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SUMMARY

Food of animal origin, particularly meat, suffers from a bad image in terms of dietetic value.
It is often not recognized that meat substantially contributes to the supply with several
valuable or even essential nutrients. Furthermore, the contribution of less desirable
compounds, like saturated fatty acids, is often overestimated because of inaccurate data in
some food composition tables and because losses that occur during cooking, as well as
trimming before eating, are not considered.

The main objective of this thesis was to determine the actual nutrient profile of raw meat as
well as the influence of cooking and trimming of fatty tissue on the nutrient content. On the
basis of these data, the contribution of meat to the dietary intake of nutrients was estimated.
The second objective of the project was to update and improve the nutrient composition table
of meat to reflect the current situation and to monitor possible changes.

For this purpose, meat cuts from different species were purchased from various supermarkets
and butcheries, additionally considering different origins in terms of production system (meat
labels) and anatomical location. Meat cuts from the following species were included: cattle,
pig, calf, lamb, chicken, turkey, duck, goose, horse, ostrich, bison, deer, rabbit and wild boar.
Commonly used cooking methods were applied to measure the influence of cooking on
selected cuts. The influence of trimming of fatty tissue on the selected meat cuts was analyzed
by separation of muscle and fatty tissue.

The outcomes of this project illustrates that although the chemical composition of muscles
was found to be fairly constant (about 62 to 75% of water, 19 to 25% of protein, and around
1% of ash), some nutrients were found to be highly variable. The fat content within and
between species varies greatly depending on the meat cut. However, over the past 15 years the
fat content of meat, especially meat from beef, pork, veal and lamb decreased noticeably due
to changes in breeding, feeding, slaughtering and preparation. Overall, the analyzed meat cuts
contain similar proportions of saturated (SFA) and monounsaturated fatty acids (MUFA),
although the exact proportions vary depending on the type of meat. Chicken meat cuts show
the lowest proportion of SFA but the highest proportion of polyunsaturated fatty acids
(PUFA). Regarding the micronutrients, remarkable differences were found for the
concentrations in meat from different species as well as between the individual meat cuts for
iron, zinc and selenium. Trace element concentrations showed high coefficients of variation
which is important to include in food composition tables in order to provide an accurate

overview and to consider the variation when calculating dietary intakes.



Summary

The cooking experiments showed that heat treatment had various effects on the different
nutrients. The determining factors for the changes were the meat cut itself as well as the
parameters related to the corresponding cooking process applied (time, medium and
temperature). Cooking changes the palatability of meat by affecting appearance, tenderness,
juiciness, and flavor. As meat is heated, it will loose some water due to evaporation and drip
loss, fat because of its melting and vitamins due to the destructive effect of heat as well as the
leaching effect of the medium which also affects the minerals. The amount of the losses will
depend on the temperature and length of time the meat is cooked, the water holding capacity
of the meat as well as its fat content and the proportion of added oil. All this makes it very
difficult to get reliable nutrient data of cooked meat particularly because meat cuts can be
prepared by different cooking methods to various level of doneness. Moreover, it is important
to note that trimming of visible fat can additionally reduce fat intake from meat. The amount
purchased is, depending on the individual eating habit, not equivalent to consumption.
Overall, it is important to update and improve nutrient data from meat with more detailed
information about changes during cooking processes and trimming of fat so that individual
eating habits can be taken into account for the calculation of the intake of nutrients from meat.
Meat and meat products can make an important contribution to nutrient intakes in the diet.
They provide a number of essential nutrients, including, long-chain n-3 PUFA, iron, zinc,
selenium, essential amino acids and vitamin Bs. The reason why meat is an important source
for some micronutrients is due to the fact that meat is either the only source or provides a
substantially higher bioavailability of some micronutrients.



ZUSAMMENFASSUNG

Lebensmittel tierischer Herkunft, speziell Fleisch, leiden unter einem schlechten Ruf in Bezug
auf ihren gesundheitlichen Wert. Oft wird nicht wahrgenommen, dass Fleisch einen
wesentlichen Beitrag zur Deckung des Bedarfs an wertvollen oder sogar essentiellen
Néhrstoffen leistet. Ausserdem werden die Beitrdge von weniger erwinschten Verbindungen
wie geséttigte Fettsduren oft Uberschéatzt, dies aufgrund von fehlerhaften Nahrwertdaten und
wegen den meist unbeachteten Koch- und Abschnittsverlusten, die wahrend der Zubereitung
entstehen.

Das hauptsachliche Ziel dieser Arbeit war die Analyse der Néhrstoffzusammensetzung von
rohem Fleisch wie aber auch des Einflusses von Kochen und Abschneiden von sichtbarem
Fett auf die einzelnen Nahrstoffe. Daraus wurde der Beitrag von Fleisch zur téglichen
Aufnahme von Néhrstoffen abgeschatzt. Die zweite Zielsetzung des Projektes war die
Aktualisierung und Erweiterung der Néhrwerttabelle von Fleisch, um die gegenwartige
Situation wiederzugeben und um maogliche Veranderungen aufzuzeigen.

Dazu wurden in lokalen Supermérkten und Metzgereien Fleischstiicke von verschiedenen
Tierarten eingekauft unter Mitberlcksichtigung verschiedener Herkiinfte bezilglich des
Produktionssystems (,,Fleischlabel”) und der anatomischen Lage. Fleisch von folgenden
Tierarten und Kategorien wurde analysiert: Rind, Schwein, Kalb, Lamm, Huhn, Truthahn,
Ente, Gans, Pferd, Strauss, Bison, Wild, Kaninchen und Wildschwein. Die gangigsten
Kochmethoden wurden angewendet, um den Einfluss des Kochens auf ausgewdahlte
Fleischstiicke zu messen. Der Einfluss des Wegschneidens von sichtbarem Fett auf
ausgewahlte Fleischstiicke wurde durch das Trennen der Proben in Muskel und Fettgewebe
analysiert.

Obwohl die chemische Zusammensetzung von Muskelfleisch ziemlich konstant war (ungeféhr
62 bis 75% Wasser, 19 bis 25% Protein und etwa 1% Asche) waren einige Néhrstoffe sehr
variabel. Der Fettgehalt schwankt in Abhédngigkeit vom Fleischstiick innerhalb wie auch
zwischen den Tierarten sehr stark. Dennoch sank der Fettgehalt von verkaufsfertigem Fleisch
in den letzten 15 Jahren, speziell von Rind-, Schwein-, Kalb- und Lammfleisch, merklich,
infolge von Veranderungen in der Zucht, Futterung, Schlachtung und Aufbereitung.
Allgemein enthélt Fleisch &dhnliche Anteile an geséttigten und einfach ungesattigten
Fettsduren, wobei die genauen Anteile in Abhangigkeit der Tierart schwanken. Fleisch von
Hihnern weist die tiefsten Gehalte an geséttigten Fettsauren auf, dafur die hochsten Gehalte

an mehrfach ungesattigten Fettsduren. Hinsichtlich der Mikronahrstoffe wurden



Zusammenfassung

beachtenswerte Unterschiede fiir die Konzentrationen von Eisen, Zink und Selen in Fleisch
von verschiedenen Tierarten, wie auch innerhalb der Teilsticke gefunden. Die
Spurenelementkonzentrationen far ein Teilstuck wiesen ebenfalls hohe
Variationskoeffizienten auf, welche in Nahrwerttabellen unbedingt zu berticksichtigen sind,
um eine akkurate Ubersicht zu erreichen und daraus verlassliche Berechnungen der téglichen
Einnahmen zu ermdglichen.

Mit den Kochexperimenten konnte gezeigt werden, dass die Einwirkung von Hitze
unterschiedliche Effekte auf die einzelnen Né&hrstoffe hat. Die entscheidenden Faktoren flr
die Verénderungen waren das Fleischstiick selber (Wassergehalt, Fettgehalt) sowie die
Parameter Zeit, Garmedium and Temperatur je nach gewahlter Garmethode. Garen verandert
die Schmackhaftigkeit des Fleisches in dem es die Zartheit, die Saftigkeit und das Aroma
veréndert. Sobald Fleisch erhitzt wird, verliert es Wasser durch Verdampfen und Saft-Austritt,
Fett durch Schmelzen und Vitamine durch Zerstérung durch Hitze wie auch durch einen
etwaigen Auslaugeffekt des Garmediums, welcher auch Mineralstoffe ausschwemmen kann.
Die Hohe der Verluste ist abhdngig von der Temperatur, der Garzeit, dem
Wasserhaltevermogen des Fleisches sowie vom Fettgehalt und dem zugegebenen Bratfett. Die
Gesamtheit dieser Faktoren macht es schwierig, genaue Nahrstoffdaten von gegartem Fleisch
zu erhalten, besonders da einige Fleischstiicke mit unterschiedlichen Garmethoden zubereitet
werden und diese sich zudem in der Garstufe unterscheiden konnen. Schliesslich fuhrt das
Abschneiden von sichtbarem Fettgewebe zu einer zusétzlichen Verminderung der
Fettaufnahme durch Fleisch. Die gekaufte Menge an Fleisch ist, abhingig von den
individuellen Essgewohnheiten, nicht gleich der verzehrten Menge. Zusammenfassend
gesehen ist es wichtig, Nahrstoffdaten fur Fleisch regelméssig zu erneuern und mit mehr
Informationen Uber Verénderungen wahrend des Garens und Wegschneidens von sichtbarem
Fettgewebe zu erweitern, damit individuelle Essgewohnheiten besser in die Berechung der
Nahrstoffaufnahme aus Fleisch mit einfliessen kénnen.

Fleisch und Fleischprodukte koénnen einen wichtigen Beitrag zur Deckung der
Né&hrstoffaufnahme in der Erndhrung leisten. Fleisch beinhaltet eine Anzahl an essentiellen
Nahrstoffen, einschliesslich langkettige mehrfach ungesattigte n-3 Fettsauren, Eisen, Zink,
Selen, essentielle Aminosduren und Vitamin Bg. Fleisch ist deshalb eine wesentliche Quelle
fir einige Mikronahrstoffe, weil es entweder die einzige Quelle ist oder eine hohere

Bioverfugbarkeit fur einige N&hrstoffe aufweist.



GENERAL INTRODUCTION

Food composition table
“A knowledge of the chemical composition of foods is the first essential in the dietary
treatment of disease or in any quantitative study of human nutrition.” (McCance and

Widdowson, 2002).

The assessment of dietary exposure is critical for the interpretation of the relationship between
nutrition and health. Food intake may be measured with several dietary methods, which assess
either recent diet (for example, 24-h recall, 7-d-diary), or long-term intake (for example, food
frequency questionnaire). All dietary assessment methods have potential sources of errors
which need to be identified and controlled in order to obtain dietary intake estimates as close
as possible to the true food intake (Bingham, 1987). Once data on the amount of food
consumed have been collected, these are generally aggregated to match the groups of food
available in food composition tables, which introduces additional imprecision in nutrient
intake estimation. Over 150 food composition tables and electronic databases already exist
worldwide. Further potential error lies in the tables which use different systems to name,
group and describe food, and different definitions and chemical analytical methods for
nutrients, which do not always provide comparable values. Furthermore the nutrient values
are not always expressed consistently, and often only little or no information is available on
the sampling of food and on the extent of variation of the analyzed values (Slimani, 1993).
The sum of the above mentioned errors may result in an incorrect estimation of nutrient
intake, especially at the individual level though possibly less at the group level. In studies on
diet and health this measurement error may affect the observed relationship with disease risk,
which may appear artificially strengthened or weakened. In order to obtain nutrient intake
values, especially in an international, multi-centre study, it is important that all methods and
tools be standardized between the participating centers. The standardization has to be done at
every level of the study such as the data collection, aggregation and coding of food, and when
applying the tables. This is one of the aims of the European Prospective Investigation into
Cancer and Nutrition (EPIC) (Deharveng et al., 1999) and of the European Food Information
Resources (EuroFIR), the European Network of Excellence on Food Composition Databank
Systems.

Meat is a good example for a complex structured food whose role often is controversially

discussed in the context with health.



General Introduction

Nutrient composition of meat

Meat is frequently associated with a negative health image due to its “high” fat content and in
the case of red meat is seen as a cancer-promoting food. Therefore a low meat intake,
especially red meat is recommended to avoid the risk of cancer, obesity and metabolic
syndrome (Biesalski, 2005). However this discussion overlooks the fact, that meat is an
important source for some micronutrients such as trace elements and vitamins, which are
either not present in plant derived food or have a poor bioavailability. In addition, meat as a
protein-rich and carbohydrate-low product contributes to a low glycemic index, which is
assumed to be beneficial with respect to obesity, diabetes development and cancer (Biesalski,
2005). Taken together meat contains several important or even essential nutrients, which are
beneficial for human health and development. As an essential part of a mixed diet, meat
ensures adequate delivery of essential micronutrients and amino acids and is involved in

regulatory processes of energy metabolism.

Protein

A typical muscle consists of around 75 % water, 20 % protein, 3 % fat and 2 % soluble non-
protein substances. Proteins are the major component of the dry matter of lean meat (Briggs &
Schweigert, 1990).

Nine of the amino acids present in proteins are essential (or semi-essential) because the
human body cannot synthesize them from other compounds, and therefore must taken them
up from food. Therefore, the requirement for dietary protein consists of two components; (a) a
requirement for the nutritionally essential amino acids, and (b) the need to meet the
requirement for non-specific nitrogen in order to supply the nitrogen necessary for synthesis
of the nutritionally not essential amino acids and other physiologically important nitrogen-
containing compounds (nucleic acids, creatine, porphyrins) (Pellett and Young, 1990).
Proteins are broken down into their constituent amino acids during digestion which are then
absorbed and used for the biosynthesis of endogenous proteins. These are essential for the
human body in various functions as for the growth and repairing of the tissues, for the proper
functions of the antibodies and for the regulation of enzymes and hormones.

Different foods contain different proteins, each with their own unique amino acid
composition. The nutritional quality of a protein depends on the proportion of essential amino
acids present. High quality dietary proteins contain the necessary amounts of essential amino
acid to cover the needs of the human body. Low quality dietary proteins show an imbalanced

ratio of essential amino acids; the most lacking is called the limiting amino acid.
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The amino acid composition of meat protein is relatively constant regardless of the cut or
organ from which the meat is obtained. A notable exception is for meats containing large
amounts of connective tissue, because of the distinctly different amino acid composition of
collagen and elastin (Pellett and Young, 1984). Meat contains generally high levels of the
major essential amino acids, lysine, total sulfur amino acids, threonine and tryptophane
(Pellett and Young 1990).

Protein quality is usually defined according to the amino acid pattern of egg protein, which is
regarded as optimal. It is not surprising that animal proteins, such as meat, milk and cheese
tend to be of a higher protein quality than plant proteins. Animal proteins have a better
digestibility compared to plant proteins. This can be explained to some extent with the fact
that plant proteins are mostly embedded into polysaccharide matrices (cell walls) where they
cannot be reached by the proteolytical enzymes.

A healthy nutrition requires a balanced mix of different food proteins. By combining plant
and animal food the nutritional quality of the protein can be increased because of the

complementing effect.

Fat

Fat is the richest dietary source of energy and supplies essential nutrients such as essential
fatty acids as well as precursors of compounds that regulate a number of physiological
functions (e.g. prostaglandins) and helps to absorb fat-soluble vitamins (A, D, E and K).
Further fat has a decisive relevance as the most compact energy store of the body, as fixation
as well as a protection of the organs and as source of fatty acids which again act as structural
element of cell membranes. Fat also provides palatability and flavor to food. In the right
proportions it is therefore an essential component of any balanced diet, and hence the degree
of fat reduction must not only take into account sensory or technological factors but it must
also be such as to avoid loss of nutritional benefits (Colmenero, 2000).

Meat is looked at very critically because of its fat content being generally included under the
heading of fatty foods. The fat in animals is mainly found in their fatty tissue and is
distinguished between depot fat (largely subcutaneous fatty tissue), intermuscular and
intramuscular fat. The last of these is called marbling. The amount of intermuscular and depot
fat present in a meat cut varies, depending on the fat excretion of the animal and how the cut
has been trimmed (Seuss, Honikel & Scholz, 1988).

Contrary to the widespread belief that animal fat is mainly composed of saturated fatty acids

(SFA), roughly half of the fatty acids in meat are unsaturated. Meat lipids usually contain less
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than 50 % SFA, and up to 70 % (beef 50-52 %, pork 55-57 %, lamb 50-52 % and chicken
70 %) unsaturated fatty acids (Romans et al. 1994). Meat fatty acid composition is influenced
by genetic factors, although to a lower extent than dietary factors. The level of fatness also
has an effect on the meat fatty acid composition. The content of saturated and
monounsaturated (MUFA) fatty acids increases faster with increasing fatness than does the
content of polyunsaturated fatty acids (PUFA), resulting in a decrease in the relative
proportion of PUFA and consequently in the polyunsaturated/saturated fatty acids (P/S) ratio.
The effect of fatness on the P/S ratio can be explained to a large extent by differences in the
fatty acid composition of the major lipid fractions and the relative contribution of these
fractions to total lipids. Muscle lipids are composed of polar lipids, mainly phospholipids
located in the cell membranes, and neutral lipids consisting mainly of triacylglycerols in the
adipocytes that are located along the muscle fibers and in the interfascicular area. A small
amount of triacylglycerols is also present as cytosolic droplets in the muscle fibres
(Gandemer, 1999). The content of phospholipids in the muscle is relatively independent of the
total fat content and varies between 0.2 and 1 % of muscle weight. However, the content of
muscle triacylglycerols is strongly related to the total fat content and varies from 0.2 % to
more than 5 % (Fernandez et al., 1999; Gandemer, 1999; Sinclair & O’Dea, 1990).
Phospholipids are particularly rich in PUFA, whereas triacylglycerols contain lower amounts
of PUFA. Because phospholipids are membrane components, their proportion of SFA to
unsaturated fatty acids is strictly controlled in order to maintain membrane properties.
Although the PUFA content of triacylglyerols can be influenced by dietary factors,
particularly in monogastrics, it is diluted by de novo fatty acid synthesis consisting of SFA
and MUFA, thus causing a decline in the P/S ratio with increasing fat deposition.

The most ubiquitous fatty acids in meat are oleic (C18:1), palmitic (C16:0), and stearic
(C18:0) acid. Linoleic acid (C18:2n-6) is the predominant PUFA (0.5 — 7 %), followed by
alpha-linolenic acid (C18:3n-3). Trans-fatty acids comprise below 0.5 % (Pfalzgraf, Timm &
Steinhart 1994) of total fatty acids across all types of meat from monogastric animals; in
ruminant meats they represent around 2 — 4 % (Valsta, Tapanainen & Ménnisto, 2005).

The largest part of saturated, monounsaturated and polyunsaturated fatty acids are supplied by
the diet but can also be synthesized in the body with exception of the n-3 and n-6 fatty acids.
Therefore these two groups of PUFAs are indispensable and have to be supplied by the food.
Meat can contribute to the supply with physiologically important long-chain polyunsaturated
n-3 fatty acids (LC n-3 PUFA), i.e. eicosapentaenoic acid (EPA), docosapentaenoic acid

(DPA), and docosahexaenoic acid (DHA), which were shown to exert various beneficial
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health effects (Simopoulos, Leaf & Salem, 1999), because meat is far more commonly
consumed than fish (Howe et al., 2006). Due to the very limited in vivo synthesis of EPA and
DHA from dietary alpha-linolenic acid in adult humans (Burdge et al., 2003), animals can be
regarded as a transformer of alpha-linolenic acid to EPA and DHA through their synthesis and
following storage in their muscles. EPA and DHA are primarily incorporated into muscle
tissue phospholipids. Therefore lean meat needs to be taken into account when dietary LC n-3
PUFA intakes are determined (Lopez-Garcia et al., 2004).

Fatty fish and seafood are known to be a rich source of the LC n-3 PUFA, resulting in public
health recommendations for regular consumption of fatty fish (Kris-Etherton, Harris & Appel,
2002). However, fatty fish has its negative aspects as well. Toxic compounds, such as fat
soluble methyl mercury, dioxins and polychlorinated biphenyls are found in fatty fish
(Hooper et al., 2006). Furthermore, the world’s oceans are being seriously over fished,
leaving some species in danger of extinction (WWF, 2007). For this reason alternative food
sources are being developed, encouraged by the introduction of nutritional and health claims
for functional foods rich in LC n-3 PUFA (Howe et al., 2006). These include processed food
enriched with LC n-3 PUFA from microalgal and other sources and meat, milk and eggs from
livestock fed n-3-rich diets (Simopoulos, 1999). Further enrichment of meat with the LC n-3
PUFA may be a practical alternative to increased consumption of fish as a means of

increasing population intakes of LC n-3 PUFA (Howe et al., 2006).

Minerals and trace elements

Beside the macronutrients protein and fat, meat contains micronutrients (minerals and
vitamins) which are involved in essential metabolic processes. They are an indispensable part
of the diet because the body cannot synthesize them or not in sufficient amount. Most of these
substances are present in an adequate amount in a balanced diet so that there are no supply
problems. But there are some trace elements and vitamins which are known to be deficient in
certain population groups.

Iron is one of the most abundant elements in the earth’s crust, paradoxically, iron deficiency is
the most common and widespread nutritional disorder in the world (DeMaeyer & Adiels-
Tegman, 1985). Due to biological losses, such as cyclical monthly bleeding of fertile-aged
women, excessive infestation with blood-feeding parasites, or poor bioavailability of iron
from plant-based diets, it is estimated that as many as 4 — 5 billion people, 66 — 80 % of the
world’s population, may be iron deficient (DeMaeyer & Adiels-Tegman, 1985; World Health
Organization, 1992). At any given time, 2 billion people — nearly 30 % of the world’s
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population — are anemic, mainly due to iron deficiency, and in developing countries this is
frequently exacerbated by malaria and worm infections (World Health Organization, 1992).
Depending on the composition of the individual diet the bioavailability of iron can differ 5- to
10-fold. Meat, fish, poultry and offal are the only foods that contain the better available heme
iron besides the inorganic iron (non-heme iron) (Latunde-Dada & Neale, 1986). In addition,
meat does not contain iron absorption reducing factors like phytate, tannins, oxalate and fibers
(Oster, 1994). Approximately only 1 — 10 % of the non-heme iron is absorbed from the diet
compared to 20 — 25 % absorption from heme iron (Hallberg et al., 1979). Furthermore, the
intake of meat tissue is known to enhance the absorption of non-heme and heme iron, the so
called “meat factor”. The meat factor has not yet been identified, but has in some studies been
ascribed to cysteine or cysteine containing peptides (Martinez-Torres et al., 1981; Layrisse et
al., 1984). The idea of cysteine and cysteine-containing peptides as the meat factor was
further investigated by others (Mulvihill & Morissey, 1998a, 1998b; Mulvihill et al., 1998;
Diaz, Vattem & Mahoney, 2002) with the major findings that salt-soluble meat protein
extracts containing mainly myofibrillar proteins exhibited enhanced in vitro iron dialyzability.
Storcksdieck, Bonsmann & Hurrell (2007) proposed, based on their findings, that iron-
binding peptides are produced by pepsin digestion and bind iron in a soluble form in the
stomach, preventing interaction with absorption inhibitors such as phytic acid and
polyphenols. A diet which is primarily composed of vegetables, rice, beans and corn is
associated with a poor iron bioavailability which at least explains the high incidence of
anemia in developing countries. One hundred grams pork meat added to the vegetarian diet
described above increases the iron absorption by a factor of 3.6.

Meat is not only an important source of available iron, but also of zinc. It is well known that
absorption of dietary zinc from animal protein based meals is higher compared to wholegrain
cereal based meals (King and Turnland, 1989). The main reason is, as described for iron, the
absence of zinc absorption inhibiting factors like phytate and fibers. In addition, it has been
shown that meat protein enhances zinc absorption from phytate containing meals due to its
affinity for zinc compared to phytate (Kirchgessner, Paulicks & Roth, 1990).

The trace element selenium (Se) is a crucial nutrient for human health. It is a component of a
number of important selenoproteins including enzymes required for such functions as
antioxidative defense, reduction of inflammation, thyroid hormone production, DNA
synthesis, fertility and reproduction (Raymann, 2000). It can also be converted in the body to
Se metabolites that are thought to reduce the blood supply to tumors and kill cancer cells

(Combs & Lii, 2001).
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As Se is not essential for plant growth and plants do not control Se uptake, the Se content of
plants generally reflect the concentrations of Se in soil (Combs, 2000; Hintze et al., 2001;
Ellis & Salt, 2003). Therefore, farm animals raised using low-Se feedstuff deposit relatively
low concentrations of the mineral in their tissues and edible products (e.g. milk, eggs), while
animals fed with a relatively high-Se diet yield food products with much higher Se
concentrations. Due to the needs of livestock for Se to prevent debilitating deficiency
syndromes, Se (usually in the form of Na,SeOs) is commonly used as feed supplement in
animal nutrition in many parts of the world. This practice became widespread in North
America and Europe within the last 25 years and has reduced the geographic variation in the

Se contents of animal food products (Combs & Combs, 1986).

Vitamins

Vitamins are a complex group of organic compounds that are generally present in small
quantities in foodstuffs. Vitamins are important as cofactors in enzymatic processes and also
possess hormonal activity. Traditionally, vitamins have been classified on the basis of their
solubility in either lipid or aqueous solvents, and they are therefore broadly divided into fat-
and water-soluble vitamin categories (McDowell, 2000; Cheeke, 2005). Fat-soluble vitamins
tend to be mainly stored in the liver and adipose tissues of animals, in association with stored
fat, and they are not readily excreted. Water-soluble vitamins, on the other hand, tend to be
stored to a far lesser extent in the body. The vitamins contained in animal and human diets are
predominantly derived from either plant or microbial synthesis. Animal cells maintain the
ability for de novo synthesis of some vitamins, such as vitamin D and, depending on the
species involved, niacin and ascorbate, as well as the ability to convert precursors (pro-
vitamins) to their active form. Additionally, commensal microorganisms in both the ruminant
and non-ruminant digestive tract can serve as source of vitamins, such as vitamin K and the
water-soluble B-complex vitamins (Sahlin & House, 2006). Meat has long been recognized as
a good source of B vitamins for human nutrition.

Vitamin Bg exists in six forms: pyridoxal (PL), pyridoxine (PN), pyridoxamine (PM), and
their phosphate derivatives: pyridoxal 5'-phosphate (PLP), pyridoxine 5'-phosphate (PNP),
and pyridoxamine 5'-phosphate (PMP). PLP is the active coenzyme form, and is the most
important form in human metabolism (Leklem, 1991). It plays a vital role in the function of
approximately 100 enzymes that catalyze essential chemical reactions in the human body
(Leklem, 1991; Rindi, 1996). For example, PLP functions as a coenzyme for glycogen

phosphorylase, an enzyme that catalyzes the release of glucose stored in the muscle as
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glycogen. Much of the PLP in the human body is found in muscle bound to glycogen
phosphorylase. PLP is also a coenzyme for reactions used to generate glucose from amino
acids, a process known as gluconeogenesis.

Vitamin Bj, also known as thiamine, is essential for normal cellular functions, growth, and
development. Thiamine in its coenzyme form, thiamine diphosphate, plays a crucial role in
normal carbohydrate metabolism, in which it participates in the decarboxylation of pyruvic
and o-ketoglutaric acids and in the utilization of pentose in the hexosemonophosphate
pathway (Berdanier, 1998). Humans and other mammals cannot synthesize thiamine and thus
must obtain the vitamin from exogenous sources via intestinal absorption (Said et al., 2001).
Meat, especially pork has long been recognized as a good source of thiamine (Briggs &
Schweigert, 1990).

Vitamin B,, commonly named riboflavin, is a precursor of flavin mononucleotide (FMN) and
flavin adenine dinucleotide (FAD). FMN and FAD are coenzymes for numerous oxidases and
dehydrogenases in eukaryotic cells (Rivlin, 2001).

Vitamin B, is the largest and most complex of all the vitamins. The structure of B,, is based
on a corrin ring, which is similar to the porphyrin ring found in heme, chlorophyll, and
cytochrome. The central metal ion is Cobalt (Co*"). For this reason cobalamin is the term
used to refer to compounds having B, activity. Methylcobalamin and 5-deoxyadenosyl
cobalamin are the forms of vitamin B, used in the human metabolism (Brody, 1999).
Vitamin B, is strictly synthesized by microorganisms or by incorporation of some microbial
constituents into foods. In ruminants, vitamin B, is synthesized within the rumen and
absorbed through the digestive tract (McDowell, 2000) before being transported via blood to
body tissues, first the liver and subsequently the muscles (Le Gusse & Watier, 1993).
Ruminant products (meat and milk) constitute the major natural source of vitamin B, for

humans (Scott, 1997).

Cholesterol

Cholesterol (5-cholesten-3-B-ol) is an essential structural component of cell membranes and
lipoproteins and serves as precursor for steroid hormones and bile acids (Maurice et al.,
1994). Both, dietary and de novo synthesized cholesterol that are circulated through the body
in lipoprotein particles. The same is true for cholesteryl esters, the form in which cholesterol
is stored in cells. The synthesis and utilization of cholesterol must be tightly regulated in order
to prevent over-accumulation and abnormal deposition within the body. Biosynthesis in the

liver accounts for approximately 10 %, and in the intestines approximately 15 % of the
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amount produced each day. Cholesterol synthesis occurs in the cytoplasm and microsomes
from the two-carbon acetate group of acetyl-CoA. Normal healthy adults synthesize
cholesterol at a rate of approximately 1g/d and consume approximately 0.3g/d. A relatively
constant level of cholesterol in the body (150 - 200 mg/dl blood) is maintained primarily by
controlling the level of de novo synthesis. The level of cholesterol synthesis is regulated in
part by its dietary intake. The results of several studies (Keys et al., 1956; Morris et al., 1963;
Kahn et al., 1969; Nichols et al., 1976) even indicated that in adult persons the serum
cholesterol level is essentially independent of the cholesterol intake over the whole range of
human diets. It is now believed that only people with a genetic predisposition towards high

cholesterol values would benefit from a reduction in dietary cholesterol (Simopoulos, 1997).

Aim of the study

Food of animal origin, particularly meat, suffers from a bad image in terms of dietetic value.
It is often not recognized that meat substantially contributes to the supply with several
valuable or even essential nutrients. Furthermore, the contribution of undesirable compounds,
like saturated fatty acids, is often overestimated because of incorrect data in outdated food
composition tables, and losses during cooking and trimming before eating are generally
ignored. Because of changes in the last 15 years in animal breeding, feeding and slaughtering
as well as the changes in consumer habits, an update and a correct evaluation of the nutrients

of meat are needed.

Therefore, the aim of this study was to determine the actual nutrient intake from meat as
eaten, by analyzing different meat cuts from several species. In addition, to better estimate the
individual uptake of nutrients out of meat, the influence of cooking and trimming of visible
fatty tissue was determined.

The samples were purchased in supermarkets and butcheries in Switzerland under
consideration of different meat origins (label), to reflect the present situation and variability

on the available meat.
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Chapter 1. Nutrient Profile of Meat

Abstract

The aim of this work was to analyze the content of cholesterol, fatty acids, amino acids,
selected minerals, and vitamin Bg in meat cuts from different species and to estimate the
contribution of meat to supplying consumers with these nutrients. The cholesterol content of
all meat cuts was between 46 to 86 mg/100 g raw meat. For the majority of the meat cuts, fat
content was less than 10 grams per 100 g raw meat. The fatty acid composition was variable
between and within species. The proportion of saturated fatty acids (SFA) ranged from 30 to
52 %. In contrast, the amino acid profile was remarkably constant even between species. Beef
and lamb showed the highest Fe and Zn levels. Vitamin B¢ concentrations ranged from 0.32
to 0.80 mg/100 g raw meat and showed no difference between species. The average daily
meat consumption in Switzerland (142 g) provided about 21 g of fat, of which 39 % were
SFA.

In conclusions, the chemical composition of muscles is remarkably stable with the exception
of micronutrients and lipids, which are highly variable. Meat is a vital source of several
micronutrients due to the fact that meat is either the only source or provides the

micronutrients in a form with a higher bioavailability.

Introduction

Food composition tables are among the most important resources used by professionals
working in areas such as nutrition research and public health. Diet and Health related
decisions and nutritional recommendations are based on food composition databases.
Therefore, the data need to be accurate, reliable and precise. Unfortunately, this is not always
the case because factors that play an important role in the variation of composition are not
always taken into account and, therefore, excessively broad dispersions and irregularities in
data distributions can occur (Joyanes & Lema, 2006). It is also essential that food composition
tables are regularly updated for a number of reasons: Almost all foods vary in composition,
and this is particularly true for meat. First there are substantial variations in the amount and in
the composition of both, the lean and the fat tissue, with breed, age and season (Chan et al.,
1995). Changes in breeding, feeding, slaughtering and preparation over the years affected the
content of several nutrient in different ways. Over the past 40 years, the fat content of meat,
especially red meat, decreased noticeably (Kauffman & Breidenstein, 1983). Genetic
selection, an increased understanding of nutrition and the subsequent increased demand for

healthier food have led to improvements in the efficiency of animal production and in carcass
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composition and quality, at least with respect to carcass fatness and muscle yield (Dunshea et
al., 2005). Furthermore, modern butchery techniques that include the extensive trimming of
fat from meat before sale, have led to a reduction in the fat content of meat cuts ready for sale
(Williamson et al., 2005). Successful modification of the fatty acid profile of meat has taken
place through alterations in feeding practices. The fatty acid profile of non-ruminant meat is
essentially a reflection of this modification in the diet (Givens & Shingfield, 2004). For
example, in mono-gastric animals such as pigs, the inclusion of linseed and fish oils in feeds
results in significant increases in N-3 polyunsaturated fatty acids (PUFA), particularly when
compared with a traditional cereal-based diet, where the meat lipids principally contained
saturated fatty acids (SFA) and monounsaturated fatty acids (MUFA). In ruminants, the
composition of fat is less variable and it has been more difficult to modify the fatty acid
profile of the meat, due to the influence of rumen bacteria (Higgs, 2000). The potential
modifications of other nutrients in the meat was more or less neglected and tolerated as long
as they did not affect the meat quality. However, all modifications have to be taken into
account in view of the nutrient intake from meat.

The objective of the present work was to determine the actual nutrient profile of meat cuts
marketed in Switzerland, in order to update the nutrient data of meat in the Swiss food
composition tables as a presupposition to estimate the contribution of meat to the dietary

intake of nutrients.

Material and Methods

Samples

Meat cuts were purchased from supermarkets and butcheries in different cities in
consideration of different labels and meat origins. Beef (sirloin, rib-eye, braising steak,
simmer meat, both lean and streaky, ground meat), veal (breast, chop, loin, braising steak,
ground meat), pork (neck steak, chop, loin, braising steak, ground meat), lamb (gigot, chop)
and chicken (breast with and without skin, leg with and without skin) were analyzed. For
mineral analysis a piece from the center of the muscle part was cut out with a ceramic knife to
avoid contamination with trace elements. The remaining part was ground in a food blender
(Moulinette moulinex, type 643, Ecully Cedex, France) to ensure homogenous and
representative samples. The homogenized samples were vacuum packaged, frozen and stored

at -18 °C until analysis.
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Chemical analyses

Water and ash contents were quantified by a thermogravimetric analysis (Leco TGA-500,
Leco Corporation, St. Joseph, Michigan, USA). The fat content was determined by Soxhlet
extraction (Biichi Extraction System B-811, Biichi AG, Flawil, Switzerland) after HCI
digestion (Biichi 425 Digestor, Biichi AG). Total protein was calculated from total nitrogen
(Leco CN-2000, Leco Corporation) by multiplying with the factor 6.25, which is
controversial but still used in validated analytical methods (AOAC official method 992.15).
Amino acids, except tryptophan, were determined by ion-exchange chromatography of the
acid-hydrolyzed protein. Additionally, since tryptophan is destroyed by hydrochloric acid, an
alkaline hydrolysis was carried out, followed by high performance liquid chromatography
equipped with a fluorescence detector to quantify this amino acid. Energy data were
calculated by multiplying the amounts of protein and fat by the energy conversion factors 17
and 37 (kJ value) and 4 and 9 (kcal value), respectively (Souci, Fachmann & Kraut, 2000).
For the determination of cholesterol, a gas chromatographic method employed by Paterson,
Ziircher & Amado (1994) was used. Fatty acid content and composition were determined by
GC analysis on a Supelcowax-10" capillary column (30 m x 0.32 mm x 0.25 pm: Supelco
Park, Bellefonte PA, USA). Vitamin Bs was analyzed using a high performance liquid
chromatography system equipped with a fluorescence detector (Schweizerisches
Lebensmittelbuch, 2000). For the mineral determination, a closed quartz vessel and
microwave oven (MLS Ethos, MLS-GmbH, Leutkirch, Germany) digestion procedure was
used: 1 g of meat, prepared with a ceramic knife, and 0.5 g of the certified reference material
(SRM 1546 Meat Homogenate, NIST, Gaitherburg, USA) were accurately weighed into
quartz digestion vessels. Thereafter, 2 ml of hydrogen peroxide (H,O, 30 % pro analysi,
Merck, Darmstadt, Germany) and 8 ml of nitric acid 65 % (HNOs; suprapur, Merck) were
added to each tube, which was then closed. The digestion was conducted by applying a 4-step
program described as follows: 250 W for 4 min, then 3 min at 350 W, followed by 450 W for
3 min and finally 3 min at 500 W. Once the samples had been allowed to cool, the digested
solutions were transferred into 20 ml volumetric flasks and diluted to volume with Ultrapure
water (TKA-GenPure, Huber & Co. AG, Reinach, Switzerland). The solutions were analyzed
for iron (Fe), zinc (Zn), calcium (Ca), sodium (Na), potassium (K), magnesium (Mg) and
phosphorus (P) by an inductively coupled plasma - atomic emission spectrometer (ICP-AES)
at the Swiss Federal Institute for Forest, Snow and Landscape Research, Birmensdorf,

Switzerland.
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Calculations and data analysis

The analyses were carried out in duplicate or triplicate. The data are presented as mean +
standard deviation.

The calculation of the average intake of total fat, fatty acids, cholesterol and vitamin Bg from
meat was based on the nutrient composition of the meat analyzed in this study and on
estimates of the average daily meat consumption in Switzerland 2005 (142 g) (Proviande,
2006) considering the different amounts of meat eaten per species. Therefore, the mean
concentrations of the respective nutrients were calculated for each species and related to the
mean amount consumed. Because the trace elements have been analyzed only in the lean
meat, the estimation for the intake of iron, zinc and selenium was done on the basis of the
mean daily consumption of lean meat (121 g) calculated as the mean daily amount minus the
mean fat content (21 g). The concentrations for selenium were taken from another study
(Gerber et al., 2007b), and utilized in this study for the calculation of the respective daily
intake.

The estimation of the mean intake of long-chain (LC) n-3 PUFA was conducted on the mean
daily fish consumption (21 g) and is based on the work of Pfeiffer (2001) and Mumprecht
(2001) concerning the amount and fatty acid profiles of fish consumed in Switzerland. The
calculated amount of LC n-3 PUFA from fish and meat were taken as 90 % (Howe et al.,
2006) of the mean daily intake, giving a total of the mean daily intake of LC n-3 PUFA of
236 mg.

Results and Discussion

Content of water, nitrogen, protein, fat, ash, cholesterol and energy

The content of water, nitrogen, protein, fat, ash, cholesterol and energy of 100 g of the most
consumed meat cuts in Switzerland are shown in Table 1.1. It must be pointed out that when
comparing the nutrient content of meat, some critical points should always be considered.
There are over 150 food composition tables and electronic databases worldwide and
undoubtedly meat and meat products are listed in almost all of these, although slightly
different nutrient data are likely to be found in different versions. This variation in meat may
be due to some differences in the

nutrient composition of the meat cuts selected for sampling, perhaps due to differences in the
animals’ feeding regime and different breeds. Also, different sampling techniques may have

been used. Furthermore, different technologies or methods may have been applied to analyze
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the meat cuts, or there may be differences in the classification of the various cuts of meat
(Williamson et al., 2005). The chemical composition of muscle meat was found to be fairly
constant, containing 62 to 75 % water, 19 to 25 % protein and around 1 % ash, which is
comparable with data reported by other food composition tables (Souci, Fachmann & Kraut,
2000; Swiss food composition table, 2004). Total nitrogen and the protein content, which is
calculated from total nitrogen by multiplication with the factor 6.25, of beef minced meat as
well as from lamb gigot and chop (3.5, 3.2, 3.2 g/100 g, resp. 21.6, 20.2, 20.2 g/100 g) varied
from the contents reported by Chan et al. (1994) (3.15, 2.81, 2.92 g/100 g, resp.19.7, 17.6,
18.3 g/100 g). Reversed findings were found for the fat content of the same three meat cuts,
which showed a lower fat content than those reported by Chan et al. (1994). This corresponds
to the well-known findings that leaner meat contains a higher proportion of protein
(Williamson et al., 2005). Calculating the protein content with the factor 6.25 is still an
official standard method for food labeling and for food composition tables, although several
studies (Jones, 1931; Salo-Viddndnen & Koivistoinen, 1996; Sosulski & Imafidon, 1990,
Lebet et al., 1994) have shown that the conversion factor of 6.25 overestimates the true
protein content of meat. The methods involve two major misconceptions: (1) in a product,
varying amounts of nitrogen are derived from substances other than the 20 bound or free
amino acids; and (2) the nitrogen content of proteins may vary significantly between and
within products due to the difference in amino acid composition and proportion of nitrogen in
the different amino acids (Jones, 1931). Salo-Viindnen & Koivistoinen (1996) showed that
the protein content for meat determined as sums of amino acids is 15 % smaller than the crude

protein content. They calculated a new conversion factor for meat of 5.17.

Table 1.2
New nitrogen protein conversion factors for meat
> AA N x 6.25 Difference % new factor
2/100 g g/100 g 2/100 g
Mean 17.3 21.2 39 18.4 5.1
Range 14.0 - 20.5 17.6-24.5 1.7-6.6 75-314 43-58
Standard deviation +11.9 +12.7 + 34 + 3.8 + 0.3

> AA: Total sum of anhydrous amino acids

These findings are similar to the data found in this study (Table 1.2) where an 18 % lower
protein content was found when calculated as the sum of amino acid, which resulted in a

conversion factor of 5.1. Therefore the conversion factor 6.25 for determining the protein

20



Chapter 1. Nutrient Profile of Meat

content for food labeling, commercial product declarations or food composition tables is
questionable.

The average fat content of all meat cuts per species were 10 g/100 g for pork, 9.5 g/100 g for
lamb, 7.5 g/100 g for beef and 6 g/100 g for veal and chicken. All species were found to have
leaner and fatter meat cuts ranging from 5 to 19 g/100 g for pork, from 8 to 11 g/100 g for
lamb, from 2 to 17 g/100 g for beef, from 2 to 15 g/100 g for veal and from 1 to 10 g/100 g
for chicken. Even if there is no international definition of lean meat, standards seem to be
similar in different countries. In Australia and New Zealand, meat containing less than 10 %
fat meets the Heart Foundation’s “tick of approval” and in Denmark, meat containing between
5 and 10 % fat is classified as “lean” (Ovesen, 2002). With the exception of four cuts (beef
simmer meat streaky, veal breast, pork neck steak and belly) all meat cuts in this study
contained 10 or less grams of fat per 100 g, which can be classified as lean meat. Regarding
meat cuts with more than 10 % fat per 100 g, it has to be taken into account that at least part
of the fat is trimmed before eating (Gerber, Scheeder & Wenk, 2007a). The fat content in
meat is often misleadingly correlated with the cholesterol content because it is a lipid-related
substance in animal tissue. In this study, the average cholesterol content ranged from 46.2 to
85.8 mg/100 g; the content for pork, beef, veal and chicken ranged from 56 to 65, 46 to 59, 62
to 73 and 63 to 86 mg/100 g, respectively. The determined contents were well within the
results published by Honikel & Arneth (1996) who found cholesterol contents for pork from
45 to 62 mg/100 g, as well as for beef from 47 to 68 mg/100 g, and those analyzed by
Piironen, Toivo & Lampi (2002). The cholesterol content of chicken (63 to 86 mg/100 g) was
shown to be slightly higher than the content in beef and pork which is similar to the results
reported by Honikel & Arneth (1996) and Buege et al. (1996). However, findings of
somewhat higher contents have also been published; for pork the range was 59 to
80 mg/100 g (Cormier et al., 1996), for beef 60 to 70 mg/100 g (Swiss food composition
table, 2004) and chicken 70 to 110 mg/100 g (Chan et al., 1994). Different methods for
cholesterol determination, sampling and trimming of adipose tissue may be responsible for
differences between the various published values (Chizzolini et al., 1999). Although
variations can be seen among species and muscles, their magnitude appears to be generally
low. Indeed a number of studies have demonstrated that differences in cholesterol content
among breeds, sexes, or in relation to different feeding regimes are small (Eichhorn et al.,
1986; Baker & Lunt, 1990; Lewis et al., 1993; Dorado et al., 1999).

A point that has raised much interest concerns the cholesterol content of the lean muscle and

fat. A commonly held view is that fatty meat cuts have higher cholesterol contents than lean
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ones (Chizzolini et al., 1999). Comparing the fat and the cholesterol content in Table 1.1, no
correlation can be found. So, for example beef braising steak contains 1.8 g/100 g fat and 52.0
mg/100 g cholesterol, whereas beef simmer meat (streaky) on the other hand, contains 10
times more fat than braising steak, but similar amounts of cholesterol (53.5 mg/100 g).
Similar findings were found for veal and pork. Hoelscher et al. (1988) observed that the
subcellular distribution of cholesterol in muscle tissue changed when intramuscular fat was
increased: as the amount of non-membrane lipid increased, cholesterol in the membrane
component decreased and the lipid storage component of cholesterol increased. This resulted
in no overall change in the total cholesterol of muscle. For chicken, the comparisons between
breast and legs with and without skin were informative. Poultry normally has adipose tissue
below the skin. Chicken breast without skin was found to have an average fat content of
1.0 g/100 g, while breast with skin, in contrast, had a fat content of 6.5g/100 g. The
cholesterol content increased from 62.9 mg/100 g to 70.1 mg/100 g. Contrary to this finding,
the mean cholesterol content of chicken legs was found to be slightly higher without skin
(85.8 mg/100 g) than with skin (80.3 g/100 g), or even similar with regard to their high
variability, although the fat content increased from 6.2 to 10.3 g/100 g. Similar observations
were found by Honikel & Arneth (1996). Furthermore the differences in the cholesterol
content of the different cuts from chicken were found to be higher than for beef, pork and
veal. Differences in fiber types might be the most likely reason for some of the differences
observed in the cholesterol content among different muscles of the same species and between
the same muscles in different species (Chizzolini et al., 1999).

The amount of energy provided is dependent on the protein (which provides 17 kJ/4 kcal of
energy per gram) and on the fat (which provides 37 kJ/9 kcal) content. As the protein content
varies within a small range of 17.9 to 23.3 g/100 g compared to the fat content varying from
1.6 to 18.6 g/100 g, it can be said that due to its higher energy density and at the same time

higher variability it is the fat content which mainly determines the energy content of meat.

Fatty acid profile

Tables 1.3 to 1.6 show the fatty acid profiles of the different meat cuts analyzed. Overall, beef
and veal contained similar proportions of SFA and MUFA (45.7 and 44.4 %, 41.3 and 44.4 %
respectively), although the exact contents vary depending on the meat cut. Pork, however, was
found to contain on average more MUFA (49.4 %) than SFA (39.2 %) and lamb inversely
more SFA (50.5 %) than MUFA (40.7 %). Chicken showed the lowest proportion of SFA
(31.4 %) and the highest content of PUFA (22.2 %). Similar results are reported by Rowe et
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al. (1999) and Rhee (2000). Fatty acids in the tissues of ruminants, such as beef and lamb, are
more saturated because microbes in the rumen extensively hydrogenate the unsaturated fatty
acids in the feed. The fatty acid profile of meat will also vary depending on the proportions of
lean and fat present. For example, lean meat has a higher proportion of PUFA and a lower
proportion of SFA, compared with untrimmed meat. Trimming the fat off meat will affect the
proportions of fatty acids, as visible fat is higher in SFA (Li et al., 2005), and because lean
cuts, containing a larger percentage of phospholipids, have higher percentages of PUFA
(Badiani et al., 2002).

The main SFA were palmitic acid and stearic acid. The predominant MUFA in all meat cuts
was oleic acid as reported by Fink-Gremmels (1993), Williamson et al. (2005) and Rhee et al.
(2000). The analyzed PUFA content for all meat cuts are in good agreement with Chan et al.
(1994) and somewhat higher than in the Swiss food composition table (2004). The
predominant PUFAs found in meat were linoleic (n-6) and a-linolenic acid (n-3), which are
known as essential fatty acids. The meat also contained small amounts of the long-chain n-3
PUFA eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA) and docosahexaenoic acid
(DHA) as reported by Fink-Gremmels (1993) and Wood et al. (1999). The high variation can
be due to the fact that the content of PUFA in meat is strongly influenced by the feeding
regime of the animal. For example, meat from ruminant animals fed on grass throughout the
year has higher levels of n-3 PUFA than beef from intensively indoor fattened young bulls as
recently shown in a study by Razminowicz, Kreuzer & Scheeder (2006). Thus, meat may
provide long-chain n-3 PUFA as result of the transformation of dietary a-linolenic acid (a
major fatty acid in grass) to EPA and DHA. Nevertheless as already mentioned above, the
rumen microbes hydrogenate a major part of the dietary PUFA so that fatty acids in beef and
lamb meat are more saturated (41 — 51 % and 49 — 52 %, respectively) and less unsaturated
than those from pig (SFA 36 — 41 %) and chicken (SFA 30 — 32 %). This lower level causes
the PUFA:SFA value to be below the recommended value for the diet. On the other hand, the
n-6:n-3 ratio in beef and lamb was closer to the recommended value (below 4.0) than that of
pig and chicken meat. But since nutritional advise indicates that Western diets are unbalanced
in terms of the n-6:n-3 PUFA ratio, attemps have been made to boost n-3 levels in feed and
subsequently in meat, especially in pig meat. The normal concentration of a-linolenic acid in
backfat and muscle can be raised by feeding linseed, containing oil rich in a-linolenic acid
(Wood et al., 1999). A study by Riley et al. (1998) showed that feeding a diet containing 30 g

linseed/kg for 65 days raised the concentration of a-linolenic acid in backfat lipid from 1.3 to
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Table 1.4

The main SFA and MUFA in raw meat (per 100 g meat)

Species meat cut n C14:0 C16:0 C18:0 C18:1 n-9
[g] 2] 2] [g]

Beef sirloin 15 0.14+0.09 1.15+0.7 0.69+04 1.71£1.05
rib-eye 12 026+0.17 1.89+£0.98 1.50+£0.79 2.49+1.27
braising steak 15 0.05+0.03 043+£021 024+0.11 0.60+0.29
simmer meat, lean 6 0.15+£0.10 1.26+0.70 091+0.62 1.76+0.95
simmer meat, streaky 6 0.65+0.37 3.89+1.16 1.86+0.58 5.61=+1.48
ground meat 5 022+£0.10 1.73£0.50 096+0.29 2.60=+0.82
average 0.24 1.73 1.03 2.46

Veal loin 15 0.12+£0.08 0.61+£0.35 027+0.14 0.97=+0.66
chop 12 046+022 192+094 0.88+043 2.77+1.60
braising steak 15 0.08+0.07 045+£033 0.19+0.09 0.71+0.57
breast 12 0.85+0.50 3.49+£1.92 135+£0.66 5.13+£2.86
ground meat 5 0.14+£0.06 0.65+0.26 030+0.12 0.99+0.42
average 0.33 1.42 0.60 211

Pork loin 15 0.08+0.02 121+£0.27 0.66+0.17 2.02+0.44
chop 15 0.14+0.05 229+0.81 137+055 395+1.24
braising steak I5 0.06+0.03 1.06+032 0.56+0.16 2.06+0.61
neck steak 12 021+0.06 3.16+£0.84 191+£0.60 5.58+1.61
belly 12 029+0.16 427+£1.59 243+0.84 7.41+£2.99
ground meat 5 0.12+£0.04 1.89+0.79 1.05+047 3.50+1.42
average 0.15 231 1.33 4.09

Lamb gigot 8 041+020 197+049 149+050 292+0.75
chop 5 050+£0.52 231+142 1.82+137 296+1.86
average 0.46 2.14 1.66 2.94

Chicken breast with skin 5 008+0.03 157+042 043+0.11 2.55+0.73
breast without skin 5 0.01£0.00 0.20£0.05 0.08+0.01 0.31+0.08
leg with skin 6 0.12+£0.05 233+0.82 0.65+021 3.94+1.38
leg without skin 5 0.07+£0.03 138+0.37 043+£0.13 2.41=+0.55
average 0.07 1.37 0.40 2.30
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Table 1.5

The main n-3 PUFAs in raw meat (per 100 g meat)

Species meat cut n C18:3n-3 C20:5n-3 C22:5n-3 C22:6 n-3
[mg] [mg] [mg] [mg]

Beef sirloin 15 38.73+£28.89 15.56+10.61 22.54+8.51 1.95+1.42
rib-eye 12 79.31+39.90 15.55+10.89 27.73+10.03 0.79+£1.20
braising steak 15 32.18+20.61 20.89+13.73  24.10+10.07 1.99 £0.85
simmer meat, lean 6 53.40 +36.54 10.80 +3.77 25.96 +£7.35 2.40+1.58
simmer meat, streaky 6  119+40 19.42+18.99  30.13+12.11 nd
ground meat 5 57.39+16.98 13.35+6.74 25.67+8.97 325+£2.73
average 63.34 15.93 26.02 2.08

Veal loin 15 25.34+13.94 17.45+8.05 22.54+5.75 3.55+2.07
chop 12 71.55+34.72 21.22+7.61 26.10 £5.70 3.78 £2.63
braising steak 15 17.27+7.98 16.76 +7.47 21.79+£7.55 4.03 +£2.08
breast 12 112+54 20.72+9.24 30.74 £4.19 378 £4.18
ground meat 5 23.46+£6.27 16.37+4.48 21.66 +£4.54 5.87+1.34
average 49.92 18.50 24.57 4.20

Pork loin 15 26.17+9.08  4.06+1.11 10.42 £ 1.84 2.15£2.61
chop 15 5746 +18.15 2.56+2.76 14.16 £2.93 2.29+3.92
braising steak 15 25.57+9.56  5.74+1.16 14.10+1.92 4.80+4.16
neck steak 12 83.95+23.75 3.95+4.04 19.36 + 3.81 4.65+5.93
belly 12 115+53 1.79£3.35 21.12+5.39 3.01 £3.67
ground meat 5 44.13+17.43 7.18+£2.93 16.72 +5.44 9.14 £3.59
average 58.71 421 15.98 4.34

Lamb gigot 8 139+£70 3276 £17.42  41.07+15.73 6.96 £ 6.35
chop 5 131476 29.23£13.07 42.59+15.85 1.89 +£2.04
average 135 31.00 41.83 4.43

Chicken breast with skin 5 97.28+24.44 571+£0.24 1.47 £3.30 0.74 £ 0.81
breast without skin 5 8.61 £1.51 2.66+=1.18 494 +3.17 1.19+£0.19
leg with skin 6 14155 5.61+1.14 6.04 £6.74 2.15+1.45
leg without skin 5 105+53 440+ 1.66 7.89 +£7.37 3.25+0.28
average 87.97 4.60 5.09 1.83
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Table 1.6

The main n-6 PUFA in raw meat (per 100 g meat)

Species meat cut n C18:2n-6 C20:3 n-6 C20:4 n-6 C22:4 n-6
2] [mg] [mg] [mg]

Beef sirloin 15 0.17+£0.07 10.93+£4.00 43.62 +£7.67 2.70+£2.92
rib-eye 12 0.26+£0.06 13.35+2.98 45.64 +4.49 3.65+4.29
braising steak 15 0.13£0.02 11.69+2.63 45.19+7.38 2.22+3.04
simmer meat, lean 6 0.23+0.10 13.81+7.27 56.70 + 17.11 395+3.74
simmer meat, streaky 6 040+0.12 1534+£791 57.64+15.94 5.89+6.66
ground meat 5 0.20 £ 0.05 9.41+5.77 36.55+£10.22 4.17+2.61
average 0.23 12.42 45.89 3.76

Veal loin 15 020+£0.02 11.73+2.85 55.86 +17.54 2.04+1.78
chop 12 034+0.15 13.10+£6.36 51.99 +18.58 1.68+1.77
braising steak 15 0.20£0.09 13.09+4.37 56.73 +14.94 2.31+1.74
breast 12 0.54+0.34 16.65+£7.93 55.51 £13.94 1.62 +2.61
ground meat 5 021+0.06 11.78+2.50 49.79 £2.50 3.04+0.78
average 0.30 13.27 53.98 2.14

Pork loin 15 0.36+0.10 9.24+1.42 55.07+6.79 5.48 £4.68
chop 15 0.72+0.21 12.98+1.77 63.34+£11.46 7.48 + 6.64
braising steak 15 038+0.11 11.90+£2.28 79.01 +13.68 4.85+6.23
neck steak 12 1.01+£0.24 16.20+2.37 75.76 £ 12.72 12.12+7.97
belly 12 1.33+£0.58 19.18 £4.78 85.13+11.36 11.49+10.49
ground meat 5 057021 12.77+£3.26 69.19 +22.98 11.52 +3.69
average 0.73 13.71 71.25 8.82

Lamb gigot 8 0.33+0.09 8.99+4.75 65.04 +19.71 3.69 +£3.70
chop 5 039+£0.11 11.28+5.51 75.88 £21.79 1.98 £2.71
average 0.36 10.14 70.46 2.84

Chicken breast with skin 5 1.01£0.28 12.64+1.10 41.81 £11.55 0.64 +0.94
breast without skin 5 0.17£0.05 7.94 +1.48 38.01 £10.08 244 +1.11
leg with skin 6 1.45+£0.57 1431+£2.19 59.44+743 0.15+0.37
leg without skin 5 1.21+£0.50 13.12+243 75.44 £ 23.51 3.38+2.03
average 0.96 12.00 53.68 1.65
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3.9 mg/100mg total fatty acids (this result was later confirmed in muscle).

Amino acid profile
The amino acid contents (Table 1.7) are in good agreement with the data reported by Souci,

Fachmann & Kraut (2000) and the findings of Schweigert (1987) who found that the amino

Table 1.7

Amino acid content of beef, veal, pork and lamb (g/100 g raw meat)

Amino acid Beef Veal Pork Lamb
n=>5 n=>5 n=>5 n=>5
Essential
Histidne 0.76 £0.19 0.67+£0.13 0.75+0.19 0.64 £ 0.09
Isoleucine 0.93+0.12 0.92+0.13 0.90 £ 0.12 0.90 + 0.06
Leucine 1.68+0.19 1.61 +0.19 1.62+0.19 1.60 + 0.09
Lysine 1.84+0.23 1.74 +0.23 1.76 +£ 0.23 1.74+0.11
Methionine 0.57 +0.09 0.55+0.09 0.57 +0.09 0.55+0.05
Cystine 0.20 + 0.02 0.19+0.03 0.18+0.02 0.18+0.04
Phenylalanine 0.87+0.10 0.84 +0.09 0.84 +0.10 0.82 +0.05
Threonine 1.06 £0.12 1.01 £0.13 1.05+0.12 1.02 £ 0.05
Tryptophan 0.28 £ 0.05 0.26 + 0.04 0.27+£0.05 0.26 +£0.02
Tyrosine 0.72 £ 0.09 0.70 +£0.10 0.70 £ 0.09 0.69 + 0.04
Valine 1.01+0.13 1.01 +0.12 1.00+0.13 0.99 +0.05
sum 9.92 9.50 9.64 9.39
Non-Essential
Alanine 1.23+0.13 1.20+0.11 1.21+0.13 1.18 +0.04
Arginine 1.44 +£0.18 1.41 £0.15 1.44+£0.18 1.38 £ 0.06
Aspartic acid 1.91 £0.22 1.85+0.21 1.87+£0.22 1.82+0.10
Glutamic acid 3.06 +0.34 2.93+0.27 2.88 +£0.34 2.87 +0.09
Glycine 1.01+0.13 1.06 + 0.21 1.10+0.13 1.02+0.10
Proline 0.85+0.10 0.88+0.11 0.87+0.10 0.81 +0.06
Serine 0.95+0.11 0.91 +0.10 0.94+0.11 0.90 + 0.05
Hydroxyproline 0.04 +0.10 0.08+0.15 0.11+0.10 0.09 +0.10
sum 10.49 10.32 10.42 10.07

acid composition of meat protein remains remarkably constant independent of cut and species.
A notable exception is for meat cuts containing large amounts of connective tissue, because of
the distinctly different amino acid composition of collagen and elastin (Pellet & Young,
1990). Meat is a valuable source of essential amino acids, especially rich in lysine and
histidine, and close to the equilibrated form needed for humans. There have been studies
performed to investigate the influence of feeding and breed on the amino acid content of

meat. For example, Hollo et al. (2001) found that the amino acid content of the meat was not
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significantly influenced by the breed or live weight. Gilka et al. (1989) in contrast found an
increase in tyrosine and methionine by adding monensin, an antiprotozoal agent produced by
Streptomyces cinnamonensis, as a feed additive. But the differences were small and did not

substantially alter the nutritional and biological values of the tissues examined.

Content of selected minerals

Meat is an important source of macro minerals and trace elements. The range of the mean
contents for Mg, P and Zn (17 - 26 mg/100 g, 159 - 219 mg/100 g, 0.5 - 4.9 mg/100 g,
respectively; Table 1.8) was similar to those reported by Chan et al. (1994), Souci, Fachmann
& Kraut (2000) and the Swiss food composition table (2004). In contrast, the mean
concentration for Na was lower than the data reported by Chan et al. (1994) and Souci,
Fachmann & Kraut (2000), ranging from 52 to 83 mg/100 g and 47 to 105 mg/100 g
respectively. Potassium, accounting for on average, one third of the ash weight, was the most
abundant of the determined elements followed by phosphorus. The ratio of potassium to
sodium in meat is particularly low. This is especially beneficial for those who require a low-
salt diet (Stenger, 1987). Regarding K, Ca and Fe the concentrations in the three food
composition tables are inconsistent. Concentrations for K (296-378 mg/100 g) were found to
be in good agreement with data reported by Chan et al. (1994) and Souci, Fachmann & Kraut
(2000) but were slightly higher than the data in the Swiss food composition table (2004) (157
— 356 mg/100 g), which, in addition, show a greater variation. A similar tendency was
determined for Ca with the difference that the concentrations analyzed showed a smaller
range (3.7 — 8.4 mg/100 g) than the concentrations (3.0 — 15.0 mg/100 g) reported by the
Swiss food composition table (2004). Meat cuts from beef and lamb showed the highest
concentrations of Fe and Zn. Compared to the data reported in this study, the Fe
concentrations (especially from beef) of Souci, Fachmann & Kraut (2000) and the Swiss food
composition table (2004) were somewhat higher. These differences may be due to the several
changes in breeds and feeding systems used in the last few years in Switzerland as well as the
different ages at slaughter. Moreover, different meat cuts were analyzed. Zinc concentrations
were comparable with all three references. Similar to several studies that reported zinc data
(Schricker, Miller & Stouffer, 1982b; Marchello, Slanger & Milne, 1985; Leonhardt & Wenk,
1996), muscle specific differences in zinc content were found. Cassens, Briskey & Hoekstra
(1963) reported that zinc content in various porcine muscles varied with color and myoglobin

concentrations and that dark muscles had greater concentrations of zinc than did light; they
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also found increased concentrations of zinc in more active muscles.

Content of vitamin Bg

The predominant part of the mean vitamin Bg concentrations ranged from 0.40 to
0.69 mg/100 g (Table 1.9) with exception of two meat cuts (chicken breast without skin
0.80 mg/100 g, veal breast 0.32 mg/100 g). There were no differences between species and
cuts. Compared with the majority of the data reported by Chan et al. (1994) (0.19 to
0.65 mg/100 g) and Souci, Fachmann & Kraut (2000) (0.13 to 0.55 mg/100 g) the analyzed
concentrations were slightly higher. However, they were still comparable, with the exception
of the vitamin B¢ data in the Swiss food composition table for beef (0.18 — 0.19 mg/100 g)
and lamb (0.15 — 0.16 mg/100 g) which are less than 50 % of the concentrations found in the

Table 1.9

Vitamin Bg in raw meat cuts (mg/100 g)

Species meat cut n By

Beef sirloin 5 0.63+0.07
rib-eye 5 0.41=£0.06
braising steak 5 0.63+£0.14
simmer meat, lean 5 0.54+0.06
simmer meat, streaky 5 0.54+0.05
ground meat 5 045+0.05
average 0.53

Veal loin 5 051+0.07
chop 5 0.62+0.07
braising steak 5 0.46+0.03
breast 5 032+£0.10
ground meat 5 0.51+0.09
average 0.48

Pork loin 5 0.59+0.02
chop 5 0.69+0.07
braising steak 5 0.54+0.03
neck steak 5 044+0.05
belly 5 0.51=+0.09
ground meat 5 039+£0.05
average 0.53

Lamb gigot 5 0.46+0.06
chop 5 0.61+0.06
average 0.54

Chicken breast with skin 5 0.67+0.07
breast without skin 5 0.80+0.06
leg with skin 5 045+0.09
leg without skin 5 0.40+£0.03
average 0.58
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present study. The data for beef and lamb in the Swiss food composition table (2004) were
taken from other food databases, which do not indicate the applied analytical method. The
determination of vitamin Bg in complex matrices is a difficult analytical problem since there
are six forms that exhibit vitamin Bg activity. In meat it is agreed that pyridoxamine
phosphate and pyridoxal phosphate are the main B¢ vitamers. They are bound to protein in
muscle tissue (Vanderslice, Brownlee & Cortissoz, 1984); therefore, for proper quantification
of vitamin Be, it is very important to fully solubilize the analyte and separate it in the
extraction step from foods. Generally, vitamin Bg is expressed as pyridoxine hydrochloride by
a microbiological assay, or the sum of the individual forms by HPLC, expressed as the sum of
pyridoxine hydrochloride, pyridoxal hydrochloride and pyridoxamine dihydrochloride. The
newer HPLC data for vitamin Bs do not always agree closely with total vitamin Bg
concentrations obtained by the microbiological assay. This can be due to the different
extraction procedures employed for the methods, and the varying response of the organism to
the vitamers in the microbiological assay (Ollilainen et al., 2001). Moreover, changes in
breeds and in the feeding of the animal may also influence the vitamin content in meat. This
case shows the importance of thorough documentation of the analytical methods and the

explicit description of the analyzed nutrient to guarantee a reliable nutrient data quality.

Contribution of meat to nutritional requirements

Table 1.10 shows the estimated mean intakes of total fat, different fatty acid groups,
cholesterol and vitamin Bg as the portion of the mean daily meat consumption per species as
well as the sum across species. In 2005 the mean daily meat consumption was 71 g/d for pork,
29 g/d for beef, 28 g/d for poultry, 10 g/d for veal and 4 g/d for lamb, giving a total of 142 g/d
of meat and meat products. As reported by Bernet (2003) 40 % (57 g/d) are consumed as meat
products and 60 % (85 g/d) as fresh meat. Together, meat and meat products contribute 21.3 g
of fat per day, which is only 17.5 % of the mean daily consumption of fat (122 g/d) consumed
in Switzerland 2001-2002 (Jacob, 2005), and includes 7.1 g/d from fresh meat and 14.2 g/d
from meat products. The fat from fresh meat and meat products consisted, on average, of
39 % SFA (8.4 g/d), 47 % MUFA (10.0 g/d) and 14 % PUFA (2.9 g/d). Compared with the
total daily intake of fatty acids (Jacob, 2005), meat and meat products contribute 19 % of
SFA, 24 % of MUFA and 12 % of PUFA. Similar figures have been recorded for other
European countries, such as Ireland, the UK (Henderson et al., 2003; Cosgrove, Flynn &
Kiely, 2005) and Denmark, where, for example, meat and meat products contribute 18 % of

SFA, 26 % of MUFA and 11 % PUFA in the diet (Danish Institute for Food and Veterinary
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Research, 2005). In Australia meat and meat products were found to contribute slightly higher
proportions (21 % of SFA, 28 % of MUFA and 15 % of PUFA), which is due to the higher
mean daily meat consumption (Meyer et al., 2003; Howe et al. 2006). Palmitic acid and
stearic acid were found to be the main SFA, whereas palmitic acid was predominant (63 %).
There are only minor amounts of myristic acid, which is thought to increase cholesterol levels
more potently than palmitic acid, while stearic acid appears to have no effect on cholesterol
levels, despite being a SFA (Ulbrecht & Southgate, 1991; Fink-Gremmels, 1993; Higgs,
2000). Moreover, stearic acid is partially converted to oleic acid in vivo (Valsta, Tapanainen
& Minnisto, 2005).

Meat also contains small amounts of the long-chain n-3 PUFA. Mean daily intakes from meat
were 12, 24 and 5 mg/d for EPA, DPA and DHA, respectively, giving a total of 41 mg/d. The
estimation of the mean daily intake of LC n-3 PUFA (236 mg/d) in Switzerland indicated that
meat is a relevant dietary source for these essential fatty acids. Howe et al. (2006) even
estimated that 43 % of the LC n-3 PUFA originates from meat in an average Australian diet.
Beef and lamb were thereby found to contribute the biggest part (28 %), while in our study,
pork (17 mg/d) and beef (13 mg/d) were predominant. This is due to the higher consumption
of pork in Switzerland compared to Australia, where much more beef and lamb is eaten,
which contains more LC n-3 PUFA. Even if fatty fish contains 5 to 15 times more LC n-3
PUFA than meat, it is not surprising that meat can considerably contribute to intakes of these
important fatty acids because in Switzerland seven times as much meat as fish and seafood
were eaten in 2005 (Proviande, 2005). It must, however, be emphasized that the predominant
LC n-3 PUFA in meat is DPA, the functional and nutritional attributes of which are largely
unknown. There is comparatively little DPA in fish oil and, because much of the evidence for
health benefits of LC n-3 PUFA originates from intervention trials with fish oil
supplementation, less is known about the physiological role of DPA or its nutritional and
health potentials. The information available on the physiological effects of DPA suggests that
some of its effects may be similar to, but quantitatively distinct from, EPA and DHA (Hino et
al., 2004; Akiba et al., 2000; Rissanan et al., 2000; Burdge, Jones & Wooton, 2002; Burdge &
Wooton, 2002; de Groot et al., 2004; Li et al., 1999). Thus, from a nutritional perspective,
DPA is a potentially important LC n-3 PUFA and should be included in dietary intake
assessments and recommendations for LC n-3 PUFA.

The mean daily intake of cholesterol from meat and meat products was estimated to be 89 mg

(Table 1.10), which corresponds to 30 % of the daily recommended maximum cholesterol
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intake (less than 300 mg) and 25 % of the mean daily intake of cholesterol (363 mg) in
Switzerland. Chizzolini et al. (1999) estimated that one-third to one-half of the daily
cholesterol intake is provided by meat. But their estimation was based on a higher mean daily
meat consumption (178 g). Dietary cholesterol was, and still is, said to increase blood
cholesterol and therefore increase the risk of coronary heart disease (Maurice et al., 1994)
even if the results of several other studies (Keys et al., 1956; Morris et al., 1963; Kahn et al.,
1969; Nichols et al., 1976) indicate that the serum cholesterol level in adult men is essentially
independent of the cholesterol intake over the whole range of human diets. It is now
suggested that only people with a genetic predisposition towards high cholesterol levels
would benefit from a reduction in dietary cholesterol (Simopoulos, 1997).

Estimation of the mean daily intake of vitamin B¢ showed that meat and meat products
contribute 0.76 mg, which is 38 % of the mean daily consumption of vitamin Be (2.0 mg/d) in
Switzerland (Jacob, 2005). Compared with the recommended daily amounts from the
D-A-CH (2001) of 1.5 mg/d for men and 1.2 mg/d for women, meat contributes 51 and 63 %,
respectively. As already mentioned, the major forms in animal tissues are pyridoxal phosphate
and pyridoxamine phosphate, whereas vegetal tissue mainly contains glycosylated pyridoxine,
a form found to have a lower bioavailability (Chanson et al., 2003). Pyridoxine glucoside is
not present in animal products, but constitutes 5 — 80 % of the total vitamin B in various
fruits and vegetables (Kabir, Leklem & Miller, 1983; Gregory & Ink, 1987). Therefore,
individuals who consume few or no animal products may have a higher percentage of the less
bioavailable pyridoxine glucoside in their diet and may need a higher intake of vitamin Bg to
meet the requirements (Hansen, Leklem & Miller, 1997).

In Table 1.11, the iron, zinc and selenium intakes provided by the mean daily meat
consumption in Switzerland in the year 2005 are shown. For calculating the mean daily intake
of these trace elements, the mean lean meat consumption per day was taken since the analyses
were only conducted on lean meat. With a daily lean meat consumption of 121 g, the iron
intake was about 1.1 mg/d, the zinc intake was 2.8 mg/d and the selenium intake was 18.8
ng/d. Recommendations for daily iron intake were met up to 11 % for men and 7 % for
women and for zinc up to 28 % for men and 40 % for women. Comparing these data with data
reported from Switzerland 10 years ago by Leonhardt, Kreuzer & Wenk (1997), it was found
that meat and meat products still contribute similar parts. However, the mean daily lean meat
intake in this study was higher and, therefore, the relative contribution was lower. The varying
daily meat consumption is due to the different data used for calculation. In addition, the iron

and zinc values found for the different meat cuts were lower in this study. A reason for these
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Table 1.11

Iron, zinc and selenium intake provided by the average daily lean meat consumption in Switzerland

in the year 2005
Meat Consumption Iron Zinc Selenium
[g/d] [mg/d] [mg/d] [ng/d]
Pork 60 0.4 1.3 9.7
Beef 25 0.4 1 2.4
Veal 9 0.1 0.2 0.9
Lamb 3 0.1 0.1 0.4
Poultry 24 0.1 0.2 5.4
Total 121 1.1 2.8 18.8
Men Women Men Women estimated values
Recommendation D-A-CH * 10mg/d  15mg/d 10mg/d 7 mg/d 30-70 pg/d
Contribution of meat 11 % 7 % 28 % 40 % 27-63 %

*Deutsche Gesellschaft fiir Ernahrung, Osterreichische Gesellschaft fiir Ernihrung, Schweizerische

Gesellschaft fiir Erndhrungsforschung, Schweizerische Vereinigung fiir Erndhrung (2001)

differences may be the different breeds and feeding systems used in the last few years in
Switzerland and due to the different analyzing methods used. Furthermore, it has to be
considered that the analyzed meat cuts were not identical. A study from Italy (Lombardi-
Boccia et al., 2003) reported daily intakes of iron and zinc from meat of 2.5 and 4.3 mg,
respectively. This is more than twice as much as the values in this study, which can partly be
due to the higher daily meat consumption (131 g) in Italy and the higher proportion of beef
and horse (Turrini & Lombradi-Boccia, 2002) that have a higher content of iron and zinc.

For selenium, the mean daily intake (18.8 pug) through meat met the estimated values for a
reasonable daily supply ranging from 27 to 63 %. Regarding the recommendation given in
USA, Canada and in the European Union (RDA = 55 pg/d, Institute of Medicine, 2000), the
daily selenium intake from meat in Switzerland would meet 34 % of the recommendation.
The estimated contribution of selenium from meat is in agreement with the values from

Lombardi-Boccia et al. (2003).

Conclusion

Although the water, protein and ash content of muscles in different cuts and species were
found to be relatively constant, some nutrients were found to be highly variable, especially
lipids. As meat is a biological matrix, it is subjected to several influencing factors such as
genetics, breed, feeding, and husbandry. These factors change continuously and the different

nutrient content is a result of various modifications in these factors. Therefore, a permanent
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update and improvement is needed to assure the accurate calculation of nutrient intake from
meat and thereby provide the information needed for health-relevant decisions.

Meat and meat products can make an important contribution to nutrient intakes in the diet.
They provide a number of essential nutrients, including, LC n-3 PUFA, iron, zinc, selenium
and vitamin Be. The reason why meat is an important source for some micronutrients is due to
the fact that meat is either the only source or provides the micronutrients in a form that has a

higher bioavailability.
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CHAPTER 2

THE INFLUENCE OF COOKING AND FAT TRIMMING ON THE
ACTUAL NUTRIENT INTAKE FROM MEAT

Based on:
N.Gerber, M.R.L. Scheeder and C. Wenk
Meat Science (submitted)
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Abstract

The effects of cooking and trimming of visible fatty tissue on the content of fat, fatty acids,
minerals and vitamins was studied in six meat cuts in order to improve the estimates of the
actual nutrient intake from meat. Cooking decreased the absolute fat content by about 17.9 to
44.4 % and therefore concomitantly influenced the content of different fatty acids. The
trimming of visible fatty tissue additionally decreased the fat content by about 23.8 to 59.1 %.
Calcium, sodium, potassium, magnesium and phosphorus decreased during cooking in all cuts
and cooking processes, while iron and zinc were found to increase in beef. All vitamins
decreased during cooking, with thiamine showing the highest losses, from 73 up to 100 %. In
conclusion, cooking and trimming of meat cuts considerably affected the potential nutrient
intake from in meat in various ways and to different degrees, which should be taken into

account when the nutrient intakes out of meat are estimated.

Introduction

Food of animal origin, particularly meat, suffers from a bad image in terms of dietetic value.
It is often not recognized that meat substantially contributes to the supply with valuable or
even essential nutrients. The contribution of undesirable compounds, like saturated fatty
acids, is in contrast often overestimated because of inapropriate data in some food
composition tables (Deharveng et al., 1999), and because losses that occur during cooking, as
well as trimming before eating, are not considered.

The continuous innovations and changes of the breeds as well as in the rearing practices, feed
composition, and slaughtering methods largely contribute to changes in the concentration of
several nutrients components (Lombardi-Boccia, Lanzi & Aguzzi, 2005). To avoid incorrect
information and to monitor changes, it is therefore of particular importance to regularly
update and improve nutrient composition data of meat.

Meat is a complex food with a highly structured nutritional composition. Cooking of meat is
essential to achieve a palatable and safe product (Tornberg, 2005). However, heat treatment
can lead to undesirable modifications, such as the loss of the nutritional value of food, mainly
due to vitamin and mineral losses, and changes in the fatty acid composition due to lipid
oxidation (Rodriguez-Estrada et al., 1997).

Lipids are important structural and functional components of food: they have an essential
effect on its quality even when their concentration is low (Frankel, 1998). The available

literature mainly describes the fatty acid composition of raw meat from farm animals
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(Nuernberg et al., 2006). The effect of cooking and heating on the meat fatty acid composition
have been reported with varying results (Janicki & Appledorf, 1974; Ono, Berry & Paroczay,
1985; Slover et al., 1987; Smith et al., 1989; Heymann et al., 1990) which made it difficult to
draw general conclusions. However, further examination of these studies conducted by Rhee
(2000) revealed that, depending on the product type and fatness or doneness, the cooked meat
may or may not be higher in the proportion of unsaturated fatty acids.

Meat is known as an important source of B vitamins and trace elements, and greatly
contributes to the daily intake of these micronutrients in the diet (Lombradi-Boccia, Lanzi &
Aguzzi, 2005). However, data in most food composition tables are based on nutritional values
of raw meat. Cooking losses are only mentioned in general comments and mostly little or no
details are given. Thiamine and riboflavin are water-soluble and heat-labile vitamins,
comparing thiamine being more susceptible to thermal degradation. Up to almost 100 % can
be lost by different processing methods. On the other hand riboflavin showed retention
ranging from 58 % to 20 % (Lombardi-Boccia, Lanzi & Aguzzi, 2005; Chan et al., 1995).
Losses of vitamins are dependent on cooking time, temperature, and cooking method. Thus, it
is important to know the extent of losses occurring during cooking.

Commonly used cooking and processing methods have been reported to not appreciably affect
the quantity or availability of minerals in meat (Jansuittivechakul et al., 1985). Although
variable amounts do leach into the broth, the nutritional implications of these are difficult to
evaluate because the drippings from meat may or may not be consumed (Zenoble & Bowers,
1977). The extent of the mineral loss thus depends on the cooking medium and utilization of
the dripping. Meat is a unique source of iron due to its iron-absorption enhancing factor, the
absence of absorption inhibitors, and the presence of heme iron (Lee & Shimaoka, 1984).
Several studies have shown (Mistry, Brittin & Stoecker 1988; Cheng & Brittin, 1991; Kumar,
Srivastava & Srivastava, 1994) that the iron content from meat cooked in iron cookware
increased and was as available as native food iron (Mistry, Brittin & Stoecker, 1988).

Many studies concerning the effects of cooking on the nutrient composition of meat have
been done, but little information is available on the influence of the trimming of visible fat
after cooking and the impact on the actual intake of fat from meat. Studies that investigated
the contribution of fat from meat to the dietary intake of fat often make the assumption that
purchases are equivalent to consumption (Leeds, Randle & Matthews, 1997), which almost
certainly leads to an overestimation. The objective of the present work, therefore, was to

determine the influence of commonly used cooking methods, with and without water, on the
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nutritional value of meat and, moreover, the impact of the individual trimming of fatty tissue

on the actual consumption of fat from meat.

Material and Methods

Samples

Six different meat cuts from three farm animal species were analyzed: brisket and rib-eye
(beef), neck steak and belly (pork), chop and rolled breast (veal). Five samples per cut were
purchased from local supermarkets and butcheries in order to include different origins in
terms of production system (meat labels) and anatomical location. Two adjoined slices from
each cut were taken in order to achieve a reliable comparison between the raw and cooked
samples. The meat cuts were cooked by mimicking the most commonly used cooking
methods in households. Beef rib-eye, veal chop, the pork loin, and pork belly were grilled in a
grill to a core temperature of 72 °C, the beef brisket was boiled for 1 h in saltwater (2 g/I), and
the veal rolled breast was first pan-fried for 1 min per side and then steamed over salt water
(2 g/1). No additional oil was used for grilling and pan frying so that changes in the meat fatty
acid profile could be independently analyzed. The cuts were weighed before cooking and

after, following a 20-min rest period at ambient temperature to calculate the weight loss. The

Figure 2.1

Separation of intermuscular and subcutaneous fat pads and streaks from lean meat tissue
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intermuscular and subcutaneous fat pads and streaks were then separated from the lean meat
tissue in raw (Figure 2.1) and cooked samples. Each fraction was homogenized in a food
blender (Moulinette moulinex, type 643, Ecully Cedex, France). Before that, samples for the
vitamin and mineral analysis were taken by cutting out a piece from the middle of the muscle
using a ceramic knife to avoid contamination with trace elements. The samples were vacuum

packaged and stored at -18 °C until analyzed.

Chemical analyses

Water and ash content were quantified by a thermogravimetric analysis (Leco TGA-500, Leco
Corporation, St. Joseph, Michigan, USA). The content of fat was determined by Soxhlet
extraction (Biichi Extraction System B-811, Biichi AG, Flawil, Switzerland) after HCI
digestion (Biichi 425 Digestor, Biichi AG). Fatty acid content and composition were
determined by GC analysis on a Supelcowax-10" capillary column (30 m x 0.32 mm x
0.25 um: Supelco Park, Bellefonte, Pennsylvania, USA). For vitamin analyses samples from
each muscle were sent to DSM Nutritional Products (Kaiseraugst, Switzerland) where the
vitamins (A, E, By, B, and nicotinic acid) were analyzed. For the mineral determination a
closed quartz vessel and microwave oven (MLS Ethos, MLS-GmbH, Leutkirch, Germany)
digestion procedure was applied. About 1 g of meat, prepared with a ceramic knife, or 0.5 g of
the certified reference material (SRM 1546 Meat Homogenate, NIST, Gaitherburg, Maryland
USA) were accurately weighed into quartz digestion vessels. 2 ml hydrogen peroxide (H,O,
30 % pro analysi, Merck GmbH, Darmstadt, Germany) and 8 ml nitric acid 65 % (HNO;
suprapur, Merck GmbH) was added to each tube, which was then closed. Digestion was
conducted by applying a 4-step program (250 W for 4 min, then 3 min at 350 W followed by
450 W for 3 min and finally 3 min at 500 W). Once the samples had been allowed to cool, the
digested solutions were transferred into 20 ml volumetric flasks and diluted to volume with
Milli-Q water. Iron (Fe), zinc (Zn), calcium (Ca), sodium (Na), potassium (K), magnesium
(Mg), and phosphorus (P) were analyzed by inductively coupled plasma - atomic emission
spectrometry (ICP-AES) at the WSL (Swiss Federal Institute for Forest, Snow and Landscape

Research, Birmensdorf, Switzerland).
Data analysis

Analytical values were determined in duplicate or triplicate. The calculations were based on

raw meat. The results are presented as mean = standard deviation.
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The effect of cooking on the changes within a meat cut was evaluated using a paired t-test

(P <0.05).

Results and Discussion

Cooking yields

Cooking led to a systematic and significant loss of matter. The cooking yields differed
depending on the muscle and cooking process (Table 2.1). The highest cooking losses were
found in braised veal rolled breast and boiled beef brisket. The yields were only 57.1 to
63.8 % and 61 to 67.2 %, respectively, due to the leaching effect of water in combination with
a long cooking time (45 and 60 min, respectively). In case of beef rib-eye and pork loin, the
cooking yields ranged between 66 and 75 %, respectively 65.7 and 70 %. The best cooking
yields were obtained for pork belly (72.2 to 78 %) and veal chop (71.7 to 76.6 %).

Table 2.1

Average cooking yields

Species Type of cut cooking yields [%]
Beef rib-eye 70.9 £ 5.05
brisket 64.1£3.14
Pork neck steak 67.6 +1.88
belly 75.1£2.92
Veal chop 74.1 £2.45
rolled breast 60.5 +£3.34

Laroche (1988) showed in his study, that the losses of cooking juice during heating processes,
were composed of water containing myofibrillar or sarcoplasmic proteins, collagen, lipids,
salt, polyphosphates, flavor compounds, etc. These losses increase with cooking temperature
and time, humid heat, and fat content of the meat (Bradford, Berry, & Leddy, 1984; Love &
Prusa, 1992). These explain, in general, how the cooking yields are linked together with the
cooking process and the type of muscle. The lowest yields in this study were obtained for the
braised veal rolled breast and the boiled beef brisket. Both had a rather long cooking time as
well as contact with water, which resulted in a high leaching effect of the water. Beef rib-eye,
pork loin and belly and veal chop had better cooking yields due to the shorter cooking time

and the exposure to dry heat.
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Influence of cooking and trimming of visible fatty tissue on the fat content

Table 2.2 summarizes the losses of fat during cooking and due to the trimming of visible fatty
tissue. The analyzed cooked cuts showed a relative increase in total fat, but, when compared
to the original fresh weight, they showed an absolute fat loss. This is because of the fact that
most of the water in the living muscle is held within the myofibrils and any large changes in
the distribution of water within the meat structure originate from changes in this space.
Cooking induces structural changes, which decrease the water holding capacity of the meat
(Tornberg, 2005). The fat content in the different raw cuts varied largely. Veal rolled breast
showed an average of 22.2 g fat per 100 g initially, the highest amount of fat as well as the
largest variation (= 10.93 g/100 g). The lowest fat content was found for beef rib-eye and veal
chop (9.7 and 9.9 g/100 g). Pork belly was found to have the second highest fat content
(18.6 g/100 g) in the raw cut, but the highest after cooking due to the relative lowly cooking
loses (18.7 %). The largest relative reduction due to cooking was found for veal rolled breast
(44 %), whereby the fat content was reduced from 22.2 to 12.0 g/100 g. Beef rib-eye and
brisket as well as pork loin showed intermediate mean reductions of 22.1 %, 23.6 % and
26.0 % respectively. The trimming of visible fatty tissue decreased the fat content by an
additional 23.8 % to 59.1 % after cooking. The largest effect of trimming was found for beef
brisket and veal chop, with relative reductions of 59.1 % and 54.2 %, respectively, to mean fat
contents after cooking and trimming corresponding to 3.1 g/100 g and 2.9 g/100 g in the fresh
meat, respectively. Overall cooking and trimming together showed the biggest relative
reduction of fat for beef brisket (78.3 %) and the lowest for pork loin (49.9 %). The results
show that there were considerable losses of fat from all meat cuts investigated. The results are
in agreement with values found in other studies. Sheard et al. (1998) reported fat losses for
grilled pork chop of 34 % and Chappell (1986) found fat losses for grilled sirloin steak as
high as 53 %. Cooking methods also had an influence on the magnitude of fat losses: the
longer the cooking time (braising) the higher the fat losses. Similar results were found by
Sheard et al. (1998). Regarding beef brisket (boiling 1 h) the losses due to cooking were
expected to be higher because of the long cooking time. In this case, the lower fat loss could
be on account of fat more embedded in the connective tissue which therefore was catchier to
be melted out by heat. The terms “meat consumption” and “fat consumption” are misleading
since they reflect amounts purchased rather than the amount of meat and fat actually
consumed, making no allowance for fat lost during cooking or for the fat removed by

consumers before consumption (Sheard et al., 1998). As shown in this study, trimming of
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visible fatty tissue can reduce the fat content between 23.8 % and 59.1 % in addition to the fat
loss due to cooking. This compares well with Leeds, Randle & Matthews (1997) who found
that fat can be reduced between 59 % and 79 % by trimming, thus resulting in a major
reduction in fat consumption which is consistent with plate waste studies (Wenlock et al.,
1980; Dowler, 1977). Thus, the authors of both studies suggested that the consumption of fat
from some meat is almost certainly overestimated in several nutrition surveys, particularly for
meat cuts with relatively high amount of intermuscular fat. Since the trimming of fat is
dependent on individual preferences, its influence on the actual intake of fat from meat is
variable. In view of nutritional recommendation to reduce fat intake from food, the advice to
trimming fat might be more effective in terms of reducing fat consumption than the simple

advice to reducing meat consumption.

Influence of cooking and trimming on the major fatty acids

The effects of cooking on the fatty acid composition of meat varies among studies involving
different animal species and meat cuts or products (Janicki & Appledorf, 1974; Ono, Berry &
Paroczay, 1985; Slover et al., 1987; Heymann et al., 1990; Ziprin & Rhee, 1990; Scheeder et
al., 2001). Results found in this study show that the different cooking processes affected the
fatty acid composition only slightly when relative values were compared. However, with
respect to the absolute values, the totals of SFA, MUFA and PUFA decreased significantly
(Table 2.3 a-c) because of the melting of fat during cooking as seen previously.

Regarding the different fatty acid groups, the polyunsaturated to saturated fatty acid ratio
(P/S) increased significantly due to cooking (P < 0.05) in all cuts except for beef rib-eye and
veal chop, which had a low initial fat content compared to the other cuts in this study.
Similarly, Ono, Berry & Paroczay (1985) found an increase of the P/S ratio for cooked
samples compared to raw samples. They stated that unsaturated fatty acids, especially
PUFAS, are less affected by cooking since they are part of the membrane structure. Thus, the
proportional change in fatty acid composition may be explained by lipid losses containing
mainly triacylglycerols of adipose tissues with relatively more saturated than unsaturated fatty
acids as previously suggested by Ramamurti (1986), who also found a reduction of the
proportion of SFA in meat after cooking. Analogously, Igene, Pearson & Gray (1981) found
that drippings collected during the cooking of beef and chicken contained primarily
triglycerides, whereas phosphatidylethanolamine, a major phospholipid in meat, was virtually

absent in the drippings, indicating that the phospholipids remained bound to the membranes.
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Chapter 2. Cooking and Trimming

The trimming of visible fatty tissue should mainly affect the same lipid fractions as affected
by cooking because primarily adipose tissues are removed. However, the results of this study
are ambiguous. The P/S ratio for beef rib-eye, pork loin, and veal chop increased significantly
compared with the untrimmed cooked cuts. For beef brisket and veal chop the increase in the
mean values of the P/S ratio was not significant compared to the cooked cuts. In fact, a
significant decrease in the P/S ratio was even found for pork belly. These controversial results
may be due to the less visible contrast between fatty tissue and muscle tissue after cooking
depending on the discoloration. Therefore, more or less muscle tissue is removed and this
affected the P/S ratio as well.

For the present investigation it can be concluded that cooking and trimming affects the
amount as well as the proportion of the fatty acids to a certain extent, which should be taken

into account in calculations of fat intake from meat.

Influence of cooking on the mineral content in lean muscle

Throughout this discussion the data refer to the separable lean muscle. No data were obtained
for the mineral content in fat and thus for the complete cuts, either raw or cooked.

The analyzed mean values for iron, zinc, calcium, sodium, potassium, magnesium and
phosphorus in the raw meat cuts (Table 2.4) are in agreement with values reported by Chan et
al. (1995). Cooking processes seemed to affect the various minerals in different ways.
Calcium, sodium, potassium, magnesium and phosphorus decreased significantly in all meat
cuts, except for calcium in beef brisket where it increased. The losses are due to the leaching
of minerals into the broth. Therefore, cooking processes involving water, such as steaming
and boiling, affected mineral content more than grilling. The increase of calcium in beef
brisket after boiling is an odd result which can only be brought back to an analytical incident.
The concentration of iron tended to increase after cooking in the veal and was significantly
higher in the two beef and pork cuts. Mistry, Brittin & Stoecker (1988) and Kumar, Srivastava
& Srivastava (1994) reported that cooking meat in stainless steel utensils increase the iron
content. The iron added to food by cooking was found to be as available as native food iron
(Mistry, Brittin & Stoecker, 1988). For zinc, a significant increase due to cooking was found
in beef cuts but not in cuts of pork and veal, and zinc values increased much more in beef

brisket than in beef rib-eye. This may be due to the longer exposure to the cooking utensil for

beef brisket.
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Influence of cooking on the vitamin content in lean muscle

The retinol and alpha-tocopherol content (Table 2.5) varied from 1.3 to 10.9 ng/100 g, and
from 207 to 467 ng/100 g respectively, which is in agreement with values reported by Walshe
et al. (2006). Thiamine values in the raw cuts varied greatly among the species, ranging from
73.8 ug/100 g in veal chop to 879 nug/100 g in pork loin. Among the meat samples analyzed,
the pork meat cuts were the richest in thiamine (879ug/100 g and 849 pg/100 g). In contrast,
riboflavin values ranged from 163 to 222 ng/100 g, differing between the muscles within
species. These muscle related differences in riboflavin content are in agreement with the
results of Leonhardt & Wenk (1997a). The niacin content of pork was within the range from
4.1 to 5.7 ng/100 g, which compares with other reports (Lombardi-Boccia, Lanzi & Aguzzi,
2005), while the values for beef were lower and for veal higher.

Cooking conditions strongly contribute to the variability of vitamin losses in meat. Fat-
soluble vitamins, including retinol and alpha-tocopherol, are shown to be less heat-labile than
water-soluble vitamins, although they are susceptible to destruction at high temperatures in
the presence of oxygen (Lund, 1973). In a study about the stability of retinol, it was stated that
this vitamin was quite stable when exposed to heat. Losses during cooking ranged from 10 %
to 30 % (Lang, 1970). In this study, the lowest losses of 15 % were observed for grilled pork
loin. Grilled pork belly, veal chop and beef rib-eye showed mean losses between 24 and 34 %.
The highest losses were observed for beef brisket and veal rolled breast. The cooking
processes for these two cuts contained water and had the longest processing time, which also
resulted in the lowest cooking yields as shown before. Kumar & Aalbersberg (2006)
suggested that loss of retinol could be associated partially with the loss into the melted fat that
leached out into the drippings, combined with the duration of the processing time and the heat
level. Alpha-tocopherol found to be less influenced by the cooking processes in all cuts
showing losses between 10 % and 20 %.

Thiamine is the most heat-labile of the B-vitamins, particularly under alkaline conditions
(Priestley, 1979). Among the three cooking processes in this study, boiling beef brisket had
the strongest influence on thiamine, which was undetectable after cooking. For veal breast
losses of 89.6 % were found after braising. Grilling caused losses between 73 to 76 %.
Similar results were found by Lombardi-Boccia, Lanzi & Aguzzi (2005).

For riboflavin and nicotinic acid, a similar pattern was found as for thiamine, except that the
level of losses was lower. Riboflavin and nicotinic acid are relatively stable vitamins, resistant
to the effect of acid, heat and oxidation. Riboflavin is, however, unstable in the presence of

alkali and light, but is not substantially destroyed in the ordinary process of cooking. Niacin is
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even more stable than riboflavin because of its stability to light (Lang, 1970; Cross & Fung,
1982).

As both are water-soluble, vitamins losses in cooked samples may be due to loss through
leaching of niacin into the drippings or diffusion into cooking water used for boiling and
steaming (Kumar & Aalbersberg, 2006). Vitamin losses are a consequence of chemical
reactions that can lead to inactive forms of vitamins, or of extraction losses, especially for

water-soluble vitamins when the broth is not eaten (Belitz, Grosch & Schieberle, 2001).

Conclusion

The present results confirm that cooking influences the content of several nutrients in meat in
different ways depending on the meat cut and the corresponding cooking process applied
(time, medium and temperature).

To determine how much of the respective nutrients were gained or lost, it is important to
compare the contents in absolute terms based on an initial 100 g of raw meat in order to take
into account the concentrating effect caused by the water loss during cooking.

It was also shown that the trimming of visible fatty tissue can result in a lager reduction of
individual fat consumption from meat. As trimming is strongly dependent on the individual
preference, it is difficult to consider in nutritional calculations. Therefore, more effort should
be placed on expanding food composition tables to include values of possible trimming
proportion, namely with different degree of fat trimming so that everyone can calculate his
and her individual nutrient intake from meat. This is particularly important in view of the fat-

reducing recommendation to trim visible fat, given by a number of health organizations.
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VARIABILITY OF SELECTED TRACE ELEMENTS OF DIFFERENT
MEAT CUTS DETERMINED BY ICP-MS AND DRC-ICPMS

Based on:
N.Gerber, R. Brogioli, B.Hattendorf, M.R.L. Scheeder, C. Wenk and D.Gunther
Animal (submitted)
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Abstract

The aim of this study was to determine the levels of cadmium, lead, iron, zinc, selenium,
manganese, copper and molybdenum in different cuts of beef, pork, lamb, chicken and foal
collected from supermarkets and butcheries in Switzerland. The concentrations of manganese,
copper, molybdenum, zinc, iron, selenium, cadmium and lead were determined by inductively
coupled plasma mass spectrometry (ICP-MS) after microwave digestion. Mean values and
their respective coefficients of variation were calculated. The concentrations found for
cadmium and lead ranged from 0.6 to 3.9 pg/100 g and 1.0 to 2.1 pg/100 g, respectively.
Concentrations ranged between 0.5 and 3.3 mg/100 g for iron, 0.7 and 5.1 mg/100 g for zinc,
9 and 44 pg/100 g for selenium, 3.1 and 16.7 ug/100 g for manganese, 0.3 and 132 ug/100 g
for copper and 0.9 and 3.2 ug/100g for molybdenum. Differences found for the
concentrations in meat from different species as well as between the individual meat cuts
were notable for iron, zinc, selenium and copper. Manganese concentrations were found to
vary unsystematically within muscles and species. For molybdenum concentrations, chicken
meat was found to differ in comparison to the mammalian meat. The highest coefficients of
variation were found for manganese (13 — 142 %) and copper (13 — 224 %), while the lowest
was found for zinc (4 — 45 %). In conclusion, in order to provide an accurate overview and to
be able to calculate reliable values for dietary intakes it is important to include the variability

in food composition tables.

Introduction

Meat is known as an excellent source of essential trace elements such as iron, zinc and
selenium (Briggs & Schweigert, 1990). The accurate determination of these elements is
therefore important in nutrition studies, particularly because meat, as a biological material,
exhibits natural variations in the amounts of nutrients contained (Greenfield & Southgate,
2003). This variability can be increased due to the different animal husbandry and feeding
systems applied. Therefore, it is essential that nutrient data, including trace element contents,
are regularly updated to reflect the current data situation and to monitor possible changes.
Furthermore, there is little data available concerning the variability of nutrients, including
trace elements in meat, since in most food composition tables only mean values are declared
(Pennington et al., 1995a). Also, only limited information exists on nutrients in lean meat,
which may vary to a greater extent than the nutrient composition of other food items. These
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data could be helpful for judging the value of nutrient composition data as a base for dietary
recommendations (Leonhardt & Wenk, 1997b).

Of comparable interest in the field of nutritional toxicology is the determination of certain
elements like cadmium and lead (Bou et al., 2004). In recent years, much attention has been
focused on the concentration of heavy metals in meat, meat products and other food in order
to check for the effects of those hazardous substances on human health (Abou-Arab, 2001;
Moeller et al., 2003; Celik & Oehlenschlager, 2004). After extensive studies on food additives
and their toxicity, the WHO has concluded that even low levels of certain metals, such as lead
and cadmium, can cause disease in humans (WHO, 2000, 2001). This is due to the capacity of
these metals to accumulate in living organisms. Lead, for example, bio-accumulates in the
food chain from plants to animals, but its concentration in food also generally increased
during the last decades (Halliwell, Turoczy & Stagnitti, 2000). Cadmium has a long residence
time in human tissues (10 - 40 years), especially in the kidneys (Rubio et al., 2006), thus, it is
of outmost importance to monitor lead and cadmium contents in the diet.

The aim of the present study, therefore was to examine the concentration of essential elements
like manganese (Mn), copper (Cu), molybdenum (Mo), zinc (Zn), iron (Fe), and selenium
(Se), as well as the potentially hazardous elements cadmium (Cd) and lead (Pb) in different

meat cuts with a particular focus on the variability of these trace elements.

Material and Methods

Samples

Meat cuts were purchased from local supermarkets and butcheries in order to consider
different origins in terms of production system (meat labels) and anatomical location: beef
(sirloin, rib-eye and braising steak), pork (neck steak, chop and loin), lamb (chop and loin),
chicken (breast with and without skin, and leg with skin) and foal (sirloin and filet). Beef,
pork and lamb samples were purchased in two series, from June until August 2004 and from
October until December 2004. Foal and chicken samples were purchased from January until
March 2005. All samples were cut out of the centre of the pieces of fresh meat with a ceramic
knife to avoid contamination with trace metals. Samples were vacuum packed, frozen at -
18°C and stored until analysis. Two standard reference materials (SRM 1546 Meat
Homogenate and SRM 1577b Bovine Liver) from the National Institute of Standards &
Technology (NIST, Gaithersburg, Maryland, USA) were prepared to test the accuracy of
methods.
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Sample digestion procedure

In order to determine the mentioned trace elements, a closed quartz vessel and microwave
oven (MLS Ethos, MLS-GmbH, Leutkirch, Germany) digestion procedure was applied. One g
of meat sample, and respectively 500 or 250 mg of the certified reference materials SRM
1546 or SRM 1577b were accurately weighed into quartz digestion vessels. Two ml hydrogen
peroxide (H20, 30 % pro analysi, Merck GmbH, Darmstadt, Germany) and 8 ml nitric acid
65 % (HNOj3 suprapur, Merck GmbH) were added to each tube, which was then closed. For
the spiking test, an appropriate amount of all measured elements (Mn, Cu, Mo, Cd, Pb, Fe and
Se) was also added. Digestion was conducted by applying a four-step program as follows:
250 W for 4 min, then 3 min at 350 W followed by 450 W for 3 min and finally 3 min at
500 W. After the vessels had cooled down, the digests were transferred into 20 ml volumetric
flasks and filled to the mark using high purity water (obtained from a Milli-Q water
purification system, Millipore SA, Molsheim, France). Prior to analysis an aliquot of these
samples was spiked with the internal standard solutions and diluted further by a factor of two.
Within each digestion run, two samples were randomly chosen for quality control
measurements. One sample was digested in duplicate to check for reproducibility of the
digestion and analysis, while the other sample was spiked with known concentrations of the
elements measured before digestion to monitor potential analyte losses during digestion and
further sample preparation. Furthermore, one digestion blank was prepared by the same
procedure, which contained only the chemicals used for digestion without a sample. The
reference materials NIST SRM 1577d (bovine liver, certified values for Mn, Fe, Cu, Zn, Se,
Mo, Cd and Pb) and 1546 (meat homogenate, certified values for Mn, Cu and Zn) were used

to verify the accuracy of the digestion and calibration protocol.

Determination of manganese, copper, molybdenum, cadmium and lead concentration by
inductively coupled plasma mass spectrometry (ICPMS)

This suite of elements was analyzed in an early session using an Agilent 7500cs ICPMS
(Agilent Technologies, Waldbronn, Germany) in normal operation mode. For sample
introduction, the instrument was equipped with a quartz concentric nebulizer and spray
chamber. The solutions were introduced to the nebulizer by a peristaltic pump at a flow rate of
0.7 ml/min. The operating parameters of the instrument were adjusted daily for optimum
sensitivity, while keeping the formation of refractory oxides formed within the ICP to a
minimum (that is CeO"/Ce" < 0.5 %) to avoid excessive spectral interferences. Typical

operating conditions are listed in Table 3.1.

58



Chapter 3. Trace Elements

Table 3.1
Operating conditions for the Agilent 7500 cs ICPMS
Rf-Power 1500 W
Nebulizer gas flow rate 0.75 I/min
Make-up gas flow rate 0.19 I/min
Sample uptake 0.7 ml/min
Sampling depth 5mm
Sampler 1.0 mm, Pt
Skimmer 0.4 mm, Pt
lon optics Optimized for sensitivity of **Mg*, ®Rh*, Z8U*
Isotopes measured %Mn, Cu, %zn, *Mo, *Mo, 1®Rh, *°Cd, *'Cd,
175LU, 208Pb
Dwell time / isotope 500 ms
Replicates 3

All element concentrations were determined against external calibration using synthetic acidic
multi element calibration standards. The accuracy of the calibration was assessed by
analyzing the certified reference materials NIST SRM 1577 and 1546. In all cases, the
measured concentrations in the reference materials were within 10 % of the certified values.
Repeatability of the duplicate samples was between 2 % for concentrations higher than 3
times the limit of quantification (concentration equivalent to 10 times the standard deviation
of the blank measurements) and 50 % for samples that were close to the limit of detection.
Spike recoveries typically varied between 88 % and 100 %. The limits of quantification were:
Mn 0.05 mg/kg, Cu 0.1 mg/kg, Zn 0.5 mg/kg, Mo 0.005 mg/kg, Cd 0.001 mg/kg, Pb 0.001
mg/kg (note that instrumental limits of detection were at least an order of magnitude lower).
To compensate for non spectral matrix effects, two internal standards were employed. Rh was
used for Mn, Cu, Zn, Mo and Cd and Lu for Pb.

Determination of selenium and iron by dynamic reaction cell inductively coupled plasma
mass spectrometry (DRC-ICPMS)

Due to a high abundance of background ions from the ICP on the major isotopes of Se and Fe
(Ar,” and ArO" respectively) these elements cannot be determined interference-free by
standard ICPMS. Thus, the trace and ultra trace determinations require suppression of these
interferences. Dynamic reaction cell ICPMS allows the attenuation or even removal of these
types of spectral interferences by selective ion molecule reactions before the ion population
generated in the ICP is mass analyzed. In this study an Elan 6100 DRCP (PE/Sciex,

Concord, Ontario, Canada) was used for the determination of Se and Fe. The instrument
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Table 3.2

Operating conditions for the Elan 6100DRC™* DRC-ICPMS
Rf-Power 1250 W
Nebulizer gas flow rate 0.91 I/min
Sample uptake 0.7 ml/min
Sampling depth 11 mm
Sampler 1.1 mm, Pt
Skimmer 0.8 mm, Pt
lon optics Optimized for sensitivity of **Mg"*, *®Rh*, 28U*
Isotopes measured e, "°Ge, "'Se, "®Se, ¥se
Dwell time / isotope 500 ms
Reaction gas flow rate 1.2 ml/min
RqQ / RpA 0.65/0 (Fe), 0.7 /0 (Se)
Replicates 3

utilizes a quadrupole ion guide in a reaction chamber, where interferences and analytes may
undergo reactive collisions with a gas. The quadrupole ion guide may furthermore be adjusted
to reject ions from a specific m/z range in order to avoid formation of reaction products that
may interfere with the analyte of choice. Methane, as reaction gas, allows the suppression of
the dominating Ar," and ArO" interferences by six orders of magnitude through a charge
exchange reaction, which does not occur for Se and Fe at a similar rate (Tanner, Baranov &
Bandura, 2002; Hattendorf & Gunther, 2003). The occurrence of potentially formed new
polyatomic ions inside the dynamic reaction cell was tested and the formation of the adduct
ion ®Zn(CH,)* was found to occur. This new interference on the isotope ®Se, however, could
be eliminated by adjusting the transmission properties of the dynamic reaction cell (i.e., the
parameter RpQ). All other operating conditions were optimized to yield the highest
signal/background ratio, especially for °Se*, while minimizing the instrumental background.
The same suite of samples as in the first sequence was analyzed using an identical quality
control scheme, except for not analyzing NIST SRM 1546 that is not certified for Fe and Se.
Repeatability for the duplicate samples was better than 8% in all cases. The limits of
quantification were Fe: 0.1 pg/kg and Se: 40 ug/kg. The operating conditions are listed in
Table 3.2.

Results and Discussion

The number of samples, mean values and coefficient of variation (CV) for all meat cuts

analyzed for each animal species are shown in Tables 3.3 to 3.6.
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Cadmium and lead

The results show a high variability (CV: 58 — 127 %) in cadmium concentrations for foal
sirloin and filet as well as for lamb chop, which also has the highest cadmium value (Table
3.3). The remaining meat cuts had a mean cadmium concentration between 0.5 to
0.7 ug/100 g and lower CVs (2 — 34 %).

Table 3.3
Cadmium and lead levels in different meat cuts
Cd Pb
Mean SD cv Mean SD CV
Species  cut n pg/100 g % pg/100 g %
Foal sirloin 3 3.9 2.7 69 1.8 01 3
filet 3 32 2.1 65 2.1 05 25
Lamb chop 5 1.2 1.6 127 1.9 05 25
loin 10 0.7 0.4 58 19 01 6
chicken breast with skin 3 0.5 0.01 2 1.8 01 3
breast without skin 5 0.5 0.03 6 2.0 04 18
leg with skin 5 0.6 0.2 35 1.8 01 5
Beef sirloin CH 10 05 0.2 34 2.0 0.7 35
sirloin US 3 0.6 0.003 O 1.9 01 6
rib-eye CH 9 06 0.1 10 1.8 01 3
rib-eye US 3 06 0.04 6 19 01 6
braising steak 10 05 0.1 15 1.8 01 4
pork neck steak 9 06 0.1 8 1.8 01 3
chop 11 0.6 0.1 15 1.8 01 5
loin 11 0.6 0.1 13 1.8 01 4

SD: standard deviation; CV: coefficient of variation
CH: from Switzerland; US: from the United States

In comparison, the analyzed lead concentrations were more consistent and varied between 1.8
and 2.0 pg/100 g with CVs ranging from 3 to 35 %. Gonzalez-Weller et al. (2006) found a
much larger variability for cadmium and lead. They suggested that the variability in their
samples is considered normal since possible sources of there metals are numerous. However,
they also indicated that lead and cadmium concentrations depend on environmental conditions
and food production methods. Compared with the results of Gonzalez-Weller et al. (2006), the
mean concentrations for cadmium and lead in this study are higher, except for cadmium
concentration in pork where the results are similar. Compared with other studies, the analyzed
lead concentrations are comparable to those measured in Finland and Slovenia (Niemi et al.,
1991; Doganoc, 1996), but were higher than those reported by Tahvonen & Kumpulainen
(1994) and Hecht & Kumpulainen (1995) for beef and pork. Lead concentrations in horse

meat were found to be lower by a factor of 0.5 compared to those determined by Hecht &
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Kumpulainen (1995). Cadmium concentrations are higher compared to the last mentioned
study, but again with the exception of horse meat, which is found to be much lower in our
study. The maximum lead and cadmium level allowable in meat from different species are
100 and 50 pg/kg (EU Directive 466/2001; EC, 2006). The analyzed concentrations of these

metals in this work are all below these limits.

Iron and zinc

The iron concentration varied greatly among the species in this study (Table 3.4). Among the
red meat, foal meat was characterized by the highest iron content. Lamb and beef showed a
similar range of iron concentrations, from 1.6 mg/100 g determined in beef (sirloin US) to
2.6 mg/100 g determined in lamb (loin). Markedly lower iron concentrations were determined
in pork and chicken meats. The iron concentrations are in agreement with Hecht &
Kumpulainen. (1995), Chan et al. (1995) and Leonhardt, Kreuzer & Wenk. (1997). The last
reference reported lower CVs (10 — 35 %) compared to CVs for iron concentration in this
study (15 — 93 %). The main reason for the variability in the examined trace element content
and its CVs might be that different breeds and feeding system arose in Switzerland in the last
few years to comply with the provisions of a variety of meat labels that were established.
Similar to our results, Schricker, Miller & Stouffer (1982a) and Carpenter & Clark (1995)
found that the iron concentrations varied between different cuts from the same species.
Therefore, it is important to draw interspecies comparisons with the same cuts or muscles.
The zinc values showed that concentrations of this element vary even more than those of iron
between the different muscles. Comparable findings are reported by several studies
(Schricker, Miller & Stouffer, 1982b; Marchello, Slanger & Milne, 1985; Hecht &
Kumpulainen, 1995; Leonhardt & Wenk, 1997b). Cassens, Briskey & Hoekstra (1963)
reported that the zinc content in various porcine muscles varied with color and myoglobin
concentrations and that dark muscles had greater concentrations of zinc than light ones; they
also found increased concentrations of zinc in more active muscles. The measured values for
zinc are similar to values reported by Leonhardt & Wenk (1997b) and Hecht & Kumpulainen
(1995) except for chicken breast, which was found to be lower than the results reported by the
Hecht & Kumpulainen (1995) study, but in agreement with the results of Chan et al. (1995).
The calculated CVs (4 — 45 %) for zinc were the lowest in this study but higher compared to
the value (7 — 18 %) found by Leonhardt & Wenk (1997b). Pennington et al. (1995b) reported
CVs in the range of 10 to 24% for zinc in different cooked meat cuts. Only two CVs for zinc
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Table 3.4

Iron and zinc levels in different meat cuts

Fe Zn
Mean SD CV Mean SD cv
Species  cut mg/100 g % mg/100 g %
Foal sirloin 3.2 1.3 40 2.7 1.1 39
filet 3.3 08 24 2.0 0.4 20
Lamb chop 2.0 0.7 36 2.3 0.4 15
loin 2.6 1.1 40 2.4 0.4 15
chicken breast with skin 0.6 05 86 0.7 0.03 4
breast without skin 0.5 0.2 49 0.7 003 5
leg with skin 1.2 0.7 54 1.4 0.6 45
Beef sirloin CH 2.0 06 29 3.7 0.7 18
sirloin US 1.6 02 15 3.8 0.5 14
rib-eye CH 1.8 0.8 44 5.1 14 27
rib-eye US 2.5 08 32 4.2 0.6 15
braising steak 1.7 0.7 39 3.2 0.8 26
pork neck steak 13 0.6 46 3.3 0.3 10
chop 0.7 0.7 93 15 0.2 11
loin 0.7 06 75 15 0.2 14

SD: standard deviation; CV: coefficient of variation
CH: from Switzerland; US: from the United States

in this study were above this value, foal sirloin (39 %) and chicken leg with skin (45 %). A
possible explanation for the mainly low CVs of zinc could be that the tissue concentration of
this element is primarily genetically determined and is only slightly influenced by feed
composition (Flachowsky & Jahreis, 1995).

Selenium

Selenium (Se) is not considered essential for plant growth, and plants do not control Se uptake
(Ellis & Salt, 2003). Consequently, Se concentrations in plants generally reflect the
concentration and availability of Se in soils (Hintze et al., 2001; Combs, 2000), which vary
greatly depending on the presence of underlying Se-containing geologic formations (Kabata-
Pendias, 1998).

Therefore, animals raised using low-Se feedstuffs deposit relatively low concentrations of this
element in their tissues, while animals raised on a diet high in Se yield food products with a
higher Se concentration. Due to the needs of livestock for Se to prevent debilitating deficiency
syndromes, Se (still usually in the form of sodium selenite) is commonly used as a feed
supplement in commercial animal agriculture in many parts of the world (Combs, 2001). This
practice became widespread in Switzerland within the last 25 years and thereby meat has

become a constant and an important Se source. The mean Se concentration, reported in Table
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Table 3.5

Selenium levels in different meat cuts

Se
Mean SD CV
Species  cut n Hg/100g %
Foal sirloin 3 35 16 47
filet 3 28 9 30
Lamb chop 5 11 4 40
loin 10 11 8 76
chicken  breast with skin 3 12 2 13
breast without skin 5 19 6 32
leg with skin 5 28 5 19
Beef sirloin CH 10 9 8 82
sirloin US 3 30 6 20
rib-eye CH 9 11 7 65
rib-eye US 3 44 9 21
braising steak 10 10 7 67
pork neck steak 9 16 5 30
chop 11 17 11 66
loin 11 16 5 30

SD: standard deviation; CV: coefficient of variation
CH: from Switzerland; US: from the United States

3.5, was higher than reported by Haldimann et al. (1999). This indicates that Se as a feed
supplement is used more extensively than 6 years ago. When comparing the Se concentrations
with data of established food composition tables, similar results are reported by Chan et al.
(1995) for beef, pork and chicken. Souci, Fachmann & Kraut (2000) recorded lower Se
concentrations for beef, foal and lamb but comparable concentrations for chicken. US Beef
had the highest selenium concentration (30 and 44 pg/100 g), around 3 to 4 times higher than
Swiss beef. The main reason is the higher Se concentration in soil combined with the practice
of transferring beef cattle to feedlots before slaughter, and while there, feeding them a defined
diet supplemented with Se (Keck & Finley 2006). The CV for this element recorded in this
study ranged from 13 to 82 % within species and cut due to the influence of feedstuff and
supplements. For beef, the CVs for Se concentration vary between 65 and 82 % in the Swiss
cuts compared to the US beef with CVs of 20 %. In the last few years, organically raised beef
increased in popularity in Switzerland. As these animals do not get any mineral supplements,
the Se concentration will depend on the natural supply and therefore the availability according

to the geographic origin.

Manganese, copper and molybdenum
The measured manganese concentrations are lower than values reported by Souci, Fachmann

& Kraut (2000) but also show, as well, a high unsystematic variation between animal species
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and different cuts (Table 3.6). Chan et al. (1995) in contrast reported mean values for Mn
which have similar order of magnitude but show a lower variation. However, there are also
studies which show similar Mn concentrations and variations (Hecht & Kumpulainen, 1995).
The high variability (13 — 142 %) for this element indicates that Mn is affected, for example,
by different feeding systems. On the other hand, homeostatic mechanisms maintain most
tissue manganese concentrations within certain limits (National Research Council, 2000).

The copper concentrations of chicken meat differed markedly from the other meat cuts
analyzed, in which much higher concentrations were found. The concentrations in meat cuts
from lamb, beef and pork are in good agreement with values reported by Hecht &
Kumpulainen (1995) and Lombardi-Boccia, Lanzi & Aguzzi (2005). However, concentrations
in horse meat reported by Hecht & Kumpulainen (1995) are twice as high compared to the
study of Lombardi-Boccia, Lanzi & Aguzzi (2005) and to ours. In the food composition table
of Souci, Fachmann & Kraut (2000), Cu concentrations are six to ten times higher and differ
between muscles to a greater extent than in the present study. The within CV of the various
cuts, which is not provided by the food composition tables cited, differed greatly (13 —
224 %), with the highest variability for the chicken meat. As with zinc and iron, copper
concentrations in meat can vary in the different types of muscle. In cattle, it has been

demonstrated that copper concentrations in muscle are inversely related to muscle lipid

Table 3.6
Manganese, copper and molybdenum levels in different meat cuts
Mn Cu Mo
Mean SD Cv Mean SD Ccv Mean SD Ccv
Species  cut 1g/100 g % pg/100 g % pg/100 g %
Foal sirloin 5.7 4.0 71 90.0 17.3 19 11 05 42
filet 10.6 5.7 54 114 15 13 14 0.7 54
Lamb chop 16.7 151 90 110 34 31 11 0.3 27
loin 16.0 130 81 132 28 22 11 0.5 48
chicken  breast with skin 4.3 0.6 13 4.8 4.3 89 24 0.1 2
breast without skin 7.9 2.3 30 0.3 0.7 224 3.2 1.2 38
leg with skin 16.6 134 81 17.6 16.4 93 2.8 0.3 11
Beef sirloin CH 5.6 4.2 75 49.8 279 56 0.9 0.5 63
sirloin US 10.8 2.0 19 775 100 13 14 001 2
rib-eye CH 6.9 6.1 89 56.4 388 69 15 0.6 45
rib-eye US 9.8 16 16 76.5 112 15 14 0.1 7
braising steak 3.1 4.4 142 37.5 30.7 82 11 0.7 67
pork neck steak 12.8 6.4 50 92.0 36.0 39 2.0 0.8 40
chop 6.2 4.7 76 35.9 23.8 66 1.3 0.6 50
loin 6.3 4.0 63 40.5 23.0 57 1.1 0.5 44

SD: standard deviation; CV: coefficient of variation
CH: from Switzerland; US: from the United States
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concentrations (Langlands, Donald & Smith, 1987). Molybdenum concentrations in meat are
very interesting since these results show that chicken meat (2.4 - 3.2 ug/100 g) contains
around twice as much as mammalian meat. This is similar to the study of Hecht &
Kumpulainen (1995) who found even greater differences due to lower Mo concentrations in
beef and pork meat and higher values for chicken meat, compared to this study. Only a few

figures for Mo concentrations can be found in the food composition

table of Souci, Fachmann & Kraut (2000) for meat and they are up to ten times higher than
those reported by Hecht & Kumpulainen (1995) and found in the present study. In other food
composition tables, Mo is not listed. The CV of molybdenum ranged from 2 to 63 % and was

therefore the third lowest of all trace element analyzed in this study.

Essentiality versus toxicity

Essential trace elements are those compounds that need to be present in the human diet to
maintain normal physiological functions. Risk assessment of trace elements has examined two
ends of the toxicity-deficiency-spectrum: the one associated with intakes that are too high and
results in toxicity and the other associated with intakes that are too low and results in
nutritional deficiency problems (Goldhaber, 2003). Meat is known to be a source of trace
elements but has, as well, been discussed in terms of accumulating heavy metals such as
cadmium and lead (see 3.1.). Several studies have been carried out with respect to the
contribution of meat consumption towards fulfilling the requirements for several essential
trace elements (Leonhardt, Kreuzer & Wenk, 1997b; Haldimann et al., 1999; Chanson et al.,
2003; Lombardi-Boccia, Lanzi & Aguzzi, 2005). While toxic concentrations of essential
elements in muscle are generally rare, offal, such as liver and kidney, often accumulate higher
metal concentrations. The U.S. Food and Drug Administration (FDA) has defined a tolerable
upper intake level (UL) for the essential trace elements. The UL is the maximum level of total
chronic daily intake of a nutrient (from all sources) judged to be unlikely to pose a risk of
adverse health effects to humans (Scientific Committee on Food, 2000). Concentrations in the
meat cuts analyzed in this study are far below the ULs for all trace elements. The results
suggest that, at present, there is no need to recommend restrictions for the human

consumption of meat marketed in Switzerland.
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Conclusion

Taken together, the present results indicate that cadmium and lead concentrations in meat are
very low and are unlikely to contribute significantly to the daily intake of these toxic
elements.

The average concentrations of essential trace elements in the examined meat cuts are
generally comparable to those reported in other studies. The content in individual samples,
however, may appreciably deviate from the mean values due to effects associated with animal
feeding practices and concentrations in the feed. The impact of the different elements’
variability is dependent on their distribution in food. Nutrient variability is of more practical
significance when it occurs in foods that are relied upon as sources of specific nutrients. If
nutrient values are not reliable, because of high variation, dietary intakes calculated from
mean values may be unreliable. Therefore, it is important to provide the possible variation to
better estimate the uncertainty of dietary intakes, which should better be reported as a range
than as a single value. Furthermore, trace element data in food composition tables were found
to be sometimes incomplete at times, especially for Se and Mo. Therefore, it is important to

update and emphasize food composition tables with actual data.
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Food composition databases provide “detailed” information about the nutritional composition
of food, usually from a particular country. Food composition data are available in different
formats e.g. paper-based, often referred to as food composition tables, or electronic versions,
known as nutrient databases. They provide values for energy and nutrients as well as other
important food components for each of the food items listed. The values are based on
chemical analyses or are estimated from other appropriate data.

In the last few decades an increased interest on the relationship between nutrition and health
arose. Different forms of diets were and still are promoted to optimize the physical well being
and performance. At the same time, the conceptions of these various diets diverge widely, but
having all in common to base on food composition tables. Furthermore, data on the
composition of food are the basis for the evaluation and interpretation of dietary investigation

as well as for the development of dietary guidelines.

Limitations of food composition tables

Widdowson & McCance (1943) made the following statement: “There are two schools of
thought about food tables. One tends to regard the figures in them as having the accuracy of
atomic measurements; the other dismisses them as values on the grounds that a foodstuff may
be so modified by the soil, the season, or its rate of growth that no figure can be reliable guide
to its composition. The truth, of course, lies somewhere between these two points of view.”
The limitations of food composition tables are often not considered by users. All foods are
biological materials and therefore show natural variation in their composition. The variation
may be due to differences in the animal or plant species assessed, environmental factors as
soil and climate, variations in agricultural practices or storage, processing and preparation of
food. Even processed food which is produced under very controlled conditions show some
variability due to differences in the composition of ingredients and variations in processing,
packaging and storage.

The degree of variation in nutrient composition also varies for different nutrients.
Micronutrient (vitamins and minerals) values vary more widely than macronutrient (water and
protein content) values, with the exception of fat, which is extremely variable, especially in
meat. Some nutrients, e.g. vitamin C, and B3, show wide natural variation in food and are
particularly unstable, levels being affected by heat, pH, oxidation and light. This is such that

food composition tables can only give approximate or typical indications of the level of these
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labile nutrients. This therefore limits the usefulness of food composition tables for both

scientific and regulatory purpose.

Future development of food composition tables

Food composition tables of countries can vary on different level which makes it difficult to
compare them because of differences in food description, nutrient definition and methods of
analysis. These varieties in the food composition tables can have a strong effect on the results
of international conducted studies.

Although there have been major efforts over the past two decades to standardize food
descriptions, nutrient terminology, analytical techniques and compilation methods, nutrient
values in different food composition tables are still not readily comparable across countries
(Greenfield & Southgate, 2003). Several recent initiatives from the European Commission,
such as FLAIR (Food-Linked Agro-Industrial Research) and INFOODS (International
Network of Food Data Systems) have so far led to greater collaboration between European
countries, but still there is relatively poor links between the various national database
compliers, policy markers and end-users of the data.

In 2005 a five-year project funded by the European Commission started. The aim of EuroFIR,
short for European Food Information Resource Network, is to develop an integrated,
comprehensive and validated database or food information resource which will provide a
single, authoritative source of food composition data in Europe for nutrients and newly
emerging bioactive compounds with potential health benefits. This project satisfies
requirements of the users of food composition tables about information beyond simple
nutrient or component values, about more precise food descriptions that include the origin of

data and about information on the representativeness and quality of existing data.

Changes in the nutrient composition of meat

Food composition data can also provide the means to assess long-term changes in the food
supply. Therefore, comparison of current food composition data with past food tables enables
changes in the food supply to be explored and monitored (Greenfield & Southgate, 2003).

A good example for this scope is meat. It is a very complex product that can be affected by
ante mortem and post mortem factors. But there are as well a number of methodological
issues that need to be considered when looking at changes in nutrient composition over time.
Changes in the methodology used to assess nutrient levels occur from time to time, as

methods are improved and new technologies become available, and this must be taken into
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account when examining changes in food composition. Furthermore, when compiling past
food tables, database compilers may have analyzed different varieties or samples and used
different sample preparation methods so the data my not be directly comparable. Several
comparison studies are therefore required in order to provide evidence of true changes in
nutrient levels over time.

The most evident changes in the nutrient composition of meat are found for the fat content
and the fatty acid profile. There have been substantial reductions in the fat content of meat
over the last 20 years. This is a result of breeding programs, modifications of animal feeds,
new seam butchery techniques at retail level and trimming of fat before sale. For example, the
fat content of carcass meat in the UK has been reduced by over 30 % for pork, 15 % for beef
and 10 % for lamb over the past 20 years (Higgs, 2000). Similar tendencies were found for
Switzerland by comparing data from 1990 (Mannhart & Wenk, 1990) with current data from
our study. The fat content was reduced by 43 % for lamb, 31 % for veal, 25 % for beef and
17 % for chicken. Fat reducing techniques have allowed a substantial reduction of fat
dispersed among the muscle fibres (intramuscular), laid down between the muscles
(intermuscular), under the skin (subcutaneous) and in the body cavities (visceral). From a
dietary point of view, intramuscular fat is the most important one as it cannot be trimmed
before or during consumption. Although, intramuscular fat content varies with muscles and
breed or species, the most important muscles and animal species indicate that, today, it is
present in lean meat at levels normally lower than 5 %. A further decrease in intramuscular fat
content would decrease meat quality attributes, first of all juiciness and flavor, already
impaired in some cases (Chizzolini et al., 1999). Future development in the control of fat
deposition should be directed at reducing subcutaneous and visceral fat while adjusting
intramuscular fat to optimum levels for quality and nutritional requirements.

There has also been an increased interest in recent years in ways to manipulate the fatty acid
composition of meat. This is because meat is seen to be a major source of fat in the diet and
especially of SFA, which have been implicated in diseases associated with modern life,
especially in developed countries. These include various cancers and especially coronary
heart disease (Wood et al., 2003). Therefore the interest in meat fatty acid composition stems
mainly from the need to find ways to produce healthier meat, i.e. with a higher ratio of PUFA
to SFA, a more favorable balance between n-6 and n-3 PUFA and a higher concentration of
LC n-3 PUFA. In pigs, the emphasis has been to increase n-3 PUFA in meat and this can be
achieved by feeding sources such as linseed in the diet. Ruminant meat is a fairly good source

of n-3 PUFA due to the presence of C18:3 n-3 in grass. Further increases can be achieved
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with animals fed grain-based diets by including whole linseed or linseed oil, especially if this
is protected from rumen bio-hydrogenation. These approaches rely on the fact that the animals
will synthesize some LC n-3 PUFA from alpha-linolenic acid in vivo and thus enrich the
meat. In addition, the approaches will lead to increase the intake of alpha-linolenic acid by

humans, a small proportion of which will be converted to LC n-3 PUFA in vivo.

Influence of cooking and trimming on nutrients of meat

Meat is normally eaten in cooked form but nevertheless the greatest part of the nutrient data
are given for raw meat potentially leading to miscalculation in nutrient intake out of meat.
Sometimes, the cooking losses and waste rates are given in percentages so that an
approximate calculation can be made. But why are the nutrient data of meat not analyzed
from cooked meat? The cooking experiments in this study showed that heat treatment had
various effects on the different nutrients. The determining factors for the changes were the
meat cut itself as well as the parameters to the corresponding cooking process applied (time,
medium and temperature). Cooking changes the palatability of meat by effecting appearance,
tenderness, juiciness, and flavor. As meat is heated, it will lose some water due to evaporation
and drip loss, fat because of its melting and vitamins due to the destructive effect of the heat
as well as the leaching effect of the medium which also affects the minerals. The extent of the
losses will depend on the temperature and length of time the meat is cooked, the water
holding capacity of the meat as well as its fat content and the proportion of added oil. All
these external influences make it very difficult to get reliable nutrient data of cooked meat
particularly because meat cuts can be prepared by different cooking methods to various levels
of doneness. Moreover, it is important to note that trimming of visible fat can lead to a great
reduction of fat intake from meat. The amount purchased is, depending on the individual
eating habit, by far not equivalent to consumption. Taken together, it is important to update
and improve nutrient data from meat with more detailed information about changes during
cooking processes and trimming of fat so that individual eating habits can be taken into
account by the calculation of the intake of nutrients from meat. One possibility would be to
include the different changes due to cooking graded after the main level of doneness

supplemented with illustrations of defined stage of meat cut trimming.

The role of meat in human nutrition
Meat is still a central element in our diet even if it suffers from a bad image in terms of

dietetic value. It is often not recognized to contribute to the supply with several valuable or
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even essential nutrients. Nevertheless, meat is not an essential part of the diet but without
animal products it is necessary to have some reasonable knowledge of nutrition in order to
select an adequate, healthy diet.

Even small quantities of animal products supplement and complement a diet based on plant
food so that it is nutritionally adequate.

In the study we have estimated the mean daily intake of total fat from meat as 21 g (7 g from
meat and 14 g from meat product) which 39% was saturated, 47% monounsaturated and 14%
polyunsaturated fatty acids. This compares favorably with intakes reported in the fifth Swiss
Nutrition Report (2005). The effective intake is supposed to be considerably because of the
cooking and trimming of fat as shown in this study.

The estimation of the average daily intake of LC n-3 PUFA (236 mg/d) in Switzerland
indicated that meat is an important dietary source, contributing 17% (41 mg/d) compared with
fish (171 mg/d). This is not surprising, when one considers the relative consumption rates for
meat and fish. Fish and other seafood are the richest food sources of LC n-3 PUFA, with
concentrations 5 to 15 times higher than in meat. However, in Switzerland seven times as
much meat than fish and seafood was consumed in 2005. It must be pointed out that the
predominant LC n-3 PUFA in meat is DPA, the functional and nutritional attributes of which
are largely unknown. There is comparatively little DPA in fish oil and, because much of the
evidence for health benefits of LC n-3 PUFA originates from intervention trials with fish oil
supplementation, less is known about the physiologic role of DPA or its nutritional and health
potentials. The limited information available on physiologic effects of DPA suggests that
some of its effects may be similar to but quantitatively distinct from EPA and DHA (Hino et
al., 2004; Akiba et al., 2000; Rissanen et al., 2000; Burdge, Jones & Wooton 2002; Burdge &
Wooton, 2002; de Groot et al., 2004; Li et al., 1999). Thus, from a nutritional perspective,
DPA is a potentially important LC n-3 PUFA and should be included in dietary intake
assessments and recommendations for LC n-3 PUFA.

The mean daily amount of meat eaten in Switzerland was found to be as well an important
source of iron, zinc and selenium. Meat is not an exclusive supplier for one of these trace
elements and so the requirements can also be met by the consumption of other food. However,
the high bioavailability of iron, zinc and selenium from meat is important. It has been
demonstrated that the bioavailability of dietary iron is much more important than the amount
of iron ingested. Iron in meat is more readily taken up into the body than iron from most other
sources because it is mainly present as the more available heme iron, and because meat

contains an as-yet-unidentified "meat-factor” that enhances the uptake of not only meat iron,
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but also other iron in the same meal. Furthermore, meat contains no iron and zinc absorption
inhibiting factors as phytate, tannins, oxalate and fibers. In the last 25 years selenium got
more and more commonly used as a feed supplement in commercial animal breeding. Thus,
meat has become a constant and important selenium source.

Since meat is a biological material it exhibits natural variations in the amounts of nutrients.
Therefore it is important to include the variability of nutrients in food composition tables to

judge the reliability of nutrient consumption data.

Limits in the calculation of the assessment of nutrient intake out of meat

Beside the fact, that nutrient content in food composition tables have to be seen as mean value
varying at different degree and therefore entail a certain inaccuracy as mentioned above, there
are as well other factors which have to be considered.

The evaluation of the energy and nutrient intake in the population of Switzerland is calculated
indirectly through food consumption data which are associated with a certain inaccuracy since
they do not reflect the consumption of a single individual but rather present an estimation of
the per capita consumption of a population.

In the case of meat, an analysis and proper compilation of the actual consumed amount of
meat in different groups of individual is not practicable. Therefore meat consumption is given
as the amount of meat ready for sale. Even though certain losses as for example through
storage and preparation are not considered, the salable mass is close to the effective per capita
consumption of meat per year and thus used for the calculation of the nutrient intake out of
meat. The calculated values reflect the mean intake for a population. Differences between
gender and age groups are neglected.

To get more detailed information of the individual intake of meat or rather food in generally
and therefore about the contribution of it, different systems are used to monitor the dietary
habits. But as well these systems have an inaccuracy to a greater or lesser extent regarding the
normal eating habits. Dietary history questionnaire, for example, requires a good capacity of
remembering otherwise it can lead to an over or underestimation of the frequency of intake as
well as of the amount consumed. On the other hand, the meticulous recording of the food
intake in form of food protocols can lead to changes in eating habits through the impact of
control.

Considering the inaccuracy of all calculation factors it is legitimated to question the
usefulness of dietary intake calculation. Despite all the inaccuracies, the calculation of
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nutrient intake can be useful to estimate normal mean intake of individuals, groups and

population depending on the used methods.

Conclusions

There can be no doubt about the relation between nutrition and human health, and also the
subsequent need for control of the nutrients consumed. Meat and meat products are important
components of our diet; they contain compounds like protein, essential amino acids, fat, fatty
acids, minerals, vitamins, cholesterol etc., which can have an effect on health. However, the
true role of meat and its derivatives can only be fully understood by determining the amount
of all meat constituents in comparison with other food, i.e. considering the elements in our
diet all together. Moreover, in many cases product preparation leads to changes in
composition, which must be taken into account if we are to have real ideas of the nutrients
present in food when it is consumed rather than when it is produced or sold.

The majority of the population in developed countries consumes meat and meat products, and
meat makes a significant contribution to nutrient intake for most individuals. In addition, meat
can be a versatile food that adds variety to eating occasions and is particularly popular
because of its palatability. Some people choose not to eat meat, for multiple reasons, but as
there is no evidence that a moderate intake of lean meat has any negative effect on health,
there is currently no real scientific justification for excluding it from the diet. Therefore, as
recommended in healthy eating advice around the world, lean meat, consumed in moderation,

can be promoted as part of a healthy balanced diet.

74



REFERENCES

Abou-Arab, A.A.K. (2001). Heavy metal content in Egyptian meat and the role of detergent
washing on their levels. Food and Chemical Toxicology, 39, 593-599.

Akiba, S., Murata, T., Kitatani, K., & Sato, T. (2000). Involvement of lipoxygenase pathway
in docosapentaenoic acid-induced inhibition of platelet aggregation. Biological &
Pharmaceutical Bulletin, 23, 1293-1297.

[AOAC] Association of Official Analytical Chemists (2000).Crude protein in meat and meat
products including pet food: combustion method. In: Association of Official Chemists,
Official methods of analysis (pp. 6-7) 16" edition. Washington D.C.: Association of
Official Analytical Chemists.

Badiani, A., Stipa, S., Bitossi, F., Gatta, P.P., Vignola, G., & Chizzolini, R. (2002). Lipid
composition, retention and oxidation in fresh and completely trimmed beef muscles as
affected by common culinary practices. Meat Science, 60, 169-186.

Baker, L.F.,, & Lunt, D.K. (1990). Comparison of production characteristics from birth
through slaughter of calves sired by angus, charolais or piedmontese bulls. Journal of
Animal Science, 68, 1562-1568.

Belitz, H.D., Grosch, W, & Schieberle P. (2001). Lehrbuch der Lebensmittelchemie. 5. vollst.
iberarbeitete Auflage. Berlin: Springer Verlag.

Berdanier, C.D. (1998). Advanced Nutrition — Micronutrients. New York: CRC.

Bernet, A. (2003). Fleischwarenkosnum: Analyse des Fettkonsums in Form von Fleischwaren
in der Schweiz. Semesterarbeit, Institut fiir Nutztierwissenschaften, Erndhrungs-
biologie, ETH Ziirich.

Biesalski, H.K. (2005). Meat as a component of healthy diet — are there any risks or benefits if
meat is avoided in the diet? Meat Science, 70, 509-524.

Bingham, S.A. (1987). The dietary assessment of individuals, methods, accuracy, new
techniques and recommendations. Nutrition abstracts and review (series A), 57, 705-
741.

Bou, R., Guardiola, F., Padro, A., Pelfort, E., & Codony, R. (2004). Validation of
mineralization procedures for the determination of selenium, zinc, iron and copper in
chicken meat and feed samples by ICP-AES and ICP-MS. Journal of Analytical
Atomic Spectrometry, 19, 1361-1369.

Bradford, W., Berry, P.D., & Leddy, K. (1984). Beef fatty composition: effect of fat content

and cooking method. Journal of American Dietetic Association, 84, 654-658.

75



References

Briggs, G.M., & Schweigert, B.S. (1990). An overview of meat in the diet. In A.M. Pearson,
& T.R. Dutson, Advances in Meat Research 6 ,1-18. New York: Elsevier Applied
Science.

Brody, T. (1999). Nutritional Biochemistry. San Diego: Academic Press.

Buege, D.R., Ingham, B.H., Henderson, D.W., Watters, S.H., Bochert, L.L., Crump, P.M., &
Hentges, E.J. (1998). A national audit of the composition of pork and chicken cuts at
retail. Journal of Food Composition and Analysis, 11, 249-261.

Burdge G.C., Jones, A.E., & Wooton, S.A. (2002). Eicosapentaenoic and docosapentaenoic
acids are the principal products of alpha-linolenic acid metabolism in young men.
British Journal of Nutrition, 88, 355-363.

Burdge, G.C., & Wooton, S.A. (2002). Conversion of alpha-linolenic acid to
eicosapentaenoic, docosapentaenoic and docosahexaenoic acids in young women.
British Journal of Nutrition, 88, 411-420.

Burdge, B.C., Finnegan, Y.E., Minihane, A.M., Williams, C.M., & Wootton, S.A. (2003).
Effect of altered dietary n-3 fatty acid intake upon plasma lipid fatty acid composition,
conversion of [°C] a-linolenic acid to longer-chain fatty acids and partitioning
towards B-oxidation in older men. British Journal of Nutrition, 90, 311-321.

Carpenter, C.E., & Clark, E. (1995). Evaluation of methods used in meat iron analysis and
iron content of raw and cooked meat. Journal of Agricultural Food Chemistry, 43,
1824-1827.

Cassens, R.G., Briskey, E.J., & Hoekstra, W.G. (1963). Variation in zinc content and other
properties of various porcine muscles. Journal of the Science of Food and Agriculture,
14, 427-432.

Celik, U., & Oechlenschldger, J. (2004). Determination of zinc and copper in fish samples
collected from Northeast Atlantic by DPSAV. Food Chemistry, 87, 343-347.

Chan, W., Brown, J., Lee, SM., & Buss, D.H. (1995). Meat, poultry and game. Fifth
Supplement to McCane and Widdowson’s The Composition of Foods. Cambridge:
Royal Society of Chemistry.

Chanson, A., Brachet, P., Grolie, P., & Rock, E. (2003). Micronutrient intakes from meat.
Sciences des Alimens, 23, 47-55.

Chappell, A. (1986). The effect of cooking on the chemical composition of meat with special
special reference to fat loss. M.Sc. thesis, University Bristol.

Cheeke, P.R. (2005). Applied animal nutrition. 3™ Edition. Lebanon, Indiana: Prentice Hall.

76



References

Cheng, Y.J., & Brittin, H.C. (1991). Iron in food: effect of continued use of iron cookware.
Journal of Food Science, 56, 584-585.

Chizzolini, R., Zanardi, E., Dorigoni, V., & Ghidini, S. (1999). Calorific value and cholesterol
content of normal and low-fat meat and meat products. Trends in Food Science &
Technology, 10, 119-128.

Colmenero, F.J. (2000). Relevant factors in strategies for fat reduction in meat products.
Trends in Food Science & Technology, 11, 56-66.

Combs, G.F., & Combs S.B. (1986). Selenium in foods and feeds. In G.F. Jr. Combs and S.B.
Combs, The role of selenium in nutrition (pp. 41-126). New York: NYAcademic
Press.

Combs Jr, G.F. (2000). Food system-based approaches to improving micronutrient nutrition:
the case for selenium. Biofactors, 12, 39-43.

Combs Jr, G.F. (2001). Selenium in global food systems. British Journal of Nutrition, 85,
517-47.

Combs, G.F., & Li, J. (2001). Selenium as a cancer preventive agent. In D.L. Hatfield,
Selenium: Its Molecular Biology and Role in Human Health, (pp. 205-218)
Doordrecht: Kluwer Academic Publisher.

Cormier, A., Vautour, G., & Allard, J. (1996). Canada-wide survey of the nutritional
composition of six retail pork cuts. Journal of Food Composition and Analysis, 9, 255-
268.

Cosgrove, M., Flynn, A., & Kiely, M. (2005). Impact of disaggregation of composite foods on
estimates of intakes of meat and meat products in Irish adults. Public Health Nutrition,
8, 327-337.

Cross, G.A., & Fung, D.Y.C. (1982). The effect of microwaves on nutrient value of foods.
Food Science and Nutrition, 16, 355-381.

[D-A-CH] Deutsche Gesellschaft fiir Erndhrung, Oesterreichische Gesellschaft fiir Erndhrung,
Schweizerische Gesellschaft fiir Erndhrungsforschung, & Schweizerische Vereinigung
fiir Erndhrung (2001). Referenzwerte flr die Nahrstoffzufuhr. 1.Auflage, 2. korrigierter
Nachdruk.. Frankfurt am Main: Umschau/Braus.

Danish Institute for Food and Veterinary Research, 2005. Dietray Habits in Denmark 2000-
2002 Main Results. Denmark: Danish Institute for Food and Veterinary Research.

77



References

de Groot, R.H.M., Honstra, G., van Houwelingen, A.C., & Roumen, F. (2004). Effect of a-
linolenic acid supplementation during pregnancy on maternal and neonatal
polyunsaturated fatty acid status and preganancy out-come. American Journal of
Clinical Nutrition, 79, 251-260.

Deharveng, G., Charrondiere, U.R., Slimani, N., Southgate, D.A.T., & Riboli, E. (1999).
Comparison of nutrients in the food composition tables available in the nine Europaen
countries participating in EPIC. European Journal of Clinical Nutrition, 53, 60-79.

DeMaeyer, E.M., & Adiels-Tegman, M. (1985). The prevalence of anaemia in the world.
World Health Statistics Quarterly, 38, 302-316.

Diaz, M., Vattem, D., & Mahoney, R.R. (2002). Production of dialyzable and reduced iron by
in vitro digestion of chicken muscle protein fractions. Journal of the Science of Food
and Agriculture, 82, 1551-1555.

Doganoc, D.Z. (1996). Lead and cadmium concentrations in meat, liver and kidney of
Slovenian cattle and pigs from 1989 to 1993. Food Additives and Contaminants, 13,
237-241.

Dorado, M., Matin Goémez, E.M., Jiménez-Colmenero, F., & Masoud, T.A. (1999).
Cholesterol and fat contents of Spanish commercial pork cuts. Meat Science, 51, 321-
323.

Dowler, E.A. (1977). A pilot study of domestic food wastage. Journal of Human Nutrition,
31, 171-180.

Dunshea, F.R, D’Souza, D.N., Pethick, D.W., Harper, G.S., & Warner, R.D. (2005). Effects
of dietary factors and other metabolic modifiers on quality and nutritional value of
meat. Meat Science, 71, 8-38.

[EC] Official Journal of the European Communities. Commission regulation (EC) No
466/2001. Retrieved December 2006: https://www.elaw.org/assets/pdf/fcr02 _en.pdf

Eichhorn, L.M., Coleman, L.J., Wakayama, E.J., Blomquist, G.J., Bailey, C.M., & Jenkins,
T.G. (1986). Effects of breed type and restricted versus ad libitum feeding and fatty
acid composition and cholesterol content of muscle and adipose tissue from mature
bovine females. Journal of Animal Science, 63, 781-794.

Ellis, D.R., & Salt, D.E. (2003). Plants, selenium and human health. Current Opinion in Plant
Biology, 6, 273-279.

Esteve, M.J., Farré, R., Frigola, A., & Garcia-Cantabella, J.M. (1998). Determination of
vitamin Bs (pyridoxamine, pyridoxal and pyridoxine) in pork meat and pork meat

products by liquid chromatography. Journal of Chromatography A, 795, 383-387.

78



References

Fernandez, X., Monin, G., Talmant, A., Mourot, J., & Lebret, B. (1999). Influence of
intramuscular fat content on the quality of pig meat — 1. Composition of the lipid
fraction and sensory characteristics of m. longissimus lumborum. Meat Science, 53,
59-65.

Fink-Gremmels, J. (1993). Nutrition, residues and health. Fleischwirtschaft International, 2,
3-13.

Flachowsky, G., & Jahreis, G. (1995). Einflussmoglichkeiten der Tiererndhrung auf
Inhaltsstoffe in Lebensmittel tierischer Herkunft. Lohmann Info Jan-April, 19-28.

Frankel, E.N. (1998). Lipid oxidation. Dundee: The Oily Press LTD.

Gandemer, G. (1999). Lipids and meat quality: lipolysis, oxidation, Maillard reaction and
flavour. Sciences des Aliments, 19, 439-458.

Gerber, N., Scheeder, M.R.L., & Wenk, C. (2007a). The influence of cooking and triming on
the actual nutrient intake from meat. submitted.

Gerber, N., Brogioli, R., Hattendorf, B., Scheeder, M.R.L., Wenk, C., & Giinther, D. (2007b).
Variability of selected trace elements of different meat cuts determinate by ICPMS
and DRC-ICPMS. submitted.

Gilka, J., Jelinek, P., Jankova, Knesel, P., Krejci, J., Masek, & Docekalova, H. (1989). Amino
acid composition of meat, fatty acid composition of fat and content of some chemical
elements in the tissue of male lambs fed Monensin or Lasalocid. Meat Science, 25,
273-280.

Given, D.I.,, & Shingfield, K.J. (2004). Food derived from animals: the impact of animal
nutrition on their nutritive value and ability to sustain long-term health. Nutrition
Bulletin, 29, 325-332.

Goldhaber, S.B. (2003). Trace element risk assessment: essentiality vs. toxicity. Regulatory
Toxicology Pharmacology, 38, 232-242.

Gonzalez-Weller, D., Karlsson, L., Caballero, A., Hernandez, F., Gutiérrez, A., Gonzalez-
Iglesias, T., Marino, M., & Hardisson, A. (2006). Lead and cadmium in meat and meat
products consumed by the population in Tenerife Island, Spain. Food Additives and
Contaminants, 23, 757-763.

Greenfield, H., & Southgate, D.A.T. (2003). Food composition data — Production,
management and use. 2" Edition. Rome: Food and Agriculture Organization of the
United Nation.

79



References

Gregory, J.F., & Ink, S.L. (1987). Identification and quantification of pyridoxine-B-glucoside
as a major form of vitamin B-6 in plant-derived foods. Journal of Agricultural and
Food Chemistry, 35, 76-82.

Haldimann, M., Dufossé, K., Mompart, A., Zimmerli, B. (1999). Occurrence of selenium in
food of animal origin on the Swiss market. Mitteilungen aus dem Gebiete der
Lebensmitteluntersuchung und Hygiene, 90, 241-281.

Hallberg, L., Bjorn-Rasmussen, E., Howard, L., & Rossander, L. (1979). Dietary heme iron
absorption. A discussion of possible mechanisms for the absorption-promoting effect
of meat and for the regulation of iron absorption. Scandinavian Journal of
Gastroenterology, 14, 769-779.

Halliwell, D., Turoczy, N., & Stagnitti, F. (2000). Lead concentrations in Eucalyptus sp. in a
small coastal town. Bulletin of Environmetal Contamination and Toxicology, 65, 583-
590.

Hansen, C.M., Leklem, J.E., & Miller, L.T. (1997). Changes in vitamin B-6 status indicators
of women fed a constant protein diet with varying levels of vitamin B-6. American
Journal of Clinical Nutrition, 66, 1379-1387.

Hattendorf, B., Giinther, D. (2003). Strategies for method development for an inductively
coupled plasma mass spectrometer with bandpass reaction cell. Approaches with
different reaction gases for the determination of selenium. Spectrochimica Acta Part
B-Atomic Spectroscopy, 58, 1-13.

Hecht, H., & Kumpulainen, J. (1995). Essential and toxic elements in meat and eggs.
Mitteilungsblatter der Bundesanstalt fur Fleischforschung Kulmbach, 34, 46-52.

Henderson, L., Gregory, J., Irving, K., & Swan, G., (2003). The National Diet and Nutrition
Survey: Adults Aged 19-64 years. Vol. 2: Energy, protein, carbohydrate, fat and
alcohol intake. London: HSMO.

Heymann, H., Hendrick, H.B., Karrasch, M.A., Eggeman, M.K., & Ellersieck, M.R. (1990).
Sensory and chemical characteristics of fresh pork roasts cooked to different endpoint
temperatures. Journal of Food Science, 55, 613-617.

Higgs, J. (2000). The changing nature of red meat: 20 years of improving nutritional quality.
Trends in Food Science and Technology, 11, 85-95.

Hino, A., Adachi, H., Toyomasu, K., Yoshida, N., Enomoto, M., Hiratsuka, A., Hirai, Y.,
Satoh, A., & Imaizumi, T. (2004). Very long chain N-3 fatty acids intake and carotid
artherosclerosis: an epidemiological study evaluated by ultrasonography.

Artherosclerosis, 176, 145-149.

80



References

Hintze, K.J., Lardy, G.P., Marchello, M.J., & Finley, J.W. (2001). Areas with high
concentrations of selenium in the soil and forage produce beef with enhanced
concentrations of selenium. Journal of Agricultural Food Chemistry, 49, 1062-1067.

Hoelscher, L.M., Savell, L.W., Smith, S.B., & Cross, H.R. (1988). Subcellular distribution of
cholesterol within muscle and adipose tissues of beef loin steaks. Journal of Food
Science, 53, 718-722.

Hollo, G., Csapo, J., Tozser, J., Hollo, 1., & Szucs, E. (2001). Effect of breed, live weight on
the fatty acid, amino acid content and on the biological value of beef. Acta
Alimentaria, 30, 313-322.

Honikel, K.O., & Arneth, W. (1996). Cholesteringehalt in Fleisch und Eiern.
Fleischwirtschaft, 76, 1244-1253.

Hooper, L., Thompson, R.L., Harrison, R.A., Summerbell, C.D., Ness, A.R., Moore, H.J.,
Worthington, H.V., Durrington, P.N., Higgins, J.P.T., Capps, N.E., Riemersma, R.A.,
Ebrahim, A.B.J., & Smith, G.D. (2006). Risiks and benefits of omega 3 fats for
mortality, cardiovascular disease, and cancer: systematic review. British Medical
Journal, 332, 752-760.

Howe, P., Meyer, B., Record, S. & Baghurst, K. (2006). Dietary intake of long-chain w-3
polyunsaturated fatty acids: contribution of meat sources. Nutrition, 22, 47-53.

Igene, J.O., Pearson, A.M., & Gray, J.I. (1981). Effects of length of frozen storage, cooking
and holding temperatures upon component phospholipids and the fatty acid
composition of meat triglyerides and phospholipids. Food Chemistry, 7, 289-303.

Institute of Medicine, Food and Nutrition Board (2000). Dietary reference intakes: vitamin C,
vitamin E, selenium, and carotenoids. Washingtion D.C.: National Academy Press.

Jacob, S. (2005). Berechnung des Verbrauchs und des angendherten Verzehrs an
Nahrungsenergie und  Nahrstoffen. In  BAG, Flnfter  Schweizerischer
Erndhrungsbericht (pp 25-35). Bern: BBL.

Janicki, L.J. & Appledorf, H. (1974). Effect of broiling, grill frying and microwave cooking
on moisture, some lipid components and total fatty acids of ground beef. Journal of
Food Science, 39, 715-717.

Jansuittivechakul, O., Mahoney, A.W., Cornforth, D.P., Hendricks, D.G., & Kangsadalampai,
K. (1985). Effect of heat treatment on bioavailability of meat and hemoglobin iron fed
to anemic rats. Journal of Food Science, 50, 407-409.

Jones, D.B. (1931). Factors for converting percentages of nitrogen in foods and feeds into

percentages of protein. USDA Circulation, 183, 1-21.

81



References

Joyanes, M., Lema, L. (2006). Citreia for optimizing food composition tables in relation to
studies of habitual food intakes. Critical Reviews in Food Science and Nutrition, 46,
329-336.

Kabata-Pendias, A. (1998). Geochemistry of selenium. Journal of Environmental Pathology
Toxicology Oncology, 17, 173-177.

Kabir, H., Leklem, J.E., & Miller, L.T. (1983). Measurement of glycosylated vitamin B6 in
foods. Journal of Food Science, 48, 1422-1425.

Kahn, H.A., Medalie, J.H., Neufeld, H.N., Riss, E., Balogh, M., & Groen, J.J. (1969). Serum
cholesterol, its distribution and association with dietary and other variables in a survey
of 10'000 men. Israel Journal of Medical Science, 5, 1117-1127.

Kauffman, R.G., & Breidenstein, B.C. (1983). A red meat revolution: opportunity for
progress. Food Nutrition News, 55, 21.

Keck, A.S., & Finley, J.W. (2006). Database values do not reflect selenium contents of grain,
cereals, and other grown or purchased in the upper Midwest of the United States.
Nutrition Research, 26, 17-22.

Keys, A., Anderson, J.T., Mickelsen, O., Adelson, S.F., & Fidanza, F. (1956). Diet and serum
cholesterol in man, lack of effect of dietary cholesterol. Journal of Nutrition, 59, 39-
56.

King, J.C, & Turnlund, J.R. (1989). Human zinc requirements. Dietary pattern and zinc
supply. In C.F. Mills, Zinc in Human Biology (pp. 351-363). Laufen: Springer Verlag.

Kirchgessner, M. Paulicks, B.R., & Roth, H.P. (1990). Zink-Funktionen, Bedarf, Versorgung
und Diagnose. In M. Kirchgessner, Spurenelemente und Erndhrung, (pp. 101-121).
Stuttgart: Wissenschaftliche Verlagsgesellschatft.

Kris-Etherton, P.M., Harris, W.S., & Appel, L.J. (2003). Omega-3 fatty acids and
cardiovascular disease. New recommendations from the American Heart Association.
Arteriosclerosis Thrombosis and Vascular Biology, 23, 151-152.

Kumar, R., Srivastava, P.K., & Srivastava, S.P. (1994). Leaching of heavy metals (Cr, Fe, and
Ni) from stainless steel utensils in food simulants and food materials. Bulletin of
Environmental Contamination and Toxicology, 53, 259-266.

Kumar, S. & Aalbersberg, B. (2006). Nutrient retention in foods after earth-oven cooking
compared to other forms of domestic cooking: 2.Vitamins. Journal of Food
Composition and Analysis, 19, 311-320.

Lang, K. (1970). Influence of cooking on foodstuffs. World Review of Nutrition and Dietetics,
12, 266-317.

82



References

Langlands, J.P., Donald, G.E., & Smith, A.J. (1987). Analysis of data collected in a residue
survey: copper and zinc concentrations in liver, kidney and muscle in Australian sheep
and cattle. Australian Journal of Experimental Agriculture, 27, 485-491.

Laroche, M. (1988). La caisson. In J.P. Girard, Technologie de la viande et des produits
carnés (pp. 33-75). Paris: Technique & Documentation Lavoisier.

Latunde-Dada, G.O., & Neale, R.J. (1986). Review: Availability of iron from foods. Journal
of Food Technology, 21, 255-268.

Layrisse, M., Martinez-Torres, C., Leets, 1., Taylor, P., & Ramirez, J. (1984). Effect of
histidine, cysteine, glutathione or beef on iron absorption in humans. Journal of
Nutrition, 114, 217-223.

Lebet, V., Schneider, H., Arrigoni, E., & Amado, R. (1994). Kritische Beurteilung der
Proteinbestimmung nach der Methode von Kjeldahl aufgrund der Aminosdureanalyse.
Mitteilungen aus dem Gebiete der Lebensmitteluntersuchung und Hygiene, 85, 46-58.

Lee, K. & Shimaoka, J.E. (1984). Forms of iron in meats cured with nitrate and erythorbate.
Journal of Food Science, 49, 284-285.

Leeds, A.R., Randle, A. & Matthews K.R. (1997). A study into the practice of trimming fat
from meat at the table, an the development of new study methods. Journal of Human
Nutrition and Dietetics, 10, 245-251.

Le Gusse, J., & Watier, B. (1993). Les vitamines, données biochimiques, nutritionnelles et
cliniques. Neuilly-sur-Seine Cedex: Centre d Etude et d'Information sur les Vitamins,
Produits Roche.

Leklem, J.E. (1991). Vitamin B-6. In L. Machlin, Handbook of Vitamins (pp. 341-378). New
York: Marcel Decker Inc.

Leonhardt, M., & Wenk, C. (1996). Contribution of the average meat consumption in
Switzerland towards fulfilling the requirements for iron and zinc. Proc. 5™
International Congress on Trace Elements in Medicine and Biology, February 4thgth
Meéribel, France.

Leonhardt, M., & Wenk, C. (1997a). Animal species and muscle related differences in
thiamine and riboflavin content of Swiss meat. Food Chemistry, 59, 449-452.

Leonhardt, M., & Wenk, C. (1997b). Variability of selected vitamins and trace elements of
different meat cuts. Journal of Food Composition and Analysis, 10, 218-224.

Leonhardt, M., Kreuzer, M., & Wenk, C. (1997). Available iron and zinc in major lean meat
cuts and their contribution to the recommended trace element supply in Switzerland.

Nahrung, 41, 289-292

&3



References

Lewis Jr., P.K., Rakes, L.K.Y., Brown, H.G., Brown Jr., A.H., Johnson, Z., & Brown, C.J.
(1993). Effects of maturation rate, marbling and cooking on the fat, cholesterol and
lipid phosphorus composition of beef muscle. Journal of Muscle Foods, 4, 41-56.

Li, D., Sinclair, A., Wilson, A., Nakkote S., Kelly, F., Abedin, L., Mann, N., & Turner, A.
(1999). Effect of dietary a-linolenic acid on thrombotic risk factors in vegetarian men.
American Journal of Clinical Nutrition, 69, 872-882.

Li, D., Siriamornpun, S., Wahlqvist, ML., Mann, N.J., & Sinclair A.J. (2005). Lean meat and
heart health. Asian Pacific Journal of Clinical Nutrition, 14, 113-119.

Lombardi-Boccia, G., Aguzzi, A., Cappelloni, M., Di Lullo, G., & Lucarini, M. (2003). Total-
diet study: dietary intakes of macro elements and trace elements in Italy. British
Journal of Nutrition, 90, 1117-1121.

Lombardi-Boccia, G., Lanzi, S. & Aguzzi, A. (2005). Aspects of meat quality: trace elements
and B vitamins in raw and cooked meats. Journal of Food Composition and Analysis,
18, 39-46.

Lopez-Garcia, E., Schulze, M.B., Manson, J.E., Meigs, J.B., Albert, C.M., Rifai, N., Willett,
W.C., & Hu, F.B. (2004). Consumption of (n-3) fatty acids is related to plasma
biomarkers of inflammation and endothelical activation in woman. Journal of
Nutrition, 134, 1806-1811.

Love, J.A., & Prusa K.J. (1992). Nutrient composition and sensory attributes of cooked
ground beef: effects of fat content, cooking method and water rinsing. Journal of
American Dietetic Association, 92, 1367-1371.

Lund, D.B. (1973). Effects of heat processing. Food Technology, 27, 16-18.

Mannhart, Ch., & Wenk, C. (1990). Schweizerische Néhrwerttabelle fiir Fleisch und
Fleischwaren. Wissenschaftliche Fassung. Schweizer Fleisch, Bern.

Marchello, M.J., Slanger, W.D., & Milne, D.B. (1985). Macro and micro minerals from
selected muscles of pork. Journal of Food Science, 50, 1375-1378.

Martinez-Torres, C., Romano, E., & Layrisse, M. (1981). Effect of cysteine on iron
absorption in man. American Journal of Clinical Nutrition, 34, 322-327.

Maurice, D.V., Lightsey, S.F., Hsu K.T., Gaylord, T.G., & Reddy, R.V. (1994). Cholesterol in
eggs from different species of poultry determined by capillary GLC. Food Chemistry,
50, 367-372.

McCance, R.A., & Widdowson's, E.M. (2002). The composition of foods. 6™ Edition.
Cambridge, UK: Royal Society of Chemistry.

84



References

McDowell, L.R. (2000). Vitamins in Animal and Human Nutrition, 2" Edition. Iowa: lowa
State University Press.

Meyer, B.J., Mann, N.J., Lewis, J.L., Milligan, G.C., Sinclair, A.J., & Howe, P.R.C. (2003).
Dietary intakes and food sources of omega-6 and omega-3 polyunsaturated fatty acids.
Lipids, 38, 391-398.

Mistry, A.N., Brittin, H.C., & Stoecker, B.J. (1988). Availability of iron from food cooked in
an iron utensil determined by an in vitro method. Journal of Food Science, 53, 1546-
1548.

Moeller, A., MacNeil, S.D., Ambrose, R.F., & Que Hee, S.S. (2003). Elements in fish of
Malibu Creek and Malibu Lagoon near Los Angeles, California. Marine Pollution
Bulletin, 46, 424-429.

Morris, J.N., Marr, L.W., Heady, L.A., Mills, G.L., & Pilkington, T.R.E. (1963). Diet and
plasma cholesterol in 99 bank men. British Medical Journal, 1, 571-576.

Mulvihill, B., & Morissey, P.A. (1998a). An investigation of factors influencing the
bioavailability of non-haem iron from meat systems. Irish Journal of Agricultural and
Food Research, 37, 219-226.

Mulvihill, B., & Morissey, P.A. (1998b). Rapid communication: influence of the sulphydryl
content of animal proteins on in vitro bioavailability of non-haem iron. Food
Chemistry, 61, 1-7.

Mulvihill, B., Kirwan, F.M., Morrissey, P.A., & Flynn, A. (1998). Effect of myofibrillar
muscle proteins on the in vitro bioavailability of non-haem iron. International Journal
of Food Sciences and Nutrition, 49, 182-192.

Mumprecht, S. (2001). Bestimmung des Omega-3 Fettsdurengehaltes von in der Schweiz
erwerbbaren Fischen — Relevanz fiir die menschliche Erndhrung. Diplomarbeit,
Institut fir pharmazeutische Wissenschaften, ETH Ziirich.

National Research Council (2000). Mineral tolerance of domestic animals. Washington DC:
National Academic of Science.

Nichols, A.B., Ravenscroft, C., Lamphier, D.E., & Ostrander Jr., L.D. (1976). Daily
nutritional intake and serum lipid levels. American Journal of Clinical Nutrition, 29,
1384-1392.

Niemi, A., Venalainen, E.R., Hirvi, T., Hirn, J., & Karppanen, E. (1991). The lead, cadmium
and mercury concentration in muscle, liver and kidney from Finnish pigs and cattle
during 1987-1988. Zeitschrift fir Lebensmittel Untersuchung und Forschung, 192,
427-429.

85



References

Nuernberg, K., Kuechenmeister, U., Nuernberg, G., Hartung, M., Dannenberger, D. & Ender,
K. (20006). Effect of storage and grilling on fatty acids in muscle of pigs fed plant oils.
European Journal of Lipid Science and Technology, 108, 554-560.

Oh, H.I,, Shin, T.S., & Chang, E.J. (2001). Determination of cholesterol in milk and dairy
products by high-performance liquid chromatography. Asian-Australian Journal of
Animal Science, 14, 1465-1469.

Ollilainen, V., Van de Berg, H., Finglas, P.M., & de Froidmont-Goertz, 1. (2001).
Certification of B-group vitamins (B, B,, Bg and B,) in four food reference materials.
Journal of Agricultural and Food Chemistry, 48, 6325-6331.

Ono, K., Berry, B.W. & Paroczay, E. (1985). Contents and retention of nutrients in extra lean,
lean and regular ground beef. Journal of Food Science, 50, 701-706.

Oster, O. (1994). Der Beitrag von Fleisch zur Spurenelement-, Elektrolyt- und
Mineralienversorgung des Menschen in der Bundesrepublik Deutschland unter
besonderer Beriicksichtigung von Selen. In R. Kluthe and H. Kaspar, Fleisch in der
Erndhrung, (pp 32-43). Stuttgart: George Thieme Verlag.

Ovesen, L. (2002). The meat intake in Denmark and ist importance for nutrition and health.
Prepared by: Lars Ovesen. The Danish Veterinary and Food Administration, Division
of Nutrition.

Paterson, E., Ziircher, U., & Amado, R. (1994). Gaschromatographische Bestimmung von
Cholesterol in einzelnen Lebensmitteln und in Meniiproben mit tierischen und
pflanzlichen =~ Komponenten. Mitteilungen aus dem Gebiete der
Lebensmitteluntersuchung und Hygiene, 85, 132-145.

Pellett, P.L., & Young, V.R. (1984). Evaluation of the use of amino acid composition data in
assessing the protein quality of meat and poultry products. American Journal of
Clinical Nutrition, 40, 718-736.

Pellett, P.L., & Young, V.R. (1990). Role of meat as a source of protein and essential amino
acids in human protein nutrition. In A.M. Pearson, & T.R. Dutson, Advances in meat
research 6, 329-370. New York: Elsevier Applied Science.

Pennington, J.A.T., Schoen, S.A., Salmon, G.D., Young, B., Johnson, R.D., & Marts, R.-W.
(1995a). Composition of core foods of the U.S. Food Supply, 1982-1991. 1. Sodium,
phosphorus, and potassium. Journal of Food Composition and Analysis, 8, 91-128.

Pennington, J.A.T., Schoen, S.A., Salmon, G.D., Young, B., Johnson, R.D., & Marts, R.W.
(1995b). Composition of core foods of the U.S. Food Supply, 1982-1991. II. Calcium,

magnesium, iron, and zinc. Journal of Food Composition and Analysis, 8, 129-169.

86



References

Pfalzgraf, A., Timm, M., & Steinhart, H. (1994). Content of trans-fatty acids in food.
Zeitschrift fur Ernahrungswissenschaft, 33, 24-43.

Pfeiffer, M. (2001). Gehalt an hochungesittigten Fettsduren in im Schweizer Handel
erwerbbarem Fisch: Relevanz fiir die alimentire Zufuhr beim Menschen.
Diplomarbeit, Institut fiir Nutztierwissenschaften, Erndhrungsbiologie, ETH Ziirich.

Piironen, V., Toivo, J., & Lampi, A.M. (2002). New data for cholesterol contents in meat,
fish, milk, eggs and their products consumed in Finland. Journal of Food Composition
and Analysis,15, 705-713.

Priestley, R.J. (1979). Vitamins. In: Priestley, R.J. (Ed.), Effects of Heating on Foodstuffs.
Applied Science, London, UK, pp. 121-156.

Proviande (2006). Der Fleischmarkt im  Ueberblick. Retrieved 2007-02-22:
http://www.proviande.ch/pdf/flmarkt 05.pdf

Ramamurti, K. (1986). Effects of cooking, freezing, and frozen storage on the fatty acid
pattern of ground beef. Lebensmittel-Wissenschaft und —Technologie, 19, 477-481.

Raymann, M.P. (2000). The importance of selenium ti human helath. Lancet, 356, 233-241.

Razminowicz, R.H., Kreuzer, M., & Scheeder, M.R.L. (2006). Quality of retail beef from two
grass-based production systems in comparison with conventional beef. Meat Science,
73, 351-361.

Rhee, K.S. (2000).Fatty acids in meats and meat products. In C.K. Chow, Fatty acids in foods
and their health implications (2" Edition) (pp. 83-108). New York: Marcel Dekker.

Riley, P., Enser, M., Hallet, K., Hewett, B., Wood, J., & Atkinson, J. (1998). Long-term
feeding of low levels of linseed before slaughter to manipulate tissue fatty acid
composition and improve pork nutritional value. Proceedings of the 15™ International
Pig Veterinary Science Congress, vol. 2, p. 16. Nottingham University Press,
Nottingham.

Rindi, G. (1996). Thiamin. In E.E., Ziegler and L.J. Fidler, Present Knowledge in Nutrition.
(7" Edition) (pp.160-166). Washington: ILSI Press.

Rissanen, T., Voutilainen, S., Nyyssonen, K., Lakka, T.A., & Salonen, J.T. (2000). Fish oil-
derived fatty acids, docosahexaenoic acid and docosapentaenoic acid, and the risk of
acute coronary events: the Kuopio ischaemic heart disease risk factor study.
Circulation, 102, 2677-2679.

Rivlin, R.S. (2001). Riboflavin. In B.A. Bowman & R.M. Russell, Present Knowledge in
Nutrition (pp. 191-198). Washington: ILSI Press.

87



References

Rodriguez-Estrada, M.T., Penazzi, G., Caboni, M.F., Bertacco, G., & Lercker, G. (1997).
Effect of different cooking methods on some lipid and protein components of
hamburgers. Meat Science, 45, 365-375.

Romans, J.R., Costello, W.J., Carlson, C.W., Greaser, M.L., & Jones, K.W. (1994). The meat
we eat. Danville, Interstate Publisher, Inc.

Rowe, A., Macedo, F.A.F., Visentainer, J.V., Souza, N.E., & Matsushita, M. (1999). Muscle
composition and fatty acid profile in lambs fattened in drylot or pasture. Meat Science,
51, 283-288.

Rubio, C., Hardisson, A., Reguera, J.I., Revert, C., Lafuente, M.A., & Gonzalez-Iglesias, T.
(2006). Cadmium dietary intake in the Canary, Islands, Spain. Environmental
Research, 100, 123-129.

Sahlin, A., & House, J.D. (2006). Enhancing the vitamin content of meat and eggs:
Implications for the human diet. Canadian Journal of Animal Science, 86, 37-48.

Said, H.M., Ortiz, A., Subramanian, V.S., Neufeld, E.J., Moyer, M.P., & Dudeja, P.K. (2001).
Mechanism of thiamine uptake by human colonocytes: studies with cultured colonic
epithelial cell line NCM460. American Journal of Physiology-Gastrointestinal and
Liver Physiology, 281, G144-G150.

Salo-Vaanédnen, P.P., Koivistoinen, P.E., (1996). Determination of protein in foods:
comparison of net protein and crude protein (N x 6.25) values. Food Chemistry, 57,
27-31.

Scheeder, M.R.L., Casutt, M.M., Roulin, M., Escher, F., Dufey; P.-A., & Kreuzer, M. (2001).
Fatty acid composition, cooking loss and texture of beef patties from meat of bulls fed
different fats. Meat Science, 58, 321-328.

Schricker, B.R., Miller, D.D., & Stouffer, J.R. (1982a). Measurement and content of nonheme
and total iron in muscle. Journal of Food Science, 47, 740-743.

Schricker, B.R., Miller D.D., & Stouffer, J.R. (1982b). Content of zinc in selected muscles
from beef, pork, and lamb. Journal of Food Science, 47, 1020-1022.

Schweigert, B.S. (1987). The nutritional content and value of meat and meat products. In J.F.
Price and B.S. Schweigert, The Science of Meat and Meat Products ( 4™ Edition) (p.
275). Westport: Food and Nutrition Press, Inc.

Schweizerisches Lebensmittelbuch (SLMB) (2000). Chapter 62, 15-20.

88



References

Scientific Committee on Food (2000). Guidelines of the Scienetific Committee on Food for
the development of tolerable upper intake levels for vitamins and minerals. Brussels,
Belgium. European Commission, Health & Consumer Protection. Retrieved December

2004: http://europa.eu.int/comm/food/fs/sc/sct/out80a_en.pdf.

Scott, J.M. (1997). Bioavailability of vitamin B;,. European Journal of Clinical Nutrition, 51,
Suppl.1, 49-53.

Seuss, 1.LK., Honikel, K.O., & Scholz, W. (1988). Zum Nihrstoffgehalt von Rind- und
Schweinefleisch. I. Rohes Fleisch. Fleischwirtschaft, 68, 834, 839-841, 880.

Sheard, P.R., Wood, J.D., Nute, G.R., & Ball, R.C. (1998). Effects of grilling to 80°C on the
chemical composition of pork loin chops and some observations on the UK National
Food Survey estimate of fat consumption. Meat Science, 2, 193-204.

Simopoulos, A.P. (1997). Diet and gene interaction. Food Technology, 51, 66-69.

Simopoulos, A.P., Leaf, A., & Salem, N. (1999). Essentiality of fatty acids and recommended
dietary intakes for omega-6 and omega-3 fatty acids. Annals of Nutrition and
Metabolism, 43, 127-130.

Simopoulos, A.P. (1999).New products from the agri-food industry: the return of n-3 fatty
acids into the food supply. Lipids, 34, suppl 297-301.

Sinclair, A.J., & O’Dea, K. (1990). Fats in human diets through history: is the Western diet
out of step. In J.D. Wood, A.V. Fischer, Reducing fat in meat animals (pp. 1-47).
London: Elsevier Applied Science.

Slimani, N. (1993). Comparability of European food composition tables with a view to their
use in multi-centre epidemiological studies. In Reports of Eurofoods — Enfant project
meeting, 10-12 Nov 1993, Portugal, pp. 156-160. Wageningen Agricultural
University: The Netherlands.

Slover, H.T., Lanza, E., Thompson, R.H., Jr. Davis, C.S. & Merola, G.V. (1987). Lipids in
raw and cooked beef. Journal of Food Composition and Analysis, 1, 26-37.

Smith, D.R., Savell, J.W., Smith, S.B. & Cross, H.R. (1989). Fatty acid and proximate
composition of raw and cooked retail cuts of beef trimmed to different external fat
levels. Meat Science, 26, 295-311.

Sosulski, F.W., & Imafidon, G.I. (1990). Amino acid composition and nitrogen-to-protein
conversion factors for animal and plant foods. Food Chemistry, 38, 1351-1356.

Souci, S.W., Fachmann, W., & Kraut, H. (2000). Food Composition and Nutrition Tables, 6th
edition. Medpharm Stuttgart, Germany.

89


http://europa.eu.int/comm/food/fs/sc/scf/out80a_en.pdf

References

Stenger, K.O. (1987). Indikationen fiir eine natriumarme Erndhrung. Erndhrungs-Umschau,
34, 132-136.

Storcksdieck, S., Bonsmann, G., & Hurrell, R.F. (2007). Iron-binding properties, amino acid
composition, and structure of muscle tissue peptides frim in vitro digestion of different
meat sources. Journal of Food Science, 72, 19-28.

Swiss food composition table (2004). Schweizer Nahrwerttabelle fiir Konsumentinnen und
Konsumenten. Schweizerische Gesellschaft flir Erndhrung, Bern; Bundesamt fiir
Gesundheit BAG, Bern; Eidgendssische Technische Hochschule ETH, Ziirich.

Swiss Nutrition Report (2005). 5 ed. Federal Office of Public Health Bern:
Bundespublikationen.

Tahvonen, R., & Kumpulainen, J. (1994). Lead and cadmium contents in pork, beef and
chicken, and in pig and cow liver in Finland during 1991. Food Additives and
Contaminants, 11, 415-426.

Tanner, S.D., Baranov, V.I., Bandura, D.R. (2002). Reaction cells and collision cells for ICP-
MS: a tutorial review. Spectrochimica Acta Part B-Atomic Spectroscopy, 57, 1361-
1452.

Tornberg, E. (2005). Effects of heat on meat proteins — implications on structure and quality
of meat products. Meat Science, 70, 493-508.

Turrini, A., & Lombardi-Boccia, G. (2002). The formulation of the market basket of the
Italian total diet 1994-1996. Nutrition Research, 22, 1151-1162.

Ulbricht, T.L.V., & Southgate, D. (1991). Coronary heart disease: seven dietary factors.
Lancet, 388, 985-992.

van den Berg, H., van Schaik, F., Finglas, P.M., & de Froidmont-Gortz, 1. (1996). Third EU
MAT intercomparison on methods fort he determination of vitamins B-1, B-2 and B-6
in food. Food Chemistry, 57, 101-108.

Valsta, L.M., Tapanainen, H., & Mannistd, S. (2005). Meat fats in nutrition. Meat Science,
70, 525-530.

Vanderslice, J.T., Brownlee, S.R., & Cortissoz, M.E. (1984). Liquid chromatographic
determination of vitamin B in foods. Journal of the Association of Official Analytical
Chemists, 67, 999-1007.

Walshe, B.E., Sheehan, E.M., Delahunty, C.M., Morrissey, P.A., & Kerry, J.P. (2006).
Composition, sensory and shelf life stability analyses of Longissimus dorsi muscle
from sterrs reared under organic and conventional production systems. Meat Science,

73, 319-325.

90



References

Wenlock, R.W., Buss, D.H., Berry, B.J., & Dixon, E.J. (1980). Household food wastage in
Britain. British Journal of Nutrition, 43, 53-70.

Widdowson, E.M., & McCance, R.A. (1943). Food tables, their scope and limitations. Lancet
1: 230-232.

Williamson, C.S., Foster, R.K., Stanner, S.A., & Buttriss, J.L. (2005). Red meat in the diet.
Nutrition Bulletin, 30, 323-355.

Wood, J.D., Enser, M., Fisher, A.V., Nute, G.R., Richardson, R.I., & Sheard, P.R. (1999).
Manipulating meat quality and composition. Proceedings of the Nutrition Society, 58,
363-370.

Wood, J.D., Richardson, R.I., Nute, G.R., Fisher, A.V., Campo, M.M., Kasapidou, E., Sheard,
PR., & Enser, M. (2003). Effects of fatty acids on meat quality: a review. Meat
Science, 66, 21-32.

World Health Organisation (WHO) (1992). Iron deficiency anemia. Assessment, prevention
and control. A guide for programme managers. United Nations Children Fund, United
Nations University and World Helath Organisation. WHO/NHD/01.3.

World Health Organisation (WHO) (2000). Lead. In: Saftey evaluation of certain food
additives and contaminants. Fifty-third meeting of the Joint FAO/WHO Expert
Committee on Food Additives (JECFA). Food Additives Series 44. Geneva:WHO. P
273-312.

World Health Organisation (WHO) (2001). Cadmium. In: Saftey evaluation of certain food
additives and contaminants. Fifty-third meeting of the Joint FAO/WHO Expert
Committee on Food Additives (JECFA). Food Additives Series 46. Geneva:WHO. P
247-305.

WWE. Overfishing. Retrieved January 2007:
http://www.panda.org/news_facts/education/own_goals/overfishing/index.cfm.
Zenoble, O.C., & Bowers, J.A. (1977). Copper, zinc and iron content of turkey muscles.

Journal of Food Science, 442, 1408

Zirpin, Y.A., & Rhee, K.S. (1990). Characteristics of pork products from swine fed a high
monounsaturated fat diet. Part 3. A high-fat cured product, Meat Science, 28, 171-180.

[FDA] U.S. Food and Drug Administration. http://www.cfsan.fda.gov/~dms/flg-7a.html

91


http://www.panda.org/news_facts/education/own_goals/
http://www.cfsan.fda.gov/%7Edms/flg-7a.html

APPENDIX 1

METHODS

92



Appendices

Appendix |

Determination of Vitamin B¢ by High-Performance Liquid Chromatography (HPLC)
Method 1

(deduced from Esteve et al. 1998)

Principle
Dephosphorylation of vitamers is first achieved by enzymatic hydrolysis (acid phosphatase),
followed by a liquid chromatographic separation on a reversed-phase C;g column with

fluorescence detection.

Samples
Meat samples were ground in a food blender (Moulinette moulinex, type 643, Ecully Cedex,
France) to ensure homogeneous and representative samples. Samples were vacuum packed,

frozen at -18 °C and stored until analysis.

Chemicals

Only analytical-grade substances were used:

4-deoxypyridoxine hydrochloride (Sigma-Aldrich D 0501, Steinheim, Germany)
pyridoxamine dihydrochloride (Fluka 82885 purum, Fluka AG Buchs, Switzerland)

pyridoxal hydrochloride (Fluka 82860)

pyridoxine hydrochloride (Fluka 95180)

takadiastase from Aspergillus orzae (Fluka 86250)

hydrochloric acid (Erne Chemie UN 1789, Dallikon, Switzerland)

sodium acetate anhydrous (Fluka 32319),

sulphuric acid 95-97 %

trichloroacetic acid (puriss.p.a. Merck GmbH, Darmstadt, Germany)

water of Nanopur quality (TKA-GenPure, Huber & Co. AG, Reinach, Switzerland).

The 4-deoxypyridoxine, pyridoxamine, pyridoxal and pyridoxine stock solution (100 pg/ml)
were prepared in Nanopur water (Huber & Co.) and stored at 4 °C in glass light-resistant

bottle. The working solutions were prepared daily.
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Solutions

0.1 M hydrochloric acid (HCI): 11.391 g/l of 32 % hydrochloric acid
2 M sodium acetate: 16.406 g/100 ml sodium acetate

10% (w/v) takadiastase: 10 g/100 ml takadiastase

50% (w/v) trichloroacetate: 50 g/100 ml trichloroacetate

Extraction

5 g of meat sample was accurately weighed into a 250 ml Pyrex hydrolysis tube (Barloworld
Scientific, Nemours Cedex, France). A 60-ml volume of 0.1 M HCI and 3 ml of 100 pg/ml of
4-deoxypyridoxine (internal standard, 1S) were added. The mixture was then shaken and left
for 30 min in a water-bath at 100 £ 5 °C. Upon cooling, the pH was adjusted to 4 — 4.5 with
2 M sodium acetate, and 5 ml of 10 % (w/v) takadiastase was added. This mixture was
incubated in a water bath at 45 + 5°C for 3 h with shaking and cooled. Then, 2 ml of 50 %
(w/v) trichloroacetic acid were added and the mixture was heated to 95 — 100 °C for 5 min.
After cooling the sample was filtered through a filter into a 100 ml volumetric flask and made
up to 100 ml with Nanopur water (Huber & Co.). The extract obtained was stored at +4°C
(24 h) or -18 °C (1 month), until analysis. Before injection into the chromatograph the extract
was filtered through a 0.22 um pore-size filter (Millipore Billerica, Massachusetts, USA)

directly into a vial.

Chromatographic conditions

The method used an octadecyl-silica reversed-phase colum (Nova-Pak® C18, 4 um 3.9 x 150
mm, Waters, Milford, Massachusetts, USA) and 0.01 M H,SO, as the mobile phase. The
fluorescence detector’s excitation and emission wavelengths were set at 290 nm and 395 nm,
respectively. All measurements were done at 30 °C with a flow rate of 1 ml/min. A 20 pl
volume of the sample was injected.

Peak areas were used for quantitative analysis, using 4- deoxypyridoxine as IS.

94



Appendices

Appendix 11

Determination of Vitamin B¢ by High-Performance Liquid Chromatography (HPLC)
Method 2

(deduced from van den Berg et al. 1996)

The method follows the same principle and uses the chemicals and chromatographic
conditions as for Method 1 (Appendix 1) with slight differences in some solution

concentrations and some extraction steps.

Solutions

5 % (w/v) trichloroacetatic acid: 25 g/500 ml
4 M sodium acetate: 32.8 g/100 ml

50 % (w/v) takadiastase: 50 g/100 ml

Extraction

5 g of meat sample was accurately weighed into 250 ml Pyrex hydrolysis tube (Barloworld
Scientific, Nemours Cedex, France). A 60-ml volume of 5 % (w/v) trichloroacetic acid and
3 ml of 100 pg/ml of 4-deoxypyridoxine (internal standard, IS) were added. The mixture was
then shaken and left for 30 min in a water-bath at 100 = 5°C. Upon cooling, the pH was
adjusted to 4.8 with 4 M sodium acetate, and 5 ml of 50 % (w/v) takadiastase was added. This
mixture was incubated in a water bath at 45 + 5°C for 18 h with shaking and cooled. Then,
1 ml of 50 % (w/v) trichloroacetic acid per 10 ml of incubation mixture was added to
precipitate the enzyme protein. After cooling the sample was filtered through a filter into a
100 ml volumetric flask and made up to 100 ml with Nanopur water (TKA-GenPure, Huber &
Co. AG, Reinach, Switzerland). The extract obtained was stored at +4 °C (24 h) or -18 °C (1
month), until analysis. Before injection into the chromatograph the extract was filtered
through a 0.45 um pore-size filter (Millipore, Billerica, USA) directly into a vial.
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Appendix 11

Determination of Vitamin B¢ by High-Performance Liquid Chromatography (HPLC)
Method 3

(Schweizerisches Lebensmittelbuch (SLMB), 2000. Chapter 62, 15-20)

Principle

Determination of vitamin Bg in food by ion pair high performance liquid chromatography
including pre-column transformation of phosphorylated and free vitamers into pyridoxine
followed by fluorescence detection. Dephosphorylation of vitamers is first achieved by
enzymatic hydrolysis (acid phosphatase). By reaction with glyoxylic acid in presence of Fe**
as catalyst, pyridoxamine is transformed into pyridoxal, which is then reduced to pyridoxine

by the action of sodium borohydride in alkaline medium.

Samples
Meat samples were ground in a food blender (Moulinette moulinex, type 643, Ecully Cedex,
France) to ensure homogenous and representative samples. Samples were vacuum packed,

frozen at -18 °C and stored until analysis.

Chemicals

acetonitrile (Sigma-Aldrich 34851, Steinheim, Germany)

acetic acid (Merck 100063, Merck GmbH, Darmstadt, Germany)
orthophosphoric acid (Fluka 79606, Fluka AG, Buchs, Switzerland)
ferrous sulphate heptahydrate (Merck 103965)

potassium dihydrogen phosphate (Merck 104873)

sodium acetate trihydrate (Merck 106265)

sodium borohydride (Merck 806372)

sodium hydroxide (Merck 106469)

glyoxilic acid monohydrate (Merck 804107)

1-octanesulfonic acid sodium salt (Fluka 74882)

acid phosphatase from potatoes 7 units/g (Sigma-Aldrich P 1146)
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Standard reagents

pyridoxamine dihydrochloride (Fluka 82885 purum),
pyridoxal hydrochloride (Fluka 82860)

pyridoxine hydrochloride (Fluka 95180)

Solutions

Stock standard solutions

Individual stock standards of pyridoxamine dihydrochloride, pyridoxal hydrochloride and
pyridoxine hydrochloride (1 g/l as free base) were prepared in Nanopur water (TKA-GenPure,
Huber & Co. AG, Reinach, Switzerland.) (stock standards were stable for 4 w under
refrigeration).

Sodium acetate solution

To produce a 2.5M solution, 340 g sodium acetate trihydate was dissolved in 100 ml
Nanopur water (Huber & Co.).

Sodium acetate buffer

To produce a 0.05 M solution, 10 ml sodium acetate solution was dissolved in approx. 400 ml
Nanopur water (Huber & Co.). This solution was adjusted to pH 4.5 with acetic acid and
diluted to 500 ml with Nanopur water (Huber & Co.) in a volumetric flask.

Glyoxylic acid solution

For a 1 M solution, 4.7 glyoxylic acid monohydrate was dissolved in approx. 30 ml 2.5 M
sodium acetate. This solution was adjusted to pH 4.5 with 2.5 M sodium acetate and diluted to
50 ml with Nanopur water (Huber & Co.) in a volumetric flask.

Ferrous sulphate solution

3.656 g of ferrous sulphate heptahydrate was dissolved in 100 ml sodium acetate buffer pH
4.5 (0.05 M).

Sodium hydroxide solution

For a 2.0 M solution, 8 g of sodium hydroxide was dissolved in little Nanopur water (Huber
& Co.)and after cooling filled up to 1000 ml with Nanopur water (Huber & Co.).

Sodium borohydride solution

For a 0.1 M solution, 378 mg sodium borohydride was dissolved in 100 ml 0.2 M sodium
hydroxide.
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Potassium dihydrogen phosphate solution

For a 0.05 M solution, 6.8 g of potassium dihydrogen phosphate was dissolved in 1000 ml
Nanopur water (Huber & Co.).

Mobile phase solution

Consists of acetonitrile/0.05 M potassium dihydrogen phosphate (9:1) containing

0.27 g/1-octanesulfonic acid sodium salt. The mobile phase was adjusted to pH 2.5 with
orthophosphoric acid and filtered through a cellulose acetate filter (0.45 um)
(MilliporeBillerica, Massachusetts, USA).

Extraction

5 g finely ground sample was weighed into a 100 ml Pyrex flask. 25 ml sodium acetate buffer
pH 4.5 was added and the sample homogenized with a Polytron (Kinematica, Littau,
Switzerland) for 1 min. 2.5 ml glyoxylic acid, 400 pl ferrous sulphate solution and 5.7 mg
acid phosphatase (40 units) were added. The solution was continuously shaken and incubated
in a water-bath at 37 °C overnight (16-18 h), then, after cooling, made up to 50 ml with
Nanopur water (Huber & Co.). This solution was shaken, filtered and centrifuged 6 min at
2683x g. A 5-ml aliquot was added to 4.5 ml sodium borohydride, after shaking, 0.5 ml acetic
acid was added. The solution was filtered first through a paper and then through cellulose
acetate filter (0.45 um) (Millipore) directly into a vial. The samples were directly measured,

at least within 6 h.

Chromatographic conditions

A Nova-Pak® C18 (4 um 3.9 x 150 mm, Waters, Milford, Massachusetts, USA) was used for
all analyses. The separation was performed at ambient temperature at a flow rate of 1 ml/min.
The fluorometric detector operated at an excitation wavelength of 290 nm and at an emission

wavelength of 395 nm. The injection volume was 20 pl.

Pyridoxine standard solutions for external calibration

Stock standard solution of pyridoxine was first diluted to 1/100, then again to 1/10, 1/20 and
1/100 with Nanopur water (Huber & Co) in order to obtain calibrated solutions containing
respectively 1.0 pg/ml, 0.5 ng/ml and 0.1 pg/ml of pyridoxine. These solutions were filtered
through a cellulose acetate filter (0.45 pm, Millipore) and the filtrates were used for external

calibration.
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Recovery rate
Four series (0-3) of three samples were weighed exactly. The three samples of the series 0
were analysed as described above. To the samples of the three other series vitamin Bg was
added before the incubation stage at 37 °C (see sample preparation):

= 50 pl of pyridoxamine stock standard solution in series 1 samples

= 50 pl of pyridoxal stock standard solution in series 2 samples

= 50 pl of pyridoxine stock standard solution in series 3 samples

The recovery rate 1; obtained for each sample of the same series is given by:

7= yi—k*mi
Zi
in which:
1 represents the number of the series: 1 (addition of pyridoxamine), 2 (addition of

pyridoxal), 3 (addition of pyridoxine),
k the average value, for the three samples of the series 0, of the relationship between the
amount of pyridoxine (in pug/ml) present in the solution injected in the chromatopraph

and the weight of the sample (in g),

Vi the amount of pyridoxine (in pg/ml) in the solution injected of a sample from the
series I,

m; the weight (in g) of the same sample

Zi the amount of pyridoxine (in pg/ml) in the solution injected, resulting from the

transformation of the different forms of the vitamin Bg added, assuming the
transformation yield is equal to 100 % (z; = 0.503 pg/ml, z, = 0.506 pg/ml and z3 =
0.500 pg/ml)

Calculations
The amount X of vitamin Bg in a sample analyzed (expressed as pg/g of pyridoxine) is

given by the formula:

X = 102X
m*1
in which:
X represents the amount of pyridoxine (in pg/ml) in the solution injected for the sample
studied,
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m

the weight (in g) of the sample,
the recovery rate for the method (corresponding to the average of different recovery

rates determined in the preceeding paragraph).
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Appendix IV

Determination of Cholesterol by High-Performance Liquid Chromatography (HPLC)

(deduced from Oh, Shin & Chang 2001)

Principle
A saponification of the sample followed by extraction of the unsaponifiable fraction by

hexane and HPLC with UV detection of the extract without prior derivatisation.

Samples
Meat samples were ground in a food blender (Moulinette moulinex, type 643, Ecully Cedex,
France) to ensure homogeneous and representative samples. Samples were vacuum packed,

frozen at -18°C and stored until analysis.

Chemicals

potassium hydroxide pellets (Merck 105033, Merck GmbH, Darmstadt, Germany)

ethanol (Alco Suisse, Schachen, Switzerland)

hexane (to distill before using, Schweizerhall, Basel, Switzerland)

sodium sulfit anhydrous (Fluka 71962, Fluka AG, Buchs, Switzerland)

methanol (Chromasolv® for high-performance liquid chromatography, Sigma Aldrich 34860,
Steinheim, Germany)

acetonitrile (Chromasolv® for HPLC, Sigma-Aldrich 34851)

2-propanol (Chromasolv® for HPLC, Sigma-Aldrich 34863)

cholesterol standard min 99 % (Sigma-Aldrich C8667)

Solutions

Stock standard solutions

30, 60, 90 and 120 mg cholesterol each dissolved in100 ml hexane
10 % (w/v) KOH in ethanol

50 g potassium hydroxide pellets dissolved in 500 ml ethanol
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Extraction

0.8 — 1 g of meat sample was accurately weighed and transferred into a test tube with a screw
cap (Pyrex, Barloworld Scientific, Nemours Cedex, France). Than 5 ml 10 % (w/v) KOH in
ethanol and 2 zeolites were added, the tubes were closed and put in a dri-bath (Thermolyne
Dri-Bath, Ismatec SA, Glattbrugg, Switzerland) at 70 °C for 30 min. After cooling, 5 ml
hexane und 2 ml distilled water was added, well shaken, centrifuged and the upper phase was
pipetted into a new tube. This step was repeated 3 times. Afterwards the lower phase was
discarded. 2 g anhydrous sodium sulfite was added to the hexane phase, well shaken and
filtered through a paper filter (Whatman® Schleicher&Schuell 598/1% @150 mm, Brentford,
England). The filtrate was evaporated (Turbovap® LV Evaporator, Zymark, Hopkinton,
Massachusetts, USA) at 50 °C, 50 bar nitrogen, and redissolved in 1 ml methanol. Before
injection into the chromatograph the solution was filtered through a 0.45 um pore-size filter
(Millipore ,Billerica, Massachusetts, USA) directly into a vial.

Chromatographic conditions

A Nova-Pak® C18 (4 um 3.9 x 150 mm, Waters, Massachusetts, Milford, USA) was used for
all analyses. The separation was performed at ambient temperature at a flow rate of
1.6 ml/min. The injection volume was 20 ul. The mobile phase consisted of acetonitrile:

methanol: 2-propanol (7:3:1). The UV detector operated at 210 nm.

Pyridoxine standard solutions for external calibration
1 ml of each stock solution (0.3, 0.6, 0.9, 1.2 ml/ml) was extracted as samples used for

external calibration.
Recovery rate

A recovery test was performed by adding standard cholesterol solutions (0.3, 0.6, 0.9, 1.2

ml/ml) to meat samples.
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Appendix V

Determination of Cholesterol by gas chromatography (GC)
(Paterson, Ziircher & Amado, 1994)

Principle
A saponification of the sample followed by extraction of the unsaponifiable fraction by

hexane and injection of the extract without prior derivatisation into the gas chromatograph.

Samples
Meat samples were ground in a food blender (Moulinette moulinex, type 643, Ecully Cedex,
France) to ensure homogenous and representative samples. Samples were vacuum packed,

frozen at -18 °C and stored until analysis.

Reagents

potassium hydroxide pellets (Merck 105033, Merck GmbH, Darmstadt, Germany)
etanol (Alco Suisse, Schachen, Switzerland)

hexane (to distill before using, Schweizerhall, Basel, Switzerland)

sodium sulfite anhydrous (Fluka 71962, Fluka AG, Buchs, Switzerland)

methanol (Chromasolv®, Sigma-Aldrich 34860, Steinheim, Germany)

cholesterol standard min 99 % (Sigma-Aldrich C8667)

5-a-cholestane (purum, Fluka 26700)

Solutions

Stock standard solutions

50, 100, 150 mg cholesterol each dissolved in100 ml hexane
Internal standard (IS)

50 mg 5-a-Cholestane was dissolved in 50 ml hexane

10 % (w/v) KOH in ethanol

50 g potassium hydroxide pellets dissolved in 500 ml ethanol

Extraction
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2 g of meat sample was accurately weighed and transferred into a 30 ml Pyrex tube with a
screw cap (Barloworld Scientific, Nemours Cedex, France). Then 1 ml 5-a-Cholestane (IS),
10 ml 10 % KOH in ethanol and 2 zeolites were added, the tubes were closed and put in a dri-
bath (Thermolyne Dri-Bath, Ismatec SA, Glattbrugg, Switzerland) at 70 °C for 30 min. After
cooling, 5 ml hexane und 2 ml distilled water was added, well shaken, centrifuged and the
upper phase was pipetted into a new tube. This step was repeated 3 times. Afterwards the
lower phase was discarded. 2 g anhydrous sodium sulfite was added to the hexane phase, well
shaken and filtered through a paper filter (Whatman® Schleicher&Schuell 598/1 20150 mm,
Brentford, England). The filtrate was evaporated (Turbovap® LV Evaporator, Zymark,
Hopkinton, Massachusetts, USA) at 50 °C, 50 bar nitrogen, and redissolved in 1 ml hexane.
Before injection into the chromatograph the solution was filtered through a 0.45 um pore-size

filter, directly into a vial.

Gaschromatographic conditions
A 30m x 0.25mm ID. fused-silica capillary column DB-5 (Agilent J&W Scientific,
Waldbronn, Germany) with 0.25 um film thickness was used under following conditions:

Oven temperature: 280 °C

Carrier gas: Helium, flow rate 1.5 ml/min
Detector: FID; temperature 300 °C
Injector: temperature 300 °C, split 30:1

Recovery rate
A recovery test was performed by adding standard cholesterol solution (0.5, 1.0, 1.5 ml/ml) to

meat samples.

Calculation

The relative response factor (RF) was calculated as a ratio of IS peak area to cholesterol peak
area multiplied by the ratio of the amount cholesterol to that of IS in standards. That is,

RF 0 (area IS/area cholesterol) x (amount of cholesterol/amount of IS).

The concentration of cholesterol in meat samples was calculated as follows:

Cholesterol (mg/100 g fresh weight) = [(mg IS x area cholesterol/area IS x g sample)]RF.
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Nutrient composition of meat
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Beef Sirloin
n=15

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 560 101 472 797
keal 133 25 112 191
Water g/100g 71.0 2.10 67.5 75.4
Total Nitrogen 9/100g 3.7 0.15 35 4.0
Protein g/100g 23.2 0.93 21.6 24.8
Fat g/100g 4.5 2.90 1.8 11.3
Ash g/100g 1.2 0.14 1.0 1.4
Minerals and trace elements
Sodium mg/100g 42 4.65 32 51
Potassium mg/100g 356 27 302 424
Calcium mg/100g 4.9 2.19 31 11.0
Magnesium mg/100g 20 2.08 17 25
Phosphorus mg/100g 184 12 154 212
Iron mg/100g 1.3 0.28 0.8 2.0
Zinc mg/100g 3.4 0.67 2.4 4.6
Manganese Hg/100g 6.2 3.93 1.0 12.0
Copper HMg/100g 50 27.86 17 90
Molybdenum Hg/100g 1.0 0.48 0.5 1.8
Selenium 1g/100g 9 7.60 2 27
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 073 | ] | - [
Amino acids
Aspartic acid mg/100g 2033 - _ _
Hydroxyproline mg/100g 0 R - -
Threonine mg/100g 1125 - R R
Serine mg/100g 994 - - i
Glutamic acid mg/100g 3237 - _ _
Proline mg/100g 880 - R R
Glycine mg/100g 1045 - R R
Alanine mg/100g 1296 - R R
Valine mg/100g 1079 - - _
Cystine mg/100g 218 - - _
Methionine mg/100g 625 - R R
Isoleucine mg/100g 1023 - R R
Leucine mg/100g 1792 - R R
Tyrosine mg/100g 778 - - i
Phenylalanine mg/100g 879 - - _
Histidine mg/100g 831 - R R
Lysine mg/100g 1966 - R R
Arginine mg/100g 1531 - - i
Tryptophan mg/100g 282 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 2187 1.29 722 5599
MUFA mg/100g 2198 1.37 662 5106
PUFA mg/100g 395 0.15 149 816
n-6 mg/100g 230 0.08 93 377
n-3 mg/100g 84 0.05 30 225
n-6/n-3 3.7 2.35 1.1 7.2
Lauric acid C 12:0 mg/100g 4 0.00 1 10
Myristic acid C 14:0 mg/100g 143 0.09 36 380
Palmitic acid C16:0 mg/100g 1155 0.70 380 2976
Stearic acid C18:0 mg/100g 688 0.39 204 1675
Palmitoleic acid C16:1 mg/100g 210 0.15 70 546
Oleic acid C18:1 n-9 mg/100g 1705 1.06 491 4095
Linoleic acid C18:2 n-6 mg/100g 170 0.07 91 295
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 11 0.00 8 2
Arachidonic acid C20:4 n-6 mg/100g 44 0.01 33 56
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.00 0 8
Linolenic acid C18:3 n-3 mg/100g 39 0.03 11 133
C20:3n-3 mg/100g 0 0.00 0 2
Eicosapentaenic acid C20:5 n-3 mg/100g 16 0.01 37
Docosapentaenic acid C22:5 n-3 mg/100g 23 0.01 11 43
Docosahexaenic acid C22:6 n-3 mg/100g 2 0.00 0 5
Sterols
Cholesterol mg/100g 46 - R R
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Beef Sirloin United States

n=3
Constituents | Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 877 80 807 964
keal 210 19 193 231
Water g/100g 63.2 2.75 61.0 66.3
Total Nitrogen 0/100g 3.5 0.23 3.3 3.7
Protein g/100g 21.7 1.43 20.4 23.3
Fat g/100g 13.7 171 12.0 15.4
Ash g/100g 1.0 0.07 1.0 11
Minerals and trace elements
Sodium mg/100g 45 9.37 36 55
Potassium mg/100g 312 16 296 329
Calcium mg/100g 4.4 0.25 4.1 4.6
Magnesium mg/100g 18 1.71 17 20
Phosphorus mg/100g 173 5 169 179
Iron mg/100g 1.3 0.17 11 15
Zinc mg/100g 3.3 0.39 2.9 3.7
Manganese Hg/100g 10.8 2.02 8.5 12.0
Copper HMg/100g 78 10.04 68 88
Molybdenum Hg/100g 1.4 0.03 1.4 15
Selenium Hg/100g 30 6.14 26 37
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 053 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 5584 1.00 4660 6647
MUFA mg/100g 6675 1.72 5156 8537
PUFA mg/100g 524 0.02 513 544
n-6 mg/100g 355 0.02 327 373
n-3 mg/100g 32 0.01 27 40
n-6/n-3 11.8 3.18 8.1 13.8
Lauric acid C 12:0 mg/100g 9 0.00 8 9
Myristic acid C 14:0 mg/100g 386 0.01 377 390
Palmitic acid C16:0 mg/100g 3242 0.69 2622 3983
Stearic acid C18:0 mg/100g 1563 0.26 1299 1826
Palmitoleic acid C16:1 mg/100g 514 0.14 404 670
Oleic acid C18:1 n-9 mg/100g 5509 1.38 4234 6972
Linoleic acid C18:2 n-6 mg/100g 274 0.03 245 294
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 17 0.00 15 19
Arachidonic acid C20:4 n-6 mg/100g 45 0.00 41 48
Docosatetraenic acid C22:4 n-6 mg/100g 10 0.00 8 13
Linolenic acid C18:3 n-3 mg/100g 16 0.00 12 19
C20:3 n-3 mg/100g nd - - -
Eicosapentaenic acid C20:5 n-3 mg/100g 2 0.00 5
Docosapentaenic acid C22:5 n-3 mg/100g 14 0.00 16
Docosahexaenic acid C22:6 n-3 mg/100g nd - - -
Sterols
Cholesterol mg/100g | 55 R - -
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Beef Minced meat

n=>5
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 643 66 571 742
keal 153 16 136 178
Water g/100g 69.7 3.45 64.1 72.8
Total Nitrogen 0/100g 3.4 0.21 3.3 3.8
Protein g/100g 21.6 1.33 20.3 23.8
Fat g/100g 7.5 2.14 5.7 10.7
Ash g/100g 1.1 0.03 1.1 1.2
Minerals and trace elements
Sodium mg/100g 61 9.12 51 74
Potassium mg/100g 308 24 288 347
Calcium mg/100g 5.0 0.76 4.3 6.2
Magnesium mg/100g 17 1.33 16 19
Phosphorus mg/100g 162 15 147 185
Iron mg/100g 2.0 0.30 15 2.3
Zinc mg/100g 4.4 0.51 3.8 5.0
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g - | R | - | -
Amino acids
Aspartic acid mg/100g 1891 - _ _
Hydroxyproline mg/100g 198 - - _
Threonine mg/100g 1081 - R R
Serine mg/100g 962 - - i
Glutamic acid mg/100g 3046 - _ _
Proline mg/100g 928 - R R
Glycine mg/100g 1175 - R R
Alanine mg/100g 1281 - R R
Valine mg/100g 984 - - i
Cystine mg/100g 233 - - _
Methionine mg/100g 524 - R R
Isoleucine mg/100g 895 - R R
Leucine mg/100g 1662 - R R
Tyrosine mg/100g 712 - R R
Phenylalanine mg/100g 848 - - _
Histidine mg/100g 730 - R R
Lysine mg/100g 1834 - R R
Arginine mg/100g 1468 - - _
Tryptophan mg/100g 254 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 3164 0.84 1903 3851
MUFA mg/100g 3384 1.10 2047 4891
PUFA mg/100g 470 0.09 384 602
n-6 mg/100g 258 0.06 187 336
n-3 mg/100g 107 0.04 51 146
n-6/n-3 2.8 1.53 1.9 5.5
Lauric acid C 12:0 mg/100g 6 0.00 4 10
Myristic acid C 14:0 mg/100g 217 0.10 121 379
Palmitic acid C16:0 mg/100g 1728 0.50 1069 2256
Stearic acid C18:0 mg/100g 964 0.29 545 1352
Palmitoleic acid C16:1 mg/100g 336 0.16 191 595
Oleic acid C18:1 n-9 mg/100g 2604 0.82 1557 3661
Linoleic acid C18:2 n-6 mg/100g 196 0.05 142 253
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 9 0.01 0 14
Arachidonic acid C20:4 n-6 mg/100g 37 0.01 24 48
Docosatetraenic acid C22:4 n-6 mg/100g 4 0.00 1 7
Linolenic acid C18:3 n-3 mg/100g 57 0.02 35 82
C20:3n-3 mg/100g 1 0.00 0 2
Eicosapentaenic acid C20:5 n-3 mg/100g 13 0.01 22
Docosapentaenic acid C22:5 n-3 mg/100g 26 0.01 12 33
Docosahexaenic acid C22:6 n-3 mg/100g 4 0.00 0 7
Sterols
Cholesterol mg/100g - - - R
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Beef Meat cut into strips

n=>5
Constituents ‘ Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 431 36 372 469
keal 102 9 88 111
Water g/100g 74.0 1.11 72.7 75.4
Total Nitrogen 0/100g 3.5 0.21 3.3 3.8
Protein g/100g 22.2 1.32 20.5 23.7
Fat g/100g 15 0.47 0.7 1.8
Ash g/100g 1.2 0.14 1.0 1.3
Minerals and trace elements
Sodium mg/100g 44 3.17 41 49
Potassium mg/100g 362 24 336 394
Calcium mg/100g 4.2 0.59 3.8 5.2
Magnesium mg/100g 20 212 17 23
Phosphorus mg/100g 191 13 179 210
Iron mg/100g 1.4 0.37 1.0 2.0
Zinc mg/100g 3.5 0.61 2.9 4.5
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g | 0.45 | 0.10 | 0.38 | 0.52
Amino acids
Aspartic acid mg/100g 2076 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1134 - R R
Serine mg/100g 1039 - - _
Glutamic acid mg/100g 3253 - _ _
Proline mg/100g 870 - R R
Glycine mg/100g 998 - R R
Alanine mg/100g 1307 - R R
Valine mg/100g 1061 - R R
Cystine mg/100g 219 - - _
Methionine mg/100g 643 - R R
Isoleucine mg/100g 987 - R R
Leucine mg/100g 1814 - R R
Tyrosine mg/100g 780 - - _
Phenylalanine mg/100g 907 - - _
Histidine mg/100g 892 - R R
Lysine mg/100g 1973 - R R
Arginine mg/100g 1503 - - _
Tryptophan mg/100g 313 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 601 0.21 348 865
MUFA mg/100g 593 0.20 306 811
PUFA mg/100g 261 0.04 219 310
n-6 mg/100g 175 0.05 125 233
n-3 mg/100g 63 0.03 24 87
n-6/n-3 3.7 2.97 1.6 8.6
Lauric acid C 12:0 mg/100g 1 0.00 0 2
Myristic acid C 14:0 mg/100g 38 0.02 11 57
Palmitic acid C16:0 mg/100g 307 0.10 167 400
Stearic acid C18:0 mg/100g 202 0.10 111 336
Palmitoleic acid C16:1 mg/100g 53 0.02 19 80
Oleic acid C18:1 n-9 mg/100g 462 0.17 237 669
Linoleic acid C18:2 n-6 mg/100g 117 0.04 69 165
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 8 0.00 7 9
Arachidonic acid C20:4 n-6 mg/100g 42 0.00 36 46
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.00 2 5
Linolenic acid C18:3 n-3 mg/100g 24 0.01 11 35
C20:3n-3 mg/100g 0 0.00 0 1
Eicosapentaenic acid C20:5 n-3 mg/100g 15 0.01 4 24
Docosapentaenic acid C22:5 n-3 mg/100g 18 0.01 8 23
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 1 5
Sterols

Cholesterol mg/100g 56 4.83 52 59
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Beef Ragout

n=5

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 410 21 391 434
keal 97 5 93 102
Water g/100g 74.2 2.13 70.9 76.0
Total Nitrogen 0/100g 3.4 0.36 3.0 3.8
Protein g/100g 21.2 2.23 18.9 23.7
Fat g/100g 1.3 0.61 0.8 2.1
Ash g/100g 1.2 0.14 1.0 1.3
Minerals and trace elements
Sodium mg/100g 49 4.62 43 54
Potassium mg/100g 345 29 317 393
Calcium mg/100g 3.9 0.46 3.4 4.5
Magnesium mg/100g 18 1.73 17 21
Phosphorus mg/100g 183 10 171 199
Iron mg/100g 1.2 0.37 0.7 1.6
Zinc mg/100g 3.7 0.75 3.0 4.9
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mgoog | 042 | o016 | o031 | o054
Amino acids
Aspartic acid mg/100g 1638 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 886 - R R
Serine mg/100g 837 - - i
Glutamic acid mg/100g 2718 - _ _
Proline mg/100g 717 - R R
Glycine mg/100g 819 - R R
Alanine mg/100g 1055 - R R
Valine mg/100g 847 - R R
Cystine mg/100g 155 - - _
Methionine mg/100g 496 - R R
Isoleucine mg/100g 760 - R R
Leucine mg/100g 1445 - R R
Tyrosine mg/100g 621 - - i
Phenylalanine mg/100g 735 - - _
Histidine mg/100g 630 - R R
Lysine mg/100g 1590 - R R
Arginine mg/100g 1216 - - _
Tryptophan mg/100g 263 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 617 0.36 266 1186
MUFA mg/100g 598 0.34 287 1156
PUFA mg/100g 256 0.06 209 348
n-6 mg/100g 170 0.04 127 208
n-3 mg/100g 61 0.03 30 104
n-6/n-3 3.7 2.52 1.7 6.6
Lauric acid C 12:0 mg/100g 2 0.00 1 4
Myristic acid C 14:0 mg/100g 42 0.03 20 104
Palmitic acid C16:0 mg/100g 320 0.19 139 638
Stearic acid C18:0 mg/100g 206 0.12 79 346
Palmitoleic acid C16:1 mg/100g 51 0.04 25 114
Oleic acid C18:1 n-9 mg/100g 461 0.26 209 888
Linoleic acid C18:2 n-6 mg/100g 112 0.03 73 148
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 9 0.00 7 1
Arachidonic acid C20:4 n-6 mg/100g 41 0.00 37 47
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.00 1 6
Linolenic acid C18:3 n-3 mg/100g 21 0.01 13 38
C20:3n-3 mg/100g 0 0.00 0 1
Eicosapentaenic acid C20:5 n-3 mg/100g 14 0.01 25
Docosapentaenic acid C22:5 n-3 mg/100g 20 0.01 11 32
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 1 7
Sterols

Cholesterol mg/100g 54 12.46 46 63
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Beef rib-eye

n=12

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 694 200 485 1228
keal 166 49 115 296
Water g/100g 68.6 3.65 60.6 73.6
Total Nitrogen 0/100g 3.4 0.23 3.1 4.0
Protein g/100g 21.1 1.45 19.1 24.9
Fat g/100g 9.0 5.29 3.3 23.2
Ash g/100g 1.0 0.11 0.8 1.3
Minerals and trace elements
Sodium mg/100g 45 7.12 36 59
Potassium mg/100g 329 35 244 372
Calcium mg/100g 4.4 1.58 2.9 8.9
Magnesium mg/100g 18 1.67 14 21
Phosphorus mg/100g 169 17 126 186
Iron mg/100g 15 0.45 0.8 2.2
Zinc mg/100g 5.0 1.33 35 8.0
Manganese Hg/100g 7.7 5.93 0.7 18.0
Copper HMg/100g 63 34.77 26 126
Molybdenum Hg/100g 15 0.65 0.5 2.6
Selenium 1g/100g 11 7.03 4 23
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 041 | o011 | o033 | o049
Amino acids
Aspartic acid mg/100g 1773 - _ _
Hydroxyproline mg/100g 97 - - _
Threonine mg/100g 1000 - R R
Serine mg/100g 872 - R R
Glutamic acid mg/100g 2800 - _ _
Proline mg/100g 840 - R R
Glycine mg/100g 1015 - R R
Alanine mg/100g 1168 - R R
Valine mg/100g 939 - - _
Cystine mg/100g 198 - - _
Methionine mg/100g 505 - R R
Isoleucine mg/100g 862 - R R
Leucine mg/100g 1557 - R R
Tyrosine mg/100g 657 - - i
Phenylalanine mg/100g 802 - - _
Histidine mg/100g 715 - R R
Lysine mg/100g 1704 - R R
Arginine mg/100g 1350 - - _
Tryptophan mg/100g 266 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 4015 2.00 1833 9567
MUFA mg/100g 3307 1.67 1421 7490
PUFA mg/100g 661 0.19 409 1096
n-6 mg/100g 391 0.09 285 558
n-3 mg/100g 132 0.08 42 290
n-6/n-3 4.3 3.27 1.4 12.5
Lauric acid C 12:0 mg/100g 10 0.01 3 25
Myristic acid C 14:0 mg/100g 262 0.17 95 578
Palmitic acid C16:0 mg/100g 1886 0.98 923 4426
Stearic acid C18:0 mg/100g 1500 0.79 688 3728
Palmitoleic acid C16:1 mg/100g 238 0.14 96 497
Oleic acid C18:1 n-9 mg/100g 2490 1.27 1130 5738
Linoleic acid C18:2 n-6 mg/100g 264 0.06 188 383
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 13 0.00 9 18
Arachidonic acid C20:4 n-6 mg/100g 46 0.00 40 57
Docosatetraenic acid C22:4 n-6 mg/100g 4 0.00 0 12
Linolenic acid C18:3 n-3 mg/100g 79 0.04 20 172
C20:3n-3 mg/100g 0 0.00 0 4
Eicosapentaenic acid C20:5 n-3 mg/100g 16 0.01 34
Docosapentaenic acid C22:5 n-3 mg/100g 28 0.01 13 42
Docosahexaenic acid C22:6 n-3 mg/100g 1 0.00 0 3
Sterols

Cholesterol mg/100g 58 0.89 57 59
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Beef rib-eye United States

n=3
Constituents | Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 909 85 813 972
keal 219 21 195 234
Water g/100g 61.0 4.47 58.2 66.2
Total Nitrogen 0/100g 3.1 0.39 28 35
Protein g/100g 19.3 2.43 17.4 22.0
Fat g/100g 15.7 3.36 11.9 17.8
Ash g/100g 0.7 0.10 0.6 0.8
Minerals and trace elements
Sodium mg/100g 38 2.44 35 40
Potassium mg/100g 314 10 303 323
Calcium mg/100g 3.9 0.34 35 4.1
Magnesium mg/100g 17 0.49 17 18
Phosphorus mg/100g 165 10 158 177
Iron mg/100g 1.3 0.12 1.2 1.4
Zinc mg/100g 3.3 0.40 2.9 3.7
Manganese Hg/100g 9.8 1.61 8.0 11.0
Copper HMg/100g 77 11.17 64 86
Molybdenum Hg/100g 1.4 0.10 1.3 15
Selenium Hg/100g 44 9.38 36 55
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.53 | 0.08 | 0.47 | 0.59
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 6807 0.76 6166 7647
MUFA mg/100g 6367 0.39 5927 6663
PUFA mg/100g 685 0.07 623 753
n-6 mg/100g 506 0.03 479 532
n-3 mg/100g 46 0.01 37 60
n-6/n-3 11.3 2.44 8.9 13.7
Lauric acid C 12:0 mg/100g 12 0.00 9 13
Myristic acid C 14:0 mg/100g 466 0.13 362 606
Palmitic acid C16:0 mg/100g 3583 0.62 2954 4188
Stearic acid C18:0 mg/100g 2242 0.15 2084 2373
Palmitoleic acid C16:1 mg/100g 419 0.07 360 503
Oleic acid C18:1 n-9 mg/100g 5288 0.28 4964 5490
Linoleic acid C18:2 n-6 mg/100g 410 0.02 384 430
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 23 0.00 21 27
Arachidonic acid C20:4 n-6 mg/100g 50 0.00 49 51
Docosatetraenic acid C22:4 n-6 mg/100g 12 0.00 10 17
Linolenic acid C18:3 n-3 mg/100g 27 0.00 24 30
C20:3 n-3 mg/100g nd - - -
Eicosapentaenic acid C20:5 n-3 mg/100g nd - - -
Docosapentaenic acid C22:5 n-3 mg/100g 19 0.01 13 30
Docosahexaenic acid C22:6 n-3 mg/100g nd - - -
Sterols
Cholesterol mg/100g | 54 212 52 55
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Beef Braising steak

n=15
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 450 26 414 511
keal 106 6 98 121
Water g/100g 73.8 0.92 71.9 75.7
Total Nitrogen 9/100g 3.6 0.23 3.3 4.0
Protein g/100g 22.4 1.46 20.5 25.1
Fat g/100g 1.8 0.50 1.0 2.9
Ash g/100g 1.2 0.10 1.0 1.4
Minerals and trace elements
Sodium mg/100g 39 3.50 32 44
Potassium mg/100g 378 15 350 400
Calcium mg/100g 5.1 4.10 3.3 15.6
Magnesium mg/100g 20 1.72 18 24
Phosphorus mg/100g 194 6 183 205
Iron mg/100g 1.0 0.25 0.6 15
Zinc mg/100g 2.8 0.55 1.6 35
Manganese Hg/100g 5.1 4.65 0.7 13.0
Copper HMg/100g 37 30.71 11 110
Molybdenum Mg/100g 1.2 0.65 0.5 25
Selenium 1g/100g 10 6.55 2 25
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg100g | 063 | o025 | o045 | o081
Amino acids
Aspartic acid mg/100g 2112 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1141 - R R
Serine mg/100g 1034 - R R
Glutamic acid mg/100g 3287 - _ _
Proline mg/100g 896 - R R
Glycine mg/100g 1071 - R R
Alanine mg/100g 1361 - R R
Valine mg/100g 1162 - R R
Cystine mg/100g 143 - - _
Methionine mg/100g 667 - R R
Isoleucine mg/100g 1063 - R R
Leucine mg/100g 1831 - R R
Tyrosine mg/100g 819 - - _
Phenylalanine mg/100g 948 - - _
Histidine mg/100g 883 - R R
Lysine mg/100g 2026 - R R
Arginine mg/100g 1602 - - i
Tryptophan mg/100g 311 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 780 0.36 321 1785
MUFA mg/100g 803 0.33 254 1583
PUFA mg/100g 270 0.09 124 424
n-6 mg/100g 175 0.05 73 248
n-3 mg/100g 62 0.05 12 170
n-6/n-3 4.4 2.91 1.1 11.7
Lauric acid C 12:0 mg/100g 1 0.00 0 3
Myristic acid C 14:0 mg/100g 47 0.03 10 92
Palmitic acid C16:0 mg/100g 426 0.21 152 981
Stearic acid C18:0 mg/100g 240 0.11 137 556
Palmitoleic acid C16:1 mg/100g 70 0.03 16 126
Oleic acid C18:1 n-9 mg/100g 597 0.29 196 1254
Linoleic acid C18:2 n-6 mg/100g 129 0.02 86 167
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 12 0.00 8 19
Arachidonic acid C20:4 n-6 mg/100g 45 0.01 34 60
Docosatetraenic acid C22:4 n-6 mg/100g 2 0.00 0 8
Linolenic acid C18:3 n-3 mg/100g 32 0.02 10 82
C20:3n-3 mg/100g 1 0.00 0 2
Eicosapentaenic acid C20:5 n-3 mg/100g 21 0.01 40
Docosapentaenic acid C22:5 n-3 mg/100g 24 0.01 10 42
Docosahexaenic acid C22:6 n-3 mg/100g 2 0.00 1 4
Sterols

Cholesterol mg/100g 52 214 51 54
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Beef Simmer meat lean

n=6
Constituents ‘ Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 555 126 373 758
keal 132 31 88 182
Water g/100g 71.2 7.66 56.0 76.9
Total Nitrogen 9/100g 3.3 0.34 29 3.9
Protein g/100g 20.7 2.12 18.3 24.3
Fat g/100g 5.5 3.82 0.8 12.1
Ash g/100g 1.0 0.14 0.8 1.2
Minerals and trace elements
Sodium mg/100g 57 7.68 45 69
Potassium mg/100g 323 25 282 350
Calcium mg/100g 4.4 0.41 3.8 4.9
Magnesium mg/100g 18 0.41 18 19
Phosphorus mg/100g 178 10 162 189
Iron mg/100g 1.7 0.25 15 2.0
Zinc mg/100g 4.9 1.36 3.2 6.4
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g | 055 | ] | - [
Amino acids
Aspartic acid mg/100g 1840 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1031 - R R
Serine mg/100g 911 - R R
Glutamic acid mg/100g 3049 - _ _
Proline mg/100g 798 - R R
Glycine mg/100g 920 - R R
Alanine mg/100g 1164 - R R
Valine mg/100g 967 - - i
Cystine mg/100g 210 - - _
Methionine mg/100g 555 - R R
Isoleucine mg/100g 905 - R R
Leucine mg/100g 1629 - R R
Tyrosine mg/100g 707 - - i
Phenylalanine mg/100g 1004 - _ _
Histidine mg/100g 629 - R R
Lysine mg/100g 1809 - R R
Arginine mg/100g 1425 - - _
Tryptophan mg/100g 247 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 2544 151 320 4487
MUFA mg/100g 2217 1.18 246 3505
PUFA mg/100g 498 0.20 226 746
n-6 mg/100g 313 0.12 160 466
n-3 mg/100g 97 0.05 54 158
n-6/n-3 3.5 1.12 1.9 5.0
Lauric acid C 12:0 mg/100g 5 0.01 0 15
Myristic acid C 14:0 mg/100g 152 0.10 9 305
Palmitic acid C16:0 mg/100g 1261 0.70 128 2017
Stearic acid C18:0 mg/100g 910 0.62 143 1847
Palmitoleic acid C16:1 mg/100g 167 0.08 18 236
Oleic acid C18:1 n-9 mg/100g 1764 0.95 185 2899
Linoleic acid C18:2 n-6 mg/100g 226 0.10 111 360
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 14 0.01 6 27
Arachidonic acid C20:4 n-6 mg/100g 57 0.02 36 81
Docosatetraenic acid C22:4 n-6 mg/100g 4 0.00 0 10
Linolenic acid C18:3 n-3 mg/100g 53 0.04 23 102
C20:3n-3 mg/100g 1 0.00 0 2
Eicosapentaenic acid C20:5 n-3 mg/100g 11 0.00 8 17
Docosapentaenic acid C22:5 n-3 mg/100g 26 0.01 16 38
Docosahexaenic acid C22:6 n-3 mg/100g 2 0.00 0 5
Sterols
Cholesterol mg/100g 59 - - _
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Beef simmer meat streaky

n=6
Constituents | Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 945 184 758 1261
keal 227 45 181 304
Water g/100g 61.7 4.85 55.7 67.6
Total Nitrogen 9/100g 3.1 0.41 26 3.8
Protein g/100g 19.5 2.55 16.5 23.6
Fat g/100g 16.6 5.50 9.6 25.1
Ash g/100g 0.9 0.10 0.8 1.0
Minerals and trace elements
Sodium mg/100g 60 6.17 54 69
Potassium mg/100g 302 44 249 376
Calcium mg/100g 4.1 0.68 31 4.9
Magnesium mg/100g 18 2.03 15 20
Phosphorus mg/100g 159 22 130 193
Iron mg/100g 1.2 0.44 0.9 2.0
Zinc mg/100g 3.5 1.33 2.2 5.9
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 053 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 6982 1.80 4228 8743
MUFA mg/100g 7615 2.13 4296 9635
PUFA mg/100g 1035 0.14 826 1240
n-6 mg/100g 507 0.15 316 725
n-3 mg/100g 172 0.07 93 263
n-6/n-3 3.7 2.35 1.3 6.6
Lauric acid C 12:0 mg/100g 22 0.01 6 42
Myristic acid C 14:0 mg/100g 651 0.37 222 1088
Palmitic acid C16:0 mg/100g 3895 1.16 2115 5220
Stearic acid C18:0 mg/100g 1858 0.58 1384 3007
Palmitoleic acid C16:1 mg/100g 862 0.46 300 1454
Oleic acid C18:1 n-9 mg/100g 5607 1.47 3351 7374
Linoleic acid C18:2 n-6 mg/100g 400 0.12 280 582
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 15 0.01 0 21
Arachidonic acid C20:4 n-6 mg/100g 58 0.02 36 77
Docosatetraenic acid C22:4 n-6 mg/100g 6 0.01 0 15
Linolenic acid C18:3 n-3 mg/100g 119 0.04 71 168
C20:3n-3 mg/100g 1 0.00 0 7
Eicosapentaenic acid C20:5 n-3 mg/100g 19 0.02 0 41
Docosapentaenic acid C22:5 n-3 mg/100g 30 0.01 14 43
Docosahexaenic acid C22:6 n-3 mg/100g nd - - -
Sterols
Cholesterol mg/100g | 53 R - -
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Pork Belly

n=12

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 994 206 563 1250
kcal 239 50 134 302
Water 9/100g 61.4 7.36 475 75.0
Total Nitrogen 9/100g 2.9 0.34 23 3.6
Protein g/100g 17.9 2.10 14.6 22.3
Fat g/100g 18.6 6.09 6.2 26.0
Ash g/100g 1.0 0.16 0.8 1.3
Minerals and trace elements
Sodium mg/100g 54 5.18 46 64
Potassium mg/100g 305 24 276 354
Calcium mg/100g 6 2.80 3.6 11.7
Magnesium mg/100g 19 1.39 16 21
Phosphorus mg/100g 170 16 145 209
Iron mg/100g 0.7 0.30 0.4 15
Zinc mg/100g 2.2 1.06 1.1 4.7
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 051 | o009 | o045 | os7
Amino acids
Aspartic acid mg/100g 1493 - _ _
Hydroxyproline mg/100g 160 - - _
Threonine mg/100g 868 - R R
Serine mg/100g 746 - R R
Glutamic acid mg/100g 2214 - - _
Proline mg/100g 720 - R R
Glycine mg/100g 982 - R R
Alanine mg/100g 988 - R R
Valine mg/100g 825 - - _
Cystine mg/100g 175 - - _
Methionine mg/100g 449 - R R
Isoleucine mg/100g 727 - R R
Leucine mg/100g 1308 - R R
Tyrosine mg/100g 550 - - _
Phenylalanine mg/100g 679 - - _
Histidine mg/100g 647 - R R
Lysine mg/100g 1401 - R R
Arginine mg/100g 1160 - - _
Tryptophan mg/100g 215 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 7180 2.62 3025 11881
MUFA mg/100g 8933 3.52 3763 14932
PUFA mg/100g 1763 0.71 892 3385
n-6 mg/100g 1514 0.61 759 2903
n-3 mg/100g 160 0.06 64 310
n-6/n-3 9.7 1.83 6.2 13.5
Lauric acid C 12:0 mg/100g 35 0.04 6 110
Myristic acid C 14:0 mg/100g 287 0.16 103 585
Palmitic acid C16:0 mg/100g 4266 1.59 1809 6878
Stearic acid C18:0 mg/100g 2427 0.84 1003 4010
Palmitoleic acid C16:1 mg/100g 535 0.22 227 867
Oleic acid C18:1 n-9 mg/100g 7412 2.98 3156 12811
Linoleic acid C18:2 n-6 mg/100g 1325 0.58 627 2649
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 19 0.00 13 28
Arachidonic acid C20:4 n-6 mg/100g 85 0.01 70 107
Docosatetraenic acid C22:4 n-6 mg/100g 11 0.01 0 25
Linolenic acid C18:3 n-3 mg/100g 115 0.05 47 252
C20:3n-3 mg/100g 16 0.01 0 27
Eicosapentaenic acid C20:5 n-3 mg/100g 2 0.00 0 9
Docosapentaenic acid C22:5 n-3 mg/100g 21 0.01 13 31
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 0 10
Sterols

Cholesterol mg/100g 59 2.86 57 61
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Pork Minced meat

n=>5
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 664 134 559 816
keal 159 33 133 196
Water g/100g 70.3 2.03 67.3 72.3
Total Nitrogen 9/100g 3.3 0.15 3.1 3.4
Protein g/100g 20.5 0.94 19.4 21.3
Fat g/100g 8.5 3.77 5.5 12.9
Ash g/100g 1.0 0.53 0.0 1.4
Minerals and trace elements
Sodium mg/100g 46 3.19 42 50
Potassium mg/100g 326 24 306 363
Calcium mg/100g 4.2 0.49 35 4.8
Magnesium mg/100g 19 1.81 17 22
Phosphorus mg/100g 181 15 167 198
Iron mg/100g 1.1 0.45 0.6 1.6
Zinc mg/100g 2.7 0.85 1.7 3.6
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g | 0.39 | 0.10 | 0.32 | 0.46
Amino acids
Aspartic acid mg/100g 1861 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1060 - R R
Serine mg/100g 950 - - _
Glutamic acid mg/100g 2932 - _ _
Proline mg/100g 898 - R R
Glycine mg/100g 1120 - R R
Alanine mg/100g 1225 - R R
Valine mg/100g 966 - - _
Cystine mg/100g 224 - - _
Methionine mg/100g 521 - R R
Isoleucine mg/100g 861 - R R
Leucine mg/100g 1621 - R R
Tyrosine mg/100g 694 - - i
Phenylalanine mg/100g 830 - - _
Histidine mg/100g 687 - R R
Lysine mg/100g 1713 - R R
Arginine mg/100g 1422 - R R
Tryptophan mg/100g 255 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 3143 1.33 1568 4751
MUFA mg/100g 4204 1.67 2187 6206
PUFA mg/100g 831 0.29 582 1216
n-6 mg/100g 692 0.24 476 1028
n-3 mg/100g 84 0.03 53 117
n-6/n-3 8.3 1.25 6.6 9.4
Lauric acid C 12:0 mg/100g 7 0.00 5 10
Myristic acid C 14:0 mg/100g 116 0.04 81 167
Palmitic acid C16:0 mg/100g 1892 0.79 970 2896
Stearic acid C18:0 mg/100g 1047 0.47 456 1592
Palmitoleic acid C16:1 mg/100g 261 0.09 171 400
Oleic acid C18:1 n-9 mg/100g 3505 1.42 1760 5163
Linoleic acid C18:2 n-6 mg/100g 567 0.21 369 833
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 13 0.00 10 18
Arachidonic acid C20:4 n-6 mg/100g 69 0.02 54 109
Docosatetraenic acid C22:4 n-6 mg/100g 12 0.00 9 18
Linolenic acid C18:3 n-3 mg/100g 44 0.02 27 67
C20:3n-3 mg/100g 7 0.00 3 11
Eicosapentaenic acid C20:5 n-3 mg/100g 7 0.00 11
Docosapentaenic acid C22:5 n-3 mg/100g 17 0.01 10 25
Docosahexaenic acid C22:6 n-3 mg/100g 9 0.00 5 15
Sterols

Cholesterol mg/100g 63 10.17 55 70
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Pork Meat cut into strips

n=>5
Constituents ‘ Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 562 127 422 729
keal 134 31 100 175
Water g/100g 72.7 2.93 68.5 75.9
Total Nitrogen 0/100g 3.4 0.20 3.1 35
Protein g/100g 21.3 1.25 19.2 22.1
Fat g/100g 5.4 3.79 1.7 10.9
Ash g/100g 1.0 0.39 0.3 1.3
Minerals and trace elements
Sodium mg/100g 48 8.27 39 60
Potassium mg/100g 338 26 298 369
Calcium mg/100g 4.3 0.58 3.8 5.3
Magnesium mg/100g 20 1.38 18 22
Phosphorus mg/100g 192 16 165 205
Iron mg/100g 0.7 0.16 0.6 1.0
Zinc mg/100g 2.4 0.76 1.7 3.7
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g | 0.68 | 0.07 | 0.63 | 0.73
Amino acids
Aspartic acid mg/100g 1922 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1083 - R R
Serine mg/100g 981 - - i
Glutamic acid mg/100g 2949 - _ _
Proline mg/100g 796 - R R
Glycine mg/100g 985 - R R
Alanine mg/100g 1188 - R R
Valine mg/100g 1003 - - _
Cystine mg/100g 156 - - _
Methionine mg/100g 612 - R R
Isoleucine mg/100g 914 - R R
Leucine mg/100g 1659 - R R
Tyrosine mg/100g 728 - - i
Phenylalanine mg/100g 856 - - _
Histidine mg/100g 832 - R R
Lysine mg/100g 1792 - R R
Arginine mg/100g 1434 - R R
Tryptophan mg/100g 300 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1600 0.89 832 2946
MUFA mg/100g 2199 1.18 1199 3979
PUFA mg/100g 555 0.24 341 947
n-6 mg/100g 475 0.20 279 811
n-3 mg/100g 50 0.02 37 89
n-6/n-3 9.7 2.01 6.6 11.9
Lauric acid C 12:0 mg/100g 10 0.01 2 33
Myristic acid C 14:0 mg/100g 70 0.05 29 162
Palmitic acid C16:0 mg/100g 976 0.52 540 1756
Stearic acid C18:0 mg/100g 505 0.28 242 915
Palmitoleic acid C16:1 mg/100g 155 0.08 83 266
Oleic acid C18:1 n-9 mg/100g 1806 0.97 996 3282
Linoleic acid C18:2 n-6 mg/100g 370 0.18 211 679
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 10 0.00 8 14
Arachidonic acid C20:4 n-6 mg/100g 65 0.02 43 90
Docosatetraenic acid C22:4 n-6 mg/100g 10 0.00 5 15
Linolenic acid C18:3 n-3 mg/100g 23 0.02 12 50
C20:3n-3 mg/100g 4 0.00 2
Eicosapentaenic acid C20:5 n-3 mg/100g 4 0.00 3
Docosapentaenic acid C22:5 n-3 mg/100g 11 0.00 9 15
Docosahexaenic acid C22:6 n-3 mg/100g 7 0.00 3 12
Sterols
Cholesterol mg/100g 66 7.74 60 71
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Pork Ragout

n=>5
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 568 148 438 806
keal 135 36 104 194
Water g/100g 72.1 1.33 70.0 73.6
Total Nitrogen 0/100g 3.3 0.21 3.1 3.7
Protein g/100g 20.9 1.34 19.4 22.8
Fat g/100g 5.7 4.50 1.7 12.9
Ash g/100g 1.0 0.41 0.3 1.3
Minerals and trace elements
Sodium mg/100g 46 3.02 42 50
Potassium mg/100g 335 42 283 389
Calcium mg/100g 4.7 1.65 35 7.6
Magnesium mg/100g 19 2901 16 23
Phosphorus mg/100g 187 21 165 215
Iron mg/100g 0.8 0.25 0.6 1.2
Zinc mg/100g 2.5 0.68 1.8 35
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.39 | 0.10 | 0.32 | 0.46
Amino acids
Aspartic acid mg/100g 1832 - _ _
Hydroxyproline mg/100g 242 - - _
Threonine mg/100g 1027 - R R
Serine mg/100g 968 - - _
Glutamic acid mg/100g 2869 - _ _
Proline mg/100g 979 - R R
Glycine mg/100g 1289 - R R
Alanine mg/100g 1247 - R R
Valine mg/100g 936 - - _
Cystine mg/100g 171 - - _
Methionine mg/100g 556 - R R
Isoleucine mg/100g 834 - R R
Leucine mg/100g 1560 - R R
Tyrosine mg/100g 680 - - _
Phenylalanine mg/100g 842 - - _
Histidine mg/100g 620 - R R
Lysine mg/100g 1686 - R R
Arginine mg/100g 1436 - - _
Tryptophan mg/100g 250 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 2135 1.69 493 4751
MUFA mg/100g 2937 2.19 640 6206
PUFA mg/100g 625 0.36 308 1216
n-6 mg/100g 527 0.30 263 1028
n-3 mg/100g 59 0.03 30 110
n-6/n-3 8.8 1.14 6.8 9.6
Lauric acid C 12:0 mg/100g 4 0.00 2 9
Myristic acid C 14:0 mg/100g 71 0.06 16 156
Palmitic acid C16:0 mg/100g 1296 1.03 302 2896
Stearic acid C18:0 mg/100g 714 0.57 157 1592
Palmitoleic acid C16:1 mg/100g 182 0.14 45 400
Oleic acid C18:1 n-9 mg/100g 2448 1.83 522 5163
Linoleic acid C18:2 n-6 mg/100g 417 0.26 187 833
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 11 0.00 7 18
Arachidonic acid C20:4 n-6 mg/100g 66 0.02 54 109
Docosatetraenic acid C22:4 n-6 mg/100g 10 0.00 6 18
Linolenic acid C18:3 n-3 mg/100g 28 0.02 8 59
C20:3 n-3 mg/100g 4 0.00 1
Eicosapentaenic acid C20:5 n-3 mg/100g 6 0.00 4
Docosapentaenic acid C22:5 n-3 mg/100g 14 0.01 9 25
Docosahexaenic acid C22:6 n-3 mg/100g 6 0.00 0 9
Sterols
Cholesterol mg/100g 63 10.17 55 70
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Pork Neck steak

n=12

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 843 114 670 1072
kcal 202 28 161 258
Water g/100g 65.4 2.45 62.3 69.4
Total Nitrogen 0/100g 3.0 0.26 27 35
Protein g/100g 18.9 1.63 16.9 22.0
Fat g/100g 14.1 2.97 10.0 20.5
Ash g/100g 1.0 0.10 0.8 11
Minerals and trace elements
Sodium mg/100g 47 8.00 32 61
Potassium mg/100g 331 18 205 357
Calcium mg/100g 3.8 0.74 2.8 5.6
Magnesium mg/100g 18 1.04 16 20
Phosphorus mg/100g 178 13 160 196
Iron mg/100g 0.9 0.15 0.7 1.2
Zinc mg/100g 2.8 0.51 1.9 3.6
Manganese Hg/100g 12.8 6.43 7.5 29.0
Copper ug/100g 92 36.00 48 160
Molybdenum Hg/100g 2.0 0.78 11 3.8
Selenium Hg/100g 16 4.72 12 27
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg00g | 044 | o010 | o037 | os
Amino acids
Aspartic acid mg/100g 1613 - - _
Hydroxyproline mg/100g 171 - - _
Threonine mg/100g 914 - R R
Serine mg/100g 803 - - _
Glutamic acid mg/100g 2564 - _ _
Proline mg/100g 815 - R R
Glycine mg/100g 1050 - - _
Alanine mg/100g 1074 - R R
Valine mg/100g 843 - - _
Cystine mg/100g 193 - - _
Methionine mg/100g 464 - R R
Isoleucine mg/100g 762 - R R
Leucine mg/100g 1398 - R R
Tyrosine mg/100g 595 - - _
Phenylalanine mg/100g 705 - R R
Histidine mg/100g 409 - R R
Lysine mg/100g 1518 - - _
Arginine mg/100g 1233 - - _
Tryptophan mg/100g 231 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 5462 1.50 2961 8108
MUFA mg/100g 6536 1.93 3969 10529
PUFA mg/100g 1430 0.30 887 2038
n-6 mg/100g 1161 0.29 659 1703
n-3 mg/100g 150 0.09 90 428
n-6/n-3 9.2 2.87 15 12.3
Lauric acid C 12:0 mg/100g 22 0.02 8 88
Myristic acid C 14:0 mg/100g 210 0.06 110 299
Palmitic acid C16:0 mg/100g 3161 0.84 1773 4690
Stearic acid C18:0 mg/100g 1911 0.60 965 2813
Palmitoleic acid C16:1 mg/100g 379 0.11 238 644
Oleic acid C18:1 n-9 mg/100g 5576 1.61 3270 8687
Linoleic acid C18:2 n-6 mg/100g 1011 0.24 621 1457
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 16 0.00 12 21
Arachidonic acid C20:4 n-6 mg/100g 76 0.01 63 100
Docosatetraenic acid C22:4 n-6 mg/100g 12 0.01 0 24
Linolenic acid C18:3 n-3 mg/100g 84 0.02 56 138
C20:3n-3 mg/100g 12 0.00 4 20
Eicosapentaenic acid C20:5 n-3 mg/100g 4 0.00 0 10
Docosapentaenic acid C22:5 n-3 mg/100g 19 0.00 14 26
Docosahexaenic acid C22:6 n-3 mg/100g 5 0.01 0 16
Sterols

Cholesterol mg/100g 60 1.97 58 61
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Pork Chop

n=15

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 750 95 628 900
keal 179 23 150 216
Water g/100g 66.3 2.74 63.3 71.4
Total Nitrogen 0/100g 3.4 0.25 3.0 3.9
Protein g/100g 21.4 1.54 18.8 24.2
Fat g/100g 104 2.84 6.5 14.7
Ash g/100g 1.1 0.12 0.9 1.3
Minerals and trace elements
Sodium mg/100g 43 6.42 31 57
Potassium mg/100g 350 19 320 386
Calcium mg/100g 4.9 2.13 31 11.7
Magnesium mg/100g 21 2.79 18 26
Phosphorus mg/100g 195 10 171 214
Iron mg/100g 0.4 0.09 0.3 0.7
Zinc mg/100g 1.4 0.45 1.0 2.9
Manganese Hg/100g 6.8 4.45 0.3 12.0
Copper HMg/100g 36 23.77 5 61
Molybdenum Hg/100g 1.3 0.63 0.5 2.3
Selenium Hg/100g 17 11.26 10 49
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 070 | o005 | o067 | o077
Amino acids
Aspartic acid mg/100g 2077 - - _
Hydroxyproline mg/100g 104 - - _
Threonine mg/100g 1165 - R R
Serine mg/100g 1023 - - _
Glutamic acid mg/100g 3153 - _ _
Proline mg/100g 931 - R R
Glycine mg/100g 1146 - R R
Alanine mg/100g 1306 - R R
Valine mg/100g 1121 - R R
Cystine mg/100g 191 - - _
Methionine mg/100g 656 - R R
Isoleucine mg/100g 1028 - R R
Leucine mg/100g 1803 - R R
Tyrosine mg/100g 784 - - i
Phenylalanine mg/100g 917 - - _
Histidine mg/100g 871 - R R
Lysine mg/100g 1982 - R R
Arginine mg/100g 1609 - - _
Tryptophan mg/100g 317 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 3918 1.43 2020 6299
MUFA mg/100g 4679 1.55 2000 7156
PUFA mg/100g 1044 0.33 532 1782
n-6 mg/100g 881 0.30 265 1454
n-3 mg/100g 99 0.04 64 222
n-6/n-3 9.3 2.36 2.1 11.1
Lauric acid C 12:0 mg/100g 10 0.01 5 41
Myristic acid C 14:0 mg/100g 137 0.05 73 250
Palmitic acid C16:0 mg/100g 2293 0.81 1241 3628
Stearic acid C18:0 mg/100g 1375 0.55 625 2372
Palmitoleic acid C16:1 mg/100g 283 0.07 162 419
Oleic acid C18:1 n-9 mg/100g 3950 1.24 2264 6092
Linoleic acid C18:2 n-6 mg/100g 723 0.21 340 1070
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 13 0.00 10 15
Arachidonic acid C20:4 n-6 mg/100g 65 0.01 46 83
Docosatetraenic acid C22:4 n-6 mg/100g 7 0.01 0 15
Linolenic acid C18:3 n-3 mg/100g 57 0.02 32 86
C20:3n-3 mg/100g 8 0.00 0 13
Eicosapentaenic acid C20:5 n-3 mg/100g 3 0.00 0 7
Docosapentaenic acid C22:5 n-3 mg/100g 14 0.00 10 19
Docosahexaenic acid C22:6 n-3 mg/100g 2 0.00 0 13
Sterols

Cholesterol mg/100g 56 4.13 52 60
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Pork Loin

n=15

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 579 55 486 670
keal 138 13 115 160
Water g/100g 69.5 1.38 67.2 71.5
Total Nitrogen 9/100g 3.7 0.11 3.4 3.9
Protein g/100g 22.9 0.66 21.5 24.4
Fat g/100g 5.1 1.50 25 8.0
Ash g/100g 1.2 0.15 1.0 1.6
Minerals and trace elements
Sodium mg/100g 38 4.11 33 45
Potassium mg/100g 368 17 327 396
Calcium mg/100g 3.7 0.27 3.3 4.1
Magnesium mg/100g 21 1.59 18 23
Phosphorus mg/100g 202 8 182 215
Iron mg/100g 0.4 0.06 0.3 0.5
Zinc mg/100g 1.3 0.15 1.1 1.7
Manganese Hg/100g 7.7 2.74 1.9 11.0
Copper HMg/100g 41 22.98 4 71
Molybdenum Mg/100g 1.1 0.51 0.4 1.7
Selenium Hg/100g 16 4.73 11 25
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.59 | 0.03 | 0.56 | 0.62
Amino acids
Aspartic acid mg/100g 2156 - _ _
Hydroxyproline mg/100g 176 - - _
Threonine mg/100g 1213 - R R
Serine mg/100g 1089 - - _
Glutamic acid mg/100g 3298 - _ _
Proline mg/100g 1013 - R R
Glycine mg/100g 1278 - R R
Alanine mg/100g 1402 - R R
Valine mg/100g 1188 - - _
Cystine mg/100g 155 - - _
Methionine mg/100g 697 - R R
Isoleucine mg/100g 1064 - R R
Leucine mg/100g 1870 - R R
Tyrosine mg/100g 821 - - i
Phenylalanine mg/100g 994 - - _
Histidine mg/100g 990 - R R
Lysine mg/100g 2060 - R R
Arginine mg/100g 1690 - - _
Tryptophan mg/100g 348 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1999 0.45 1241 2844
MUFA mg/100g 2385 0.65 863 3577
PUFA mg/100g 617 0.35 412 1786
n-6 mg/100g 514 0.26 353 1385
n-3 mg/100g 67 0.08 30 350
n-6/n-3 9.6 2.08 4.0 12.5
Lauric acid C 12:0 mg/100g 6 0.00 3 18
Myristic acid C 14:0 mg/100g 76 0.02 45 112
Palmitic acid C16:0 mg/100g 1206 0.27 752 1749
Stearic acid C18:0 mg/100g 664 0.17 391 950
Palmitoleic acid C16:1 mg/100g 172 0.04 128 273
Oleic acid C18:1 n-9 mg/100g 2015 0.44 1419 2947
Linoleic acid C18:2 n-6 mg/100g 360 0.10 253 581
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 9 0.00 7 12
Arachidonic acid C20:4 n-6 mg/100g 55 0.01 43 68
Docosatetraenic acid C22:4 n-6 mg/100g 5 0.00 0 11
Linolenic acid C18:3 n-3 mg/100g 26 0.01 18 43
C20:3n-3 mg/100g 3 0.00 0
Eicosapentaenic acid C20:5 n-3 mg/100g 4 0.00 2
Docosapentaenic acid C22:5 n-3 mg/100g 10 0.00 7 14
Docosahexaenic acid C22:6 n-3 mg/100g 2 0.00 0 7
Sterols
Cholesterol mg/100g 56 212 54 58
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Pork Braising steak

n=15
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 530 75 438 717
keal 126 18 104 172
Water g/100g 73.6 1.66 69.1 75.5
Total Nitrogen 0/100g 3.3 0.19 29 3.6
Protein g/100g 20.6 1.19 18.2 22.8
Fat g/100g 4.9 2.34 21 10.4
Ash g/100g 1.3 0.19 1.0 1.6
Minerals and trace elements
Sodium mg/100g 45 6.05 36 61
Potassium mg/100g 346 21 310 381
Calcium mg/100g 3.7 0.32 31 4.3
Magnesium mg/100g 19 1.66 18 24
Phosphorus mg/100g 193 11 177 215
Iron mg/100g 0.7 0.25 0.4 11
Zinc mg/100g 2.5 1.02 1.3 4.2
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/00g | 054 | o003 | o051 | o058
Amino acids
Aspartic acid mg/100g 1993 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1100 - R R
Serine mg/100g 981 - - i
Glutamic acid mg/100g 3032 - _ _
Proline mg/100g 823 - R R
Glycine mg/100g 979 - R R
Alanine mg/100g 1226 - R R
Valine mg/100g 1095 - - _
Cystine mg/100g 153 - - _
Methionine mg/100g 638 - R R
Isoleucine mg/100g 992 - R R
Leucine mg/100g 1738 - R R
Tyrosine mg/100g 776 - - i
Phenylalanine mg/100g 891 - - _
Histidine mg/100g 906 - R R
Lysine mg/100g 1912 - R R
Arginine mg/100g 1503 - - _
Tryptophan mg/100g 277 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1735 0.52 1080 2722
MUFA mg/100g 2462 0.75 1399 3846
PUFA mg/100g 624 0.12 467 876
n-6 mg/100g 524 0.10 378 736
n-3 mg/100g 56 0.01 39 77
n-6/n-3 9.5 1.11 7.3 10.9
Lauric acid C 12:0 mg/100g 6 0.00 2 20
Myristic acid C 14:0 mg/100g 63 0.03 32 130
Palmitic acid C16:0 mg/100g 1056 0.32 660 1630
Stearic acid C18:0 mg/100g 558 0.16 353 863
Palmitoleic acid C16:1 mg/100g 166 0.04 111 250
Oleic acid C18:1 n-9 mg/100g 2061 0.61 1183 3042
Linoleic acid C18:2 n-6 mg/100g 385 0.11 226 668
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 12 0.00 10 18
Arachidonic acid C20:4 n-6 mg/100g 79 0.01 60 117
Docosatetraenic acid C22:4 n-6 mg/100g 5 0.01 0 16
Linolenic acid C18:3 n-3 mg/100g 26 0.01 15 55
C20:3 n-3 mg/100g 3 0.00 0
Eicosapentaenic acid C20:5 n-3 mg/100g 6 0.00
Docosapentaenic acid C22:5 n-3 mg/100g 14 0.00 11 18
Docosahexaenic acid C22:6 n-3 mg/100g 5 0.00 2 15
Sterols
Cholesterol mg/100g 65 3.38 62 69
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Veal Breast
n=12

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 847 232 477 1285
keal 203 57 113 310
Water g/100g 63.9 7.50 47.3 74.9
Total Nitrogen 9/100g 2.9 0.41 22 3.8
Protein g/100g 18.3 2.56 13.5 23.7
Fat g/100g 145 6.90 3.6 27.3
Ash g/100g 1.0 0.25 0.6 1.3
Minerals and trace elements
Sodium mg/100g 64 6.86 55 76
Potassium mg/100g 305 34 226 340
Calcium mg/100g 5.3 1.10 4.3 8.0
Magnesium mg/100g 18 201 13 20
Phosphorus mg/100g 170 21 115 189
Iron mg/100g 0.6 0.24 0.4 11
Zinc mg/100g 2.6 0.88 1.7 4.3
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 032 | o014 | o022 | o4
Amino acids
Aspartic acid mg/100g 1679 - _ _
Hydroxyproline mg/100g 376 - - _
Threonine mg/100g 902 - R R
Serine mg/100g 865 - - _
Glutamic acid mg/100g 2645 - - _
Proline mg/100g 1078 - R R
Glycine mg/100g 1497 - R R
Alanine mg/100g 1256 - R R
Valine mg/100g 910 - - _
Cystine mg/100g 186 - - _
Methionine mg/100g 469 - R R
Isoleucine mg/100g 793 - R R
Leucine mg/100g 1417 - R R
Tyrosine mg/100g 591 - - i
Phenylalanine mg/100g 735 - - _
Histidine mg/100g 568 - R R
Lysine mg/100g 1504 - R R
Arginine mg/100g 1405 - - _
Tryptophan mg/100g 198 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 6179 3.30 1958 13420
MUFA mg/100g 6786 3.59 2289 14302
PUFA mg/100g 1122 0.49 387 1990
n-6 mg/100g 642 0.38 317 1671
n-3 mg/100g 165 0.07 30 296
n-6/n-3 4.6 3.20 1.9 11.5
Lauric acid C 12:0 mg/100g 51 0.03 19 118
Myristic acid C 14:0 mg/100g 852 0.49 284 2004
Palmitic acid C16:0 mg/100g 3488 1.92 1076 7589
Stearic acid C18:0 mg/100g 1350 0.65 423 2668
Palmitoleic acid C16:1 mg/100g 694 0.39 192 1569
Oleic acid C18:1 n-9 mg/100g 5133 2.80 1371 10594
Linoleic acid C18:2 n-6 mg/100g 538 0.34 222 1453
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 17 0.01 0 32
Arachidonic acid C20:4 n-6 mg/100g 56 0.01 38 80
Docosatetraenic acid C22:4 n-6 mg/100g 2 0.00 0 8
Linolenic acid C18:3 n-3 mg/100g 112 0.05 41 250
C20:3n-3 mg/100g 1 0.00 0 3
Eicosapentaenic acid C20:5 n-3 mg/100g 21 0.01 0 39
Docosapentaenic acid C22:5 n-3 mg/100g 31 0.00 23 37
Docosahexaenic acid C22:6 n-3 mg/100g 4 0.00 0 13
Sterols

Cholesterol mg/100g 73 2.47 71 74
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Veal Minced meat

n=>5
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 438 38 383 488
keal 104 9 90 116
Water g/100g 75.3 0.48 74.9 75.9
Total Nitrogen 0/100g 3.3 0.20 3.0 35
Protein g/100g 20.5 1.28 18.7 22.2
Fat g/100g 2.4 0.83 1.1 3.1
Ash g/100g 1.0 0.46 0.2 1.3
Minerals and trace elements
Sodium mg/100g 57 6.49 53 68
Potassium mg/100g 332 15 316 356
Calcium mg/100g 4.9 0.72 4.1 6.0
Magnesium mg/100g 20 2.20 17 22
Phosphorus mg/100g 188 8 179 199
Iron mg/100g 0.8 0.40 0.3 1.4
Zinc mg/100g 3.3 1.00 2.3 4.7
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mgoog | 051 | o014 | o041 | o061
Amino acids
Aspartic acid mg/100g 1727 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 927 - R R
Serine mg/100g 846 - - _
Glutamic acid mg/100g 2832 - _ _
Proline mg/100g 791 - R R
Glycine mg/100g 920 - R R
Alanine mg/100g 1107 - R R
Valine mg/100g 942 - R R
Cystine mg/100g 168 - - _
Methionine mg/100g 503 - R R
Isoleucine mg/100g 851 - R R
Leucine mg/100g 1508 - R R
Tyrosine mg/100g 650 - - _
Phenylalanine mg/100g 763 - - _
Histidine mg/100g 593 - R R
Lysine mg/100g 1609 - R R
Arginine mg/100g 1281 - R R
Tryptophan mg/100g 284 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1165 0.47 373 1546
MUFA mg/100g 1275 0.52 402 1710
PUFA mg/100g 403 0.08 266 464
n-6 mg/100g 286 0.06 193 354
n-3 mg/100g 70 0.02 53 90
n-6/n-3 4.2 1.33 2.9 6.0
Lauric acid C 12:0 mg/100g 10 0.01 2 16
Myristic acid C 14:0 mg/100g 139 0.06 35 195
Palmitic acid C16:0 mg/100g 646 0.26 204 849
Stearic acid C18:0 mg/100g 301 0.12 107 410
Palmitoleic acid C16:1 mg/100g 125 0.05 39 171
Oleic acid C18:1 n-9 mg/100g 987 0.42 294 1346
Linoleic acid C18:2 n-6 mg/100g 214 0.06 138 277
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 12 0.00 9 15
Arachidonic acid C20:4 n-6 mg/100g 50 0.01 40 56
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.00 2 4
Linolenic acid C18:3 n-3 mg/100g 23 0.01 14 31
C20:3n-3 mg/100g 1 0.00 1 1
Eicosapentaenic acid C20:5 n-3 mg/100g 16 0.00 12 22
Docosapentaenic acid C22:5 n-3 mg/100g 22 0.00 18 27
Docosahexaenic acid C22:6 n-3 mg/100g 6 0.00 5 8
Sterols

Cholesterol mg/100g 72 7.26 67 78
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Veal Meat cut into strips

n=6
Constituents ‘ Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 416 17 393 436
kcal 98 4 93 103
Water g/100g 75.2 1.14 73.8 77.2
Total Nitrogen 9/100g 3.5 0.08 3.4 3.6
Protein g/100g 22.0 0.51 21.4 22.7
Fat g/100g 1.1 0.51 0.6 1.8
Ash g/100g 1.2 0.56 0.0 1.6
Minerals and trace elements
Sodium mg/100g 51 7.12 40 61
Potassium mg/100g 358 11 342 371
Calcium mg/100g 4.8 0.65 4.2 6.0
Magnesium mg/100g 22 1.18 22 24
Phosphorus mg/100g 199 7 193 210
Iron mg/100g 0.6 0.20 0.3 0.9
Zinc mg/100g 3.3 1.40 2.3 6.0
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g | 0.46 | 0.08 | 0.40 | 0.52
Amino acids
Aspartic acid mg/100g 1953 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1095 - R R
Serine mg/100g 955 - - _
Glutamic acid mg/100g 3095 - _ _
Proline mg/100g 811 - R R
Glycine mg/100g 915 - R R
Alanine mg/100g 1218 - R R
Valine mg/100g 1054 - R R
Cystine mg/100g 252 - - _
Methionine mg/100g 549 - R R
Isoleucine mg/100g 994 - R R
Leucine mg/100g 1734 - R R
Tyrosine mg/100g 742 - R R
Phenylalanine mg/100g 855 - - _
Histidine mg/100g 674 - R R
Lysine mg/100g 1880 - R R
Arginine mg/100g 1446 - - _
Tryptophan mg/100g 260 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 464 0.19 264 732
MUFA mg/100g 469 0.20 255 750
PUFA mg/100g 286 0.01 266 302
n-6 mg/100g 194 0.03 164 227
n-3 mg/100g 70 0.02 44 85
n-6/n-3 3.1 1.36 1.9 5.1
Lauric acid C 12:0 mg/100g 3 0.00 1 5
Myristic acid C 14:0 mg/100g 45 0.03 18 88
Palmitic acid C16:0 mg/100g 256 0.11 141 412
Stearic acid C18:0 mg/100g 129 0.04 85 174
Palmitoleic acid C16:1 mg/100g 45 0.02 22 77
Oleic acid C18:1 n-9 mg/100g 355 0.15 192 570
Linoleic acid C18:2 n-6 mg/100g 135 0.02 107 166
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 10 0.00 8 1
Arachidonic acid C20:4 n-6 mg/100g 42 0.00 38 46
Docosatetraenic acid C22:4 n-6 mg/100g 2 0.00 3
Linolenic acid C18:3 n-3 mg/100g 18 0.01 24
C20:3n-3 mg/100g 1 0.00 1
Eicosapentaenic acid C20:5 n-3 mg/100g 20 0.01 12 26
Docosapentaenic acid C22:5 n-3 mg/100g 23 0.00 17 27
Docosahexaenic acid C22:6 n-3 mg/100g 6 0.00 4 8
Sterols

Cholesterol mg/100g 66 0.21 66 67
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Veal Ragout

n==6

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 429 27 383 453
kcal 102 6 90 108
Water 9/100g 74.1 1.79 71.2 75.9
Total Nitrogen 9/100g 3.2 0.17 3.0 3.4
Protein g/100g 20.0 1.05 18.7 21.1
Fat g/100g 2.4 0.99 1.1 3.6
Ash g/100g 1.0 0.47 0.0 1.3
Minerals and trace elements
Sodium mg/100g 57 6.54 53 70
Potassium mg/100g 329 15 312 356
Calcium mg/100g 4.7 0.86 4.0 6.0
Magnesium mg/100g 19 271 16 22
Phosphorus mg/100g 188 8 177 199
Iron mg/100g 0.6 0.20 0.3 0.9
Zinc mg/100g 3.7 1.19 2.3 5.1
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 051, | o014 | 04 | oe1
Amino acids
Aspartic acid mg/100g 1663 - _ _
Hydroxyproline mg/100g 192 - - _
Threonine mg/100g 907 - R R
Serine mg/100g 826 - - _
Glutamic acid mg/100g 2731 - _ _
Proline mg/100g 884 - R R
Glycine mg/100g 1103 - R R
Alanine mg/100g 1126 - R R
Valine mg/100g 899 - - _
Cystine mg/100g 197 - - _
Methionine mg/100g 466 - R R
Isoleucine mg/100g 815 - R R
Leucine mg/100g 1455 - R R
Tyrosine mg/100g 617 - - i
Phenylalanine mg/100g 926 - - _
Histidine mg/100g 538 - R R
Lysine mg/100g 1554 - R R
Arginine mg/100g 1295 - - _
Tryptophan mg/100g 217 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1089 0.45 373 1546
MUFA mg/100g 1266 0.57 402 1899
PUFA mg/100g 392 0.08 266 464
n-6 mg/100g 287 0.06 193 354
n-3 mg/100g 63 0.02 41 89
n-6/n-3 5.0 2.02 3.3 8.5
Lauric acid C 12:0 mg/100g 10 0.00 2 16
Myristic acid C 14:0 mg/100g 126 0.06 35 189
Palmitic acid C16:0 mg/100g 596 0.24 204 849
Stearic acid C18:0 mg/100g 293 0.12 107 410
Palmitoleic acid C16:1 mg/100g 119 0.05 39 159
Oleic acid C18:1 n-9 mg/100g 990 0.47 294 1539
Linoleic acid C18:2 n-6 mg/100g 213 0.05 138 277
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 12 0.00 8 17
Arachidonic acid C20:4 n-6 mg/100g 52 0.01 40 61
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.00 2 4
Linolenic acid C18:3 n-3 mg/100g 21 0.01 14 30
C20:3n-3 mg/100g 1 0.00 1
Eicosapentaenic acid C20:5 n-3 mg/100g 14 0.01 22
Docosapentaenic acid C22:5 n-3 mg/100g 20 0.01 12 28
Docosahexaenic acid C22:6 n-3 mg/100g 5 0.00 4 8
Sterols

Cholesterol mg/100g 72 7.26 67 78
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Veal Chop

n=12

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 674 181 478 1144
kcal 161 44 113 276
Water g/100g 69.8 3.98 60.5 74.8
Total Nitrogen 0/100g 3.3 0.23 29 3.7
Protein g/100g 20.7 1.47 18.4 23.4
Fat g/100g 8.7 5.17 3.1 22.5
Ash g/100g 1.1 0.17 0.7 1.3
Minerals and trace elements
Sodium mg/100g 51 4.28 46 62
Potassium mg/100g 336 22 309 378
Calcium mg/100g 5.3 1.74 3.2 9.6
Magnesium mg/100g 19 1.80 16 22
Phosphorus mg/100g 184 12 170 204
Iron mg/100g 0.6 0.26 0.4 1.2
Zinc mg/100g 2.9 0.87 2.2 5.4
Manganese 1g/100g - R - -
Copper 1g/100g - R - -
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg100g | 062 | o012 | o053 | o071
Amino acids
Aspartic acid mg/100g 1744 - - _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 960 - R R
Serine mg/100g 869 - - _
Glutamic acid mg/100g 2769 - _ _
Proline mg/100g 777 - R R
Glycine mg/100g 917 - R R
Alanine mg/100g 1110 - R R
Valine mg/100g 948 - - _
Cystine mg/100g 184 - - _
Methionine mg/100g 530 - R R
Isoleucine mg/100g 871 - R R
Leucine mg/100g 1520 - R R
Tyrosine mg/100g 665 - - _
Phenylalanine mg/100g 763 - - _
Histidine mg/100g 689 - R R
Lysine mg/100g 1647 - R R
Arginine mg/100g 1315 - - _
Tryptophan mg/100g 253 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 3579 1.74 1391 7307
MUFA mg/100g 3662 2.08 1317 8900
PUFA mg/100g 751 0.32 405 1527
n-6 mg/100g 438 0.18 180 832
n-3 mg/100g 121 0.05 52 222
n-6/n-3 4.2 2.85 1.6 11.1
Lauric acid C 12:0 mg/100g 24 0.01 12 50
Myristic acid C 14:0 mg/100g 456 0.22 155 827
Palmitic acid C16:0 mg/100g 1920 0.94 732 3926
Stearic acid C18:0 mg/100g 883 0.43 329 1805
Palmitoleic acid C16:1 mg/100g 346 0.21 131 854
Oleic acid C18:1 n-9 mg/100g 2772 1.60 977 6836
Linoleic acid C18:2 n-6 mg/100g 341 0.15 132 607
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 13 0.01 0 28
Arachidonic acid C20:4 n-6 mg/100g 52 0.02 34 107
Docosatetraenic acid C22:4 n-6 mg/100g 2 0.00 0 5
Linolenic acid C18:3 n-3 mg/100g 72 0.03 35 148
C20:3n-3 mg/100g 0 0.00 2
Eicosapentaenic acid C20:5 n-3 mg/100g 21 0.01 37
Docosapentaenic acid C22:5 n-3 mg/100g 26 0.01 14 37
Docosahexaenic acid C22:6 n-3 mg/100g 4 0.00 0 8
Sterols

Cholesterol mg/100g 62 6.47 58 67
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Veal Loin
n=15
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 478 47 405 545
kcal 113 11 96 130
Water 9/100g 73.4 1.43 71.0 75.1
Total Nitrogen 9/100g 3.6 0.20 35 4.3
Protein g/100g 22.8 1.28 21.7 26.9
Fat g/100g 2.4 1.26 0.8 4.4
Ash g/100g 1.2 0.16 0.8 1.4
Minerals and trace elements
Sodium mg/100g 44 3.77 39 51
Potassium mg/100g 356 15 311 377
Calcium mg/100g 4.7 1.16 3.6 7.4
Magnesium mg/100g 21 237 16 25
Phosphorus mg/100g 196 8 177 211
Iron mg/100g 0.5 0.21 0.3 0.9
Zinc mg/100g 2.3 0.62 15 4.1
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mgaoog | 051 | o012 | o043 | os0
Amino acids
Aspartic acid mg/100g 2254 - - _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1245 - R R
Serine mg/100g 1123 - - _
Glutamic acid mg/100g 3421 - _ _
Proline mg/100g 975 - R R
Glycine mg/100g 1081 - R R
Alanine mg/100g 1404 - R R
Valine mg/100g 1246 - - _
Cystine mg/100g 150 - - _
Methionine mg/100g 727 - R R
Isoleucine mg/100g 1155 - R R
Leucine mg/100g 1961 - R R
Tyrosine mg/100g 892 - - i
Phenylalanine mg/100g 992 - - _
Histidine mg/100g 936 - R R
Lysine mg/100g 2156 - R R
Arginine mg/100g 1718 - - _
Tryptophan mg/100g 310 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1089 0.61 247 2191
MUFA mg/100g 1238 0.81 257 3004
PUFA mg/100g 403 0.11 246 604
n-6 mg/100g 272 0.08 140 429
n-3 mg/100g 73 0.03 26 115
n-6/n-3 4.6 3.09 1.9 12.1
Lauric acid C 12:0 mg/100g 6 0.00 2 12
Myristic acid C 14:0 mg/100g 118 0.08 15 242
Palmitic acid C16:0 mg/100g 614 0.35 130 1251
Stearic acid C18:0 mg/100g 273 0.14 89 517
Palmitoleic acid C16:1 mg/100g 119 0.08 19 292
Oleic acid C18:1 n-9 mg/100g 972 0.66 195 2504
Linoleic acid C18:2 n-6 mg/100g 197 0.06 88 331
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 12 0.00 7 17
Arachidonic acid C20:4 n-6 mg/100g 56 0.02 39 99
Docosatetraenic acid C22:4 n-6 mg/100g 2 0.00 6
Linolenic acid C18:3 n-3 mg/100g 25 0.01 50
C20:3n-3 mg/100g 1 0.00 2
Eicosapentaenic acid C20:5 n-3 mg/100g 17 0.01 31
Docosapentaenic acid C22:5 n-3 mg/100g 23 0.01 11 32
Docosahexaenic acid C22:6 n-3 mg/100g 4 0.00 1 8
Sterols

Cholesterol mg/100g 65 1.06 64 66
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Veal Braising steak

n=15
Constituents ‘ Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 439 36 382 533
kcal 104 9 90 127
Water 9/100g 74.6 1.59 70.4 76.1
Total Nitrogen 9/100g 3.5 0.20 3.2 4.0
Protein g/100g 21.9 1.23 20.2 25.3
Fat g/100g 1.8 0.78 0.7 4.2
Ash g/100g 1.3 0.14 1.0 15
Minerals and trace elements
Sodium mg/100g 43 4.32 36 51
Potassium mg/100g 371 15 342 396
Calcium mg/100g 4.0 0.72 31 6.3
Magnesium mg/100g 20 1.39 18 23
Phosphorus mg/100g 205 9 190 229
Iron mg/100g 0.5 0.14 0.3 0.8
Zinc mg/100g 2.1 0.41 1.7 3.0
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg00g | 046 | 003 | o044 | o049
Amino acids
Aspartic acid mg/100g 1911 - - _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1020 - R R
Serine mg/100g 922 - R R
Glutamic acid mg/100g 3016 - _ _
Proline mg/100g 813 - R R
Glycine mg/100g 956 - R R
Alanine mg/100g 1210 - R R
Valine mg/100g 1048 - - _
Cystine mg/100g 188 - - _
Methionine mg/100g 588 - R R
Isoleucine mg/100g 967 - R R
Leucine mg/100g 1669 - R R
Tyrosine mg/100g 718 - - i
Phenylalanine mg/100g 825 - - _
Histidine mg/100g 676 - R R
Lysine mg/100g 1811 - R R
Arginine mg/100g 1410 - - _
Tryptophan mg/100g 266 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 775 0.51 358 2427
MUFA mg/100g 903 0.72 350 3258
PUFA mg/100g 392 0.12 285 680
n-6 mg/100g 300 0.11 176 540
n-3 mg/100g 60 0.02 33 96
n-6/n-3 5.6 2.63 1.9 9.7
Lauric acid C 12:0 mg/100g 5 0.01 2 24
Myristic acid C 14:0 mg/100g 81 0.07 19 287
Palmitic acid C16:0 mg/100g 454 0.33 203 1553
Stearic acid C18:0 mg/100g 188 0.09 114 463
Palmitoleic acid C16:1 mg/100g 87 0.08 26 339
Oleic acid C18:1 n-9 mg/100g 705 0.56 275 2549
Linoleic acid C18:2 n-6 mg/100g 205 0.09 116 423
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 13 0.00 9 2
Arachidonic acid C20:4 n-6 mg/100g 57 0.01 40 96
Docosatetraenic acid C22:4 n-6 mg/100g 2 0.00 7
Linolenic acid C18:3 n-3 mg/100g 17 0.01 34
C20:3n-3 mg/100g 1 0.00 4
Eicosapentaenic acid C20:5 n-3 mg/100g 17 0.01 34
Docosapentaenic acid C22:5 n-3 mg/100g 22 0.01 10 35
Docosahexaenic acid C22:6 n-3 mg/100g 4 0.00 2 8
Sterols

Cholesterol mg/100g 63 1.39 62 64
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Lamb Gigot

n=8
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 647 84 477 741
keal 155 21 113 178
Water g/100g 69.1 3.34 65.9 76.6
Total Nitrogen 9/100g 3.2 0.14 3.0 3.4
Protein g/100g 20.2 0.89 18.8 21.2
Fat g/100g 8.2 2.40 3.8 11.4
Ash g/100g 1.2 0.29 0.9 1.8
Minerals and trace elements
Sodium mg/100g 61 12.56 47 85
Potassium mg/100g 327 19 302 351
Calcium mg/100g 4.7 1.30 3.6 7.5
Magnesium mg/100g 20 1.32 19 23
Phosphorus mg/100g 191 15 172 214
Iron mg/100g 1.6 0.30 1.2 2.1
Zinc mg/100g 3.6 1.16 1.7 5.1
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.46 | 0.04 | 0.43 | 0.48
Amino acids
Aspartic acid mg/100g 1844 - - _
Hydroxyproline mg/100g 203 - - _
Threonine mg/100g 1019 - R R
Serine mg/100g 923 - - _
Glutamic acid mg/100g 2887 - _ _
Proline mg/100g 884 - R R
Glycine mg/100g 1147 - R R
Alanine mg/100g 1226 - R R
Valine mg/100g 989 - - _
Cystine mg/100g 177 - - _
Methionine mg/100g 539 - R R
Isoleucine mg/100g 897 - R R
Leucine mg/100g 1588 - R R
Tyrosine mg/100g 677 - - i
Phenylalanine mg/100g 831 - - _
Histidine mg/100g 658 - R R
Lysine mg/100g 1739 - R R
Arginine mg/100g 1444 - R R
Tryptophan mg/100g 255 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 4368 1.11 2417 6021
MUFA mg/100g 3732 0.93 1920 4920
PUFA mg/100g 879 0.22 567 1219
n-6 mg/100g 469 0.14 276 691
n-3 mg/100g 195 0.12 50 367
n-6/n-3 4.3 4.53 1.2 124
Lauric acid C 12:0 mg/100g 43 0.03 13 94
Myristic acid C 14:0 mg/100g 415 0.20 209 792
Palmitic acid C16:0 mg/100g 1973 0.49 1051 2708
Stearic acid C18:0 mg/100g 1492 0.50 828 2392
Palmitoleic acid C16:1 mg/100g 206 0.06 102 300
Oleic acid C18:1 n-9 mg/100g 2922 0.75 1621 4021
Linoleic acid C18:2 n-6 mg/100g 333 0.09 199 477
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 9 0.00 0 14
Arachidonic acid C20:4 n-6 mg/100g 65 0.02 46 101
Docosatetraenic acid C22:4 n-6 mg/100g 4 0.00 0 10
Linolenic acid C18:3 n-3 mg/100g 139 0.07 29 236
C20:3n-3 mg/100g 3 0.00 8
Eicosapentaenic acid C20:5 n-3 mg/100g 33 0.02 55
Docosapentaenic acid C22:5 n-3 mg/100g 41 0.02 14 62
Docosahexaenic acid C22:6 n-3 mg/100g 7 0.01 0 21
Sterols

Cholesterol mg/100g 65 0.81 64 66
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Lamb Chop

n=>5
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 747 294 407 1057
keal 179 72 97 254
Water g/100g 65.4 5.65 60.0 74.3
Total Nitrogen 0/100g 3.2 0.21 3.0 35
Protein g/100g 20.2 1.32 18.6 21.9
Fat g/100g 10.9 7.98 25 19.6
Ash g/100g 1.1 0.17 0.9 1.3
Minerals and trace elements
Sodium mg/100g 69 14.85 51 88
Potassium mg/100g 310 14 288 326
Calcium mg/100g 8.4 3.49 4.5 13.8
Magnesium mg/100g 20 1.96 18 23
Phosphorus mg/100g 183 9 177 197
Iron mg/100g 15 0.23 11 1.6
Zinc mg/100g 2.1 0.26 1.9 25
Manganese Hg/100g 16.7 15.06 1.6 41.0
Copper ug/100g 110 33.52 80 160
Molybdenum Mg/100g 1.1 0.29 0.8 1.4
Selenium 1g/100g 11 4.33 7 17
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g | - | R | - | -
Amino acids
Aspartic acid mg/100g 1832 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1014 - R R
Serine mg/100g 906 - - _
Glutamic acid mg/100g 2872 - _ _
Proline mg/100g 781 - R R
Glycine mg/100g 982 - R R
Alanine mg/100g 1169 - R R
Valine mg/100g 977 - R R
Cystine mg/100g 127 - - _
Methionine mg/100g 572 - R R
Isoleucine mg/100g 900 - R R
Leucine mg/100g 1610 - R R
Tyrosine mg/100g 684 - - i
Phenylalanine mg/100g 783 - - _
Histidine mg/100g 642 - R R
Lysine mg/100g 1732 - R R
Arginine mg/100g 1366 - - _
Tryptophan mg/100g 269 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 5182 3.11 1763 9386
MUFA mg/100g 3952 2.36 1104 7082
PUFA mg/100g 926 0.37 519 1398
n-6 mg/100g 478 0.13 331 630
n-3 mg/100g 193 0.11 74 317
n-6/n-3 3.2 1.67 14 5.3
Lauric acid C 12:0 mg/100g 55 0.07 4 163
Myristic acid C 14:0 mg/100g 498 0.52 55 1328
Palmitic acid C16:0 mg/100g 2311 1.42 730 3883
Stearic acid C18:0 mg/100g 1824 1.37 812 4235
Palmitoleic acid C16:1 mg/100g 237 0.17 52 472
Oleic acid C18:1 n-9 mg/100g 2958 1.86 924 5418
Linoleic acid C18:2 n-6 mg/100g 385 0.11 282 551
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 11 0.01 7 21
Arachidonic acid C20:4 n-6 mg/100g 76 0.02 59 114
Docosatetraenic acid C22:4 n-6 mg/100g 2 0.00 0 5
Linolenic acid C18:3 n-3 mg/100g 131 0.08 49 242
C20:3n-3 mg/100g 1 0.00 0 4
Eicosapentaenic acid C20:5 n-3 mg/100g 29 0.01 14 46
Docosapentaenic acid C22:5 n-3 mg/100g 43 0.02 25 64
Docosahexaenic acid C22:6 n-3 mg/100g 2 0.00 0 5
Sterols
Cholesterol mg/100g - - - R
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Lamb Loin
n==6
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 494 53 421 583
keal 117 13 100 139
Water g/100g 73.0 1.32 70.2 74.7
Total Nitrogen 9/100g 3.5 0.11 3.4 3.7
Protein g/100g 21.8 0.70 21.2 23.2
Fat g/100g 3.3 1.21 1.6 5.1
Ash g/100g 1.4 0.19 1.1 1.7
Minerals and trace elements
Sodium mg/100g 44 6.99 35 54
Potassium mg/100g 330 14 303 346
Calcium mg/100g 3.8 0.46 3.0 4.4
Magnesium mg/100g 23 1.28 21 25
Phosphorus mg/100g 197 7 180 206
Iron mg/100g 1.9 0.38 1.4 2.8
Zinc mg/100g 2.3 0.26 1.8 2.7
Manganese Hg/100g 16.0 12.96 5.0 50.0
Copper HMg/100g 132 28.47 84 177
Molybdenum Mg/100g 1.2 0.38 0.5 17
Selenium 1g/100g 10 7.99 2 27
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mgl00g | 051 | o018 | o033 | o075
Amino acids
Aspartic acid mg/100g 1929 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1081 - R R
Serine mg/100g 946 - - _
Glutamic acid mg/100g 2963 - _ _
Proline mg/100g 761 - R R
Glycine mg/100g 911 - R R
Alanine mg/100g 1196 - R R
Valine mg/100g 1059 - - _
Cystine mg/100g 174 - - _
Methionine mg/100g 605 - R R
Isoleucine mg/100g 969 - R R
Leucine mg/100g 1717 - R R
Tyrosine mg/100g 745 - - i
Phenylalanine mg/100g 888 - - _
Histidine mg/100g 734 - R R
Lysine mg/100g 1876 - R R
Arginine mg/100g 1426 - - _
Tryptophan mg/100g 283 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1892 0.79 885 2981
MUFA mg/100g 1863 0.57 875 2570
PUFA mg/100g 447 0.08 342 566
n-6 mg/100g 230 0.10 99 434
n-3 mg/100g 116 0.04 49 164
n-6/n-3 2.7 2.68 0.9 8.9
Lauric acid C 12:0 mg/100g 5 0.00 2 14
Myristic acid C 14:0 mg/100g 92 0.05 35 185
Palmitic acid C16:0 mg/100g 870 0.40 337 1500
Stearic acid C18:0 mg/100g 745 0.29 353 1218
Palmitoleic acid C16:1 mg/100g 108 0.10 40 377
Oleic acid C18:1 n-9 mg/100g 1424 0.51 691 2121
Linoleic acid C18:2 n-6 mg/100g 148 0.05 59 221
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 5 0.00 0 7
Arachidonic acid C20:4 n-6 mg/100g 43 0.02 15 66
Docosatetraenic acid C22:4 n-6 mg/100g 1 0.00 0 4
Linolenic acid C18:3 n-3 mg/100g 68 0.02 38 91
C20:3n-3 mg/100g 1 0.00 0 3
Eicosapentaenic acid C20:5 n-3 mg/100g 28 0.01 15 36
Docosapentaenic acid C22:5 n-3 mg/100g 26 0.00 21 33
Docosahexaenic acid C22:6 n-3 mg/100g 9 0.00 3 16
Sterols

Cholesterol mg/100g 72 1.81 70 74

172




Appendices

Lamb Racks

n==6
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 653 105 556 833
keal 156 253 132 200
Water g/100g 67.6 4.29 60.8 72.1
Total Nitrogen 0/100g 3.2 0.15 3.1 35
Protein g/100g 20.3 0.93 19.5 21.8
Fat g/100g 8.3 2.67 5.6 12.5
Ash g/100g 1.1 0.18 0.9 1.4
Minerals and trace elements
Sodium mg/100g 63 8.68 50 74
Potassium mg/100g 299 16 279 323
Calcium mg/100g 7.5 2.53 4.8 11.7
Magnesium mg/100g 24 1.16 23 26
Phosphorus mg/100g 180 15 154 196
Iron mg/100g 1.8 0.34 15 24
Zinc mg/100g 2.2 0.17 2.0 25
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 061 | o011 | os3 | o069
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 4280 1.46 2574 6346
MUFA mg/100g 3526 1.05 2409 4864
PUFA mg/100g 851 0.15 682 1066
n-6 mg/100g 348 0.07 252 438
n-3 mg/100g 238 0.05 151 295
n-6/n-3 1.6 0.66 1.2 2.9
Lauric acid C 12:0 mg/100g 17 0.01 10 28
Myristic acid C 14:0 mg/100g 244 0.10 132 414
Palmitic acid C16:0 mg/100g 1798 0.66 1132 2712
Stearic acid C18:0 mg/100g 1818 0.69 915 2970
Palmitoleic acid C16:1 mg/100g 154 0.04 113 224
Oleic acid C18:1 n-9 mg/100g 2684 0.87 1737 3919
Linoleic acid C18:2 n-6 mg/100g 274 0.06 191 346
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 6 0.00 5 8
Arachidonic acid C20:4 n-6 mg/100g 40 0.02 24 62
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.00 0 7
Linolenic acid C18:3 n-3 mg/100g 158 0.05 97 214
C20:3n-3 mg/100g 0 0.00 0 2
Eicosapentaenic acid C20:5 n-3 mg/100g 33 0.01 18 52
Docosapentaenic acid C22:5 n-3 mg/100g 33 0.01 25 39
Docosahexaenic acid C22:6 n-3 mg/100g 12 0.00 10 16
Sterols

Cholesterol mg/100g 68 6.17 64 73
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Lamb Ragout

n=>5
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 643 101 521 755
keal 154 25 124 181
Water g/100g 69.9 4.34 63.4 73.6
Total Nitrogen 0/100g 3.1 0.19 28 3.3
Protein g/100g 19.6 1.19 17.6 20.6
Fat g/100g 8.4 3.07 4.9 12.3
Ash g/100g 1.2 0.17 0.9 1.4
Minerals and trace elements
Sodium mg/100g 60 10.84 49 76
Potassium mg/100g 306 53 228 358
Calcium mg/100g 4.6 2.28 3.2 8.6
Magnesium mg/100g 18 1.67 15 19
Phosphorus mg/100g 168 22 133 193
Iron mg/100g 1.3 0.39 1.0 1.9
Zinc mg/100g 4.3 1.44 2.3 6.0
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.36 | 0.10 | 0.29 | 0.44
Amino acids
Aspartic acid mg/100g 1694 - _ _
Hydroxyproline mg/100g 143 - - _
Threonine mg/100g 950 - R R
Serine mg/100g 829 - - _
Glutamic acid mg/100g 2748 - _ _
Proline mg/100g 834 - R R
Glycine mg/100g 1048 - R R
Alanine mg/100g 1131 - R R
Valine mg/100g 932 - - i
Cystine mg/100g 223 - - _
Methionine mg/100g 484 - R R
Isoleucine mg/100g 823 - R R
Leucine mg/100g 1496 - R R
Tyrosine mg/100g 637 - - i
Phenylalanine mg/100g 774 - - _
Histidine mg/100g 511 - R R
Lysine mg/100g 1609 - R R
Arginine mg/100g 1301 - - i
Tryptophan mg/100g 231 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 4342 1.29 3127 6201
MUFA mg/100g 3705 0.57 2866 4395
PUFA mg/100g 1002 0.22 705 1203
n-6 mg/100g 524 0.12 340 660
n-3 mg/100g 229 0.10 87 315
n-6/n-3 3.0 2.57 15 7.6
Lauric acid C 12:0 mg/100g 36 0.02 18 62
Myristic acid C 14:0 mg/100g 372 0.13 223 570
Palmitic acid C16:0 mg/100g 1875 0.47 1390 2438
Stearic acid C18:0 mg/100g 1594 0.67 979 2653
Palmitoleic acid C16:1 mg/100g 197 0.04 157 266
Oleic acid C18:1 n-9 mg/100g 2697 0.51 2057 3319
Linoleic acid C18:2 n-6 mg/100g 353 0.10 236 457
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 10 0.00 8 12
Arachidonic acid C20:4 n-6 mg/100g 69 0.01 56 82
Docosatetraenic acid C22:4 n-6 mg/100g nd - - -
Linolenic acid C18:3 n-3 mg/100g 165 0.06 83 209
C20:3n-3 mg/100g 4 0.00 2 6
Eicosapentaenic acid C20:5 n-3 mg/100g 33 0.01 26 42
Docosapentaenic acid C22:5 n-3 mg/100g 46 0.01 40 56
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 0 5
Sterols
Cholesterol mg/100g 66 1.07 66 67
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Chicken Breast with skin (France)

n=3
Constituents ‘ Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 529 81 454 616
keal 125 20 107 146
Water g/100g 69.7 0.29 69.4 70.0
Total Nitrogen 9/100g 3.8 0.17 3.7 4.0
Protein g/100g 24.0 1.04 22.8 24.7
Fat g/100g 3.3 1.81 1.8 5.3
Ash g/100g 1.1 0.06 1.1 1.2
Minerals and trace elements
Sodium mg/100g 39 5.52 35 45
Potassium mg/100g 329 6 323 336
Calcium mg/100g 4.6 0.34 4.3 4.9
Magnesium mg/100g 26 0.29 26 27
Phosphorus mg/100g 208 1 207 210
Iron mg/100g 0.5 0.01 0.4 0.5
Zinc mg/100g 0.6 0.02 0.5 0.6
Manganese Hg/100g 4.3 0.58 4.0 5.0
Copper HMg/100g 7 1.41 6 8
Molybdenum Hg/100g 2.4 0.06 2.3 24
Selenium Hg/100g 12 1.53 10 13
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 057 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1253 0.51 793 1801
MUFA mg/100g 1652 0.83 971 2575
PUFA mg/100g 933 0.30 601 1181
n-6 mg/100g 875 0.30 535 1110
n-3 mg/100g 25 0.02 0 40
n-6/n-3 22.7 13.35 13.3 32.1
Lauric acid C 12:0 mg/100g 1 0.00 1 2
Myristic acid C 14:0 mg/100g 23 0.01 16 32
Palmitic acid C16:0 mg/100g 914 0.38 568 1328
Stearic acid C18:0 mg/100g 286 0.11 187 405
Palmitoleic acid C16:1 mg/100g 181 0.09 111 278
Oleic acid C18:1 n-9 mg/100g 1346 0.68 779 2095
Linoleic acid C18:2 n-6 mg/100g 763 0.29 440 982
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 10 0.00 7 1
Arachidonic acid C20:4 n-6 mg/100g 73 0.01 65 86
Docosatetraenic acid C22:4 n-6 mg/100g 4 0.00 2 6
Linolenic acid C18:3 n-3 mg/100g 22 0.02 0 34
C20:3n-3 mg/100g 0 0.00 0
Eicosapentaenic acid C20:5 n-3 mg/100g 1 0.00 0
Docosapentaenic acid C22:5 n-3 mg/100g nd - - -
Docosahexaenic acid C22:6 n-3 mg/100g 1 0.00 0 1
Sterols
Cholesterol mg/100g | 56 R - -
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Chicken Breast with skin

n=>5
Constituents | Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 635 93 511 757
keal 151 23 121 181
Water g/100g 69.9 1.09 68.6 71.1
Total Nitrogen 0/100g 3.7 0.16 35 3.9
Protein g/100g 23.3 1.02 21.8 24.6
Fat g/100g 6.5 2.47 3.1 9.7
Ash g/100g 1.6 0.34 1.0 1.9
Minerals and trace elements
Sodium mg/100g 34 7.00 25 42
Potassium mg/100g 320 9 306 328
Calcium mg/100g 3.9 0.31 3.7 4.4
Magnesium mg/100g 26 1.25 24 28
Phosphorus mg/100g 210 8 197 216
Iron mg/100g 0.3 0.04 0.3 0.4
Zinc mg/100g 0.5 0.04 0.5 0.6
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 077 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 2149 0.56 1319 2728
MUFA mg/100g 3256 0.96 2029 4668
PUFA mg/100g 1270 0.32 921 1785
n-6 mg/100g 1095 0.28 799 1564
n-3 mg/100g 110 0.03 72 147
n-6/n-3 10.0 1.33 8.0 11.0
Lauric acid C 12:0 mg/100g 5 0.00 3 8
Myristic acid C 14:0 mg/100g 76 0.02 41 106
Palmitic acid C16:0 mg/100g 1569 0.42 982 2063
Stearic acid C18:0 mg/100g 434 0.11 261 568
Palmitoleic acid C16:1 mg/100g 442 0.18 305 752
Oleic acid C18:1 n-9 mg/100g 2552 0.73 1555 3558
Linoleic acid C18:2 n-6 mg/100g 1005 0.28 698 1454
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 13 0.00 12 15
Arachidonic acid C20:4 n-6 mg/100g 42 0.01 26 53
Docosatetraenic acid C22:4 n-6 mg/100g 1 0.00 0 2
Linolenic acid C18:3 n-3 mg/100g 97 0.02 62 129
C20:3 n-3 mg/100g 1 0.00 0 2
Eicosapentaenic acid C20:5 n-3 mg/100g 6 0.00 5 6
Docosapentaenic acid C22:5 n-3 mg/100g 1 0.00 0 7
Docosahexaenic acid C22:6 n-3 mg/100g 1 0.00 0 2
Sterols
Cholesterol mg/100g 70 - - _
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Chicken Breast without skin (France)
n=3

Constituents ‘ Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 461 6 454 465
keal 109 1 107 110
Water g/100g 70.7 0.63 70.2 71.4
Total Nitrogen 0/100g 4.0 0.14 3.9 4.2
Protein g/100g 25.2 0.86 24.3 26.0
Fat g/100g 0.9 0.25 0.6 1.1
Ash g/100g 1.3 0.22 1.1 1.6
Minerals and trace elements
Sodium mg/100g 31 2.33 29 34
Potassium mg/100g 348 7 341 355
Calcium mg/100g 3.9 0.26 3.7 4.2
Magnesium mg/100g 29 0.82 28 30
Phosphorus mg/100g 219 10 207 226
Iron mg/100g 0.4 0.09 0.3 0.4
Zinc mg/100g 0.6 0.12 0.5 0.7
Manganese Hg/100g 3.0 1.48 1.9 4.0
Copper ug/100g 32 - - _
Molybdenum Hg/100g 2.2 0.78 1.6 2.7
Selenium Hg/100g 17 0.28 17 17
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.88 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 313 0.03 289 352
MUFA mg/100g 333 0.05 285 387
PUFA mg/100g 267 0.03 241 299
n-6 mg/100g 235 0.03 212 263
n-3 mg/100g 13 0.01 26
n-6/n-3 26.9 15.22 10.1 39.8
Lauric acid C 12:0 mg/100g 0 0.00 0 0
Myristic acid C 14:0 mg/100g 5 0.00 7
Palmitic acid C16:0 mg/100g 216 0.03 199 250
Stearic acid C18:0 mg/100g 85 0.01 80 91
Palmitoleic acid C16:1 mg/100g 33 0.01 23 40
Oleic acid C18:1 n-9 mg/100g 265 0.05 217 310
Linoleic acid C18:2 n-6 mg/100g 151 0.02 136 167
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 7 0.00 7 8
Arachidonic acid C20:4 n-6 mg/100g 59 0.00 54 63
Docosatetraenic acid C22:4 n-6 mg/100g 8 0.01 4 16
Linolenic acid C18:3 n-3 mg/100g 4 0.00 3 6
C20:3n-3 mg/100g 0 0.00 0 0
Eicosapentaenic acid C20:5 n-3 mg/100g 1 0.00 1
Docosapentaenic acid C22:5 n-3 mg/100g 3 0.00 0
Docosahexaenic acid C22:6 n-3 mg/100g 4 0.01 1 10
Sterols
Cholesterol mg/100g 56 - - _
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Chicken Breast without skin

n=>5
Constituents | Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 456 23 433 481
keal 107 6 102 114
Water g/100g 72.7 1.18 70.7 73.8
Total Nitrogen 0/100g 3.9 0.14 3.8 4.2
Protein g/100g 24.6 0.89 24.0 26.2
Fat g/100g 1.0 0.45 0.7 1.8
Ash g/100g 1.4 0.15 1.3 1.6
Minerals and trace elements
Sodium mg/100g 36 9.08 22 46
Potassium mg/100g 353 12 340 372
Calcium mg/100g 3.3 0.28 3.0 3.7
Magnesium mg/100g 27 1.84 25 29
Phosphorus mg/100g 219 10 204 228
Iron mg/100g 0.3 0.05 0.2 0.4
Zinc mg/100g 0.5 0.04 0.5 0.6
Manganese Hg/100g 7.9 2.32 5.0 11.1
Copper HMg/100g 2 - <0.1 2
Molybdenum Hg/100g 3.2 1.19 2.4 5.2
Selenium Hg/100g 19 6.04 12 25
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 077 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 300 0.06 243 385
MUFA mg/100g 396 0.09 318 541
PUFA mg/100g 268 0.06 187 344
n-6 mg/100g 229 0.06 150 300
n-3 mg/100g 19 0.00 12 24
n-6/n-3 13.4 5.87 7.3 215
Lauric acid C 12:0 mg/100g 0 0.00 0 1
Myristic acid C 14:0 mg/100g 8 0.00 6 10
Palmitic acid C16:0 mg/100g 204 0.05 161 282
Stearic acid C18:0 mg/100g 79 0.01 66 91
Palmitoleic acid C16:1 mg/100g 37 0.01 25 50
Oleic acid C18:1 n-9 mg/100g 314 0.08 240 442
Linoleic acid C18:2 n-6 mg/100g 171 0.05 113 238
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 8 0.00 6 10
Arachidonic acid C20:4 n-6 mg/100g 38 0.01 24 51
Docosatetraenic acid C22:4 n-6 mg/100g 2 0.00 1 4
Linolenic acid C18:3 n-3 mg/100g 9 0.00 7 11
C20:3n-3 mg/100g 1 0.00 0 1
Eicosapentaenic acid C20:5 n-3 mg/100g 3 0.00 1 4
Docosapentaenic acid C22:5 n-3 mg/100g 5 0.00 0 8
Docosahexaenic acid C22:6 n-3 mg/100g 1 0.00 1 1
Sterols
Cholesterol mg/100g 63 - - _
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Chicken Leg with skin (France)

n=3
Constituents Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 607 38 570 645
keal 145 9 136 154
Water g/100g 68.9 0.64 68.4 69.6
Total Nitrogen 0/100g 3.1 0.08 3.0 3.2
Protein g/100g 194 0.47 19.0 19.9
Fat g/100g 7.5 0.82 6.7 8.3
Ash g/100g 1.1 0.11 1.0 1.2
Minerals and trace elements
Sodium mg/100g 57 4.05 53 61
Potassium mg/100g 294 21 272 313
Calcium mg/100g 4.8 0.31 4.6 5.2
Magnesium mg/100g 20 0.33 20 21
Phosphorus mg/100g 183 12 169 192
Iron mg/100g 0.8 0.04 0.8 0.9
Zinc mg/100g 1.0 0.22 0.7 11
Manganese Hg/100g 15.3 6.51 9.0 22.0
Copper HMg/100g 69 16.77 50 80
Molybdenum Hg/100g 3.0 0.53 2.6 3.6
Selenium Hg/100g 17 4.49 12 21
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 033 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 2445 0.25 2173 2674
MUFA mg/100g 3254 0.64 2647 3922
PUFA mg/100g 1914 0.37 1613 2332
n-6 mg/100g 1773 0.36 1519 2190
n-3 mg/100g 79 0.05 36 126
n-6/n-3 28.2 14.89 12.8 425
Lauric acid C 12:0 mg/100g 2 0.00 2 2
Myristic acid C 14:0 mg/100g 47 0.01 41 52
Palmitic acid C16:0 mg/100g 1773 0.21 1551 1965
Stearic acid C18:0 mg/100g 571 0.04 529 602
Palmitoleic acid C16:1 mg/100g 372 0.09 289 460
Oleic acid C18:1 n-9 mg/100g 2659 0.51 2183 3198
Linoleic acid C18:2 n-6 mg/100g 1586 0.32 1360 1950
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 14 0.00 1 18
Arachidonic acid C20:4 n-6 mg/100g 123 0.03 105 158
Docosatetraenic acid C22:4 n-6 mg/100g 7 0.00 3 11
Linolenic acid C18:3 n-3 mg/100g 70 0.04 32 114
C20:3n-3 mg/100g 0 0.00 0 1
Eicosapentaenic acid C20:5 n-3 mg/100g 3 0.00 2 4
Docosapentaenic acid C22:5 n-3 mg/100g nd - - -
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 2 4
Sterols
Cholesterol mg/100g | 87 R - -
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Chicken Leg with skin

n=6
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 683 131 512 828
keal 164 32 122 199
Water g/100g 65.6 5.25 60.2 74.3
Total Nitrogen 0/100g 2.9 0.22 26 3.2
Protein g/100g 17.9 1.40 16.0 20.0
Fat g/100g 10.2 3.74 4.7 14.5
Ash g/100g 1.2 0.15 1.0 1.4
Minerals and trace elements
Sodium mg/100g 63 8.93 50 73
Potassium mg/100g 296 27 267 343
Calcium mg/100g 5.7 1.19 4.5 7.8
Magnesium mg/100g 20 1.58 18 22
Phosphorus mg/100g 181 11 162 194
Iron mg/100g 0.5 0.08 0.4 0.6
Zinc mg/100g 1.0 0.22 0.6 1.2
Manganese Hg/100g 16.6 13.43 6.0 39.0
Copper HMg/100g 18 16.39 2 45
Molybdenum Hg/100g 2.8 0.31 25 3.3
Selenium Hg/100g 28 5.16 24 36
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 057 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 3195 1.10 1660 4842
MUFA mg/100g 5008 1.70 2532 7601
PUFA mg/100g 1821 0.67 930 2608
n-6 mg/100g 1565 0.59 786 2234
n-3 mg/100g 158 0.05 85 226
n-6/n-3 9.8 1.20 8.0 11.6
Lauric acid C 12:0 mg/100g 7 0.00 4 11
Myristic acid C 14:0 mg/100g 118 0.05 61 195
Palmitic acid C16:0 mg/100g 2334 0.82 1156 3515
Stearic acid C18:0 mg/100g 645 0.21 394 980
Palmitoleic acid C16:1 mg/100g 681 0.21 330 965
Oleic acid C18:1 n-9 mg/100g 3945 1.38 2007 6071
Linoleic acid C18:2 n-6 mg/100g 1452 0.57 698 2115
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 14 0.00 11 17
Arachidonic acid C20:4 n-6 mg/100g 59 0.01 46 68
Docosatetraenic acid C22:4 n-6 mg/100g 0 0.00 0 1
Linolenic acid C18:3 n-3 mg/100g 141 0.05 62 206
C20:3n-3 mg/100g nd - - -
Eicosapentaenic acid C20:5 n-3 mg/100g 6 0.00 7
Docosapentaenic acid C22:5 n-3 mg/100g 6 0.01 14
Docosahexaenic acid C22:6 n-3 mg/100g 2 0.00 4
Sterols
Cholesterol mg/100g 80 - - _
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Chicken Leg without skin (France)

n=3
Constituents Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 510 55 447 542
kcal 121 13 106 129
Water 9/100g 72.4 0.09 72.3 72.5
Total Nitrogen 9/100g 3.3 0.12 3.2 3.4
Protein g/100g 20.6 0.75 19.8 21.3
Fat g/100g 4.3 1.20 3.0 5.2
Ash g/100g 1.2 0.09 1.1 1.3
Minerals and trace elements
Sodium mg/100g 72 9.88 61 79
Potassium mg/100g 327 18 307 340
Calcium mg/100g 5.7 1.18 4.3 6.4
Magnesium mg/100g 20 0.30 19 20
Phosphorus mg/100g 201 1 200 202
Iron mg/100g 1.3 0.37 0.9 1.6
Zinc mg/100g 1.8 0.12 1.7 1.9
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 041 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1260 0.48 733 1657
MUFA mg/100g 1820 0.71 1016 2357
PUFA mg/100g 947 0.35 552 1197
n-6 mg/100g 867 0.32 505 1093
n-3 mg/100g 33 0.02 17 47
n-6/n-3 27.3 3.65 23.1 29.5
Lauric acid C 12:0 mg/100g 1 0.00 1 1
Myristic acid C 14:0 mg/100g 24 0.01 15 30
Palmitic acid C16:0 mg/100g 902 0.34 521 1186
Stearic acid C18:0 mg/100g 306 0.11 181 404
Palmitoleic acid C16:1 mg/100g 214 0.07 142 276
Oleic acid C18:1 n-9 mg/100g 1475 0.61 792 1975
Linoleic acid C18:2 n-6 mg/100g 734 0.29 408 940
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 10 0.00 7 13
Arachidonic acid C20:4 n-6 mg/100g 93 0.02 70 106
Docosatetraenic acid C22:4 n-6 mg/100g 5 0.00 4 6
Linolenic acid C18:3 n-3 mg/100g 29 0.01 14 41
C20:3 n-3 mg/100g nd - - -
Eicosapentaenic acid C20:5 n-3 mg/100g 1 0.00 0 1
Docosapentaenic acid C22:5 n-3 mg/100g nd - - -
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 2 4
Sterols
Cholesterol mg/100g | 94 R - -
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Chicken Leg without skin

n=>5
Constituents Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 563 74 479 671
keal 134 18 114 161
Water g/100g 72.9 1.91 70.4 74.6
Total Nitrogen 9/100g 3.2 0.14 29 3.3
Protein g/100g 19.7 0.90 18.2 20.4
Fat g/100g 6.2 2.02 3.9 8.8
Ash g/100g 1.4 0.11 1.3 15
Minerals and trace elements
Sodium mg/100g 76 14.18 56 90
Potassium mg/100g 302 15 282 318
Calcium mg/100g 5.6 0.98 4.6 7.0
Magnesium mg/100g 20 1.67 18 23
Phosphorus mg/100g 189 8 178 199
Iron mg/100g 0.5 0.06 0.4 0.5
Zinc mg/100g 0.9 0.24 0.7 11
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 038 | ] | - [
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1949 0.54 1215 2610
MUFA mg/100g 2975 0.71 1908 3648
PUFA mg/100g 1535 0.59 936 2336
n-6 mg/100g 1336 0.52 792 2041
n-3 mg/100g 125 0.06 67 209
n-6/n-3 111 2.40 9.4 15.1
Lauric acid C 12:0 mg/100g 5 0.00 3 6
Myristic acid C 14:0 mg/100g 70 0.03 28 89
Palmitic acid C16:0 mg/100g 1377 0.37 891 1851
Stearic acid C18:0 mg/100g 433 0.13 262 580
Palmitoleic acid C16:1 mg/100g 346 0.11 177 445
Oleic acid C18:1 n-9 mg/100g 2406 0.55 1615 2953
Linoleic acid C18:2 n-6 mg/100g 1212 0.50 706 1888
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 13 0.00 10 17
Arachidonic acid C20:4 n-6 mg/100g 75 0.02 43 98
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.00 2 6
Linolenic acid C18:3 n-3 mg/100g 105 0.05 47 180
C20:3n-3 mg/100g 1 0.00 0 2
Eicosapentaenic acid C20:5 n-3 mg/100g 4 0.00 2 6
Docosapentaenic acid C22:5 n-3 mg/100g 8 0.01 0 15
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 3 4
Sterols
Cholesterol mg/100g 86 - - _
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Turkey Escalope

n=>5
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 477 21 450 500
keal 113 5 106 118
Water g/100g 70.7 1.12 69.0 71.6
Total Nitrogen 0/100g 4.1 0.20 3.8 4.4
Protein g/100g 25.6 1.27 23.8 27.3
Fat g/100g 1.1 0.37 0.8 15
Ash g/100g 1.4 0.26 1.2 1.8
Minerals and trace elements
Sodium mg/100g 48 11.67 32 63
Potassium mg/100g 340 27 302 374
Calcium mg/100g 3.8 0.72 3.1 5.0
Magnesium mg/100g 25 3.40 21 30
Phosphorus mg/100g 216 17 199 243
Iron mg/100g 0.4 0.04 0.3 0.4
Zinc mg/100g 0.9 0.08 0.8 1.0
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 084 | o004 | o8 | os9
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 494 0.27 225 892
MUFA mg/100g 507 0.32 205 978
PUFA mg/100g 561 0.38 236 1177
n-6 mg/100g 512 0.37 208 1112
n-3 mg/100g 27 0.01 12 44
n-6/n-3 18.5 8.49 9.3 28.8
Lauric acid C 12:0 mg/100g 2 0.00 0 5
Myristic acid C 14:0 mg/100g 11 0.01 4 18
Palmitic acid C16:0 mg/100g 327 0.20 137 622
Stearic acid C18:0 mg/100g 143 0.06 76 231
Palmitoleic acid C16:1 mg/100g 56 0.04 13 95
Oleic acid C18:1 n-9 mg/100g 404 0.27 154 820
Linoleic acid C18:2 n-6 mg/100g 432 0.35 158 996
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 5 0.00 4 7
Arachidonic acid C20:4 n-6 mg/100g 59 0.02 35 77
Docosatetraenic acid C22:4 n-6 mg/100g 7 0.01 2 20
Linolenic acid C18:3 n-3 mg/100g 16 0.01 5 28
C20:3n-3 mg/100g 0 0.00 0 0
Eicosapentaenic acid C20:5 n-3 mg/100g 2 0.00 1 2
Docosapentaenic acid C22:5 n-3 mg/100g 6 0.01 0 14
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 1 8
Sterols

Cholesterol mg/100g 51 1.60 50 53
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Goose Breast with skin

n=3
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 1022 21 1005 1045
keal 246 5 242 251
Water g/100g 56.8 4.11 52.3 60.3
Total Nitrogen 9/100g 3.3 0.22 3.0 3.4
Protein g/100g 20.5 1.35 19.0 21.5
Fat g/100g 18.2 0.80 17.3 18.7
Ash g/100g 1.0 0.20 0.8 1.2
Minerals and trace elements
Sodium mg/100g 48 9.21 38 55
Potassium mg/100g 317 40 272 348
Calcium mg/100g 4.0 0.34 3.8 4.4
Magnesium mg/100g 20 0.91 19 21
Phosphorus mg/100g 215 189 200 235
Iron mg/100g 3.2 1.07 2.2 4.3
Zinc mg/100g 1.0 0.20 0.7 11
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 056 | o001 | o056 | o057
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 4212 0.27 3932 4477
MUFA mg/100g 8867 0.33 8486 9109
PUFA mg/100g 2562 0.32 2286 2911
n-6 mg/100g 1056 1.42 196 2690
n-3 mg/100g 134 0.03 106 159
n-6/n-3 7.0 8.62 1.4 16.9
Lauric acid C 12:0 mg/100g 6 0.00 4 8
Myristic acid C 14:0 mg/100g 66 0.00 63 70
Palmitic acid C16:0 mg/100g 3333 0.30 3030 3620
Stearic acid C18:0 mg/100g 755 0.02 735 781
Palmitoleic acid C16:1 mg/100g 662 0.09 592 763
Oleic acid C18:1 n-9 mg/100g 7868 0.31 7548 8170
Linoleic acid C18:2 n-6 mg/100g 839 1.45 0 2513
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 10 0.00 9 12
Arachidonic acid C20:4 n-6 mg/100g 161 0.05 121 212
Docosatetraenic acid C22:4 n-6 mg/100g 6 0.01 0 13
Linolenic acid C18:3 n-3 mg/100g 125 0.04 86 159
C20:3 n-3 mg/100g nd - - -
Eicosapentaenic acid C20:5 n-3 mg/100g nd - - -
Docosapentaenic acid C22:5 n-3 mg/100g nd - - -
Docosahexaenic acid C22:6 n-3 mg/100g 9 0.01 0 20
Sterols
Cholesterol mg/100g | 62 9.44 56 69

196




Appendices

Goose Breast without skin

n=3
Constituents | Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 509 33 487 547
keal 121 8 115 130
Water g/100g 69.7 1.70 68.4 71.6
Total Nitrogen 0/100g 3.8 0.01 3.8 3.9
Protein g/100g 24.0 0.05 24.0 24.1
Fat g/100g 2.7 0.87 21 3.7
Ash g/100g 1.6 0.19 15 1.8
Minerals and trace elements
Sodium mg/100g 54 3.18 51 57
Potassium mg/100g 360 19 344 381
Calcium mg/100g 5.1 0.82 4.2 5.9
Magnesium mg/100g 24 1.22 23 25
Phosphorus mg/100g 245 6 241 251
Iron mg/100g 4.1 0.86 3.2 4.9
Zinc mg/100g 1.4 0.26 1.1 1.6
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 074 | o021 | o059 | o089
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1113 0.36 777 1486
MUFA mg/100g 1557 0.49 1229 2122
PUFA mg/100g 842 0.28 530 1089
n-6 mg/100g 754 0.27 459 975
n-3 mg/100g 45 0.01 37 60
n-6/n-3 16.9 5.00 12.2 221
Lauric acid C 12:0 mg/100g 1 0.00 1 2
Myristic acid C 14:0 mg/100g 20 0.01 14 26
Palmitic acid C16:0 mg/100g 780 0.28 536 1080
Stearic acid C18:0 mg/100g 291 0.07 210 353
Palmitoleic acid C16:1 mg/100g 122 0.06 84 191
Oleic acid C18:1 n-9 mg/100g 1326 0.40 1061 1789
Linoleic acid C18:2 n-6 mg/100g 547 0.22 306 738
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 7 0.00 4 10
Arachidonic acid C20:4 n-6 mg/100g 170 0.04 128 192
Docosatetraenic acid C22:4 n-6 mg/100g 8 0.00 4 11
Linolenic acid C18:3 n-3 mg/100g 34 0.01 26 46
C20:3 n-3 mg/100g nd - - -
Eicosapentaenic acid C20:5 n-3 mg/100g 2 0.00 1 2
Docosapentaenic acid C22:5 n-3 mg/100g nd - - -
Docosahexaenic acid C22:6 n-3 mg/100g 8 0.00 4 10
Sterols
Cholesterol mg/100g | 70 1.94 69 72
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Goose Leg with skin
n=3
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 1117 76 1067 1205
keal 269 19 257 291
Water g/100g 57.1 4.76 51.9 61.2
Total Nitrogen 0/100g 2.8 0.16 26 29
Protein g/100g 17.6 0.98 16.5 18.4
Fat g/100g 22.1 251 20.4 25.0
Ash g/100g 1.0 0.37 0.6 1.3
Minerals and trace elements
Sodium mg/100g 60 5.91 53 64
Potassium mg/100g 294 12 282 307
Calcium mg/100g 5.0 0.27 4.7 5.3
Magnesium mg/100g 18 0.14 18 18
Phosphorus mg/100g 181 4 178 185
Iron mg/100g 1.7 0.14 15 1.8
Zinc mg/100g 2.3 0.36 21 2.8
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.33 | 0.00 | 0.33 | 0.33
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 4807 0.27 4505 5035
MUFA mg/100g 10586 1.15 9293 11509
PUFA mg/100g 2912 0.54 2537 3531
n-6 mg/100g 1074 0.81 166 1720
n-3 mg/100g 136 0.03 111 175
n-6/n-3 7.7 5.63 1.4 12.0
Lauric acid C 12:0 mg/100g 6 0.00 5 6
Myristic acid C 14:0 mg/100g 74 0.01 68 77
Palmitic acid C16:0 mg/100g 3838 0.19 3632 4008
Stearic acid C18:0 mg/100g 834 0.07 754 881
Palmitoleic acid C16:1 mg/100g 733 0.07 685 812
Oleic acid C18:1 n-9 mg/100g 9486 1.08 8262 10287
Linoleic acid C18:2 n-6 mg/100g 896 0.80 3 1551
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 10 0.00 8 13
Arachidonic acid C20:4 n-6 mg/100g 117 0.01 111 121
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.01 0 9
Linolenic acid C18:3 n-3 mg/100g 136 0.03 111 175
C20:3n-3 mg/100g nd - - -
Eicosapentaenic acid C20:5 n-3 mg/100g nd - - -
Docosapentaenic acid C22:5 n-3 mg/100g nd - - -
Docosahexaenic acid C22:6 n-3 mg/100g nd - - -
Sterols
Cholesterol mg/100g | 53 9.15 a7 60

200




Appendices

Goose Leg without skin

n=3
Constituents | Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 623 32 592 655
keal 149 8 141 157
Water 9/100g 69.5 2.32 67.1 71.8
Total Nitrogen 9/100g 34 0.08 3.3 3.4
Protein 9/100g 21.0 0.49 20.6 21.5
Fat g/100g 7.2 1.06 6.1 8.2
Ash g/100g 1.1 0.09 1.0 1.2
Minerals and trace elements
Sodium mg/100g 70 4.58 66 75
Potassium mg/100g 316 140 299 325
Calcium mg/100g 5.4 0.87 4.4 6.1
Magnesium mg/100g 18 0.58 18 19
Phosphorus mg/100g 200 6 195 207
Iron mg/100g 2.2 0.25 1.9 24
Zinc mg/100g 3.3 0.03 3.3 34
Manganese 1g/100g - R - -
Copper 1g/100g - R - -
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.36 | 0.02 | 0.34 | 0.37
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1971 0.24 1805 2251
MUFA mg/100g 3743 0.48 3239 4185
PUFA mg/100g 1292 0.18 1086 1434
n-6 mg/100g 987 0.30 714 1312
n-3 mg/100g 82 0.02 61 109
n-6/n-3 12.4 4.27 8.6 17.0
Lauric acid C 12:0 mg/100g 2 0.00 2 3
Myristic acid C 14:0 mg/100g 34 0.00 30 39
Palmitic acid C16:0 mg/100g 1503 0.21 1364 1751
Stearic acid C18:0 mg/100g 404 0.02 382 429
Palmitoleic acid C16:1 mg/100g 282 0.06 233 347
Oleic acid C18:1 n-9 mg/100g 3296 0.40 2867 3654
Linoleic acid C18:2 n-6 mg/100g 824 0.30 544 1147
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 6 0.00 4 7
Arachidonic acid C20:4 n-6 mg/100g 126 0.01 121 134
Docosatetraenic acid C22:4 n-6 mg/100g 6 0.00 4 8
Linolenic acid C18:3 n-3 mg/100g 79 0.02 58 104
C20:3n-3 mg/100g nd - - -
Eicosapentaenic acid C20:5 n-3 mg/100g nd - - -
Docosapentaenic acid C22:5 n-3 mg/100g nd - - -
Docosahexaenic acid C22:6 n-3 mg/100g 4 0.00 3 4
Sterols
Cholesterol mg/100g | 65 2.82 63 67

202




Appendices

Duck Breast with skin

n=3
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 837 145 747 1004
keal 201 35 179 242
Water g/100g 62.9 3.55 58.8 65.2
Total Nitrogen 0/100g 3.1 0.21 29 3.3
Protein g/100g 19.2 1.29 18.3 20.7
Fat g/100g 13.8 4.30 11.0 18.7
Ash g/100g 2.3 0.30 2.0 2.6
Minerals and trace elements
Sodium mg/100g 48 4.79 45 53
Potassium mg/100g 308 29 283 339
Calcium mg/100g 4.0 0.10 4.0 4.2
Magnesium mg/100g 18 0.25 18 18
Phosphorus mg/100g 201 11 193 214
Iron mg/100g 2.9 0.12 2.8 3.1
Zinc mg/100g 1.0 0.27 0.7 1.3
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 055 | o001 | os4 | o055
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 3734 0.75 2873 4270
MUFA mg/100g 5336 1.48 3769 6721
PUFA mg/100g 2638 0.76 1840 3355
n-6 mg/100g 2365 0.66 1660 2973
n-3 mg/100g 180 0.09 89 278
n-6/n-3 14.6 4.02 10.7 18.7
Lauric acid C 12:0 mg/100g 6 0.00 3 9
Myristic acid C 14:0 mg/100g 59 0.02 39 70
Palmitic acid C16:0 mg/100g 2819 0.71 2000 3282
Stearic acid C18:0 mg/100g 787 0.19 598 979
Palmitoleic acid C16:1 mg/100g 284 0.10 171 378
Oleic acid C18:1 n-9 mg/100g 4787 1.33 3396 6049
Linoleic acid C18:2 n-6 mg/100g 2120 0.60 1464 2653
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 15 0.01 10 20
Arachidonic acid C20:4 n-6 mg/100g 164 0.02 144 183
Docosatetraenic acid C22:4 n-6 mg/100g 17 0.00 12 20
Linolenic acid C18:3 n-3 mg/100g 145 0.07 72 210
C20:3n-3 mg/100g 3 0.01 0 9
Eicosapentaenic acid C20:5 n-3 mg/100g 3 0.00 0 8
Docosapentaenic acid C22:5 n-3 mg/100g 8 0.01 0 13
Docosahexaenic acid C22:6 n-3 mg/100g 9 0.01 5 14
Sterols

Cholesterol mg/100g 104 19.90 90 118
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Duck Breast without skin

n=3
Constituents | Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 411 15 395 426
kcal 97 4 93 100
Water 9/100g 74.1 0.46 73.6 74.6
Total Nitrogen 9/100g 3.5 0.17 3.4 3.7
Protein g/100g 22.0 1.07 21.0 23.1
Fat g/100g 1.0 0.10 0.9 1.1
Ash g/100g 1.8 0.16 1.6 2.0
Minerals and trace elements
Sodium mg/100g 73 5.18 68 78
Potassium mg/100g 347 7 339 353
Calcium mg/100g 5.3 0.42 4.8 5.6
Magnesium mg/100g 22 3.08 19 24
Phosphorus mg/100g 224 13 211 238
Iron mg/100g 3.1 0.66 2.4 3.6
Zinc mg/100g 1.3 0.24 1.1 1.6
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 082 | o002 | o8 | os3
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 456 0.05 404 504
MUFA mg/100g 407 0.09 336 512
PUFA mg/100g 453 0.07 393 524
n-6 mg/100g 382 0.08 292 460
n-3 mg/100g 42 0.00 39 47
n-6/n-3 9.1 1.58 7.3 10.2
Lauric acid C 12:0 mg/100g 0 0.00 0 0
Myristic acid C 14:0 mg/100g 5 0.00 3 7
Palmitic acid C16:0 mg/100g 270 0.03 249 298
Stearic acid C18:0 mg/100g 173 0.03 144 188
Palmitoleic acid C16:1 mg/100g 23 0.01 18 30
Oleic acid C18:1 n-9 mg/100g 340 0.07 280 420
Linoleic acid C18:2 n-6 mg/100g 190 0.07 124 254
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 10 0.00 9 13
Arachidonic acid C20:4 n-6 mg/100g 146 0.00 142 149
Docosatetraenic acid C22:4 n-6 mg/100g 30 0.02 11 43
Linolenic acid C18:3 n-3 mg/100g 9 0.00 6 12
C20:3n-3 mg/100g 0 0.00 0
Eicosapentaenic acid C20:5 n-3 mg/100g 2 0.00 2
Docosapentaenic acid C22:5 n-3 mg/100g 15 0.00 12 18
Docosahexaenic acid C22:6 n-3 mg/100g 15 0.01 6 20
Sterols
Cholesterol mg/100g 128 3.89 125 131
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Bison Entrecote Canada

n=3
Constituents ‘ Unit ‘ Average ‘ SD Min | Max
Main ingredients
Energy kJ 476 12 464 487
kcal 113 3 110 115
Water 9/100g 73.0 1.89 71.3 75.0
Total Nitrogen g/100g 3.6 0.04 3.6 3.6
Protein 9/100g 22.5 0.25 22.2 22.7
Fat 9/100g 2.5 0.20 2.3 2.7
Ash 9/100g 1.3 0.06 1.2 1.3
Minerals and trace elements
Sodium mg/100g 44 6.35 37 50
Potassium mg/100g 356 26 327 376
Calcium mg/100g 4.2 0.64 3.7 4.9
Magnesium mg/100g 20 1.31 19 22
Phosphorus mg/100g 190 13 180 205
Iron mg/100g 2.3 0.35 1.9 2.6
Zinc mg/100g 2.7 0.23 25 2.9
Manganese pg/100g - - - -
Copper pg/100g - - - -
Molybdenum Hg/100g - - - -
Selenium pg/100g - - - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 pg/100 g)
Vitamins
Vitamin B6 mg/100g 055 | o017 044 | o067
Amino acids
Aspartic acid mg/100g 1961 - - .
Hydroxyproline mg/100g 0 - - -
Threonine mg/100g 1074 - - .
Serine mg/100g 970 - - B}
Glutamic acid mg/100g 3104 - - .
Proline mg/100g 781 - - .
Glycine mg/100g 889 - - .
Alanine mg/100g 1229 - - .
Valine mg/100g 1043 - - B}
Cystine mg/100g 161 - - B}
Methionine mg/100g 625 - - .
Isoleucine mg/100g 977 - - .
Leucine mg/100g 1726 - - .
Tyrosine mg/100g 746 - - ;
Phenylalanine mg/100g 875 - - B}
Histidine mg/100g 840 - - .
Lysine mg/100g 1897 - - .
Arginine mg/100g 1449 - - B}
Tryptophan mg/100g 295 - - B}
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1018 0.23 859 1275
MUFA mg/100g 1109 0.33 904 1493
PUFA mg/100g 379 0.03 361 410
n-6 mg/100g 318 0.03 302 348
n-3 mg/100g 39 0.00 37 39
n-6/n-3 8.3 0.65 7.7 9.0
Lauric acid C 12:0 mg/100g 1 0.00 1 1
Myristic acid C 14:0 mg/100g 31 0.01 25 36
Palmitic acid C16:0 mg/100g 441 0.10 366 558
Stearic acid C18:0 mg/100g 428 0.09 368 537
Palmitoleic acid C16:1 mg/100g 59 0.01 51 71
Oleic acid C18:1 n-9 mg/100g 954 0.30 769 1304
Linoleic acid C18:2 n-6 mg/100g 220 0.02 210 238
Dihomo—g%n;rg%—hi_réolenic acid mg/100g 7 0.00 6 7
Arachidonic acid C20:4 n-6 mg/100g 78 0.01 66 94
Docosatetraenic acid C22:4 n-6 mg/100g 4 0.00 2 8
Linolenic acid C18:3 n-3 mg/100g 16 0.00 13 19
C20:3n-3 mg/100g 1 0.00 0
Eicosapentaenic acid C20:5 n-3 mg/100g 5 0.00 5
Docosapentaenic acid C22:5 n-3 mg/100g 11 0.00 6 15
Docosahexaenic acid C22:6 n-3 mg/100g 4 0.00 3 6
Sterols
Cholesterol mg/100g 59 4.32 56 62
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Horse Entrecote
n==6

Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 478 32 443 518
kcal 113 8 105 123
Water 9/100g 71.3 1.25 69.9 72.9
Total Nitrogen g/100g 3.7 0.22 3.3 3.9
Protein 9/100g 22.9 1.37 20.8 24.5
Fat 9/100g 2.4 0.75 1.7 3.3
Ash 9/100g 1.7 0.15 1.5 1.9
Minerals and trace elements
Sodium mg/100g 33 5.34 27 43
Potassium mg/100g 336 12 320 357
Calcium mg/100g 3.1 0.17 2.9 3.4
Magnesium mg/100g 22 3.27 19 26
Phosphorus mg/100g 189 9 178 198
Iron mg/100g 2.8 0.85 1.4 3.6
Zinc mg/100g 2.4 0.83 1.4 3.4
Manganese Hg/100g 5.7 4.04 1.0 8.0
Copper Mg/100g 90 17.32 70 100
Molybdenum HMg/100g 1.1 0.46 0.8 1.6
Selenium Hg/100g 35 16.35 19 52
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 pg/100 g)
Vitamins
Vitamin B6 mg100g | 081 | o019 | os8| 102
Amino acids
Aspartic acid mg/100g 2063 0.16 1950 2177
Hydroxyproline mg/100g nd - - -
Threonine mg/100g 1127 0.09 1063 1190
Serine mg/100g 982 0.07 934 1031
Glutamic acid mg/100g 3100 0.24 2929 3271
Proline mg/100g 796 0.03 772 819
Glycine mg/100g 956 0.07 904 1009
Alanine mg/100g 1282 0.09 1216 1348
Valine mg/100g 1114 0.09 1050 1179
Cystine mg/100g 227 0.03 203 251
Methionine mg/100g 595 0.02 580 610
Isoleucine mg/100g 1036 0.09 971 1100
Leucine mg/100g 1841 0.14 1739 1944
Tyrosine mg/100g 758 0.05 725 791
Phenylalanine mg/100g 934 0.08 880 989
Histidine mg/100g 1147 0.02 1134 1159
Lysine mg/100g 1996 0.17 1873 2119
Arginine mg/100g 1475 0.12 1393 1558
Tryptophan mg/100g 324 0.03 299 348
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 912 0.39 462 1391
MUFA mg/100g 857 0.39 416 1430
PUFA mg/100g 623 0.27 170 990
n-6 mg/100g 463 0.23 76 794
n-3 mg/100g 144 0.07 53 210
n-6/n-3 3.5 2.12 1.4 7.3
Lauric acid C 12:0 mg/100g 4 0.00 1 6
Myristic acid C 14:0 mg/100g 74 0.05 15 137
Palmitic acid C16:0 mg/100g 649 0.31 291 1019
Stearic acid C18:0 mg/100g 153 0.03 124 184
Palmitoleic acid C16:1 mg/100g 160 0.12 37 353
Oleic acid C18:1 n-9 mg/100g 574 0.28 220 923
Linoleic acid C18:2 n-6 mg/100g 458 0.12 345 698
Dihomo—gacn;rg:zg—lr_]i_réolenic acid mg/100g 11 0.00 9 14
Arachidonic acid C20:4 n-6 mg/100g 56 0.01 48 64
Docosatetraenic acid C22:4 n-6 mg/100g 1 0.00 0 2
Linolenic acid C18:3 n-3 mg/100g 104 0.06 35 156
C20:3n-3 mg/100g 7 0.00 10
Eicosapentaenic acid C20:5 n-3 mg/100g 6 0.00 9
Docosapentaenic acid C22:5 n-3 mg/100g 25 0.00 20 30
Docosahexaenic acid C22:6 n-3 mg/100g 5 0.00 3 9
Sterols

Cholesterol mg/100g 61 4.36 58 67
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Horse Fillet

n==6
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 492 48 449 566
kcal 117 12 106 134
Water 9/100g 71.8 1.13 70.5 73.5
Total Nitrogen 9/100g 3.6 0.14 3.4 3.8
Protein 9/100g 22.7 0.85 21.3 23.6
Fat 9/100g 2.9 1.20 1.8 4.5
Ash 0/100g 1.5 0.25 1.3 1.8
Minerals and trace elements
Sodium mg/100g 32 4.05 28 37
Potassium mg/100g 344 16 332 375
Calcium mg/100g 3.0 0.49 2.5 3.8
Magnesium mg/100g 21 2.50 19 25
Phosphorus mg/100g 193 7 184 204
Iron mg/100g 2.9 0.78 2.1 4.1
Zinc mg/100g 2.3 0.89 1.6 4.0
Manganese Hg/100g 10.6 5.69 4.0 14.0
Copper Mg/100g 114 15.18 100 130
Molybdenum HMg/100g 1.4 0.74 0.8 2.2
Selenium Hg/100g 28 8.53 21 37
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 pg/100 g)
Vitamins
Vitamin B6 mg/100g | 0.70 | 0.19 | 0.52 | 0.95
Amino acids
Aspartic acid mg/100g 1934 0.04 1909 1959
Hydroxyproline mg/100g nd - - -
Threonine mg/100g 1076 0.02 1060 1093
Serine mg/100g 935 0.01 931 939
Glutamic acid mg/100g 2890 0.02 2873 2907
Proline mg/100g 760 0.02 743 777
Glycine mg/100g 883 0.01 877 889
Alanine mg/100g 1197 0.01 1192 1202
Valine mg/100g 1042 0.02 1025 1058
Cystine mg/100g 212 0.00 211 213
Methionine mg/100g 571 0.02 556 587
Isoleucine mg/100g 960 0.02 947 973
Leucine mg/100g 1758 0.00 1756 1761
Tyrosine mg/100g 734 0.00 734 735
Phenylalanine mg/100g 908 0.00 907 908
Histidine mg/100g 944 0.07 892 995
Lysine mg/100g 1864 0.00 1864 1864
Arginine mg/100g 1388 0.01 1383 1394
Tryptophan mg/100g 316 0.00 316 316
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1249 0.60 657 2323
MUFA mg/100g 1234 0.76 620 2519
PUFA mg/100g 961 0.27 557 1258
n-6 mg/100g 664 0.20 370 931
n-3 mg/100g 287 0.13 158 457
n-6/n-3 2.7 1.33 1.7 4.6
Lauric acid C 12:0 mg/100g 5 0.00 2 10
Myristic acid C 14:0 mg/100g 91 0.06 36 196
Palmitic acid C16:0 mg/100g 897 0.47 464 1727
Stearic acid C18:0 mg/100g 210 0.07 120 320
Palmitoleic acid C16:1 mg/100g 220 0.16 84 509
Oleic acid C18:1 n-9 mg/100g 891 0.54 411 1751
Linoleic acid C18:2 n-6 mg/100g 571 0.18 307 818
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 12 0.00 9 14
Arachidonic acid C20:4 n-6 mg/100g 63 0.01 43 75
Docosatetraenic acid C22:4 n-6 mg/100g 1 0.00 0 2
Linolenic acid C18:3 n-3 mg/100g 226 0.12 108 374
C20:3n-3 mg/100g 12 0.00 7 20
Eicosapentaenic acid C20:5 n-3 mg/100g 7 0.00 4 10
Docosapentaenic acid C22:5 n-3 mg/100g 33 0.01 28 45
Docosahexaenic acid C22:6 n-3 mg/100g 7 0.00 5 9
Sterols

Cholesterol mg/100g 62 5.00 56 67
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Horse Braising steak

n=4
Constituents ‘ Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 433 26 400 463
kcal 102 6 94 110
Water 9/100g 73.7 0.73 73.2 74.8
Total Nitrogen g/100g 3.4 0.09 3.4 3.6
Protein 9/100g 21.4 0.56 20.9 222
Fat 9/100g 1.8 0.80 1.0 2.8
Ash 0/100g 1.6 0.14 1.4 1.7
Minerals and trace elements
Sodium mg/100g 36 4.54 33 42
Potassium mg/100g 348 16 325 363
Calcium mg/100g 3.3 0.33 2.9 3.6
Magnesium mg/100g 20 1.21 19 22
Phosphorus mg/100g 195 8 187 206
Iron mg/100g 2.5 0.33 2.2 3.0
Zinc mg/100g 2.0 0.53 1.4 25
Manganese 1g/100g - R - -
Copper 1g/100g - R - -
Molybdenum 1g/100g - R - -
Selenium 1g/100g - - - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 pg/100 g)
Vitamins
Vitamin B6 mg/100g | 0.69 | 0.08 | 0.60 | 0.78
Amino acids
Aspartic acid mg/100g 1915 0.00 1915 1915
Hydroxyproline mg/100g nd - - -
Threonine mg/100g 1037 0.00 1037 1037
Serine mg/100g 927 0.01 921 932
Glutamic acid mg/100g 2918 0.08 2859 2978
Proline mg/100g 747 0.06 707 787
Glycine mg/100g 902 0.07 851 952
Alanine mg/100g 1196 0.01 1190 1201
Valine mg/100g 1027 0.02 1015 1039
Cystine mg/100g 222 0.00 219 225
Methionine mg/100g 579 0.02 565 594
Isoleucine mg/100g 954 0.00 953 954
Leucine mg/100g 1694 0.01 1689 1699
Tyrosine mg/100g 731 0.00 731 732
Phenylalanine mg/100g 870 0.01 863 877
Histidine mg/100g 983 0.05 949 1016
Lysine mg/100g 1851 0.01 1843 1858
Arginine mg/100g 1397 0.01 1393 1402
Tryptophan mg/100g 297 0.01 292 302
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 570 0.32 291 973
MUFA mg/100g 422 0.30 152 770
PUFA mg/100g 690 0.30 432 1086
n-6 mg/100g 538 0.20 357 785
n-3 mg/100g 143 0.10 70 288
n-6/n-3 4.3 1.07 2.7 5.1
Lauric acid C 12:0 mg/100g 2 0.00 1 3
Myristic acid C 14:0 mg/100g 34 0.03 10 59
Palmitic acid C16:0 mg/100g 373 0.24 176 661
Stearic acid C18:0 mg/100g 130 0.05 85 196
Palmitoleic acid C16:1 mg/100g 63 0.05 16 112
Oleic acid C18:1 n-9 mg/100g 302 0.23 96 584
Linoleic acid C18:2 n-6 mg/100g 445 0.19 281 673
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 11 0.00 9 13
Arachidonic acid C20:4 n-6 mg/100g 62 0.01 48 78
Docosatetraenic acid C22:4 n-6 mg/100g 1 0.00 0 2
Linolenic acid C18:3 n-3 mg/100g 105 0.09 34 231
C20:3n-3 mg/100g 7 0.00 4 11
Eicosapentaenic acid C20:5 n-3 mg/100g 6 0.00 3 9
Docosapentaenic acid C22:5 n-3 mg/100g 20 0.01 0 31
Docosahexaenic acid C22:6 n-3 mg/100g 5 0.00 4 8
Sterols

Cholesterol mg/100g 57 6.53 52 66
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Ostrich Fillet

n=3
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 437 201 423 460
keal 103 5 100 109
Water g/100g 74.1 0.79 735 75.0
Total Nitrogen 0/100g 3.5 0.17 3.3 3.6
Protein g/100g 21.6 1.07 20.6 22.8
Fat g/100g 1.9 0.73 1.1 25
Ash g/100g 1.6 0.12 15 1.7
Minerals and trace elements
Sodium mg/100g 45 4.21 41 49
Potassium mg/100g 308 9 298 317
Calcium mg/100g 3.0 0.33 2.7 3.3
Magnesium mg/100g 21 254 19 23
Phosphorus mg/100g 196 4 191 199
Iron mg/100g 2.0 0.21 1.8 2.2
Zinc mg/100g 3.0 2.17 1.6 5.5
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mgoog | 050 | o001 | o049]| os1
Amino acids
Aspartic acid mg/100g 1921 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1074 - R R
Serine mg/100g 992 - - i
Glutamic acid mg/100g 3113 - _ _
Proline mg/100g 779 - R R
Glycine mg/100g 892 - R R
Alanine mg/100g 1223 - R R
Valine mg/100g 1035 - - _
Cystine mg/100g 233 - - _
Methionine mg/100g 621 - R R
Isoleucine mg/100g 999 - R R
Leucine mg/100g 1718 - R R
Tyrosine mg/100g 754 - - i
Phenylalanine mg/100g 917 - - _
Histidine mg/100g 575 - R R
Lysine mg/100g 1922 - R R
Arginine mg/100g 1450 - - _
Tryptophan mg/100g 289 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 680 0.25 429 922
MUFA mg/100g 733 0.28 406 900
PUFA mg/100g 524 0.14 375 647
n-6 mg/100g 446 0.12 315 554
n-3 mg/100g 42 0.02 26 58
n-6/n-3 10.8 1.26 9.5 12.0
Lauric acid C 12:0 mg/100g 1 0.00 1 1
Myristic acid C 14:0 mg/100g 15 0.01 9 24
Palmitic acid C16:0 mg/100g 420 0.18 231 593
Stearic acid C18:0 mg/100g 221 0.05 174 266
Palmitoleic acid C16:1 mg/100g 100 0.05 49 140
Oleic acid C18:1 n-9 mg/100g 568 0.23 306 715
Linoleic acid C18:2 n-6 mg/100g 248 0.12 139 371
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 7 0.00 6 8
Arachidonic acid C20:4 n-6 mg/100g 174 0.03 154 208
Docosatetraenic acid C22:4 n-6 mg/100g 6 0.00 5 7
Linolenic acid C18:3 n-3 mg/100g 18 0.01 7 28
C20:3 n-3 mg/100g 1 0.00 1 1
Eicosapentaenic acid C20:5 n-3 mg/100g 3 0.00 2 4
Docosapentaenic acid C22:5 n-3 mg/100g 11 0.01 6 16
Docosahexaenic acid C22:6 n-3 mg/100g 9 0.00 8 10
Sterols

Cholesterol mg/100g 67 9.01 61 73
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Ostrich Steak

n=3
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 427 16 416 446
kcal 101 4 98 105
Water 9/100g 74.0 1.27 72.5 74.9
Total Nitrogen 9/100g 3.6 0.23 3.4 3.8
Protein g/100g 22.2 1.43 21.3 23.9
Fat g/100g 1.3 0.24 1.1 1.6
Ash g/100g 1.7 0.05 1.7 1.8
Minerals and trace elements
Sodium mg/100g 49 1.05 48 50
Potassium mg/100g 319 14 307 334
Calcium mg/100g 3.4 0.61 3.0 4.1
Magnesium mg/100g 20 1.25 19 21
Phosphorus mg/100g 200 12 187 210
Iron mg/100g 2.0 0.22 1.7 21
Zinc mg/100g 2.9 0.42 25 3.3
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.41 | 0.00 | 0.41 | 0.42
Amino acids
Aspartic acid mg/100g - R - -
Hydroxyproline mg/100g - - - -
Threonine mg/100g - R - -
Serine mg/100g - R - -
Glutamic acid mg/100g - R - -
Proline mg/100g - R - -
Glycine mg/100g - R - -
Alanine mg/100g - R - -
Valine mg/100g - R - -
Cystine mg/100g - R - -
Methionine mg/100g - - - -
Isoleucine mg/100g - R - -
Leucine mg/100g - R - -
Tyrosine mg/100g - R - -
Phenylalanine mg/100g - R - -
Histidine mg/100g - - - -
Lysine mg/100g - R - -
Arginine mg/100g - R - -
Tryptophan mg/100g - R - -
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 342 0.09 271 439
MUFA mg/100g 414 0.05 359 459
PUFA mg/100g 494 0.11 406 614
n-6 mg/100g 423 0.12 336 560
n-3 mg/100g 52 0.02 39 79
n-6/n-3 9.2 4.86 4.7 14.4
Lauric acid C 12:0 mg/100g 0 0.00 0 0
Myristic acid C 14:0 mg/100g 5 0.00 5 6
Palmitic acid C16:0 mg/100g 186 0.07 133 259
Stearic acid C18:0 mg/100g 137 0.02 121 156
Palmitoleic acid C16:1 mg/100g 61 0.02 39 81
Oleic acid C18:1 n-9 mg/100g 356 0.10 286 470
Linoleic acid C18:2 n-6 mg/100g 234 0.04 188 275
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 6 0.00 5 7
Arachidonic acid C20:4 n-6 mg/100g 129 0.02 112 144
Docosatetraenic acid C22:4 n-6 mg/100g 7 0.00 10
Linolenic acid C18:3 n-3 mg/100g 21 0.02 9 38
C20:3n-3 mg/100g 1 0.00 0 1
Eicosapentaenic acid C20:5 n-3 mg/100g 7 0.01 3 14
Docosapentaenic acid C22:5 n-3 mg/100g 16 0.00 14 19
Docosahexaenic acid C22:6 n-3 mg/100g 10 0.00 7 12
Sterols

Cholesterol mg/100g 58 3.70 55 60
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Venison (deer) Entrecote

n=4
Constituents ‘ Unit ‘ Average ‘ SD ‘ Min ‘ Max
Main ingredients
Energy kJ 471 38 418 507
keal 112 9 99 120
Water g/100g 71.5 1.63 70.4 73.9
Total Nitrogen 9/100g 3.7 0.28 3.4 4.0
Protein g/100g 23.1 1.72 21.0 24.8
Fat g/100g 2.1 1.32 1.0 4.0
Ash g/100g 1.6 0.27 1.4 2.0
Minerals and trace elements
Sodium mg/100g 53 27.65 37 94
Potassium mg/100g 318 27 279 339
Calcium mg/100g 3.2 0.50 2.7 3.8
Magnesium mg/100g 23 3.25 19 27
Phosphorus mg/100g 196 22 166 218
Iron mg/100g 3.0 0.65 2.3 3.8
Zinc mg/100g 2.9 0.91 2.0 4.1
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mgioog | 099 |  oe0 | o0s0 | 147
Amino acids
Aspartic acid mg/100g 1839 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1031 - R R
Serine mg/100g 900 - - _
Glutamic acid mg/100g 2931 - _ _
Proline mg/100g 749 - R R
Glycine mg/100g 875 - R R
Alanine mg/100g 1166 - R R
Valine mg/100g 998 - - _
Cystine mg/100g 210 - - _
Methionine mg/100g 515 - R R
Isoleucine mg/100g 879 - R R
Leucine mg/100g 1666 - R R
Tyrosine mg/100g 667 - - i
Phenylalanine mg/100g 872 - - _
Histidine mg/100g 626 - R R
Lysine mg/100g 1806 - R R
Arginine mg/100g 1325 - - _
Tryptophan mg/100g 287 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 1161 1.32 371 3131
MUFA mg/100g 918 0.83 252 2136
PUFA mg/100g 467 0.47 116 1143
n-6 mg/100g 348 0.40 52 939
n-3 mg/100g 82 0.07 19 154
n-6/n-3 4.8 3.56 1.6 8.4
Lauric acid C 12:0 mg/100g 4 0.00 1 10
Myristic acid C 14:0 mg/100g 96 0.11 19 260
Palmitic acid C16:0 mg/100g 585 0.69 153 1612
Stearic acid C18:0 mg/100g 382 0.41 167 1003
Palmitoleic acid C16:1 mg/100g 126 0.09 46 255
Oleic acid C18:1 n-9 mg/100g 295 0.29 134 725
Linoleic acid C18:2 n-6 mg/100g 229 0.11 151 381
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 9 0.00 7 10
Arachidonic acid C20:4 n-6 mg/100g 62 0.01 57 73
Docosatetraenic acid C22:4 n-6 mg/100g 1 0.00 0 2
Linolenic acid C18:3 n-3 mg/100g 94 0.02 66 114
C20:3n-3 mg/100g 2 0.00 1 4
Eicosapentaenic acid C20:5 n-3 mg/100g 40 0.01 29 56
Docosapentaenic acid C22:5 n-3 mg/100g 50 0.01 40 60
Docosahexaenic acid C22:6 n-3 mg/100g 7 0.00 4 11
Sterols

Cholesterol mg/100g 59 3.84 56 61
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Venison (roe) Ragout

n=2
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 444 44 413 476
keal 105 11 97 113
Water g/100g 74.0 0.36 73.8 74.3
Total Nitrogen 0/100g 3.5 0.01 35 35
Protein g/100g 22.0 0.04 22.0 22.0
Fat g/100g 1.9 1.18 1.1 2.7
Ash g/100g 1.3 0.12 1.2 1.4
Minerals and trace elements
Sodium mg/100g 45 14.02 35 55
Potassium mg/100g 305 29 285 326
Calcium mg/100g 3.7 0.79 31 4.2
Magnesium mg/100g 20 1.64 18 21
Phosphorus mg/100g 177 7 172 181
Iron mg/100g 2.7 0.17 2.6 2.8
Zinc mg/100g 4.7 1.61 35 5.8
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg/100g 0.39 | 0.05 | 0.36 | 0.42
Amino acids
Aspartic acid mg/100g 1804 - _ _
Hydroxyproline mg/100g 154 - - _
Threonine mg/100g 980 - R R
Serine mg/100g 914 - R R
Glutamic acid mg/100g 2887 - _ _
Proline mg/100g 881 - R R
Glycine mg/100g 1113 - R R
Alanine mg/100g 1189 - R R
Valine mg/100g 960 - - _
Cystine mg/100g 212 - - _
Methionine mg/100g 552 - R R
Isoleucine mg/100g 851 - R R
Leucine mg/100g 1592 - R R
Tyrosine mg/100g 683 - - _
Phenylalanine mg/100g 835 - - _
Histidine mg/100g 580 - R R
Lysine mg/100g 1720 - R R
Arginine mg/100g 1405 - - _
Tryptophan mg/100g 288 - - _
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 512 0.10 442 581
MUFA mg/100g 258 0.04 232 285
PUFA mg/100g 478 0.00 477 479
n-6 mg/100g 320 0.01 314 326
n-3 mg/100g 141 0.01 131 150
n-6/n-3 2.3 0.29 2.1 2.5
Lauric acid C 12:0 mg/100g 1 0.00 0 2
Myristic acid C 14:0 mg/100g 22 0.01 13 32
Palmitic acid C16:0 mg/100g 192 0.00 189 195
Stearic acid C18:0 mg/100g 243 0.10 176 311
Palmitoleic acid C16:1 mg/100g 43 0.02 26 60
Oleic acid C18:1 n-9 mg/100g 147 0.00 146 148
Linoleic acid C18:2 n-6 mg/100g 205 0.00 203 206
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 10 0.00 8 13
Arachidonic acid C20:4 n-6 mg/100g 97 0.01 92 103
Docosatetraenic acid C22:4 n-6 mg/100g 1 0.00 1 1
Linolenic acid C18:3 n-3 mg/100g 61 0.01 50 71
C20:3n-3 mg/100g 2 0.00 1 2
Eicosapentaenic acid C20:5 n-3 mg/100g 26 0.00 25 28
Docosapentaenic acid C22:5 n-3 mg/100g 43 0.00 43 43
Docosahexaenic acid C22:6 n-3 mg/100g 6 0.00 5 8
Sterols

Cholesterol mg/100g 65 0.30 65 65
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Venison (roe) Escalope

n=5
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 444 24 414 478
keal 105 6 98 113
Water g/100g 72.5 2.27 68.5 73.7
Total Nitrogen 9/100g 3.6 0.14 3.4 3.7
Protein g/100g 22.5 0.89 21.2 23.4
Fat g/100g 1.7 0.30 15 2.2
Ash g/100g 1.8 0.32 1.4 2.2
Minerals and trace elements
Sodium mg/100g 44 2.22 42 47
Potassium mg/100g 326 18 311 354
Calcium mg/100g 4.2 0.80 3.4 5.1
Magnesium mg/100g 22 2.38 20 25
Phosphorus mg/100g 202 10 187 212
Iron mg/100g 2.8 0.38 2.3 34
Zinc mg/100g 2.1 1.10 1.3 4.0
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg100g | 071 | oo | o066 | 075
Amino acids
Aspartic acid mg/100g 1966 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1107 - R R
Serine mg/100g 978 - - _
Glutamic acid mg/100g 2981 - _ _
Proline mg/100g 801 - R R
Glycine mg/100g 956 - R R
Alanine mg/100g 1236 - R R
Valine mg/100g 1097 - R R
Cystine mg/100g 215 - - _
Methionine mg/100g 591 - R R
Isoleucine mg/100g 958 - R R
Leucine mg/100g 1777 - R R
Tyrosine mg/100g 749 - - i
Phenylalanine mg/100g 914 - - _
Histidine mg/100g 681 - R R
Lysine mg/100g 1841 - R R
Arginine mg/100g 1445 - - _
Tryptophan mg/100g 312 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 693 0.29 438 1140
MUFA mg/100g 500 0.13 297 654
PUFA mg/100g 538 0.24 124 770
n-6 mg/100g 401 0.19 83 571
n-3 mg/100g 114 0.05 25 165
n-6/n-3 3.5 0.31 3.1 4.0
Lauric acid C 12:0 mg/100g 0 0.00 0 0
Myristic acid C 14:0 mg/100g 15 0.01 5 29
Palmitic acid C16:0 mg/100g 304 0.14 164 508
Stearic acid C18:0 mg/100g 312 0.11 223 487
Palmitoleic acid C16:1 mg/100g 37 0.01 24 51
Oleic acid C18:1 n-9 mg/100g 330 0.16 166 518
Linoleic acid C18:2 n-6 mg/100g 282 0.05 223 363
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 11 0.00 8 16
Arachidonic acid C20:4 n-6 mg/100g 158 0.02 132 177
Docosatetraenic acid C22:4 n-6 mg/100g 3 0.00 1 6
Linolenic acid C18:3 n-3 mg/100g 44 0.01 32 58
C20:3n-3 mg/100g 2 0.00 1 2
Eicosapentaenic acid C20:5 n-3 mg/100g 30 0.00 25 36
Docosapentaenic acid C22:5 n-3 mg/100g 50 0.00 46 54
Docosahexaenic acid C22:6 n-3 mg/100g 11 0.00 7 15
Sterols

Cholesterol mg/100g 75 4.30 72 78
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Rabbit Fillet

n=4
Constituents Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 466 49 414 512
kcal 110 12 98 121
Water 9/100g 72.7 1.54 71.4 747
Total Nitrogen 9/100g 3.9 0.31 3.6 4.2
Protein g/100g 24.3 1.93 22,5 26.4
Fat g/100g 15 0.49 0.9 2.0
Ash g/100g 1.4 0.13 1.2 15
Minerals and trace elements
Sodium mg/100g 33 2.95 29 36
Potassium mg/100g 378 11 368 393
Calcium mg/100g 4.5 1.03 3.2 5.6
Magnesium mg/100g 28 1.23 26 29
Phosphorus mg/100g 212 8 203 220
Iron mg/100g 0.3 0.04 0.3 0.4
Zinc mg/100g 0.6 0.09 0.5 0.7
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mg100g | 074 | o007 | o069 | 079
Amino acids
Aspartic acid mg/100g 2055 - - _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 1111 - R R
Serine mg/100g 1026 - - _
Glutamic acid mg/100g 3123 - _ _
Proline mg/100g 797 - R R
Glycine mg/100g 978 - R R
Alanine mg/100g 1257 - R R
Valine mg/100g 1119 - - _
Cystine mg/100g 194 - - _
Methionine mg/100g 658 - R R
Isoleucine mg/100g 1003 - R R
Leucine mg/100g 1762 - R R
Tyrosine mg/100g 780 - - _
Phenylalanine mg/100g 896 - - _
Histidine mg/100g 658 - R R
Lysine mg/100g 1920 - R R
Arginine mg/100g 1487 - R R
Tryptophan mg/100g 314 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 483 0.18 347 718
MUFA mg/100g 508 0.36 233 1010
PUFA mg/100g 395 0.09 266 463
n-6 mg/100g 320 0.08 204 375
n-3 mg/100g 56 0.02 27 76
n-6/n-3 6.1 1.30 4.7 7.5
Lauric acid C 12:0 mg/100g 1 0.00 1 1
Myristic acid C 14:0 mg/100g 28 0.02 12 48
Palmitic acid C16:0 mg/100g 318 0.12 224 480
Stearic acid C18:0 mg/100g 103 0.03 76 147
Palmitoleic acid C16:1 mg/100g 69 0.06 15 134
Oleic acid C18:1 n-9 mg/100g 329 0.16 195 530
Linoleic acid C18:2 n-6 mg/100g 309 0.08 262 428
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 6 0.00 4 7
Arachidonic acid C20:4 n-6 mg/100g 72 0.02 48 88
Docosatetraenic acid C22:4 n-6 mg/100g 9 0.00 3 14
Linolenic acid C18:3 n-3 mg/100g 54 0.02 33 85
C20:3n-3 mg/100g 1 0.00 2
Eicosapentaenic acid C20:5 n-3 mg/100g 3 0.00 4
Docosapentaenic acid C22:5 n-3 mg/100g 16 0.00 11 19
Docosahexaenic acid C22:6 n-3 mg/100g 1 0.00 1 2
Sterols

Cholesterol mg/100g 51 6.65 a7 56
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Wild boar Entrecote

n=>5
Constituents | Unit ‘ Average SD ‘ Min ‘ Max
Main ingredients
Energy kJ 477 58 422 541
keal 113 14 100 129
Water g/100g 72.6 2.19 69.5 75.0
Total Nitrogen 9/100g 3.6 0.33 3.3 1.1
Protein g/100g 22.3 2.05 20.4 25.5
Fat g/100g 2.6 0.91 15 4.0
Ash g/100g 1.4 0.12 1.2 1.6
Minerals and trace elements
Sodium mg/100g 96 70.52 34 189
Potassium mg/100g 320 13 304 333
Calcium mg/100g 4.5 1.22 31 6.4
Magnesium mg/100g 19 0.79 19 20
Phosphorus mg/100g 184 6 174 190
Iron mg/100g 1.2 0.40 0.6 1.6
Zinc mg/100g 15 0.16 1.2 1.6
Manganese Hg/100g - - - -
Copper ug/100g - - R R
Molybdenum 1g/100g - R - -
Selenium 1g/100g - R - -
Lead The concentrations of these two elements are much lower than the
Cadmium than the levels allowable in meat (100 and 50 ug/100 g)
Vitamins
Vitamin B6 mgl00g | 052 | o016 | o042 | o070
Amino acids
Aspartic acid mg/100g 1602 - _ _
Hydroxyproline mg/100g nd - - _
Threonine mg/100g 863 - R R
Serine mg/100g 797 - R R
Glutamic acid mg/100g 2546 - _ _
Proline mg/100g 639 - R R
Glycine mg/100g 789 - R R
Alanine mg/100g 1002 - R R
Valine mg/100g 858 - - _
Cystine mg/100g 184 - - _
Methionine mg/100g 487 - R R
Isoleucine mg/100g 775 - R R
Leucine mg/100g 1415 - R R
Tyrosine mg/100g 596 - - _
Phenylalanine mg/100g 733 - - _
Histidine mg/100g 465 - R R
Lysine mg/100g 1546 - R R
Arginine mg/100g 1181 - R R
Tryptophan mg/100g 261 - - i
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Constituents | Unit | Average | SD | Min | Max
Fatty acids
SFA mg/100g 827 0.41 478 1529
MUFA mg/100g 1253 0.87 543 2686
PUFA mg/100g 747 0.43 357 1440
n-6 mg/100g 668 0.38 321 1269
n-3 mg/100g 60 0.05 21 139
n-6/n-3 13.0 4.73 7.3 19.0
Lauric acid C 12:0 mg/100g 2 0.00 1 5
Myristic acid C 14:0 mg/100g 26 0.02 13 53
Palmitic acid C16:0 mg/100g 522 0.27 297 981
Stearic acid C18:0 mg/100g 246 0.10 152 422
Palmitoleic acid C16:1 mg/100g 82 0.04 47 153
Oleic acid C18:1 n-9 mg/100g 1040 0.76 406 2276
Linoleic acid C18:2 n-6 mg/100g 552 0.36 224 1115
Dihomo—gzz:n;r(r)lg—lr_]i_réolenic acid mg/100g 10 0.00 7 15
Arachidonic acid C20:4 n-6 mg/100g 88 0.02 73 115
Docosatetraenic acid C22:4 n-6 mg/100g 1 0.00 0 1
Linolenic acid C18:3 n-3 mg/100g 28 0.03 0 81
C20:3n-3 mg/100g 5 0.00 1 9
Eicosapentaenic acid C20:5 n-3 mg/100g 6 0.00 2 14
Docosapentaenic acid C22:5 n-3 mg/100g 16 0.01 8 28
Docosahexaenic acid C22:6 n-3 mg/100g 3 0.00 3 4
Sterols

Cholesterol mg/100g 67 2.18 65 69
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