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1. 1. WATER 
INTRODUCTION 
 

Predominant constituent in many foods. 
Food Moisture content 

(weight-%) 
Food Moisture content 

(weight%) 
Meat 65–75 Butter, margarine 16–18 

Milk 87 Cereal flour 12–14 

Fruits, vegetables 70–90 Coffee beans, 
roasted 

5 
 

Bread 35 Milk powder 4 

Honey 20 Edible oil 0 

Belitz and Grosch, 1999 
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Water:  
- supports chemical reactions 
- reactant in hydrolytic processes. 
 

Removal/binding of water  
- retards many reactions 
- inhibits the growth of microorganisms 

Physical interaction with 
- proteins 
- polysaccharides 
- lipids and salts 

Improvement of the 
shelf lives of foods.  

The function of water is better understood when its structure and its state in 
a food system are clarified. 

Water contributes 
significantly to the 
texture of food. 
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The six valence electrons of oxygen are hybridized to four sp3 orbitals. 
-Two hybrid orbitals form O–H covalent bonds  
(bond angle of 104.5° for H–O–H) 
The O–H covalent bonds, due to the highly electronegative oxygen, have a 
partial (40%) ionic character. 
 
- The other 2 orbitals hold the nonbonding electron pairs (n-electrons).  
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Each water molecule is tetrahedrally 
coordinated with four other water 
molecules through hydrogen bonds.  
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H-bond acceptor sites: two unshared electron pairs of oxygen. 
H-bond donor sites: H–O bonding orbitals. 
Dissociation energy = 25 kJ/mol 
Simultaneous presence of two acceptor sites and two donor sites.  
 
Association in a three-dimensional network stabilized by H-bridges. 
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Liquid water and ice differ:  
- in the distance between molecules, 
- coordination number. 

Nine known crystalline polymorphic structures.  
 
Ice-I: at 0 °C and 105 Pa pressure.  
Five water molecules, forming a tetrahedron, are loosely packed and kept 
together mostly through H-bridges. 
  



7 

Ice melting and heating of water:  
- the coordination number  
- the distance between the nearest neighbours  
increase. 
 

Increase in coordination number – increases the density. 
Increase in distance between nearest neighbours – decreases the density. 

Coordination 
number 

O–H···O 
distances 

Ice (0 °C) 4 0.276 nm 

Water (1.5 °C) 4.4 0.290 nm 

Water (83 °C) 4.9 0.305 nm 

From 0 to 4 °C: the effect of 
increasing coordination number is 
predominant.  
 
Liquid at 0 °C (ρ = 0.9998 g/cm−3)  
Solid (ice-I, ρ = 0.9168 g/cm−3) 
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Water - a structured liquid with a short 
time-range order (duration of stability).  
H-bridges are not rigid! 
Dynamic equilibrium between short-lived 
polygonal structures: rapidly cleaved and then 
reestablished.  
 
 
lower viscosity  
 
Solubilization of salts or molecules with 
polar and/or hydrophobic groups: disruption 
of the natural structure of water. 
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Salt solutions: 
 

Cations: the n-electrons occupy the free orbitals, forming “aqua 
complexes”. Other water molecules coordinate through H-bridges, forming 
a hydration shell. 
 

Anions: hydration shells are formed 
- ion-dipole interaction  
- dipole-dipole interaction or H-bridges (polar groups). 
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Highly structured, three-dimensional hydrogen bonding state of ice 
and water. 
 
 
High melting and boiling points and heats of fusion and vaporization. 
 
- Methanol: one hydrogen donor site. 
- Dimethyl ether: has a hydrogen bond acceptor site. 
Neither is sufficient to form a structured network as found in water. 

Fp (°C) Bp (°C) 
H2O 0.0 100.0 

CH3OH   −98    65 

CH3OCH3 −138 −23 
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EFFECT OF WATER ON STORAGE LIFE OF FOOD 
 
The storage quality of food does not depend on the water content, but on 
water activity (aw) (1952, Scott): 
 
 
 
 

P = partial vapour pressure of food moisture at temperature T 
P0 = saturation vapour pressure of pure water at T 
ERH = equilibrium relative humidity at T 
 
Sorption isotherm: the relationship between water content and water 
activity of a food. 
 

100
ERH

P
Pa

0
w ==
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Fig. 03 0/4 A 
At a low water content 
(<50%), minor changes in 
this parameter can lead to 
major changes in water 
activity. 

Moisture sorption isotherm (Labuza et al., 1970)  
a Food with high moisture content 
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Hysteresis loop. 
The desorption isotherm, 
indicating the course of a drying 
process, lies slightly above the 
adsorption isotherm pertaining to 
the storage of moisture-sensitive 
food.  

Fig. 03 0/4. B 

Moisture sorption isotherm (Labuza et al., 1970)  
b Food with low moisture content 
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Food shelf life (storage stability) as a function of water activity  
(Labuza, 1971) 

- Decreased water activity retards the growth of microorganisms and non-
enzymatic browning, slows enzyme catalyzed reactions. 
 - The rate of lipid autoxidation increases in dried food systems. 
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Food aw 

Liverwurst 0.96 
Marmalades 0.82–0.94 
Salami 0.82–0.85 
Honey 0.75 
Dried fruits 0.72–0.80 

Options for decreasing water activity (improving the shelf life of food) 
- Drying. 
- Using humectants (additives with high water binding capacities)  
 - common salt 
 - glycerol, sorbitol and sucrose (also sweeteners and would be 
 objectionable from a consumer standpoint in many foods in the 
 concentrations required to regulate water activity). 

“Intermediate moisture 
foods” (IMF) 
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Water activity is only of limited use as an indicator for the storage life of 
foods with a low water content. 
 
aw indicates a state that applies only to  
- ideal, very dilute solutions 
- thermodynamic equilibrium.  
 
 
 

Low water content foods:  
- non-ideal systems  
- metastable (fresh) state should be preserved.  
 
During storage: 
foods do not change thermodynamically, but according to kinetic principles.  
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Phase transition concept - better suited to the prediction of storage.  
It takes into account the change in physical properties of foods 
during contact between water and hydrophilic ingredients. 
 

The physical state of metastable foods depends on  
- their composition 
- temperature (glassy, rubbery or highly viscous) 
- storage time. 
 
The kinetics of phase transitions can be measured. 
            
Thermogram: shows temperature Tg as the characteristic 
value for the transition from glassy to rubbery (plastic).  
 

Foods become plastic when their hydrophilic 
components are hydrated. → The water content affects Tg. 
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Thermogram of a gelatinized starch-water system. 
State diagram, showing the approximate Tg temperatures as a function of 
mass fraction. (Van den Berg, 1986).  

States:  
I = glassy 
II = rubbery 
 
Tg,s and Tg,w = phase 
transition temperatures of 
dehydrated starch and 
water 
 
Tm = melting point (ice) 
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Cooling of an aqueous solution: 
- below the freezing point part of the water crystallizes 
- the dissolved substance become enriched in the remaining fluid phase 
(unfrozen water). 
 
T’g - the glassy phase of the concentrated solution turns into a 
rubber-like state. E.g. T’g = −5 °C for gelatinized starch. 
 
At temperature Tg or T’g: extremely high viscosity (~1013 Pa∙s).  
As the temperature rises, the viscosity decreases, which means that 
processes leading to a drop in quality will accelerate. 
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The rate of a food’s  
- chemical reactions 
- enzymatic reactions 
- physical processes  
 

Measures to improve storage life by increasing Tg or T’g: 
 

- extraction of water  
- drying  

- immobilization of water  
 - freezing 
 - adding polysaccharides. 
 

becomes almost zero when the food is 
stored at the phase transition 
temperature of T’g or Tg.  
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1.2. MINERALS 
 

INTRODUCTION 
 

Constituents which remain as ash after the combustion of plant and animal 
tissues. 
 

- Main elements (Na, K, Ca, Mg, Cl, P, S) 
 

- Trace elements (Fe, I, F, Zn, Se, Cu, Mn, Cr, Mo, Co, Ni)  
 

- Ultra-trace elements (Al, As, Ba, Bi, B, Br, Cd, Cs, Ge, Hg, Li, Pb, Rb, 
Sb, Si, Sm, Sn, Sr, Tl, Ti, W)  
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Main elements: essential for human beings in amounts >50 mg/day.  
Sulfur requirements are met by the intake of sulfur-containing amino acids.  
 
Trace elements: essential in concentrations of <50 mg/day.  
Their biochemical actions have been elucidated. 
 
Ultra-trace elements: their essentiality has been tested in animal 
experiments over several generations and deficiency symptoms have been 
found. 
 
For one of ultra-trace these elements, if it is possible to detect a 
biochemical function in a vital tissue or organ, the element is assigned to 
the trace elements. 
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Main and trace elements have very varied functions: 
- electrolytes, 
- enzyme constituents,  
- building materials e. g., in bones and teeth.  
 
In the same food raw material, the mineral content can fluctuate: 
- genetic and climatic factors, 
- agricultural procedures, 
- composition of the soil, 
- ripeness of the harvested crops, 
- processing of raw materials (e. g., in thermal processes and material 
separations).  
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Raw 
material 

Product Loss (%) 
Cr Mn Fe Co Cu Zn Se 

Spinach Canned 87 71 40 
Beans Canned 60 
Tomatoes Canned 83 
Carrots Canned 70 
Beetroot Canned 67 
Green beans Canned 89 
Wheat Flour 89 76 68 68 78 16 
Rice Polished 

rice 
75 26 75 

Mineral losses in food processing 
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Mineral supply depends on: 
- The intake in food.  
- Primarily on the bioavailability (essentially related to the composition of 
the food). 
 

Redox potential and pH value → valency state, solubility → absorption.  
 

A series of food constituents bind minerals and enhance or inhibit their 
absorption, e. g. proteins, peptides, amino acids, polysaccharides, sugars, 
lignin, phytin, and organic acids. 
 
The importance of minerals as food ingredients: 
- Nutritional and physiological roles.  
- Food flavour. 
- Activate or inhibit enzyme-catalyzed and other reactions. 
- Affect the texture of food. 



26 

MAIN ELEMENTS 
 

Sodium 
 

- In the human body: 1.4 g/kg. 
- Present mostly as an extracellular constituent.  
- Maintains the osmotic pressure of the extracellular fluid.  
- Activates some enzymes (e.g. amylase).  
 

Sodium absorption is rapid (starts 3–6 min after intake, completed within 
3 h). 
 

Daily intake of sodium: 
- 2.5 g (females)  
- 3.3 g (males) 
 

Requirement ranges from 1.3–1.6 g/day – equal to 3.3–4.0 g/day NaCl. 
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Excessive intake of sodium → hypertension.  
 
A low intake of sodium can be achieved by: 
→ nonsalty diet  
→ diet salt (common salt substitutes).  
 
Potassium 
 

- In the human body: 2 g/kg.  
- The most common cation in the intracellular fluid. 
- It regulates the osmotic pressure within the cell. 
- Involved in cell membrane transport 
- Activates a number of glycolytic and respiratory enzymes.  
 

The potassium intake in a normal diet: 2–5.9 g/day.  
 

The minimum daily requirement: 780 mg.  
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Potassium deficiency → number of symptoms. 
May be a result of  
- undernourishment  
- predominant consumption of potassium-deficient foods  
(e. g., white bread, fat or oil).  
Potatoes and molasses are particularly abundant sources. 
 

Magnesium 
 

In the human body: 250 mg/kg.  
 

Constituent and activator of many enzymes (associated with 
the conversion of energy-rich phosphate compounds). 
 

Stabilizer of  
- plasma membranes, 
- intracellular membranes, 
- nucleic acids. 
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In a normal diet, the daily intake: 300–500 mg. 
The daily requirement is 300–400 mg.  
 

Indispensable role in body metabolism → magnesium deficiency causes 
serious disorders. 
 

Calcium 
 

The total amount of calcium in the human body: ~1500 g.  
Abundant in the skeleton and in some body tissues.  
 

- Involved in the structure of the bones and the muscular system. 
- Controls essential processes: 

- Muscle contraction (locomotor system, heartbeat), 
- Blood clotting,  
- Activity of brain cells and cell growth.  

 

Calcium deficiency causes serious disorders. 
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Period Desirable calcium 
intake (g/day) 

Birth to 6 months 0.4 

6 to 12 months 0.6 

1 to 5 years 0.8 

6 to 10 years 0.8–1.2 

11 to 24 years  
and pregnant women 

1.2–1.5 

25 to 65 years 1.0 

above 65 years 1.5 
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Main source of calcium:  
- milk and milk products, 
 

- fruit and vegetables, 
- cereal products,  
- meat, fish and eggs. 
 

An adequate supply of vitamin D is required for the absorption of calcium. 
 

Chloride 
 

In human tissue: 1.1 g/kg.  
- Counter ion  

- for sodium in extracellular fluid  
- for hydrogen ions in gastric juice.  

 

Chloride absorption is as rapid as its excretion in the urine.  
 

The intake of chloride is correlated with that of sodium. 

other sources 
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Phosphorus 
 

The total content in the human body: ~ 700 g.  
In the form of phosphate (free; bound as an ester; present as an anhydride) 
plays an important role in metabolism. 
 

The daily requirement is about 0.8–1.2 g. 
 

The Ca/P ratio in food should be about 1.  
 

The organic forms of phosphorus in food are cleaved by intestinal 
phosphatases  
→ absorption occurs mostly in the form of inorganic phosphate.  
 

Polyphosphates (used as food additives) – absorbed only after prior 
hydrolysis into orthophosphate.  
The extent of hydrolysis is influenced by the degree of condensation of the 
polyphosphates.  
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TRACE ELEMENTS 
 

Distinct biological roles (present in hormones, vitamins, enzymes). 
Deficiency → metabolic disorders (associated with the absence or 
decreased activity of metabolic enzymes). 
 

Iron 
 

The iron content of the human body: 4–5 g.  
- Most of it is present in the hemoglobin (blood) and myoglobin (muscle 
tissue) pigments.  
- Also present in a number of enzymes (peroxidase, catalase, hydroxylases 
and flavine enzymes).  
 

The iron requirement:  1.5–2.2 mg/day.  
- Depends on: age, sex.  
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In order to meet this requirement: iron supplied in the diet must be in the 
range of 15 mg/day. 
 
Different extents of absorption of the various forms of iron present 
in food (organic iron compounds vs simple salts).  
 
- The most utilizable source: meat (extent of absorption 20–30%). 
- Liver (6.3%), fish (5.9%).  
- Iron absorption is the lowest: cereals, vegetables, and milk (1.0–1.5%).  
 
The extent of absorption: 
- Decreased in eggs.  
- Increased by ascorbic acid.  
- Bran: high phytate content interferes. 
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The absorption of iron present in food is, in a healthy organism, 
regulated by the requirement of the organism. 
 
Persons who require higher amounts:  
- children,  
- women before menopause, 
- pregnant or nursing women. 
 

→ Iron fortified cereals (flour, bread, rice, pasta products). 
(55–130 mg/kg). 
 

Feeding tests with chickens and rats: 
- FeSO4 (the most suitable form of iron),  
- ferrous gluconate,  
- ferrous glycerol phosphate. 
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Food processing problems arising from mineral fortification:  
 
1. The increased probability of oxidation (e. g. that of fats or oils). 
 

2. Decreased baking quality in the case of wheat flour. 
 

3. Increases turbidity of wine. 
 

4. In drinking water, it supports the growth of iron-requiring bacteria.  
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Copper 
 

The amount of copper in the body: 80–100 mg. 
- Copper is a component of a number of oxidoreductase enzymes 
(cytochrome oxidase, superoxide dismutase, tyrosinase, uricase, amine 
oxidase). 
- In ceruloplasmin (in blood plasma): oxidation of Fe2+ to Fe3+.  
(Only the Fe3+ form in blood which is transported by the transferrin 
protein to the iron pool in the liver.) 
 

Requirement: 1–1.5 mg/day (supplied in a normal diet).  
 

Even less desirable than iron during food processing and storage:  
1. Catalyzes many unwanted reactions.  
2. Cu2+-ions are taste bearing.  
(2.4–3.8 mg/l threshold value with aqueous solutions of CuSO4 
or CuCl2). 
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Zinc 
 

In adult human tissue: 2–4 g.  
 

- Enzyme component (e. g., alcohol dehydrogenase, lactate dehydrogenase, 
malate dehydrogenase, glutamate dehydrogenase, 
carboxypeptidases A and B, and carbonic anhydrase).  
 

- Enzyme activator for dipeptidases, alkaline phosphatase, lecithinase,  
Enolase. 
 

Requirement 5–10 mg/day. 
Normal diet (6–22 mg zinc/day). 
 

Deficiency in animals: serious disorders. 
 

High zinc intake by humans is toxic: consumption of soured food kept in 
zinc-plated metal containers (e. g., potato salad from institutional catering 
services). 
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Manganese 
 

In the human body: 10–40 mg.  
 

Activates various enzymes e.g. pyruvate carboxylase, arginase, amino 
peptidase, alkaline phosphatase, lecithinase, enolase. 
 

Requirement : 2–5 mg/day. 
Normal daily food intake (2–48 mg /day).  
 

Even in higher amounts, is relatively nontoxic. 
 
Cobalt 
 

The human body contains 1–2 mg. 
Central atom of vitamin B12. 
Its requirement is met by normal nutrition. 
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Chromium 
 

The chromium content of the body varies considerably: 6– 12 mg; 
depending on the region. 
 

Daily intake: 5 to 200 μg. Suboptimal supply! 
 

Important in the utilization of glucose: 
 

- It activates phosphoglucomutase. 
- Increases the activity of insulin 
→ Chromium deficiency causes a decrease in glucose tolerance.  
→ The risk of cardiovascular disease increases.  
 

Proved to be nontoxic when used at 25 mg/kg (as the chromate ion)  in a 
long-term feeding experiment with rats. 
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Selenium 
 

In humans: 10–15 mg. 
Daily intake: 0.05–0.1 mg.  
- Depending on the region, it can vary greatly (varying content of selenium 
in the soil). 
Adequate intake 30–70 μg Se/day. 
 

- Antioxidant, 
- enhance tocopherol activity,  
- glutathione peroxidase: protect membranes from oxidative destruction: 
 

ROOH + 2GSH → ROH +H2O + GSSG 
 

- animal feeding studies,  
- diseases of cattle grazing in pastures on selenium-rich soil,  
   → toxicity (e. g. strong carcinogenic activity). 
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Molybdenum 
 

8–10 mg in human body. 
Daily intake in food ~ 0.3mg.  
 

- Component of aldehyde oxidase and xanthine oxidase.  
- Bacterial nitrate reductase (involved in meat curing and pickling 
processes). 
 

Cattle grazing on molybdenum-enriched soil 
→ High levels of the metal are toxic (grass: 20–100 μg molybdenum/g dry 
matter). 
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Nickel 
 

- Activator of a number of enzymes (e. g. alkaline phosphatase and 
oxalacetate decarboxylase). 
- Enhances insulin activity.  
- Deficiency symptoms in feeding experiments with chickens and rats. 
 
The daily intake: 150–700 μg.  
The nickel requirement: 35–500 μg/day. 
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Fluorine 
 

In human body: 2.6 g fluorine.  
 

Deficient diets → disorders in growth and reproduction. 
 

Positive effect of fluorine on teeth caries  
- The addition to drinking water of 0.5–1.5 mg/kg fluorine in the form of 
NaF → inhibits tooth decay.  

- Retards the solubilization of tooth enamel.  
- Inhibiting the enzymes involved in development of caries.  
 

Toxic effects appear at a level of 2 mg/kg.  
 
 
The beneficial effects of fluoridating drinking water are disputed. 
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Iodine 
 

The content of iodine in the body: ~ 10 mg (the largest portion in the thyroid 
gland.  
Absorption from food occurs iodide.  
Utilized in the thyroid gland 
→ thyroxine (tetraiodothyronine) 
→ triiodothyronine. 
 

Iodine requirement of humans: 100–200 μg/day 
- Pregnant and nursing women (230 and 260 μg/day). 
Deficiency:  enlargement of the thyroid gland (iodine-deficiency induced 
goiter). 
 

Iodine sources: milk, eggs, seafood, drinking water. 
Goiter: 0.1–2.0 μgI/l  
Goiter-free areas: 2–15 μgI/l  
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Iodine-deficient districts: iodization of common salt with potassium iodate 
(100 μg iodine/1–10 g NaCl) 
 

Toxic amount:  
- Reproduction (rats) and lactation problems.  
- Thyroid diseases in humans. 
 
ULTRA-TRACE ELEMENTS 
 

Tin 
 

Found in all humans organs.  
Its growth-promoting effect is disputed.  
 

Its level in food is low (exception: foods canned in tinplate cans if acidic). 
In poorly tin plated cans (pineapple and grapefruit juice): 2 g/l.  
Generally below 50 mg/kg – should not exceed 250 mg/kg.  
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In the form of inorganic compounds: 
→ tin is resorbed only to a low extent 
→ it is only slightly toxic.  
Organic tin compounds: very toxic. 
 

Aluminium 
 

In human body: 50–150 mg (increases with age). 
Intake: 2–10 mg/day. 
 

- Resorbed in negligible amounts by the gastrointestinal tract. 
- No secretion in milk.  
- Animal feeding tests (high levels of aluminium in the diet through several 
generations) → aluminium is nontoxic.  
- In humans: pathological accumulation → significant damage of central 
nervous system. 
- Refusing aluminium cookware in food processing. 
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Boron 
 

The concentrations in the organs and tissues vary (0.1–28 mg/kg). 
Promotes bone formation together with calcium, magnesium and 
vitamin D).  
 

Involved in the hydroxylation of steroids (e. g., in the synthesis of 17-β-
estradiol and testosterone). 
 

Requirement: 1–2 mg/day.  
Sources: apples, soy flour, grapes, tomatoes, celery, broccoli, wine, water. 
 

Silicon 
 

Rapidly absorbed in the form of silicic acid. 
 

The main source: cereal products.  
 

Intake with food:  21–46 mg/day. Toxic ≥100 mg/kg 
 

Promotes growth. 
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Arsenic 
 
The human requirement: 12–25 μg/day. 
 

Essential for the growth of chickens, rats, and goats. 
 

Its metabolic role? (methionine metabolism)  
 

Choline – arsenocholine  
 

Intake with food: 20–30 μg/day.  
 

Main source: fish. 
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MINERALS IN FOOD PROCESSING 
 

Metal ions: 
- Derived from food itself. 
- Acquired during food processing and storage. 
 

Interfere with: 
- Quality (metal-catalyzed reactions are responsible for losses of some 
essential nutrients, e. g., ascorbic acid oxidation). 
- Visual appearance of food (discoloration of fruit and vegetable products).  
- Taste defects (off-flavours), e. g. fat oxidation. 
 

Solutions: 
- Removal of many interfering metal ions. 
- Application of chelating agents. 
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