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Preface

Much has changed in the fields of nutritional and food sciences since the last
edition of the ‘Recommendations for Nutrient Intake’ of the DGE appeared near-
ly ten years ago. Advances in molecular biological research allow a better under-
standing of relationships. Certain nutrients have become the focus of scientific
attention; among them are non-nutritive bioactive substances. For these sec-
ondary bioactive phytochemicals the first databanks are now being established.
Current editions of the nutrient tables by Souci-Fachmann-Kraut and of the
Bundeslebensmittelschlüssel (German Nutrient Food Code and Data Base) are
two extensive sources of the information on nearly all foods.

On the other hand, there are still many gaps in our knowledge. Data on human
requirements for essential nutrients are far from complete. Preventive effects of
nutrients, dietary nutrient bioavailability and effects of high-dose nutrients are
also fields of research still waiting to be thoroughly explored.

For assessment of the quality of our foods and our nutrition, reference values for
nutrients are an essential basis. Reference values, moreover, are part of the foun-
dation for food-related nutritional recommendations and for consumer educa-
tion, counselling and motivation towards wholesome nutrition.

The new reference values now presented have for the first time been developed
in collaboration with the nutrition societies in Austria and Switzerland. The term
‘Recommendations’ in the title of the previous editions has been replaced with
the more generic term ‘Reference values’; this, however, is only one of many
innovations which will be explained in more detail in the introduction and the indi-
vidual chapters. 

The new edition, we are sure, is worth all the time and effort required to produce
a comprehensive account of the present state of the science as a source of infor-
mation for planning adequate diets and for the much needed prevention of nutri-
tional diseases.
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Introduction

The present edition of the ‘Reference Values for Nutrient Intake’, a revised and
up-dated version of earlier recommendations published in Germany [1, 2], has -
for the first time - been jointly edited by the nutrition societies in Germany (DGE),
Austria (ÖGE) and Switzerland (SGE/SVE). Its short name ‘D-A-CH Reference
Values’ has been derived from the common international abbreviations D for
Germany, A for Austria and CH for Switzerland. The new edition was given the
more generic title ‘Reference Values for Nutrient Intake’ because ‘recom-
mendation’ is now exclusively reserved for the recommended intake of a certain
nutrient. Therefore the term ‘reference values’ embraces recommendations, esti-
mated values and guiding values.

Nutrient and energy data in the tables, like those of comparable expert groups in
other countries (e.g. Dietary Reference Intakes [DRI] of the United States and
Canada [5] or FAO/WHO [4]) provide the basis for practical realization of whole-
some nutrition. Reference values refer to the amounts of nutrients that should be
present in foods as they are eaten. In principle, requirements have been deter-
mined and recommendations derived according to common international
methodology [3, 4, 5]. Advice on the use of nutrient tables (previously part C) has
been omitted because experience has shown that the figures in parts A and C
led to confusion and because common computer programs now consider prepa-
ration losses anyway. 

The purpose of these nutritional reference values (recommendations, estimated
values, guiding values) is to maintain and promote health and the quality of life.
In the sense of WHO and FAO [4] they are to ensure the vital metabolic, physical
and psychic functions in nearly all healthy individuals of the population. Intake
corresponding to the reference values can contribute to prevent nutrient-specif-
ic deficiency diseases (e.g. rickets, scurvy, pellagra) and deficiency symptoms
(e.g. dermatitis, ophthalmic or cerebral disorders) but also to avoid oversupply
with energy or certain nutrients such as fat or alcohol. This is a traditional part of
the health-related aims of nutritive recommendations. 

In recent years evidence has been increasing that certain nutrients could have
effects beyond the prevention of deficiency diseases. As far as possible, these
aspects had already been considered in the 1991 edition of ‘Recommendations
for Nutrient Intake’ [2], e.g. for vitamin C, ß-carotene, calcium and dietary fibre
although even today there is no definitive answer to the question of whether the
nutrients per se are decisive or the composition of the food in which they are
contained. In any case, these nutrients can serve as ‘reference substances’ of
protective effects.

5
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Much greater attention is now being given to the effects of nutrients such as vita-
min E, ß-carotene and selenium, or also of phytochemicals such as flavonoids or
phytooestrogens which are assumed to enhance the body’s antioxidative capac-
ity and immune system and so to protect against degenerative diseases such as
atherosclerosis and cancer. Furthermore, there has been evidence for the effect
of folic acid in preventing neural tube defects and on hyperhomocysteinaemia as
independent risk factor for atherosclerosis. Recent observations also suggest a
protective effect of vitamin K against osteoporosis.

Previously, the latter connections were generally not taken into account as such
delayed effects have only become detectable by modern epidemiological meth-
ods. In the present edition they are - for the first time - separately included in sec-
tion II ‘Preventive aspects of nutrients and food components’. On the one hand
this should demonstrate their importance for a wholesome diet and on the other
makes some space for discussion of their modes of action and effective doses.

References

[1] Deutsche Gesellschaft für Ernährung (ed.): Empfehlungen für die Nährstoffzufuhr der DGE,
5. Überarbeitung 1991 - Kommentar zu den Neuerungen. Ernährungs-Umschau 38 (1991),
479-483

[2] Deutsche Gesellschaft für Ernährung (ed.): Empfehlungen für die Nährstoffzufuhr. 5. Über-
arbeitung. Umschau Verlag, Frankfurt/Main (1991)

[3] National Research Council: Recommended Dietary Allowances. 10th edition, National Academy
of Sciences, Washington D.C. (1989)

[4] WHO (World Health Organisation): Energy and protein requirements. Report of a Joint FAO /
WHO / UNU Expert Consultation. WHO Technical Report Series No. 724, Geneva (1985)

[5] Yates, A. A., Schlicker, S. A., Suitor, C. A.: Dietary Reference Intakes: The new basis for
recommendations for calcium and related nutrients, B vitamins, and choline. 
J. Am. Diet. Assoc. 98 (1998), 699-706
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Section I: Nutritive aspects of nutrients

In the individual chapters, ‘reference values’ are presented in the following way: 

Part A: Reference values – summary tables
Part B: Explanations of the reference values

Reference values, except for the guiding values for energy, stand for amounts
judged to be high enough to protect practically any healthy person in a defined
group against nutritional impairment of health and to ensure fitness. They are,
furthermore, intended to produce certain body reserves which in case of sudden
increased needs are immediately available without impairment of health. Experi-
ence has shown that this applies to healthy individuals in Central Europe. For the
physiological and biochemical fundamentals, see references [1, 2, 8, 9, 10, 17,
20, 21, 23, 29, 32, 33, 35]. In the United States and Canada, ‘Dietary Reference
Intakes’ (DRI) were and still are being established [14, 15, 37]. They are referred
to in the individual chapters, as far as they have been published.

The present reference values do not refer to the care of sick and convalescent
people. They are - except for iodine - not sufficient to replenish depleted stores
in individuals with nutrient deficiencies. Nor do they apply to individuals with
indigestion and metabolic disorders or to addicts (e.g. high alcohol consumption)
or to persons with extra needs due to regular medication. For this group, indi-
vidual dietary advice and medical care are needed. This applies also to the pre-
vention of damage and complications of diseases.

Reference values: Recommendations, estimated values and guiding values

Energy and nutrient requirements differ from individual to individual and from day
to day; they depend on all sorts of endogenous and exogenous influences.
Experimentally, requirements can only be determined in defined and small
population groups; the data obtained are subject to statistical variations. In the
presence of a normal (Gaussian) distribution, energy and nutrient intake corre-
sponding to the group’s ‘average value’ will meet requirements of 50% of all the
subjects investigated, while those of the remaining 50% will not be met.

For energy intake, it was decided that the reference value should always be the
group’s average requirement; this decision is in line with nutritional policy in
Germany, Austria and Switzerland where protection against overnutrition is given
priority over concerns about insufficient supply. Hence the reference values
for energy are average requirements for each group, and not reference values
for each individual in the group. The energy expenditure of individuals is
greatly influenced by physical activity, and also by sex and body mass. Energy
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requirements of individuals can only be determined by regular body weight
checks. Information about energy requirements for different age and occupa-
tional groups is only provided in terms of average values intended for use in
calculations (e.g. of nutrient density or for catering and supplying communities).
The energy requirement data shown below are based for the first time on
measurements using the doubly (stable) labelled water method (DLW) (2H2

18O);
hence they are not comparable to data available previously. They apply to indi-
viduals of normal weight (see table 1, page 21) and with corresponding physical
activity. In accordance with international standards, they are based on the basal
metabolic rate and include common physiological allowances (physical activity
level = PAL, see table 3, page 23) as multiples of the basal metabolic rate. 

To obtain recommended intakes for essential nutrients, values of average
requirements, taking bioavailability into account, would have to be increased by
two standard deviations assuming a normal distribution. These amounts should
cover the needs of nearly 98% of the population and protect against deficiency
related damage to health. For several reasons, however, this procedure is not
generally practicable. Except for protein, nutrient requirements are not known to
follow a statistically normal distribution; frequency distribution data on require-
ments are only available for individual nutrients and for very small population
groups. Partly as an alternative to requirement data, one has to resort to data
obtained in long-term surveys of the actual essential nutrient status of popula-
tion groups. Hence fundamental information to determine average requirement
is of diverse origin and cannot always be assessed the same way. Consequently,
instead of two standard deviations, increasing average requirement by 20 - 30%
should give an acceptable estimate for setting reference values for a group. This
increase is based on an assumed coefficient of variation of 10 - 15%; it is com-
parable in extent to the hypothetical two standard deviations.

The reference values for thiamin, riboflavin and niacin are based on the reference
values for energy. In children, the values of table 4 (page 26), in adolescents and
adults those in table 5, with PAL 1.4 (page 27) are used. In children reference val-
ues for energy, due to usually greater physical activity, exceed those for adults
with sedentary occupations, and so reference values for thiamin, riboflavin and
niacin in boys aged 13 - 15 years are above those of adolescents and adults. The
estimated values for vitamin E are analogously derived from the values for ener-
gy intake in combination with those for fat and unsaturated fatty acid intake. The
recommended intake of vitamin B6 is derived from the recommendations for pro-
tein intake.

The recommended intakes are expected to allow for individual physiological vari-
ability and to ensure sufficient nutrient reserves in the body. In those frequent
cases in which recommendations could not be made for every age group, values
for intermediate age groups had to be interpolated. Recommendations

8
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(Empfehlungen or RDA in the DRI) are expressed for protein, n-6 fatty acids, and
most of the vitamins, minerals and trace elements.

For some nutrients (n-3 fatty acids, vitamin E, vitamin K, ß-carotene, biotin, pan-
tothenic acid and some trace elements), human requirements cannot yet be
determined with desirable accuracy. In these cases estimated values
(Schätzwerte) were made using data that, though supported by experiment and
mostly derived from intakes of healthy, well nourished groups, have not been
adequately validated. Either the measured values varied excessively for
methodological reasons, or human studies yielded insufficient or unsatisfactory
results. However, the estimated values still provide appropriate information for
adequate and safe intake. As far as possible, estimated values are given in pre-
cise figures, not in ranges. For some trace elements (copper, manganese, sele-
nium, chromium, molybdenum) and ß-carotene and biotin, however, the available
data allow only ranges to be specified. For sodium, chloride and potassium, esti-
mated values are for minimum intakes.

Guiding values (Richtwerte), meaning aids for orientation, are given in those
cases in which some - less stringent - regulation of intake is necessary for health
reasons. Accordingly, a desirable lower limit is set for water, fluoride and dietary
fibre, and an upper limit for total fat, cholesterol, alcohol and table salt (sodium
chloride).

Use of the reference values

For correct use of the reference values it should be stressed that nutrients pro-
viding energy and essential nutrients are judged differently, and that recommen-
dations, estimated values and guiding values are given different weightiness.

A recommendation, according to its definition, meets the requirement of nearly
any person (approximately 98%) of a defined group of healthy individuals.
Applied to an individual, the recommended level is only a goal to ensure the
approximately sufficient intake of a nutrient. A daily nutrient intake as recom-
mended makes insufficient supply very unlikely. But it is not valid to conclude, on
the other hand, that an intake below the recommended level implies a deficit; an
intake below the recommended level only suggests the probability that the intake
may be inadequate. The same applies to intakes falling below estimated values. 

It is not possible to accurately assess the adequacy of nutrient intake of indivi-
duals on the basis of recommended intakes. For this purpose, it would be neces-
sary to know the person’s individual requirements. It can be estimated, however,
whether the nutrient intake over an adequate period (e.g. a weekly average)

9
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corresponds to the recommended intake and that, therefore, there is a great
probability that intake is adequate. The adequacy of the nutritional status of indi-
viduals can be evaluated accurately only by including anthropometrical, bio-
chemical and clinical dimensions.

Menu plans on the basis of reference values will satisfy individual needs only
approximately. They will fail to perfectly meet an individual’s requirement as the
individual’s requirements are not known. For individual nutrition counselling,
however, reference values can serve as an orientation aid.

Planning of nutritionally adequate diets and assessing the adequacy of nutrient
intakes for groups, e.g. to recognize over- or undersupply of risk groups, requires
special standards as the variability among nutrient intakes in a group is greater
than the variability among requirements of individual group members. The
Dietary Reference Intakes (DRI) of the United States and Canada, therefore, pro-
pose a ‘necessary average group intake’ for reference; it has been defined as
total of the average group requirement and two standard deviations of the
group’s nutrient intake [14, 15]. As practice has shown that nutrient intakes sel-
dom follow normal distribution patterns and data of group requirements are rare,
DGE, ÖGE, SGE and SVE continue to use reference values for planning nutri-
tionally adequate diets for groups until more precise data are available.

Reference values, further, serve as a basis for nutritional information and educa-
tion. Some of them are also used in food labelling. Reference values cannot, and
do not need to be met daily, even less with each meal. It is sufficient that refer-
ence values are met within a week. Because the absorption rates of certain nutri-
ents decrease with increasing doses, they should be ingested as regularly as
possible and not in a few high doses, e.g. with fortified food at a single meal.

As different methods were used for estimating requirements and for setting
recommendations and estimated values, very precise calculations should be
avoided with the figures in the tables. This applies particularly to differences
between consecutive age groups and between males and females. The influence
of other dietary components, indulgent food and drugs or of smoking on the
absorption and metabolism of certain nutrients may be greater than the
difference in the figures for recommended intake between males and females or
consecutive age groups.

The figures listed in the tables were calculated for the mean of the age groups
and refer to the daily intake per person. Additional figures specifying daily intake
per kg of body weight are only given for energy, protein and water. Body weight
means not actual body weight but normal weight in relation to body size (e.g.
according to the formula of Broca, or a Body Mass Index (BMI) of 24 for men and
22 for women (see table 1, page 21).

10
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Reference values are shown in units of weight or volume (water). Of nutrients
which are ingested in compounds (e.g. salts), only the proportion of nutrient in
the compound may be considered (except for sodium chloride). For the vitamins
A, E, niacin and folate, the auxiliary term ‘equivalent’ is used as the sum of the
vitamin itself, metabolically active precursors, derivatives or resulting products.
Reference values for the energy sources carbohydrates and fats and for essen-
tial fatty acids are shown in percent of the age- and sex-specific energy intake
(guiding values) (tables 4 and 5, pages 26 and 27). 

As in the EC Directive governing nutrient labelling, the following figures are used
for energy values of energy-yielding nutrients: 1 g of protein = 17 kJ (4 kcal);
1 g of fat = 37 kJ (9 kcal); 1 g of carbohydrates = 17 kJ (4 kcal); 1 g of alcohol =
29 kJ (7 kcal).

The reference lists comprise reviews in books or scientific journals and also
reference to special statements.  

Nutrient losses

Reference values listed in the tables (part A) refer to the amounts of nutrients still
present in foods as they are eaten. For some nutrients, losses occurring during
cooking and other methods of pretreatment and food preparation in domestic
and large institutional kitchens are described in ‘Explanations’ (part B). Losses
caused by treatment and processing in the food trade and industry must be con-
sidered as well. Keeping foods warm causes substantial losses, e.g. of thiamin
(vitamin B1) and vitamin C (ascorbic acid). For such nutrients extra allowances
must be added for losses during preparation [3]. Losses described in the expla-
nation sections are mean values of all foods (edible portion), given customary
diets and gentle preparation, including food consumed raw.

These percentage losses as well as nutrient intake calculated from nutrient tables
must be considered by those planning or assessing the adequacy of nutrient
supplies. The nutrient tables used should provide information about the nutrient
content of the edible portion of food purchased. The edible portion corresponds
to the ingestible food without taking into account waste, cooking losses and
losses caused by keeping cooked food hot (e.g. nutrient tables by Souci,
Fachmann, Kraut [30, 36]). Most recent data collections such as the
Bundeslebensmittelschlüssel (German Nutrient Food Code and Data Base [BLS])
also provide information about the nutrient content of prepared food [5]. For
nutritional assessment, the tables in part A are to be used, without adding allow-
ances for losses.

11
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The reference values do not consider household losses of edible substances.
Losses such as leftovers adhering to pots and bowls, spoilage loss or other loss-
es of edible material vary depending on the kind of food and household; they are
small in some foods, e.g. egg and sugar, and larger in many foods of vegetable
origin and in dietary fats. At times of short food supply, such losses are smaller
than at times of sufficient and abundant food supply. With the present status of
food supply in Germany, Austria and Switzerland, losses of edible substance
may average 10 - 15%. In nutritional surveys (or in calculations of individual con-
sumption) such losses are to be considered separately. 

Nutrient density

Special attention should be paid to the ratio of essential nutrients to dietary ener-
gy, taking the general nutritional situation (low energy requirement due to low
physical activity) into account. This problem is dealt with the concept of nutrient
density, i.e. the amount of nutrients expressed per 1 Megajoule. Nutrient density
values are to be regarded as guiding values which are controlled by two vari-
ables. Smaller differences in nutrient densities result from figures rounded up or
down. To derive the nutrient density, guiding values for energy intake are entered
as a function of the basal metabolic rate and physical activity of the different age
groups and sex (children see table 4, page 26; adolescents and adults see table
5, at PAL 1.4, page 27). The calculation of nutrient densities recommended for
pregnant women is based on the reference values for the age group 19 to under
25 years.

Good nutrient sources

Specially good sources of nutrients are widely accepted foods that have a nutri-
ent density more than 3 times the density of food recommended for women over
65 years. This age group needs the highest nutrient density in view of its
extremely low energy requirement.

Fortified food and food supplements

Nutrient requirements can, in principle, be satisfied by a diet composed of a wide
variety of nutritious food including a high proportion of vegetable foods. There
are enough conventional foods with excellent nutrient density.

Irrespective of this fact, several fortified foods for daily consumption are com-
mercially available. Their contribution to nutrient supply cannot be specified at
present because common nutrient tables do not record fortified food. 

12
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Of all fortifications only one has been shown to be necessary: fortification of
table salt (sodium chloride) with iodine which is subject to legal regulation. The
question of whether other food or feed needs to be fortified remains to be set-
tled by future research.

Intolerances (e.g. lactose intolerance) or aversions to certain food, imbalanced
diets, long-term or imbalanced weight reduction diets or certain diseases as well
as chronic high alcohol and tobacco consumption are associated with an
increased risk for inadequate supply of essential nutrients at risk. In special life
situations (e.g. pregnancy, lactation, old age) the need for individual nutrients
considerably increases and might not be satisfied by a balanced diet alone. In
such cases, carefully selected fortified food or food supplements may be indi-
cated. This applies, according to present knowledge, e.g. to vitamin D in elderly
persons because the ability to synthesize vitamin D in the skin decreases from
about the 50th year of life on [24, 28], and to vitamin B12, the absorption of which
is reduced in 30% of persons over 60 due to atrophic gastritis. Usually, this does
not lead to megaloblastic anaemia as a sign of vitamin B12 deficiency, but may
impair homocysteine metabolism [7, 34].

Other specific situations such as caries prevention by fluoride or vitamin D sup-
plements for infants for rickets prophylaxis will be discussed in the chapters
dealing with these nutrients. The preventive aspects of nutrients are explained in
section II (page 189).

High dose nutrients for treatment of deficiencies (e.g. vitamin or iron deficiency)
or other pathological conditions (e.g. absorption disorders) and for secondary
prevention (e.g. vitamin E to prevent myocardial infarction) should only be taken
upon medical advice and under medical supervision. 

In principle, poor nutritional habits cannot be compensated for by the use of for-
tified food and/or food supplements. A wholesome diet provides not only essen-
tial micronutrients and macronutrients in the rights ratios; it also provides ade-
quate amounts of dietary fibre and phytochemicals.

Undesirable effects of nutrients

Undesirable pharmacological as well as toxicological effects must be expected
to occur if nutrients are ingested in quantities substantially exceeding the refer-
ence values. Ultimately, any nutrient above a certain level of intake may impair
health. In this respect, the fat soluble vitamins A and D are particularly critical
because they accumulate in the body and cause characteristic signs of intoxica-
tion if taken in high doses. Chemically modified nutrient derivatives, e.g. of vita-
min A (retinoids), frequently have different pharmacological effects than those of

13
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the high dose nutrient itself, including undesirable effects. Also high doses of
water soluble vitamins (e.g. vitamin B6, nicotinic acid) or of trace elements (sele-
nium, fluoride, etc.) may have adverse effects on health. These are especially
likely with self-medication with non-prescription vitamin and mineral prepara-
tions. 

Thus, to avoid risks to health, it is also necessary to pay attention to the effects
of nutrients in high doses. Therefore, not only recommended intakes of individ-
ual nutrients or nutrient intakes judged to be adequate are shown, but also those
amounts (in terms of total daily dietary intakes, including fortified food and food
supplements) for which first adverse effects have been documented with chron-
ic intake [8, 21, 35].

The reference values ensure adequate and safe levels of intake. In general, nutri-
ent intake is critical only when a multiple of the reference value is ingested.
Anyone on a balanced  diet composed of a wide variety of food according to the
10 guidelines of the German Nutrition Society will always be on the safe side [12]. 

Health aspects

The reference values for nutrient intake consider not only nutritive, but also
health aspects in the sense of prevention of nutrition related diseases [22]. The
consequences of oversupply with nutrients (detrimental in the case of energy, fat,
alcohol, cholesterol, purines, sodium chloride) are as important as those of
undersupply. Detailed figures are provided in the nutrition reports of the German
Nutrition Society (Deutsche Gesellschaft für Ernährung), of the Institute of Nutri-
tional Sciences of the University of Vienna, and of the Federal Office of Health,
Switzerland (Bundesamt für Gesundheit, Schweiz) as well as the National Food
Consumption Survey (Nationale Verzehrsstudie), Germany [4, 11, 16, 18, 19]. 

A glance at the cost of nutrition related diseases illustrates the economic impor-
tance of prophylaxis by a balanced health supporting diet. In the western part of
the Federal Republic of Germany it was estimated at more than 80 billion DM per
year for 1990 [6]. A consistent implementation of the present reference values for
nutrient intake by a balanced diet and attention paid to the preventive aspects of
nutrients and other food components may be of great help in preventing dis-
eases and reducing cost (see section II, page 191).
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Special life stages

Characteristics of pregnancy and lactation

For pregnancy and lactation, allowances have been added to satisfy increased
needs which usually exist after the 4th month of pregnancy. Recommendations
or estimated values for critical nutrients are increased from the very beginning of
pregnancy as a precautionary measure. For some nutrients, different values are
shown for young pregnant women (< 19 years). Otherwise, allowances are added
to the reference values of the age group 19 to under 25 years.

Characteristics of the growing organism

Reference values for energy and nutrient intake during the first 4 months of life
apply to breast-fed infants (for the nutrient content in human milk see table IV,
page 209 according to [30]). Provided the volume of breast milk is sufficient,
exclusively breast-fed infants usually grow well during the first 4 months, i.e. the
baby’s requirements during this period are satisfied by breast milk. After about
two months, they receive a daily average of 750 ml of human milk (coefficient of
variation ca. 12.5%). Infants are born with a hepatic store of certain nutrients,
e.g. iron, selenium and copper. However, supplementation of vitamin D, vitamin
K and fluoride during the first year of life is also advised in breast-fed infants. As
the nutrient content of human milk varies and as systematic studies of infant
requirements for most of the essential nutrients are not available, nutrient quan-
tities estimated from the nutrient content of human milk only have the quality of
estimated values.

Infants who are not breast-fed should be fed a commercial infant formula, if pos-
sible, during the first 4 months of life (for EC guiding values for energy and nutri-
ent contents see table IV, page 209 [25, 26]). Nutrient quantities provided by com-
mercial infant formulae allow for a lower bioavailability than that of human milk.

Reference values for infants apply to full term babies. Specific problems of pre-
term babies [31] are not addressed here. Detailed feeding instructions for pre-
term babies were published by the European Society of Paediatric Gastroenterol-
ogy and Nutrition [13].

At the earliest at the end of the 4th month of life supplementary food should be
gradually introduced because energy and nutrients supplied from human milk
alone are usually no longer sufficient. 

For all age groups over 4 months, reference values for energy and nutrient intake
were based on the best requirement data or estimated values available in the sci-
entific literature.
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Characteristics of older people

In our society, transition from working life to retirement is defined as the point of
entry into ‘senior age’. From the biological point of view, however, the process of
aging starts as early as after puberty. Aging is associated with a steady decrease
in functional capacity. This applies to nearly every organ and cellular system. Due
to substantial functional reserves the human organism is initially capable of com-
pensating for these changes. Given an independent lifestyle and physical and
mental health, furthermore, it takes a while for age-related changes to occur in
an individual’s nutrient supply state.

Results of recent research [7, 24, 28, 34] advise a higher intake of individual
micronutrients (vitamin B12 and vitamin D) not before the 6th decade of life.
Corresponding age-related values are shown in the respective tables. At older
ages, the basal metabolic rate and also physical activity usually decrease.
Energy supply should be reduced accordingly. This implies that more food of
high nutrient density is needed.

In the 7th decade of life, functional losses in some organs tend to increase. Thus,
septuagenarians are at greater risk for chronic and acute diseases, which often
make the regular intake of different medications (multiple medication) necessary.
Diseases and medication may be responsible for reduced nutrient absorption
and increased nutrient turnover and/or excretion, reducing the availability of
nutrients or increasing requirements. Chewing problems may be associated with
the deletion of certain foods (e. g. whole-grain products) from the diet and with
intentionally overcook food to soften its texture, so that preparation losses grow.
In extreme cases, general nutrient intake is reduced.

People of older age are a very heterogeneous group with a variability ranging
from fit and healthy to frail individuals with multiple diseases. Because of this
great heterogeneity, reference values which are formulated for groups of per-
sons, will in old age be of decreasing relevance to the individual. The physiology
of old age also includes the phenomenon of diminished functional reserves,
which reduces the capability of managing with nutrient quantities which slightly
differ from individual needs. With increasing age, morbidity and multiple diseases
with disabilities gain in importance. This makes it difficult to set reference values
which are generally valid.

Aging processes, not anyway uniform in their course, are influenced by person-
al behaviour. This leads to individual differences in the degree of impairments of
organic and metabolic functions which mainly appear with advancing age.
Because of this inter-individual variability among the states of health it is desir-
able that the nutritional status of old people be analyzed by nutritionists to make
sure guidelines are optimally adapted to the individual case. Attention should
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also be paid to the psychic, social and financial situation and to the ability to buy
food and prepare meals.

If the nutritional status cannot be improved by a change in diet, supplementation
of essential nutrients should be advised as early as possible. Chronic nutritional
failure seldom causes isolated deficiencies in individual vitamins or minerals; it is
usually rather associated with an undersupply of many essential nutrients and of
energy. To supplement the daily diet, a balanced liquid formula diet should be
preferred to nutritional supplements which may not contain all vitamins and min-
erals [27].

Characteristics of popular sports

Depending on the kind, extent and intensity, popular sport activities (e.g. tennis,
jogging, dancing) may require an additional up to 8.5 MJ (2000 kcal) of energy
per week. In principle, it is no problem to satisfy an increased requirement for
energy by conventional food on the basis of a balanced mixed diet according to
the reference values presented. There is no reason to increase protein intake
which would result in a higher workload for the kidneys. As carbohydrates are the
most favourable source of energy, products with a high proportion of poly- and
oligosaccharides should be preferred. Fluid loss by sweating should be compen-
sated for by (mineral) water, diluted fruit juices and tea. Special isotonic drinks
may do as well, but provide no essential advantages in popular sports. Additional
intake of mineral and vitamin preparations is not necessary. 
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Energy

Energy requirement is calculated by considering the basal metabolic rate, phys-
ical activity (muscle work), thermogenesis after food intake and the needs for
growth, pregnancy and lactation. The recommended level of energy supply is
shown in megajoules (MJ) and kilocalories (kcal) (1 MJ = 239 kcal; 1 kcal = 4184 kJ
= 0.004184 MJ).

Given the usual physical load of ordinary day-to-day activities, the basal meta-
bolic rate (BMR) stands for the major part of energy consumption. Its level is
closely correlated to lean body mass which decreases with age. In men, because
of their greater lean body mass, the basal metabolic rate is about 10% higher
than in women.

The basal metabolic rate can either be calculated or determined by means of
calorimetry. To calculate the basal metabolic rate, several predictive formulae are
available which are derived either from the lean body mass, body fat content and
age and sex [14] or (more simply) from body weight (if necessary also from body
height) and age and sex [5, 16]. The coefficient of variation for the basal meta-
bolic rate calculated according to the predictive formulae is about 8%. The basal
metabolic rate is determined more precisely (± 3%) by indirect calorimetry
via measurement of oxygen consumption and carbon dioxide production.
Determination only from oxygen consumption is less expensive and still suffi-
ciently precise. 

Table 1 contains reference values for body height and body weight for infants,
children, adolescents and adults of both sexes. Reference values pertaining to
body weight of adults have been calculated from representative data of body
height by means of the formula of the Body Mass Index (BMI). For smaller or larg-
er individuals, values have to be modified by using the BMI formula (table 1, foot-
note 3).

Table 2 provides some examples of the basal metabolic rate (calculated accord-
ing to WHO [16]) on the basis of the guiding values in table 1. Determination or
calculation of the basal metabolic rate is gaining in importance because daily
energy requirements are now usually defined on the basis of the basal metabol-
ic rate: energy requirement is indicated in multiples of the basal metabolic rate
as a function of physical work and other activities. Thermogenesis after food
intake is of less importance in terms of quantity. 8 - 10% of the energy supplied
from a usual mixed diet composed of vegetable and animal foods is needed for
uptake and storage of the ingested nutrients. This is associated with increased
heat production called dietary induced thermogenesis (DIT) [11].
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A substantial part of dietary energy is spent on physical activity. According to
common international practice, energy expenditure is shown in multiples of the
basal metabolic rate (BMR), and not in terms of absolute values (MJ or kcal).

Table 1: Reference data of body height and body weight for calculation of the basal metabolic
rate (BMR)

Age Body height (cm) Body weight (kg)

m f m f

Infants1

00 to under   4 months 57.9 56.5 5.1 4.7
04 to under 12 months 70.8 68.9 8.7 8.1

Children1

01 to under    4 years 90.9 90.5 13.5 13.0
04 to under    7 years 113.0 111.5 19.7 18.6
07 to under  10 years 129.6 129.3 26.7 26.7
10 to under  13 years 146.5 148.2 37.5 39.2
13 to under  15 years 163.1 160.4 50.8 50.3

Adolescents and adults2

15 to under  19 years3 174.0 166.0 67.0 58.0
19 to under  25 years4 176.0 165.0 74.0 60.0
25 to under  51 years4 176.05 164.05 74.0 59.0
51 to under  65 years4 173.0 161.05 72.0 57.0
65 years and older4 169.0 158.05 68.0 55.0  

1 Reference values correspond to the 50th percentiles of growth for dates of the US National
Center for Health Statistics (NCHS) which were used also in the RDA [8] as reference values.
Values are interpolated for the values halfway between the range limits, i.e. for 2.0, 8.0 months
and 2.5, 5.5, 8.5, 11.5, 14.0 years

2 According to height measurements in a group of persons representative of the Federal Republic
of Germany (Pudel V: Ernährungsbericht 1980 [3]), and unpublished data of the Cooperative
Study: Nutrition Survey and Risk Factor Analysis (VERA) and the National Food Consumption
Survey (NVS)

3 Body weight calculated from height measurements based on a desirable Body Mass Index (BMI
= body weight [kg]/squared body height [m2] of 22 for men and 21 for woman [12]

4 BMI 24 for men and 22 for women (definition of BMI see 3)
5 According to height measurements of the Health Survey East-West (Gesundheitssurvey Ost-

West, Befragungs- und Untersuchungssurvey in den neuen und alten Bundesländern), Public
Use File OW91 (1990 - 1992), documentation of the data set compiled by Dr. Heribert
Stolzenberg, Robert Koch Institute, Institute for Communicable and Non-communicable
Diseases, Berlin, October 1995
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The average total energy expenditure (TEE) of an individual can be measured by
the doubly labelled water method (DLW) while the individual’s basal metabolic
rate (BMR) can be determined by indirect calorimetry (or calculated by predictive
formulae). Average total energy requirement, in multiples of BMR, equals the
quotient TEE/BMR which depends upon occupational activity and leisure time
behaviour. This value is called ‘physical activity level’ (PAL) [6]. In a normal life
situation it may vary between 1.2 and 2.4 [13]. In more than 500 measurements
in working adults with predominantly sedentary activity PAL averaged 1.55 - 1.65
[1]. In view of usually low physical activity and frequent overweight, a lower PAL
(1.4) should be used for the guiding value of energy intake in the individual case
(table 5).

The advantage of this procedure is that, by referring to the BMR, factors influ-
encing energy requirement such as body weight, age and sex are a priori taken
into account. Thus, energy expenditure for defined physical activities is directly
comparable among different individuals. Factors for lying, standing, walking and
for occupational and leisure activities of different kinds can be taken from corre-
sponding tables [e.g. 6, 16] (see also table 3). Daily energy requirement results
from the amount of time spent on these activities. Assuming e.g. for a housewife
8 hours of work with a high average energy expenditure of 2.4 x BMR and 8
hours of activities with a medium energy expenditure of 1.6 x BMR as well as 8
hours of sleep at 0.95 x BMR, the mean daily energy requirement is (2.4 x 8 + 1.6
x 8 + 0.95 x 8)/24 = 1.65 x BMR.

Table 2: Basal metabolic rate, calculated using the reference data of table 1 and the predictive for-
mula of FAO/WHO/UNU [16] (based on sex, age and body weight)

Age Body weight (kg) Base metabolic Base metabolic
rate (MJ/day) rate (kcal/day)

m f m f m f 

15 to under 19 years 67 58 7.6 6.1 1820 1460
19 to under 25 years 74 60 7.6 5.8 1820 1390
25 to under 51 years 74 59 7.3 5.6 1740 1340
51 to under 65 years 72 57 6.6 5.3 1580 1270
65 years and older 68 55 5.9 4.9 1410 1170     

The new methodology of measuring energy expenditure by means of doubly
(stable) labelled water enables a more precise determination of daily TEE than
the indirect calorimetry used so far; it also complies with international standards
[12]. The results obtained are not comparable to earlier figures; representing a
direct and continuous measurement of all daily energy expenditures, they are, in
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fact, higher than before. The results in table 4 refer to persons of normal weight
and with corresponding physical activity.

Table 3 shows some examples of experimental average daily energy expenditures
(by DLW or indirect calorimetry) for different occupational and leisure activities. 

As a consequence of labour-saving mechanization and automation of the work
place, occupational energy needs have declined. The grouping of occupational
activities into categories ranging from light to heavy work has to be revised.
Occupations once associated with heavy work have now to be grouped with
occupations requiring less energy.

Many employed persons with mainly sedentary activities have been found to
spend more energy during leisure time than in their job. For sports or other stren-
uous leisure time activities (30 - 60 minutes, 4 - 5 times a week) 0.3 PAL per day
may be added to the daily energy expenditure (table 3).

Table 3: Examples of the average daily total energy expenditure in different occupational and
leisure activities of adults

Occupational and leisure activities PAL1,2 Examples

at rest, exclusively sedentary or lying 1.2 old, infirm individuals

exclusively sedentary activity, little or no 1.4-1.5 office employees,
strenuous leisure activity precision mechanics

sedentary activity, also additional energy 1.6-1.7 laboratory assistants,
requirements for occasional walking and drivers, students, assembly
standing2 line workers

predominantly standing or walking work2 1.8-1.9 housewives, salespersons, 
waiters, mechanics, traders

heavy occupational work2 2.0-2.4 construction workers,
farmers, forest workers,
miners, high-performance
athletes 

1 PAL = (physical activity level), average daily energy requirement for physical activity as a multiple
of the basal metabolic rate

2 For sports or strenuous leisure activities (30-60 minutes, 4-5 times a week) 0.3 PAL units per
day may be added
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In setting guiding values for energy intake during growth, additional energy need-
ed for the development of body mass must be allowed for. Prolonged under- or
oversupply of energy will put young people’s health at risk. 

The guiding values given in table 4 for the (average) energy intake in children of
different age groups apply to moderate physical activity and to body height and
body weight according to the respective 50th percentile (median) of the reference
values (table 1). The guiding values for energy [2,15] correspond to recent pro-
posals by FAO/WHO/UNU experts [16]. They are based on experimental data for
total energy expenditure in the different age groups. Total energy expenditure has
been determined by means of doubly (stable) labelled water (DLW) and heart rate
monitoring. From energy expenditure data for children with moderate physical
activity, guiding values were estimated for relatively inactive children (-2 SD or
-12%) and for physically very active children (+2 SD or +12%) [15].

In term babies, mean energy expenditure doubles from about 230 ± 59 kJ/kg/day
(55 ± 14 kcal/kg/day) during the 1st week of life to about 460 kJ/kg/day
(110 kcal/kg/day) at the end of the 3rd week of life. This is the time when the
infant’s growth rate reaches a maximum (more than 2 cm of body length/month).
After the 3rd month, the growth rate slows down and the energy requirement
related to body weight decreases. 

If a child is larger or smaller than the age- and sex-related 50th percentile of body
height but has normal weight for its height, its energy requirement corresponds
to that of children of the age at which the 50th percentile of body height agrees
with the actual body height of this child. It could be helpful in the individual case
to resort to the original data for the age related 50th percentile of body height in
the individual years of life [4]. If there is over- or underweight, corrections must
be made by using the body weight-related reference values for energy require-
ment (table 4). 

Summarizing evaluations of a great many studies in which energy requirement of
adults and of older people from developed countries have been determined by
the doubly labelled water method suggest that energy requirement must be esti-
mated higher than before [1, 10, 13]. This particularly applies to the energy needs
of men of all age groups. The energy needs of women must be estimated high-
er as well, but not as much as for men. The guiding values for energy intake in
table 4 take this development into account. 

It should be noted that the reference values in table 4 refer to persons of ‘normal
weight’ and with desirable physical activity; in the presence of over- or under-
weight, corrections are necessary in order to reach or maintain normal weight. In
the individual case, actual energy requirement, i.e. correct energy intake, can be
estimated only from regular monitoring of body weight.
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Table 5 contains guiding values for energy intake in adolescents and adults of dif-
ferent age as a function of the basal metabolic rate and different physical activi-
ty levels (PAL values, see table 3). The range of PALs, strictly speaking, may vary
from 1.2 for exclusively sedentary lifestyle to 2.4 for heavy labourers [13]. Here,
each individual must be classified properly. In order to reduce the risks of obesi-
ty, cancer and myocardial infarction, a PAL of at least 1.75 is considered neces-
sary (table 4) [1, 12].

Men and women over 65 years are a particularly heterogeneous group in their
energy requirements. On the one hand there are subjects whose physical activi-
ty is comparable to that of younger persons, on the other hand there are people
whose mobility is clearly restricted [10]. Therefore, great deviations in actual indi-
vidual energy expenditure may occur. 

For the total duration of pregnancy most recent studies have shown that an addi-
tional 300 MJ (71,700 kcal) are needed [9]. It is recommended that this require-
ment should be met evenly over the whole period by an additional intake of
1.1 MJ/day (255 kcal/day) [9] (table 5). 

For breast-feeding mothers an additional energy intake of 2.7 MJ/day
(635 kcal/day) is recommended for the first 4 months post partum. After the 4th

month additional energy intake depends on whether the mothers continue breast-
feeding fully or partly. Fully breast-feeding mothers then need an additional
2.2 MJ/day (525 kcal/day), partly breast-feeding mothers only 1.2 MJ/day
(285 kcal/day) [9]. If physical activity during pregnancy or lactation changes con-
siderably, compared to the non-pregnant and non-lactating state, energy intake
must be corrected by the energy amount resulting from the product BMR x PAL
(table 5).

As a reference measure for adults, the Body Mass Index (BMI: weight in kilo-
grams divided by height in metres squared) has been introduced. Given a body
weight of 68 kg and a body height of 1.76 m, BMI equals 22 which is within the
normal range. The normal range for both men and women is BMI 20 to BMI
25 kg/m2. Prolonged energy intake exceeding energy expenditure leads to
obesity with adverse consequences for health [7].

Recent epidemiological findings support the assumption that the risk for obesity
is influenced not only by the mass of adipose tissue, but also by its distribution
[17]. A disposition to adipose tissue deposits in the abdomen (masculine or
android form) is more frequently associated with cardiovascular risk factors than
a disposition to adipose tissue at the hips (feminine or gynoid form). However,
women may also have an android fat distribution and men, vice versa, a gynoid.
Adipose tissue distribution can be roughly determined by the waist to hip (W/H)
ratio. Values above 1.0 in men and above 0.8 in women suggest that the person
is at additional cardiovascular risk.

25
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Organic components

Organic components, primarily protein, fat, carbohydrates and alcohol, are sup-
plied from food in daily amounts of up to several hundred grams. Only some of
their constituents, e.g. certain amino acids or fatty acids, are essential, the
majority of constituents serves as an energy source.

Protein

A. Recommended intake 

Age Protein
g/kg1/day g/day g/MJ2

(Nutrient density)
m f m f m f

Infants
0 to under   1 month 2.7 12 12 6.0 6.3
1 to under   2 months 2.0 10 10 5.0 5.3
2 to under   4 months 1.5 10 10 5.0 5.3
4 to under   6 months 1.3 10 10 3.3 3.4
6 to under 12 months 1.1 10 10 3.3 3.4

Children
1 to under   4 years 1.0 14 13 3.0 3.0
4 to under   7 years 0.9 18 17 2.8 2.9
7 to under 10 years 0.9 24 24 3.0 3.4

10 to under 13 years 0.9 34 35 3.6 4.1
13 to under 15 years 0.9 46 45 4.1 4.8

Adolescents and 
adults
15 to under 19 years 0.9 0.8 60 46 5.7 5.4
19 to under 25 years 0.8 59 48 5.6 5.9
25 to under 51 years 0.8 59 47 5.8 6.0
51 to under 65 years 0.8 58 46 6.3 6.2
65 years and older 0.8 54 44 6.5 6.4

Pregnant women 
from the 4th month 58 6.3

Lactating women3 63 5.8

1 Related to reference weight
2 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
3 About 2 g of additional protein intake per 100 g of secreted milk
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B. Explanations

Dietary protein provides the body with amino acids and other nitrogenous com-
pounds needed to synthesize endogenous proteins and other metabolically
active substances. Only for amino acids is there a biochemically based require-
ment. But recommendations have still been formulated for protein, as in healthy
humans amino acids are exclusively provided from this source.

The nine amino acids indispensable (formerly “essential”) for adult humans are
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryp-
tophan, and valine which have to be supplied from the diet. Whether cysteine
and tyrosine can partly replace methionine and phenylalanine (respectively) is still
under discussion. In seven of the indispensable amino acids, the carbon skel-
etons of the corresponding keto acids are indispensable. Lysine and threonine,
however, cannot be synthesized from the corresponding keto acids by trans-
amination. Several studies have shown that a histidine-deficient diet observed
over a prolonged period reduces plasma histidine concentration and restricts
haemoglobin synthesis [26, 27]. Hence histidine is also considered nutritionally
indispensable. Dispensable (previously: non-essential) amino acids, however, are
needed as well to ensure adequate growth and to maintain body protein equilib-
rium (nitrogen balance) [25, 33, 39]. Therefore, a balanced diet must contain ade-
quate amounts of both indispensable amino acids and proteins.

In adults, the experimentally determined average requirement for high-quality
protein (egg, milk, meat, fish; true digestibility ≥ 95%) amounts to 0.6 g of pro-
tein per kg body weight per day [37]. With individual variability included, this
value increases to 0.75 g of protein per kg body weight per day. Allowing for a
frequently reduced protein digestibility in a mixed diet, 0.8 g of protein per kg
body weight per day are recommended. Thus, dietary protein from a balanced
mixed diet accounts for 8 – 10% of the dietary energy in adults. Lacto- and
ovolactovegetarians (mixed diet based on vegetable protein sources plus milk
and eggs) are adequately supplied with indispensable amino acids, provided the
protein intake is as recommended and energy requirement is adequately met.
Adults on a strictly vegan diet have to plan their menus carefully to make sure
that their requirements for nutritionally indispensable amino acids are met. In small
children it is generally impossible to satisfy this requirement from vegan diets.

Adult requirement for amino acids is at present the object of scientific discussion
[36, 38]. There is a lack of satisfactory data needed to revise amino acid require-
ment values for adults. Thus, as an interim solution, it has been recommended
to assess the capability of dietary proteins to meet indispensable amino acid
requirements by comparing their amino acid pattern (mg amino acids/g dietary
protein) with the amino acid requirement pattern (mg amino acids/g recom-
mended protein intake) for 2- to 5-year-old preschool children and to correct the
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score by the true protein digestibility (protein-digestibility corrected amino acid
score, PDCAAS [14, 15]). The PDCAAS applies to all children over 2 years of age
and to adults. The PDCAAS, by definition, relates to the first limiting amino acid;
values below 1 are indicative of insufficient supply. For example the first limiting
amino acid in wheat is lysine; its PDCAAS is below 0.5. This means that, if pro-
tein requirement is exclusively met by wheat protein, the requirement for lysine
would not be met. Vegans, and especially those who live on cereal products
exclusively, are thus of risk for lysine deficiency if their diet does not contain
high-lysine plant proteins (pulses) in sufficient quantity. Assessing protein quali-
ty for human nutrition on the basis of what is needed by  2- to 5-year-old children
is a pragmatic interim solution [15]. It may be used as long as satisfactory data
allowing a re-assessment of amino acid requirements of individuals over 2 years
of age are not available.

Some experimental data give reason to assume that older individuals (65 years
and older) need more protein than younger adults [8]. However, as the number of
available studies directly comparing younger and older adults is still insufficient,
a protein intake of 0.8 g per kg body weight per day remains the recom-
mendation for elderly persons.

Protein requirement has been found not to increase with increased physical
activity [13, 32]. Several studies have shown that additional protein intake in
excess of the (age related) recommendation (total intake 2.5 g of protein per kg
body weight per day) neither influences the whole body protein turnover rate and
lean body mass nor increases muscle mass or strength, even in the case of very
intensive physical training [9, 21, 28, 32]. Adults practising light and moderate
sports can be sure of an adequate protein supply if their energy needs are met
and protein intake is in line with that determined in national surveys (e.g.
Nationale Verzehrsstudie [10]). 

Protein requirement of the growing organism is defined by the need for mainte-
nance and growth [11]. The share of protein required for growth decreases from
about 60% during the first month of life down to 11% between the ages of 2 - 5
years. The rapid change in protein requirement during the first months is the rea-
son for subdivision of the recommended protein intake during the first year of life
[11]. As fully breast-fed infants grow well during the first 6 months, their protein
supply from human milk is taken as the basis for protein requirement during the
first 6 months of life [11].

Protein requirement of infants between 6 and 12 months is calculated using a
factorial method derived from nitrogen balance experiments. Maintenance require-
ment is estimated at 0.56 g of protein per kg body weight per day. Interindividual
variability of maintenance and growth requirements is taken into account by an
age-dependent allowance between 35% and 31% for body protein increase [11].
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The recommendation derived applies to high-quality protein (e.g. milk protein).
After the 2nd month of life the amount now recommended is smaller than in
earlier recommendations. The large requirement during the first two months of
life is fully taken into account.

3 - 4 months post partum, protein accounts for about 8% (4.8 g/MJ = 2 g/100 kcal)
of the energy content in breast milk, assuming a crude protein content (total
nitrogen x 6.25) of about 10 g/l and a gross energy content of 2.9 MJ/l
(690 kcal/l). The recommended nutrient density for infants who are not exclu-
sively breast-fed therefore is 4.8 g of protein/MJ (2 g/100 kcal) during the first
2 months of life, then 4 g protein/MJ (1.65 g/100 kcal) up to the 6th month and
3.5 g of protein/MJ (1.46 g/100 kcal) up to the 12th month. In infants fed infant
formulae with a protein-energy ratio of 4.1 g/MJ (1.7 g/100 kcal), similar growth
data and similar concentrations of plasma urea, plasma amino acids and plasma
albumin have been found as in breast-fed infants [17, 18]. To avoid the risk of
excessive renal stress and dehydration, the protein-energy ratio should remain
below 7.6 g/MJ (3.2 g/100 kcal) [41].

The protein requirement of children and adolescents has been determined in the
same way as the factorial method for older infants over 6 months [11]. The
requirement includes a value for maintenance and for growth. A re-evaluation of
available studies on protein requirement in children and adolescents has shown
a maintenance requirement of 0.63 g of protein per kg body weight per day [11].
The requirement for growth declines as a function of age; thus total protein
requirement ranges accordingly from 0.7 to 0.63 g per kg body weight per day.
By adding a 30% allowance for individual variability in protein utilization and
digestibility one obtains the recommended weight-related protein intake. The
share of dietary protein in the total energy intake in children under 4 years of age
has been estimated at 8% and in children between 4 and 13 years at 10% [35].
This is considerably less than 14% which the Nationale Verzehrsstudie has
shown in adults [10].

During pregnancy, protein need starts to increase from the 4th month. From this
time an additional 10 g of protein per day is necessary. The recommended pro-
tein intake for lactating women is derived from the amount of protein secreted in
the milk. It amounts to a mean of 7 - 9 g per day [2, 22]. Given a 70% protein
utilization and allowing for two standard deviations, an additional 15 g of protein
per day are required [37]. 

So far, experiments have revealed no adverse effect of protein intake in excess
of the recommended amount. Nor has an excessive protein intake been shown
to produce any positive physiological effects, however [31]. With increasing pro-
tein intake the amount of protein metabolites which have to be excreted increase
as well; this is accompanied by an increase in the renal glomerular filtration rate
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[6] and in renal calcium excretion [4, 24, 40] which may have negative effects on
calcium balance and bone health [5, 16] and involves a risk of calcium oxalate
stones forming in the kidneys [23]. Increasing protein intake, furthermore, leads
to a moderate metabolic acidosis [4, 20] with potentially negative but not pre-
cisely known negative consequences for the maintenance of skeletal muscle
mass [3]. Indications of a relation between protein intake and insulin resistance
have been reported as well [29, 34]. 

Attention must also be paid to the fact that the intake of animal protein is
generally associated with a concurrent intake of fat, cholesterol and - except for
egg and milk protein - of purines. Protein intakes of > 2 g per kg of body weight
per day lead to reduced plasma concentrations of certain amino acids [19, 30]
otherwise only observed under catabolic stress [1, 7].

As long as definitive data on negative effects of protein intakes far above the rec-
ommended values are not available, it seems advisable for safety reasons to set
the upper limit of protein intake at 2.0 g of protein per kg of body weight per day
for adults [12], corresponding to an average daily protein intake of 120 g for
women and 140 g for men.  
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Fat

A. Guiding values for intake

Age Fat

% of energy

Infants
0 to under  4 months 45-50
4 to under 12 months 35-45

Children
1 to under  4 years 30-40
4 to under  7 years 30-35
7 to under 10 years 30-35

10 to under 13 years 30-35
13 to under 15 years 30-35

Adolescents and adults
15 to under 19 years 301

19 to under 25 years 301

25 to under 51 years 301,2

51 to under 65 years 30
65 years and older 30

Pregnant women 
from the 4th month 30-35

Lactating women 30-35

1 Very heavy manual labourers may need more
2 Corresponds to 80 g of total fat for men with a guiding value for energy intake of 10 MJ  

(2400 kcal)

B. Explanations

Dietary fats are important energy sources, especially if the energy requirement is
high (e.g. in heavy manual labourers). Their caloric value is more than twice that
of carbohydrates and proteins.

Natural dietary fats consist nearly exclusively of a mixture of triglycerides;
absorption in healthy individuals averages 98%. In patients with gastrointestinal
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diseases, however, digestion and absorption may be influenced by the chain
length of fatty acids, the number of their double bonds and the melting point of
dietary fat.

Fatty acids are the most important component of dietary fat; they may be satu-
rated, monounsaturated or polyunsaturated. The differences in chemical struc-
ture produce differences in physical (e.g. melting point) and biochemical behav-
iour (e.g. influence on plasma cholesterol concentration) (see below). The major
part of saturated fatty acids in the body are of dietary origin; they may also be
produced in the body by lipogenesis from glucose, however. Mono- and polyun-
saturated fatty acids are also supplied with the diet or synthesized from satu-
rated fatty acids. Polyunsaturated fatty acids with cis-configuration and certain
positions of the double bonds are an exception. They are essential as they can-
not be synthesized by the human organism (see page 45).

Dietary fat is also a source of fat-soluble vitamins and of flavour and aroma com-
pounds. It is because of the latter that fat and dishes prepared with fat are much
liked foods. 

The general recommendation to reduce fat intake is based on epidemiological
and clinical findings showing a close relation between high-fat diets - especially
those containing saturated fat - and dyslipoproteinaemia and atherosclerosis
[1, 2, 18, 19, 21, 22, 36] (see page 40) but also colon cancer [40] and overweight
[25]. Too much fat in the diets of Germans, Austrians and Swiss, with fat provid-
ing > 35% to > 40% of dietary energy on a daily average and, consequently, diets
supplying too much energy are one of the main reasons for the high incidence of
overweight and elevated blood fat levels - both are risk factors for premature cor-
onary heart disease [1, 23, 33, 34].

The results of epidemiological and intervention studies in humans suggest that
fat intake providing 30% of dietary energy, with an adequate fatty acid pattern as
part of a balanced mixed diet and in combination with sufficient physical activi-
ty may reduce the risk for myocardial infarction. 

To achieve energy balance and an adequate intake of essential nutrients and
other components of vegetable food which are beneficial to health (dietary fibre,
phytochemicals) it is necessary to limit fat intake. Furthermore, reduced fat intake
in a diet supplying low energy levels makes it easier to increase or at least
maintain the necessary nutrient density. 

Persons with light or moderate work should consume not more than 30% of
energy in the form of fat. It is probably favourable even if only 25% are provided
by fat because then more vegetable food will usually be consumed. In persons
doing heavy muscle work and thus needing more energy, the share of fat in the
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total energy supply may exceed the reference value by 5% in order to reduce the
volume of food, and in persons doing extremely heavy work by up to 10%. 

A fat intake by adults of up to 30% of total dietary energy, the proportion of long-
chain saturated fatty acids should not exceed one third, i.e. 10% of total dietary
energy. Polyunsaturated fatty acids should provide about 7% of dietary energy,
and up to 10% if saturated fatty acids provide more than 10% of total energy, in
order to prevent an increase in plasma cholesterol level [19]. Concurrently, intake
of �-linolenic acid should be increased in order to lower the ratio of linoleic acid
(n-6) to �-linolenic acid (n-3) to about 5 : 1 (see also pages 41 and 46). The rest
is supplied by monounsaturated fatty acids, e.g. oleic acid, which may even
account for more than 10% of total energy. If more than 30% of total energy are
supplied from fat, surplus fat should primarily contain mono- and polyunsatura-
ted fatty acids to prevent a rise in plasma cholesterol concentration (see pages
39 and 40). Simply put, at a total fat intake of 30% of dietary energy, saturated
fatty acids (< 10% of energy) and unsaturated fatty acids (totalling 20% of energy
and predominantly of plant origin) should be in a ratio of 1 : 2. 

For their growth children and adolescents need additional energy especially du-
ring the first years of life and during puberty. The necessary high energy intake is
facilitated by an increased proportion of dietary fat. Infants during the first
months of life are dependent on a high dietary energy density which is only
achieved by fat as the amount of food infants can ingest is limited. Already in
children, however, close relations exist between diet, blood lipids and the devel-
opment of changes in blood vessel walls. In the 2nd year of life, therefore, fat
intake should be gradually reduced. Lowering fat intake to 30 - 35% of dietary
energy seems to be practicable. Saturated fatty acids should account for not
more than one third of dietary fat or 10% of dietary energy [10]. 

During pregnancy and lactation, fat intake may be increased to 35% of dietary
energy. In old age fat should supply not more than 30% of dietary energy in order
to adjust energy intake to the reduced energy needs. In physically very active
older persons, the share of dietary fat may account for up to 35% of energy. 

Dietary cholesterol

As food of animal origin often contains plenty of cholesterol besides saturated
fatty acids, reduced intake of saturated fatty acids is also associated with a
desirable reduction in cholesterol intake. Dietary cholesterol in fact raises the
concentration of plasma cholesterol only to a small amount in terms of average
values, but to a variable extent from person to person [11]. Also blood LDL cho-
lesterol concentration is only increased to a small extent by dietary cholesterol
compared to saturated fatty acids [19], but dietary cholesterol may intensify the
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undesirable response of serum cholesterol to saturated fatty acids [11]. Dietary
cholesterol intake, therefore, should not considerably exceed 300 mg/day [16]. 

Fatty acids, serum cholesterol and atherosclerosis

Plasma LDL and HDL cholesterol concentrations beyond the normal range are
essential risk factors for cardiovascular diseases [1, 33]. They can be lastingly
influenced by the dietary fat quantity, the proper ratio between saturated and
unsaturated dietary fatty acids and by physical activity [16, 26, 41], but with great
variability among individuals [11]. The saturated fatty acids lauric acid (C 12:0),
myristic acid (C 14:0) and palmitic acid (C 16:0) increase plasma cholesterol con-
centration and especially the concentration of the unfavourable LDL cholesterol.
Stearic acid (C 18:0) does not influence LDL cholesterol. Monounsaturated fatty
acids, e.g. oleic acid (C 18:1 n-9), lower LDL cholesterol concentrations in cases
where they replace dietary saturated fatty acids which would raise blood cho-
lesterol. Polyunsaturated fatty acids, e.g. linoleic acid, actively lower the con-
centration of LDL cholesterol. However, also HDL cholesterol which has a favour-
able effect on the risk for atherosclerosis is somewhat lowered by linoleic acid,
but less so by oleic acid [19].

Trans-fatty acids (see below) raise the concentration of LDL cholesterol in blood
and lower the concentration of HDL cholesterol [12, 19]. The content of trans
fatty acids in the human diet should, therefore, be as low as possible and their
contribution to dietary energy kept below 1% [37] (see page 47, 48).

No evidence of the effects of conjugated linoleic acids (CLA) shown in animal
experiments has yet been found in humans [12]. 

The plasma triglyceride level, another factor contributing to the risk of athero-
sclerosis, is raised by high intake of saturated fatty acids. Excessive energy intake
generally leads to increased blood cholesterol and triglyceride concentrations.

The development of atherosclerosis is a multifactorial process. Besides individ-
ual disposition, plasma cholesterol may play a causal role in the setting of dys-
lipoproteinaemia. This also applies - frequently not only in an additive, but also
in a synergistic sense - to other risk factors such as hypertension, diabetes mel-
litus, smoking, and even lack of physical activity. Relations among dietary fats,
serum cholesterol and coronary heart disease discovered in epidemiological studies
have been verified in experimental and clinical trials [15]. They have been further
elucidated by studies on the effect of oxidized LDL [36]. Hence dyslipopro-
teinaemia may occasionally be the most important cause of early athero-
sclerosis; much more frequently, however, it is only one of several causes [35].
The complexity of the pathogenesis influences the results of intervention studies
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which aim at preventing myocardial infarction by a change in diet. This goal could
still be achieved in several of these studies using plasma cholesterol lowering
diets [22, 26]. Experimental, controlled intervention studies combining a partly
drastic reduction of fat intake (< 25% of energy) with a rigorous change in the
patients’ lifestyle have shown that there is even a chance of reversal of coronary
heart disease [27, 31]. 

Dietary fatty acids influence not only the risk for atherosclerosis by changing the
concentration and composition of blood lipoproteins. By changing the fatty acid
pattern in blood-cell membranes, they also affect the rheological properties of
blood. Via eicosanoids formed from n-6 and n-3 fatty acids, moreover, essential
functions such as platelet aggregation, adhesion of monocytes to vessel walls,
vascular dilatation, blood pressure and other parameters of the cardiovascular
system are controlled. Added to these must be inflammatory processes and
immune reactions [7, 24, 39]. Long-chain n-3 fatty acids are assumed to have an
anti-arrhythmic effect as well [3, 5, 32].

Several intervention studies have shown protective effects of long-chain n-3 fatty
acids, and of eicosapentaenoic acid (20:5 n-3) in particular, against fatal myocar-
dial infarctions [4, 8, 14]. As an alternative to consumption of saltwater fish which
is still not satisfactory, intake of �-linolenic acid (18:3 n-3) should rise. In the
human organism, eicosapentaenoic acid [13, 38] is formed from �-linolenic acid
as long as synthesis is not inhibited by high intake of linoleic acid (see page 46).
From eicosapentaenoic acid, beneficial eicosanoids are formed [39]. In some of
the observational studies, a significant inverse relation between intake of
�-linolenic acid and the frequency of sudden cardiac death has been found [2, 9,
17, 28]. In patients after myocardial infarction, moreover, a significant decrease
in the reinfarction rate by �-linolenic acid has been achieved in an intervention
study [8] in which the ratio of linoleic acid (n-6) to �-linolenic acid (n-3) was about
4 : 1 [29]. In the sense of a preventive pattern of dietary polyunsaturated fatty
acids in the diet of healthy individuals, DGE, ÖGE, SGE and SVE advocate a
decrease in the ratio of linoleic acid (n-6) to �-linolenic acid (n-3) to 5 : 1 or lower. 

Within the framework of Mediterranean diets, oleic acid is also assumed to pro-
tect against myocardial infarction and cancer. Little is known about the possible
mechanisms, except for the effect on LDL and HDL cholesterol in blood, and
specific long-term placebo-controlled intervention studies with oleic acid for pre-
vention of myocardial infarction have yet to be carried out.

In adults, a prolonged total fat intake of more than 40% of dietary energy, and of
more than 10% each of saturated and polyunsaturated fatty acids, is clearly
unfavourable. More than 40% of dietary energy from fat promotes the devel-
opment of atherosclerosis, colon cancer and obesity. Large amounts of saturated
fatty acids increase the detrimental blood LDL cholesterol concentration. 
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Larger amounts of polyunsaturated fatty acids are also associated with a higher
risk of lipid peroxide formation. In animal experiments, high intakes of polyunsat-
urated fatty acids promoted growth of tumours which had been induced by
chemical carcinogens. However, there is no evidence of such a negative effect in
humans [42]. n-3 Fatty acids are assumed to even protect against colon cancer.

However, high intake of long-chain n-3 fatty acids has been found to increase the
disposition to haemorrhage and possibly to affect the functions of leucocytes
and the immune system [6, 20, 30]. Intake of n-3 fatty acids should, therefore,
not exceed 3% of dietary energy. For the total of polyunsaturated fatty acids,
10% of dietary energy are considered to be the upper limit.

To protect against oxidation of polyunsaturated fatty acids, the diet should also
contain at least 0.4 mg of tocopherol equivalents per g of diene fatty acid equiv-
alent (see pages 73 and 74)
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Essential fatty acids

A. Recommended intake

Age  Essential fatty acids

% of energy
n-6 n-31

Infants
0 to under  4 months 4.0 0.5
4 to under 12 months 3.5 0.5

Children
1 to under  4 years 3.0 0.5
4 to under  7 years 2.5 0.5
7 to under 10 years 2.5 0.5

10 to under 13 years 2.5 0.5
13 to under 15 years 2.5 0.5

Adolescents and adults
15 to under 19 years 2.5 0.5
19 to under 25 years 2.5 0.5
25 to under 51 years 2.5 0.5
51 to under 65 years 2.5 0.5
65 years and older 2.5 0.5

Pregnant women 2.5 0.5

Lactating women 2.5 0.5

1 Estimated values

B. Explanations

Polyunsaturated fatty acids with cis-configuration and a certain position of double
bonds are essential nutrients, as they cannot be synthesized in the human orga-
nism.

Besides n-6 fatty acids (linoleic acid = C 18:2 and the longer-chain fatty acids
formed from linoleic acid, e.g. arachidonic acid = C 20:4), n-3 fatty acids are also
needed (�-linolenic acid = C 18:3, and its longer-chain derivatives, especially
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eicosapentaenoic acid = C 20:5 and docosahexaenoic acid = C 22:6). Both
groups of fatty acids serve the purpose of forming functional structural lipids in
tissues and regulatory eicosanoids. n-9 Fatty acids (e.g. oleic acid = C 18:1) and
their longer-chain derivatives, in contrast, can be synthesized by humans. 

Arachidonic acid, eicosapentaenoic acid and docosahexaenoic acid are essen-
tial parts of all cellular membranes. Eicosanoids formed from arachidonic acid
(n-6) and eicosapentaenoic acid (n-3) influence the functions of smooth muscles,
endothelium, monocytes and platelets as well as inflammatory and immune reac-
tions, with partly antagonistic effects. Especially high concentrations of docosa-
hexaenoic acid (n-3) are found in nervous tissue and in the photoreceptors of the
retina. 

In the biosynthesis of the physiologically important long-chain and highly unsat-
urated fatty acids, the fatty acids mentioned before compete with each other for
the same enzyme system. Affinity decreases in the order of n-3, n-6, n-9 fatty
acids. Because of this competition, the rate of conversion to the longer-chain
derivatives depends, among other things, upon the dietary fatty acid pattern.
Normally, at best 10% of the dietary essential fatty acids (linoleic acid and
�-linolenic acid) are converted to the corresponding long-chain derivatives [5, 7]. 

The present reference values for intake of linoleic acid (n-6) and �-linolenic acid
(n-3) are in the ratio of 5 : 1. Because the fatty acids compete with each other for
the same enzyme system, an inadequate ratio of n-6 and n-3 fatty acids may
affect the fatty acid pattern of growing tissue and the equilibrium of antagonistic
eicosanoids [7, 14]. 

In cases of n-6 fatty acid deficiency (e.g. linoleic acid) the concentration of the
so-called mead fatty acid (C 20:3 n-9) increases in serum and tissue, while in
cases of n-3 fatty acid deficiency the content of docosapentaenoic acid (C 22:5
n-6) increases. n-6 Fatty acid deficiency may lead to eczema, fatty liver, anaemia,
proneness to infections, wound healing disorders and retarded growth [4].
Symptoms of n-3 fatty acid deficiency (e.g. �-linolenic acid) are impaired vision,
muscular weakness, trembling, and disorders of superficial and deep sensory
function [2]. Essential fatty acid deficiency is very rare, however, as the fatty tis-
sue of a normal weight adequately nourished adult contains more than 500 g of
linoleic acid and 25 g of �-linolenic acid. A deficiency may be expected at most
in patients with chronic fat malabsorption or on long-term fat-free artificial feed-
ing [2, 3, 4]. 

A deficiency of very long-chain n-6 or n-3 fatty acids, especially arachidonic acid
(n-6), eicosapentaenoic acid (n-3) or docosahexaenoic acid (n-3) may occur dur-
ing the perinatal period (see below). It has never been diagnosed in healthy
adults, however, because these fatty acids, although synthesized at a modest
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rate, are in the long run produced in sufficient quantities. 

In young healthy adults, the average requirement for linoleic acid has been found
to be 6.5 g per day, or just under 2% of dietary energy [13]. Allowing for a coef-
ficient of variation of 15%, the intake recommended for adults is about 2.5% of
dietary energy. The estimate for n-3 fatty acids is 0.5% of the total dietary ener-
gy intake [2]. 

Measured against eicosanoid synthesis, linoleic acid and �-linolenic acid are bio-
logically less potent than their longer-chain derivatives arachidonic and eicosa-
pentaenoic acid. Activities should, therefore, be expressed in terms of (n-6) and
(n-3) fatty acid equivalents. At present, in view of the lack of satisfactory data,
such equivalents cannot be ultimately defined, however. Preliminary results of
experiments lasting one or two weeks suggest that eicosapentaenoic acid,
depending on the initial situation, is between 2 to > 10 times more potent than
�-linolenic acid [1, 2, 3, 7, 12]. 

The fat of mature human milk contains on average 10 - 15% linoleic acid and
> 1% �-linolenic acid, including their longer-chain derivatives. A fully breast-fed
infant fed a daily volume of 750 ml breast milk with a mean fat content of 40 g/l
receives about 3.0 - 4.5 g of linoleic acid daily [9]. For commercial infant formu-
lae, ESPGAN calls for a linoleic acid level corresponding to 4.5 - 10.8% of ener-
gy content [6]. The ratio between linoleic acid and �-linolenic acid in commercial
infant formulae should, as in human milk, be in the range of 5 : 1 to 15 : 1 [8]. As
the long-chain polyunsaturated fatty acids docosahexaenoic acid (C 22:6 n-3)
and arachidonic acid (C 20:4 n-6) may be conditionally essential nutrients due to
the growth-related particularly high needs during early infancy, it is important that
they are supplied with infant formulae [10]. 

In Germany, Austria and Switzerland, adequate intake of essential fatty acids, in
terms of average values, is ensured. High levels of linoleic acid are contained in
oils of vegetable sources such as sunflower oil, corn oil and soybean oil. Much
�-linolenic acid is contained in linseed oil, walnut oil, rapeseed oil, and soybean
oil. As the ratio of n-6 fatty acids to n-3 fatty acids should be less than 5 : 1, oils
containing high levels of �-linolenic acid should be preferred. Oils with high lev-
els of unsaturated fatty acids should contain at least 0.4 g of tocopherol equiva-
lents per gram of diene fatty acid equivalent for protection against oxidation (see
page 73, 74) Eicosapentaenoic acid and docosahexaenoic acid are contained
mainly in fat saltwater fish such as herring, mackerel and salmon. They can con-
tribute efficiently towards satisfying the requirement for essential n-3 fatty acids.

Cis-configuration is a prerequisite for the formation of eicosanoids and the bio-
logical efficacy of essential fatty acids. Unsaturated fatty acids with cis-configu-
ration may be converted to fatty acids with trans-configuration by molecular
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restructuring processes during partial hydrogenation of oils to margarines
derived from vegetable sources. Trans fatty acids are also produced by bacteria
in the rumen of cows; minor quantities are found in cow’s milk fat. They increase
the requirement for essential fatty acids, as they are competitive with them in the
same enzyme systems. The content of trans fatty acids in the human diet should,
therefore, be as low as possible; trans fatty acids should supply less than 1% of
dietary energy [11].

Given gentle preparation methods and single use of frying fat, practically no
losses of essential fatty acids occur. 

A balanced mixed diet and diets for nutritional therapy of dyslipoproteinaemia
and for reducing the risk for atherosclerosis provide children from 3 years as
well as adolescents and adults with distinctly higher levels of polyunsaturated
n-3 and n-6 fatty acids than those shown in the table for adequate essential fatty
acid intake (see page 39).
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Carbohydrates, dietary fibre 

Guiding values for carbohydrate intake must consider individual energy require-
ments, the requirement for protein and the guiding values for fat intake. Fats and
carbohydrates are the major sources of dietary energy. A balanced nutritious
mixed diet should contain limited amounts of fat and plenty of carbohydrates (pref-
erably starch) corresponding to more than 50% of total dietary energy [4, 5, 14]. 

A guiding value of > 50% of dietary energy from carbohydrates is substantiated
by epidemiological findings showing that, otherwise, increased consumption of
(saturated) dietary fats is directly related to the incidence of cardiovascular risk
factors and other diseases [1, 10, 15, 19]. Altogether, a high intake of carbo-
hydrates is advised as long as preference is given to food which contains plenty
of starch, dietary fibre, essential nutrients and phytochemicals [16] (see page 196
and following pages). Isolated carbohydrates, especially mono- and disaccha-
rides and refined or modified starches (e.g. maltodextrins) usually contain no
essential nutrients; given adequate energy intake, they reduce nutrient density
and essential nutrient supply [12, 13]. Very high intakes of these carbohydrates
compromising nutrient density should therefore be avoided [5]. 

In Germany, Austria and Switzerland, according to the respective nutrition
reports, the intake of carbohydrates providing about 40% of dietary energy is rel-
atively low [3, 4, 6]. The trend of previous years and decades towards reduced
intake of complex carbohydrates from cereal products and potatoes has turned,
however, giving way to constant or moderately increasing consumption.
Consumption of vegetables is trending up as well. Although intake of fresh fruit
varies greatly, a certain increase has been recorded in Germany in recent years
[4] while in Switzerland the trend is down [3].

According to the National Food Consumption Survey [4], the sex- and age-relat-
ed intake of disaccharides (lactose included) is between 8.9% and 19%, that of
monosaccharides between 4.7% and 8.4% of dietary energy [4]. The proportion
of added sucrose (isolated cane/beet sugar) accounts for 6.3 - 13.2% of energy
[12]. This means that more than half of dietary disaccharides originates from
added sugar. For a preventive diet (see pages 38, 52 and 191) and in order to
improve the basis for adequate intake of vitamins, minerals, trace elements, phy-
tochemicals and dietary fibre, foods that reduce nutrient density should be even
more replaced by fruit (fruit juice), vegetables (vegetable juice), salad and other
carbohydrate sources such as whole-grain products and low-fat dairy products.
Emphasis should be laid on polysaccharide-containing food while sugar intake
should be moderate [5]. This applies particularly to low-energy diets (e.g. weight
reduction diets or diets for elderly persons) and to children [13] and young adults
[12]. 
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Food components are more slowly absorbed from food naturally containing a
large proportion of polysaccharides (starch) and dietary fibre. Food composition
(i.e. whether carbohydrates are present alone or in combination with fat and pro-
tein) influences the absorption rate and thus utilization of carbohydrates in the
organism. 

From an energy point of view, the different energy supplying nutrients are equiv-
alent. Under the influence of insulin but also at high intake, carbohydrates are the
first to be oxidized or stored as glycogen. The preferential oxidation of carbohy-
drates is responsible for the fact that in diets with a too high energy content
mainly dietary fatty acids are deposited in fatty tissue. It is only at very high car-
bohydrate intake (more than 400 - 500 g/day in young adults) that de novo syn-
thesis of saturated fatty acids from glucose increases (to a lesser extent also
from fructose); these saturated fatty acids are deposited in adipose tissue [15].

Adults metabolize at least 180 g glucose per day. Of this, about 140 g are com-
busted by the brain to carbon dioxide and water. The remaining 40 g of glucose
are glycolytically degraded - mainly in erythrocytes - to lactate and pyruvate,
from which glucose is synthesized again in the liver (Cori cycle). By physiological
gluconeogenesis from amino acids, lactate or glycerol, about 130 g of glucose
per day can be provided [14]. In this way the glucose requirement can largely be
satisfied in the short term. In prolonged fasting, energy requirement of the brain,
after adaptation of the metabolism, is met to a substantial extent by oxidation of
ketone bodies. To avoid gluconeogenesis from protein and to inhibit lipolysis, at
least 25% of dietary energy should be supplied from carbohydrates [5, 11]. 

In infants fed human milk during the 1st half year of life, about 45% of energy
requirements are supplied from carbohydrates (48% from fat and 7% from pro-
tein). In human milk, the major part of carbohydrates is in the form of lactose, the
rest are very complex oligosaccharides made up of a number of different mono-
saccharide components [9]. The physiological significance of these oligosaccha-
rides is not exactly known. There is reason to assume that they influence the
development of a specific intestinal flora and intestinal resistance to pathogenic
bacteria and viruses. 

In infant nutrition during the 2nd half year of life, carbohydrates provide about
47% of dietary energy (fat 40%, protein 13%) [7]. Beyond this age children fed a
mixed diet obtain about 52% of their energy requirements from carbohydrates
(35% from fat, 13% from protein). 

The collective term dietary fibre comprises those components of vegetable food
which are not degraded by physiological enzymes of the human gastrointestinal
tract. Dietary fibre, except for lignin, stands for indigestible carbohydrates such
as cellulose, hemicellulose, pectin, etc. Starch not digested by amylases
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(resistant starch), and indigestible oligosaccharides such as oligofructose or
oligosaccharides of the raffinose family (raffinose, stachyose, verbascose in
pulses) should be included as well. 

Dietary fibre fulfils several important and partly very different functions in the
digestive tract and it influences metabolism [8, 17]. Dietary fibre is partly degrad-
ed in the colon by bacteria to short-chain fatty acids which lower the pH of the
intestinal content and serve as nutrients for the intestinal mucosa. When they are
absorbed, they provide additional energy of about 8.4 kJ (2 kcal) per gram of
dietary fibre. 

Dietary fibre is assumed to provide protection against several diseases, the most
important of which are constipation, colon diverticulosis, colon cancer, gall-
stones, overweight, hypercholesterolaemia, diabetes mellitus, and athero-
sclerosis [2, 16, 17, 18]. When choosing fibre-rich foods one has to consider that
individual fibre components differ in their effect. Dietary fibre should, therefore,
be ingested from whole grains (mainly insoluble polysaccharides which are poor-
ly degraded by bacteria) and from fruit, potatoes and vegetables (mainly soluble
polysaccharides which are degraded by bacteria). This ensures a favourable dis-
tribution among insoluble and soluble dietary fibre. 

For adults, the guiding value for intake of dietary fibre is at least 30 g per day, i.e.
about 3 g/MJ (or 12.5 g/1000 kcal), in women, and 2.4 g/MJ (or 10 g/1000 kcal)
in men. If energy intake is below the age- and sex-related guiding values, dietary
fibre density must be higher than 3 g and 2.4 g/MJ, respectively (12.5 and
10 g/1000 kcal). For infants and children, no guiding values for dietary fibre in-
take can be set at present. Human milk contains oligosaccharides but no dietary
fibre. When supplementary food (Beikost) is introduced, dietary fibre intake
increases from about 1 g/MJ (or 4 g/1000 kcal), in the 5th/6th month to 2.4 g/MJ
(or 10 g/1000 kcal) in the 12th month [7]. Thus a guiding value for dietary fibre
density of about 2.4 g/MJ (10 g/1000 kcal) seems to be practicable for children
as well.

A potentially reduced absorption of polyvalent cations (calcium, magnesium,
iron, zinc) is of practical importance only in cases of increased intake of isolated
dietary fibre (e.g. bran for therapeutic reasons). A slightly reduced absorption rate
associated with high fibre food is more than compensated for by its higher lev-
els of polyvalent cations.
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Alcohol

Alcohol in beer, wine and distilled spirits has various effects. Important from the
physiological point of view are the high energy density of alcohol, its adverse
effect on intestinal absorption of many essential nutrients, and a potential dis-
placement of vital dietary compounds in cases of alcohol abuse. In men aged
25 - 51 years about 7% of dietary energy is on average supplied from alcohol [4].
About 95% of ingested alcohol is used for generation of energy (29 kJ/g, or
7 kcal/g). About 5% is excreted in urine, sweat and expired air (here as acetalde-
hyde). Average alcohol and energy contents of the most common alcoholic bev-
erages are listed in Table 1.

Table 1: Energy and alcohol content of alcoholic beverages [8]

Alcoholic Energy content Energy content Proportion of Proportion of
berverage alcohol alcohol in the

caloric value
MJ/I kcal/I g/I (%)

Beer 1.6 0390 035 63
Red wine, low 2.7 0650 080 86
alcohol
Red wine, high 3.2 0775 095 86
alcohol
White wine 2.9 0700 085 85
Sparkling wine 3.5 0835 090 75
Brandy 9.9 2400 330 96

Alcohol, if ingested on an empty stomach, lowers the blood sugar level, raises
trigclyceride levels and blood pressure and shifts blood from the body’s centre
to its periphery, leading to reddening and a rise in skin temperature. Increased
generation and release of heat raise the basal metabolic rate. The strong diuretic
effect of alcohol may interfere with balance of some minerals. Nausea and verti-
go after high alcohol consumption are due to an irritation of the gastric mucosa
and to a direct influence on the vestibular system in the inner ear.

Even small doses of alcohol reduce muscular performance. Because of inhibition
of activating and deactivating neurons, alcohol has both a sedative and stimu-
lating effect on the central nervous system. With increasing blood alcohol level,
these acute effects on the central nervous system lead to gait disturbances, pro-
longed reaction times and to inability to coordinate reactions. A blood alcohol
concentration of more than 1.4 g/l is regarded as acute intoxication, which
obscures consciousness to such extent that the drunkard is no longer account-
able for his action. 
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In addition to these acute effects of alcohol, attention must also be paid to the
long-term effects of chronic alcohol abuse, primarily the potential addiction
which may ultimately produce severe consequences including damage to organs
and the nervous system as well as confusion and psychic disorders. 

Alcohol is to some extent metabolised in the gastric mucous membrane but pri-
marily in the liver, in fact preferentially to other nutrients. Chronic alcohol con-
sumption leads to fatty infiltration of the liver and later to liver cirrhosis. Added to
this must be damage to other organs such as the pancreas and heart muscle [6].
Alcohol consumed in larger quantities and over prolonged periods, furthermore,
increases the risk for cancer of the oral cavity, pharynx, oesophagus, breast and
colon in humans of middle and older age [2, 5, 9]. Younger people are at greater
risk for violent death especially in traffic accidents [1].

A cardioprotective effect of alcohol is due to a rise in blood HDL cholesterol,
diminished platelet aggregation, decrease in fibrinogen and increased fibrinoly-
sis [3, 7, 10]. However, advocacy of alcohol for prophylactic purposes is ques-
tionable as the negative effects of chronic alcohol consumption usually outweigh
the positive ones. 

A threshold value of alcohol intake beyond which the detrimental effects of alco-
hol outweigh potentially positive effects cannot be defined as the risks involved
differ from individual to individual. Upon a cautious weighing of the effects of dif-
ferent alcohol quantities described in the literature, an intake of 20 g of alcohol
per day in healthy men may be regarded as not injurious to health; however, this
should not be consumed every day. Some epidemiological studies [2, 6] suggest
that this dose may even be considered beneficial to health in relation to coronary
risk in older men. For healthy women, only 10 g of alcohol per day can be regard-
ed as compatible with health; this is because several epidemiological studies
have shown the risk of damage to organs and breast cancer to increase at half
the dose of alcohol for men [9]. Pregnant and lactating women are advised to
completely abstain from alcohol to avoid any risk of alcohol related fetal pathol-
ogy. 20 g of alcohol correspond to about 0.5 l of beer, 0.25 l of wine and 0.06 l of
spirits.
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Fat-soluble vitamins

Vitamin A (retinol), ß-carotene

A. Recommended intake

Age Retinol
mg-equivalent1/day mg-equivalent1/MJ2

(Nutrient density)
m f m f

Infants
0 to under   4 months3 0.5 0.25 0.26
4 to under 12 months 0.6 0.20 0.21

Children
1 to under   4 years 0.6 0.13 0.14
4 to under   7 years 0.7 0.11 0.12
7 to under 10 years 0.8 0.10 0.11

10 to under 13 years 0.9 0.10 0.11
13 to under 15 years 1.1 1.0 0.10 0.11

Adolescents and adults
15 to under 19 years 1.1 0.9 0.10 0.11
19 to under 25 years 1.0 0.8 0.09 0.10
25 to under 51 years 1.0 0.8 0.10 0.10
51 to under 65 years 1.0 0.8 0.11 0.11
65 years and older 1.0 0.8 0.12 0.12

Pregnant women
from the 4th month 1.1 0.12

Lactating women4 1.5 0.14

1 1 mg of retinol equivalent = 1 mg of retinol = 6 mg of all-trans-ß-carotene = 12 mg of other provi-
tamin A carotenoids = 1.15 mg of all-trans-retinyl acetate = 1.83 mg of all-trans-retinyl palmi-
tate; 1 IU = 0.3 µg of retinol

2 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
3 Estimated value
4 Allowance of about 70 µg of retinol equivalents per 100 g of secreted milk
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B. Explanations

Vitamin A is of essential importance for growth, the immune system and the
development of cells and tissue of quite different kinds. Retinoic acid, its active
metabolite, regulates growth and constitution of skin and mucous membranes
and thus, ultimately, also the functions of these. The aldehyde form of the vita-
min, retinal, is important for the process of vision. Vitamin A alcohol, retinol, rep-
resenting the homeostatically strictly controlled form of transport in the blood, is
probably involved in spermatogenesis [1].

The early stage of vitamin deficiency escapes clinical-chemical diagnostics as
the vitamin A concentration in the blood is still homeostatically regulated in the
normal range even if the liver store is nearly completely depleted of vitamin A [7].
The first clinical sign of vitamin A deficiency is night blindness. It may appear
simultaneously with or following the development of squamous metaplastic
changes in the respiratory epithelium. The classical ocular signs of overt vitamin A
deficiency are yellowish keratinized Bitot’s spots on the conjunctival surface
associated with xerophthalmia (drying of the lacrimal glands and conjunctiva).
This may be followed by keratomalacia (corneal ulceration) with liquefaction of
the corneal stroma, i.e. complete destruction of the arterior part of the eye, and
irreversible blindness. In the presence of lowered resistance (compromised
immune system due to vitamin A deficiency) infections normally taking a less
severe course may be fatal. Vitamin A deficiencies of this kind are extremely rare
in Western industrialized countries. In developing countries they are widespread
and a major cause of blindness and increased mortality of children. 

To assess an individual’s vitamin A status, determination of serum retinol as the
only parameter is not sufficient [7]. The relative dose response test (RDR test) is
applied to check whether intake of 7.5 mg of retinol equivalents (RE) (25,000 IU
of vitamin A) raises the vitamin serum concentration by more than 15%. If it does,
a marginal vitamin A deficiency exists. In the case of a slight or no rise, vitamin
status can be assumed to be adequate. 

Groups with critical status are newborns, children with frequent infections as well
as patients with measles, and elderly persons. The vitamin A status of the new-
born greatly depends upon the supply during pregnancy. Infectious diseases
with fever strongly increase vitamin A requirement [12, 13] with simultaneously
elevated excretion [4, 17]. This should be primarily considered in small children
whose vitamin A reserves are still low. 

Growing insight into the mechanisms of vitamin A action has even added to the
importance of an adequate intake. The absorption rate of retinol, which is a
function of the amount and kind of dietary fat ingested, is not higher than 75%.
Because of the great importance of the vitamin and of the few sources of
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preformed dietary vitamin A (retinol), the human organism has built up liver
stores of retinol esters; if adequately filled, they are capable of meeting the
requirements, depending on age, for 1 - 3 weeks in newborn infants, 3 months
in children and up to 1 year in adults [9, 10]. Hydrolysed to retinol, the vitamin is
released from the store on two compounds, a retinol-binding protein formed in
the liver and transthyretine (thyroxine-binding prealbumin) to which it is linked in
the blood in the molar ratio of 1 : 1 : 1. 

Besides the liver, other vitamin A-dependent tissues such as lungs, mucosa of the
respiratory tract, eyes, various sensory epithelia, mucosa of the gastrointestinal
tract, etc. also build up stores [2]. They obviously represent cellular reserves which
can be used if the amount of retinol released from the blood to the cells is below
the requirement. Depending on cellular vitamin expenditure, stores may be
depleted within a more or less short time. It has not been established yet whether,
and to what extent, such extrahepatic stores are replenished by retinol released
from the liver or whether they are exclusively replenished via (postprandial) chy-
lomicrons or LDL. Depleted stores of the target tissues impair the differentiation
of epithelial cells leading to squamous metaplasia in the respiratory tract mucosa
and thus to dysfunction of the tissue [18]. This explains why at the beginning
stage of vitamin A deficiency, long before the classical ocular signs of deficiency
appear, the susceptibility to respiratory infections is substantially increased [15].  

Vitamin A requirement is satisfied by preformed vitamin A from food of animal
origin (e.g. liver) and by provitamins (ß-carotene, some other carotenoids and
ß-apo-carotenals) provided by plants. For a uniform assessment of requirement
and adequate intake, the provitamins are calculated in terms of retinol equiv-
alents (RE), a dietary concept which means a simplification for use in practice
because combinations of food or methods of preparation may involve greater or
lesser utilization of provitamins. Given a fully balanced and nutritious diet, how-
ever, the conversion factors indicated along with recommended intakes yield suf-
ficiently accurate data about the provitamins’ contribution to adequate vitamin A
intake. International Units (IU) to express vitamin A activity are still used only in
the pharmaceutical field.

Recommendations for adults are based on an experimentally determined aver-
age daily requirement of 0.6 mg of vitamin A (retinol). To allow for physiological
variability, a coefficient of variation of not less than 30% has been considered
adequate. Average requirement was therefore multiplied by 1.6 to arrive at the
recommended intake. For women, an intake of 10 - 20% below that for men is
recommended as the average plasma levels of women are lower (VERA study:
women 1.78 µmol/l, men 2.04 µmol/l) [8]. 

During pregnancy more vitamin A is needed. Pregnant women should ingest on
average one third more than women who are not pregnant. Because of the great
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importance of the vitamin for the development and maturation of the lungs [1] a
sufficient intake should be ensured especially in the 2nd and 3rd trimester of preg-
nancy. Liver (about 125 g/week) is the best source of vitamin A. Because liver,
depending on the way animals were fed, may contain very high retinol levels,
women in the 1st trimester of pregnancy should however abstain from eating liver
(see below).

Infants ingest about 0.5 mg retinol equivalents per day along with the milk of
healthy mothers [16]. With prolonged breast-feeding, the vitamin A content of
human milk decreases while the breast-fed infant requires additional vitamin A
for growth. Mainly for women breast-feeding longer than 4 months an allowance
of 0.7 mg/day is recommended to satisfy their infant’s requirement and to avoid
deficits in the breast-feeding mother.

Reduced plasma vitamin A concentrations frequently observed at an advanced
age are mostly the consequence of non-balanced diets. 

Liver and vegetables with a high ß-carotene content (e.g. carrots, spinach or
green cabbage) are particularly rich sources of vitamin A. Other foods of animal
origin (fats, eggs, meat)  contain relatively little vitamin A. In Europe in a mixed
diet, about 25% of dietary vitamin A is supplied from provitamin A. If animal
products, especially liver, are excluded from a diet, an adequate ß-carotene
intake from vegetables must be ensured. 

Losses of vitamin A occur under the influence of heat and light and in the pres-
ence of oxygen. Given diets customary in Central Europe and gentle food prepa-
ration, preparation losses for the total food prepared average about 20% [4].
Vitamin A activity of the provitamins is also reduced in the absence of oxygen by
heat or light due to the formation of cis-isomers.

Given common dietary habits, adequacy of vitamin A intake can usually be assured.

Excessive doses of preformed vitamin A and of some retinoids (vitamin A deriv-
atives such as retinoic acid which are used as medication) produce side-effects
including acute symptoms such as headache and increased cerebral spinal fluid
pressure; and chronic ones such as skin changes, jaundice, liver damage up to
cirrhosis and painful skeletal changes (exostoses) [3]. Infants should receive
doses of > 3 mg (> 10,000 IU) per day over a prolonged period only under med-
ical control and for a clear indication, as such doses may lead to growth distur-
bance. In children disturbances of growth may also occur if they ingest more
than 5 mg vitamin A per day over a prolonged time. Healthy adults should not
ingest daily doses of more than 3 mg (10,000 IU) over longer periods (months -
years) as, primarily in cases of predamaged liver, cirrhosis-like changes may
appear which, however, are reversible after intake of the vitamin is stopped.

60

Nutritive aspects of nutrients

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 64



It has not been verified so far whether or not also high intakes of preformed vita-
min A, of which partly high concentrations are contained in food (e.g. liver), may
lead to fetal damage caused by formation of the solely teratogenic retinoic acid
[3]. The latter is not present in food and food supplements. Women who are not
sure they are pregnant or who plan to become pregnant should, therefore, not
repeatedly ingest vitamin A doses of more than 3 mg retinol (corresponding to
10,000 IU) in addition to vitamin A intake from food in the early stages
(1st trimester) of pregnancy. One portion (about 125 g) of liver usually contains
5 to 10 times, in extreme cases (depending on the way the animal was fed) even
more than 20 times this dose. There is no danger that quantities exceeding safe
vitamin A doses are supplied from other food or correctly dosed multivitamin
preparations. Provitamins do not cause damage as absorption and conversion of
provitamins to vitamin A are controlled - and limited - by the intestinal mucosa.
The importance of adequate vitamin A intake during the 2nd and 3rd trimester of
pregnancy has already been pointed out.

The upper limit of safe doses in adults is 3 mg (corresponding to 10,000 IU) of
vitamin A per day.

ß-Carotene

ß-Carotene belongs to the group of carotenoids and fulfils two vital functions:
• ß-carotene (provitamin A) is a precursor of vitamin A and
• an antioxidative compound which, as like every other carotenoid, can protect

against oxidative damage.

ß-Carotene can be ingested unchanged along with food and metabolized to vita-
min A in different tissues (small intestine, liver, lungs). To answer the question of
how much ß-carotene is needed by humans and whether this provitamin A is
essential, two aspects have to considered:

• the efficiency and control of conversion to vitamin A, and
• the possibility of distinguishing an exclusive effect of ß-carotene from that of

other carotenoids.

In the intestinal mucosa, about 17% of dietary ß-carotene and about 7% of a
mixture of carotenoids are broken down to vitamin A. Cleavage of ß-carotene to
vitamin A seems to increase with decreasing vitamin A intake, while with a satis-
factory intake of vitamin A the cleavage rate decreases. 

Bioavailability of ß-carotene varies greatly. This is possibly due to individual dif-
ferences in fat absorption and less to the necessary presence of fat for
ß-carotene absorption. There is no doubt that a certain amount of fat is
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favourable to the absorption of fat-soluble vitamins; however, ß-carotene can
also be absorbed in the absence of fat. Utilization of ß-carotene from vegetables
largely depends on the kind of preparation - in carrots primarily on the mechan-
ical destruction of plant cells (juice extraction, blanching). ß-Carotene is practi-
cally not absorbed from carrots ingested raw. High pectin levels in food may
impair ß-carotene absorption.

ß-Carotene, in addition to other plant pigments, occurs in nearly every food of
vegetable origin. Hence it is difficult to identify the non-provitamin A action of ß-
carotene and its biological effect and essentiality for humans. The results of sev-
eral epidemiological studies are furnishing increasing evidence that dietary
carotenoids, independent of their provitamin A action, reduce the risk for cancer
of the lungs, oesophagus and stomach [5, 6]. In theory, such effect could be very
well explained: for carotenoids (the tomato pigment lycopene is even more
potent than ß-carotene) are very active in degrading oxygen radicals and similar
aggressive oxidants which have been known to promote, among other things,
the formation of malignant neoplasms. They enter the organism in different ways,
e.g. by environmental pollutants, but are also produced by the organism itself
(e.g. to eliminate microorganisms). 

As carotenoids accumulate in plasma and fatty tissue, their protective effect
increases with increasing quantity ingested. ß-Carotene, strictly speaking, is a
marker or indicator of the amount of vegetables and certain fruit ingested. Good
sources are dark green vegetables (e.g. spinach, green cabbage, green beans,
broccoli, lamb’s lettuce). Carrots are indeed rich in carotene but it is only avail-
able when carrots are prepared as described above.

So far, there has been uncertainty about the required daily intake of ß-carotene
(see also section II, pages 194 and 195). Some orientation is provided by stud-
ies using either calculated ß-carotene intakes or ß-carotene blood concentra-
tions resulting from dietary intake as indicators of the prophylactic effects of
ß-carotene and the carotenoids. From such studies an estimated range of 2 - 4 mg
per day may be derived.

In large epidemiological studies lasting several years a daily intake of up to
10 mg of dietary ß-carotene has been shown to be harmless. However, results
obtained from two intervention studies with ß-carotene [11, 19] are reason to
question the harmlessness of higher ß-carotene doses (20 and 30 mg) in heavy
smokers. Further research is necessary to evaluate higher doses, in compound
and single preparations, over a longer period in different age groups. 
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Vitamin D (calciferols)

A. Recommended intake

Age Vitamin D1

µg/day µg/MJ2

(Nutrient density)
m f

Infants3

0 to under   4 months 10 5.0 5.3
4 to under 12 months 10 3.3 3.4

Children
1 to under   4 years 05 1.1 1.1
4 to under   7 years 05 0.8 0.9
7 to under 10 years 05 0.6 0.7

10 to under 13 years 05 0.5 0.6
13 to under 15 years 05 0.4 0.5

Adolescents and adults
15 to under 19 years 05 0.5 0.6
19 to under 25 years 05 0.5 0.6
25 to under 51 years 05 0.5 0.6
51 to under 65 years 05 0.5 0.7
65 years and older 10 1.2 1.4

Pregnant women 05 0.5

Lactating women 05 0.5

1 1 µg = 40 IU; 1 IU = 0.025 µg
2 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
3 The German Paediatric Society (Deutsche Gesellschaft für Kinderheilkunde) recommends for

prophylaxis of rickets in breast-fed and non breast-fed infants a vitamin D tablet of 10 – 12.5 µg
(400 – 500 IU) daily, starting upon completion of the 1st week of life up to the end of the 1st year
of life, independently of vitamin D production by UV light in the skin and vitamin D intake from
human milk or infant formulae (basic vitamination). Prophylaxis may be continued in the winter
months of the 2nd year of life.
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B. Explanations

The vitamin D group comprises several biologically active compounds called cal-
ciferols. One distinguishes between vegetable ergocalciferol (Vitamin D2) and
cholecalciferol (vitamin D3) present in food of animal origin. Humans are capable
of synthesizing vitamin D3 from its precursor dehydrocholesterol in the skin in a
process involving ultraviolet light of the wavelength 290 - 315 nm (UVB light).
Cholecalciferol formed endogenously in the skin or ingested with food of animal
origin can be defined as pre-prohormone which, by hydroxylation at Carbon-
atom 25, is converted in the liver to the prohormone 25-hydroxy-cholecalciferol
(25-hydroxyvitamin D). This metabolite (calcidiol) is again hydroxylated (at
Carbon-atom 1) in the kidneys giving rise to the vitamin D hormone 1,25-dihy-
droxycholecalciferol (= calcitriol). Ergocalciferol of plant origin which may be
present in food in small quantities is metabolized in the same way. Vitamin D2 and
vitamin D3 are about equally potent in humans. The final metabolism includes
another hydroxylation and degradation step. The most important end product
excreted in urine probably is calcitrinic acid. About 40 metabolites are known
altogether. 

Vitamin D hormones are needed for regulation of calcium homeostasis and
phosphate metabolism. On a molar basis, the vitamin D hormone calcitriol is the
most potent activator of intestinal calcium absorption [2]. Calcitriol, furthermore,
increases intestinal phosphate absorption and tubular calcium reabsorption and
is involved in bone mineralization. Calcitriol influences the differentiation of
epithelial cells of the skin and modulates cellular activity in the immune system
[11]. It binds to about 30 target organs with nucleoreceptors and influences the
transcription of hormone sensitive genes, thus controlling synthesis of several
proteins. Also calcidiol increases calcium absorption [22]. For an optimal vitamin D
effect adequate calcium intake is necessary, and vice versa (see page 141).

Vitamin D deficiency interferes with calcium homeostasis and phosphate metab-
olism. In infants and small children, hypovitaminosis D leads to rickets which,
due to insufficiently mineralized (or calcified) bone matrix, is accompanied by
skeletal deformations and enlargement of the epiphyses of joints (rachitic beads,
bowlegs, craniomalacia, quadrate skull). Other symptoms are reduced muscular
strength, lowered muscle tone and increased susceptibility to infection. 

In adults, overt vitamin D deficiency leads to osteomalacia which is characterized
by demineralization and restructuring processes of fully developed bones.
Typical are band-shaped restructuring zones (Looser’s), in which spontaneous
fractures may occur, and slow bending or bowing of long bones. Affected per-
sons suffer from generalized pains involving the whole skeleton, and myopathy.
Suboptimal vitamin D supply is one of the causes of osteoporosis at advanced
age. Different from osteomalacia, osteoporosis is characterized by reduction of
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inorganic and organic bone tissue and simultaneous coarsening of its structure.
A high incidence of hip fractures has been regarded as a consequence of an
inadequate vitamin D supply [17]. 

Vitamin D status is determined best by the plasma level of 25-hydroxyvitamin D.
Normal blood levels of this metabolite and normal blood concentrations of calci-
um, phosphorus, alkaline phosphatase and parathyroid hormone suggest ade-
quate supply. Overt vitamin D deficiency with increased risk for rickets and
osteomalacia is diagnosed in the presence of serum 25-hydroxyvitamin D levels
of < 10 nmol/l (< 4 ng/ml). Elevated parathyroid hormone levels (secondary
hyperparathyroidism) are already found at serum concentrations of 25-hydroxy-
vitamin D between 10 and 25 nmol/l (4 - 10 ng/ml; suboptimal range). If calcium
intake is insufficient, increased parathyroid hormone concentrations may already
occur at 25-hydroxyvitamin D levels of 20 - 50 nmol/l (10 - 20 ng/ml). 

Recommendations are made in weight units of the vitamins D2 and D3 (1 µg of
ergocalciferol or cholecalciferol = 40 IU). The quantities recommended only refer
to vitamin D ingested orally. If there is adequate exposure to UVB, dietary intake
of vitamin D is not required. Dietary vitamin D requirement thus depends on sev-
eral external factors of geographic, climatic and cultural nature which influence
vitamin D synthesis in the skin. They include latitude, season, time of day, weath-
er and clothing. Other influencing factors are skin pigmentation and age [7, 13].  

In infants, regular exogenous vitamin D intake is of great importance. As human
milk is insufficient to cover the requirement, vitamin D supplements should be
given regularly for prophylactic purposes. A daily vitamin D intake of 2.5 µg or 5 µg
protects infants against rickets [19]. This does not ensure 25-hydroxyvitamin D
levels above 25 nmol/l (10 ng/ml) in all infants, however. Taking the climatic con-
ditions of Central Europe into account and including a safety allowance, a daily
dose of 10 - 12.5 µg of vitamin D (400 - 500 IU) is recommended for the whole
period of infancy independent of the season.

Vitamin D intake recommended for infants fed commercial infant formulae has
been based on the requirement of breast-fed infants. The fortification of infant
food, especially commercial infant formulae, with vitamin D should be regarded
as basic vitamin provision (silent prophylaxis of rickets). Infants fed such formu-
lae should still receive additional doses of vitamin D. No disadvantage will result
from a daily total vitamin intake from commercial infant formulae and a vitamin D
supplement at the recommended dose of up to 20 µg = 800 IU; higher doses
should only be applied in special cases and upon medical advice (because of
reduced absorption and increased requirement, pre-term infants receive daily
doses of up to 25 µg of vitamin D during the first two to three months of life). 

In small children who were adequately supplied with vitamin D during infant age,
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rickets is rare. Exposure to the open air and UV light ensure efficient synthesis of
vitamin D in the skin. Extra care is needed for the prophylaxis in dark pigmented
people, and especially their children, living in northern regions.

Maximal bone mass is reached as late as in the 3rd decade of life. Vitamin D sup-
ply necessary for optimal development of bone mass is not exactly known and
difficult to estimate in view of the fact that endogenous synthesis satisfies
requirement provided UV exposure is sufficient. Daily intake of 5 µg vitamin D is
recommended over the whole period of growth. In Germany beyond infant age
the vitamin D intake (25th to 75th percentile) from an otherwise adequate diet is be-
tween 2.1 and 6.9 µg of vitamin D per day, depending on age and sex [1]. 

Via the placenta and with breast milk, fetuses and infants, respectively, receive
relatively small quantities of vitamin D. During pregnancy, an increase in calcitri-
ol production is the reason for a relatively small additional requirement.
Increasing vitamin D intake during pregnancy and lactation beyond the recom-
mended age-related amounts is not necessary.

In old age, the capability of synthesizing vitamin D in the skin is much lower than
in young adults [13]. Less time spent outdoors meaning less exposure to UV light
further reduces endogenous production of vitamin D, e.g. in homebound elderly
persons. There is sufficient evidence that symptoms of vitamin D deficiency are
wide-spread among the elderly [6, 15, 18, 20]. Increased vitamin D intake may
correct secondary hyperparathyroidism [14], retard bone degradation processes
[3], and, in combination with adequate calcium intake, lower the risk of bone
fractures [4]. Possibly for optimal vitamin D effects in the elderly (above 70 years)
an intake of 15 - 20 µg per day may be needed. Not enough data are available
at present, however, to justify a general recommendation of > 10 µg per day. 

Vitamin D is absorbed with dietary fat and transported from the intestine in chy-
lomicrons via the lymphatic system. About 80% has been found to be absorbed.
Vitamin D status is impaired by disorders of fat digestion and absorption, e.g. in
lack of bile acids, coeliac disease or exocrine pancreatic insufficiency. In severe
hepatic diseases and renal insufficiency conversion of cholecalciferol to the
active metabolites may be affected. Long term use of antiepileptics and hyp-
notics (e.g. barbiturates) increases vitamin D requirement up to 25 µg per day
due to accelerated metabolism; without supplementation, hypovitaminosis D
(antiepileptic osteopathy) follows in up to 10% of cases [16]. 

Only few foods, among them especially cod-liver oil, fatty fish (e.g. herring and
mackerel), liver, margarine (vitamin D-fortified) and egg yolk contain vitamin D in
appreciable quantities. Storage and preparation of food do not substantially
influence vitamin D activity. Given the usual cooking times, it is resistant to heat
of up to 180º C; in food, it is only susceptible to oxygen and light. Preparation
losses average 10%.
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In persons with intact metabolism, vitamin D intoxication can only result from
excessive oral intake, not from excessive exposure of the skin to UV light.
Usually calcitriol levels are not, or only slightly elevated while 25-hydroxyvitamin D
levels in the plasma increase massively [10]. Increased intestinal calcium
absorption and elevated calcium mobilization from bones raise plasma calcium
concentration which, as hypercalcaemia syndrome, may lead to severe organ
disorders: frequent urination and thirst, nausea and vomiting, depressive illness,
renal stones, nephrocalcinosis and renal insufficiency [5]. Fatal vitamin D intoxi-
cations have been reported [21]. In infants, daily doses of more than 25 µg may
only be administered following a strict indication; regular controls of plasma cal-
cium concentrations and urinary calcium excretion are advised. The earlier prac-
tice of intermittent high-dose vitamin D prophylaxis of rickets is now outdated.
For adults, a daily vitamin D intake up to 50 µg is not considered injurious to
health [8, 9]. After prolonged intake of 95 µg/day cases of hypercalcaemia
(> 11 mg/dl = 2.75 mmol/l) were observed [12]. 
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Vitamin E (tocopherols)

A. Estimated values for adequate intake

Age Tocopherol
mg-equivalent1,2/day
m                       f

Infants
0 to under   4 months 03 03
4 to under 12 months 04 04

Children
1 to under   4 years 06 05
4 to under   7 years 08 08
7 to under 10 years 10 09

10 to under 13 years 13 11
13 to under 15 years 14 12

Adolescents and adults
15 to under 19 years 15 12
19 to under 25 years 15 12
25 to under 51 years 14 12
51 to under 65 years 13 12
65 years and older 12 11

Pregnant women 13

Lactating women3 17

1 1 mg of RRR-�-tocopherol equivalent = 1 mg of RRR-�-tocopherol = 1.49 IU;
1 IU = 0.67 mg of RRR-�-tocopherol = 1 mg of all-rac-�-tocopheryl acetate

2 1 mg of RRR-�-tocopherol (D-�-tocopherol) equivalent = 1.1 mg of RRR-�-
tocopheryl acetate (D-�-tocopheryl acetate) = 2 mg of RRR-�-tocopherol
(D-�-tocopherol) = 4 mg of RRR-�-tocopherol (D-�-tocopherol) = 100 mg of
RRR-�-tocopherol (D-�-tocopherol) = 3.3 mg of RRR-�-tocotrienol
(D-�-tocotrienol) = 1.49 mg of all-rac-�-tocopheryl acetate (D,L-�-tocopheryl
acetate)

3 Allowance of about 260 µg of RRR-�-tocopherol equivalents per 100 g of
secreted milk
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B. Explanations

Vitamin E is the nutritional term for a group of chemical compounds which all con-
tain a molecular ring system (chroman ring) with a free or esterified OH group and
a saturated or unsaturated isoprenoidal side chain (16 Carbon atoms). 

One differentiates among �-, �-, �- and �-tocopherol, depending on the number
and distribution of methyl (CH3) groups at the chroman ring. According to current
nomenclature, natural tocopherols have the RRR-configuration, e.g. RRR-�-toco-
pherol (formerly D-tocopherol). Corresponding molecules with an unsaturated side
chain are called tocotrienols. 

Naturally occurring tocopherols are exclusively synthesized by plants. There, and
in the animal organism as well, they act as a protective system against reactive
oxygen (free radical, singlet oxygen) and thus prevent mainly polyunsaturated fatty
acids in the membrane lipids from being peroxidized. In fact, tocopherol in vivo
acts as one of the most potent protective systems against lipid peroxidation. It
inhibits formation of oxidized LDL, in plasma which are a major risk factor for
atherosclerosis. It is supported in this function by non-enzymatic (e.g. vitamin C,
ß-carotene) and enzymatic (e.g. selenium containing glutathione peroxidases) sys-
tems. In this context vitamin E influences eicosanoid synthesis and the immune
system, the cholesterol-phospholipid ratio in membranes (membrane fluidity) and
is indirectly involved in cellular respiration [2]. 

Vitamin E deficiency in humans leads to several disturbances of membrane func-
tion, muscle metabolism and the nervous system due to an accumulation of radi-
cals and lipid peroxidation [12].

These reactions must be expected to appear when vitamin E is not absorbed or
utilized. It is only in extreme cases, however, that vitamin E deficiency can be derived
from biochemical parameters. In cases of A-ß-lipoproteinaemia it takes years for
neuropathy involving the central and peripheral nervous system, retina and skeletal
muscles to occur. Vitamin E deficiency may also follow intestinal resection and
appear in severe hepatic diseases (e.g. biliary cirrhosis) and (less frequently) muco-
viscidosis. In prematurely born infants, haemolytic anaemia had occasionally been
diagnosed before tocopherol supplemented formulae became available.

The protective capacity of individual tocopherols in different animal species has
been taken as a measure of their potency. 

The potency of �-, �-, �- and �-tocopherol in rats is 100 : 50 : 25 : 1, respectively
[2, 10]. Esterification of �-tocopherol molecules reduces vitamin action by 9%. Of
the tocotrienols, �-tocotrienol is the most potent; its activity is about one third of
that of  �-tocopherol.

72

Nutritive aspects of nutrients

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 76



Synthetic �-tocopherol is a mixture of 8 isomers and called all-rac-�-tocopherol
(formerly D,L-�-tocopherol). Stable esterified forms, primarily all-rac-�-toco-
pherol acetate are commercially available. Its biological activity is about two
thirds of that of RRR-�-tocopherol.

Digestion and absorption of tocopherols are linked to fat digestion and conse-
quently depend on the presence of bile salts and pancreatic juice. Tocopherol
esters are split in the intestine before absorption and reach the lymphatic system
without being re-esterified. The absorption mechanism of tocopherols is probably
based on the principle of non-saturable diffusion. The main site of absorption is
the upper small intestine. The bioavailability of tocopherols largely depends on
the kind of dietary fat ingested simultaneously: medium-chain saturated fatty
acids favour absorption while long-chain polyunsaturated n-3 and n-6 fatty acids
do not; they even inhibit absorption. Inhibition is partly also ascribed to a change
in micellan structure/size and affinity to epithelial cells and to impairment of
triglyceride rich lipoprotein (VLDL, LDL) synthesis by polyunsaturated fatty acids
[3, 9]. 

Tocopherol absorption depends on the dose ingested. Given an average fat intake,
54% are absorbed from a dose of 12 mg, and 30% from a dose of 24 mg. With
pharmacological doses of 200 mg, only about 10% are absorbed. Given intact
biliary functions, emulsifiers such as lecithin and polysorbate may promote
absorption of low doses of tocopherol. For practical purposes, an average
absorption rate of 30% is assumed.

90% of absorbed tocopherol are transported in the lymph, the rest via the portal
vein. 65% are taken up by LDL, 8% by VLDL and about 24% by HDL. This
explains the high correlation existing between tocopherol concentration and total
lipid content of the plasma. Because of its universal protective effect on mem-
branes, vitamin E is present in all tissues. Its highest concentrations are in fatty
tissue, liver and adrenal glands. There are also major quantities in the heart, skel-
etal muscles and testicles. In plasma, liver, kidney and spleen, tocopherol is
metabolized rapidly (half-life: 5 - 7 days), but not so in fatty tissue, despite the
high levels of vitamin E present there. In urine, the vitamin E metabolites �-toco-
pheronic acid, �-tocopheronolactone and 2, 5, 7, 8-tetramethyl-2-(2’-carboxy-
ethyl)-6-hydroxychroman (�-CEHC) are found; �-CEHC excretion depends on
plasma tocopherol concentration [5]. 

Because of the very close relation between vitamin E and unsaturated fatty
acids, estimated values can only be set in consideration of unsaturated fatty acid
intake [4, 6, 7, 13]. Calculation is based on 0.4 mg of tocopherol equivalents (TE)
which are regarded as an adequate amount of vitamin E to protect 1 g of linole-
ic acid (diene fatty acid) [13]. To protect the double bonds in monoene, diene,
triene, tetraene, pentaene and hexaene fatty acids, vitamin E quantities in the
ratio of 0.3 : 2 : 3 : 4 : 5 : 6 are required [7], corresponding to 0.06; 0.4; 0.6; 0.8;
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1.0; 1.2 mg TE per g of monoene fatty acids, diene fatty acids, etc.

Intakes of less than 4 mg of �-tocopherol equivalent per day, irrespective of
unsaturated fatty acid intake, must be expected to considerably increase lipid
peroxidation. In adults, a basic requirement of 4 mg of �-tocopherol equivalents
per day has been estimated to protect double bonds formed in the body during
metabolic processes against peroxidation [7]. For children and adolescents,
basic requirement is interpolated according to body weight. 

If the calculation is exclusively based on the recommendations or estimated val-
ues for intake of essential fatty acids plus a basic need of 4 mg TE/day, adequate
daily intake for adults will be  6 - 8 mg TE.

If, however, the calculation is based on the guiding values for fat intake and the
percental distribution of fatty acids (see page 39), i.e. monoene, diene and triene
fatty acids included, plus a basic need of 4 mg TE/day, estimated values shown
in the table will be obtained1. If tetraene, pentaene, hexaene acids etc. are
included as well, estimated values would rise by about 0.5 mg TE. 

It is possible to reach an adequate vitamin E intake without supplements,
because foods with high levels of polyunsaturated fatty acids usually also con-
tain vitamin E in appreciable amounts. In deciding what vegetable oils or mar-
garines to buy, the vitamin E content should be an essential criterion. 

An adequate intake is reflected by tocopherol concentrations in plasma and
blood cells. Normal values for adults are in the range of 0.5 to 2 mg/100 ml
(12 to 46 µmol/l) of plasma, or 0.8 mg/g of total lipids. A median plasma level of
30.6 ± 0.21 µmol of �-tocopherol equivalents/l was found in the VERA study. A
desirable plasma level for prevention is estimated at ≥ 30 µmol/l (see section II,
page 194).

Studies in older persons (> 80 years) have not shown higher tocopherol require-
ments than in younger adults. Digestion and absorption disorders reduce
bioavailability of tocopherol and increase requirement.

Higher estimated values are set for pregnant and lactating women according to
the increased requirement for energy and for unsaturated fatty acids involved. 

1 Example:

15 to under 19 years, female, basis 2000 kcal (table 5, page 27), 13% monounsaturated fatty acids,
7% polyunsaturated fatty acids in a ratio of 5 : 1 (see pages 39, 46) (~= 28.9 g of oleic acid, ~= 12.9 g
of linoleic acid:  ~= 2.6 g of �-linolenic acid). By multiplication with the TE necessary per 1 g of mono-
ene fatty acids, diene fatty acids, etc. (0.06; 0.4; 0.6 mg of TE) 8 mg of TE are obtained. Allowing
for a basic requirement of 4 mg of TE, the estimate for adequate intake is 12 mg of TE/day.
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As the transport of tocopherol from the placenta to the fetus is restricted, toco-
pherol stores in the newborn are poor. Human milk and commercial infant for-
mulae contain enough vitamin E [11]. Self-preparation of infant formula from
cow’s milk is not advised, however, as the adequacy of tocopherol intake is
uncertain. Estimated values for adequate intake in children of 1 - 14 years are
between those for infants and adults. Starting at about the age of puberty, adult
intakes are necessary.

Among the good sources of �-tocopherol are wheat-germ oil, sunflower oil, corn
oil, rapeseed oil; of ß-tocopherol wheat-germ oil; of �-tocopherol corn and soy-
bean oil, and of �-tocopherol soybean oil. It should be considered that part of the
vitamin E content is needed to protect the oils’ unsaturated fatty acids; in this
function, ß- and �-tocopherols are much more potent than in the organism.
Wheat germ and hazelnuts, too, contain tocopherol in appreciable quantities.
Food of animal origin contains relatively small amounts of tocopherol, depend-
ing on the way the animals were fed. 

Tocopherol losses during food processing and preparation are small. In the
absence of oxygen and peroxides, tocopherols are largely resistant to heat up to
200º C and to changes in pH below the neutral point. In the presence of heavy
metals or rancid fats, tocopherols are rapidly oxidized by aerial oxygen. They are
susceptible to daylight and UV light. In common diets and with gentle prepara-
tion, preparation losses in total food used average about 10%; major losses are
caused by frying, roasting and braising [1]. Reheating frying fat destroys nearly
all tocopherol still present. In deep-frozen food containing highly unsaturated
fatty acids, tocopherol content decreases gradually. 

Compared to the fat-soluble vitamins A and D, vitamin E is relatively non-toxic if
ingested orally [8]. Oral intakes of 200 - 800 mg of �-tocopherol equivalents/day
are tolerated by adults. Gastrointestinal disorders and reduced blood thyroxine
levels have been found to appear occasionally after high doses. 200 mg of
�-tocopherol equivalents per day are considered to be the upper limit of intake
without adverse effects, particularly when acetyl salicylic acid (ASS) is concur-
rently taken which, like tocopherol, interferes with eicosanoid synthesis. Very
high doses (> 800 mg TE/day) may inhibit platelet aggregation and thus prolong
bleeding time. Therefore it is recommended to discontinue vitamin E supple-
mentation in such amounts two weeks before and after surgical treatment.
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Vitamin K

A. Estimated values for adequate intake

Age Vitamin K
µg/day

m f

Infants
0 to under   4 months 04
4 to under 12 months 10

Children
1 to under   4 years 15
4 to under   7 years 20
7 to under 10 years 30

10 to under 13 years 40
13 to under 15 years 50

Adolescents and adults
15 to under 19 years 70 60
19 to under 25 years 70 60
25 to under 51 years 70 60
51 to under 65 years 80 65
65 years and older 80 65

Pregnant women 60

Lactating women 60

B. Explanations

Vitamin K is a collective term comprising several compounds which may be de-
rived from 2-methyl-1,4-naphthoquinone (menadione, vitamin K3), a substance
which has not been isolated from natural sources. Typical of vegetable vitamin K
(phylloquinone, vitamin K1) is a substituting phytyl group at the C-3 atom; typical
of bacterial vitamin K (menaquinone, vitamin K2) is a polyisoprenyl group. The lat-
ter may be composed of 4 to 13 isoprene units (each of 5 Carbon atoms).
Accordingly, it is necessary to differentiate between menaquinone-4 or vitamin  K2
(20-C) and higher menaquinones or vitamin K2 compounds. The most fre-
quent forms are vitamin K2 (30-C) and vitamin K2 (35-C) with 6 and 7 isoprene
units, respectively [3, 11]. Animal tissues contain phylloquinone and
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menaquinone in varying ratios. The methylnaphthoquinone nucleus menadione
(vitamin K3) which has not been isolated from natural sources has no side chain.
Its biological activity is explained by enzymatic alkylation of water-soluble deriv-
atives to vitamin K2 (20-C). The name vitamin K3 for menadione should be avoid-
ed, and so should its use, as menadione causes considerable side effects which
distinguish the compound from the actual vitamin K compounds. 

The biological activity of vitamin K results from its ability to change between oxi-
dized and reduced forms. Compounds with vitamin K action are essential for the
synthesis of blood coagulation (factors II, VII, IX and X and proteins C, S and Z)
[4, 12]. K vitamins, furthermore, are responsible for the biosynthesis of other pro-
teins found in plasma, kidneys and bones (osteocalcin, a �-carboxyglutamate-
containing bone protein). Osteocalcin is probably involved in the regulation of
tissue mineralization and skeletal metabolism; its synthesis in osteoblasts is
partly controlled by vitamin D. Epidemiological studies have shown women aged
36 - 63 years with low vitamin K intake to be at increased risk of bone fractures
[5]. This can be explained by the influence of vitamin K on osteocalcin synthesis.
Established signs of vitamin K deficiency so far have only been disorders of the
coagulation system, the consequences of which - visible and invisible bleedings -
may occur in different organs (such as gastrointestinal tract, skin and mucosa,
brain, liver, and adrenal gland). 

The fat soluble K vitamins, like all fat soluble vitamins, are absorbed under the
influence of bile acids and pancreatic enzymes and circulate in the plasma mainly
in the LDL without needing a specific carrier. Their absorption rate of 10 - 80%
may be reduced by long-chain polyunsaturated fatty acids, poorly absorbable fat
soluble substances or fat substitutes. (Menadione and its water soluble deriva-
tives, in contrast, need no bile acids for absorption (diffusion) and are transport-
ed in the blood [13]). Vitamin K1 and vitamin K2 are predominantly stored in the
liver. (Of menadione, however, which, after conversion to menaquinone-4, is
distributed to nearly every tissue, only about 2% are stored in the liver [3, 11]). 

Due to insufficient placental transport of vitamin K and consequent vitamin K
deficiency, haemorrhage, occasionally also intracranial, occurs in newborn and
young infants. Vitamin K-deficiency haemorrhage includes early haemorrhagic
disease (during the first 24 hours after birth), classic haemorrhagic disease of the
newborn (during the 1st week of life), and late haemorrhagic disease (during the
2nd to 12th week). 

Vitamin K deficiency mainly occurs in exclusively breast-fed newborns. It is due
to the low vitamin K content of breast milk (about 0.5 µg/100 ml) [14] and partic-
ularly to an inadequate milk supply in delayed onset of lactation. Also newborns
fed commercial formulae (vitamin K content, according to EU guidelines, not less
than 2.4 µg/100 ml) are at risk if they are not immediately fed on the first day of
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life [1]. Prophylactic vitamin K supplementation at birth prevents bleedings
observed in former times [7]. Late vitamin K-deficiency haemorrhage may also be
prevented by parenteral vitamin K prophylaxis at birth. While the dose of intra-
muscular vitamin K prophylaxis (1 mg of vitamin K, intramuscularly) has been suf-
ficiently verified, optimal doses of repeated oral vitamin K and the choice of prep-
aration are still a matter of debate. In Germany, 3 x 2 mg vitamin K are recom-
mended at present for oral vitamin K prophylaxis in healthy newborns, instead of
the general parenteral vitamin K prophylaxis applied until 1992. The practice of
routine intramuscular vitamin K prophylaxis was given up following reports sug-
gesting potential carcinogenicity of intramuscular, but not of oral vitamin K pro-
phylaxis. This suspicion could not be confirmed by any of the subsequent studies.
A minimal risk for cancer could not be excluded with final certainty, however.

In adults, marginal vitamin K deficiency could be produced in experiments involv-
ing dietary restriction [16]. Vitamin K deficiency in humans has also been
observed in the presence of primary diseases such as chronic hepatic diseases,
gastrointestinal diseases, severe disorders of fat absorption as well as in cases
of long term medication with anticoagulants, antibiotics, antiepileptics, drugs for
tuberculosis or salicylates. Significant vitamin K deficiency may also occur in
patients on parenteral nutrition when the infusion solution contains insufficient
amounts of vitamin K and the vitamin is not otherwise supplemented. Concomi-
tant antibiotic therapy has additional unfavourable effects.

The fact that vitamin K deficiency prolongs clotting time is clinically used for pro-
phylaxis of thrombosis by vitamin K antagonists producing moderate vitamin K
deficiency. Patients on such anticoagulant therapy should not change from a bal-
anced to a low-vitamin K diet.

The requirements for vitamin K in man have not been precisely defined. Due to
analytical problems, data on the vitamin K content of foods and thus on the aver-
age vitamin K intakes vary [8, 14]. A balanced mixed diet is supposed to supply
adequate amounts of vitamin K [9]. As dietary vitamin K deficiency does not
occur in healthy individuals and as in-depth experimental studies on human vita-
min K requirements are not available, adequate intakes can only be estimated. 

With reference to the plasma prothrombin level, an adequate daily vitamin intake
of 1 µg/kg body weight has been recommended for all age groups beyond
neonatal age [6, 10, 15]. Increased requirement of elderly persons has not been
reported, but may occur following malabsorption or drug intake. Somewhat
higher estimated values have been set for persons of advanced age as a precau-
tionary measure. For healthy pregnant women an increased requirement is also
not known. A probably very small extra need for lactating women is met by a bal-
anced mixed diet. These statements are based on the influence of vitamin K on
blood coagulation. Adequate intake of vitamin K in relation to bone metabolism
has so far not been the subject of systematic investigations in humans.
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Vitamin K1 is present in rich amounts in green vegetables (30 - 800 µg/100 g).
Major quantities of vitamin K compounds are also contained in milk and dairy
products, muscle meat, eggs, cereals, fruit, and various other vegetables [2, 14].
Losses during food preparation are small as vitamin K is relatively insensitive to
heat and oxygen. However, it is rapidly destroyed under the influence of daylight.
Colonic microorganisms synthesize considerable amounts of vitamin K2.
Whether they appreciably contribute to an adequate vitamin K status is ques-
tionable.

Vitamin K toxicity is extremely low; no toxic effects are known even for phyllo-
quinone doses in a range 500 times above the estimate.
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Water-soluble vitamins

Thiamin (vitamin B1)

A. Recommended intake

Age Thiamin
mg/day

m f

Infants
0 to under   4 months1 0.2
4 to under 12 months 0.4

Children
1 to under   4 years 0.6
4 to under   7 years 0.8
7 to under 10 years 1.0

10 to under 13 years 1.2 1.0
13 to under 15 years2 1.4 1.1

Adolescents and adults
15 to under 19 years 1.3 1.0
19 to under 25 years 1.3 1.0
25 to under 51 years 1.2 1.0
51 to under 65 years 1.1 1.0
65 years and older 1.0 1.0

Pregnant women 1.2
from the 4th month

Lactating women 1.4

1 Estimated value
2 The high value is due to thiamin requirement being related to energy

intake (table 4, page 26)

B. Explanations    

Thiamin acts mainly in the form of thiamin pyrophosphate, the coenzyme in
important reactions in energy metabolism. Therefore it is common nutritional
practice to relate thiamin requirement to energy expenditure. 

83

Thiamin

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 87



Thiamin deficiency mainly causes disorders of carbohydrate metabolism. Severe
thiamin deficiency leads to beriberi which, depending on its course and involve-
ment of other nutrients, is characterized by neurological defects, wasting of skele-
tal muscles, cardiac insufficiency and oedema. Infantile beriberi disease occurs in
breast-fed infants of women with thiamin deficiency and is manifested by sucking
disorders, vomiting, apathy or restlessness, in acute courses also by life threaten-
ing cardiac insufficiency. 

Absorption of the naturally occurring water-soluble vitamin via an active, carrier-
mediated transport system is controlled by a saturation mechanism. The intestinal
maximum concentration has been shown to be 2 µmolar (µM) [1]. At higher oral
doses, a small proportion is also absorbed by diffusion; then the  absorption coef-
ficient decreases rapidly, however. In the presence of allicin, a natural component
of garlic, the lipid-soluble allithiamin may already form in the intestinal tract; its
absorption is a near-linear function of the dose. This also applies to gastrointesti-
nal diseases with impaired active absorption [5]. 

The body’s capacity for storing thiamin is low (25 - 30 mg). The biological half-life
of thiamin is 10 - 20 days. A relatively regular thiamin intake is, therefore, required.
High oral thiamin doses, after saturation of tissues, are rapidly excreted in the urine
[4]. A suboptimal thiamin status, according to biochemical criteria (transketolase
activity in erythrocytes, urinary thiamin excretion), has only been ascertained in a
small sector of the population (4 - 6%) [6]. Alcoholics in particular are at high risk
[1, 2]. 

Controlled balance studies have shown the minimum requirement for thiamin in
adults to be 0.08 mg/MJ (0.33 mg/1000 kcal) [9, 11]. Following intakes of less
than 0.05 mg/MJ (0.2 mg/1000 kcal), signs of deficiency appeared after 9 days
in individual cases [11]. Taking the different findings into account, an amount of
0.12 mg/MJ (0.5 mg/1000 kcal) is needed by adults to ensure tissue saturation
and adequate functioning of thiamin dependent enzymes. Reduced energy
requirement should not lead to a thiamin intake of less than 1.0 mg per day [8].
Because requirement has been related to energy intake, nutrient density is not
shown.

Because of the changed metabolic situation and fetal requirement, an additional
0.2 mg/day are needed during pregnancy. Considering an increased requirement
for energy and excretion with breast milk, an allowance of 0.4 mg/day has been
included for breast-feeding women [7]. 

In chronic alcohol abuse thiamin requirement is considerably increased due to
disturbances in absorption and thiamin metabolism [1]. 

Good sources of thiamin are muscle meat, especially pork, liver, some fish species
(plaice, tuna), whole grain products (especially oat flakes), pulses and potatoes [10].
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Thiamin is readily water-soluble, sensitive to heat and oxidation, especially in
neutral and alkaline media. Given common diets and gentle preparation, prepa-
ration losses in total food used average about 30% [3]. Thiamin is rapidly
destroyed by sulphurous acid. Inactivation by thiaminases (e.g. in raw fish) is of
no practical importance in Central Europe. In long-term chemotherapy, e.g. of
cancer, thiamin supplementation is necessary. 

Adverse effects of high dietary thiamin doses or high-dosed thiamin supplements
(e.g. 50 - 200 mg per day) have not been reported. In individual cases, an ana-
phylactic reaction occurred following intravenous administration of thiamin.
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Riboflavin (vitamin B2)

A. Recommended intake

Age Riboflavin
mg/day

m f

Infants
0 to under   4 months1 0.3
4 to under 12 months 0.4

Children
1 to under   4 years 0.7
4 to under   7 years 0.9
7 to under 10 years 1.1

10 to under 13 years 1.4 1.2
13 to under 15 years2 1.6 1.3

Adolescents and adults
15 to under 19 years 1.5 1.2
19 to under 25 years 1.5 1.2
25 to under 51 years 1.4 1.2
51 to under 65 years 1.3 1.2
65 years and older 1.2 1.2

Pregnant women 1.5
from the 4th month

Lactating women 1.6

1 Estimated value
2 The high value is due to riboflavin requirement being related to

energy intake (table 4, page 26)  

B. Explanations

Riboflavin is part of the coenzymes flavin adenine dinucleotide (FAD) and flavin
mononucleotide (FMN = riboflavin phosphate) which, as part of dehydrogenases
and oxidases, play a central role in oxidative metabolism. Dietary intake includes
both free riboflavin and FAD and FMN. The two coenzymes are split in the prox-
imal small intestine. Low concentrations of riboflavin are actively absorbed
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following a saturation mechanism, higher concentrations by passive diffusion. 

Riboflavin deficiency produces a disease which is characterized by disturbances
in growth, seborrhoic dermatitis, inflammation of the oral mucosa and tongue,
cracks at the corners of the mouth and, in severe cases, by normocytic anaemia.
Severe riboflavin deficiency also impairs pyridoxine and niacin metabolism. 

Riboflavin status is assessed by urinary riboflavin excretion in a  24-hour speci-
men [8] or by activation of the erythrocyte glutathione reductase (EGR) by FAD
[5]. The latter may yield misleading results if the apoenzyme concentration has
changed as e.g. in protein deficiency [9].

In long-term studies in adults on a diet providing 9.4 MJ/day (2200 kcal/day), a
gradual increase in riboflavin intake (starting from 0.55 mg/day - a dose leading
to signs of deficiency) to doses ranging from 1.1 to 1.6 mg/day resulted in an
appreciable rise of 24-hour excretion, indicating that the riboflavin content of
tissues was approximating saturation [8].

Studies of FAD-stimulated EGR have shown that riboflavin intakes of less than
0.11 mg/MJ (0.5 mg/1000 kcal) enhance stimulation in most of the test persons
as an indication of inadequate supply; after intakes of 0.14 mg/MJ (0.6 mg/
1000 kcal) FAD-stimulated EGR was in the normal range [1]. This has been taken
as basis for the recommended intake [2]. A certain dependence of riboflavin
requirement upon total energy expenditure is explained by the role of flavin
enzymes in oxidative metabolism [12, 14]. In cases of reduced energy require-
ment riboflavin intake should not be less than 1.2 mg/day [4]. Because require-
ment has been related to energy intake, nutrient density is not shown.

During pregnancy, additional 0.3 mg of vitamin B2 per day are recommended as
reduced urinary excretion of vitamin B2 and elevated EGR suggest higher re-
quirement [6].

Breast milk contains 38 µg of vitamin B2 per 100 ml on average. An allowance
for lactating women of 0.4 mg/day has been derived from the vitamin B2 content
of 750 ml breast milk and a vitamin B2 utilization rate of 70% [10, 13]. 

It has been shown that requirements for riboflavin increase during periods of
physical activity, in cases of severe diseases after operations and trauma, in mal-
absorption, chronic alcohol abuse, and from interaction by various medications
(e.g. antidepressives) [4, 7, 12]. 

Good sources of riboflavin are milk and dairy products, muscle meat, fish, eggs
and whole-grain products. The riboflavin content of cow’s milk is 4 times that of
human milk.
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In neutral and acid milieu riboflavin is poorly soluble in water and largely insensi-
tive to heat, but inactivated by light. In food adequately stored and prepared
losses of about 20% occur [3]. 

Adverse effects of high dietary intakes of riboflavin or high-dosed riboflavin sup-
plements (e.g. 400 mg per day over 3 months) have not been reported [11].
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Niacin

A. Recommended intake

Age Niacin
mg-equivalent1/day

m f

Infants
0 to under   4 months2 02
4 to under 12 months 05

Children
1 to under   4 years 07
4 to under   7 years 10
7 to under 10 years 12

10 to under 13 years 15 13
13 to under 15 years3 18 15

Adolescents and adults
15 to under 19 years 17 13
19 to under 25 years 17 13
25 to under 51 years 16 13
51 to under 65 years 15 13
65 years and older 13 13

Pregnant women 15
from the 4th month

Lactating women 17

1 1 mg of niacin equivalent = 60 mg of tryptophan
2 Estimated value
3 The high value is due to niacin requirement being related to ener-

gy intake (table 4, page 26)

B. Explanations

Niacin is a common term for the vitamers nicotinamide and nicotinic acid. They
can be mutually converted to each other by the organism. Niacin is biochemically
active in several coenzyme forms e.g. NAD (nicotinamide adenine-dinucleotide)
and NADP (nicotinamide adenine-dinucleotide phosphate) which are involved in
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the hydrogen-ion transfer of numerous dehydrogenases. In these biological
redox reactions occurring in every cell of the organism NAD and NADP act as
hydrogen donors or acceptors. Thus niacin is involved in the synthesis and
degradation of carbohydrates, fatty acids and amino acids. NAD, furthermore, is
involved in non-redox reactions for DNA replication and repair and for calcium
mobilization [5].

Some of the free niacin is partly absorbed in the stomach, and nearly complete-
ly in the small intestine. Low niacin doses are absorbed via a sodium-dependent
carrier mechanism, higher ones by passive diffusion. Even doses of several
grams are well and nearly completely absorbed. In cereals, especially in maize
and sorghum, niacin is largely bound to a peptide (niacytine) which is only part-
ly digested by gastrointestinal enzymes. Alkaline hydrolysis (e.g. by lime water in
the manufacture of tortilla) increases bioavailability [3].

Niacin requirement is satisfied from dietary niacin and from niacin synthesized
from the essential amino acid tryptophan in the liver and kidneys.
Recommendations and calculations of intake must take this into account.
Tryptophan not needed for protein synthesis is either completely oxidized or
used for synthesis of nicotinamide. Proteins contain on average 1% tryptophan.
60 mg of tryptophan yield about 1 mg of niacin (= 1 mg of niacin equivalent). A
mixed diet composed of a wide variety of food supplying 60 g of protein contains
about 600 mg of tryptophan and could provide up to 10 mg of niacin equivalents.
Therefore, recommended intakes are shown in terms of niacin equivalents [4]. 

Every tissue is capable of synthesizing the coenzymes NAD and NADP. Tissue
concentrations are controlled by extracellular nicotinamide concentrations which
in turn are regulated by the liver. Surplus niacin is either stored in the liver or
methylated. Methylated niacin (e.g. N1-methyl nicotinamide) is excreted by the
kidneys.

In Central Europe, niacin deficiency can only be expected to occur in cases of
extreme deviations from usual dietary habits. Niacin deficiency has frequently
been found in populations subsisting on maize or sorghum, the last time in an
epidemic-like outbreak in African refugee camps. Inadequate supply is ascer-
tained by reduced excretion of the niacin metabolites N1-methyl nicotinamide
and N1-methyl-2-pyridone-5-carboxylamide and by a decrease in the NAD con-
centration in erythrocytes. Severe niacin deficiency in combination with low in-
take of tryptophan causes pellagra, a disease characterized by dermatitis (on
areas of the body exposed to strong sunlight), diarrhoea, changes in the oral,
glossal and gastrointestinal mucosa and by depressive psychoses with head-
ache, fatigue and confusional states. Pellagra, if untreated, will be fatal as the
entire energy metabolism is affected [1]. Chronic alcohol abuse, inborn disorders
of tryptophan metabolism and chronic diarrhoea with malabsorption may also
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cause deficiency. Assessing niacin supply on the basis of calculated intakes is
difficult because of the varying bioavailability of niacin from tryptophan.

Following a proposal by WHO and FAO [2], recommendations for niacin intake
for children and adults are calculated on the basis of energy supply: 1.6 mg/MJ
(6.7 mg/1000 kcal) [6]. Reduced energy requirement should not lead to a niacin
intake of less than 13 mg of niacin equivalents. Because requirement has been
related to energy intake, nutrient density is not shown.

During pregnancy, more tryptophan is converted to niacin; because of the in-
creased energy requirement (+ 1.1 MJ/day, or 255 kcal/day), however, higher
niacin intake (+ 2 mg/day) is recommended. 

In 750 ml of breast milk 1.3 mg of preformed niacin (plus a theoretical 2.8 mg of
niacin equivalents from tryptophan with an unknown turnover rate) are secreted.
This results in an allowance for lactating women of 4 mg/day. For intake in young
infants an estimated value of 2 mg/day of preformed niacin has been derived.

Niacin is relatively stable during heating, cooking and prolonged storage.
Preparation losses amount to less than 10% on average. Good sources of pre-
formed niacin and tryptophan are lean meat, innards, fish, milk and eggs and, to
a lesser extent, also bread and pastries, and potatoes [7]. Bioavailability of niacin
from vegetable food is restricted. The high nicotinic acid content in coffee results
from demethylation of trigonelline during roasting of coffee beans. Preformed
niacin accounts for 50 - 60% of the total intake of niacin equivalents from a
mixed diet. 

High doses of nicotinic acid elicit side-effects (vasodilatation, sensation of heat,
inflammation of the gastric mucosa, damage to liver cells). In adults, niacin intake
with supplements should, therefore, not exceed 35 mg/day. Dietary niacin intake
does not involve doses producing these side-effects. High nicotinic acid doses
used for medical reasons (> 3 g per day) lower elevated levels of serum lipids,
enhance utilization of muscular glycogen and reduce fatty acid mobilization in
periods of physical stress [1].
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Vitamin B6 (pyridoxine)

A. Recommended intake

Age Vitamin B
6

mg/day mg/MJ1

(Nutrient density)
m f m f

Infants
0 to under   4 months2 0.1 0.05 0.05
4 to under 12 months 0.3 0.10 0.10

Children
1 to under   4 years 0.4 0.09 0.09
4 to under   7 years 0.5 0.09 0.09
7 to under 10 years 0.7 0.09 0.10

10 to under 13 years 1.0 0.11 0.12
13 to under 15 years 1.4 0.13 0.15

Adolescents and adults
15 to under 19 years 1.6 1.2 0.15 0.14
19 to under 25 years 1.5 1.2 0.14 0.15
25 to under 51 years 1.5 1.2 0.15 0.15
51 to under 65 years 1.5 1.2 0.16 0.16
65 years and older 1.4 1.2 0.17 0.17

Pregnant women
from the 4th month 1.9 0.21

Lactating women 1.9 0.18

1 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)

2 Estimated value

B. Explanations

The term vitamin B6 embraces a group of compounds, i.e. pyridoxine, pyri-
doxamine, pyridoxal, and their phosphoric esters. Pyridoxal phosphate (PLP)
and pyridoxamine phosphate (PMP) act as coenzymes in more than 50 enzy-
matic reactions mainly in amino acid metabolism, with a prominent role in
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homocysteine metabolism [9]. Vitamin B6, furthermore, influences functions of
the nervous system, immune defence and haemoglobin synthesis [7, 12]. 

Vitamin B6 stores in adults last for a period of 2 - 6 weeks. The most important
product excreted in the urine is 4-pyridoxic acid. 

A low vitamin B6 status is manifested by reduced urinary excretion of 4-pyridox-
ic acid and lowered pyridoxal phosphate concentration in blood (< 20 nmol/l)
[10]. The status of vitamin B6 is also assessed by the level of the activation coef-
ficient of erythrocytic aspartate aminotransferase (�-EAST, previously EGOT)
after in vitro addition of pyridoxal phosphate. An �-EAST < 2.0 suggests satisfac-
tory intake [5]. Signs of severe vitamin B6 deficiency are facial seborrhoic der-
matitis in the region of nose, eye and mouth, anaemia not responsive to iron, and
neurological symptoms (peripheral neuritis, sensory disorders, epileptiform
seizures in infants).

Vitamin B6 is mainly absorbed in the proximal jejunum by passive diffusion. The
bioavailability of vitamin B6 of vegetable origin varies greatly (0 - 80%) [4]. 

Healthy adults on a common mixed diet do not produce biochemical signs of
deficiency if their vitamin B6 intake is between 1.2 and 2 mg/day [8, 9]. Because
of its central role in amino acid metabolism, the vitamin B6 requirement depends
on protein metabolism [5, 6, 8]. Recommendations are derived from a quotient of
0.02 mg of vitamin B6 per g of recommended protein intake (see page 29). The
values shown in the table include an allowance for variability. Where protein in-
take is higher than recommended, the recommended intake for vitamin B6 also
increases corresponding to the quotient specified above.

Several medications (e.g. anticonvulsants, antituberculosis drugs) increase the
vitamin B6 requirement if administered over long periods of time.

Biochemical signs of inadequate vitamin B6 status in the last trimester of preg-
nancy have occasionally been reported. For pregnant women additional
0.7 mg/day are therefore recommended. An exclusively breast-feeding mother
supplies on average 0.1 mg of vitamin B6 per day. For compensation and to
replenish stores an additional vitamin B6 intake of 0.7 mg per day is advised [5]. 

In view of the lack of satisfactory data on infant requirement for vitamin B6, an
estimate is derived from intake with breast milk. Breast milk contains 14 µg of
vitamin B6/100 ml [11]. Usually, the recommended intake of 0.1 mg/day for the
first 4 months is also achieved in infants fed commercial (fortified) infant formu-
lae. The same applies to the recommended intake of 0.3 mg/day in infants aged
4 to under 12 months who are fed milk and supplementary food.

96

Nutritive aspects of nutrients

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 100



Vitamin B6 is contained in nearly every food. Because of analytical problems,
data on vitamin B6 content in many foods are unsatisfactory. This reduces the
accuracy of calculations of dietary vitamin B6 intake. Good sources are e.g. poul-
try and pork, fish, some vegetables (cabbage family, green beans, lentils, lamb’s
lettuce), potatoes, bananas. Whole-grain products, wheat germ and soybeans
can be recommended as well [11]. 

Pyridoxal is sensitive to heat and direct sunlight. Vitamin B6 sensitivity to heat is
responsible for losses during sterilization and drying of milk. Milk in transparent
glass bottles exposed to sunlight will lose nearly 50% of its vitamin B6 content
within a few hours. Pyridoxine and pyridoxamine, which account for the major
part of vitamin B6 in vegetable produce, are less sensitive to heat. Given com-
mon diets and gentle preparation, preparation loss related to total food used may
be up to 20% in terms of mean values [3].

Following prolonged intake of  50 - 500 mg of pyridoxine/day peripheral senso-
ry neuropathies have been reported [1, 2]. Doses of up to 100 mg/day are regard-
ed as safe.
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Folate / folic acid

A. Recommended intake

Age Dietary folate
µg-equivalent1/day µg/MJ2

(Nutrient density)
m f

Infants
0 to under   4 months3 060 30 32
4 to under 12 months 080 27 28

Children
1 to under   4 years 200 43 45
4 to under   7 years 300 47 52
7 to under 10 years 300 38 42

10 to under 13 years 400 43 47
13 to under 15 years 400 36 43

Adolescents and adults
15 to under 19 years4 400 38 47
19 to under 25 years4 400 38 49
25 to under 51 years4 400 39 51
51 to under 65 years 400 43 54
65 years and older 400 48 58

Pregnant women4 600 65

Lactating women 600 56

1 Calculated according to the total of compounds with folate activity in the usual diet = folate
equivalents (acc. to the new definition)

2 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
3 Estimated value
4 Women planning a pregnancy or capable of becoming pregnant should take an additional sup-

plement of 400 µg of synthetic folic acid (= pteryol-monoglutamic acid/PGA) to prevent neural
tube defects in the infant. Supplementary folic acid intake should begin not later than 4 weeks
before conception and be continued throughout the first trimester.
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B. Explanations

Folate is the collective term for a family of vitamin compounds functioning as
coenzymes in single-carbon transfers.

Folic acid (pteroyl-monoglutamic acid or PGA) consists of a pteridine ring and
para-aminobenzoic acid, with a glutamic acid molecule bound to its carboxyl
group. It is the most stable form of the vitamin with the highest degree of oxida-
tion and is nearly completely (> 90%) absorbed. For fortification and in supple-
ments and medications its synthetic form is exclusively used. 

Folates have been defined as all dietary compounds with folate activity. Folates
can have up to six glutamate residues bound to the basic molecule.

So far, activities have been expressed in terms of ‘folate equivalents’ to take dif-
ferences of absorption into account: folate equivalent = monoglutamate + (0.2 x
polyglutamate). In the Dietary Reference Intakes (DRI) of the United States [4] a
new definition is used which is also applied to the present reference values: 1 µg
of folate equivalent = 1 µg of dietary folate = 0.5 µg of synthetic folic acid (PGA).

In intermediary metabolism, various folate derivatives are primarily involved in
processes of cell division and cell formation. Hence, folate deficiency is mani-
fested primarily in cell systems with a high rate of cell division: red and white
blood cells, intestinal and urogenital mucosa, etc. The leading effect of folate
deficiency is megaloblastic anaemia. Even suboptimal folate status can fre-
quently be ascertained by biochemical measurements. Folate metabolism is
closely related to that of iron and vitamin B12, a fact that should be kept in mind
by those who interpret the findings of medical examination and correct a defi-
ciency [6]. The importance of folate for homocysteine metabolism and preven-
tion of neural tube defects will be discussed in more detail in section II, page
199.

Dietary folate is present as pteroyl-monoglutamate and pteroyl-polyglutamate.
The ratio of mono-/polyglutamate may vary greatly in different foods. An average
mono-/polyglutamate ratio of 50 : 50 is derived from the present dietary habits [8]. 

While monoglutamates are absorbed nearly completely (> 90%), only about
50% of polyglutamates are available [16] as most of them must be split by an
intestinal conjugase to monglutamate compounds before absorption. 

There have also been data suggesting higher bioavailability of polyglutamate
compounds from investigations on single foods. It has been shown, however,
that certain food components (enzyme inhibitors preventing polyglutamates from
being split off, or other factors not yet known) may reduce the utilization of
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folate from a mixed diet. Hence, the average bioavailability of dietary folate from
a mixed diet can be reasonably estimated to be not higher than 50%.

Studies using different methods have shown that 50 - 100 µg of folic acid (in the
form of synthetic pteroyl-monoglutamic acid) correct deficiency symptoms.
Taking also the blood homocysteine concentration as an early indicator of inad-
equate folate supply into account, several studies have shown that about 400 µg
of dietary folate equivalents are needed to optimally lower the homocysteine
concentration. Dietary folate intakes exceeding 400 µg only influence the homo-
cysteine concentration insignificantly [12, 14]. Hence the recommended daily
intake of dietary folate is 400 µg [11, 13]. 

Polyglutamates account for 30% of folate in human milk and cow’s milk. Folate in
milk, due to its binding to protein (ß-lactoglobulin), is very well absorbed [10]. 

Studies in a small group of infants and small children had shown that a daily intake
of 3.6 µg of total folate per kg body weight during the first year of life led to serum
and erythrocyte folate concentrations near the lower limit, but not to clinical
folate deficiency symptoms [1]. FAO/WHO, in 1988, called this low intake
throughout the first year of life a safe level [3] and the United States even adop-
ted it for their 1989 Recommended Dietary Allowances [9]. In their 1998 Dietary
Reference Intakes the United States and Canada agreed on folate levels of 9.4
and 8.9 µg, respectively, per kg body weight as adequate intake (AI) for healthy
breast-fed infants for 0 – 6 and 7 – 12 months of age [4]. 

As very little is known about infant requirements for folate, it seems safer to use
breast milk as an orientation. An exclusively breast-fed infant (750 ml breast milk,
8 µg/100 ml) receives about 60 µg folate per day [15], in fact much more than the
above mentioned minimum of 3.6 µg of total folate per kg body weight. Provided
commercial infant formulae are fortified with folic acid, an increase in the esti-
mated value for formula-fed infants seems unnecessary. 

For children, experimental data on folate requirement are not available.
Recommendations are estimated values based on findings in adults [1, 7]. They
are set in consideration of the fact, however, that folate requirement per kg of
body weight increases during growth periods due to increased formation of new
cells, that it decreases with increasing age of the child and that it rises again at
times of accelerated growth during puberty. The recommendations shown in the
table have been set in consideration of body weight, bioavailability and require-
ments for growth. They have been based on folate amounts assumed to be high
enough to ensure adequate folate status. Due to the high folate requirement of
the fetus, pregnant women need considerably more folate. Inadequate folate
supply may lead to complications during pregnancy [5]. An additional allowance
of 200 µg per day is advised. 
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Lactating women require more folate mainly due to folate supplied with milk
(80 µg/l). Taking increased demands on metabolism into account and including
an extra allowance one arrives at an addition of about 100 µg of folic acid or
200 µg of dietary folate for lactating women.

Good folate sources are certain vegetables (tomatoes, cabbage, spinach,
cucumbers) as well as oranges, grapes, whole grain bread and pastries, pota-
toes, meat, liver, milk and dairy products, some kinds of cheese, and eggs.
Wheat germ and soybeans are particularly rich sources.

Folate compounds are water-soluble and sensitive to light and heat, however,
with great variability among the various folate derivatives. With certain manufac-
turing and preparation methods, losses of up to 70% must be expected for
monoglutamates and of about 50% for polyglutamates. However, more than
60% of dietary folate is supplied from food ingested raw. Hence average prepa-
ration loss could be reduced from 50 to 35% [2]. 

In cases of prolonged intake of certain medications (cytostatics, antiepileptics,
antimalarial drugs) the organism may become depleted of folate. An influence of
oral contraceptives on folate status is not verifiable anymore because newer
preparations contain less oestrogen. High alcohol consumption increases the
risk of folate deficiency. The contribution of enteral microbial folate synthesis to
folate status is of minor importance.

Reports from the fifties have shown that high folic acid intake may mask vitamin B12
deficiency, as its cardinal symptom (megaloblastic anaemia) disappears while
the neurological symptoms remain or get worse. So irreversible late damage of
the lasting vitamin B12 deficiency (spinal cord degeneration) could occur. It is
therefore advised to restrict a regular additional intake of folic acid to no more
than 1000 µg/day, so the safe upper limit of folic acid supplementation is 1000
µg. Additional intake of dietary folate is not subject to any limit [4].
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Pantothenic acid

A. Estimated values for adequate intake

Age Pantothenic acid

mg/day

Infants
0 to under   4 months 2
4 to under 12 months 3

Children
1 to under   4 years 4
4 to under   7 years 4
7 to under 10 years 5

10 to under 13 years 5
13 to under 15 years 6

Adolescents and adults
15 to under 19 years 6
19 to under 25 years 6
25 to under 51 years 6
51 to under 65 years 6
65 years and older 6

Pregnant women 6

Lactating women 6

B. Explanations

Pantothenic acid is involved in intermediary metabolism as an essential constit-
uent of coenzyme A. Metabolic pathways which depend on either acetyl or acyl
coenzyme A include those involved in the degradation of fats, carbohydrates and
various amino acids and in the biosynthesis of fatty acids, cholesterol and steroid
derivatives.

Clinical deficiency symptoms do not normally appear in humans. Evidently the
minimum requirement is always satisfied. Pantothenic acid deficiency has only
been reported in humans who have been fed a pantothenic acid antagonist
and/or an experimental pantothenic acid-deficient diet and in individuals who
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were severely malnourished due to extremely imbalanced diets, in combination
with other nutritional deficits. While earlier calculations and biochemical studies
arrived at a daily dietary intake of about 4 - 5 mg of pantothenic acid for German
adults [7], much lower values (< 1 mg/day) have been reported more recently,
part of which were derived from data of urinary pantothenic acid excretion. 

Studies in adolescents showed intakes of dietary pantothenic acid to be be-
tween 4 and 7.9 mg/day [4], which did not differ from intake in adults. 

Another study conducted in the United States in adolescents and young adults
(age: 13 - 19 years) showed an average daily pantothenic acid intake of 4.1 mg
(females) and 6.2 mg (males); it further revealed pantothenic acid pools in ery-
throcytes and blood which were about equally large in both sexes [2]. Average
pantothenic blood levels were also in the normal range in cases with pantothenic
acid intakes of less than 4 mg/day [8].

The reported intakes did not provide any indication of inadequate supply so that
a daily intake of 6 mg of dietary pantothenic acid can be assumed to ensure ade-
quate levels for adults of any age and for adolescents over 13 years.

Earlier assumptions according to which pantothenic acid deficiency may reduce
the release of adrenocortical (stress) hormones have not been confirmed even in
cases of severe deficiency induced in animal experiments [5]. There is no reason,
accordingly, to increase intake in excess of the estimated values shown in the
table either in specific stress-associated situations of life or for specific dietary
habits. 

An intake of 6 mg/day is also considered sufficient during pregnancy and lacta-
tion. Although pantothenic acid requirement is higher at these times, the recom-
mended level can still be assumed to satisfy the requirement of women even
under these physiological conditions. In contrast to the uniform estimated values
proposed here, intakes of 5 mg for adults, of 6 mg for pregnant women and of
7 mg for lactating women have been recommended in the 1998 Dietary
Reference Intakes (DRI) for the United States and Canada [3]. In view of the
uncertainty of data this differentiation seems unnecessary; thus, an average intake
of 6 mg/day is retained for all adults.

For children, specific data on pantothenic acid requirement are not available.
Values in the tables have been interpolated from what is known about the re-
quirements of exclusively breast-fed infants and of adolescents and adults.
Breast-fed infants do not develop symptoms of pantothenic acid deficiency. An
exclusively breast-fed infant receives about 1.6 mg of pantothenic acid along
with its average daily portion of 750 ml breast milk.
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Small quantities of pantothenic acid are contained in nearly all foods. Good
sources are liver, muscle meat, fish, milk, whole-grain products and pulses (e.g.
ripe peas). Pantothenic acid is water-soluble and sensitive to heat. Given cus-
tomary diets and gentle preparation, preparation losses in total food used aver-
age about 30% [1]. 

Regular intake of even high doses of pantothenic acid is considered safe.
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Biotin

A. Estimated values for adequate intake

Age Biotin

µg/day

Infants
0 to under   4 months 5
4 to under 12 months 5-10

Children
1 to under   4 years 10-15
4 to under   7 years 10-15
7 to under 10 years 15-20

10 to under 13 years 20-30
13 to under 15 years 25-35

Adolescents and adults
15 to under 19 years 30-60
19 to under 25 years 30-60
25 to under 51 years 30-60
51 to under 65 years 30-60
65 years and older 30-60

Pregnant women 30-60

Lactating women 30-60

B. Explanations

Biotin-dependent enzymes (carboxylases) have key functions in gluconeogene-
sis, in degradation of four essential amino acids (methionine, isoleucine, threo-
nine, valine) and in the biosynthesis of fatty acids. Given common dietary habits,
symptoms of biotin deficiency have so far not been observed in adults. They only
occur in individuals who have ingested raw eggs in larger quantities over a pro-
longed period, due to avidin in egg white to which biotin is irreversibly bound.
Signs of deficiency have also been found in individuals on inadequate parenter-
al nutrition and in children with inborn biotinidase deficiency (see below). Typical
signs of deficiency are seborrhoic dermatitis, conjunctivitis, weakness, anorexia,
nausea, depression and increased urinary excretion of certain organic acids,
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especially 3-hydroxy-isovaleric acid. The cardinal symptom in infants is failure to
thrive. There are no reliable criteria for distinguishing a deficient from a subopti-
mal state [2,9]. 

Hence the requirement for dietary biotin cannot be accurately defined. Biotin lev-
els in breast milk vary considerably (on the average about 0.6 µg/100 ml), cow’s
milk contains 4 - 8 times as much [7]. An average quantity of 4.5 µg of biotin per
day is ingested by infants along with an average daily intake of 750 ml breast milk
[7]. 

Dietary biotin intakes vary greatly (< 30 µg - 150 µg/day). In a recent study most
of the children and adults were found to ingest 30 - 60 µg/day [3]. Good sources
are liver, soybeans, egg yolk, nuts, oat flakes, spinach, mushrooms and lentils [7].
Most dietary biotin is probably bound to protein. Little is known about the
bioavailability of dietary biotin in humans [5, 6]. 

Release and utilization of protein-bound dietary biotin depend on the physiolog-
ical enzyme biotinidase. From biocytine (�-N-biotinyl-lysine), an intestinal pro-
teolysis product, biotin is released either in the small intestine (pancreatic bio-
tinidase) or, after absorption, in the intestinal mucosa or in the plasma (by plas-
ma biotinidase) [8]. 

Biotinidase is even more important for the release and re-utilization of the pro-
tein-bound biotin (in holocarboxylases) in the body. Hence hereditary biotinidase
deficiency leads to biotin deficiency which is associated with danger to life.
Clinical symptoms including feeding problems, mental retardation, cramps, skin
lesions and alopecia are prevented by early life-long oral administration of free
biotin in doses of 5 - 10 mg/day [8]. 

High biotin doses (10 - 30 mg) have also been successful in most cases of an-
other rare hereditary biotin-dependent enzymopathy (defective holocarboxylase
synthetase) [1, 8]. Such enzyme defects may also be the cause of skin diseases
occurring in infants and small children (seborrhoic dermatitis and Leiner’s dis-
ease) which partly respond to biotin [4]. 

Re-utilization of physiological biotin may explain the fact that spontaneous signs
of deficiency have rarely been observed even in individuals with extreme dietary
habits. The contribution of the intestinal flora to an adequate biotin status in
humans is considered negligible [2]. 

Hypervitaminoses of biotin are not known.
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Vitamin B12 (Cobalamins)

A. Recommended intake

Age Vitamin B12
µg/day µg/MJ1

(Nutrient density)
m f

Infants
0 to under   4 months2 0.4 0.20 0.21
4 to under 12 months 0.8 0.27 0.28

Children
1 to under   4 years 1.0 0.21 0.23
4 to under   7 years 1.5 0.23 0.26
7 to under 10 years 1.8 0.22 0.25

10 to under 13 years 2.0 0.21 0.24
13 to under 15 years 3.0 0.27 0.32

Adolescents and adults
15 to under 19 years 3.0 0.28 0.35
19 to under 25 years 3.0 0.28 0.37
25 to under 51 years 3.0 0.29 0.38
51 to under 65 years 3.0 0.33 0.41
65 years and older 3.0 0.36 0.43

Pregnant women3 3.5 0.38

Lactating women4 4.0 0.37

1 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
2 Estimated value
3 To replenish stores and to maintain nutrient density
4 Allowance of about 0.13 µg vitamin B12 per 100 g of secreted milk

B. Explanations

Vitamin B12 (cobalamins) is a collective term for several compounds which all
have a cobalt atom in the centre of a porphyrin-like ring system. Dietary or phar-
maceutical cobalamins are converted by the organism to the active coenzymes
adenosyl- and methylcobalamin which are involved in the intramolecular
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re-arrangement of alkyl residues during degradation of odd-numbered and
branched-chain fatty acids (adenosyl-cobalamin) and in the (partly folate-
dependent) transfer of methyl groups (methyl-cobalamin). Thus vitamin B12 is
required for the interconversion of the storage and transport forms of folate to its
active form [2]. Only few microorganisms are capable of producing vitamin B12.

Vitamin B12 supplied orally is absorbed in the lower small intestine only after it
has formed a complex with a glycoprotein (intrinsic factor) synthesized in the
gastric mucosa. Humans, therefore, are completely dependent on dietary vita-
min B12 although large quantities are produced by the colonic microbial flora.
A deficiency develops when, after resection of the stomach and in certain forms
of chronic gastritis, the intrinsic factor is no longer produced or when severe
inflammatory changes in the lower intestine prevent the vitamin B12-intrinsic factor
complex from being absorbed. However, signs of deficiency take several years
to develop because body stores, mainly in the liver, normally contain 2 - 5 mg of
vitamin B12, of which about 0.1% per day are released. Full stores are desirable
because in older individuals, malabsorption of vitamin B12 is more frequent than
in young adults. 

Advanced vitamin B12 deficiency, due to disturbed cell formation in bone mar-
row, leads to anaemia with characteristic oversized red blood cells (megaloblas-
tic anaemia) [3]. It is partly also due to disorders of folate metabolism. Vitamin B12
deficiency, but not folate deficiency, may involve degeneration of certain sectors
of the spinal cord (subacute combined degeneration) leading to irreversible
neurological disorders.

Individual status is assessed by measurement of the plasma vitamin B12 con-
centration and of haematologic parameters [4, 7, 12]. Healthy adults need 2 µg
of exogenous vitamin B12. Its bioavailability decreases with increasing individual
doses ingested. As more than two thirds of the total intake are supplied from
main meals, it is supposed that, given the dietary habits in Central Europe, on
average only 50% of the vitamin in a mixed diet is absorbed. This figure is even
lower in the elderly. Hence 3 µg per day are recommended to ensure adequate
intake for nearly all persons, older individuals included. Frequently more than the
recommended dose of dietary vitamin B12 is ingested; such additional intake
does not cause any harm. 

During pregnancy, 0.1 - 0.2 µg per day, i.e. a total of up to about 50 µg vitamin B12,
are transferred to the fetus. Although a decrease in serum concentrations of
vitamin B12 is usually observed during pregnancy, the risk of vitamin B12 defi-
ciency in pregnant women and newborns is low provided adequate body stores
of the vitamin were built up in earlier periods. The recommended additional vita-
min B12 intake of 0.5 µg per day during pregnancy is a precautionary measure
taken in case vitamin B12 stores have not been adequately filled, and to maintain
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high nutrient density. The same applies to the lactation period as fully breast-
feeding mothers only provide about 0.4 µg per day. A (rounded) extra of 1.0 µg
per day during the lactation period allows for the daily provision of 0.4 µg in breast
milk and an average absorption loss of 50% (see also footnote 4 in the table). 

The estimated value of 0.4 µg per day in young infants has been derived from an
average rounded quantity supplied from breast milk [10]. Breast-fed infants uti-
lize the vitamin B12 content of breast milk very well. The common practice of
dividing an infant’s total daily food portion to 4 - 6 meals, moreover, ensures that
the amount of dietary vitamin B12 is fully utilized. Infants, therefore, require a
lower vitamin B12 intake (in terms of nutrient density) than adults. The recom-
mendations for older infants and children are based on the recommendations for
young infants (0.06 µg/kg body weight); they are interpolated on the basis of
weight increase. 

In older people, vitamin B12 deficiencies are more frequent than in young adults.
This is due to atrophy of the gastric mucosa, possibly in combination with a vita-
min B12 deficient diet [8, 9]. Recent data have shown that 30% of persons over
65 develop atrophic gastritis [15] which affects vitamin B12 absorption and reab-
sorption (vitamin B12 is largely subject to enterohepatic circulation) leading to an
inadequate vitamin B12 status in the long run. This does not necessarily involve
the classical signs of vitamin B12 deficiency (megaloblastic anaemia) but is man-
ifested by disturbed enzymatic reactions. Vitamin B12 acts as coenzyme of
methionine synthase which is needed for homocysteine metabolism [5]. Older
individuals with atrophic gastritis are advised to take additional vitamin B12 in
supplement form. Because of the atrophic gastric mucosa, the amounts of intrin-
sic factor are insufficient and passive vitamin B12 diffusion (about 1%) associat-
ed with high doses of the vitamin must be utilized; accordingly, supplementation
with 100 µg is advised [14].

The richest source of vitamin B12 is liver; the vitamin is also present in muscle
meat, fish, eggs, milk and cheese. Plant foods only contain traces of vitamin B12
when the food has been subject to bacterial fermentation (e.g. sauerkraut).

Common diets in Central Europe supply vitamin B12 in quantities considerably in
excess of daily requirements. Given common diets and gentle preparation, aver-
age preparation losses in total food used are about 12% [1]. Dietary vitamin B12
deficiency occurs exclusively in people who have been strict vegetarians for
many years, i.e. who subsist on a diet devoid of meat, dairy products and eggs.
Exclusively breast-fed infants of mothers nourished that way are at increased risk
for vitamin B12 deficiency [11, 13]. 
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Side effects have not been observed even after very high intakes of vitamin B12
(pharmacological doses up to 5 mg) [6]. Consequently, supplementation includ-
ing the doses recommended for elderly persons is considered safe.
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Vitamin C

A. Recommended intake

Age Vitamin C
mg/day mg/MJ1

(Nutrient density)
m f

Infants
0 to under   4 months2 50 25 26
4 to under 12 months 55 18 19

Children
1 to under   4 years 60 13 14
4 to under   7 years 70 11 12
7 to under 10 years 80 10 11

10 to under 13 years 90 10 11
13 to under 15 years 100 9 11

Adolescents and adults3

15 to under 19 years 100 9 12
19 to under 25 years 100 9 12
25 to under 51 years 100 10 13
51 to under 65 years 100 11 14
65 years and older 100 12 14

Pregnant women
from the 4th month 110 12

Lactating women4 150 14

1 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
2 Estimated value
3 Smokers 150 mg/day
4 In consideration of the quantity of vitamin C secreted with 750 ml of breast milk

B. Explanations

The nutritional term vitamin C embraces several compounds of a redox system
which is characterized by transfer of two electrons. It consists of L-ascorbic acid,
its mono-anion ascorbate, semidehydro-L-ascorbic acid (ascorbate•-) which is
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an intermediate product in free radical form, and dehydro-L-ascorbic acid.
Electron transfer is reversible as long as the ring structure of dehydroascorbic
acid is intact. Once it is broken hydrolytically, 2,3-dioxo-L-gulonic acid is formed
and the vitamin C activity is lost.

Ascorbic acid, as electron donor, is an effective reducing agent in many intra- and
extracellular reactions. The ascorbate radical has scavenger function in that it
reacts with other free radicals. Biochemically, however, ascorbate is the most
potent component of the redox system. Being cofactor or cosubstrate of 8
defined enzymes it influences the synthesis of collagen, carnitine and cate-
cholamines as well as peptide amidation and tyrosine metabolism. Ascorbate
reduces superoxide, hydroxyl radicals, hypochlorous acid and other reactive
(pro)oxidants and is, therefore, considered to be an effective antioxidant.
Intracellularly, ascorbic acid, in its electron-donor function, is involved in the inter-
action between iron and ferritin. Among its extracellular functions, those protect-
ing against LDL oxidation, regenerating tocopherol from the tocopheroxyl radical
and glutathione from its oxidized form are the most important. Other essential
functions include reduction of dietary non-haem iron and consequent enhance-
ment of intestinal iron absorption as well as interference with the reaction between
nitrite and amines from which carcinogenic nitrosamines may emerge in the stom-
ach. Added to these must be microsomal hydroxylation reactions needed in the
liver for degradation and inactivation of medications and foreign compounds. The
mechanisms of some effects, including regulation of protein translation and gene
transcription are not yet understood, nor is the significance of the accumulation
of ascorbate in several endocrine tissues and immunocompetent cells. 

Intestinal absorption, placental transfer to the fetus, renal tubular reabsorption
and accumulation in body cells are mainly accomplished by active ascorbate
transport. It is dependent on concentration, sodium and energy and controlled
by saturation kinetics. A second mechanism of vitamin C accumulation in body
tissues is based on the transport of dehydroascorbic acid (DHA) which, upon
arrival at its site of destination, is immediately reduced, in many body tissues pri-
marily by thioltransferase (glutaredoxin). This explains why DHA escapes detec-
tion in cells and plasma. Its transport, though 10 times faster than that of ascor-
bate, is limited in quantity. The question of whether ascorbate and DHA are con-
currently present in the intestine remains to be answered. Ascorbate probably
predominates as it does in food.

The classical sign of clinical vitamin C deficiency in infants is Moeller-Barlow dis-
ease and in adults scurvy. It is manifested mainly by disturbances in bone devel-
opment and growth in children and, later, by a disposition to haemorrhages in the
skin, mucosa, muscles and internal organs. In industrialized countries vitamin C
deficiencies are a rare occurrence. However, preclinical signs of inadequate vita-
min C supply may be observed. These include general fatigue (the earliest sign),
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reduced vitality, impairment of mental well-being, retarded convalescence and,
not infrequently, also proneness to infectious diseases and poor wound healing.

The vitamin C status of an individual is reflected by the plasma vitamin C
concentration. In the reference group of the VERA study [9] it ranged between 37
and 121 µmol/l. Values below 37 µmol/l (0.65 mg/dl) were regarded as indicative
of inadequate supply. Frequently, concentrations < 20 µmol/l (0.35 mg/dl) are
associated with the preclinical symptoms described before [16]. Clinical symp-
toms appear at ≤ 10 µmol/l (≤ 0.18 mg/dl) [9]. To reduce the risk of atherosclero-
sis and cancer emerging from a suboptimal antioxidant status, desirable preven-
tive plasma levels ≥ 50 µmol/l were derived from epidemiological studies in a
German consensus review [4]. With increasing vitamin C intake, plasma concen-
tration, because of reduced absorption and increased urinary excretion, approx-
imates a maximum value asymptotically. In a strictly controlled study, it was
80 µmol/l after oral intake of pure ascorbic acid by 7 fasting healthy non-smok-
ing young men who had reached a steady state. Under these conditions doses
of 400 - 1000 mg are necessary to achieve saturation [12]. A potential maximum
body reserve of 3 g has been extrapolated from biokinetic studies.

Determination of vitamin C requirement and derivation of recommendations for
dietary intake depend on the extent to which, apart from the prevention of clini-
cal and preclinical deficiency symptoms, long-term prophylactic purposes can,
and should be, pursued. This applies in the first line to strengthening the immune
system and prevention of degenerative chronic diseases (atherosclerosis, can-
cer, cataracts, etc., see section II, page 192).  Although a definitive answer can-
not yet be given, the central question is about desirable body reserves and  con-
centrations in plasma and tissue, primarily in those which are rich in vitamin C
(brain, hypophysis, liver, lungs, thymus, adrenal glands, pancreas, retina, etc.).
An evaluation of all epidemiological studies published before 1998 has shown
that an optimal reduction of the risk for chronic diseases, especially morbidity
and mortality due to cardiovascular diseases and cancer, is attained in non-
smokers by plasma levels > 50 µmol/l and daily vitamin C intakes of 90 - 100 mg
[6]. 

Hence recommended intakes aim at a desirable preventive plasma level
> 50 µmol/l and saturation of immunocompetent cells (neutrophiles: 1.3 millimo-
lar; monocytes, lymphocytes: > 3 millimolar [12, 13, 14]). Saturation to such an
extent was attained in the experiment mentioned above by 100 mg of ascorbic
acid per day. Under the conditions observed, pharmacokinetics followed a sig-
moid course. The initially nearly linear steep increase in plasma ascorbic acid
levels ceased at doses of about 100 mg; the levels attained were > 50 µmol/l. 

At this plasma concentration a renal threshold becomes involved beyond which
the efficacy of ascorbic acid reabsorption decreases and the concentration of
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non-metabolized ascorbic acid in the urine increases. Excretion has been found
to rise precipitously after intakes of 200 mg. Transport into immunocompetent
cells reaches maximum speed at plasma levels of 70 µmol/l [12, 16] but is stim-
ulated by sudden demands, e.g. in infections with fever. The VERA study [9] has
shown higher plasma concentrations (20%) in women than in men. This can be
taken as an advantage but not as a reason to set lower requirements and reduce
recommended intakes for women.

Given 50% of maximum tissue saturation, i.e. about 1500 mg of body reserves,
a plasma concentration of 50 µmol/l is associated with a metabolic turnover of
about 3% corresponding to about 50 mg of vitamin C per day. Under these con-
ditions and without further vitamin C intake it will take more than 3 weeks to
reduce stores to ≤ 300 mg, a level at which clinical signs of deficiency appear. It
has been calculated that daily intakes of 100 mg vitamin C should even be suf-
ficient to maintain maximum body storage capacity of 3 g. Higher intakes raise
the rate of catabolism and greatly lower elimination half-life. At intakes of 100 mg
it is about 2 weeks [3].

In the VERA study [9], an average daily intake (50th percentile) of 79 mg was
required for non-smoking women and of 85 mg for non-smoking men to attain
plasma concentrations of 50 - 75 µmol/l [11]. Assuming the bioavailability of vita-
min C from a normal mixed diet to be 80% and more [16], an average require-
ment of 82 mg/day is derived for non-smoking adults [16]. After intake of
≤ 100 mg of pure ascorbic acid on an empty stomach, 100% of the ingested
dose is bioavailable. In view of the lack of satisfactory statistical data on the vari-
ability among requirements, a coefficient of variation of 10% has been assumed.
Hence the recommended intake is derived from average requirement multiplied
by 1.2. The estimate for infants results from an assumed average vitamin C con-
tent in breast milk of 6.5 mg/100 ml [21] and an average daily milk intake of
750 ml (see recommendation for lactating women). Daily intakes recommended
for children have been interpolated from age-related intakes for infants and those
for non-smoking adults.

For pregnant women, it has been taken into account that the vitamin C plasma
concentration usually decreases during pregnancy. Fetal plasma concentration is
about 50% higher and the fetal ascorbic acid metabolism more intense than that
of the maternal organism. The resulting decrease in maternal body reserves dur-
ing pregnancy can be sufficiently countered by an allowance of 10 mg over the
recommended daily intake. Provided the vitamin C requirement, per kg of body
weight, for non-pregnant and pregnant women is comparable, an addition of as
little as 3 - 4 mg/day is needed to satisfy fetal requirements. For assessing an
additional requirement for lactating women it is assumed that 750 ml of breast
milk contain about 50 mg of vitamin C. 
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Vitamin C requirement may be higher under some conditions of life: intense phys-
ical stress (e.g. extremely heavy manual work, high-performance sports), lasting
psychic stress, alcohol and drug abuse (e.g. barbiturates, antibiotics of the tetra-
cycline type) and some diseases, e.g. diabetes mellitus, renal insufficiency need-
ing dialysis, and infections. The present state of knowledge does not allow for
additional doses to be quantified. Heavy smokers (> 20 cigarettes per day) show
decreased (about 10%) vitamin C absorption, a higher (about 40%) daily vitamin C
turnover, and increased oxidative DNA damage (8-oxo-2’-desoxyguanosine)
[1, 9, 17, 20]. For them, therefore, intakes of 150 mg/day are recommended.
Inadequate vitamin C supply may also readily occur in older individuals who sub-
sist on imbalanced or inadequate diets because of masticatory problems or oth-
erwise modified conditions of life and who are dependent on sustained medi-
cation. The question of whether people of advanced age require more than
100 mg of vitamin C per day for reason of reduced absorption and to lower the
risk of cataract remains to be answered [6]. 

In general, about 1% of non-retained ascorbic acid is converted to oxalate.
Because absorption rates decrease rapidly at intakes > 200 mg and because uri-
nary excretion of non-metabolized ascorbic acid increases accordingly, only low
oxalate quantities emerge (up to 40 mg/day). Hence, healthy individuals usually
are at a low risk for urinary stone formation. This is in contrast to patients with
renal damage and certain subgroups of stone-formers with malabsorption who
convert non-absorbed vitamin C in the gastrointestinal tract directly to oxalate
which is absorbed and excreted in the urine [7]. A tolerable upper intake level for
vitamin C cannot be precisely defined at present [10]. Different scientific views
regarding the risk for increased renal excretion of oxalic and uric acid [16] after
intake of higher vitamin C doses have been expressed; in view of some results it
seems reasonable, however, to set the tolerable upper intake level for adults at
1000 mg/day as a precautionary measure. This is supported by the argument
that with 1000 mg/day complete saturation of body cells and blood plasma is
rapidly attained [2, 16]. 

The danger that ascorbic acid action changes from antioxidative to pro-oxidative
is great in patients with compromised utilization of dietary iron (haemochroma-
tosis, haemosiderosis, Cooley’s anaemia) [8]. Findings of oxidative DNA changes
after chronic intake of 500 mg of ascorbic acid [18] are contradictory, controver-
sial because of the conditions and methodology employed and hence inconclu-
sive [6, 15, 19]. If applied at very high doses (single doses of 5 g and more),
ascorbic acid may cause temporary diarrhoea. So far, satisfactory scientific evi-
dence to support the presumed effect of high-dosed vitamin C for prevention of
infections is lacking.

The best vitamin C sources are fruit and vegetables and juices extracted from
these. Prominent examples are sea buckthorn berries (or juice extracted from
them), red and green pepper, broccoli, black currants, gooseberries, fennel and
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citrus fruits [21]. Important for vitamin C supply, in terms of quantity, are also
potatoes, green, red and white cabbage, Brussels sprouts, spinach, and toma-
toes. Daily intakes of 200 mg are easily attained in a carefully mixed diet in which
these vitamin C sources are regularly present.

Losses in the vitamin C content of fruit and vegetables by inadequate storage
and culinary procedures are substantial; at worst, losses may even approximate
100%. Given common diets and gentle preparation, average losses amount to
about 30% [5]. They are mainly caused by oxidation processes which could also
be catalyzed by metal ions or controlled by enzymes. Vitamin C destruction is
prevented by inactivation of enzymes involved (e.g. by blanching of vegetables).
To preserve dietary vitamin C, those concerned with handling food and meals
should make sure that oxygen and metal ions, primarily copper and iron, are
excluded and that pH and temperatures are kept low.
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Inorganic components

Inorganic components of food and the human body are grouped as follows:

Water

Major elements Sodium (Na), chloride (Cl), potassium (K), calcium
(Ca), phosphorus (P), magnesium (Mg)

Trace elements Iron (Fe), iodine (I), fluoride (F), zinc (Zn), selenium
(Se), copper (Cu), manganese (Mn), chromium (Cr),
molybdenum (Mo), cobalt (Co), nickel (Ni)

Ultratrace elements Aluminium (Al), arsenic (As), boron (B), bromine 
(without established (Br), cadmium (Cd), lead (Pb), rubidium (Rb), 
physiological functions in silicon (Si), samarium (Sm), titanium (Ti), barium 
humans so far) (Ba), bismut (Bi), caesium (Cs), germanium (Ge), 

mercury (Hg), antimony (Sb), strontium (Sr), thalli-
um (Tl), lithium (Li), tungsten (W)
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Water

Water is the principal constituent of the human body: in adult men 60%, in adult
women (with more fatty tissue) 50%, and in infants 70%. Daily total water expen-
diture is about 6% of body water in adults and about 20% in infants (related to
total body water).

Water deficiency rapidly produces severe damage. After two to four days of dep-
rivation the organism is no longer able to excrete substances which are liable to
urinary excretion. Finally, haemoconcentration and circulatory collapse occur [1]. 

The data listed in table 1 refer to a total energy expenditure of 11.1 MJ (2650 kcal)
under average climatic conditions in Central Europe. They are subject to changes
depending on energy expenditure in individual age groups. High energy expen-
diture, heat, dry cold air, high intake of common salt, high protein intake and
pathological states such as fever, vomiting, diarrhoea, etc. increase water
requirement [2, 3]. 

Table 1: Water balance (ml/day) of adults1

Water intake  Water output

Beverages 1440 Urine5 1440  
Water contained in solid food2 875 Stool 160
Water of oxidation3 335 Skin 550

Lungs 500

Total water intake4 2650 Total water output 2650

1 Calculated for the average of the age group 19 to under 51 years. Values were deliberately not,
or little, rounded to make calculations plausible.

2 78.9 ml/MJ (0.33 ml/kcal)
3 Protein 58 g/day (9% of total energy), fat 80 g/day (27%), carbohydrates 407 g/day (63%)
4 ≈ 250 ml/MJ (1 ml/kcal)
5 Urinary volume corresponding to volume of drinks

At increased intake or increased body production of substances which are
excreted in the urine as osmotically active particles (salt, urea as end product of
protein degradation etc.), renal excretion is dependent on higher water intake.
The lower the food intake, the higher fluid intake should be; for reduced intake of 

127

Water

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 132



food means reduced intake of the water contained in food, and less water of oxi-
dation. Furthermore, there is continued accumulation of substances liable to
urinary excretion.

In physical activity at high environmental temperatures, daily water requirements
may be three to four times as high as those shown in the table; in extreme situ-
ations, more than 10 l per day may be needed. If water is replaced but losses of
minerals (e.g. of sodium, chloride) with the water, especially by sweat, are not
replaced, and if sodium is deficient as well, dilution hyponatraemia may occur
(plasma sodium < 120 mmol/l), with cerebral oedema and convulsions. Fluid
requirement, but not thirst, is also increased at times spent at high altitudes; this
is due to the low water content of cold air inspired and to increased respiratory
volume per minute in the presence of reduced oxygen pressure. 

Normally, fluid intake precedes the perception of thirst under usual dietary habits.
Only in exceptional cases should thirst, comparable to pain, be a stimulus for
fluid intake. Especially in older individuals, however, perception of thirst may be
reduced to such extent that fluid deficits are not recognized. 

Due to their relatively large body surface and their still sub-maximal renal con-
centration capacity, infants need relatively more water than school children and
adults. 

The so-called water of oxidation, resulting from the combustion of nutrients
ingested, is produced in quantities of 107 ml from 100 g of fat, 41 ml from 100 g
of protein and 55 ml from 100 g of carbohydrates. 

Renal osmolar concentration of an adult fed an average diet is about 650 mosm/
day/1.73 m2 of body surface. Optimal renal excretory functioning is associated
with urinary osmolar concentrations of 500 mosm/kg. Maximal urinary concen-
trations in school children and adults have been found to be about 850 mosm/kg
and more. 

Guiding values for total water intake are about 250 ml/MJ (≈1 ml/kcal) in adults,
more than 250 ml/MJ (> 1 ml/kcal) in older individuals, and about 360 ml/MJ
(≈ 1.5 ml/kcal) in breast-fed infants. Breast- or formula-fed healthy infants need
no additional drinks [7]. Small quantities of herbal tea may be fed to comfort the
child. On transition to the family diet the child is dependent on additional fluid
intake from the 10th month. It should become accustomed to drinking something
along with meals. Guiding values in table 2 refer to climatic conditions prevailing
in Central Europe, adequate energy supply and light physical activity. If guiding
values are observed, the desirable urinary volume excreted is more than 1 l and
urinary osmolality about 500 mosm/kg; this is in accordance with the general rule
that in adults urinary volume roughly equals the volume of fluids ingested.
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Table 2: Guiding values for water intake1

Age Water supplied from Oxidation Total water Water supplied
water4 intake5 from beverages

beverages2 solid and solid food
food3

ml/day ml/day ml/day ml/day ml/kg/day

Infants
0 to under   4 months6 620 ––– 60 6807 130
4 to under 12 months 400 500 100 10007 110

Children
1 to under   4 years 820 350 130 13007 95
4 to under   7 years 940 480 180 16007 75
7 to under 10 years 970 600 230 18007 60

10 to under 13 years 1170 710 270 21507 50
13 to under 15 years 1330 810 310 24507 40

Adolescents and adults
15 to under 19 years 1530 920 350 28007 40
19 to under 25 years 1470 890 340 27007 35
25 to under 51 years 1410 860 330 26007 35
51 to under 65 years 1230 740 280 22507 30
65 years and older 1310 680 260 22507 30

Pregnant women 1470 890 340 27007 35

Lactating women 1710 1000 390 31007 45

1 With adequate energy supply and under average conditions (table 4, page 26). Values were
deliberately not, or little, rounded to make calculations plausible.

2 Water supplied from beverages = total water intake – oxidation water - water supplied from solid
food

3 Water supplied from solid food about 78.9 ml/MJ (≈ 0.33 ml/kcal)
4 About 29.9 ml/MJ (≈ 0.125 ml/kcal)
5 Breast-fed infants about 360 ml/MJ (≈ 1.5 ml/kcal), small children about 290 ml/MJ

(≈ 1.2 ml/kcal), school children, young adults about 250 ml/MJ (≈ 1.0 ml/kcal), older adults about
270 ml/MJ (≈ 1.1 ml/kcal) including oxidation water (about 29.9 ml/MJ,  ≈ 0.125 ml/kcal)

6 Estimated value

7 Rounded values
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In legal terms, drinking water is regarded as food. It complies with established
analytically controllable standards. The contribution of drinking water to human
mineral and trace element supply varies greatly, depending on the local condi-
tions. 

Due to their particular composition some mineral waters may contribute to a
selective supply of minerals and trace elements needed. 

With normal drinking habits, excessive water intake is unlikely; because adults
are capable of excreting nearly 1 litre per hour at times of short term stress. This
volume may be considerably reduced in individuals with hepatic cirrhosis, renal
insufficiency and in those dependent on diuretics [1].

Urinary volume is controlled by fluid supply to the distal tubule. Of a total
glomerular filtration volume of about 170 l/day (120 ml/min/1.73 m2 x 1440 min)
20 - 30%, or 34 - 51 l/day are transported into the distal convoluted tubule where
most of it is reabsorbed. Patients suffering from diabetes insipidus have been
reported to drink 35 - 41 l/day [6]. Assuming an average renal osmolar concen-
tration of 650 mosm/day in adults and a minimum renal urinary concentration of
about 50 mosm/day, one obtains a maximum urinary volume of 13 l/day as a
threshold to obligatory losses of renal osmoles and development of serum hypo-
osmolality. Studies in volunteers who ingested excessive volumes of water at
normal temperatures over several days have shown that serum osmolality is not
influenced by ingested water volumes of up to 10 l per day [4]. Hence the maxi-
mum volume of fluid intake in adults that is tolerable over a prolonged period
could be about 10 litres per day.

In infants and small children, acute water intoxication represents a potential risk
[5, 8]. To lower serum sodium levels from 140 mmol/l to 120 mmol/l - a threshold
value below which humans are at risk of cerebral oedema and convulsions - an
adult of 70 kg and 42 l body water must ingest 6 l of water within a short time. A
one-year-old child of 10 kg and 6.5 l needs 0.92 l and an infant of one month
(4 kg, 2.8 l) 0.4 l to lower the serum sodium level below the critical threshold.
Water intoxication in infants and small children has been reported to occur after
renal function tests (concentration test using antidiuretic hormone analogues),
gastric lavage using drinking water and after swallowing of large volumes of
water in a swimming pool.  

130

Nutritive aspects of nutrients

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 135



References

[1] Hierholzer, K., Fromm, M., Ebel, H.: Elektrolyt- und Wasserhaushalt. In: Pathophysiologie des
Menschen. Hierholzer, K., Schmidt, R. F. (eds.), edition medizin VCH Verlagsgesellschaft,
Weinheim (1991), 10.1-10.16

[2] Kuhlmann, U., Siegenthaler, G.: Wasser- und Elektrolythaushalt. In: Klinische Pathophysiolo-
gie. Siegenthaler, W. (eds.), Thieme, Stuttgart (1987), 209-224

[3] Truniger, B., Richards, P.: Wasser- und Elektrolythaushalt. Thieme, Stuttgart (1985)

[4] Habener, J. F., Dashe, A. M., Solomon, D. H.: Response of normal subjects to prolonged high
fluid intake. J. Appl. Physiol. 19 (1964), 134-136

[5] Partridge, J. C., Payne, M. L., Leisgang, J. J., Randolph, J. F., Rubinstein, J. H.: Water intox-
ication secondary to feeding mismanagement. A preventable form of familial seizure disor-
der in infants. Am. J. Dis. Child. 135 (1981), 38-41

[6] Richter, C. P.: Factor determining voluntary ingestion of water in normals and in individuals
with maximum diabetes insipidus. Am. J. Physiol. 122 (1938), 668-675

[7] Souci, S.W., Fachmann, W., Kraut, H.: Die Zusammensetzung der Lebensmittel. Nährwert-
Tabellen. 6. Auflage, Medpharm, Scientific Publishers, Stuttgart (2000)

[8] Tetzner, M., Oberdisse, U.: Tödliche Wasserintoxikation nach Magenspülung mit Trinkwasser.
pädiatr. prax. 40 (1990), 637-640

131

Water

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 136



132

Nutritive aspects of nutrients

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 137



Minerals

Minerals is the nutritional term for those inorganic food components which, in
quantities > 50 mg/day, experiments have shown to be essential in humans.
Among the minerals is sulphur as part of several essential compounds such as
e.g. insulin, sulphatides, keratin or glutathione peroxidase. Human requirements
for sulphur are met by adequate intake of sulphur amino acids (cystine, cysteine,
methionine). Sulphur, therefore, is not dealt with separately in this chapter.

Sodium, Chloride, Potassium

A. Estimated values for minimum intake

Age Sodium1 Chloride1 Potassium1

(mg/day) (mg/day) (mg/day)

Infants
0 to under   4 months 100 200 400
4 to under 12 months 180 270 650

Children
1 to under   4 years 300 450 1000
4 to under   7 years 410 620 1400
7 to under 10 years 460 690 1600

10 to under 13 years 510 770 1700
13 to under 15 years 550 830 1900

Adolescents and adults 550 830 2000

1 1 mmol sodium corresponds to 23.0 mg; 1 mmol chloride corresponds to 35.5 mg; 1 mmol
potassium corresponds to 39.1 mg; 1 g of table salt (NaCl) consists of 17 mmol sodium and
chloride each; NaCl (g) = Na (g) x 2.54; 1g NaCl = 0.4 g Na

B. Explanations

Sodium, the most abundant cation of the extracellular fluid, largely controls its
volume and osmotic pressure. Sodium is also essential in the body’s acid-base
balance and in intestinal juices. Only a minor part of body sodium is found in the 
intracellular fluid where it is vitally involved in the membrane potential of cell walls
and in enzyme activities. The concentration gradient between extra- and intra-
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cellular sodium is maintained by an active energy consuming transport mecha-
nism [9, 11]. 

Total body sodium in the newborn amounts to 5.5 g (241 mmol), in men to 100 g
(4348 mmol), and in women to 77 g (3348 mmol). Per kg of body weight, new-
born contain 70 mmol of sodium and adult men 60 mmol [7, 16]. Body sodium
as well as sodium concentration in the extracellular fluid are primarily controlled
by the aldosterone-angiotensin-renin system along with the atrial natriuretic pep-
tide and regulated by renal mechanisms. Small quantities of sodium are excret-
ed in the faeces.

In infants, requirement for maintenance and growth, according to balance stud-
ies and body analysis, has been estimated at 1 mmol per 100 kcal (or per 1 kg
of body weight per day). This is about the sodium quantity supplied from breast
milk (0.6 mmol Na/100 g or 69 kcal) [17]. In infants up to 4 months of age,
because of their rapid growth, sodium retention estimated from the increase of
extracellular fluid is 1.2 mmol sodium per day - the highest of all age groups.
From the 5th to the 12th month of life, it is only 0.7 mmol/day [6]. 

In adults, given maximum adaptation, obligatory sodium losses were found to be
about 1 mmol/day in urine plus faeces and 2 – 4 mmol/day in the skin. Sweat
contains 25 mmol of sodium/l on average. As the influence of climate and phys-
ical activity may vary considerably, not less than 550 mg (24 mmol) of sodium
should be ingested per day. This is equivalent to approximately 1 mmol of sodi-
um (23 mg) per 100 kcal. During intense sweating more than 0.5 g of sodium/l
sweat may be lost; the necessary intake of dietary sodium increases corre-
spondingly [9, 15]. Sodium losses in oozing skin diseases and mucoviscidosis
(typical of which are abnormally high sweat sodium concentrations) need to be
replaced.

During pregnancy, because of the increase in maternal extracellular fluid, an
additional requirement of 3 mmol per day has been calculated. During lactation,
because of the correspondingly high sodium content of breast milk (6 mmol/l),
the additional requirement amounts to 6 mmol per day [17]. These higher needs
are readily met by the salt content of foods.

In adults, sodium is mainly supplied from dietary salt (NaCl). Intakes vary consid-
erably. Under the conditions prevailing in Germany, Austria and Switzerland, 6 g
of dietary salt per day are sufficient for adults. Higher intakes are not expected
to yield any advantages, but could well be disadvantageous. In salt-sensitive
hypertension, possibly too in people with a predisposition to this kind of hyper-
tension, high intakes of dietary salt are injurious [4, 8, 10, 12, 13]. 
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Studies in many countries have shown a relationship between salt intake and the
incidence of high blood pressure. Depending on genetic disposition, individuals
may develop hypertension in response to salt intakes typical of Western-type
diets. A low-salt diet, on the other hand, has been found to lower blood pressure
in many hypertensive patients [12]. A strictly low-sodium diet contains 0.4 g of
sodium (or 1.0 g of table salt) per day, a low-sodium diet 1.2 g of sodium (or 3 g
of table salt) per day, a moderately low-sodium diet not more than 2 g of sodium
(or 5 g of table salt) per day. Sodium salts other than sodium chloride (NaCl) evi-
dently have no substantial influence on blood pressure [13]. As well as the
absolute intake of sodium chloride, the ratio of sodium to potassium intake
seems to be of importance for blood pressure.

Increased urinary excretion of sodium following increased intake of table salt is
associated with increased urinary excretion of calcium. In postmenopausal
women elevated serum calcitriol and osteocalcin levels and higher urinary excre-
tion of calcium and hydroxyproline after increased salt intake (from 4.1 g to 
10 g/day) suggest an influence on bone metabolism [14]. In postmenopausal
women, processes leading to bone loss may be intensified by high salt intake [5].
In this age group, it possibly contributes to reduced bone density [3]. For pre-
vention of osteoporosis higher intakes of calcium are recommended (see page
141). The efficacy of this prophylactic measure should not be reduced by a high
intake of table salt [3]. 

Chloride is the most abundant anion of the extracellular fluid. High concentrations
are found in cerebrospinal fluid and in gastric juice, here in the form of hydrochlo-
ric acid. Intracellular concentrations of chloride are low [7]. 

Chloride plays an essential part in maintaining ion balance and acid-base equi-
librium. Chloride deficiency resulting from an unusual diet or following vomiting
(pylorospasm) leads to metabolic alkalosis [9]. 

A minimum chloride intake, in terms of molarity, largely corresponds to sodium
requirement. It has been derived from the estimated values for sodium multiplied
by 1.5. Increased requirement for chloride after intense sweating is also propor-
tional to that for sodium.

In infant formulae, attention should be paid to the ratio of sodium and potassi-
um: Breast milk contains 6 mmol sodium, 12 mmol potassium and 11.3 mmol
chloride per litre [17]. The ratio between the sum of cation concentrations and
the chloride concentration is (6 + 12) to 11.3 = 1.6. Infant formulae should come
close to breast milk and contain these ions in a ratio of at least 1.5.

Potassium is the most abundant cation of the intracellular fluid with a concen-
tration of 140 mmol/l. Although extracellular potassium accounts for only 2% of
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the total human potassium, the human body responds very sensitively to fluctu-
ations in extracellular potassium concentration. Both increases and decreases in
extracellular potassium concentration may lead to severe neuromuscular and
muscular disorders. Newborn infants contain on average 5 g (128 mmol), men
150 g (3836 mmol) and women 100 g (2558 mmol) of this mineral in their bodies.
After completion of growth, the total body content of potassium is directly relat-
ed to body surface (in men 2080 mmol/m2, in women 1560 mmol/m2) and re-
flects, furthermore, the metabolically active share of body mass (lean body mass,
lean cellular mass) [1, 2, 7].

More than 90% of potassium ingested is absorbed in the upper small intestine.
90% is excreted by the kidneys, the rest by the bowel. Potassium excretion in
sweat is negligible. The positive potassium balance prevailing in infants is sup-
ported by a high intestinal potassium absorption and a relatively low renal and
colonic secretory capacity for potassium.

Adequate intake of potassium is needed to maintain electrolyte homeostasis and
for growth of cellular mass (1 kg of cellular mass contains 92.5 mmol potassium).
Infants during the first 4 months of life, because of their rapid growth, need 
0.9 mmol/day for development of cellular mass; boys and girls up to 12 years
need 0.4 - 0.5 mmol/day. For the period of accelerated growth in puberty,
0.9 mmol/day are required [6]. The requirement for maintaining homeostasis is
estimated on the basis of total energy intake which, in turn, should be propor-
tional to cell mass and, thus, the body’s total potassium content. In infants, near-
ly 2 mmol potassium are set for 100 kcal, corresponding to the energy and
potassium content of breast milk (table IV, page 209) [17]. Less than 10% of the
total requirement for potassium is spent on growth. During pregnancy and lacta-
tion, there is no appreciable additional requirement for potassium.

Adults ingest 50 - 75 mmol per day corresponding to 2 - 3 g of potassium or 2 -
3 mmol/100 kcal from common diets in Central Europe. This is sufficient under
normal conditions.  High intakes of potassium have been found to reduce blood
pressure. 

High losses of potassium, e.g. in cases of severe diarrhoea or vomiting, must be
compensated for by increased intake. Higher amounts of potassium may also be
required by individuals taking laxatives and diuretics [9]. 

As the kidneys continue excreting potassium even in states of depletion, signs of
deficiency may rapidly occur if dietary intake is insufficient. Typical signs of
potassium deficiency are neuromuscular symptoms such as weakness of skele-
tal muscles, relaxation of smooth muscles, ileus and cardiac dysfunction.
Patients with renal insufficiency and inadequate potassium excretion are at risk
for potassium intoxication especially when potassium-saving diuretics are taken
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in addition. Increased blood potassium concentrations then affect cardiac func-
tions. 

The potassium content of usual food and particulary of food of vegetable origin
(bananas, potatoes, dried fruit, spinach, mushrooms) is sufficient due to its high
intracellular potassium concentrations. The potassium content of food decrea-
ses during cooking due to transfer of potassium into the cooking medium.
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Calcium

A. Recommended intake

Age Calcium
mg/day mg/MJ1

(Nutrient density)
m f

Infants
0 to under   4 months2 220 110 116
4 to under 12 months2 400 133 138

Children
1 to under   4 years 600 128 136
4 to under   7 years 700 109 121
7 to under 10 years 900 114 127

10 to under 13 years 1100 117 129
13 to under 15 years 1200 107 128

Adolescents and adults
15 to under 19 years 1200 113 141
19 to under 25 years 1000 94 123
25 to under 51 years 1000 98 128
51 to under 65 years 1000 109 135
65 years and older 1000 120 145

Pregnant women3 1000 109

Lactating women4 1000 93

1 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
2 Estimated value
3 Pregnant women under 19 years 1200 mg
4 Lactating women under 19 years 1200 mg

B. Explanations

Calcium ions are essential for cellular life. They are vitally involved in the stabi-
lization of cell membranes, intracellular signal transmission, stimulus transfer in
the nervous system, electromechanical coupling in muscles and blood coagula-
tion. In vertebrates, calcium salts stabilize firm substances (bones for load-carrying
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capacity and protection of organs, teeth for size-reduction of food). Bone tissue
is at the same time an important calcium store for times of shortage. 

The body of newborn infants contains about 25 - 30 g of calcium, that of adult
men 900 - 1300 g, that of women 750 - 1100 g [15]. More than 99% of the cal-
cium is located in the skeleton and teeth. Calcium retention for bone develop-
ment results from the difference between the quantities of calcium ingested and
those excreted in faeces, urine and via the skin.

During the first 5 - 6 years of life, about 100 mg of calcium are retained per day
for bone development. During the period of accelerated growth during puberty
up to 400 mg and more may be retained per day. The calcium absorption rate
decreases after adolescence; in young adults, not more than 150 mg per day are
retained.

Calcium absorption is enhanced by vitamin D and is dependent on calcium sup-
ply. There has been no satisfactory evidence for lactose promoting status calci-
um absorption. Given common dietary habits, the inhibiting effect of food com-
ponents such as oxalates, phytates, lignins and uronic acids on the bioavailabil-
ity of calcium is of little practical importance. In infants, as much as 75% of cal-
cium ingested may be absorbed. In adults, this figure amounts to 20 - 40%; the
range of variability is 10 - 60% [4]. The calcium absorption rate decreases with
increasing age [3]. Dietary salt and proteins containing a high proportion of sul-
phur amino acids (animal protein in particular) increase calcium excretion; this
increase is dose-dependent (see page 33, 135). 

Next to infants’ age, puberty is characterized by very intense bone growth. By
the end of adolescence, 90% of peak bone mass is achieved. In girls, in whom
puberty begins earlier, this point is reached about two years earlier than in boys
[12]. Bone development is completed in the 3 rd decade of life. During the 4th

decade of life bone mass begins to decline and the decrease accelerates in
menopausal women, in whom it may lead to osteoporosis. This process is re-
tarded by oestrogen replacement and increased physical activity. In older men,
due to a less abrupt decrease in the production of sex hormones and continued
presence of higher muscle mass, bone loss is less than in women. Also older
individuals are still capable of increasing bone mass.

Prophylactic measures to prevent osteoporosis essentially aim at optimizing
peak bone mass in the young and minimizing bone loss in the elderly. Failure to
achieve these goals by higher calcium intake from a mixed diet does not furnish
sufficient reason to recommend calcium supplements and calcium-fortified food.
Adequate hormonal status and physical activity are as important as is sufficient
calcium intake. Elderly women must also ensure adequate protein intake (see
page 33) [9]. 
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An exclusively breast-fed infant receives about 220 mg of calcium from 750 ml
of breast milk (absorption rate about 67%) [13]. For infants fed commercial for-
mulae and, later, supplementary food calcium requirement has been estimated
at 400 mg/day; an absorption rate of < 50% of calcium from cow’s milk products
has been taken into account.

For the optimal level of calcium intake an age-related threshold has been report-
ed [7]. Intakes exceeding this value do not appreciably improve calcium balance
or the mineral content of bones. Excess calcium is excreted in faeces and, to a
lesser extent, in urine.

The results of calcium balance studies are reason to assume a plateau of calci-
um retention at an intake of about 1500 mg/day during puberty [11]. In interven-
tion studies, calcium intakes exceeding an average of 1000 mg/day produced a
higher mineralization of bones than average intakes of 728 and 935 mg of
calcium/day [1, 6]. Calculations allowing for daily obligatory renal, dermal and
endogenous faecal calcium losses and including the intestinal calcium absorp-
tion rate and the necessary calcium retention suggest that during puberty and
adolescence 1000 – 1500 mg/day of dietary calcium are needed. Because there
is no satisfactory evidence for the preventive use of very high calcium intakes [2],
the recommended intake has been set at 1200 mg/day. In young adults, an ade-
quate balance is achieved by 500 - 600 mg/day [11]; however, for maximum cal-
cium retention and maximum mineralization of bones about 900 mg/day are
needed [5, 7]. Accordingly, and in consideration of the variability among calcium
requirements, the recommended intake for adults is set at 1000 mg/day.

The postmenopausal loss of bone mass cannot be stopped by increased calci-
um intake. However, the effect of oestrogen intake on calcium retention is poten-
tiated by high calcium doses [10]. The optimal daily calcium dose for elderly indi-
viduals is not known. The requirement for dietary calcium of men and women
over 50 years is probably greater than that of younger adults. 1000 mg/day
should be adequate also for this age group, however.

During pregnancy, women must provide about 25 - 30 g of calcium and another
50 g for 4 - 6 months of breast-feeding and subsequent gradual weaning. During
pregnancy, both calcium absorption rate and renal calcium losses increase.
There is no evidence for calcium storage in the maternal organism. High calcium
intakes during lactation cannot stop bone mineral loss caused by hormonal
changes (hypoestrogenaemia). However, a higher number of pregnancies and
prolonged lactation periods do not put the mother at risk of osteoporosis; the
temporary loss of bone mass is repaired by hormonal adaptation mechanisms
after weaning [14].  
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Milk and dairy products are good calcium sources for every age. Low-fat milk
and dairy products of low-fat milk should be preferred. Also subjects with lactose
intolerance are usually able to eat certain dairy products such as yoghurt and
ripe cheeses without abdominal complaints. Some vegetables (e.g. broccoli,
green cabbage, fennel, leak) and some mineral waters (> 150 mg calcium/l) may
contribute towards an adequate calcium supply. Calcium should be ingested
with several meals over the day and especially with a calcium-containing late
meal in the evening; this will reduce nightly processes of bone demineralization.
The recommended intakes can be realized with a balanced mixed diet, adequate
energy supply provided.

In urinary stone formers, a high calcium intake may influence the risk for urinary
stones differently, depending on the conditions of the individual case. Even
though the development of urinary calcium stones may be promoted, high calci-
um intakes may also bind dietary oxalic acid in the intestine and, by reduced 
urinary oxalate uptake and excretion, contribute to an enhanced urinary solubil-
ity product [8]. Individuals at risk for urinary stones should not exceed the doses
recommended and ensure an adequate urinary volume. Interactions between
calcium and other cations such as magnesium, iron and zinc as well as phos-
phorus have been reported. However, following high calcium intakes there are no
indications of functional disorders of metabolic processes for which the nutrients
mentioned before are essential. Nor has there been any scientific evidence for
the influence of increased calcium doses of up to 2 g per day on the develop-
ment of atherosclerosis in humans. Calcium intakes of several grams per day
especially in combination with high alkali intakes may elicit hypercalcaemia and
lead to calcium deposits in soft tissues, especially in the kidneys (milk-alkali syn-
drome). In well documented cases calcium intake was > 4 g/day [16]. In some of
these, however, only the calcium supply from supplements, but not from addi-
tional dietary intake was taken into account. In healthy adults with a urinary vol-
ume of > 2 l/day a calcium intake of up to 2 g/day is considered to be safe. 
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Phosphorus

A. Recommended intake

Age Phosphorus

mg/day

Infants
0 to under   4 months1 120
4 to under 12 months 300

Children
1 to under   4 years 500
4 to under   7 years 600
7 to under 10 years 800

10 to under 13 years 1250
13 to under 15 years 1250

Adolescents and adults
15 to under 19 years 1250
19 to under 25 years 700
25 to under 51 years 700 
51 to under 65 years 700
65 years and older 700

Pregnant women2 800

Lactating women3 900

1 Estimated value
2 Pregnant women under 19 years 1250 mg
3 Lactating women under 19 years 1250 mg

B. Explanations

Organic phosphorus compounds are part of membranes and nucleic acid occur-
ring in all living cells. Many cellular metabolic processes are controlled by phos-
phorylation reactions. Inorganic phosphates have buffering activity in maintain-
ing pH. 

The body of newborn infants contains about 17 g of phosphorus, that of adults
about 600 - 700 g. More than 85% of the total phosphorus is located in the 
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skeleton and teeth, about 65 - 80 g are found in the remaining tissues and only
about 2 g in the blood. 

In breast-fed infants, up to 90% of ingested phosphorus is absorbed. Adults
absorb 55 - 70% from a mixed diet mainly by facilitated diffusion and to a less-
er extent by an active process involving vitamin D. The bioavailability of phos-
phorus from plant seeds is low. In the latter, phosphorus bound in phytic acid can
be released by microbial phytase (e.g. during manufacture of bread). 

Phosphorus forms an insoluble compound with aluminium. Aluminium com-
pounds previously used for treatment of renal insufficiency have, therefore, large-
ly been replaced by calcium carbonate.

Serum phosphate levels depend on age, renal excretory capacity and dietary
phosphorus intake. A renal threshold for phosphorus (maximum phosphate
transport/glomerular filtration rate) regulates serum phosphate concentration
and homeostasis [5]. The relatively high serum phosphate concentrations in
infants, small children and school children promote skeletal mineralization. In
adults, the phosphate quantity daily excreted in the kidneys reflects the quantity
absorbed from food [6]. 

In breast-fed infants phosphorus is the limiting element of skeletal mineralization.
The low concentration of phosphorus in breast milk [7] corresponds to the
infant’s relatively low renal capacity for excreting in particular phosphate. In
breast-fed infants, furthermore, only small quantities of the strongly buffering
phosphate reach the lower intestinal sections; the resulting low pH promotes the
growth of fermentation bacteria which protect the infant against infections [4]. 

While in the previous edition DGE had specified obligatory levels for phosphorus
intake, now recommendations are made which, by definition, are distinctly lower.
Data from which recommended intakes could be derived are much rarer for
phosphorus than for calcium. Average requirement for adults has been estimat-
ed at 580 mg/day [2]. Given a coefficient of variation of 10%, the recommended
intake will be 700 mg/day including an extra allowance of 20%. At the age of
puberty and adolescence, the requirement for phosphorus is increased because
of new tissue formation and bone growth in particular. Accordingly, the recom-
mended intake is increased to 1250 mg/day. During pregnancy, an average of
60 mg extra phosphorus and during lactation of 90 - 120 mg per day must be
provided. Allowances of 100 mg/day for the duration of pregnancy and of
200 mg/day for the lactation period have been fixed bearing in mind the intesti-
nal absorption rate. 

Phosphorus deficiency caused by dietary inadequacy has not been reported, 
for almost all foods contain phosphorus. Intakes, therefore, are not shown in
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terms of nutrient density. Symptoms of deficiency which only appear in subjects
on parenteral nutrition with inadequate phosphorus content [3] include
hypophosphataemia and general physical weakness. A diet deficient in phos-
phorus is also deficient in protein and calcium.

Intakes of 1.5 to 2.5 g of phosphorus lower serum calcium levels and raise serum
concentrations of parathyroid hormone. This does not affect calcium balance, in
contrast to earlier assumptions, or intensify processes involved in bone loss
[1, 8]. There is no need, according to present knowledge, to observe a particular
Ca : P ratio in the diet.

Ortho- and polyphosphates added to food in compliance with legal regulations
are harmless. Subjects with compromised renal function are at risk for phospho-
rus intoxication, with hyperphosphataemia and renal calcification. In healthy in-
dividuals, phosphorus intoxication following excessive dietary intakes have not
been reported. The upper limit for physiological serum phosphate concentrations
in adults would be reached after an intake of 3.5 g of phosphorus per day. This
limit is exceeded after intake of certain medications (e.g. bisphosphonates);
however, intoxications have not been reported.
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Magnesium

A. Recommended intake

Age Magnesium
mg/day mg/MJ1

(Nutrient density)
m f m f

Infants
0 to under   4 months2 24 12 13
4 to under 12 months 60 20 21

Children
1 to under   4 years 80 17 18
4 to under   7 years 120 19 21
7 to under 10 years 170 22 24

10 to under 13 years 230 250 24 29
13 to under 15 years 310 310 28 33

Adolescents and adults
15 to under 19 years 400 350 38 41
19 to under 25 years 400 310 38 38
25 to under 51 years 350 300 34 38
51 to under 65 years 350 300 38 41
65 years and older 350 300 42 43

Pregnant women3 310 34

Lactating women 390 36

1 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
2 Estimated value
3 Pregnant women under 19 years 350 mg

B. Explanations

Magnesium is the fourth most common cation in the human body. 60% of the
body’s magnesium is found in the skeleton, 30% in muscles, 1% in the extra-
cellular fluid, the rest intracellular. Newborns contain 0.7 g of magnesium, 5-year-
old children 5 g and adults about 25 g. Magnesium activates several enzymes
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(especially those involved in energy metabolism), acts as cofactor of phospho-
rylated nucleotides and contributes to nucleic acid synthesis. In the field of bone
mineralization and membrane physiology magnesium plays an essential part in
the synaptic neuromuscular stimulus transfer and in muscular contraction.

Magnesium deficiency with defined symptoms has so far not been verified in
healthy humans with common dietary and lifestyle habits. In the presence of gas-
trointestinal diseases, especially chronic malabsorption and in chronic alcohol
abuse, magnesium supply may however be insufficient. The same applies to the
chronic intake of certain medications (e.g. diuretics, corticoids, oral contracep-
tives). Severe magnesium deficiency leads to dysfunctioning of cardiac and
skeletal muscles, muscular weakness and disposition to muscle cramps.

20 - 30% of dietary magnesium is absorbed by active transport and free diffu-
sion [7, 8]. Absorption is influenced by the quantity of magnesium supplied, sol-
ubility of the magnesium salt and the amounts of dietary phytate, fibre, calcium
and long-chain triglycerides ingested [10]. Magnesium ingested in excess is pri-
marily excreted via the kidneys. Excretion is regulated in the renal tubules.
Parathyroid hormone and vitamin D act both directly and indirectly on the blood
magnesium concentration; the regulating mechanism is not yet precisely known,
however. 

In Germany, the average daily magnesium intake from a mixed diet is about 
280 mg in women and 350 mg in men [1]. Balance studies have shown the 
average requirement for magnesium for young adult men to be 330 mg per day.
Accordingly, the Dietary Reference Intakes (DRI) of the United States recommend
400 mg per day for men (19 - 30 years). For young women (19 - 30 years) aver-
age requirement is 255 mg and the recommended dietary allowance (RDA) 
310 mg per day [2]. 

The intakes recommended in the table are based on many balance studies [2, 3,
4, 5, 6, 11]. They are in agreement with those recommended by other countries
with similar dietary habits. High losses through sweat during high-performance
sports or work at high temperatures may raise requirements so that higher
intakes than recommended may be needed.

During the last trimester of pregnancy the fetus retains 5 - 7.5 mg of magnesium
per day. The increased requirement of pregnant women is met by the intake rec-
ommended for (young) women in combination with a usual mixed diet. During the
lactation period, women provide 24 mg of magnesium in 750 ml milk which con-
tains 32 mg of magnesium per litre on average [9]. An additional intake of 80 - 90 mg
per day is needed to ensure replacement. The estimate for the recommended
magnesium intake in infants is based on the magnesium supply of breast milk of
24 mg on average per day.
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For the growth period, a daily retention of about 3 mg/kg has been derived from
the body’s magnesium content (see above). An intake of 6 mg of magnesium per
kg per day as recommended in the DRI and underlying the values shown in the
table should be sufficient to meet requirements [2]. 

Good sources are whole-grain cereal products, milk and dairy products, liver,
poultry, fish, potatoes, many vegetables, soybeans, and berries, oranges and
bananas. Magnesium is also supplied from coffee and tea. Food processing and
preparation cause losses in magnesium which may vary considerably.

Oral intake of 3 - 5 g of magnesium compounds per day elicits diarrhoea due to
osmotic processes. In cases of renal insufficiency and/or high parenteral intakes
reduced functioning of the central nervous system including paresis and death
have been reported. Magnesium doses of 350 mg per day in addition to the daily
dietary magnesium are regarded as harmless. 
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Trace elements

Trace elements have been defined as inorganic food components which occur in
body tissues at concentrations < 50 ppm (< 50 x 10-6 g/g of wet weight). Their
essentiality to humans, in quantities < 50 mg/day, has been confirmed in experi-
ments and their biochemical functions have been established. 

The following trace elements will be dealt with:

Iron (Fe)

Iodine (I)

Fluoride (F) 

Zinc (Zn) 

Selenium (Se) 

Copper (Cu) 

Manganese (Mn) 

Chromium (Cr) 

Molybdenum (Mo) 

Cobalt (Co) 

Nickel (Ni)
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Iron

A. Recommended intake

Age Iron
mg/day mg/MJ1

(Nutrient density)
m f2 m f

Infants3

0 to under   4 months4,5 0.5 0.3 0.3
4 to under 12 months 8 2.7 2.8

Children
1 to under   4 years 8 1.7 1.8
4 to under   7 years 8 1.3 1.4
7 to under 10 years 10 1.3 1.4

10 to under 13 years 12 15 1.3 1.8
13 to under 15 years 12 15 1.1 1.6

Adolescents and adults
15 to under 19 years 12 15 1.1 1.8
19 to under 25 years 10 15 0.9 1.9
25 to under 51 years 10 15 1.0 1.9
51 to under 65 years 10 10 1.1 1.4
65 years and older 10 10 1.2 1.4

Pregnant women 30 3.3

Lactating women6 20 1.9

1 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
2 Non-menstruating women who are neither pregnant nor breast-feeding: 10 mg/day
3 Except for premature babies
4 Estimated value
5 A requirement for dietary iron exists only from the 4th month due to the newborn´s reserve of

placental iron (Hb iron)
6 This applies to breast-feeding and non-breast-feeding women for replacement of iron losses

during pregnancy

155

Iron

DGE-Referenz-Buch Innen (RZ)  27.11.2002  15:58 Uhr  Seite 160



B. Explanations

Iron is an essential part of many oxygen- and electron-transferring systems
(haemoglobin and myoglobin; different enzymes, e.g. cytochrome or ribonu-
cleotide reductase). The human body contains an average of 2 - 4 g of iron, of
which about 60% is bound to haemoglobin, 25% to ferritin and haemosiderin
and about 15% to myoglobin and enzymes.

Iron deficiency may impair physical performance, interfere with thermoregulation
and increase proneness to malaria. Also the immune system is dependent upon
iron. Prolonged insufficient iron intake leads to iron deficiency anaemia, one of
the most frequent manifestations of nutrient deficiency worldwide. Severe iron
deficiency with anaemia is in the majority of cases caused by chronic blood loss
due to increased menstruation or gynaecological diseases or by occult gastroin-
testinal blood loss. Also redistribution of iron from functional compartments to
stores, e.g. in inflammation and malignant tumors, restrict iron utilization. 

In Germany, the average iron intake in women is 11 mg and in men 13 mg per
day [4]. Today, dietary iron deficiency is much rarer than in the past. Signs of iron
deficiency anaemia have been found in about 0.6% of the population, in women
twice as frequently as in men [1]. Signs of iron deficiency anaemia are especial-
ly frequent in adolescent females (causes: growth, menstruation) and in older
men (causes: chronic inflammation, cancer).

During the first two years of life and during puberty, iron intake is often insuffi-
cient for the rapid growth of body mass. Hence latent iron deficiency and
anaemia are most frequently diagnosed in 1- to 2-year-old children and in boys
at the age of rapid pubertal growth [2, 19]. Severe iron deficiency may retard
growth. Because of the cerebral iron requirement during growth adequate iron
supply during childhood is of great importance [13, 20]. Especially at the age of
12 - 18 months a moderate anaemia may - probably irreversibly - affect the
development of intelligence [15, 21]. Representative data of the prevalence of
iron deficiency anaemia and of (the much more frequent) latent iron deficiency in
children are lacking. The VERA study using serum ferritin as a diagnostic indica-
tor of iron status showed that iron stores are depleted (ferritin < 12 µg/l) in fewer
than 10% of women and in about 3% of men [14].

The requirement for iron results from intestinal, renal and dermal iron losses
(about 1 mg per day). To these, losses by menstruation of about 15 mg per
month must be added in women. In about 20% of women these monthly iron
losses by far exceed 15 mg [8]. Growth and pregnancy increase the requirement
for iron.
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In most industrialized countries, according to WHO, the absorption rate of
dietary iron is between 10 and 15% [6]. In iron deficient individuals it is 2 - 3 times
as high. Recommendations for iron intake therefore have to specially allow for
iron bioavailability; the latter may vary 10-fold, depending on the composition of
the diet [9].

An intake of 15 mg of iron per day would, according to WHO, result in 1.5 - 2.2 mg
of absorbed iron and thus meet the requirement of all women with normal men-
struation. This assumption is supported by the fact that with an average daily iron
intake of 11 mg in non-pregnant women between 15 - 44 years in the United
States only 14% exhibited signs of latent iron deficiency. Women in whom men-
struation is increased (e.g. by intra-uterine devices) require more iron. Postmeno-
pausal women do not need more iron than men. This finding is supported by
studies conducted in Germany [1].

Although there is no menstrual blood loss during pregnancy, requirement for iron
is still increased: by about 300 mg for fetal needs, about 50 mg for placental
needs and about 450 mg for the increased maternal blood volume [10].
Accordingly, a total of 30 mg of iron per day is necessary, which usually is
not available in the daily diet [12].

For infants and children the daily loss of iron is estimated at 0.2 - 0.4 mg per day.
For growth about 0.7 mg/day are required between the 6th and 12th month
and 0.3 - 0.5 mg/day after the 1st year of life [3, 5]. As the newborn infant has
iron stores resulting from the high haemoglobin content of fetal blood and from
placental sources (‘placental hypertransfusion’) an appreciable and increasing
requirement for dietary iron does not exist before the 4th month. Then about 1 mg
of absorbed iron per day are required; taking the absorption rate and the vari-
ability among iron requirements into account, an intake of about 1 mg of iron per
kg of body weight is recommended.

In children, about 0.8 mg of absorbed iron per day are required to replace iron
losses and for growth. Higher intakes recommended for the age of puberty com-
pensate for increased requirements of growth and in girls for menstrual losses.

A mixed diet provides 5 - 15 mg of non-haem iron and 1 - 5 mg of haem iron per
day [18]. In contrast to haem iron in food of animal origin, of which more than 
20% is absorbed, absorption of non-haem iron is reduced by absorption-inhibiting
ligands (e.g. tannins, lignins, oxalic acids, phytates and phosphates) in staple
vegetable foods (such as cereals, whole-grain rice, maize, peas, beans and
lentils) [7, 11, 16]. Other inhibitors of non-haem iron absorption are wheat bran,
calcium salts and milk products, soya products, black tea and coffee, also sali-
cylates (e.g. aspirin), antacids, iron exchangers, and clofibrates. Absorption of
non-haem iron is promoted only by meat, fish and poultry or by ascorbic acid
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[11, 16]. Data on the effect of alcohol on iron absorption are contradictory. 
Persons subsisting on a haem-deficient diet (e.g. vegetarians and vegans) must
concurrently eat absorption-enhancing ligands such as ascorbic or citric acid
(e.g. along with fruit). Altogether, hardly more than 5% of non-haem iron supplied
from food of vegetable origin is absorbed.

Because of the frequency and amount consumed and because of their iron con-
tent, bread, meat, sausages and vegetables are the most important sources of
dietary iron [1].

In certain cases iron overload may occur. Excessive absorption is found in
chronic alcohol abuse and in hereditary haemochromatosis [17], the latter lead-
ing to liver, pancreas and cardiac muscle damage with lethal consequences if the
patient is left without medical treatment. A prooxidant action of iron has also
been associated with myocardial infarction and cancer.
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Iodine

A. Recommended intake

Age Iodine Iodine
Germany WHO
Austria Switzerland

µg/day          µg/MJ1 µg/day          µg/MJ1

(Nutrient density)                 (Nutrient density)
m f m f

Infants
0 to under   4 months2 40 20 21 50 25 26
4 to under 12 months 80 27 28 50 17 17

Children
1 to under   4 years 100 21 23 90 19 20
4 to under   7 years 120 19 21 90 14 16
7 to under 10 years 140 18 20 120 15 17

10 to under 13 years 180 19 21 120 13 14
13 to under 15 years 200 18 21 150 13 16

Adolescents and adults
15 to under 19 years 200 19 24 150 14 18
19 to under 25 years 200 19 25 150 14 19
25 to under 51 years 200 20 26 150 15 19
51 to under 65 years 180 20 24 150 16 20
65 years and older 180 22 26 150 18 22

Pregnant women 230 25 200 22

Lactating women 260 24 200 19

1 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
2 Estimated value

B. Explanations

Dietary iodine and iodate are rapidly and nearly completely absorbed, the latter
after reduction to iodide. Given a continuous intake of 200 µg iodine/day about
15% is taken up by the thyroid gland within 24 hours. With lower iodine intakes
or an iodine depleted thyroid gland more iodine is absorbed due to an active
autoregulatory mechanism.
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Iodine acts as part of the thyroid hormones. It is linked to the body’s selenium
status through selenium containing iodine-thyronine deiodinases. The latter acti-
vate both conversion of the prohormone thyroxine (T4) to the active thyroid hor-
mone T3 and degradation of these hormonal compounds. The iodine content of
an adult has been estimated at 10 - 20 mg. 8 - 15 mg of these are found in the
thyroid gland. Iodine is mainly excreted through the kidneys after the thyroid hor-
mones are partly deiodized. 15 - 20 µg of iodine per day are excreted in the fae-
ces [1]. Urinary iodine excretion is frequently taken as a practicable measure to
assess a person’s iodine status.

According to a definition by WHO, Germany is among the world’s iodine-defi-
cient areas. These populations are at risk of iodine deficiency disorders, mainly
endemic goitre and endemic cretinism [7]. Goitre can also arise from causes
other than iodine deficiency, among them goitrogenic substances (e.g. gluco-
sinolates as goitrogens in cabbage, but also isothiocyanates, thiocyanates or
nitrates) [15]. 

The synthesis of thyroid hormone is the main parameter for deriving iodine
requirement. Variables to be considered are the re-utilization of iodine shown in
balance studies, the connection between iodine status and goitre frequency in
epidemiological studies, the relation between long-term iodine intake and iodine
content of the thyroid gland, and inactivation of active autonomous thyroid ad-
aptation mechanisms once a certain level of iodine intake has been exceeded.
To allow for these criteria, urinary iodine excretion in adults should not be less
than 100 µg/day. A median urinary iodine excretion of 108 µg/day for young men
was found in an iodine monitoring campaign in 1996 [11]. To ensure an adequate
iodine status, iodine excretion in the faeces (15 - 20 µg/day) must be compen-
sated for. It should also be considered that the iodine content of food varies
greatly depending on the region and season, that, furthermore, food preparation
may involve iodine losses and that a relatively low selenium intake could reduce
the amount of T3 converted from T4 (thyroxine). 

WHO proposes an intake of 2 µg iodine/kg of body weight per day [17]. For cor-
rection of prolonged iodine deficiency, however, higher intakes are needed to
replenish the thyroid gland with iodine.

The influence of goitrogenic compounds should be considered as well. The risk
of endemic goitre increases with increasing content of goitrogens in food and
drinking water. In school children a dose-effect relationship between nitrate load
and frequency of goitre has been shown [8]. The risk can be diminished by
increased iodine intake, as a competitive iodine antagonism exists for some of
the goitrogens.

Lasting iodine deficiency in Germany and the above mentioned influences were
reason to retain a recommended intake of 200 µg iodine/day as recommended
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up to now and not to follow WHO who proposed 150 µg/day in 1996. In
Switzerland, an iodized salt programme practised over decades has resulted in
better supply than in Germany and Austria and the WHO recommendations were
adopted.

Fetal iodine supply, iodine concentration in breast milk and iodine intake in an
exclusively breast-fed infant depend on the mother’s iodine status [16]. During
pregnancy iodine requirement is increased due to an increased renal blood flow
and concomitant increased urinary iodine excretion. Pregnant women therefore
should make sure that they obtain sufficient iodine; adequate daily intakes in
pregnant women are 230 µg in Germany and Austria and 200 µg in Switzerland.

During the lactation period, iodine excreted in breast milk has to be replaced. For
breast-feeding women, the recommended iodine intake is increased to
260 µg/day and 200 µg/day, respectively. Commercial infant formulae provide
adequate iodine quantities because of added sodium- and potassium-iodide. In
regions where iodine supply is critical, manifestations of goitre mainly affect
pregnant and lactating women but also the newborn and adolescents at the age
of puberty [7, 12]. 

The iodine content of food of vegetable and animal origin largely depends on the
iodine content of soils and the iodine supply of agricultural livestock leading to a
great variability among iodine contents. Saltwater fish and other seafood usual-
ly are rich in iodine; so are milk and eggs provided the animals were adequately
fed. Part of the iodine is lost during cooking. This also applies to iodine in iodized
table salt.

Iodized salt commercially available in Germany, a mixture of table salt and iodate,
contains iodine in quantities of at least 15 mg to a maximum of 25 mg/kg table
salt. It is legally registered for use in private households and catering institutions
and for industrial production of food intended for general consumption. Meat and
sausages may be produced using iodized nitrite salts (iodine content also
15 - 25 mg/kg). So-called ‘Reformsalz’ and ‘sea salts’, if non-iodized, only con-
tain insufficient iodine quantities. In individuals subsisting on an imbalanced
vegetarian or low-salt diet and in those with cow’s milk allergy, lactose intoler-
ance or fish allergy iodine supplementation in tablet form may be indicated upon
medical advice [5, 6, 9].

In Austria the iodine content of table salt was raised to 20 mg/kg by potassium
iodide in 1990. Although this enhanced the population’s iodine supply, low uri-
nary iodine excretion is still relatively common in children and adolescents [4].

Switzerland has consequently implemented their national iodized salt pro-
gramme (iodine content of 20 - 30 mg/kg table salt); as a result, the incidence of
goitre is very low.
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Iodine-induced goitre, genuine thyrotoxic crisis or iodide acne do not occur after
physiological quantities of dietary iodine or iodine from iodized table salt.
Complications of this kind have only been observed when the recommended
intake was exceeded by several orders of magnitude [13]. For the development
of iodine-induced goitre, a chronically increased iodine intake in unphysiological
quantities (e.g. iodine-containing medications, disinfectants) is a requirement.
The same applies to the development of hyperthyroidism in a concurrent
autonomous thyroid gland. Contrast media with prolonged retention time (e.g.
oral contrast media for use in cholecystographies) may, in cases of a concurrent
autonomous thyroid gland, induce hyperthyroidism.

The tolerable upper intake level according to WHO is 1 mg/day. In Germany as
well as in other countries [3, 14], however, unrecognized functional autonomia of
the thyroid gland must be expected, especially in older individuals following pro-
longed iodine deficiency. Under these conditions dietary iodine intake in adults
should not exceed 500 µg/day in general. This dose is incapable of inducing
acute severe hyperthyroidism in cases with concurrent compensated autonomia
of the thyroid gland. However, it is still capable of inducing hyperthyroidism,
depending on the progression of the autonomia and on the iodine dose [10].
These hyperthyroidisms become accessible to early therapy. Incidence of such
hyperthyroidism will clearly decrease with enhanced iodine supply of the popu-
lation [2]. Also Basedow hyperthyroid cases receiving medical treatment may use
iodized table salt and eat food containing iodized salt.
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Fluoride

A. Guiding values for total intake of fluoride (diet, drinking water and sup-
plements) and fluoride supplementation for dental caries prevention

Age Adequate total Recommended supplements taking into account
intake of fluoride the fluoride concentration of drinking water, and 

the use of fluoridated table salt (250 mg/kg)4,5

(mg/day)1,2,3 Fluoride in drinking water (mg/l)

< 0.3 0.3-0.7 > 0.76

m f Fluoridated Tablets Fluori- Tablets
table salt7 (mg) dated (mg) –

table
salt

Infants
0 to under   4 months 0.25 Tabl. 0.25 0.25 + 0.0 –
4 to under 12 months 0.5 Tabl. 0.25 0.25 + 0.0 –

Children
1 to under   4 years 0.7 Tabl. 0.25 0.25 + 0.0 –
4 to under   7 years 1.1 + 0.5 + 0.25 –
7 to under 10 years 1.1 + 1.0 + 0.5 –

10 to under 13 years 2.0 + 1.0 + 0.5 –
13 to under 15 years 3.2 2.9 + 1.0 + 0.5 –

Adolescents and adults
15 to under 19 years 3.2 2.9 + 1.0 + 0.5 –
19 to under 25 years 3.8 3.1 + 1.0 + 0.5 –
25 to under 51 years 3.8 3.1 + 1.0 + 0.5 –
51 to under 65 years 3.8 3.1 + 1.0 + 0.5 –
65 years and older 3.8 3.1 + 1.0 + 0.5 –

Pregnant women 3.1 + 1.0 + 0.5 –

Lactating women 3.1 + 1.0 + 0.5 –

1 The risk of fluoride accumulation (chronic overdosage) is very small because of the high growth rate
during the 1st half year of life. Because of delayed mineralization, fluorosis of the permanent teeth by
fluoride supplements during the first 6 months of life is neither to be expected nor has it been observed.

2 Fluoride intake from solid food, drinking water, beverages and food supplements. In prolonged intake
of doses exceeding the upper limit (about 0.1 mg/kg/day), especially during the age period of 2 to 8
years, enamel mottling (‘dental fluorosis’) may occur.

3 Corresponding to about 0.05 mg/kg body weight in infants and children.
4 Standard situation: fluoride in drinking water < 0.3 mg/kg, table salt not fluoridated, no special diet. A

brief fluoride history should be taken before fluoride tablets are prescribed.
5 Balanced diets, e.g. for treatment of metabolic disorders, are usually fortified. Then additional fluoride

intake is not recommended. Attention should be paid to the information provided by manufactures.
6 Fluoride content of drinking water (mg/l). If the water contains more than 0.7 mg/l, neither fluoride

tablets nor fluoridated table salt are recommended.
7 In Germany fluoridated table salt contains 250 mg of fluoride per kg of table salt. Intake of fluoride from

table salt in infants and young children is so low that additional fluoride tablets seem to be justified for
these age groups even if fluoridated table salt is used by the family (+).   
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B. Explanations

Fluoride is a normal constituent of the human body. Its concentration in bones
and teeth of about 200 - 2000 mg/kg is about 10,000 times that prevailing in
body fluids and soft tissues [1, 2, 3]. Because of its proven dental caries pre-
venting action, for which evidence has been found in many studies, fluoride has
been classified with those elements which are indispensable for human health
[2, 5]. There are indications that fluoride is involved in the mineralization of bones
and teeth [4, 11, 13]. Beneficial effects of low-dose fluoride supplements on
growth and dental eruption have been reported suggesting a general biological
importance of fluoride [2]. 

Dental caries is caused by many factors. Fluoride, if ingested in adequate quan-
tities, is beneficial for dental health in both the pre- and posteruptive phase of
dental development in that it enhances resistance to acid attacks by cariogenic
oral bacteria and intensifies remineralization of initial lesions.

For optimal dental health, fluoride intakes, on the one hand, must be sufficiently
high. On the other hand chronic excessive fluoride intake may cause enamel
mottling (dental fluorosis). Mild to moderate dental fluorosis is usually associated
with very low caries attacks and has no adverse effects on health. In regions
where the drinking water is fluoridated, minor dental fluorosis in up to 10% of the
population is regarded as harmless [5]. 

Water-soluble fluoride, e.g. sodium fluoride (NaF) is nearly completely absorbed.
The bioavailability of fluoride may be substantially reduced in the presence of
calcium, magnesium, aluminium, iron or other cations. Absorbed fluoride is
rapidly bound to the minerals in bones and teeth. Most of the non-retained or
metabolic fluoride is excreted through the kidneys. In balance studies infants and
small children retain 50 - 90% of soluble fluoride, adults only 10% or less. The
remaining fluoride is excreted through the kidneys and to a small extent also into
the intestine [1, 2].

Fluoride intake from the majority of foods is low. Children ingest 0.1 - 0.2 mg/day,
adults 0.4 - 0.6 mg/day. This applies to the majority of regions in Germany where
the fluoride content of drinking water is less than 0.3 mg/l [1, 2, 3]. 

Guiding values for adequate total intake of fluoride have been based on obser-
vations in regions with temperate climate where the fluoride concentration of
drinking water is about 1 mg/l and provides optimal protection against dental
caries [7]. There, the average daily intake in children is 0.05 mg of fluoride per kg
of body weight [5]. This quotient has also been taken as the basis for the guid-
ing values for adults.
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Low natural fluoride concentrations in drinking water have prompted many coun-
tries to slightly raise the fluoride level (fluoridation of drinking water). In Germany,
legal food regulations do not permit a general fluoridation of drinking water. Other
measures of fluoride prophylaxis have therefore been taken. According to sur-
veys, about 80% of infants and 40 - 60% of small and school children regularly
take fluoride tablets. In 1992 fluoridated table salt was commercially introduced;
its market share has ever since been continuously growing [1, 10]. These devel-
opments have been the reason to modify the practical guidelines for use of fluo-
ride supplements or fluoridated table salt [12]. Accordingly, private households
should only employ one form of systematic fluoride prophylaxis, i.e. either by
fluoridated table salt or fluoride tablets. Excepted from this rule are infants and
small children because they only ingest very small quantities of salt. They should
take fluoride tablets, even if fluoridated salt is used in their households [1, 12].

Fluoride supplements and fluoridated table salt are not required in regions with
naturally high fluoride concentrations (> 0.7 mg/l) in the drinking water.
Information about fluoride concentrations in regional drinking water may be
obtained from public health departments. If mineral water with a naturally high
fluoride content is continuously used in a household it should be considered as
high-fluoride drinking water [12].

In Germany fluoridated table salt contains 250 mg fluoride/kg [1, 10]. Health 
problems following excessive intake are unlikely to occur even when a diet
including fluoridated table salt is supplemented with fluoride tablets at the
recommended dose [1]. Health problems may arise, however, when, in addition,
toothpaste for adults which usually contains 1000 to 1500 mg of fluoride/kg is
used to brush the teeth of infants and school children and when the children
swallow major parts of the toothpaste [9]. 

Fluoride supplements have systemic and topical effects. In school children, ado-
lescents and adults the topical use of fluoride in the form of tooth paste and pro-
fessional dental applications (in addition to systemic prophylaxis, e.g. by fluori-
dated table salt) seems to be reasonable because their teeth are completely de-
veloped or erupted. During the first three years of life, however, fluoride-free
toothpaste should be used. If the practice of topical fluoride administration is
also extended to small children or even infants one should be aware of the risk
that major parts of the toothpaste are swallowed, leading to fluoride overdosage
[9] or even acute toxicity. Toothpaste for children under 6 years must have a low
fluoride concentration (250 to 500 mg/kg) and be dosed in the smallest portions.
Dental care using fluoride toothpaste in infants and small children would practi-
cally equal systemic fluoride administration; any other form of systemic prophy-
laxis, i.e. by fluoridated table salt or tablets, would then have to be stopped.
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Infants and children fed balanced formula diets need no systemic fluoride pro-
phylaxis because, in compliance with EU regulations, balanced diets are ade-
quately fortified with all trace elements including fluoride [8]. If, in exceptional
cases, diets are not fortified manufacturers have to explicitly point out this fact.
Those who are responsible for children fed special formula diets should take
notice of this point.

It is inadvisable to give fluoride supplements to premature and small-for-date
infants as long as they do not weigh at least 3000 g and continue to grow well.

Fluoride may have acute toxic effects if more than 1 mg of fluoride per kg of body
weight are ingested at once [5, 6]. First manifestations are nausea, vomiting and
abdominal pain. Chronic fluoride intakes only a little in excess of the recom-
mended doses, e.g. twice the guiding value for intake during the first 8 years of
life, elicit small symmetric, mostly band-shaped white opacities on the dental
enamel. Higher chronic overdoses may lead to brown staining of the teeth.
Hence, in children up to 8 years of age, maximum intakes should not exceed
0.1 mg/kg of body weight. Beyond the age of 8 years dental fluorosis as a con-
sequence of chronic fluoride overdosage is irrelevant because by then enamel
development is largely completed. 

Daily fluoride intakes of 10 mg or more over a period of 10 years at least are 
needed to affect the skeletal system. If the exposure in a region is still higher 
(20 - 80 mg/person/day for 10 years or more) moderate to severe skeletal fluo-
rosis is found; manifestations involve arthralgia and ankylosis due to ossification
of tendons and joint capsules [5].
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Zinc

A. Recommended intake

Age Zinc
mg/day mg/MJ1

(Nutrient density)
m f m f

Infants
0 to under   4 months2 1.0 0.5 0.5
4 to under 12 months 2.0 0.7 0.7

Children
1 to under   4 years 3.0 0.6 0.7
4 to under   7 years 5.0 0.8 0.9
7 to under 10 years 7.0 0.9 1.0

10 to under 13 years 9.0 07.0 1.0 0.8
13 to under 15 years 9.5 07.0 0.8 0.7

Adolescents and adults
15 to under 19 years 10.0 07.0 0.9 0.8
19 to under 25 years 10.0 07.0 0.9 0.9
25 to under 51 years 10.0 07.0 1.0 0.9
51 to under 65 years 10.0 07.0 1.1 0.9
65 years and older 10.0 07.0 1.2 1.0

Pregnant women
from the 4th month 10.0 1.1

Lactating women 11.0 1.0

1 Calculated for adolescents and adults with predominantly sedentary activity (PAL 1.4)
2 Estimated value

B. Explanations

Humans contain about 2 g of zinc, with greatly varying levels in individual organs
and tissues. About 70% is located in bones, skin and hair. Zinc is slowly metab-
olized in tissues. There are no large zinc stores in the body which could be mobi-
lized at times of shortage. Regular zinc intake is therefore essential.
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Zinc has specific metabolic functions such as constituent or activator of many
enzymes of the protein-, carbohydrate-, fat- and nucleic acid metabolism, of 
hormones and receptors as well as of insulin storage and in the immune system. 

Severe zinc deficiency leads to reduced taste sensation, poor appetite, derma-
titis, alopecia, diarrhoea and neuropsychic disorders. Retarded growth, dis-
turbed male sexual development and reproductive functions, delayed wound
healing and increased proneness to infections as manifestations of an impaired
immune system have all been reported [1, 2]. Acrodermatitis enteropathica is an
autosomal-recessively transmitted disorder caused by reduced dietary zinc
absorption. 

Zinc deficiency occurs in malabsorption syndromes, with total parenteral nutri-
tion, treatment with chelating agents and extensive burns. Infants are at higher
risk for zinc deficiency towards the end of the period of rapid growth. 

Net absorption of zinc has a considerable enteropancreatic circulation of zinc
superimposed. For meeting zinc requirement, however, utilization of dietary zinc
is of essential importance [9, 10]. The latter mainly depends on the net require-
ment, the level of intake and zinc status, but also on the chemical bonds of zinc,
interactions with other dietary components, and other conditions. Zinc absorp-
tion from food of animal origin is generally better than that from vegetable foods.
The bioavailability of zinc from cow’s milk is much lower than from human milk.
This is due to absorption-promoting ligands (peptides, amino acids and citrate)
in human milk and absorption-inhibiting factors in cow’s milk (casein, calcium).
The complexing agents histidine and cysteine enhance absorption while phytic
acid, which binds zinc, inhibits absorption. To release zinc from the phytic com-
plex a microbial phytase is needed which is not synthesized in the human body.
Vegetarians, due to the higher intake of dry mass, ingest one third more zinc than
persons on a mixed diet [8], but zinc bioavailability from a vegetarian diet is
lower. A high-calcium diet also reduces zinc absorption. Zinc utilization is also
influenced by stress, surgical treatment, parasitic diseases and infections. The
average absorption rate for zinc from a mixed diet today is estimated at about
30% [7, 13]. 

Zinc requirements are derived from zinc balance studies and from the replace-
ment of obligatory zinc losses [1, 4, 7]. The obligatory excretory and dermal loss
of zinc has been found to be 2.2 mg/day in men and 1.6 mg/day in women [4].
Given an average absorption rate of 30%, requirement for zinc replacement in
men is about 7.5 mg/day and in women 5.5 mg/day. Adding an allowance of
30% corresponding to a coefficient of variation of 15% one arrives at a rec-
ommended intake of 10 mg/day for men and of 7.0 mg/day for women. These
values, owing to most recent insights into absorption rate and obligatory loss of
zinc, are lower than those provided in the 5th revised edition (1991) of
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Empfehlungen für die Nährstoffzufuhr (Recommendations on Nutrient Intake) of
the DGE. 

Exclusively breast-fed infants receiving an average of 1.0 mg of zinc per day [12]
in 750 ml of breast milk are adequately supplied. Four months post partum the
zinc concentration in breast milk is about 1.2 mg/l [11]. Zinc intake increases
when the infant is fed supplementary food [6]. In children and adolescents, rec-
ommended intakes have gradually been adapted to age to ensure a largely con-
stant nutrient density.

The average daily extra requirement for absorbed zinc has been estimated at 
0.8 mg for the second half of pregnancy and at 1.0 mg for the period of lacta-
tion. Although adaptation mechanisms assumed to ensure better zinc absorption
during pregnancy have been a matter of recent debate and although zinc sup-
plementation yielded no advantages [5], increased intakes of 3 mg/day starting
in the second trimester and of 4 mg/day during the lactation period seem advis-
able.

Good sources of zinc are beef, pork, poultry, eggs, milk, and cheese. High-zinc
food (e.g. whole wheat grain) may sustain great losses during food processing
and preparation (e.g. flour, depending on the extraction rate achieved by milling).
However, zinc concentrations may also increase by cooking or during storage of
acid-containing food or in water in electro-galvanized containers. 

The threshold of zinc toxicity is very high. Zinc intoxication may follow intake of
acid-containing food or water from galvanized containers. Acute intoxication by
e.g. 2 g of zinc causes gastrointestinal disorders and fever; chronic intoxication
with > 110 mg per day leads to hypochromic anaemia and neutropenia, proba-
bly due to interaction with copper [3]. Even short-term intakes of about 50 mg of
zinc per day interfere with iron and copper metabolism [14]. Zinc intakes of more
than 30 mg/day are therefore advised against.
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Selenium

A. Estimated values for adequate intake

Age Selenium

µg/day

Infants
0 to under    4 months 5-15
4 to under  12 months 7-30

Children
1 to under    4 years 10-40
4 to under    7 years 15-45
7 to under  10 years 20-50

10 to under  13 years 25-60
13 to under  15 years 25-60

Adolescents and adults
15 to under  19 years 30-70
19 to under  25 years 30-70 
25 to under  51 years 30-70
51 to under  65 years 30-70
65 years and older 30-70

Pregnant women 30-70

Lactating women 30-70

B. Explanations

Selenium has essential functions as part of glutathione-peroxidases, deiodases,
thioredoxin reductase, plasma selenoprotein P and of some other seleno-
cysteine-containing proteins of the reproductive organs [15, 18]. The four glu-
tathione peroxidases known so far degrade hydrogen peroxide, low-molecular
hydroperoxides and phospholipid hydroperoxides. Iodine thyronine deiodases
are essential for activation and conversion of the prohormone thyroxine (T4) to
the active thyroid hormone triiodothyronine T3; they also contribute to the
degradation of thyroxine and T3 [8]. The enzymatic function of thioredoxin reduc-
tase is linked to the presence of selenocysteine. Thioredoxin reductase mediates
- either directly or via thioredoxin - the reduction of protein disulfide bridges of
several other biomolecules and primarily of transcription factors. It thus influ-
ences processes of cellular proliferation and differentiation. Selenoprotein P and
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other selenoproteins are assumed to have antioxidant action [2]. Epidemiological
studies indicate direct anticarcinogenic and protective effects of selenium.
Furthermore, they have provided evidence for immunomodulatory effects of
selenium or selenoproteins. Protection of lipids against oxidation involves a syn-
ergistic relationship between selenium and tocopherols [3]. 

A relationship has been reported between inadequate selenium intake and
Keshan disease, a cardiomyopathy; deficiency symptoms appear when selenium
intakes fall below 10 µg per day [4]. Selenium deficiency has also been observed
in patients on long-term total parenteral nutrition not supplemented with seleni-
um. Signs of deficiency included muscular dysfunction. Selenium intakes may
also be inadequate in newborn infants on total parenteral nutrition, with special
diets (e.g. PKU diet) [10] and absorption disorders (mucoviscidosis, short gut
syndrome, etc.). Kashin-Beck disease, an osteoarthropathy, has been attrib-
uted to low selenium intake, but iodine deficiency or mycotoxins are also dis-
cussed. 

In patients on chronic dialysis very low plasma selenium concentrations and
plasma glutathione peroxidase activities are frequently measured; after a long
time, values may be as low as those prevailing in regions deficient in selenium.
Here selenium supplementation may be indicated. Whether this equally applies
to persons at risk for higher selenium losses (patients suffering from trauma,
severe burns, blood losses, and with increased selenium excretion in urine and
faeces) remains  to be clarified. 

Further risk groups for inadequate selenium intake are individuals on unbalanced
diets, e.g. strict vegans, and on low-energy and low-protein diets [12].

So far, recommendations for selenium intake, including estimated safety factors,
were derived from plasma glutathione peroxidase activity after selenium supple-
mentation in selenium deficiency diseases. In the meantime, however, other
essential selenocysteine-containing proteins have been discovered; thus, diag-
nostic endpoints of adequate or optimal selenium status are still a matter of sci-
entific debate [9]. There is a varying dependence of different glutathione peroxi-
dase activities on the availability of selenium so that maximum activities are
achieved at different selenium concentrations. Furthermore, increases in plasma
selenoprotein activity as a result of selenium supplementation depend on the 
chemical selenium compound used (sodium selenite, selenomethionine con-
taining yeast or other organic selenium compounds) [1].

In 1989 the recommendation (RDA) by the National Research Council of the USA
(0.87 µg/kg body weight = 70 µg for men and 55 µg for women) was based
on saturation of the classical glutathione peroxidase. In 1996 WHO recom-
mended selenium intakes (based on two-thirds saturation of glutathione
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peroxidase activity) of 30 µg/day for women and of 40 µg/day for men [20]. These
values do not yet account for the preferential saturation of deiodases and seleno-
protein P discovered recently. A recent study in New Zealand which allowed for
two-thirds saturation of glutathione peroxidase, deiodases and selenoprotein P
arrived at a lower estimate of 39 µg of selenium per day which the authors con-
sider to be a realistic reference value [7].

In 1989 the daily dietary selenium intake in West German adults was 47 µg for
men and 38 µg for women [11]. More recent duplicate studies arrived at average
intakes in German adults of 41 µg/day for men and 30 µg/day for women [6]; in
adult Austrians intakes averaged 35.5 µg/day [14]. These levels largely cor-
respond to those obtained in duplicate studies in neighbouring countries
(Belgium 31 µg, Sweden 40 µg and France 48 µg/day) [6, 13, 16]. Given dietary
habits common to these countries unequivocal signs of selenium deficiency have
not been reported. In Germans on a typical diet plasma selenium concentrations
are in the normal range (> 50 µg/l) [3]. More recent data from Switzerland indi-
cate a better selenium status than in Germany due to high-selenium cereals
imported from the USA. Serum selenium concentrations in the Swiss were
between 64 and 102 µg/l [22]. The data in Europe and the present state of knowl-
edge suggest that 30 - 70 µg of selenium per day ensure an adequate intake. As
actual intakes are close to the lower limit of this range and as selenium has been
found to enhance antioxidative capacity (see section II, page 194) selenium sup-
ply among Europeans should be kept under careful observation. 

Dietary selenium supplementation has so far not been sufficiently substantiated
nor does it seem necessary at present. Utilization of dietary supplements in the
body depends on the kind of selenium compound ingested and on the compo-
sition of the diet. Selenomethionine, even if taken in small doses, has been found
to lead to selenium storage after saturation of glutathione peroxidase. Whether
these stores are harmless or not remains to be shown (e.g. storage of selenium-
heavy metal complexes in internal organs, transfer to fetus and infant). Another
argument which speaks for a restriction to natural dietary selenium intake is pro-
vided by the fact that Germany is not yet among the regions with adequate
iodine supply. An isolated increase in selenium intake could activate deiodases,
so that more thyroxine would be converted to triiodothyronine. Consequently,
hypothyroidism might be induced by inhibition of TSH release [19].

Selenium is mainly supplied from meat, fish and hen’s eggs. Good sources are
also lentils and asparagus. In Germany, little selenium from the average soil is
available to plants; so vegetable protein, cereals and bread contribute only insig-
nificantly to dietary selenium supply, in contrast to USA and Canada where soils
contain more selenium. Potential losses of the highly volatile selenium during
food processing as well as imbalanced diets should therefore be avoided.
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Data on selenium content in breast milk vary greatly [17]. This is due to considerable
regional differences and partly also to the failure to notice a substantial decrease
in the selenium concentration of breast milk in the early lactation period. During
the first months of life, low selenium intake is sufficient as selenium has been
stored in the liver before birth. Dietary selenium levels increase once the infant is
fed supplementary food.

Estimated values for adequate intake in children have been interpolated from the
known ranges in infants and adults with reference to nutrient density. 

The level of adequate selenium intake in pregnant and lactating women is still a
matter of scientific debate. 

The efficacy of selenium intakes in excess of the estimated values in preventing
myocardial infarction, cancer or disorders of the immune system has not yet
been sufficiently clarified [3, 5] (see section II, page 193). Intakes exceeding the
estimated values therefore cannot be recommended. 

No toxic effects have been observed after acute and after prolonged therapeu-
tically indicated administration of 200 - 400 µg selenium per day under medical
supervision. Whether, and to what extent, even higher therapeutic doses of sele-
nium given for a short period in intensive-care medicine, surgery or radiation
therapy will be beneficial or elicit toxic effects remains to be clarified in prospec-
tive controlled studies which have yet to be conducted. In adults signs of chron-
ic selenium intoxication have been observed at daily doses of 800 µg selenium
and more [21].   
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Copper, Manganese, Chromium, Molybdenum

A. Estimated values for adequate intake

Age Copper Manganese Chromium Molybdenum
mg/day mg/day µg/day µg/day

Infants
00 to under    4 months 0.2-0.6 -1 01-010 7
04 to under  12 months 0.6-0.7 0.6-1.0 20-040 20-040

Children
01 to under    4 years 0.5-1.0 1.0-1.5 20-060 25-050
04 to under    7 years 0.5-1.0 1.5-2.0 20-080 30-075
07 to under  10 years 1.0-1.5 2.0-3.0 20-100 40-080
10 to under  15 years 1.0-1.5 2.0-5.0 20-100 50-100

Adolescents and adults 1.0-1.5 2.0-5.0 30-100 50-100

1 No data available; see text pages 184 and 185

B. Explanations

Copper

The average copper content of the human body is 80 - 100 mg. Copper is a con-
stituent of several metalloenzymes, most of which belong to the endogenous
antioxidative system. Copper has an essential function as part of ceruloplasmin,
the most important transport protein for copper. It catalyzes oxidation of bivalent
iron which is the stored iron form, to trivalent iron which is subsequently bound
to transferrin. Thus copper is involved in iron metabolism.

Insufficient intake of copper may cause hypochromic microcytic anaemia despite
high iron concentrations in the liver. Other symptoms of copper deficiency are
leucocytopenia, granulocytopenia, occurrence of bone fractures due to osteo-
porosis, spontaneous vascular ruptures and aneurysms because of a disturbed
synthesis of collagen and elastin, reduced pigmentation of hair and skin, and,
at the advanced stage, neurological disorders. Blood loss is always accompa-
nied by loss of copper. Characteristics of copper deficiency, furthermore, are
found in the kinky-hair syndrome, a rare hereditary disturbance in copper metab-
olism which does not respond to copper supplementation and is already fatal in
infants [23]. 
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In adults, about 1.25 mg of copper per day are sufficient to replace faecal and
urinary losses  [19]. WHO estimates the average requirement at 11 µg/kg of body
weight [29]. The Population Reference Intake specified by the Scientific
Committee for Food (SCF) is 1.1 mg of copper per day [9]. Estimated values for
adequate intake, according to the results of investigations, are in the range of
1.0 - 1.5 mg of copper per day. In Germany, where copper intake has increased
in the last 10 years, the average daily dietary intake in 1996 was 1.1 mg in women
and 1.2 mg in men [5].

Copper concentrations in human milk decrease from 0.6 to 0.2 mg per litre dur-
ing the first six months post partum. An exclusively breast-fed infant receives
about 60 µg of copper per kg body weight per day on average. The infant’s
requirement for copper during the first months of life is solely met by breast milk
[10]; this is due to fetal copper stores in the newborn’s liver [28] and to the high
absorption rate. 

Good sources of copper are cereal products, innards (liver), fish, crustaceae,
nuts, cocoa, chocolate, coffee, tea and some green vegetables. Copper bioavail-
ability varies between 35 and 70% [9, 12].

High copper concentrations in drinking water (> 10 mg/l) have been associated
with liver damage in infants, so-called early infantile liver cirrhosis [15]. For rea-
sons of health, copper tubes must not be used for well water with a pH of < 7.3.
Copper concentrations should be below 2 mg/l water in order to avoid potential
injury.

Manganese

The human body contains about 10 - 40 mg of manganese. Relatively high man-
ganese concentrations are found in bones. Among manganese metalloenzymes
are pyruvate carboxylase, manganese-superoxide-dismutase, and glycosyl-
transferase; the latter catalyzes proteoglycan synthesis in cartilaginous tissue
and in epiphyseal growth plates. In addition, manganese activates many other
enzymes, mostly non-specifically.

So far, signs of manganese deficiency in humans have only been reported in
some individuals on total parenteral nutrition. In other species, signs of man-
ganese deficiency have included delayed growth, skeletal abnormalities, dis-
turbed or depressed reproductive function, severe neurological disorders in new-
borns and defects in lipid and carbohydrate metabolism.
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Neither a deficiency nor overdosage is assumed to occur at an intake of 2 - 5 mg
manganese per day in adults [27]. From balance studies, however, a requirement
of 0.74 mg per day has also been derived [13] which secures all physiological
functions, but allows for no body reserves. Data on manganese requirement in
humans are still unsatisfactory; hence only estimated values for adequate intake
are given.

Analyses of total diets in Germany and in the USA yielded an average daily man-
ganese intake of 2.7 mg in men and 2.4 mg in women [5, 21]. 

Breast milk, with about 7 - 14 µg of manganese per litre [25], contains only low
manganese concentrations. Predominantly positive manganese balances have
nevertheless been found in breast-fed infants [11]. Manganese intake increases
considerably when supplementary food (Beikost) is introduced into the infant’s
diet. Infants at the age of six and twelve months have been found to ingest aver-
age daily doses of 71 and 80 µg, respectively, per kg body weight [14]. These
data provided the basis for the estimated values for adequate manganese intake
during the first year of life. Estimated values for children and adolescents were
derived by extrapolation on the basis of body weight and assumed food intake.

Food of vegetable origin contains more manganese than animal food. Good 
sources are tea, leek, lettuce, spinach, strawberries and oat flakes. 

Manganese, if ingested in large quantities, is toxic. A toxic threshold value can-
not be indicated, however. Intoxications caused by manganese-containing food
have not been reported. In children on prolonged artificial nutrition neurological
disorders have been observed after intravenous administration of manganese in
combination with zinc and copper.

Chromium

Chromium is actively involved in carbohydrate metabolism, even though the
structure of a postulated glucose tolerance factor remains to be elucidated.
Chromium intakes < 20 µg per day impair glucose tolerance. Clinical signs of
chromium deficiency including insulin-resistant hyperglycaemia, hyperlipid-
aemia, weight loss, peripheral neuropathy and ataxia have only been observed
after prolonged parenteral nutrition [6]. Intravenous administration of trivalent
chromium corrected the deficiency. In patients with disturbed glucose tolerance
and low chromium intake, supplementation with chromium enhanced carbohy-
drate metabolism [4].

The absorption rate of dietary chromium is usually about 0.5%, maximally 3%.
US Americans ingest on average less than 50 µg of chromium per day [3, 18, 20]
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without known signs of deficiency. In Germany dietary chromium intake meas-
ured in duplicate studies was 61 ± 31 µg/day in women and 84 ± 55 µg/day in
men [5]. Lactating women, however, showed a moderately negative balance; it
was corrected after the lactation period by high levels of dietary chromium.

WHO has estimated adult requirement at 20 µg of chromium per day. This
amount secures all physiological functions but no body reserves [29]. Adding a
certain requirement for body reserves one arrives, in the absence of satisfactory
data, at an estimated value for adequate intake in adults of 30 - 100 µg of
chromium per day. 

Although the chromium content in breast milk may be low (0.18 µg/l) [2], breast-
fed infants are adequately supplied. In view of the low absorption rate, estimat-
ed values for adequate chromium intake extend over a relatively wide range.
Estimated values for infants and children have been extrapolated assuming
equally wide relative ranges and age-related energy intakes.

Appreciable quantities of chromium are contained in meat, liver and eggs, and
also in oat flakes, tomatoes, lettuce, cocoa and mushrooms. 

No abnormalities have been observed even after chronic intake of 200 µg of
chromium per day. Toxicity of dietary trivalent chromium is very low, in contrast
to the toxicity of the occupational hazard; hexavalent chromium dusts contain-
ing it are known to be carcinogenic.

Molybdenum

Molybdenum is a constituent of the enzymes xanthine oxidase, sulphite oxidase,
and aldehyde oxidase. For the latter, a compound of molybdenum and pterine is
a cofactor. A cariostatic effect of molybdenum has also been suggested.

So far, signs of molybdenum deficiency have only been observed in patients on
prolonged parenteral nutrition [1, 22]. The molybdenum-pterine cofactor is
involved in a rare hereditary metabolic disorder [22]. Common to all cases of
molybdenum deficiency was an impairment of the metabolism of sulphur amino
acids and nucleotides as well as functional disorders of nerves and brain.

The absorption rate of molybdenum is high; about 80%. In recent well controlled
balance studies 4 healthy young men who ingested 22 µg of molybdenum
per day over 102 days showed no clinical signs of deficiency [26] but functional
losses of molybdenum-dependent enzymes could not be excluded [8]. In
Germany in the last few years intake of molybdenum from mixed diets has
increased to 89 µg/day in women and 100 µg/day in men [16]. The concentration
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of molybdenum in colostrum is 15 µg/l but decreases rapidly to 1 - 2 µg/l in
mature breast milk [7]. Formula-fed infants under 3 months ingest more than
6 µg of molybdenum per day from adapted infant formulae and 12 - 27 µg per
day from partly adapted infant formulae [17]. 

In view of the lack of satisfactory data, adequate intake of molybdenum has been
estimated at 50 - 100 µg per day in adults. Estimated values for infants [24] and
children have been extrapolated in the same way as for chromium. 

Good sources of molybdenum are pulses (peas, lentils, beans) and cereals.

Long-term exposure, due to environmental conditions, to extremely high intakes
of molybdenum (10 - 15 mg per day) has been assumed to cause symptoms
characteristic of gout. Increased renal copper excretion has also been recorded.
The risk of copper depletion due to increased intake of molybdenum therefore
cannot be excluded. 

Other trace elements

Our present state of knowledge gives reason to assume that other trace ele-
ments such as cobalt and nickel could as well be components or activators of
essential compounds (proteins, hormones, enzymes or other functionally impor-
tant substances).

Cobalt which is a constituent of vitamin B12 is capable of non-specifically acti-
vating several enzymes. It is only essential as part of vitamin B12. A deficiency of
vitamin B12 cannot be corrected by cobalt supplementation. An estimated value
for adequate intake therefore is neither possible nor necessary. Excessive
intakes of inorganic cobalt have been reported to produce cardiac muscle dam-
age in humans.

Nickel is (by definition) also a trace element. For nickel, as for manganese and
molybdenum, signs of deficiency in humans have not been reported so far
because there are sufficient quantities of this element in food to meet human
requirements. Exceptions are individuals on parenteral nutrition not containing
these trace elements, or subjects with genetic defects. Humans contain 0.5 mg
of nickel. Adequate intakes have been estimated at 25 - 30 µg per day [29].
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Ultratrace elements

Ultratrace elements have been defined as all other elements, the essentiality of
which has been confirmed in animal experiments using semi-synthetic diets over
several generations and for which signs of deficiency have occurred under these
extreme conditions. Their special physiological functions are still unknown, how-
ever. Dietary intake of these elements, according to the present state of knowl-
edge, obviously satisfies the requirements of animals (and humans) as pertinent
signs of deficiency have so far not been reported. The detection of biochemical
functions in essential tissues and organs would qualify them as trace elements. 

Ultratrace elements comprise:

aluminium (Al) antimony (Sb) arsenic (As) barium (Ba)
bismuth (Bi) boron (B) bromine (Br) cadmium (Cd)
caesium (Cs) germanium (Ge) lead (Pb) lithium (Li)
mercury (Hg) rubidium (Rb) samarium (Sm) silicon (Si)
strontium (Sr) thallium (Tl) titanium (Ti) tungsten (W)

All inorganic body constituents, if ingested in excess, may produce intoxication
by blocking the action of essential compounds, entering into interactions with
other elements, or initiating a re-distribution of essential compounds in the body
and thus causing diseases.  
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Section II: Preventive aspects of nutrients and food
components

In the Western world the risk of deficiency diseases has decreased considerably
in the last few decades owing to diets mostly supplying too much energy but
ensuring adequate intake of essential nutrients. This explains - at least in part -
the continuous increase in mean life expectancy [54]. Statistics have shown that
the incidence of degenerative diseases is also increasing [11]. They include
different types of cancer, skeletal, muscular and connective tissue diseases as
well as neurological and psychiatric disorders, not to forget a high incidence of
cardiovascular diseases. This trend which is due to a larger proportion of older
individuals in our society is also promoted by unfavourable dietary behaviour.
Adverse effects of high-fat and high-energy diets have already been discussed
in the chapter on ‘Fat’ (see page 37). A simple, but very efficient means of pre-
vention is avoiding or lowering the classical risk factors for atherosclerosis (obes-
ity, hypertension, diabetes mellitus, dyslipoproteinaemia) and for cancer (obesity,
smoking, alcohol).

Epidemiological, biochemical and molecular-biological studies have furnished
conclusive evidence for a relationship between the incidence and course of cer-
tain chronic diseases and dietary habits and lifestyle-associated factors. This
underlines impressively that different food components, in addition to their nutri-
tive value, have important ‘preventive’ properties. Dietary recommendations,
accordingly, must also consider preventive aspects of nutrients.

In determining nutritive reference values scientists can rely on standard proce-
dures (e.g. biochemical parameters of nutrient status or of nutrient doses pre-
venting or correcting signs of deficiency). Furnishing evidence for the ability of
nutrients to prevent health disorders in the long run is much more difficult.
Usually, such protective effects are only detected in long-term studies under
controlled conditions. Such studies, furthermore, require suitable and detectable
biomarkers. In vitro studies and short-term interventions frequently provide infor-
mation about potential mechanisms, but not about long-term effects. This also
applies to probiotics. 

The reliability of epidemiological studies increases from population studies
through case-control studies and cohort studies up to randomized placebo-con-
trolled intervention studies [9, 50]. Observational studies also include dietary epi-
demiology which provides important knowledge for formulating recommenda-
tions to the public [37]. 

In fact, satisfactory and reliable data on preventive effects have so far only been
available for a few nutrients. Although epidemiological studies suggest a relationship
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between diets and the risk of certain diseases, it is still unclear at present
- except for some extremely rare cases - which food components are responsi-
ble for the effect. 

Based on the most relevant literature, the role of selected nutrients in the pre-
vention of different diseases will be discussed in the following section and, as far
as possible, be combined with corresponding recommendations.

Compounds effective in the body’s antioxidative protective system

Special importance for the prevention of chronic degenerative diseases has been
attached to the antioxidative capacity of the human organism. The development
and course of atherosclerosis or cancer, age-related macular degeneration,
cataracts, inflammatory arthropathies, photo-ageing of the skin, and some other
diseases are assumed to be caused by reactive oxygen species. Convincing evi-
dence for the effectiveness of antioxidant supplementation has not been furnish-
ed in any of these diseases; so only atherosclerosis and cancer, those diseases
most frequently listed in the statistics of the causes of death will be discussed. 

Antioxidative capacity results from the total of endogenous and exogenous pro-
tective mechanisms, ensuring an equilibrium of pro- and antioxidants. It varies
from individual to individual. Antioxidants may be of enzymatic or non-enzymat-
ic nature. A nutritional protective effect implies that an impaired equilibrium
between pro- and antioxidants (oxidative stress) can be corrected by intake of
enzyme cofactors of the endogenous antioxidative  enzymatic protective system
(e.g. selenium, copper, manganese, zinc) or of antioxidants of the exogenous
non-enzymatic protective system (ascorbic acid, tocopherols, carotenoids,
flavonoids and other phytochemicals).

The imbalance is probably not corrected by a single antioxidant, but by intake of
a mixture of different antioxidants present in food and predominantly in food of
vegetable origin. Ascorbic acid for example is not only a water-soluble radical
scavenger; it also serves the regeneration of vitamin E which, among other
things, prevents lipids from being oxidized by virtue of its fat-soluble chain-
breaking radical scavenger function. Synergisms of this kind have been found to
exist also among other antioxidants.

A statistical analysis of retrospective and prospective epidemiological studies
allows the conclusion that the risk of degenerative chronic diseases and of car-
diovascular diseases and cancer in particular is reduced, in the sense of primary
prevention, by early, regular and high consumption of vegetables, fruit and
whole-grain cereal products [5, 47]. This effect is mainly attributed to the
intake of natural antioxidants associated with such a dietary regimen, mainly
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vitamin C, vitamin E, ß-carotene and selenium. There has been no scientific evi-
dence, however, for a causal connection between isolated antioxidants, e.g. vita-
min E or the cofactor selenium, and protection against myocardial infarction or
cancer. 

The finding, verified in numerous studies, that a high intake of vegetables, fruit
and whole-grain cereal products is associated with a lower risk for cancer [5]
gave reason to initiate comprehensive intervention studies which should docu-
ment the effectiveness of individual food components in the primary prevention
of cancer. Three large prospective placebo-controlled intervention studies in
about 70,000 individuals could not demonstrate a reduced incidence of lung
cancer or of cancer in general. Supplements of ß-carotene (20 - 30 mg per
day), vitamin A (25,000 IU per day) and/or vitamin E (50 IU = 33.5 mg of �-toco-
pherol equivalents per day) were given either singly or in combination over 4 - 13
years [26, 40, 56]. Intervention studies using ß-carotene have been the most con-
tradictory [40, 43, 56]. They give reason to assume that intake levels and plasma
concentrations of ß-carotene are only indicators of vegetable consumption. 

In the development of cancer, antioxidative protectants are, if at all, most effec-
tive at an early stage. Later their effect is unsatisfactory or actually promotes
tumor growth. Unfavourable results obtained in one of these studies in a sub-
group of smokers who received ß-carotene supplements, and the reason for dis-
continuing another in which ß-carotene and vitamin A were supplemented have
been interpreted accordingly [40, 56]. Thus caution should be exercised in sup-
plementing ß-carotene in the case of smokers [39]. ß-Carotene supplements fail
to produce a protective effect against lung cancer; in smokers they have even
been found to be detrimental with regard to the incidence of lung cancer and
mortality [1].

Another intervention study in China in about 29,000 individuals whose diets were
supplemented with ß-carotene, �-tocopherol and selenium succeeded in reduc-
ing mortality; this was due, among other things, to a 13% lower cancer in-
cidence [6]. Because of the generally poor nutritional situation in the region con-
cerned it has been doubted, however, whether these results are transferable to
other countries, especially those with adequate nutrition.

Diets containing much vitamin C from fruit and vegetables are associated with a
lower risk for cancer, especially of the oesophagus, stomach and colon.
Intervention studies using vitamin C as a supplement failed to reduce the inci-
dence of gastric and colonic cancer, however. Nor could the risk for coronary
heart disease be reduced; the data on vitamin C were unconvincing [10, 36]. 

A relationship verified in several epidemiological studies between low plasma
concentrations of antioxidative vitamins and a greater risk for coronary heart
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diseases gave the impetus to carry out further investigations [18]. An additional
analysis of one of the intervention studies against cancer for primary prevention
of coronary heart diseases did not show any significant beneficial effect [44, 56].
Two large prospective observational studies may be interpreted in such a way
that supplementation with daily doses > 100 IU of vitamin E (> 67 mg of �-toco-
pherol equivalents) over at least two years is accompanied by a reduction in
myocardial infarction rate of > 30% [48, 52]. An influence of a previously
poorer supply cannot be excluded, however. Shorter periods of supplementation
and doses < 100 IU/day showed no beneficial effect [53].

So far, there has been no conclusive evidence for an effect, in the sense of pri-
mary prevention, against cancer or myocardial infarction in intervention studies
in which antioxidative food components were administered, either singly or in
combination, to adequately nourished populations. From this it has been con-
cluded that the effect of antioxidants  as found in epidemiological studies is con-
fined to antioxidants in natural systems or in combination with other effective
dietary components. This interpretation is supported by a prospective observa-
tional study in 34,000 postmenopausal women in whom supplementation with
up to 250 IU of vitamin E and more (> 168 mg of �-tocopherol equivalents) per
day over 7 years had no significant effect on the incidence of coronary deaths
while a much lower dietary vitamin E intake (without supplement) showed an
effect which depended on the amount of dietary vitamin E ingested [33]. 

Based on epidemiological data, certain plasma antioxidant concentrations in
healthy adults have been regarded as guiding values for primary prevention of
cancer and cardiovascular diseases. They have been derived from prospective
studies and case studies and from comparisons of countries with large cohorts
of test persons (e.g. the Basel study [13], US Health Professionals Study,
NHANES, Edinburgh angina case study, WHO MONICA project). These plasma
concentrations are: �-tocopherol > 30 µmol/l (lipid-corrected: 220 mg/dl choles-
terol [5.7 mmol/l], 110 mg/dl triglycerides [1.3 mmol/l]), vitamin C > 50 µmol/l,
and ß-carotene > 0.4 µmol/l [3]. For selenium, > 50 µg/l is regarded as a normal
and desirable plasma concentration because at lower levels reduced activity of
the glutathione peroxidase (GPx) function in the organism must be expected [4].
It has so far not been possible to delineate guidance values of a desirable plas-
ma concentration for other phytochemicals with antioxidant action or for trace
elements besides selenium which have a cofactor function in the enzymatic
antioxidative system.

In 1995 a consensus conference specified daily intakes of 75 - 150 mg of vita-
min C, 15 - 30 mg of vitamin E (�-tocopherol equivalents) and 2 - 4 mg of
ß-carotene [3] for healthy individuals not exposed to oxidative stress to reach the
above desirable plasma concentrations. The VERA study has shown that in
Germany these daily intakes of the vitamins C and E and of ß-carotene and  sele-
nium are readily obtained in a normal diet [4, 28, 49].
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It must be expected, however, that these guiding values of desirable plasma
concentrations are not always achieved in, or are not sufficient for individ-
ual persons despite balanced nutritious diets. This may be due to the inter- and
intraindividual variability of the dependence of plasma concentrations on intakes
and to increased requirement caused by oxidative stress. In such special
cases supplementation of antioxidative vitamins may be indicated upon
medical advice (see page 12). Supplementation should not be used for com-
pensation of an unbalanced diet or an unhealthy lifestyle. Excepted from this rule
are older individuals, especially those living alone, who, because of their living
conditions, subsist on imbalanced and inadequate diets. Because usually sever-
al nutrient deficits prevail in these cases balanced liquid formulae should
be ingested between meals; this applies in particular to old persons who are
sick (see pages 16 and 17).

Secondary prevention by antioxidants has been clearly defined in preventive
medicine and focusses in patients with coronary heart disease on vitamin E. Out
of several prospective intervention studies for secondary prevention [21, 45, 55],
strictly speaking, only one, the double–blind, placebo–controlled CHAOS study
conducted over 2 years showed that doses of 400 and 800 IU of vitamin E/day
(about 270 and 540 mg of �-tocopherol equivalents) reduced the number of non-
fatal myocardial infarctions. However, the number of fatal infarctions and cardio-
vascular mortality were as little influenced in this study [55] as they were in
another in which 75 IU (50 mg of �-tocopherol equivalents) per day were given
[45]. Also the most recent study of this kind using 450 IU (300 mg of �-tocopherol
equivalents) was not successful in preventing coronary heart disease [21].
Numerous repeated claims that high-dose supplements prevent heart disease
had already been critically addressed and questioned [24, 25]. 

By a meta-analysis of the results of all descriptive, case-control, prospective and
randomized double-blind and placebo-controlled studies an attempt was made
to clarify the possible role of vitamin E in preventing the manifestation and
progression of atherosclerotic heart disease by different mechanisms [12].
Establishing a relationship between LDL oxidation and atherosclerosis was prob-
lematic. Later, in a critical evaluation of the large intervention studies (Physicians
Health, CHAOS and ATBC study) the effectiveness of secondary prevention in
coronary heart disease patients was even questioned in principle [46]. This scep-
ticism is supported by a more recent prospective study in men at high risk for
coronary heart disease [14] in whom a relationship between plasma concentra-
tions of fat-soluble antioxidants (vitamins A and E, carotenoids) and the frequency
of myocardial infarction was not observed.

The biochemical and pathophysiological knowledge accumulated so far
demonstrates the need for antioxidative protection. The preventive effect of
antioxidants administered either as isolated substances or in certain combina-
tions still remains to be verified in further intervention studies [34]. Today’s
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knowledge of synergisms among antioxidative compounds rather speaks for
ingesting them along with a balanced mixed diet. For these reasons preventive
doses of antioxidative food components are not shown here; instead, the effec-
tiveness of a balanced mixed diet and of a healthy lifestyle is underlined.

The therapeutic use of antioxidants in pharmacological doses and the admin-
istration of antioxidants in high-dose preparations for secondary prevention of
myocardial infarction as well as the indications and control of effectiveness are
matters for the medical profession.

Phytochemicals

Recent studies in different experimental and mostly in vitro systems have shown
bioactive substances in plant foods to have many physiological and pharmaco-
logical effects [57]. These findings are supported by data obtained in epidemio-
logical studies on the protective effect of diets rich in whole-grain products and
in fruit and vegetables in particular. The importance of dietary fibre in these foods
is pointed out on pages 51 and 52.

For some phytochemicals, plasma and urine concentrations in humans have
been found to correlate with a lower risk for tumor and cardiovascular diseases
[22, 29, 42]. The physiological effects ascertained and a potential preventive role
in tumorigenesis have raised the question whether guiding values or estimated
values for intake of phytochemicals should be established as well [23, 31, 58].
Signs of deficiency following inadequate intake of phytochemicals, in contrast to
essential nutrients, have not been reported. The National Academy of Sciences
of the United States (Institute of Medicine, Panel on Dietary Antioxidants) has
released a DRI for ß-carotene as the first phytochemical [2]. This is not possible
for other phytochemicals such as flavonoids and phytooestrogens in view of the
lack of  satisfactory data. The German Nutrition Society released a guiding value
for ß-carotene as far back as 1991 (see also page 62).

Phytochemicals may be subdivided into different groups according to their
chemical structure and functional properties [57]. The most important of these
are carotenoids, phytosterols, glucosinolates, flavonoids, phenolic acids, pro-
tease inhibitors, monoterpenes, phytooestrogens, and sulphur compounds.

Depending on the diet, up to 14 carotenoids may be present in the blood
of humans, among which ß-carotene and lycopene prevail. The total daily intake
of carotenoids is about 6 mg. In epidemiological studies a diet rich in high-
carotenoid fruit and vegetables correlated with a reduced risk for cardiovascular
diseases and cancer. Carotenoids had anti-carcinogenic action in animal exper-
iments; this could be due to antioxidative and immunomodulatory mechanisms.
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However, in intervention studies 20 mg of ß-carotene per day failed to reduce the
risk of cancer [26, 40, 56].

Phytosterols, which are found in nuts and seeds, differ in their chemical structure
from cholesterol by an additional side chain. Because of this similarity they
interfere with absorption of cholesterol in the small intestine. A daily intake
of 1.5 - 3 g of phytosterols in the form of sandwich spread (10 times the average
dietary content) can lower plasma cholesterol concentration by about 10%; how-
ever, it also reduces absorption of carotenoids.

Glucosinolates are found in all cruciferous vegetables (e.g. all cabbage species,
radish, mustard). Their degradation leads to sulfur-containing isothiocyanates
and to indoles. Many epidemiological studies have shown an inverse corre-
lation between the intake of cabbage vegetables and the risk of cancer. In cell-
culture systems and in animal and human studies an activation of carcinogen-
detoxifying enzymes has been shown [57]. 

Flavonoids comprise about 5000 different phenolic compounds which are pres-
ent in the majority of dietary plants. Their spectrum of action is wider than that
of other phytochemicals. Their antioxidative action probably inhibits the devel-
opment of atherosclerosis and cancer. This assumption is supported first by
results of epidemiological studies on the relationship between flavonoid intake
and the incidence of myocardial infarction [27, 32]. Flavonoids, furthermore,
could also interfere with cancer development by other demonstrated mecha-
nisms (e.g. regulation of cellular growth) [57]. Immunomodulatory effects of
flavonoids observed in different experimental systems have not been sufficiently
investigated in humans.

Protease inhibitors from dietary plants reduce the activity of physiological pro-
teases (e.g. trypsin). They have been assumed to have anticancer effect. Their
mechanisms of action (e.g. inhibition of tumor-specific proteases) differ from
those of other phytochemicals. Protease inhibitors have also been assumed to
show antioxidative action.

Monoterpenes, e.g. menthol or limonene, are potential anticancer substances.
They can, according to experimental findings, interfere with the regulation of cel-
lular growth (proliferation) e.g. by reducing the formation of cellular growth-pro-
moting compounds.

Phytooestrogens bind to the same receptors as body oestrogens, however, with
a substantially lower hormonal effect. Theoretically, they could interfere with
carcinogenesis, especially of breast and prostate cancer, and favourably influ-
ence cardiovascular diseases and osteoporosis.
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Sulphides such as allicin are contained in garlic and other plants of the onion
family. In vitro, they have antimicrobial, anticancer, antioxidative and anti-inflam-
matory effects. There has also been evidence suggesting an influence on blood
pressure and the immune system [57].

For many phytochemicals satisfactory data on their content in food, bioavailabil-
ity, transport and metabolization are not available. Their mechanisms of action
are, at best, only partly elucidated and criteria for optimal intake are not known.
Some of them have also been shown to exhibit toxic effects as a function of their
concentration. The fundamental importance of setting upper limits to the benefi-
cial dietary intake for isolated phytochemicals has been exemplified by
ß-carotene [39]. At present, however, neither recommendations nor limitations of
intake can be scientifically substantiated.

It is undisputed, however, that phytochemicals play a part in the protective effect
of high fruit and vegetable intake. The World Cancer Research Fund/American
Institute for Cancer Research recommend that at least 7% of the calories needed
for energy should be provided by fruit and vegetables [58]. Given a reference
value for energy input of 8.5 MJ (2000 kcal) this would correspond to 400 g of
fruit and vegetables per day. A diet rich in fruit and vegetables provides phyto-
chemicals, complex carbohydrates, vitamins, minerals and dietary fibre but usu-
ally little fat. The German Nutrition Society, therefore, recommends ingestion of
about 400 g of vegetables and 250 - 300 g of fruit per day. Fruit and vegetables
should be consumed 5 times per day ideally along with meals but also in
between meals. The recommendations for vegetables exceed those for fruit
because epidemiological studies have shown vegetables to have a greater pro-
tective potential than fruit. The great variety of vegetables, fruit and whole-grain
cereal products should be used to benefit from the numerous phytochemicals
they contain [17, 51, 59]. This could probably reduce the risk of certain neoplas-
tic diseases and coronary heart disease [19, 35].

It is not advisable to take food supplements containing phytochemicals in con-
centrated form as a substitute for a diet rich in fruit and vegetables. The
bioavailability of phytochemicals from food supplements has scarcely been
investigated. In addition, it is not known which phytochemicals if taken singly
show preventive action and in what quantities.

Folate / folic acid

Numerous epidemiological investigations and case-control studies in particular
have shown that increased plasma homocysteine concentrations are associated
with a higher risk for atherosclerosis and that hyperhomocysteinaemia is an
independent risk factor for myocardial infarction [7]. A threshold or guiding value
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for the plasma homocysteine concentration cannot be unequivocally defined,
however. The range suggested varies from 16 µmol/l to 10 µmol/l.  

Metabolic and epidemiological studies have furnished evidence that plasma
homocysteine concentrations are inversely proportional to blood folate concen-
trations. This is due to the fact that given a low folate concentration not enough
methyl groups are available to convert homocysteine to methionine. The impor-
tance of two different genotypes of an enzyme involved has not been clarified
[38]. Besides folate, vitamins B6 and B12 also affect methionine metabolism.

Furthermore, many investigations have shown an inverse correlation between
folate status and the occurrence of colorectal and (to a lesser extent) other
tumors [16, 20]. The results of published studies do not provide conclusive evi-
dence, however, that increased folate, vitamin B6 and vitamin B12 intake lowers
the risk for cancer and cardiovascular diseases [38].

Uncontroversial, however, are prophylactic recommendations (beyond the nutri-
tive ones) for a pharmacological supplementation of the diet with folic acid to
prevent fetal neural tube defects. Women planning a pregnancy or capable of
becoming pregnant should ingest 0.4 mg of supplementary folic acid per
day already before conception through the first trimester to prevent neural tube
defects. Women who have a child with a neural tube defect and who are plan-
ning another pregnancy are advised to take 4.0 mg of folic acid per day before
conception in order to prevent a neural tube defect in the next child.

Vitamin K

Recently, evidence has been mounting that vitamin K plays an active part in the
development of skeletal strength. Vitamin K has a cofactor function in the �-car-
boxylation of glutamyl residues in several bone proteins, including osteocalcin.
Elevated serum levels of undercarboxylated osteocalcin and low serum vitamin K
concentrations are associated with reduced bone density and increased risk
for hip fractures. In more than 70,000 women aged 38 - 63 years participating in
the prospective Nurses Health Study a significantly lower risk for hip fractures
was found with adequate intake of vitamin K [15]. This finding correlated with the
intake of one or more portions of salad per day. In a double-blind placebo-controlled
intervention study with 90 mg of vitamin K2 (menatetrenone) per day adminis-
tered to 39 patients with osteoporosis bone density increased by 2.2% while it
decreased by 7.3% in the placebo group within 24 weeks [41]. Further interven-
tion studies in larger samples over a prolonged time are necessary to confirm
these indications of a vitamin K effect in preventing osteoporosis. 
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Conclusions

It becomes obvious from these observations that the goal, described earlier in
this chapter, to correlate different preventive effects on health disorders with indi-
vidual nutrients and food components has not yet been accomplished. There are
many indications indeed, especially those relating to antioxidative vitamins, but
no conclusive results of intervention studies substantiating recommendations for
the intake of individual nutrients. Placebo-controlled intervention studies in
healthy test persons over prolonged periods of time are hardly feasible.
Therefore, biomarkers for certain diseases which permit an assessment to be
made after a reasonably short time are being sought. As little is known about
such biomarkers and because of the need of their careful validation it will prob-
ably be a while before safe conclusions can be drawn. Without doubt, it will also
be necessary to focus attention not only on individual nutrients, but also on com-
binations of nutrients as studies have shown that protective effects involve the
concurrent and synergistic action of several nutrients.

Uncontroversial is, however, that a diet rich in fruit and vegetables fully complies
with the demand for preventive and health promoting nutrition. The supply with
antioxidative, immunologically positively evaluated nutrients is clearly enhanced
by diets composed of food of predominantly vegetable origin. Underlined should
be the immense diversity of nutrients which can be assumed to be responsible
for the protective actions observed. Investigations have shown, however, that in
Austria, Switzerland and Germany the recommendation to eat more fruit and
vegetables is not being complied with [8, 11, 30]. For Germany an intake of only
290 g of fruit and vegetables has been found instead of 650 g as advised by
DGE. Further efforts must be taken e.g. by educational campaigns (‘5 a day’) to
convince the public of the benefits involved making a change in one’s dietary be-
haviour worthwhile and encouraging consumption of healthful diets.

The possibility of enhancing nutrient supply, especially in risk groups, by nutri-
ent-fortified and functional food is also being discussed. But in view of today’s
knowledge it makes little sense to ingest individual nutrients in high doses. This
is underlined by the fact that too little is known about potential side-effects
caused by high dosages.
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Section III: Appendix

Tables
Table I:  Recommendations, estimated values, guiding values

Recommendations1 Estimated values2 Guiding values3

Protein ß-Carotene4 Energy

Essential fatty acids Vitamin E Fat

Vitamin A Vitamin K Cholesterol

Vitamin D Pantothenic acid Carbohydrates

Thiamin Biotin Dietary fibre

Riboflavin Sodium4 Alcohol

Niacin Chloride4 Water

Vitamin B6 Potassium4 Fluoride

Folate / folic acid Selenium   

Vitamin B12 Copper

Vitamin C Manganese

Calcium Chromium

Phosphorus Molybdenum

Magnesium

Iron

Iodine

Zinc

1 Recommended nutrient intake see table II
2 See table III (except for ß-carotene, sodium, chloride, potassium)
3 Not in table II or III; see tables and text in the corresponding chapters
4 Not in table III (data referring to ß-carotene, sodium, chloride, potassium are provided in the text)
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Table II: Recommended nutrient intake per day *

Appendix

Age

Infants
0 to under 4 months
4 to under 12 months

Children
1 to under   4 years
4 to under   7 years
7 to under 10 years

10 to under 13 years
13 to under 15 years

Adolescents and 
adults
15 to under 19 years
19 to under 25 years
25 to under 51 years
51 to under 65 years
65 years and older

Pregnant women

Lactating women

Protein
g/kg1/day

m           f

Protein
g/day

m           f

Essential
fatty acids
% of energy
n-6     n-36

Vitamin A
mg RE7

m           f

Vitamin D9

µg
Thiamin

mg

m            f

Riboflavin
mg

m           f

Niacin
mg NE12

m            f

4.0

3.5

3.0

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.5 

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5 

0.9

1.1

1.1

1.0

1.0

1.0

1.0

0.56

0.66

0.66

0.76

0.86

0.9

1.0

0.9

0.8

0.8

0.8

0.8

1.14

1.58

1010

1010

0510

0510

0510

0510

0510

0510

0510

0510

0510

1010

0510

0510

1.211

1.411

1.311

1.311

1.211

1.111

1.011

0.26

0.46

0.66

0.86

1.06

1.011

1.111

1.011

1.011

1.011

1.011

1.011

1.244

1.411

1.4

1.611

1.5

1.5

1.4

1.3

1.2

0.36

0.46

0.76

0.96

1.16

1.2

1.311

1.2

1.2

1.2

1.2

1.2

1.54

1.6 

15111

1811

171

171

161

151

131

026

056

076

106

126

13111

1511

131

131

131

131

131

154

171

2.7 / 2.0 / 1.52

1.3 / 1.13

1.0

0.9

0.9

0.9

0.9 

0.9           0.8

0.8

0.8

0.8

0.8

12 / 10 / 102

10 / 103

14 13

15 17

24 24

34 35

46 45

60 46

59 48

59 47

58 46

54 44

584

635

* Guiding values for intake of energy, fat, cholesterol, carbohydrates, dietary fibre, alcohol, water and fluoride and data
about �-carotene, sodium, chloride and potassium are to be found in the corresponding chapters

1 Related to reference weight
2 0-1 / 1-2 / 2-4 months; see also text in the chapter ‘Protein’
3 4-6 / 6-12 months; see also text in the chapter ‘Protein’
4 From the 4th month of pregnancy
5 About 2 g of additional protein per 100 g of secreted milk
6 Estimated value
7 1 mg of retinol equivalent = 1 mg of retinol = 6 mg of all-trans-�-carotene = 12 mg of other provitamin A-carotenoids

= 1.15 mg of all-trans retinyl acetate = 1.83 mg of all-trans retinyl palmitate; 1 IE = 0.3 µg retinol
8 About 70 µg of additional retinol equivalents per 100 g of secreted milk
9 1 µg = 40 IU; 1 IU = 0.025 µg
10 The German Paediatric Society (Deutsche Gesellschaft für Kinderheilkunde) recommends for prophylaxis of

rickets in breast-fed and non-breast-fed infants a vitamin D tablet of 10-12.5 µg (400-500 IU) daily, starting upon
completion of the 1st week of life throughout the 1st year of life, independent of vitamin D production by UV light 
in the skin and vitamin D intake with human milk or infant formulae (basic vitamination). Prophylaxis may be 
continued in the winter months of the 2nd year of live

11 The large value results from the relation to energy supply (table 4, page 26)
12 1 mg niacin equivalent = 60 mg of tryptophan
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Table II

Vitamin B6
mg

m         f

Folate
µg FE13

Vitamin B12
µg

Vitamin C
mg

Calcium
mg

Phosphorus
mg

Magnesium
mg

m          f

Iron
mg

m           f24

Iodine
µg

D28, WHO,
A      CH

Zinc
mg

m             f

1.6

1.5

1.5

1.5

1.4

0.16

0.36

0.46

0.56

0.76

1.06

1.46

1.2

1.2

1.2

1.2

1.2

1.94

1.9

606

806

20014

30014

30014

40014

40014

40014

40014

40014

40014

40014

60014

60014

0.460

0.8156

1.0156

1.5156

1.8156

2.0156

3.0156

3.0156

3.0156

3.0156

3.0156

3.015 

3.515

4.016

0 50614

05514

06014

07014

08014

09014

10014

10017

10017

10017

10017

10017

11014

15018

2206

4006

600

700

900

110014

120014

120014

100014

100014

100014

100014

100019

100020

1206

300

500

600

800

1250

1250

1250

700

700

700

700

80021

90022

230

310

400

400

350

350

350

0 246

060

080

120

170

25023

31023

35023

31023

30023

30023

30023

31023

39023

12

12

12

10

10

10

10

0.56,

825

8

8

10

25, 26

15

15

15

15

15

10

10

30

2027

0406

080

100

120

140

180

200

200

200

200

180

180

230

260

050

050

090

090

120

120

150

150

150

150

150

150

200

200

9.0

9.5

10.0

10.0

10.0

10.0

10.0

1.06

2.06

3.06

5.06

7.06

7.0

7.0

7.0

7.0

7.0

7.0

7.0

10.04

11.0 

13 Calculation based on the total of folate-active compounds in the usual diet = folate equivalents 
(acc. to the new definition)

14 Women planning a pregnancy or capable of becoming pregnant should ingest a supplementary 400 µg of synthetic
folic acid (= pteroyl-monoglutamic acid/PGA) to prevent neural tube defects in the infant. Supplementary folic acid
intake should begin not later than 4 weeks before pregnancy and be continued throughout the first trimester.

15 Especially to maintain nutrient density
16 About 0.13 µg of additional vitamin B

12
per 100 g of secreted milk

17 Smokers 150 mg/day 
18 Taking vitamin C secreted with 750 ml of breast milk into account
19 Pregnant women under 19 years 1200 mg
20 Lactating women under 19 years 1200 mg
21 Pregnant women under 19 years 1250 mg
22 Lactating women under 19 years 1250 mg
23 Pregnant women under 19 years 350 mg
24 Non-menstruating women who are neither pregnant nor breast-feeding a child: 10 mg/day
25 Except for premature infants
26 Dietary iron is not required before the 4th month due to the newborn’s reserve of placental iron (Hb iron)
27 This applies to breast-feeding and non-breast-feeding women for replacement of iron losses during pregnancy
28 D = Germany, A = Austria, CH = Switzerland, WHO = World Health Organization

0.56, 25, 26

825

2027
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Table IV: Energy and nutrient content in breast milk and infant formulae

Nutrient Breast milk1,2 Infant formulae3,4

Average Variability
(per 100 g) (per 100 g) (per 100 g)

Energy (kJ) 288 — 250-315
Energy(kcal) 69 — 60-75
Protein (g) 1.13 1.03-1.43 1.3-2.15

Fat (g) 4.03 3.50-4.62 3.1-4.6
Linoleic acid (g) 0.41 0.29-0.61 0.21-0.84
Carbohydrates (g) 7 — 5-10
Vitamin A (µg)6 69 53-74 42-126
Carotenoids (µg) 3.0 — —
Vitamin D (µg) 0.07 0.01-0.12 0.7-1.75
Vitamin E (mg)7 0.28 0.15-0.54 ≥ 0.5/g of polyunsaturated 

fatty acids
Vitamin K (µg) 0.48 0.3-4.0 ≥ 2.80
Thiamin (µg) 15 13-17 ≥ 28
Riboflavin (µg) 38 30-44 ≥ 42
Niacin (mg) 0.17 0.13-0.20 ≥ 0.56
Vitamin B6 (µg) 14 9-17 ≥ 25
Folate*/folic acid+(µg) 8.0* 3.7-8.5* ≥ 2.8+

Pantothenic acid (mg) 0.21 0.16-0.26 ≥ 0.21
Biotin (µg) 0.58 0.40-1.00 ≥ 1.05
Vitamin B12 (ng) 50 30-100 ≥ 70
Vitamin C (mg) 6.5 3.5-7.8 ≥ 5.6
Sodium (mg) 13 12-19 14-42
Chloride (mg) 40 32-49 35-88
Potassium (mg) 47 46-64 42-102
Calcium (mg) 29 22-41 ≥ 35
Phosphorus (mg) 15 12-17 18-63
Magnesium (mg) 3.2 2.9-5.0 3.5-10.5
Iron (µg) 58 26-58 350-10508

Iodine (µg) 5.1 0.5-9.0 ≥ 3.5
Fluoride (µg) 17 13-25 —
Zinc (µg) 134 74-390 350-1050
Selenium (µg) 3.3 1.0-5.3 ≤ 2.18

Copper (µg) 35 22-77 14-56
Manganese (µg) 0.71 0.70-1.40 —
Chromium (µg) 4.1 3.0-80 —
Molybdenum (µg) 1.0 — —  

1 Souci, S. W., Fachmann, W., Kraut, H.: Die Zusammensetzung der Lebensmittel. Nährwert-Tabellen. 6. Aufla-
ge, medpharm Scientific Publishers, Stuttgart (2000)

2 Mature breast milk (≥ 10 days post partum)
3 Extracts from the EC regulations governing infant formulae and follow-on formulae 91/321/EWG; 96/4/EC)
4 Calculated from original data (data per 100 kcal were converted)
5 Cow’s milk proteins
6 Retinol equivalents
7 Tocopherol equivalents
8 For products to which the respective nutrient has been added

— Data not available
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Abbreviations

m = male
f = female
BW = Body Weight
IU = International Units
kJ = Kilojoule
MJ = Megajoule
kcal = Kilocalories
kg = Kilogram
mg = Milligram
µg = Microgram
l = Litre
ml = Millilitre
µmol = Micromol
mosm = Milliosmol

DGE = German Nutrition Society
DRI = Dietary Reference Intakes
ÖGE = Austrian Nutrition Society
PAL = Physical Activity Level
RDA = Recommended Dietary Allowances
SGE = Swiss Society for Nutrition Research
SVE = Swiss Nutrition Association
VERA = Cooperative study: Nutrition Survey and Risk Factor Analysis
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