concentrations of Na, Fe and Cu found were 

lower. There is no significant difference (p>0.05) for Cr content within milk from the different 

breeds in dry basis. However, a great variability could be observed for the other trace 

elements, even within the same breed, which is probably due to the influence of geographical 

region and season. 

 

The stage of lactation during the period studied had significant effects (p<0.05) on the 

milk gross composition and on the minerals and trace elements concentration for all goat 

breeds. At the beginning of lactation period, highest values for total solids ash, Ca, Zn, Fe, 

Mn, Cu were obtained. Concentrations of Na and Mg found were higher towards the end of 

lactation. For pH, acidity and protein content no regular trends were observed among goat’s 

milk. It was also observed that protein content in goat milk was related to birth season. 
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However, these results should be further confirmed, since only one lactation period was 

studied. 

Serrana milk from ecotype Transmontana (SRT) differs significantly from ecotype 

Ribatejana (SRR). Except for pH and acidity ecotype SRT showed the highest values for fat, 

protein, ash and dry matter content and ecotype SRR presented the lowest. In dry basis 

ecotypes for Serrana breed differ significantly for Ca, Na, K, Zn, Fe, Mn and Cl as well as 

differences in gross composition. This might be due mainly to differences in the geographic 

localization and in the production system. 

 

The use of PCA followed by Cluster analysis allowed us to conclude that milk from 

the Portuguese breeds can be grouped in two main clusters: SRT, CH and SP cluster have 

higher amounts of pH, fat, total solids, Ca, P, Zn, Fe, Mn and Cr, while SA, AL and SRR 

cluster have higher amounts of acidity, protein, Na, K, Mg, Cu and Mo. SRT milk was clearly 

different from SRR both in wet and dry basis, but for all the parameters studied on dry weight 

basis, it was seen that Serrana breed (both ecotypes) was the breed that showed greatest 

distance from the others. 

 

In general, it can be suggested that goat milk from the Portuguese breeds is a good 

source of functional ingredients, particularly in what respect to Ca/P ratio, as this value was 

higher than the referred in literature (1.36 vs. 1.20), meaning that Portuguese goat milk is 

high in Ca and P. Serrana Transmontana (SRT) was particularly high in Ca (11.74 g.kg-1. 

dwb). Conversely, Na/K ratio was, in general, considerably lower than values referred in 

literature for other goat breeds and also to cow milk, which might be a good factor to held in 

consideration regarding population with coronary heart diseases, hypertension and subject to 

haemodialysis. However, Serrana Ribatejana (SRR) was quite high in Na content (3.27g kg-1, 

dwb). Although it is generally known that milk is an important source of Cr, (which is an 

important element for diabetic people as modulates insulin production), no conclusion could 

be withdrawn for Cr content in our samples, as there were no significant differences for this 

element within the Portuguese breeds and also the few literature values found for milk are 

extremely high, leading us to suggest that these were contaminated.    

 

Milk from the exotic breed Saanen (SA) did not differ significantly (p>0.05) from milk 

from the indigenous breeds, except in two parameters from Serrana milk (in protein content 

for both ecotypes and in ash content for SRR). Regarding minerals and trace elements, milk 

from Saanen showed some significant differences, but not enough to distinguish this breed 

from the rest.  This fact might indicate that breed is not as important for milk composition as 

geographical region and milk production system. 
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Significant positive correlations were obtained for fat and total solids, P and Zn 

contents with fat, Zn with total solids, P and Fe with pH and Na and Mn with protein, Zn with 

P, Ca with P and Fe. Significant negative correlations were obtained for K with fat and total 

solids, Ca and Fe with Acidity, Zn with K and Mn with Mo. 

 

A very important consideration that can be drawn from the results obtained for some 

of the minerals and trace elements determined in Portuguese goat milk is that the soils 

where the animals grazed are not contaminated. This lead us to conclude that, human 

exposure to toxic elements through goat milk doesn’t seem to be a source of risk at the 

present. 
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Table A. 1 – Precision estimated from triplicate analysis within specific concentration range. 

All the results are in wet weight basis. 

Parameter  n Range chartRw −  R  Rs  

pH  48 5.7 – 6.9 6.6 0.031 0.018 

Acidity 
cm3 NaOH 0.1N 

dm-3 
47 11 – 21 16 0.40 0.23 

Protein 

g kg-1 

51 32 - 50 38 0.91 0.54 

Total solids 54 118 - 180 137 0.88 0.57 

Ash 54 7.0 - 11 8.1 0.26 0.15 

Na 56 0.30 – 0.69 0.40 0.018 0.011 

K 45 1.2– 1.8 1.6 0.060 0.036 

Ca 51 1.1 – 2.0 1.5 0.063 0.037 

Mg 50 0.11 – 0.18 0.14 0.0052 0.0031 

P 49 0.81 – 1.5 1.1 0.043 0.025 

Cl 51 1.3 – 2.3 1.6 0.056 0.033 

Zn 

mg kg-1 

49 2.3 – 5.6 3.8 0.19 0.11 

Fe 49 0.21 – 0.75 0.37 0.043 0.025 

Mn 50 0.056 – 0.373 0.12 0.0071 0.0042 

Cr 

µg kg-1 

51 1.3  – 32 10 2.0 1.2 

Cu 54 28 – 157 81 13×10-3 7.4 

Mo 48 1.5 – 24 4.4 0.82 0.48 

chartRw − - Average mass fraction; R - Mean range; −s Standard deviation (
2

dRs = with 

693.1
2

=d  for triplicates) [FunK, et al., 1995]. 
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DADOS RELATIVOS ÀS RAÇAS DE CABRA PORTUGUESAS 2007/2008 

 

RAÇA / REBANHO: Serrana  Transmontana 

Nº cabeças rebanho em ordenha / mês 

Não existe um n.º estudado, sendo a 
média dos rebanhos de 80 cabras, 

com um máximo de 350 e um mínimo 
de 20. 

Como os partos se repartem ao longo 
do ano, existe sempre um n.º de 
cabras a ordenhar, com maior 

incidência a seguir ao Natal e Pascoa, 
Primavera. 

Sistema de Produção (especifique): 
- Intensivo /- Semi-intensivo /- Extensivo Extensivo tradicional 

Produção acumulada (nº litros/animal até 
presente data) 

Transmontano: 123L; 
Ribatejano:250,8L; 
Jarmelista : 242,0L 

Nº de dias acumulados (nº dias de 
produção/animal) 

Transmontano: 181; 
Ribatejano:178; 

Jarmelista : 165L 
% Proteína do leite (se determinada)/ mês 3.5 
% Gordura do leite (se determinada)/ mês 3.3 

Contraste leiteiro (Associação) Média de 12000 contrastes válidos 
por ano 

Épocas de parto Todo o ano, com Predominância da 
épocas de Outubro e Março 

Épocas de reprodução (entrada e saída 
dos machos) Cobrição continua ao longo do ano 

Idade máxima e mínima das cabras no 
rebanho. Entres os três meses e os 10 anos 

Número de vezes de ordenha. 
 Uma a duas vezes por dia 

Dados adicionais que considere relevantes 
(especifique nos campos abaixo): 

www.ancras.pt  
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DADOS RELATIVOS ÀS RAÇAS DE CABRA PORTUGUESAS 2007/2008 

 

RAÇA / REBANHO:  Cabra Charnequeira  /  _________________________ 

 

 

Nº cabeças rebanho em ordenha / mês  

Sistema de Produção (especifique): 
- Intensivo /- Semi-intensivo /- Extensivo Extensivo 

Produção acumulada (nº litros/animal até 
presente data) 150- 250 litros 

Nº de dias acumulados (nº dias de 
produção/animal) 180 – 250 dias 

% Proteína do leite (se determinada)/ mês 4 - 7% 
% Gordura do leite (se determinada)/ mês 4 - 7% 

Contraste leiteiro (Associação) Ovibeira 
Épocas de parto Primavera/Outono 

Épocas de reprodução (entrada e saída 
dos machos) 

Primavera (Abril/Maio) 
Outono (Setembro/Outubro) 

Idade máxima e minima das cabras no 
rebanho. 

Max. - 8 anos 
Min. - 1 ano 

Número de vezes de ordenha. 
 2x (manhã/tarde) 

Dados adicionais que considere relevantes 
(especifique nos campos abaixo): 

  
  

 

 Os rebanhos contrastados pertencem a: 

− A -  (Aldeia do Bispo/Penamacôr) +/- 80 cabeças/mês 

− B -  (Malpica do Tejo/Castelo Branco).  +/-150cabeças/mês 

− C -  (Lousa/Castelo Branco) - +/- 200 cabeças/mês 
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DADOS RELATIVOS ÀS RAÇAS DE CABRA PORTUGUESAS 2007/2008 

 

 

RAÇA / REBANHO: ___SAANEN_________  /  _________________________ 

 

 

Nº cabeças rebanho em ordenha / mês 70 

Sistema de Produção (especifique): 

- Intensivo /- Semi-intensivo /- Extensivo 
Semi extensivo 

Produção acumulada (nº litros/animal até 

presente data) 
420 

Nº de dias acumulados (nº dias de 

produção/animal) 
240 

% Proteína do leite (se determinada)/ mês  

% Gordura do leite (se determinada)/ mês  

Contraste leiteiro (Associação)  

Épocas de parto Outubro e Novembro 

Épocas de reprodução (entrada e saída 

dos machos) 
Maio e Junho 

Idade máxima e minima das cabras no 

rebanho. 
1 a 8 anos 

Número de vezes de ordenha. 

 
Duas vezes 

Dados adicionais que considere relevantes 

(especifique nos campos abaixo): 
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DADOS RELATIVOS ÀS RAÇAS DE CABRA PORTUGUESAS 2007/2008 

 

RAÇA / REBANHO: ALGARVIA   

 

LOCALIZAÇÃO GEOGRÁFICA DA ZONA DE PASTOREIO (localidade(s) mais próxima(s): 

Vila Nova de Cacela  

 

 

Nº cabeças rebanho em ordenha / mês 150 

Sistema de Produção (especifique): 

- Intensivo /- Semi-intensivo /- Extensivo 
Semi extensivo 

Produção acumulada (nº litros/animal até 

presente data) 
400 

Nº de dias acumulados (nº dias de 

produção/animal) 
250 

% Proteína do leite (se determinada)/ mês 3.9 

% Gordura do leite (se determinada)/ mês 4.8 

Contraste leiteiro (Associação)  

Épocas de parto Agosto e fevereiro 

Épocas de reprodução (entrada e saída 

dos machos) 

Abril/Março ( época 

principal) 

Outubro/Novembro( época 

secundaria) 

Idade máxima e minima das cabras no 

rebanho. 
1,5 anos 7 anos 

Número de vezes de ordenha. 

 
Duas vezes 

Dados adicionais que considere relevantes 

(especifique nos campos abaixo): 

  

  

 

 

 


