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Foreword

The National Food Administration (NFA) has the responsibility for the
management of the Swedish food composition database. For the surveillance of
food habits, consumption of foods and intake of nutrients, the food database is a
prerequisite. It is also used in processing food consumption data from
epidemiological studies and for calculating nutrient intake of individuals in the
field of food guidance. 

Consequently, there is a great need for the food composition database to
contain correct and appropriate information. At the NFA massive resources have
been spent on developing a food database fulfilling these demands.

A step towards this target is to complete the database with more nutrient
losses and gains factors. Ms L. Bergström at the Nutrition Division, has made a
great effort in compiling, organizing and publishing this document on Nutrient
Losses and Gains in the preparation of foods, together with the reports on NLG
References and Yields for foods and dishes.

This document will be of importance for improving the quality and
compatibility of food composition databases in Europe.

U Hagman M Sc
Head of Nutrition Division
National Food Administration
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Foreword

The objective of the FLAIR Eurofoods-Enfant Project, funded by the Food-Linked
Agro-Industrial Research (FLAIR) Programme of the Commission of the
European Communities, Directorate-General XII, is to improve the quality and
compatibility of food consumption and food composition data in Europe. One of
the activities of the Project was to support the work on nutrient losses and gains
factors.

At a meeting of the Eurofoods group in Wageningen in 1983, the Nutrient
Losses and Gains Project was established and Ms L. Bergström became the project
leader. The aim of the project was to collect data related to nutrient losses and
gains in the preparation of foods with a view to recommend factors for use with
the calculation of the nutrient content of foods and recipes.

Since 1983, questionnaires were developed and results analysed, and infor-
mation on nutrient losses and gains factors and references was compiled. This
work resulted in three reports, Nutrient losses and gains in the preparation of
foods, Nutrient losses and gains references, and Yields for foods and dishes in
Europe, which are combined in this document. 

The document provides an important step towards the systematic compilation
of data on nutrient losses and gains.

On behalf of FLAIR Eurofoods-Enfant Project, I would like to extend my
thanks to Ms L. Bergström for coordinating the work on nutrient losses and gains
and for preparing the final document, and to all persons who have contributed to
this work.

C.E. West, PhD DSc
Project Manager
FLAIR Eurofoods-Enfant Project
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Introduction

This document contains the following parts: 

Page header Name
Introduction Introduction includes a short description of the 

different parts of the document, together with 
explanations and definitions of some terms.

NLG Project NLG Project 1983-1993 is an historical background of
Eurofoods´ and FLAIR Eurofoods-Enfant´s Nutrient 

losses and gains project.

NLG Overview Nutrient losses and gains in the preparation of foods
Report is an overview report containing general, basic infor-

mation on cooking, recipes, weight and nutrient
changes due to preparation and processing (cooking) of
foods and the use of nutrient retention or nutrient yield
factors in nutrient calculation of recipes.
   Three appendices deal with yield, water and lipid 
composition of some foods after processing; yield 
factors for nutrients to be used in recipe calculation;
and a description of a recipe calculation system. 

NLG Reference Nutrient losses and gains references contain 
Report references dealing mainly with the NLG area but also 

with some adjacent areas. The references have been 
gathered by the NLG project members. 
   An appendix gives information about the country and 
language codes used in the report.

Yield Report Yields for foods and dishes in Europe is a collection 
of weight yields and weight changes obtained in the 
preparation or/and in processing of foods and 
dishes and expressed in per cent. These values, which
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can be used as factors in recipe calculation, have been 
obtained from government agencies, food industries, 
food branch organisations, test kitchens, training 
schools for restaurant staff, teachers of home
economics, dietitians and others.
   Three appendices are included, the first a list of 
processing terms used in this document, the second 
Langual's list of cooking methods, and the third a 
form for yield studies.

NLG Future Future NLG activities contains some comments on 
how to continue the European NLG work. 

Acknowledgements Acknowledgements to all persons who have 
participated in different ways in the NLG Project work.

Terminology
COST European Cooperation in Scientific and Technical 

Research.

Dish A single food or a mixture of foods prepared according 
to a recipe.

Enfant European Network on Food and Nutrition Tables.

Eurofoods A group of people working towards improvement and 
dissemination of food composition data in Europe. This
group continued its work within the FLAIR Eurofoods- 
Enfant Project and then later on in COST Action 99.

EuroNIMS A food information management system, developed 
in Belgium for several European national partners.

FDA Food and Drug Administration.

FLAIR Food-Linked Agro-Industrial Research.

FLAIR A Project, funded by the Commission of the Euro-
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Eurofoods-Enfant pean Union, and entitled: 'Improvement of the 
Project quality and compatibility of food consumption and 

food composition data in Europe'. The Project started in
October 1990 and ended in March 1994.

Food Commodity - raw food, product, dish, prepared food -
intended for human consumption.

INFOODS International Food Data Systems.

Ingredient A food included in a recipe.

ISBN International Standard Book Number.

Langual Langue des aliments or language of food is an 
automated method for describing, capturing and 
retrieving data about food. It has been developed by the 
Center for Food Safety and Applied Nutrition (CFSAN)
of the U.S. Food and Drug Administration (FDA).
Since1975 it is an ongoing cooperative effort of 
specialists in food technology, information science and
nutrition.
Langual is based on the concept that:
* Any food can be systematically described by a 
combination of descriptors/factors (14 types).
* These factors are divided into four main groups:
Food origin, Processing operations, Packing and 
packaging and other information, and coded for 
computer processing.
* The resulting combined factor codes can be 
used to retrieve data about the food.
See Yield Report Appendix 2, page 212, Langual. 
Factor G. Cooking Method. 

NLG Nutrient Losses and Gains (in the preparation of foods).

Nutrient yield or A term used for what is retained of nutrients,
Nutrient retention especially vitamins and minerals, in food or dish after, 

e.g. storage, preparation, processing, warm holding or 
reheating. Nutrient yield or retention is usually 
expressed as a percentage of the nutrient content of the 
food before storage or different treatments.
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Nutrient yield factor A nutrient yield or retention used as factor, e.g. in 
or Nutrient retention calculation of recipes.
factor

Processing method Used to describe the method of processing, which is 
primarily cooking in this context.

Product Food commercialized under a specific brand name 
by a manufacturer.

Recipe A list of ingredients needed to prepare a dish and a 
description of the preparation of that dish.

Recipe step An individual step in the preparation of a dish 
involving some or all ingredients in the recipe.

Weight change A term used for loss or gain of weight in food or dish 
after e.g. storage, preparation, processing, warm 
holding or reheating. Weight change is the yield value
expressed in per cent minus 100.

Weight change factor A weight change used as factor, e.g. in nutrient 
calculation of recipes. 

Yield or A term used for what is obtained of a food or dish
Weight yield after, e.g. storage, preparation, processing, warm

holding or reheating. Yield is usually expressed in per 
cent.

Yield factor or A yield or weight yield used as factor, e.g. in nutrient
Weight yield factor calculation of recipes.
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NLG Project 1983-1993

The Eurofoods project on Nutrient Losses and Gains in the preparation of foods,
the NLG project, was established in 1983 at the Eurofoods Workshop in
Wageningen. The aim of the project was to collect data related to nutrient losses
and gains in the preparation of foods so that factors can be recommended for use
in the calculation of the nutrient content of recipes (1).

Year by year the work on the NLG project has been as follows.

1985
Before the Eurofoods meeting in Norwich, questionnaires were sent out to the
country representatives participating in the NLG project, to some food institutes
and to some firms in the food industry. The requested information was on the
following topics: Description of recipe calculation systems in Europe; Recipes for
10 dishes which had been both analysed and calculated; Comparisons of
ingredients and nutritive values for the recipes; NLG research in Europe; NLG
references; and suggestions on what should be included in an European NLG data
base. A comprehensive report was compiled by Lena Bergström and Antal Bognár
(2). This is unpublished, but a summary of the work was presented at the Norwich
meeting (3).

At the National Food Administration in Sweden, Hans Sverredal, the head of
the Data Processing Division, agreed to a pilot study to build a model for an NLG
database. Work on this model was performed by system analyst Hernán Isakson.
The model was reported and demonstrated at the Norwich meeting (4). The
National Food Administration could not at that time obtain funds to create a NLG
database, but the experience from this work was later used both in the Swedish
NUTSYS project (5) and more recently in the EuroNIMS system.

A request for 25 typical national recipes went out to the NLG project
members. 10 of these recipes were selected to be included in the next NLG
comparison of calculated dishes. The 25 recipes from the NLG members were
intended for a "European Cookbook for Tourists". It was later decided that the
Eurofoods Project on Food Tables for Tourists and Other Travellers in Europe
should take over the planned cookbook. The recipes were therefore transferred to
that project.

Work on the NLG project proceeded slowly, because lack of funds
necessitated the use of existing staff whose time was committed to other work. In
order to continue the NLG project work more efficiently, a proposal for funds was
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made to INFOODS. The proposal was rejected, and as before the actual work had
to continue on a voluntary basis.

1986
New requests for funds for continuing the NLG work were made to several
organizations, but no financial assistance was given.

1987
The questionnaire sent out in 1987 dealt with: Recipe calculation; Yields for
dishes; NLG factors; References; Calculation of 10 recipes.

It included questions about the way of calculating recipes, standard recipes
and the source of the recipes, standard weights and standard yields of foods,
standard factors for weight changes, fat changes, salt content, standardized
amounts of flouring and breading for foods, handling losses in foods and dishes,
procedures to fill-in missing values for catering and industry foods, and
substitution of ingredients in the recipes.

Some information collected from these forms was reported at the 1987
Eurofoods meeting in Warsaw (6).

1989
A review of nutrient losses and gains in the preparation of foods, with some
information based on the 1987 forms included, was given at the Eurofoods
meeting in Uppsala, 1989 (7).

1990
At the Swedish National Food Administration work on NLG standard factors at
the recipe level was undertaken. Factors were applied to 11 vitamins (vitamin A,
�-carotene, vitamin C, thiamin, riboflavin, niacin, B6, folate, B12, pantothenic
acid, biotin). Separate factors were determined for preparation without heat and
the cooking methods of boiling, shallow frying and baking or roasting. These were
used for all food groups, except meat and poultry, for which alternative factors
were derived. The NLG factors were based on mean values (some values were
modified) of factors published by different government agencies.

1991
These above-mentioned NLG factors were briefly presented at the FLAIR
Eurofoods-Enfant project meeting in Greece (8).

1992
A report dealing with various factors considered in calculating recipes was given
at the 1992 FLAIR Eurofoods-Enfant meeting in Ireland (9).
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1993 - 1994
Preparations of hand-out papers on 'nutrient losses and gains' were made for the
third annual meeting of the FLAIR Eurofoods-Enfant Project in Portugal (10).
Among other things, three draft reports were compiled:

1. Nutrient losses and gains in the preparation of foods. 
2. Nutrient losses and gains references.
3. Yields for foods and dishes in Europe.

Drafts of these reports were discussed at a workshop in Portugal. 
In 1994, the three reports were published in one document by the National

Food Administration, Sweden
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Nutrient losses and gains in the
preparation of foods. Overview report

'Hundreds of studies of nutritive losses during cooking have been made but there
are still many unknowns in this complex field'. These words are quoted from a
speech held by Bernice Watt in Washington in 1949 (6861).

Today the NLG studies performed are more numerous and the field is still
more complex, depending on the development of the science of nutrition; the
improvement in chemical analytic techniques; new cultivars of vegetables and
fruits; changed animal composition due to breeding; harvest, slaughter and storage
conditions; new or modified production and processing methods including
cooking methods; factors which all may affect both weight and nutrients.

The aim of the NLG project was to collect data related to nutrient losses or
gains in the preparation of foods with a view to recommend factors for use in the
calculation of the nutrient content in foods and recipes. Two main types of factors
are needed: yield, weight yield or weight change factors and nutrient yield or
nutrient retention factors. 

Cooking
There are several reasons why food is cooked, but the main ones are to make food
more attractive in taste, colour and texture, and safer by destroying pathogenic
micro-organisms and toxic substances, as well as to make nutrients more
available, for example proteins and carbohydrates. 

In cooking, the heat can be transferred in different ways, e.g.:

Conduction: Transmission of heat by contact. Frying food without
fat in a frying pan is one example.

Convection: Transport of heat by movement of a heated substance, 
e.g. air, water or fat, as in cooking in a convection oven,
boiling, shallow or deep frying.

Radiation: Radiant heat from a charcoal or gas grill, etc. Examples 
are grilling and roasting.

 Radiant heat is also a factor in oven cooking.

                                                
1See NLG Reference Report starting on page 49
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 Microwave: The microwaves agitate molecules of water and some 
other food components within the food whereby heat is 
generated. A microwave oven can also be provided

with a grill radiator.

Cooking methods
According to the Langual Users' Manual 1992 (665), a cooking method is defined
as the method by which a food is precooked, cooked, reheated or held warm. See
also the Yield Report, page 212, for Langual's full definition of cooking method. 

The major subdivisions of cooking method are: 

Cooked by dry heat Baking, roasting, grilling, infra-red grilling, toasting.

Cooked by microwave

Cooked by moist heat Cooked in water or water-based liquid: boiling, 
simmering, stewing, poaching.
Cooked in steam: steaming.

Cooked with fat or oil Cooked with added fat or oil: deep, shallow or stir 
frying.
Cooked with inherent fat or oil (bacon, fat fish, etc.).

Method of heating Cooked in a container immersed in water or steam.
container

Reheated      Reheated by boil-in-bag, by dry heat or by 
     microwave.

Scalded or blanched

Cooking methods and temperatures
The temperatures for the cooking methods may vary according to different
sources. Dr Bognár, Stuttgart, (91, 92 and personal communication) gives the
following temperatures in �C: 
Baking, roasting 160-275
Boiling    97-100
Braising in fat 180-200
Braising in water/steam    97-100 
Deep frying 140-200
Grilling, charcoal or contact grill ca.   350
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Grilling, electric grill 225-240
Microwave cooking  98-100 
Microwave roasting 160-180 
Poaching, simmering or slow cooking   75- 96
Pressure cooking (boiling, steaming) 101-125 
Shallow frying 160-200
Steaming or moist cooking  97-100

Cooking terms
A working party within COST 91 (European Cooperation in Scientific and
Technical Research) developed a list on cooking terms, with definition of 
each term included. These terms are intended to be used for the planning of
experiments and the presentation of experimental data in industrial cooking and
catering. The terms are given, as a first step beyond English, in the following
languages: Danish, Dutch, Finnish, French, German, Greek, Italian, Serbo-
Croatian, Spanish and Swedish (236). The terms are later also given in Czech,
Icelandic, Norwegian, Hungarian, Portuguese and Turkish. The publication of the
lists is planned for 1995.

Professor Skurikhin, Moscow, has recently provided the NLG Project with a
translation of these terms, both English - Russian and Russian - English (personal
communication).

Some general cooking terms with definitions and Langual's definitions are
given in the Yield Report, Appendices No. 1 and 2, pages 199 and 202.

The Swedish Test Kitchens have recently identified and defined about
400 Swedish cooking terms. 

Please notice that the definition of a cooking method may be different in the
various sources. Compare, e.g. the definition of shallow fry in Yield Report
Appendices No. 1 and 2, pages 209 and 212. 

Weight and nutrient changes

As already mentioned, the aim of the NLG project was to collect data related to
nutrient losses or gains in the preparation of foods with a view to recommend
factors for use in the calculation of the nutrient content in foods and recipes. Two
main types of factors are needed: yield, weight yield or weight change factors and
nutrient yield or nutrient retention factors. Weight change is the yield value
(expressed in per cent) minus 100.

In some countries, handbooks dealing, entirely or partly, with weight yields or
weight changes are published. The most internationally known is probably 'USDA
Handbook No. 102: food yields summarized by different stages' (446). Many 
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American food yields have thereafter been updated in the different parts of
the Handbook No. 8 series of the food composition tables. In Sweden the 'Mått för
Mat' - Measures for foods - (241) can be used. In Germany there is, e.g. the
'Lebensmittelverarbeitung im Haushalt' - Food preparation in the household -
(710) and the 'Nährstoffverluste bei der haushaltsmässigen Zubereitung von
Lebensmitteln' - Nutrient losses in household preparation of foods - (95). 

Dr. Bognár is also working on a new edition of 'Food composition tables for
ready-to-eat dishes' that will be published shortly (92).

Factors affecting weight and nutrients
In the cooking of foods the weight and nutrient changes in the foods are mainly
depending on conditions affecting the water content, but there are also other
factors. Some of these factors are:

Cooking method
Cooking utensils, such as size and volume of cooking vessel
Lid or foil covering food during cooking
Cooking time
Cooking temperature
Final internal temperature, e.g. in cooked meat

Food quality
The part of animal or plant
Physical state, shape or form of foods
Surface to volume ratio
Food tissue type and texture of food surface 
Amount food cooked
Amount liquid added
Temperature of liquid added
Amount fat added
Type of fat added
Food cooked with or without bones
Time passed between the termination of cooking and measuring the yield.

For nutrient changes in vitamins and minerals, the following factors, besides
leaching of nutrients into cooking liquid or drippings from foods in frying,
are of special importance:

Temperature
Time
Catalysts such as iron and copper in the metal of cooking utensils, as knives,
saucepans, frying pans, etc.
Water (water activity and content in the foods or added water)
pH
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Oxygen
Light
Enzymes
Sulphite
Chlorine
Inhibitors
Interactions

Weight and nutrient changes before cooking
Standardized edible part or refuse percentages of foods are generally found in
food composition tables and data bases of the different countries. Before
borrowing a yield or refuse factor from another country it is important to know
exactly what the value stands for. A description of the yield or refuse will be of
assistance. One example is given here. An American leek loses 56 % in the
preparation but a Swedish has the standard refuse of 16 %. The difference depends
on only the white part of the leek being included in the edible part in the American
source. In the Swedish data, the green part of the leek was also used.
When creating recipes it is also very useful to know the liquid content (brine,
water, syrup, juice etc.) in vegetable and fruit cans, and jelly in meat cans and
sauces, e.g. in canned or frozen dishes. This kind of information can be found in
'Handbook No. 102' (446). Please note that these values refer to conditions
prevailing nearly 20 years ago and are probably different now due to considerable
market changes. Rather recently though, the liquid part was, e.g. given for selected
canned fruit (51). Proportions of vegetables and fruit in cans are also found in the
British food composition tables (294, 292).
Everyone who has breaded, floured or batter-coated food items before frying
knows that you need standard factors for breading, flouring and batter-coating,
as cook book recipes usually give more milk, flour, eggs, dried bread crumbs, salt,
batter etc., than are needed. Only by experiments can such factors be
created.Handling losses in foods must be taken into account and can be
significantly affected by various factors. For example, they can be decreased by
using a rubber spatula when removing foods from the mixing utensils (126). Some
handling losses are also given in USDA Handbook No. 102 (446).

Only the major nutrients involved in weight changes will be mentioned here,
but of course other nutrients will be affected due to loss or gain of water, fat or
discarded edible parts of foods. 

Water, especially in fresh vegetables and fruits, can be lost during storage
and in frozen foods by thawing. Soaking, e.g. dried legumes, such as peas and
beans, dried fruits and dried fish, will result in water gain in foods. Protein can be
lost in trimming meat, filleting fish, thawing animal foods. Fat can be trimmed off
in meat and lost in handling fat fishes. Carbohydrates and dietary fibre can be
lost in peeling or paring potatoes, some roots, such as carrots and beetroots, and
fruits with edible skin. Alcohol will evaporate from added alcoholic beverages in
cakes and in fruit salad marinade during storage.
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Weight and nutrient changes during cooking

Weight change
Weight changes in cooking usually relate to water and fat changes. Solid losses
might also be considered. A study on alcohol retention in food preparation was
published recently (44).

Elizabeth W. Murphy and others have defined and described the following
six types of weight change resulting from cooking (481):

* Moisture loss only: Vegetables cooked by steaming.

* Moisture gain only: Rice cooked in water.

* Solids lost and moisture gained: Dried legumes cooked in water.

* Solids and moisture both lost: Organ meats cooked in water.

* Solids and moisture lost from more than one tissue: Roasted turkey with lean
muscle, skin and depot fat.

* Solids gained and moisture lost: French-fried potatoes, which take up fat while
losing moisture.

Consequently water or moisture content changes during cooking. Water is taken
up by, e.g. pasta and rice and lost in fried meat or fish and in bread baking.

Nutrient change
In the research on retention of nutrients, two methods can be used: apparent
retention (AR) and true retention (TR). The two methods can be defined as
follows:

Apparent retention

    nutrient content per g cooked food
% AR = ----------------------------------------------------------------(dry wt) x 100
    nutrient content per g raw food

True retention

  nutrient content per g cooked food x g food after cooking
% TR = -------------------------------------------------------------------------------x 100

  nutrient content per g raw food x g food before cooking
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Murphy et al. (481) compared these two methods on five of the above mentioned
weight changes in cooking foods. Comparisons included retentions of proximate
components, minerals and vitamins.

Apparent retentions overestimated nearly all true retentions, therefore the true
retention method was recommended for NLG studies.

Protein structure consists of polypeptide chains of amino acids linked together,
usually in an �-helix form. Heat treatment can affect protein in the following
ways: 

� Denaturation, the chains are unfolded and the digestion enzymes can more easily
reach the peptides for proteolysis.
� Collagen hydrolysis 
� Maillard reaction or non-enzymatic browning, when basic amino acids, mainly
lysine but also arginine and histidine, react with reducing sugars in frying,
roasting, grilling and baking. A destruction of the nutritive value of foodstuffs
occurs, but the reaction also enhances colours, odours and flavours in food.
� Oxidation and pyrolysis 
� Losses of protein, vitamins and minerals included (227)

Protein from meat and fish may be lost in the cooking water, but also in drippings,
when roasting meat or fowl. The losses will be smaller if the cooking water or
drippings are used in soups and sauces.

Fat. Examples of reactions are:

� Melting
� Oxidation
� Hydrolysis
� Polymerization
� Pyrolysis
� Losses of essential fatty acids and vitamins (227)

Fat may be lost, gained, or remain unchanged. Whole meat, with a fat content of
2-40 %, loses in boiling, shallow frying and roasting about 15 % fat, except bacon
with 60-70 % loss. Plain whole meat does not take up any or minimal amounts of
the frying fat. In ground beef, the melting loss is higher in the fatter types and also
higher than in ground pork. A very small amount of fat is taken up in frying
ground meat, sausage and black pudding, 1-2 g per 100 g unfried food (386-7). In
experiments performed by Van den Bergh Foods in Sweden, it was found that 
100 g raw food absorbs fat as follows: meat or fish with thin coating (dipped in
e.g. milk then turned in sifted flour and/or finely ground dried bread crumbs) 3-4
g, with coarse coating (dipped in e.g. milk, turned in sifted flour, dipped in eggs
and finally turned in dried bread crumbs) 7-9 g, and potatoes 6-8 g fat in frying.
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Studies on deep-frying of foods have been performed, e.g. in Spain, by Varela et
al. (674-5, see also Appendix 1), and in Australia by Makinson et al. (427). Pan et
al. (519) have reported the cooking oil absorption by food during Chinese stir-
frying.

Carbohydrates, dietary fibre. The following reactions can occur:

� Swelling and gelatinization
� Hydrolysis of polysaccharides
� Maillard reaction
� Breaking down of pectin
� Caramelization (227)

Carbohydrates can be lost in boiling pasta (444), potatoes and so on. 
Alcohol has been assumed to evaporate from food during cooking, mainly
depending on the low boiling point 78.5 °C. Augustin et al. (44) found that this
was incorrect. The retention of alcohol in a study of 6 dishes was between 4-85 %.
The alcohol loss affects yield very little as the amounts of alcohol in a serving of a
dish were only 0.2 - 3 g.

Vitamins
The following overview is superficial, and the NLG references should be
consulted for more penetrating details.

Vitamin A is sensitive to acid conditions, air or oxygen, light, and heat, but stable
to neutral pH 7 and alkaline conditions (339). Carotenoids in foods are sensitive
to oxygen, heat and acid conditions (420, 280).

Vitamin D is stable to neutral pH, but unstable to alkaline conditions, air or
oxygen, light and heat. Another source (420) claims that vitamin D is stable to
heat, and both acid and alkaline conditions.

Tocopherols are stable at neutral pH, acid and alkaline conditions, but unstable to
air or oxygen, light and heat. The presence of iron and copper salts accelerates the
oxidation.

Vitamin K is stable at neutral pH, to air or oxygen, and heat. Acid and alkaline
conditions and light make the vitamin unstable. Another source (226) reports that
vitamin K is also sensitive to UV light and ionizing radiation.

Thiamin is stable in acid conditions and light, but unstable in neutral pH, alkaline
conditions, air or oxygen and heat. Radiation affects also the vitamin. Thiamin,
together with vitamin C, is used as indicator substance to see how a process
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affects a food. Sulphite causes destruction of the vitamin and nitrate inactivates
the vitamin.

Riboflavin is stable in neutral and acid pH and air and oxygen, but unstable to
alkaline, light and heat. Machlin (420) states that riboflavin is stable during heat
processes, but if exposed to light the vitamin content will decrease.

Niacin is generally stable in foods. Most losses occur from diffusion into the
cooking water and in drippings of meats.

B6 or Pyridoxine is unstable to heat and light and is stable in other conditions. 

B12 or Cobalamin is unstable in air or oxygen and in light. Otherwise the vitamin
is considered stable. Another source (637) states that the vitamin is negatively
affected when boiled in alkaline solution. Ascorbic acid, sulphite and ferrous salts
can destroy the vitamin.

Folacin is stable in alkaline conditions, but unstable to other conditions. The
vitamin interacts with sulphite and nitrite.

Vitamin C is the least stable of all vitamins and is easily destroyed during
processes and storage. Its retention in foods is often used as an indication of the
retention of other nutrients. Other conditions that affect vitamin C are salt/sugar
concentration, enzymes, metal catalysts as iron and copper. An important cause of
losses is leaching into cooking water. Losses occur also upon freezing or in frozen
storage. The vitamin is considered to be stable in acid condition.

Pantothenic acid  is reported to be stable at neutral pH, air or oxygen and light,
but is affected by acids, alkalies and heat.

Biotin is unstable to heat, but stable in other conditions. Tannenbaum (637) states
that the vitamin is stable to heat. Nitrous acid destroys the biologic activity of
biotin and formaldehyde inactivates the vitamin.

All water-soluble vitamins can be lost in leaching to the cooking water. Vitamins
can also be found in drippings.

Minerals and trace elements
According to Karmas and Harris in 1988 (339), the mineral salts are stable to all
kinds of pH, air and oxygen light and heat. 

Minerals and trace elements are lost when preparing vegetables, roots, tubers
and fruits, by paring, peeling etc. Another loss is leaching during blanching and
cooking. Potassium is especially easily lost in cooking water. The highest losses
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occur when cooking foods with a big surface to weight ratio, such as spinach or
finely diced foods in large amounts of cooking water.

Minerals and trace elements can also be added to foods via utensils, process
water, packaging materials or additives.

Iron, aluminium, and other trace elements can be dissolved, especially when
acid foods are cooked, from, e.g. cast iron or aluminium pans, etc. 
If a food is boiled in hard water, calcium and magnesium are added to foods. If
copper tubes are used for hot tap water and the hot water is used for cooking, the
copper content in the foods can also be increased. Several additives contain
sodium. Common salt increases the sodium content of a dish.

Interactions
Many interactions occur between the different minerals and trace elements. 

Oxalic acid with calcium, phytic acid with iron, zinc and calcium, for
example, form compounds that are not bioavailable.

Weight and nutrient changes after cooking

Losses after cooking may be of different kinds. Plain refuse occurs for animal
foods such as bones and skin in meat and fish, shell in shrimps and crab, and for
vegetable foods, as stem and as inedible parts in artichokes, cobs in corn and pits
in boiled plums. Cutting losses refer to scraps and juice/liquid in meat and fish,
and trimming losses when taking away excess fat or tough edible parts from foods.
Yield for foods will also be affected by cooling, keeping warm and reheating. 

Various other losses in dishes at the table may occur. Part of salad dressings
of different kinds will remain in the bowl or on the plate, fat trimmed off meat
will be left on the plate, etc. Perhaps special loss factors at the recipe level could
take care of these losses.

Callahan and Aldrich (134) recommended a standard factor of 5 % for
handling losses in calculating nutrients for recipes until more reliable loss factors
for individual dishes could be determined by experiments.

Different nutrient changes in the cooked or prepared foods occur when edible
parts of foods and dishes are discarded or foods or dishes are reheated or kept
warm.

Recipe calculation methods
Recipes are usually included in the various food composition tables and data bases
all over the world. A recipe can be defined as a list of ingredients and the
directions for preparing the dish. The national and the most frequently consumed
dishes in a country should preferably be analysed for nutrients. As analyses of
foods are expensive and time-consuming, especially considering the great variety
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of recipes, the calculation of recipes for nutrients has become a necessity, even if
the results are estimates.

During cooking the weight change consists mainly of the loss or gain of
water. 
Change in water content in foods and dishes is the main factor affecting every
nutrient. Loss in water will increase the nutrients, and gain of water will decrease
them. But in dishes cooked with different frying methods, the frying fat has also to
be taken into account. For these dishes it was considered necessary, already in the
first edition of the English food composition tables from 1940, to analyse the
water and fat contents in the cooked dishes before being able to calculate the
dishes for other nutrients. 

When calculating recipes in the future, NLG factors for macro nutrients
(protein, fat, carbohydrates, dietary fibre) may probably become more widely used
in the food composition data base systems. See Appendices 2 and 3, in which the
work on yield factors and recipe calculation carried out in Stuttgart is described.

Recipe calculation
The simplest method to calculate recipes is to take the ingredients of a recipe as
proportions (expressed in percentages and turned over to grams) of the total
weight of the raw ingredients. The values for the nutrients are then calculated for
each ingredient and summed up per 100 g.

The next developing step is to compare the proportion or the percentage of
the total weight of ingredients with the proportion of the weight of the cooked
dish. In the calculation for nutrients in the ingredients of a dish, estimated
adjustments (NLG factors) can also be made for vitamin and mineral changes.
Several European developers of recipe calculation systems are using the British
method and the example of egg custard in the fourth edition of 'McCance and
Widdowson's The Composition of Foods' (521), which, in the fifth edition, is
altered to custard, made up with whole milk and custard powder (296), is well
known.

British method 
The procedure is described in the fifth edition of 'McCance and Widdowson's The
Composition of Foods' (296). This method is also recommended in reference 256.
(Permission to reprint granted. See acknowledgements.) 

The method can be divided into the following calculation steps. The nutrient
value for a dish is calculated on the weights of the raw recipe ingredients.
1. Correct the ingredient weights due to different losses during the preparation.
2. Weigh the raw ingredients.
3. Cook the dish.
4. Weigh the cooked dish.
5. Correct the dish weight due to handling losses.
6. If the weight change depends on water, the composition of the cooked dish is
calculated as follows:
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Composition of cooked      Total nutrients in raw ingredients
                =   ---------------------------------------       x  100

dish per 100 g       weight of the cooked dish

Water content of                Water in raw ingredients - weight loss on cooking
                =    --------------------------------------------------------x 100

cooked dish per 100 g weight of the cooked dish

Custard, made up with whole milk
__________________________________________________________________
Ingredient Amount in recipe Amounts contributed

Protein    Fat     Carbohydrate    Etc.
g g              g         g

__________________________________________________________________
Milk 515 (500 ml) 16.5 20.1     24.7
Custard 25 0.1 0.2       23.0
powder 
Sugar 25 0 0          26.3                   
__________________________________________________________________
Total in Recipe  (a) 565 16.6 20.3     74
Cooked weight  (b) 447
__________________________________________________________________
Composition  of (c)  3.7  4.5       16.6
cooked dish

(per 100 g)
__________________________________________________________________
              a
i.e.   c = ---  x  100
              b

When the weight change, due to water in a dish, is unknown this can be estimated
by using the weight change factor from a similar recipe.

Wt of cooked            Wt of raw ingredients x (100 - % wt loss of a similar dish)
     =      ---------------------------------------------------------------------

      dish                                                  100

Wt of cooked          Wt of raw ingredients x (100 + % wt gain of a similar dish)
                        =    -----------------------------------------------------------------------
       dish                                                      100
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Yield factor method
The following methods from United States may also be of interest. The
descriptions of the methods are included in reference 538. (Permission to reprint
granted. See accnowledgements.) 

This algorithm is modeled to reflect the method employed by the University
of Missouri-Columbia.

1. Convert stated weight of ingredients to cooked weight by sequentially multi-
plying ingredient amounts by preperation and cooking yield factors.
2. Multiply the cooked weight of each ingredient by consumable yield factor to
determine the edible-portion weight.
3. Convert ingredient weights to 100-g units; e.g, if an ingredient weight is stated
in grams, divide the consumable ingredient weight by 100.
4. Calculate the value for each nutrient per ingredient by multiplying the values
for each ingredient calculated in step 3 by the appropriate nutrient profile per 100-
g portion.
5. Sum the nutrient value calculated for each ingredient, and divide each nutrient
value total by the number of portions to determine the nutrient value per edible-
portion.
6. Sum the cooked weights of the ingredients (calculated in step 1) to compute
total cooked weight of the recipe.
7. Divide the total cooked weight of the recipe by the total number of portions per
recipe to compute the weight per portion served.

Retention factor method
This algorithm is modeled to reflect the method employed by the U.S. Department
of Agriculture for the Nationwide Food Consumption Survey (529, 538).

1. Convert the measure of each ingredient to the corresponding gram weight.
2. Multiply the weight of each ingredient by the appropriate refuse factor and
subtract the weight of refuse from starting weight to determine the edible-portion
weight of each ingredient.
3. Multiply the edible-portion weights for each ingredient by each nutrient value
per 100-g portion from the nutrient database. Divide that value by 100 to deter-
mine each nutrient value per ingredient.
4. If the nutrient profile does not match the form of the food as served, apply
retention factors to the vitamin and mineral values for each ingredient.
5. Sum the uncooked edible-portion weights of the ingredients to compute the
total uncooked gram weight of the recipe.
6. Sum the adjusted nutrient values of the ingredients (Steps 3 and 4) to determine
the nutrient values of the total recipe.
7. Using an assigned percentage of moisture change, determine the grams of
moisture gained or lost from cooking, and adjust the moisture content to account
for the gain or loss of moisture in the cooked dish.
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8. Using the assigned percentage of fat change, determine the grams of fat gained
or lost from cooking, and using the appropriate nutrient profile for the type of fat,
adjust the total amount of kilocalories and lipid components to account for the
gain or loss of fat in the cooked dish.
9. Add the change in moisture content in grams (Step 7) and the change in total fat
content in grams (Step 8) to the total uncooked gram weight of the recipe (Step 5)
to determine the cooked weight of the recipe.
10. Add the moisture and fat change percentages to 100 to determine the yield
percentage of the cooked dish.
11. Divide the cooked weight of the recipe computed in Step 9 by 100 to
determine the number of 100-g units per recipe. Divide the value for each nutrient
for the total recipe (Steps 6, 7 and 8) by the number of 100-g units to calculate
each nutrient value per 100-g portion.

Summing method
This method (538) can be applied to either raw or cooked ingredients. If a recipe
has cooked ingredients, the nutrient profile for a cooked food should be used and
the weight of the ingredient should correspond to the amount of the cooked food
in the recipe.

1. Convert measures of ingredients to corresponding gram weights.
2. Sum the gram weights of each ingredient to determine the gram weight of the
recipe.
3. Divide the ingredient gram weights by 100 to determine the number of 100-g
units for each ingredient.
4. Multiply the values calculated in Step 3 for each ingredient by the nutrient
values per 100-g portion to determine the nutrient values per ingredient.
5. Sum the nutrient values of the ingredients to determine the total nutrient
content of the recipe.
6. Divide the total nutrient content of the recipe by the number of portions to
determine the nutritive value per portion.
7. Divide the weight of the recipe (Step 2) by 100 to determine the number of 
100-g units per recipe. Divide the value of each nutrient for the total recipe 
(Step 5) by the number of 100-g units to calculate the value for each nutrient per
100-g portion.
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Infoods method
There are many different ways of calculating dishes. As a final example, the
Infoods guidelines for calculating the nutrient levels of recipe foods is given (545.
Permission to reprint granted.).

1. Select or develop an appropriate recipe.
2. Collect weight and nutrient content data for each ingredient.
3. Correct ingredient nutrient levels for weight of edible portions where
appropriate.
4. Correct ingredients for effects of cooking:
either

� if data for cooked ingredients are available, use yield factors to adjust from
raw to cooked weights

or
� if data for cooked ingredients are not available, use data for uncooked

ingredients, applying yield factors to adjust for weight changes and retention
factors for nutrient losses or gains during cooking.
5. Sum weights of ingredients to get weight of recipe.
6. Sum nutrient values of ingredients to obtain nutrient value of recipe.
7. Adjust recipe weight and nutrient levels to reflect changes in fat/water when
whole mixture is cooked; make any additional refuse adjustments; apply retention
factors if available for whole recipe.
8. Determine the quantity of prepared food produced by the recipe.
9. Determine the final values per weight (e.g., per 100 g) volume (e.g., per cup),
or serving portions as desired.

Standards in calculating recipes
In order to calculate recipes in an organized and effective way, the following
standardized parts in a food composition data base system are needed:

Standards
� Nutrient data base � Food weights and densities
� Calculation programs � Household measures
� Component values � Helpings or servings information
� Code replacements � Yield or weight yield factors
� Conversion factors e.g. for fatty acids � NLG, nutrient yield or nutrient 

   retention factors
� Recipes � Research methods
� Recipe file � Documentation
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Values should be quoted with number of significant figures, and standard rules for
rounding should be applied.

Lists with standardized code replacements are needed, especially when a food
composition data base has a limited number of foods and more than one person
are creating new recipes. For example, if a data base does not contain a code for
romaine lettuce, a code for another kind of lettuce is given. 

The recipes in various recipe calculation systems are usually written in a
standardized way (130). To accomplish this, standardized household measures and
weights for foods and helpings are needed among other data. In dietary studies, it
is usually convenient to have a standardized recipe file containing recipes of
dishes, chosen for their representativeness in a country. In food production
institutions, such as food departments in hospitals, directions how to prepare and
cook the dishes are also included. In order to save time, the nutrient content for
recipes can be precalculated and included in the standardized recipe file. A
standard recipe file is also practical when new versions or modifications of recipes
have to be made.

The standard recipe file has to be revised when different changes in standards
occur. These changes can, e.g., deal with:

1. Calculating program changes. For example, if the frying fat in dishes is
included in the recipes and should be excluded.

2. Weight changes, e.g. when the mean weight or serving weight of a food or dish
is altered.

3. Yield changes may occur when using alternative cooking or processing
methods, such as stir frying and microwave cooking.

4. Cooking changes due to modified or simplified procedures. Examples, instead 
of browning fat and flour for brown sauce, exclude the fat and use soy sauce as
colour, and omit browning of meat and vegetables in making stews or soups.

5. Ingredient changes when, e.g., using oil instead of margarine in several dishes 
of the file, or using a fibre product, such as oat bran, instead of dried bread
crumbs, etc.

6. Nutrient changes, e.g., in a very common recipe ingredient as water. When the
composition and quantity of prepared or cooked dishes are calculated from recipes
it is necessary to have factors in order to imitate what 'happens' during the cooking
procedures.
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NLG factors in practice
Factors for nutrient changes in foods during preparation of foods or dishes are
used in several countries in the computer processing of recipes. Usually the factors
are for vitamins, but in a few countries factors for minerals also exist as in
Germany, Denmark and United States. The factors can be applied at different
levels of accuracy. The main levels are for:

1. Recipe
2. Food group
3. Food item

The borderlines between the main levels should not be considered fixed and
within each main level NLG factors can be applied at different sub-levels. A low
stage within the recipe level can, e.g. be NLG factors for some vitamins used for
all food groups and all cooking methods. A high stage within the food item level
is held by  special NLG factors, that take into consideration if the food item is
fresh or preserved as frozen, canned etc., together with the preparation and
cooking method, with cooking time and cooking temperature included, etc.

The factors can be specific or general. In Germany, e.g., specific factors are
used, see Appendix 2, and an example of generalised, systematic tables on nutrient
losses and gains can be found in Denmark (464).

Table 1 shows retention ranges for vitamins from several countries.
The factors are for food groups and according to preparation or cooking method.

Suggested NLG factors
In 1990 work on NLG standard factors at the recipe level was undertaken at the
Swedish National Food Administration. Factors were applied to 11 vitamins
(retinol, �-carotene, vitamin C, thiamin, riboflavin, niacin, B6, folacin, B12,
pantothenic acid, biotin). Separate factors were determined for preparation without
heat and the cooking methods of boiling, shallow frying and baking or roasting.
These were used for all food groups, except meat and poultry, for which
alternative factors were derived. The NLG factors, Table 2, were based on mean
values (some values are modified) of factors published by different government
agencies shown in Table 1. In Sweden, the factors are used for calculating recipes
in the Malmö Diet and Cancer Study. 

Comparison: analysed and calculated dishes
A comparison between nutrient values in six analysed type dishes and calculated
nutrients for the recipes with three different methods has been performed in
Sweden. The dishes are made up of two boiled, two shallow fried and two oven
cooked: clear vegetable soup, boiled beef, fried breaded cod fillet, fried meatballs,
fish au gratin and meatloaf. The dishes were prepared from standard recipes at the
National Food Administration (NFA) and analysed for nutrients at the NFA´s
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laboratories. The nutrient content was thereafter calculated using three methods.
The same amount of the recipe ingredients were used both in the analyses and the
calculations. The nutrient data base that was used in these tests was the nutrient
data base PC-Kost, version 1991. Pantothenic acid and biotin are not included in
PC-Kost. In Table 3, the values are produced as follows:

A Analysed by the laboratories of the National Food Administration

CYF Calculated on raw ingredients with factors for weight yield and 
vitamin retention.
See Table 2. Computer system: AIVO AB

CY Calculated on raw ingredients with weight yield factors.
Computer system: Rudans Lättdata

C Calculated on raw ingredients. Computer system: Rudans Lättdata.

The results show that some calculated values agree rather well with the analytical
data, while others do not, e.g., in boiled beef, where some nutrients, however,
should be found in the bouillon. The differences may partly be due to different
nutrient contents in the analysed ingredients than in the ingredients included in the
data base. The result of this comparison is, in other words, rather mixed.

This comparison is simply an example of a small practical experiment. Many
people consider that comparisons like these must always be performed on dry
matter basis. But on the other hand, a very practical method of calculating recipes
on wet weight with standard NLG factors is needed.

Discussion
Should weight yields or changes for foods and dishes be applied in recipe calcula-
tion? Some people consider them completely useless and say it is better to
calculate dishes without them. Others say that the only correct approach is to use
analysed values for cooked foods. Of course the latter is to be desired. The people
responsible for national food composition data bases try to get their most frequent-
ly used dishes analysed for nutrients. Also the food manufacturers are eager to
have their products nutrient-labelled, based on analyses. The possibilities to have
analysed values in the different data bases have increased, but the number of
analyses conducted is always limited by the cost and time required.

At least among Swedish food technologists, the task of creating fat factors to
be used in recipe calculation is still considered rather complicated. Regarding
different meat cuts, one difficulty is that the weight change (water loss) may vary
depending on, e.g. cooking method, meat quality, final internal temperature
(which in turn depends on cooking time), while the fat loss is independent of, e.g.
the final internal temperature and is, in that way, constant for a meat cut (386-7).
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Another point is that nowadays some people are very particular about trimming
off all visible fat from the meat on the plate. Also when considering that the
nutrient values for cooked foods and dishes obtained from analyses are only
assigned to the foods and dishes analysed, it is rather difficult to cover the
biological variation in cooked foods and dishes by a few analyses. As so many
compromises have to be made when dealing with biological material, it is
reasonable to make some more compromises and make general standard factors
for fat melted out, fat absorbed, and fat trimmed off, e.g., from meat on the plate,
when there are some analyses available to base the factors upon. However, it will
probably be necessary to create several fat factors. A literature review of fat
change studies performed in cooking meat and fish has been published in
Denmark (260). A translation of the review into English is to be hoped for.

Conclusion
Cooking yields are widely used in recipe calculation. The result of the test
described above  is mixed. The calculation of more dishes, use of other recipe cal-
culation systems and loss factors for fat and protein are needed, for example for
boiled meat, in a second trial. 

Considering the wide ranges of vitamin retention factors it does not seem
possible, for the time being, to recommend standard NLG factors for vitamins, at
least not at recipe level for several food groups and methods. More differentiated
factors for vitamins have to be used in recipe calculation.

System managers in European countries have developed new recipe
calculation systems or have evaluated already existing systems in order to find out
how reliable the systems are. Recently, Dr Martin in Portugal has compared
several methods for calculating recipes (personal communication). 

A new recipe calculation system has just been elaborated in Stuttgart. See
Appendix 3 (p. 47). Within the EuroNIMS co-operation a recipe calculation
system is being prepared and which is available for all national partners to
contribute their experiences in recipe calculation. This co-operation will be of
great importance for a compatible recipe calculation system in Europe.

The interest in yield studies has increased considerably during the last few
years. Many government agencies have been working on yield matters over
several decades, such as in the United Kingdom, Germany and Sweden, while
others have recently finished a project, as in Portugal, and still others are planning
yield studies, as in Norway, on meat, poultry and egg dishes. People in Norway
are also collecting recipes and information on food yields from other institutions.
In Sweden, such collections have already been made. In Slovakia, studies on
animal bodies have been performed in order to estimate the proportions of the
different parts. The results from these animal studies are given both in percent and
in kilos.

The response to the yield questionnaire sent out to the NLG project members
and others in 1993 has been very positive. Some institutions have been pleased
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that there is interest in their collected yield data while others were inspired to start
yield studies in a more standardized way.

NLG research
NLG research is performed in many countries. The NLG reference list indicates
the countries and the researchers dealing with these matters. In some European
countries, research in the NLG area is being planned, e.g. in Hungary. 

In 1985, while trying to construct a model for an NLG data base in Sweden,
we became increasingly aware of how many conditions influence the nutrients in
processing. Nutrient changes in processing, bioavailability of nutrients and inter-
actions between nutrients are three vast areas for further research.

The work on nutrient losses and gains in the preparation of foods will
continue and the NLG project members hope that these three reports will be of
some assistance to people working in areas associated with weight and nutrient
changes in the preparation of foods.
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Changes in the quantity and quality of
the fat content of some foods after
processing: Influence on the intake

G. Varela, B. Ruiz-Roso and O. Moreiras, Universidad Complutense de Madrid,
Facultad de Farmacia, Departamento de Nutrición, Madrid, Spain

Among the various components of the diet, fat receives very close attention
because of its relationship to several pathologic conditions, in particular
cardiovascular diseases and tumors of several localizations (1). Currently most of
the available information on these relationships is derived from epidemiologic or
experimental studies in which lipid intake is calculated using food composition
tables. In most of these tables the quoted lipid content is that of raw unprocessed
food, whereas most foods are usually consumed only after being subjected to
several processes and, especially, culinary processes. Often there is no indication
of the type of fat used in food processing in general or in frying in particular. But
as is known, in the course of these processes the lipid content undergoes important
qualitative and quantitative changes and not keeping them in mind may be the
underlying cause of the difficulties and the confounding results in studies trying to
establish the relationship between lipid intake and health (2). 

In the Mediterranean diet, about 50 % of total dietary fat is derived not from
the food itself but from the cooking fat, of which only a small fraction is eaten raw
(as dressings) and the greatest proportion is used in thermal culinary processes,
mainly deep-frying (3).
Very schematically, deep-frying is a technique that replaces a fraction of the water
content of a food by cooking fat. But deep-frying is a complex process involving
many factors, which may be divided into three categories: the conditions of the
process itself; the type of cooking fat and the characteristics of the foods to be
fried (4). Consequently, it is a complicated task to establish a model that enables
us  to calculate the yield and final composition of foods, which for instance will be
quite different for lean and fat foods. Even more, fat in any of them suffers
seasonal varia-
tions. The final fatty acid composition may be also greatly affected by processing,
as mentioned above (3).
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Raw and post-cooking data on the lipid content of some foods - meat, fish
and vegetables - using different processes (mainly deep-frying) (Table 1) and the
changes in the composition in fatty acids of sardines due to frying and canning
(Table 2) are shown below. Changes in the weight, content of water and fat of the
processed food are presented in Table 1. These values are always related to 100 g
of raw food. As overall, it is observed that thermal processing in cooking gives
rise  to a loss of water which ranged between 30% for meat and 50% for potatoes,
while final fat depended basically on the fat content of the raw food. Changes in
fatty acids took place in the same direction as the concentration gradients of
culinary and food fats. 

Table 1. Yield, water and lipid composition of some foods after processing 
with two culinary fats (g/100 g of edible portion)

O = olive oil; M = margarine; FF = floured & fried; 
SS = sautéed & stewed (floured*)
FOOD PROCESS WEIGHT WATER FAT
Sardine Raw 100 63.0 15.1

Canned/O 73 38.8 13.1
FF/O 71 36.0 13.4

Hake Raw 100 77.0 1.3
FF/O 80 45.6 8.4
FF/M 84 50.4 7.5
SS/O* 113 77.2 8.8
SS/M* 107 75.7 5.6

Eggs Raw 100 76.0 10.3
Omelette 96 66.3 16.4

Beef (lean) Raw 100 72.5 3.1
Fried/O 53 24.6 6.4
Fried/M 52 24.5 5.9
SS/O 58 32.3 5.4
SS/M 64 44.8 5.4

Pork Raw 100 60.4 10.7
Fried/O 53 17,4 9.6

Green pepper Raw 100 93.6 -
Fried/O 49 37.4 11.5
Fried/M 60 44.5 12.2
SS/O 53 43.8 8.4
SS/M 63 53.9 6.9

Potatoes Raw 100 80.9 -
Fried/O 52 25.4 16.1
Fried/M 51 22.7 17.8
SS/O 53 37.9 5.4
SS/M 75 57.2 4.2



NLG Overview Report. Appendix 1

44      Report No. 32/1994. National Food Administration, Sweden

Table 2. Fatty acid composition of sardines after thermal processing 
using olive oil (g/100 g of edible portion)

RAW FRIED CANNED
Miristic C14:0 1.0 0.6 0.6
Palmitic C16:0 4.1 3.1 2.2
Estearic C18:0 0.5 0.4 0.4
Oleic C18:1 3.1 5.4 6.6
Linoleic C18:2 0.3 0.4 0.5
Clupandonic C22:5 w3 0.3 0.1 0.1
Timnodonic C20:5 w3 1.7 1.0 0.8
Docosahexaenoic C22:6 w3 0.8 0.7 0.6

References
1. WHO. Diet, nutrition and the prevention of chronic diseases. Technical Report
Series 797. 1990:203.

2. Varela G and Ruiz-Roso B. Some effects of deep-frying on dietary fat intake.
Nutrition Reviews 1992;50:256-262.

3. Varela G and Moreiras O. Mediterranean diet. Cardiovascular Risk Factor.
1991;1:313-321.

4. Varela G, Bender AE and Morton ID. (eds.) Frying of food. Principles, changes,
new approaches. Chichester, UK: Ellis Horwood Ltd, 1988.
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Tables of yield factors for nutrients
during cooking of foods

A. Bognár, Federal Research Centre for Nutrition, Institute of Chemistry and
Biology, Institute of Nutritional Economics and Sociology, Stuttgart, Germany

During preparation and cooking of food, changes of weight and nutrients occur
which strongly influence the nutritive value of ready-to-serve food (dish) as
compared with the initial material. As the majority of nutrient tables provide
information mainly on the composition of raw, ready-for kitchen processing, and
ready-for cooking food, but not of ready-to-serve dishes, the nutritive value of the
latter had to be calculated from the nutritive contents of the raw ingredients as
listed in the recipe.

Many calculation methods have been available which yield more or less
precise data. Best agreement of analytical and calculated data is achieved when the
changes in weight and nutrients during preparation are taken into account.

For the calculation of the nutritive value, it is necessary to have:
- A standardized recipe for a well-defined portion of ready-to-serve food (dish)
- Nutrient content in the ingredients
- Yield factors for nutrients during cooking of food

A recipe calculation system for a defined portion of ready-to-serve food was
presented at the NLG workshop in Vilamoura.

The data of the nutrient content of raw food (ingredients) could be taken from
nutrient tables (e.g. Souci, Fachmann, Kraut; McCance and Widdowson).

The yield factors for the individual nutrients can be calculated on the basis of
the data characteristics for the food item and cooking process. To obtain reprodu-
cible results it would be desirable, however, to compile published data which are
acknowledged internationally.

Since the cooking procedures (regarding e.g. temperature and time) in
European countries are more or less similar, the tables of yield factors for nutrients
should be used as basic data to calculate the nutrient value of dishes. Using yield
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factors would help to avoid greater differences among the calculated nutritive
value of dish in the different countries.

Tables of the available yield factors for nutrients will be prepared and
publication is planned for 1995. The tables will contain yield factors for the
following nutrients: protein, fat, carbohydrates, dietary fibre, minerals, sodium
salt, sodium, potassium, magnesium, calcium, phosphorus, iron and other trace
elements, fat-soluble and water-soluble vitamins. The factors are given for groups
of typical foods and dishes on the assumption that the retention of nutrients during
cooking of foods belonging to one group is in the same order of magnitude. 

The fundamentals for determination of the nutrient yield factors and the
nutritive value of ready-to-serve food (dish) are described in the report of  FLAIR
Eurofoods-Enfant Project meeting in Portugal, 1993.
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Description of a recipe calculation
system

A. Bognár, J. Piekarski, Federal Research Centre for Nutrition, Institute of
Chemistry and Biology, Institute of Nutritional Economics and Sociology,
Stuttgart, Germany

A brief description of a computer system that allows the adaptation and nutrient
calculation of commercial and household recipes to any given quantity of ready-
to-serve food or edible dish.

The recipe calculation system contains following programs:

RECIPE.EXE Input program for recipe data.
CALCA.EXE Program for calculating the amounts of ingredients per 

portion of dishes (edible) according to number of portions
in original recipe.

CALCB.EXE Program for calculating the amounts of ingredients per 
required portions of dishes (edible).

CALC100.EXE Program for calculating the amounts of ingredients per 
100 g of dishes (edible).

BILD.TPU Subprograms to the working programs.
REC.DAT Data for all recipes included.
TAB1.DAT Output data; the results of the calculation of one recipe, in 

ASCII format.
TABALLA.DAT Output data; the results of the calculation of all recipes 

according to number of portions in original recipes,  
ASCII format.

TABALLB.DAT Output data; the results of the calculation of all recipes 
according to required portion sizes in original recipes, 
ASCII format.

TAB100.DAT Output data; the results of the calculation of all recipes 
according to 100 g portions, ASCII format.
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The programs are written in Turbo Pascal and run on any IBM compatible
computers with hard disc and MS-DOS. The number of recipes that can be
handled is only limited by the computer storage capacity.

The overall calculation of the quantity of ready-to-serve food depends on the
knowledge of the kind and quantity of ingredients before preparation (recipe) and
the quantity resulting after preparation (dish). Since recipes usually fail to provide
information about the food quantities obtained after preparation, weight yield
factors from tables should be used.

Tables of weight yield factors for about 600 common foods and dishes will be
published. The sources of these yield factors are data from our own studies and
from the literature. The publication of the tables is planned for 1995.

An English version of the computer program for the recipe calculation will be
available in 1995. Fundamentals of the recipe calculation system are explained in
the Report of the FLAIR Eurofoods-Enfant Project meeting in Portugal, 1993. 

Reference

Bognár, A, Piekarski, J. Calculation system for food recipes. In: Castenmiller J,
West CE, (eds.). Report of  the third annual meeting of the FLAIR Eurofoods-
Enfant project, 10- 12 November 1993, pp 111- 118. Vilamoura, Portugal.
Wageningen. FLAIR Eurofoods-Enfant Project (February) 1994.
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Nutrient losses and gains references

L. Bergström, National Food Administration, Uppsala, Sweden, J. Castenmiller,
FLAIR Eurofoods-Enfant Project, Wageningen Agricultural University,
Department of Human Nutrition, Wageningen, The Netherlands. Editors

A list of NLG references might seem old-fashioned and unnecessary in a time of
computerized reference data bases such as Food Science and Technology
Abstracts, Chemical Abstracts, Medline and Nutrition Abstracts and Reviews. But
there are some advantages in collecting NLG references:

* Not every research centre has access to these reference data bases

* The databases may not have all available references included. Especially
 information from national journals and laboratories may not be accessible.

* Many scientists working in the NLG area would prefer to have a NLG
reference data base with key words on their own computer. Such a base will 
make it possible to search for references, but also to add new references.

At a FLAIR Eurofoods-Enfant workshop in Portugal, November 1993, two
versions of the reference list were proposed, namely a short version and a longer,
detailed version with key words for each reference. It was decided to publish the
short list and to make the information available on disk. As a result of the
discussion held with project members, the references, entered in a spreadsheet,
should include the following information: Author, Document title, Bibliographic
reference, Country code, Language code, and a sequential reference number. In
order to be able to identify the different NLG research centres in the world, the
database contains a column with information on the country of origin of the first
author. Also information on the language in which the article or book is written is
given. 

The suggested key words in the detailed version include: food, storage,
preparation/processing, utensils/packaging, external influences, yield, water, dry
matter etc, protein, fat, carbohydrates, dietary fibre, alcohol, vitamins,
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minerals/trace elements, other components, foreign substances, food quality,
bioavailability/interaction.
We hope that the NLG file will be used as a basis for a flexible NLG database
where individuals are able to rearrange the information and increase or decrease
the number of key words, according to their specific needs.

See also the paper on Future NLG activities, page 208.

Notes on the NLG reference list
The included references have been collected during the years by the NLG Project
members. The collection of references is not carried out systematically. 

As the list will be available on disk and used internationally on personal
computers, the special signs existing in the Scandinavian and German languages
are replaced as follows:
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Yields for foods and dishes in Europe

L. Bergström, National Food Administration, Uppsala, Sweden. Editor

Yield or weight yield A term used for what is obtained of a food or dish after 
e.g. storage, preparation, processing, warm holding or 
reheating. Yield is usually expressed in per cent and can
be used as factor, e.g. in nutrient calculation of recipes.

Weight change A term used for loss or gain of weight in food or dish 
after e.g. storage, preparation, processing, warm 
holding or reheating. Weight change is the yield value 
(expressed in per cent) minus 100. 

Inventory of yields
In 1993 a request was sent out to the NLG Project members, mainly people
employed at European government agencies, and in Sweden also to food
industries, food branch organizations, test kitchens, training schools for restaurant
staff, teachers of home economics, dietitians etc. in order to collect weight yields
or weight changes during the preparation of foods, e.g. in dishes, breads, cakes
and pastries. The intention was to collect yields representing water or fat changes
in the preparation of foods, but as several participants also included yield values
for refuse from raw to prepared foods, these values were also entered into the file.

Yield data in two versions
It was suggested that the yield table, like the reference table, should be made
available in two versions: an abbreviated one for publication and a more
comprehensive one to be used as working tool on the computer. For the computer
version, the following information is included: Country code; Source reference
code; Food or dish in alphabetical order within food group; Preparation/processing
method; Weight of raw purchased food; Weight of raw edible food; Number of
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servings; Weight of prepared/processed food; Yield after preparation/processing;
Yield status; Number of trials; Weight change; Weight change status; Fat change;
Fat change status; Handling losses in the preparation/processing of food or dish;
Refuse in prepared/processed food or dish; National food code; Native name of
food or dish; Native name of preparation/processing method. This file can also be
used as an abbreviated documentation of the experimental work.

Several of the above column headings were included in the inventory
spreadsheet that was sent out to the NLG Project participants. The inventory
showed that the required information was for the most part not available.
Therefore the number of column headings had to be reduced in the published
version. At the NLG workshop in Portugal 1993, the following column headings
were decided to be included in the publication: Country code; Source reference
code; Food or dish in alphabetical order within food group; Preparation/processing
method; Amount of starting foods, g; Yield after preparation/processing, %; Yield
status; Weight change, - + % and Weight change status.

Comments on the tables
Country code The country codes can be found in the Appendix in 

the NLG Reference Report, page 104.

Source reference code The NLG Project wishes to express its thanks to the 
following institutions that have contributed to the yield 
table.

AB Bundesforschungsanstalt für Ernährung, Institut für 
Chemie und Biologie, Stuttgart.
NLG References No. 91-2.

BL University of Horticulture and Food Industry. Faculty
of Food Industry, Budapest. 

NLG Reference No. 75.

Coop The Swedish Co-operative Union, KF Test Kitchen, 
Stockholm.

FCT The Netherlands. Nederlandse Voedingsmiddelentabel. 
Den Haag: Voorlichtungsbureau voor de Voeding, 34e 
druk, 1983.

 
Findus Svenska Nestlé, Bjuv.

FRI Food Research Institute, Bratislava.
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Friggs Friggs AB, Bromma.

fy NLG reference No. 446.

GJ The Netherlands. See NLG reference No. 234. 

GV Universidad Complutense, Facultad de Farmacia, 
Departamento de Nutrition, Madrid. Appendix No. 1 
in the NLG Overview Report, page 42 and NLG 
reference No. 672, 675.

INN Istituto Nationale della Nutrizione, Rome. 
NLG reference No. 140.

JP The Test Kitchen of the Swedish Agricultural 
Organization, Johanneshov.

KI Swedish Meat Information, Johanneshov.

KN Kungsörnen AB, Järna

KoV National Board of Consumer Policies, Vällingby.

KtM National Food Agency of Denmark, Søborg. 
NLG reference No. 12. 

LCW NLG reference No. 389.

LUW NLG reference No. 304.

MV M. Voelker, Värmdö.

NNC National Nutrition Council, Oslo.

PKP Former Price Committee for Meat

PT + code National Institute of Health, 
Nutrition Research Centre, Lisboa Codex.
NLG reference No. 441.
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RSC, MAFF The Royal Society of Chemistry, Cambridge.
Ministry of Agriculture, Fisheries and Foods, London.

Data/Information from The Composition of Foods and 
Supplements is reproduced with the permission of The 
Royal Society of Chemistry and the Controller of Her 
Majesty's Stationery Office.

SLV National Food Administration, Uppsala.

VdBF Van den Bergh Foods, Helsingborg.

Wasa Wasa, Filipstad.

WMI NLG reference No. 647.

Single food or dish in alphabetical order within food group. The food groups
are as follows: 

Vegetables, products, dishes
Fruits and berries, products, dishes
Nuts and seeds, products, dishes
Potatoes and roots, products, dishes
Milk and cheese, products, dishes
Meat and offal, products, dishes
Poultry and game birds, products, dishes
Fish and shellfish, products, dishes
Eggs, products, dishes
Cereals, bread and other products, dishes
Fats, oils, fat dressings and sauces
Miscellaneous

When the grouping of a food item is not obvious, the food is grouped according to
the first food name in the dish or, if the recipe is available, according to the main
ingredient.

Preparation/processing method. The different term definitions are found in
Appendices 1 and 2. 'Trimmed' in this table is generally edible proportion
trimmed. 'Fried' is mainly shallow fried.

Amount of starting foods. According to different studies the amount of food to
be cooked is one factor affecting the yield value. The weights are not indicated
systematically. Some systems have100/1000 g as standard weight even if e.g. the
food is a whole chicken. Many systems have only edible proportions of the
ingredients included in their recipes.
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Yield after preparation/processing, %. Some institutions use yield and others
weight change values. These reported values are rather summary. More
information would be needed in the form of recipe ingredients for each dish and
descriptions of the preparation/processing procedures performed. See e.g. the yield
form on page 207. The information will give a rough idea about losses and gains
for various types of foods. As there are so many factors affecting the yields or
weight changes, some institutions are working with interval values as 100, 95, 90
or 0, -5, -10 etc. The values in the column are rounded, even if some values have
one decimal. On the disk though, the original values can be reached by changing
the format of the figure number. In order to easier compare yield and weight
change values, the yield values are calculated to weight change values.

A certain amount of food, e.g. rice, may absorb liquid which gives a gain
yield, but if rice is mixed with liquid and boiled it will result in a loss yield.

Yield status and weight change status are expressed by the following codes:

T tested B borrowed from literature 
source or from similar food/
dish

C calculated E estimated

M mean value A analysed for nutrients

Weight change, - + %, is the yield value minus 100. In the same as for yield, the
weight change values are also rounded. 

Three appendices are included, the first is a list of general preparation/processing
terms, the second contains Langual´s cooking terms and the third is a form for
weight yield studies.

Conclusion
Yield or weight change values are needed, e.g. as factors in recipe calculation on
the computer. A long-term policy could be to compile yields or weight changes at
different preparation levels of foods in order to compare the various national
values for evaluating the possibilities to use common yield or weight change
factors. The present table can be regarded as the beginning of a database where
this evaluating work can be performed.
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Langual. Factor G. Cooking method 

The following cooking methods are drawn from Langual User's Manual (665) with
the permission of the Center for Food Safety and Applied Nutrition of the U.S. Food
and Drug Administration. The method code is put in brackets, e.g. G005 for baked or
roasted, and so on. See also Future NLG activities, page 218.

Baked or roasted (G005) Cooked without moisture, covered or 
uncovered, in an oven. *Roasting* usually 
applies to meat or nuts.

Boiled (G014) Cooked in boiling water at 212 degrees 
Fahrenheit or 100 degrees Celsius.

Boiled and drained (G015) Cooked in boiling water at 212 degrees 
 Fahrenheit or 100 degrees Celsius. Water 
 that is not absorbed into the food product 

is discarded after cooking.

Boiled and undrained (G018) Cooked in boiling water at 212 degrees 
Fahrenheit or 100 degrees Celsius. The 
water incorporates itself into the product 
being cooked or is not discarded when 
cooking is completed.

Boiled in large amount of Cooked in boiling water at 212 degrees
liquid (G016) Fahrenheit or 100 degrees Celsius. Liquid 

to solid ratio is greater than 2:1.

Boiled in small amount of
liquid (G017)

Braised (G019) Browned initially in fat and then tightly 
covered and cooked over low

heat in a small amount of water.

Broiled or grilled (G006) Cooked without moisture under or over 
intense direct heat.
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Charcoal broiled (G007) Cooked without moisture over direct heat 
from a charcoal fire.

Cooked by dry heat (G004) Cooked at moderate to high levels of heat 
in which no liquid is added and only small 
amounts of fat may be added to prevent 
sticking.

Cooked by microwave (G011) Cooked in a microwave oven.

Cooked by moist heat (G012) Cooked in varying amounts of water, 
water-based liquid or steam. 

Cooked in container immersed Used when the food is cooked in a closed 
in water or steam (G031) container such as a pouch immersed in hot 

water or steam.

Cooked in double boiler (G033) Cooked in a container that is placed in 
another container filled with boiling water. 
See also *Cooked in water bath*.

Cooked in small amount of Cooked with sufficient fat or oil to coat fat
or oil (G026) and moisten the food being prepared, but 

not cooked in enough fat or oil to immerse 
the food. Use *griddled* when only 
enough fat or oil is used to prevent 
sticking.

Cooked in steam (G021)

Cooked in water bath (G034) Cooked in a container that is placed in 
another container filled with water kept 

near boiling point. See also
*Cooked in double boiler*.

Cooked in water or water-based
liquid (G013)

Cooked with added fat or oil Cooked by adding fat or oil to those foods
(G025) which do not contain fat or oil that would 

render during the cooking process.
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Cooked with fat or oil (G024)

Cooked with inherent fat Cooked in fat or oil rendered from the
or oil (G030) food being prepared.

Cooking method not applicable 
(G003)

Cooking method not known 
(G001)

Deep-fried (G029) Cooked in hot fat or oil deep enough to 
immerse the food entirely.

Cooking method (G002) The method by which a food is precooked, 
cooked, reheated or held warm. Cooking 
means raising the temperature of a food by 
heat or microwaves for a time sufficient to 
convert it from a raw or partially cooked 
state to a partially or fully cooked state. 
The physical and biochemical changes in 
the food and its components which affect 
the safety, palatability or nutritional 
characteristics of the food depend not only 
on the degree of cooking as indexed in the 
factor for Extent of Heat Treatment but 
also on the specific cooking method used. 
Multiple values may be applied.
A cooking method is indexed no matter 
where it is applied: in the home, in a store, 
by a vendor, in a restaurant, or in a food 
manufacturing plant. If cooking involves 
two or more steps, such as pre-grilling and 
then baking, index all; the steps may be 
applied in the same location or at different 
locations (for example, a pre-grilled frozen 
chicken breast that is fully cooked through 
baking in the home). For simple reheating 
use a descriptor under *Reheated*. As a 
rule, only cooking methods applied to the 
food product as a whole are indexed. 
Cooking methods applied to a component 
or ingredient of the food may be indexed if
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they are of significance for the safety, 
palatability, or nutritional characteristics of 
the food, providing the information is 
easily available.
Cooking method is not indexed for 
products where heating serves mainly for 
preservation, such as in canning or  
blanching vegetables before freezing. It is 
also not indexed for products wherein 
heating is inherent in the food as it is 
indexed in the factor for Product Type. 
Examples would be the heating of 
cheese for manufacture, the pasteurization 
of milk, the boiling of sugar syrup in the 
making of confectionery or the drum-
drying under heat of breakfast cereals. 
These products and products not subject 
to heat treatment are indexed by *Cooking 
method not applicable*. 

Griddled (G008) Cooked on a flat surface at medium heat 
with only a sufficient amount of fat used to 
prevent sticking.

Method of heating container The method by which heat is transferred to 
(G032) the outside of the cooking container. The

most frequently used method of placing the
container on an open flame, a hot metal
surface or into an oven are not indexed here.

Popped (G009) Cooked by agitating the food over a dry,
high heat source, resulting in exploding.

Reheated (G037) Reheating is a simple process to bring the 
already fully cooked product to serving 
temperature. Do not use for a process that 
completes the cooking of a partially 
cooked food.

Reheated by boil-in-bag (G040)

Reheated by dry heat (G039)
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Reheated by microwave (G038)

Reheated in pan or cooking utensil (G041)

Sautéed (G027) Cooked in a very small amount of very hot 
fat, turning and browning the food on all
sides.

Scalded or blanched (G042) A method of precooking food where a 
liquid is heated to just below the boiling 
point (180 degrees Fahrenheit or 82 
degrees Celsius). Often used to retard the 
spoiling of milk. Also to plunge food such 
as fruit or vegetables into boiling water (or 
to pour boiling water over them) in order 
to loosen the skin and facilitate peeling.

Shallow fried (G035) A Chinese cooking technique similar to 
sautéing in which thick slices or

chunks of floured or battered ingredients are slowly 
seared over moderate to low heat. 
(Kuo, CHY. The key to Chinese cooking, 
Knopf, 1977, p. 87)

Simmered, poached or stewed Cooked in a moderate amount of liquid at
(G020) just below the boiling point.

Steamed with pressure (G022) Cooked in a pressure cooker.

Steamed without pressure Cooked suspended above boiling water.
(G023)

Steeped (G036) Extracting flavour and other components 
from food sources by immersion in water, 
usually at near-boiling temperature.

Stir-fried (G028) Cooked by frying foods quickly over high
heat, stirring constantly. Only enough
cooking oil is used to coat the bottom of the
pan.

Toasted (G010) Cooked with direct heat until the surface 
of the food is browned, usually associated
with bread or sandwiches.
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Future NLG Activities

The FLAIR Eurofoods-Enfant Project officially ended in March 1994 but the
wish to continue cooperation and work on nutrient losses and gains factors in
Europe remained. The members of the NLG project met several times during the
third annual FLAIR Eurofoods-Enfant Project meeting in Portugal, November
1993, and it was proposed to include the reference and yield collections in the
EuroNIMS, as an extra service to the users of the system. In EuroNIMS
Newsletter a regular NLG feature could also be started. If EuroNIMS consortium
accepts this NLG coordinating role, yield and retention factors, and their
associated references, would be added to the collection regularly.

At the 1993 NLG workshop it was concluded that the Langual descriptors or
factors are not specific enough to cover all terms of processing, especially
cooking. Clear definitions of processing terms are required and should be
considered as an important step towards enhanced compatibility of food
composition databases. Therefore, it was proposed to set up a Langual Special
Interest Group for cooking methods and to develop codes and descriptions for
more cooking methods. This work should then be extended to include all
processing methods.

Work on the NLG factors may also continue under the COST Eurofoods-
Enfant Project, a project funded by the Commission of the European Union, and
which will start at the end of 1994. Another opportunity to meet and discuss
nutrient losses and gains will be at the Second International Food Data Base
Conference, to be held in Lahti, Finland, August 28-30, 1995.
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