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Generalities of Minerals

Minerals

Macroelements : 

Ca, Mg, Na, K, P and Cl

Trace elements :

Fe, Zn, Cu, Se…….

• Not synthesized by the human organism 

• Present in low quantity

• Are not energetic sources

• Contribute to the good functions of the organism
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Main Macroelements in Milk

� Cations : Ca, Mg, Na & K

� Anions : P, Cl and citrate
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Calcium and phosphate in 

milk and dairy products
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Calcium and Phosphorus  in Milk 

Calcium (Calcium (∼∼∼∼∼∼∼∼1200 mg/L)1200 mg/L)

Phosphorus (∼ 950 mg/L)

Citrate (∼1600 mg/L)

Chloride (∼1200 mg/L) Potassium (∼1400 mg/L)

Sodium  (∼500 mg/L)

Magnesium (∼120 mg/L)

Trace elements
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The Salt Equilibria in Milk / different forms of calcium

Nature, structure, Nature, structure, rolerole and and 

intervention in  the intervention in  the functionalityfunctionality ??? ??? 

Aqueous Phase

CaCit -

[8 mM]

CaHPO4

[0.6 mM][0.6 mM]

HPO4
2-

[3 mM]

H2PO4
-

[10 mM]

Cit3-

[1.6 mM]

HCit2-

[0.2 mM]

Ca2+

[2mM]

H+

[2. 10-7mM]

• Saturated in calcium phosphate (0.6 mM)

• All modifications of the physico-chemical characterictics of 

the soluble phase (pH, salt addition, pH,…)  ---> modifications 

of the salt equilibria between soluble and micellar phases

• Ionic strength : 0.08 M

� 93 % caseins

• αs1-CN 36 %

• αs2-CN 10 %

• β-CN 34 %

• κ-CN 12 %

• 7 % of colloidal mineral complexe               

phosphate, calcium, magnesium and citrate

Micellar Phase

Pi : Inorganic Phosphate

Pi : Inorganic

Phosphate

Po : organic

phosphate 

(caseins)

Ca : calcium
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Different Forms of Calcium in Dairy Products

� The forms, locations  and concentration of calcium are multiple and depend on the 
technologies used: 

� Free (ionic calcium � Ca2+) (milk, fermented milks, cheeses)

� Associated to 

− casein molecules (milk, cheeses)

− counter-ions (inorganic phosphate, citrate) to form soluble salts

− α-lactalbumin, osteopontin,…….

− free fatty acids (after lipolysis) to form soap 

− phosphopeptides (after proteolysis of casein)

� Precipitates under 

− calcium phosphate (surface of Camembert)

− calcium lactate (Cheddar) 

− calcium carbonate (Emmental)

� Important to consider the  different forms of calcium which could be differently 
absorbed (effect of environment – lactose, phosphopeptide, others cations, presence 
of chelatants – Ca/P ratio, type of matrix, …)
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Different Forms of Phosphorus in Dairy Products

Its form, location and concentration depend on the considered product :

� Free but with different ionisation state depending on the pH value 

(H3PO4 ↔ H2PO4
- ↔ HPO4

2- ↔ PO4
3-)  (milk, fermented milks, cheeses)

� Associated to casein micelles (milk, cheeses)

� Associated to calcium to form soluble salts and precipitates (surface of 

Mould cheeses)

� Associated with phosphopeptides (after proteolysis of casein)

� Associated to phospholipids, nucleic acids, sugar, ….

� Polyphosphates added for processed cheese

Crystals in the surface of soft cheese

(Coulommiers)

observed by light microscopy / von

Kossa coloration
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The Importance of Calcium Phosphates

• Are partially responsible for physico-chemical properties of milk

(structure of casein micelles ,…)

• Are modified by physico-chemical conditions (technologies)

(pH, temperature, ionic environnement, …)

• Influence the technological properties of dairy products and processes of 

concentration and thermal treatment
(heat stability, rennet and acid coagulations, rheological and textural characteristics ….)

Very descriptive and several questions on these dairy

calcium phosphates should be resolved
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Calcium and Phosphorus Solubilizations during Milk 

Acidification
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AcidificationAcidification
HeatHeat treatmenttreatment > 90> 90°°CC

Denaturated whey proteins

Calcium phosphate

κ-casein, peptides, NH3

Calcium phosphate

Casein (before precipitation)

Addition of Addition of 

cations di ou cations di ou 

trivalenttrivalent

Cations

Anions

Lactose 

Protons

NaClNaCl Addition Addition 

Addition of Addition of 

chelatants, chelatants, 

polyphosphatespolyphosphates

H2O

Caseins

Calcium phosphate

Calcium

CoolingCooling

((reversiblesreversibles))

Calcium

phosphateβ-casein

Caseins

AlkalinisationAlkalinisation

OrthophosphateOrthophosphate

additionaddition

Evaporation Evaporation 

underunder vaccumvaccum

Caseins

H2O

H2O

H2O

H2O

Membrane Membrane separationseparation

High High 

pressurepressure

Calcium

phosphate

� �

Transfer (MF, UF) or retention 

(NF) of soluble minerals

Soluble and  bound

Calcium phosphate

Calcium phosphate + 

micellar destructuration
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955012120LIQUID MILK

14.50.0340.562.0839291180930662Roquefort

70.10.495.166411841248.9909Comté

80.060.3752010099030760Morbier

7.220.090.245.1872811762839.5995Beaufort

20.010.20.48125983410117Fresh cheese (type Petit suisse 20 %)

7.40.50.3899015228224346Processed Cheese (25 % fat)

1.90.010.160.4910212442.111.7118Fresh cheese 0 %

3.710.070.32.6830184.8113.618.1563Bleu d’Auvergne

8.20.130.45.269010340543.81050Hard cooked cheeses

16.10.0220.22.464127541521575Mozarella

22.50.0320.822.75694921602441184Parmesan

90.0280.1440.3913486418.5561Cottage cheese 1%

18.20.0040.24.365677719238791Switzerland Emmental

14.50.0260.523.2349613887628756Provolone

14.50.0210.332.3834718784220388Camembert

14.50.0320.173.960581336361011Gruyere

13.90.0310.683.115129862128721Cheddar

150.0320.672.97733762111619493Feta

2.20.0080.10.44941724811127Yoghurt with skimmed milk

10.0160.020.09242411224Unsalted butter

10.020.092424576224Salted butter

1.90.050.150.8921328711425264Concentrated whole milk

0.80.0030.050.4188.817341.810.6113UHT skimmed milk

10.50.20.4333.9699014684201151254Skim milk powder

SeCuFeZnPKNaMgCa

Milk and dairy products

☺☺☺☺

very good sources of 
calcium 

Concentrations of Calcium in Some Dairy Products 
(mg / 100 g)
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951505012120LIQUID MILK

14.50.0340.562.0839291180930662Roquefort

70.10.495.166411841248.9909Comté

80.060.3752010099030760Morbier

7.220.090.245.1872811762839.5995Beaufort

20.010.20.48125983410117Fresh cheese (type Petit suisse 20 %)

7.40.50.3899015228224346Processed Cheese (25 % fat)

1.90.010.160.4910212442.111.7118Fresh cheese 0 %

3.710.070.32.6830184.8113.618.1563Bleu d’Auvergne

8.20.130.45.269010340543.81050Hard cooked cheeses

16.10.0220.22.464127541521575Mozarella

22.50.0320.822.75694921602441184Parmesan

90.0280.1440.3913486418.5561Cottage cheese 1%

18.20.0040.24.365677719238791Switzerland Emmental

14.50.0260.523.2349613887628756Provolone

14.50.0210.332.3834718784220388Camembert

14.50.0320.173.960581336361011Gruyere

13.90.0310.683.115129862128721Cheddar

150.0320.672.97733762111619493Feta

2.20.0080.10.44941724811127Yoghurt with skimmed milk

10.0160.020.09242411224Unsalted butter

10.020.092424576224Salted butter

1.90.050.150.8921328711425264Concentrated whole milk

0.80.0030.050.4188.817341.810.6113UHT skimmed milk

10.50.20.4333.9699014684201151254Skim milk powder

SeCuFeZnPKNaMgCa

Milk and dairy
products

☺☺☺☺

very good 
sources of 

phosphorus

Concentrations of Phosphorus in Some Dairy Products
(mg/100 g)
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Other macroelements : 

Mg, Na, K and Cl
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Magnesium in Milk

Calcium (∼1200 mg/L)

Phosphorus (∼ 950 mg/L)

Citrate (∼1600 mg/L)

Chloride (∼1200 mg/L) Potassium (∼1500 mg/L)

Sodium  (∼500 mg/L)

MagnesiumMagnesium ((∼∼∼∼∼∼∼∼120 mg/L)120 mg/L)

Trace elements
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Different Forms of Magnesium in Milk and Dairy Products

� In milk, magnesium is distributed between micellar (50 mg/L) and

aqueous phase (70 mg/L) 

� As described for calcium and phosphate, the chemical form, location 

and concentration of magnesium depend on the considered product :

� Free

� Associated to casein micelles

� Associated to inorganic phosphate and citrate
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Concentrations of Magnesium in Some Dairy Products  
(mg/ 100 g)

951505012120LIQUID MILK

14.50.0340.562.0839291180930662Roquefort

70.10.495.166411841248.9909Comté

80.060.3752010099030760Morbier

7.220.090.245.1872811762839.5995Beaufort

20.010.20.48125983410117Fresh cheese (type Petit suisse 20 %)

7.40.50.3899015228224346Processed Cheese (25 % fat)

1.90.010.160.4910212442.111.7118Fresh cheese 0 %

3.710.070.32.6830184.8113.618.1563Bleu d’Auvergne

8.20.130.45.269010340543.81050Hard cooked cheeses

16.10.0220.22.464127541521575Mozarella

22.50.0320.822.75694921602441184Parmesan

90.0280.1440.3913486418.5561Cottage cheese 1%

18.20.0040.24.365677719238791Switzerland Emmental

14.50.0260.523.2349613887628756Provolone

14.50.0210.332.3834718784220388Camembert

14.50.0320.173.960581336361011Gruyere

13.90.0310.683.115129862128721Cheddar

150.0320.672.97733762111619493Feta

2.20.0080.10.44941724811127Yoghurt with skimmed milk

10.0160.020.09242411224Unsalted butter

10.020.092424576224Salted butter

1.90.050.150.8921328711425264Concentrated whole milk

0.80.0030.050.4188.817341.810.6113UHT skimmed milk

10.50.20.4333.9699014684201151254Skim milk powder

SeCuFeZnPKNaMgCa

Milk and dairy
products

☺☺☺☺

good sources 
of magnesium
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Sodium, Potassium and Chloride in Milk

Calcium (∼1200 mg/L)

Phosphorus (∼ 950 mg/L)

Citrate (∼1600 mg/L)

ChlorideChloride ((∼∼∼∼∼∼∼∼1200 mg/L)1200 mg/L) Potassium (Potassium (∼∼∼∼∼∼∼∼1500 mg/L)1500 mg/L)

Sodium  (Sodium  (∼∼∼∼∼∼∼∼500 mg/L)500 mg/L)

Magnesium (∼120 mg/L)

Trace elements
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Sodium, Potassium and Chloride in Milk and Dairy Products

� Monovalent ions (Na+, K+, Cl-)

� Sodium, potassium and chloride are mainly in the aqueous phase of 
milk and dairy products

� Mainly free or weakly associated to ions of opposite charge

� In dairy products, the concentration of NaCl is increased by salting 
or brining (cheeses) 

� Contribute to :

− Draining

− Organoleptic properties of the cheeses 

− Selection of microorganisms and enzyme activities during ripening 

� Important variations depending on the type of the cheeses
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Concentrations of Na and K in Some Dairy Products
mg/100g

951505012120LIQUID MILK

14.50.0340.562.0839291180930662Roquefort

70.10.495.166411841248.9909Comté

80.060.3752010099030760Morbier

7.220.090.245.1872811762839.5995Beaufort

20.010.20.48125983410117Fresh cheese (type Petit suisse 20 %)

7.40.50.3899015228224346Processed Cheese (25 % fat)

1.90.010.160.4910212442.111.7118Fresh cheese 0 %

3.710.070.32.6830184.8113.618.1563Bleu d’Auvergne

8.20.130.45.269010340543.81050Hard cooked cheeses

16.10.0220.22.464127541521575Mozarella

22.50.0320.822.75694921602441184Parmesan

90.0280.1440.3913486418.5561Cottage cheese 1%

18.20.0040.24.365677719238791Switzerland Emmental

14.50.0260.523.2349613887628756Provolone

14.50.0210.332.3834718784220388Camembert

14.50.0320.173.960581336361011Gruyere

13.90.0310.683.115129862128721Cheddar

150.0320.672.97733762111619493Feta

2.20.0080.10.44941724811127Yoghurt with skimmed milk

10.0160.020.09242411224Unsalted butter

10.020.092424576224Salted butter

1.90.050.150.8921328711425264Concentrated whole milk

0.80.0030.050.4188.817341.810.6113UHT skimmed milk

10.50.20.4333.9699014684201151254Skim milk powder

SeCuFeZnPKNaMgCa

For cheeses :

- Addtion of NaCl

during salting

- Low amount due 

to removal of K 

during draining
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Prediction of  the Salt Equilibria in Dairy Formula 

 

MI  K  

SA  TS  

 G   M 
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Original model predicting salt equilibria 

Very interesting tool for preparation of various Very interesting tool for preparation of various 
dairy formulations containing different dairy formulations containing different 
concentrations of minerals and caseins concentrations of minerals and caseins 

Calculations based on the combination of anions and 
cations according to their reciprocal affinity and 

considering pH, ionic strength , and solubility of 
calcium phosphate . 

The calculations provided the concentrations of all 
species (free and complex) and their distribution 

between micellar and aqueous phases
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Interests and Use of the Software Milk Salts

� Good correlations between experimental and calculated values

� Several hundred combinations of dairy formula taking into account 

concentrations in proteins, minerals and pH can be calculated

� Facilitates the understanding of salt equilibria and could explain 

relationship between ionic environment and milk protein functionalities

� Helps the manufacturers in their decisions regarding modifications of 

the ionic environment for the development of dairy products (enriched 

milks, cheeses, yoghurts, etc)

� Replaces laboratory experiments and save money and time.

 

MI  K  

SA  TS  

 G   M 
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Trace elements in milk and 

dairy products :

Fe, Zn, Cu and Se
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� Different states of ionisation (Fe2+ or Fe3+ ) 

� In milk (associated to casein, citrate, lactoferrine)

� Results depend on the analytical methods used for the determination

� Milk and dairy products are considered as very poor sources of iron

� low contributions of dairy products to total iron intake

Iron in Milk and Dairy Products
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Iron Content of Some Dairy Products
mg/100g

951505012120LIQUID MILK

14.50.0340.562.0839291180930662Roquefort

70.10.495.166411841248.9909Comté

80.060.3752010099030760Morbier

7.220.090.245.1872811762839.5995Beaufort

20.010.20.48125983410117Fresh cheese (type Petit suisse 20 %)

7.40.50.3899015228224346Processed Cheese (25 % fat)

1.90.010.160.4910212442.111.7118Fresh cheese 0 %

3.710.070.32.6830184.8113.618.1563Bleu d’Auvergne

8.20.130.45.269010340543.81050Hard cooked cheeses

16.10.0220.22.464127541521575Mozarella

22.50.0320.822.75694921602441184Parmesan

90.0280.1440.3913486418.5561Cottage cheese 1%

18.20.0040.24.365677719238791Switzerland Emmental

14.50.0260.523.2349613887628756Provolone

14.50.0210.332.3834718784220388Camembert

14.50.0320.173.960581336361011Gruyere

13.90.0310.683.115129862128721Cheddar

150.0320.672.97733762111619493Feta

2.20.0080.10.44941724811127Yoghurt with skimmed milk

10.0160.020.09242411224Unsalted butter

10.020.092424576224Salted butter

1.90.050.150.8921328711425264Concentrated whole milk

0.80.0030.050.4188.817341.810.6113UHT skimmed milk

10.50.20.4333.9699014684201151254Skim milk powder

SeCuFeZnPKNaMgCa

Milk and dairy
products

				

very poor sources 
of iron
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Zinc and Copper in Milk

Zinc : 

• Divalent cation

• Milk concentration ∼ 3-4 mg/L 

• Locations : 

• mainly associated (95%) to casein 

micelles 

• secondly associated to citrate 

molecules in the aqueous phase

Copper : 

• Milk concentration ∼ 0.1 mg/L 

• Milk and dairy products : poor 

sources of copper � low 

contribution to the intake of copper

• Locations :

• 8% to whey proteins

• 44% to casein

• 47% to low molecular weight fraction 

(citrate)
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Zinc and Copper in and Copper in SomeSome DairyDairy ProductsProducts
mg/100 gmg/100 g

951505012120LIQUID MILK

14.50.0340.562.0839291180930662Roquefort

70.10.495.166411841248.9909Comté

80.060.3752010099030760Morbier

7.220.090.245.1872811762839.5995Beaufort

20.010.20.48125983410117Fresh cheese (type Petit suisse 20 %)

7.40.50.3899015228224346Processed Cheese (25 % fat)

1.90.010.160.4910212442.111.7118Fresh cheese 0 %

3.710.070.32.6830184.8113.618.1563Bleu d’Auvergne

8.20.130.45.269010340543.81050Hard cooked cheeses

16.10.0220.22.464127541521575Mozarella

22.50.0320.822.75694921602441184Parmesan

90.0280.1440.3913486418.5561Cottage cheese 1%

18.20.0040.24.365677719238791Switzerland Emmental

14.50.0260.523.2349613887628756Provolone

14.50.0210.332.3834718784220388Camembert

14.50.0320.173.960581336361011Gruyere

13.90.0310.683.115129862128721Cheddar

150.0320.672.97733762111619493Feta

2.20.0080.10.44941724811127Yoghurt with skimmed milk

10.0160.020.09242411224Unsalted butter

10.020.092424576224Salted butter

1.90.050.150.8921328711425264Concentrated whole milk

0.80.0030.050.4188.817341.810.6113UHT skimmed milk

10.50.20.4333.9699014684201151254Skim milk powder

SeCuFeZnPKNaMgCa

Milk and dairy
products

☺☺☺☺ good sources 
of zinc

				 very poor
sources of 

copper
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Selenium in Milk and Dairy ProductsSelenium in Milk and Dairy Products

� Concentration in milk : 30 µg/l

� Concentration in dairy products : poor knowledge

� Location : mainly in the skim milk 

� Association with protein fraction (casein and whey proteins)
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Biological and physiological roles of the 

minerals present in milk and dairy 

products
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General Roles of Minerals (7-9 g/l of milk)

� Structural functions (bone) (Ca, P, Mg)

� Homeostasis (Na, K, Cl, Ca, P)

� Muscular contraction (Na, K, Cl, Ca)

� Blood coagulation (Ca)

� Structure of cellular membranes 

� Enzymatic systems (Cu, Fe, Zn, Se,…) and activation of enzyme (Ca, 

Mn, Fe, Mg, Cu, Zn,…)

� Complexes hormones/trace elements (Zn and I)
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2.4 mg of 

Zn







∼20 %

of the RDA

0.3 mg of 

Cu




∼5 %

of the RDA

600 ml of milk

Recommended Daily Allowance (RDA) of Some

Micronutrients of Milk for Human

0.1 mg of 

Fe




∼2.5 %

of the RDA

65 mg of 

Mg




∼16 %

of the RDA

720 mg of 

Ca




∼80 %

of the RDA

20 µg of 

Se




∼33 %

of the RDA

33University of Viçosa, Brazil , 31 october to 2 November 2013

The dairy products :  unique sources of minerals

� Micronutrients are various in terms of :

• Concentration (milk to cheeses)

• Forms, locations and interactions

� They contributes significantly to our state of health

� For calcium and phosphate, the data concerning their impact on the 

technofunctionalities of dairy products is not clear

� To understand the biological effects of these mineral, it is necessary to 

know the concentration but also to integrate the chemical form, their

associations with others compounds (ions, proteins)
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Perspectives : Some Actual Questions on Minerals

� What are the role and structure of calcium phosphate in casein 

micelles ?

� Do exist relationships between qualititative/quantitative 

mineralisation and technological functionalities

� What are the evolutions of these micronutrients during the 

manufacture of dairy products?

� What are the effects of external compounds present in the food 

on the absorption of these micronutrients?

� Is it nutritionally interesting to enrich dairy products in 

micronutrients?
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•Provide information on the latest scientific developments in different areas 

(chemistry, biochemistry, physics, dairy science,food technology, engineering, 

health and nutrition) related to milk minerals in dairybased systems.

•Discuss industrial problems associated with milk minerals (e.g. heat stability, 

processed cheese).

•Propose new strategies in research and development sectors.

•Provide information on the health and nutritional aspects of fortified milks and 

nutraceuticals.

•Report on new physical and chemical methods to quantify mineral

Four sessions
1. Fundamental aspects
2. Nutrition and health
3. Industrial applications
4. General session
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Thank you for your attention

&

Professor Antonio

Obrigado

Merci

Thank you


