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Abstract:

Milk is a food with high nutritional benefits and is therefore considered an important source of food for all

age groups. Laben (1963) reported that whole milk provides energy from carbohydrates, essential amino

acids, fatty acids, vitamins and minerals in varying amounts, brought about by both environmental and

genetic differences. Not only has the economic impact of variation in fat and protein content led to much

research on manipulation and alteration of these constituents, but the different amino acid, fatty acid and

micronutrient profiles, and their consequent impact on health, have become current topics of debate.

Increased knowledge of the impact of feeding on the quality and quantity of milk production has led to

more sophisticated diet formulations for cattle (Jenkins & McGuire, 2006). In the 1980s, diets were

modified to induce changes in fat percentage, protein and lactose content. Apart from diet, breed and

other environmental factors influence the composition of milk. Nutritional composition forms the basis of

consumer education, and it is evident that international data for milk cannot be used in all contexts.

During this study country specific composition data for milk is compared and the differences discussed.
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1. Introduction

Milk is a food with high nutritional benefits and is therefore considered an important source of food for all

age groups. Laben (1963) reported that whole milk provides energy from carbohydrates, essential amino

acids, fatty acids, vitamins and minerals, occurring in the milk in varying amounts, are brought about by

both environmental and genetic differences. Not only has the economic impact of variation in fat and

protein content led to much research on manipulation and alteration of these constituents, but the

different amino acid, fatty acid and micronutrient profiles, and their consequent impact on health, have

become current topics of debate. Increased knowledge about the impact of feeding on the quality and

quantity of milk production has led to more sophisticated diet formulations for cattle (Jenkins & McGuire,

2006).



During this study country-specific composition data for milk are compared and the differences are briefly

discussed. The implications of these compositional differences among countries in various sectors

become apparent, and the need for country-specific nutrient composition data is highlighted.

2. Importance of milk composition

The consumer: There is an increasing drive by consumers and industry for nutrition and health. Accurate

composition data on what is actually consumed will aid in consumer education, in line with current nutri-

marketing trends. Such data can also be translated into accurate labelling information to further aid

consumers in making healthy food choices.

The industry: The data on the composition of milk is of interest to the dairy industry as a reference tool.

Not only is the composition of milk a primary determinant of the characteristics of the processed product,

e.g. cheese, but often fat and protein content of raw milk needs to be altered to comply with retail

standards. Nutrient composition data on the unaltered product is needed as a baseline.

3. Factors influencing the composition of milk

Genetic characteristics: Each dairy breed produces nutrients in specific proportions. The influence of

animal breed on the fatty acid profile in particular has been comprehensively investigated (Lawless,

Stanton, L’Escop, Devery, Dillon & Murphy, 1999; Soyeurt & Gengler, 2008).

Volume of milk and stage of lactation: An increase in volume produced per animal results in

composition changes, such as altered fat and protein profiles and decreased nutrient density which has a

significant impact on the processing and retail industry.

Feeding regime: Increased knowledge about the impact of feeding on the quality and quantity of milk

production has led to more sophisticated diet formulations for cattle. Since the 1980s feeding regimes of

dairy cattle have been modified to induce changes in fat percentage, saturation, protein and lactose

content, and to increase the amount of unsaturated fatty acids (for both health and manufacturing

reasons) (Jenkins & McGuire, 2006). Alterations in grain feeding schemes, as well as the administration

of biohydrogenated fat supplements, among others, have been used in the dairy industry to bring about

these changes. Manipulation of the nitrogen content of raw milk has also been well reviewed (DePeters &

Cant, 1992). Research has shown that forage-to-concentrate ratio plays a significant role in the proportion

of nitrogen in milk. Reducing the amount of forage, while increasing the amount of concentrate

administered, increases both protein content and yield, while the amount and source of protein and fat in

the diet has also been shown to alter the final protein composition. The amount of vitamins and other



constituents in bovine milk is also directly influenced by factors such as feeding, genetics (cow breed) and

stage of lactation (Ellis, Monteiro, Innocent, Grove-White. Cripps, McLean, Howard & Mihm, 2007).

4. Differences in the milk composition between countries

In Tables 1 to 4 the composition data of whole bovine milk is compared, as reported in the national

databases of South Africa (The nutritional content of South African milk and liquid milk products) (Smith,

Smith, Schonfeldt & Heinze, 1998), the United States of America (United States Department of

Agriculture (USDA) National Nutrient Database for Standard Reference) (USDA, 1998), the United

Kingdom (Supplement to the 4th Edition of The Composition of Foods) (Holland, Urwin & Buss, 1989),

Denmark (Danish Food Composition Databank) (National Food Institute, 2010), and Australia and New

Zealand (Food Standards Australia New Zealand, NUTTAB, 2006).

4.1. Proximate composition

In Table 1 the lactose content from the countries varied from 4.64g/100g in Denmark to 5.26g/100g in the

United States of America (USA), while minimal differences are observed between the United Kingdom

(UK), South Africa (SA) and Australia New Zealand (AUS-NZ).

Table 1. Proximate composition of whole bovine milk from different countries.

Whole bovine milk per 100g South Africa USA UK Denmark Australia New Zealand

Moisture g 88.0 88.3 87.8 87.8 87.5
Energy kJ 260 252 275 269 278
Protein (N x 6.38) g 3.25 3.22 3.20 3.40 3.30
Lactose g 4.80 5.26 4.80 4.64 4.70
Total fat g 3.43 3.25 3.90 3.50 4.00

The largest differences are observed in total fat content. USA milk had a fat content of 3.25g/100g, while

the NUTTAB database of AUS-NZ reported the fat content of milk to be (4.0g/100g). The difference in

energy contribution per 100g milk can largely be attributed to this difference in fat content. Differences

can also be due to the type of milk samples drawn, e.g. raw versus standardised milk, as fat content is

often altered for retail purposes, in order to comply with standards.



Table 2. Fatty acids (g or mg/100g)of whole bovine milk from different countries.

Whole bovine milk per 100g South Africa USA UK Denmark Australia New Zealand

Total saturated g  ~ 1.87* 2.40 2.30* 2.47*
4:0 mg ~ 75.0 ~ 106 130
6:0 mg ~ 75.0 ~ 211 90.0
8:0 mg ~ 75.0 ~ 106 40.0
10:0 mg 67.5 75.0 ~ 106 100
12:0 mg 89.2 77.0 ~ 106 120
14:0 mg 300 297 ~ 317 400
16:0 mg 804 829 ~ 951 1160
18:0 mg 431 365 ~ 423 420
20:0 mg 16.6 0.00 ~ 0.00 10.0
Total monounsaturated g 0.85* 0.81* 1.10 0.85* 0.97*
14:1 mg 23.9 0.00 ~ 0.00 30.0
16:1 mg 41.7 0.00 ~ 106 60.0
18:1 mg 785 1000 ~ 740 880
Total polyunsaturated g 0.10* 0.20* 0.10 0.11* 0.11*
18:2 mg 83.2 120 ~ 106 80.0
18:3 mg 16.7 75.0 ~ 0.00 30.0
Cholesterol mg 9.64 10.0 14.0 0.00 13.0

*Calculated.~ missing values.

4.2. Fatty acid composition

In Table 2 the total saturated fat content from the USA is significantly lower (1.87g/100g) than that from

AUS-NZ (2.47g/100g), Denmark (2.3g/100g) or UK (2.4g/100g). Total monounsaturated fatty acids differ

somewhat between countries, while polyunsaturated fatty acids differ from 0.1g/100g in SA, to almost

0.2g/100g in the USA. Cholesterol of whole bovine milk showed some differences, from 10mg/100g in SA

and USA, to 13mg/100g in AUS-NZ, and 14mg/100g in the UK.

4.3. Vitamin and mineral composition

Some differences are seen in mineral content among the different countries, while more profound

differences in vitamin content are observed (Table 3). Retinol content is reported to be much higher in SA

(43.4µg/100g) and the UK (52µg/100g), than in the US (28µg/100g), Denmark (29.2µg/100g) and AUS-

NZ (36µg/100g). It is worthwhile noting that industrial practices sometimes include the fortification of milk

with some fat-soluble vitamins such as vitamins A and D. The composition tables of SA and UAS-NZ



report both vitamin B1 (0.02mg/100g and 0.03mg/100g) and vitamin B6 (34.5mg/100g and 20mg/100g) to

be lower than those reported in the composition tables of the other countries (Table 3).

Table 3. Vitamin and mineral composition (mg or μg /100g) of whole bovine milk from different
countries.

Whole bovine milk per 100g South Africa USA UK Denmark Australia New Zealand

Minerals
Calcium mg 120 113 115 116 117
Iron mg  ~ 0.03 0.05 0.04 ~
Magnesium mg 11.7 10.0 11.0 11.1 11.0
Phosphorus mg 90.3 91.0 92.0 93.0 92.0
Potassium mg 157 143 140 144 155
Sodium mg 48.3 40.0 55.0 45.4 ~
Zinc mg  ~ 0.40 0.40 0.42 0.40
Copper mg  ~ 0.01 tr 0.01 0.003
Manganese μg  ~ 0.003 ~ 0.01 0.0007
Selenium μg  ~ 3.70 1.00 1.61 1.00
Iodine μg  ~ ~ 15.0 24.3 13.3

Vitamins
Retinol μg 43.4 28.0 52.0 29.2 36.0
Beta carotene μg  ~ 5.00 21.0 16.0 19.0
Vitamin B1 mg 0.02 0.04 0.04 0.04 0.03
Vitamin B2 mg 0.16 0.18 0.17 0.17 0.18
Vitamin B3 mg  ~ 0.11 0.08 0.86 0.70
Vitamin B6 μg 34.5 36.0 60.0 47.0 20.0
Folic acid μg  ~ 5.00 6.00 11.0 7.00
Vitamin B12 μg  ~ 0.44 0.40 0.45 ~
Biotin μg  ~ ~ 1.90 1.40 3.90
Vitamin C mg  ~ ~ 1.00 1.20 1.00

4.4. Amino acid composition
The total amount of amino acids present in bovine milk includes amino acids incorporated in proteins, as

well as free amino acids. Amino acid content not only differs among countries, but research has also

shown the amino acid profile of milk to differ within the same country, between seasons, probably due to

feeding changes (Lindmark-Mansson, Fonden & Pettersson, 2003). In Table 4 differences in the amino

acid profile in the countries are presented.



Table 4. Amino acid composition (mg/100g) of whole bovine milk from different countries.

Whole bovine milk per 100g South Africa USA Denmark Australia New Zealand

Total* g 3.40 3.03 3.58 3.55
Arginine mg 123 75.0 120 121
Serine mg 186 107 190 210
Aspartic acid mg 250 237 280 258
Glutamic acid mg 689 648 680 690
Threonine mg 155 143 150 167
Glycine mg 70.8 75.0 70.0 67.0
Alanine mg 120 103 110 115
Tyrosine mg 150 152 150 160
Proline mg 308 342 330 330
Methionine mg 89.1 75.0 86.0 79.0
Valine mg 193 192 240 225
Phenylalanine mg 166 147 170 163
Isoleucine mg 174 165 200 192
Leucine mg 306 265 330 324
Histidine mg 90.2 75.0 96.0 100
Lysine mg 257 140 310 274
Tryptophane mg 39.3 75.0 46.0 42.0
Cystine mg 37.1 17.0 26.0 29.0

*Calculated.~ missing values.

5. Conclusion

Breed and farming systems of dairy cows differ significantly between countries and this results in

differences in the composition of bovine milk. Nutritional composition forms the basis of consumer

education and various retail practices. The importance of country-specific composition values for bovine

milk becomes apparent and should be used as accurate reference data for dietary advice, labelling and

industry purposes.
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