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Abstract

This review deals with the implications of meat and meat products for humen health. It analyses the effect of the presence or
absence of various factors: [at, fatty acid composition, cholesterol. calorific value, salt, nitrite or lipid oxidation products that can
cause health problems. Bearing in mind these considerations, it then describes the strategies used in animal production, treatment of
meat raw material and reformulation of meat products to obtain healthier meat and meat products. Functional ingredients are
respon31ble for meking functional foods work, and this review therefore discusses the scope of current meat technology to favour
the presence of various active-food components, and provide an additicnal physiological benefit beyond that of meeting basic

nutritional needs. @ 2001 Elsevier Science Lid. All rights reserved.
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1. Introduction

In rich societies, conswmers increasingly attach
importance to all those aspects that improve their qual-
ity of life. Diet is not the only factor that affects well-
being and health, but it 15 one of the most important.
The aim is to have balanced, varied diets containing
even safer and even healthier foods still with a pleasant
mouthfeel. Factors that have fostered this development
include the tremendous current impact on public opin-
ion of the media on the relationship between diet and
health, the growing life-expectancy of the population
(consumers have a high purchasing power and greater
health problems and they are very eager to take part in
any initiative to keep healthy), more concern with
disease prevention, etc.

It 15 this complex situation that lies behind the spec-
tacular growth in the development of “healthier” pro-
ducts. Such products must possess one of the following
characteristics: modified composition and/or processing
conditiens to prevent or iimit the presence of certain
potentially harmful compounds, and/jor the possibility
of including certain desirable stubstances, either natu-
rally or by addition, with the subsequent added benefits
to health. The concept of “healthier” products includes
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what are known as “‘functional foods”. These are
defined as foeds that are used to prevent and treat cer-
tain disorders and diseases, in addition to their nutri-
tional value per se. In fact, this is not a new idea. for
centuries mankind has been exploiting the properties of
certain foods to treat, mitigate or prevent diseases.
However, the large amount of scientific evidence avail-
able on the relationship between food intake and the
incidence of disease has ied to a burgeoning interest in
foods that provide additional physiological benefits.

There are three basic requirements for a food to be
regarded as functional (Goldberg, 1994): (1) it is a food
{not capsules, tablets, or powder) derived from natural
occurring ingredients; (2) it can and should be con-
sumed as a part of the daily diet; and (3) once ingested, it
must regulate specific processes such as enhancing
biological defence mechanisms, preventing and treating
specific diseases, controiling physical and mental condi-
tions, and delaying the ageing process.

Meat and meat products are essential components in
the diets of developed countries. Their consumption is
affected by various factors. The most important ones
are product characteristics (sensory and nutritional
properties, safety, price, convenience, etc.) and con-
sumer and environment-related ones {psychological,
health, family or educational aspects, general economic
situation, climate, legislation, etc.). These factors are
usually closely linked to social, economic, pelitical and
geographical aspects. The consequence of all this is that
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in rich societies one of the aspects that most affects the
“image” and hence the consumption of meat is whether

it 1§ perceived as healthy. Obviously, there are some -

aspects that are currently causing a lack of confidence.
Omne of them is the implication of certain meat con-
stituents in some of the most prevalent diseases in our
society {cardiovascular disease, cancer, hypertension
and obesity}. Another is the outbreak of bovine spon-
giform encephalopathy (BSE), and Selmorella in
chicken, scandals arising from the use of clembuterol,
and more recently dioxin-contaminated animal feed in
Belgium. These two types of phenomenon are very dif-
ferent in nature, but together they help create a crisis
situation which is proving highly detrimental to the
industry.

Meat and meat products are important sources of
proteins, vitamins and minerals, but they also contain
fat, saturated fatty acids, cholesterol, salt, etc. In order
to produce “healthier” meat products we need to fully
understand their positive and negative effects on health.
Only then shall we be able to devise suitable strategies
to effectively control and adjust their characteristics to
suit our needs.

2. Implication of meat for human health

Like any other food, meat and meat products contain
elements which in certain circumstances and in inap-
propriate proportions have a negative effect on human
health. Some of these are constituents (natural or
otherwise) present in live animals, for instance, fat,
cholesterol, residues from environmental pollution or
the use of pharmaceuticals, etc. Others are added to the
product during processing for technological, micro-
biclogical or sensory reasons (salt, nitrite, phosphate,
etc.). There is a third group that is produced by tech-
nological treatment {including contaminants from dis-
infectants or detergents, toxic compounds formed
during cooking, etc.). Finally, there are those that
develop particularly in the storage/commercialisation
phase, notably the growth of some pathogenic bacteria,
the formation of certain lipid oxidation products and
the migration of compounds from the packing material
to the product.

Below is an analysis of several of the most important
aspects of the potential health problems associated with
meat consumption. Meat safety aspects like chemical
residues, emerging pathogens or BSE, although of
notable interest (Tarrant, 1998), are not dealt with in
this review.

2.1, Fai, fatty acids, chalesterol and calorific value

The general nutritional and health implications of fats
and oils is an area of research and development where

the infermation is frequently contradictory. However,
there are a number of proven facts as regards fat intake.
There is evidence that fat-rich diets, as well as causing
cbesity, are also directly related to the risk of colon
cancer. Fat and cholesterol are also associated. with
cardiovascular diseases. In light of these implications,
various international institutions, among them the
World Health Organization (WHO), have drawn up the
following nutritional recommendations: fat should pro-
vide between 13 and 30% ol the calories in the diet,
saturated fat should not provide more than 10% of
these calories, and cholesterol mtake should be limited
to 300 mg/day. Clearly, these limitations refer not only
to the amount of fat but also to the farry acid composi-
tion and the cholesterol levels in foods, of which meat
and meat products constitute a major part.

All fats do not have the same metabolism, and there-
fore the extent to which the composition of meat and
meat derivatives should be modified is closely linked to
cholesterel levels and fat intake {and the fatty acid pro-
file). Meat fat content can vary widely depending on
various factors such as species, feeding, cut, degree of
separation of the fat in the various handling phases
{processing of the carcass, cutting, preparation of com-
mercial cuts, removal by the consumer}, cooking condi-
tions, ete. The lipid content in edible lean meat today is
less than 5% (Chizzolini, Zanardi, Dorigoni, & Ghidini,
1999), so 1t can no longer be considersd an energy-rich
food. However, this is not the case of some of the lead-
ing commercial meat products, where the percentages
can be as high as 40-50% and structural disintegration
is so great that the consumer cannot reduce the high fat
content.

Fatty acid composition has a considerable effect on
the diet/health relationship, since each fatty dcid affects
the plasmatic lipids differently. Meat lipids usually con-
tain less than 50% saturated fatty acids (SFAs of which
only 25-35% have atherogenic properties), and up to
70% (beef 50-52%, pork 55-57%, lamb 506--52%,
chicken 70%, rabbit 62%%) unsaturated fatty acids
(monounsaturates, MUFAs, and polyunsaturates,
PUFAs; Romans, Costello, Carlson, Greaser, & Jones,
1994). The presence of MUFAs and PUFAs in the diet
reduces the level of plasma low-density lipoproteins-
cholesterol, although PUFAs also depress the high
density lipoproteins-cholesterol (Mattson & Grundy,
1985). Hence, 1t does not seem reasonable to describe
meat generally as a highly saturated food, especially in
comparison with some other products (e.g. some dairy
products).

The amount of cholesterol in meat and meat products
depends on numerous factors, but in general it is less
than 75 mg/100 g, except in the case of some edible offal
(heart, kidney, brains, etc.) where the concentrations are
much higher (Chizzolini et al.. 1999; Romans et al.,
1994). From meat consumption and cholesterol content
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data, it has been estimated that from one-third to one-
half of the daily recommended cholesteral intake (less
than 300mg) is provided by meat (Chizzolini-et al.,
19993,

In mdustrialised countries, although levels are falling,
some 36—0% of the total calories in the food supply
come from fat (well above the recommended limit of
30%), nearly half of which is from meat intake (Byers,
Turner, & Cross, 1993; Sheard, Wood, Nute, & Bali,
1998). Different dietary guidelines (Paneras, Bloukas, &
Filis, 1998) offer recommendations as to the source of
calorie intake: no more than 10% should come from
saturated fatty acids, no more than 10% from poly-
unsaturated fatty acids, and 10-15% should come from
monounsatarated fatty acids. Approximately 34% of
the calories in the Mediterranean diet come from lipids.
Of these, 10% come from saturated fatty acids, 18% from
monounsaterated and 6% from omega-6 fatty acids.,

The data used for fat intake {and other constituents)
are generally based on the amount of meat marketed
and meat composition parameters. Nevertheless, for a
more realistic estimation of fat and calorie intake, we
need to know the exact amount and final composition
of the products consumed, imformation that cannot be
obtained from the aforementioned data. Currently, only
about 60% of meat production (after elimination of
non-edible parts) is used in human food (Klurfeld,
1994). On the other hand, many foods, like meat,
undergo different treatments prior to consumption {e.g.
cooking), which mayv affect composition. In the light of
these considerations, Sheard et al. (1998) have indicated
that the actual amount of meat consumed in the UK is
30—40% less than that estimated by the compilers of the
National Food Survey (INFS; based on the amount of
meat purchased). Bearing in mind that these same
authors indicate that large quantities of fat {almost
25%) are released during meat cooking, the new calcu-
lations reveal that actual fat consumption {and hence
calorie content) has dropped from 18.1 (NFS estimate)

to 13.6 g per person per day. This can even be as low as |

10.3 where subcutanecous fat and skin are also removed
(as in chicken and turkey), all without any change in
meat consumption figures.

2.2, Salt

It has recently been recommended that salt intake be
reduced in light of the relationship between high sodium
levels and arterial hypertension. A large percentage of
the population possesses a hereditary predisposition to
arterial hypertension, the incidence of which is further
affected by excess weight and high sodium intake.
Sodium comes from a wide variety of foods, among
them meat and meat derivatives.

Meat as such is relatively poeor in sodium, containing
only 50-90 mg of sodium per 100 g (Romans et al.,

1994). However, the sodium in meat derivatives is much
higher becaunse of the salt content, whick can be as much
as 2% in heat-treated products (e.g. sausages) and as
much as 6% i uncooked cured products, in which
drying (loss of moisture) increases the proportion even
further. Estimations taking eating habits into account
suggest that approximately 20-30% of common salt
intake comes from meat and meat derivatives (Wirth,
1991).

2.3, Toxic compounds produced during meat processing
and storage

Like other complex foods, meat and meat products
undergo major chemical changes during processing and
commercialisation (grinding, cooking, storage, exposure
to light, ete.). These changes include the formation of
numerous compounds, many of which impart desirable
characteristics to food. Others, however, can possess
potentially harmful biological properties. The com-
pounds that can cause disease include polycyclic aro-
matic hydrocarbons (PAHS), nitrosamines and lipid
oxidation products (Hotchkiss & Parker, 1990),

PAHs result from the combustion of organic matter
in the cooking and smoking of meat and meat products,
as in many other foods. Their presence is determined by
a number of factors, among them the composition of
the product and the heat ftreatment applied. It is
important to detect variable amounts of these hydro-
carbons in certain meat derivatives, as some of them are
carcinogenic (Hotchkiss & Parker, 1990).

Sodium nitrite used in cured meat products interacts
with various constituents in the meat’s complex biolo-
gical systems. Thus at the end of the manufacturing
process only about 10-20% of the nitrite originally
added can be detected with analysis. Residual nitrite
levels can drop even further during storage and dis-
iribution, and again during preparation and consump-
tion (Cassens, 1997). Despite the technological,
microbiological and sensory advantages of. nitrite, its
use was brought seriously into question in the 1970s
because of its interaction with secondary amines to form
N-nitrosamines, chemical agents with carcinogenic
properties. These compounds, which are detected in a
number of different foods, including heat-treated cured
meat products, can form both in the preduct itself,
depending on the heating conditions, salt and nitrite
concentration, pH or ascorbate content, and also in the
consumer’s stemach after ingestion (Pegg & Shahidi,
1997; Shahidi, 1989). Recently, Cassens {1997) high-
lighted the need to review the effect on health of residual
nitrite and ascorbate in meat derivatives (the latter
inhibit the formation of N-nitrosamines). New scientific
evidence also points to the health benefits of nitrite
{and/or its reaction products).
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Polyunsaturated fatty acids and chelesterol may
undergo oxidation during the preparation and storage
of meat and meat products. This oxidation produces
numerous  compounds (hydroperoxides, aldehydes,
ketones, cholesterol oxides such as oxysterols, etc.),
some of which are believed 1o have mutagenic and car-
cinogenic effects, and cytotoxic properties. Oxidation
products are usually not abundant in foods and are well
below the threshold of toxicity. The threshold of sen-
sory detection of these compounds is alse very low,
which together with their uapleasant smell and taste,
means that they are easily detected and the food is
rejected. This 15 a mechanism te protect against expo-
sure to high concentrations of these substances, but the
long-term impact on health of continually consuming
small amounts is not known {Hotchkiss & Parker,
1990).

3. Strategies for achieving healthier meat and meat
products

As in other food sectors, in order {o achieve healthier
meat and meat derivatives (even with functional prop-
erties), it is necessary to avoid undesired substances
(natural or otherwise) or reduce them to appropriate
limits, and to Increase the levels (naturally or by pro-
gramumed additions) of other substances with beneficial
properties {(functional ingredients).

Essentially, three kinds of strategies are used to achieve
this: these are associated with animal preduction, the
handling of meat raw materials, and the reformulation of
meat derivatives. The various stages through which the
product passes before it is consumed (storage, transport,
shelf display, etc.) are important because of their effect
on meat characteristics, some of which affect human
health. The consumer-dependent stages (storage at
home, cooking, etc.), although primarily associated with
food safety, are also of importance.

Some examples of the techniques currently being used
to produce healthier meat and meat products are given
below.

3.1. Modification of carcass composition

Apart from aspects relating to food safety (Tesidues,
BSE, etc.), carcass composition can be altered at the
animal production stage.

The composition of the carcass, and hence also of
commercial cufs, varies not only according to species,
but also according to breed, age, sex, feed iype, etc. A
wide range of strategies is available for inducing chan-
‘ges in different meat constituents such as protein, lipid
content. fatty acid composition, and vitamin E level,
ete. These include genetic selection, nuirition and feed-
ing management, growth-promoting and nutrient

partitioning agents, immunisation of animals against
target circulation hormones or releasing factors and
gene manipulation techniques {Bass, Butler-Hogg, &
Kirton, 1990; Byers et al., 1993; Hay & Preston, 1954).

By selecting races and genetic lines, carcass composi-
tion has been significantly altered. This has led to a
substantial reduction in fattiness and a higher percen-
tage of unsaturated fatty acids (Hay & Preston, 1994;
Morrissey, Sheeny, Galvin, Kerry, & Buckley, 1998).

The ratio of fat to lean in pig and cattle carcasses is
affected by the diet composition and feeding levels,
particularly the energy and protein intake. In pigs,
restricting the energy mtake will reduce carcass fat, and
feeding excess protein will resuit in a higher proportion
of lean to fat (Hay & Preston, 1994). Dietary fatty acid
compasition is an extremely important part of the fatty
acid profiles of monoegastric animals (pigs, poultry) and
is less important in ruminants {cattle) where desirable
combinations of fatty acids are to be obtained for
human consumption (Byers et al., 1993) -with less satu-
rated and more mono- and polyunsaturated fatty acids.
Increasing the amount of unsaturated fatty acids in
meat means that there is a greater possibility of oxida-
tion, a process that has undesirable sensory or heaith
effects. There are several ways of minimising lipid oxi-
dation and some of them are associated with animal
feeding {Decker & Xu, 1998; Morrissey et al., 1998). A
vitamin E-supplemented diet in poultry, pigs and cattle
prolongs the shelf-life of these products. The anti-
oxidant activity reduces rancidity and helps the meat
retain its colour (Pszczola, 1998). Feeding strategies
have been successfully used to produce eggs, beef and
chicken with up to 20 times the normal level of DHA
(docosahexaenoic acid, 22:6 n-3), 7 times the normal
level of vitamin E and 6 times the normal omega-3
content of their traditional counterparts (Sioan, 2000).

By using partitioning agents like anabolisers, growth
hormones, etc., or immunisation strategies, it is possible
to alter those metabolic processes that regulate the use
of nutrients during growth, thus promoting protein
synthesis and reducing fat deposition (Bass et al., 1990;
Beermann, 1994; Byers et al., 1993). For example, the
administration of somatotropin to pigs can lead to a
60% redudtion in carcass fat, 2 70% increase in carcass
protein content and 27% less lipid content in lean tis-
sues containing as much as 40 and 37% less of SFAs
and MUFAs, respectively, and no differences in PUFAs
{Sclomon, 1994). Strategies for reducing carcass fat
content include elimination of castration, level of
maturity, and so{forth {Bass et al., 1990).

3.2. Manipulation of meat raw maierials

It is possible to intervene at any stage in the process of
transformation of muscle into meat and in the various
different stages of raw material preparation to alter




F. Jiménez-Colinenero et al. | Meal Science 59 12001 ) 5-13 g

the meat compeosition and thereby achieve healthier
products.

The desire to limit the fat content of commercial cuts
has encouraged the development of several procedures
designed to separate and/or extract both visible fat and
fat located in less accessible parts of the muscle tissue
where it is more difficult to remove. The most immedi-
ale system consists of extensive trimming to remove
external and internal fat from the carcass; further trim-
ming is done on primal cuts and, where necessary, the
defatting is completed on retail cuts. However, this is
sometimes not feasible or desirable because of lower
yields, costs and other considerations. Depending on the
type of meat raw materials and the required fat content,
fairly complex physicochemical techniques have been
applied, generally consisting of reducing the meat par-
ticle size before preparing (modifying the pH, ionic
strength of the medium, ete.) and then proceeding to the
actual extraction or separation processes based on
cryoconcentration, centrifugation, decantation, etc.

3.3. Reformulation of meat products

Depending on the product type (composed of identi-
fiable pieces of meat, coarsely or finely ground, emul-
sions, cooked, cured, etc.), one of the best moments at
which to alter the composition of foods is perhaps dur-
ing one of the preparation stages. At this stage refor-
mulation is used as far as possible to develop a range of
derivatives with custom-designed composition and
properties. For this there are two possible types of
complementary intervention. The first involves reducing
some compounds normally present in these foods to
appropriate amounts, for example, fat, SFAs, salt,
nitrites and so on. The second is to incorporate ingre-
dients that are potentially health-enhancing (func-
tional), for example, fibre, certain types of vegetable
protein, MUFAs and PUFAs, antioxidants, etc.

There are numerous aspects to be taken into account
in the development of these kinds of products (Iiménez-
Colmenero, 2000). The new meat derivative must have
the appropriate technological, sensory and nutritional
properties, and be safe and convenient for consumption,
etc. Ignorving such requirements, which are demanded
by the reference products if they are to be improved, not
onty compromises the success of the derivatives con-
cerned but also projects a bad image of these meat
derivatives and creates a lack of confidence which is
difficult to surmount. Some examples of meat product
reformulation processes are given below.

3.3.1. Reduction of fai content

Generally speaking, fat reduction is achieved by
reformulation. This consists of combining pre-selected
meat raw 1aterials (Jeaner and of known compasition)

with appropriate amounts of water, fat (animal or
vegetable depending on the new composition), flavour-
ings (with modified formulation) and other ingredients
{fat replacements or substitutes), which coupled with
technological processes give the product certain desir-
able characteristics, such as improved composition,
sensory and technological properties, safety, nutritional
value, convenience, etc.

Consequently, the development of low-fatr products
means that factors associated with meat raw materials,
non-meat ingredients, and manufacture and preparation
procedures (Jiménez Colmenero, 1996; Keeton, 1994)
together with other factors such as the characteristics of
the new derivative must be taken into account. These
characteristics include the class of product (patties,
frankfurters, bolognas, etc), the final composition
desired (percentage and fat type, protein, salt, etc.), and
the processing type required (cooking, smoking, dry-
curing, etc.). All these factors affect the various quality
attributes, and it is hard to determine their behaviour
beforehand when such variables as composition, pH,
lonic strength and some physical and chermcal properties
are introduced.

3.3.2. Modification of the fatty acid profile

There are essentially two procedures whereby meat
fatty acid composition can be altered, simultaneously
with fat reduction or otherwise. The first of these is to
use genetic and feeding strategies (discussed earlier) to
improve the degree of lipid unsaturation. Sausages con-
taining high concentrations of monounsaturated acids
have been made with meat raw materials from pigs fed
on saffiower, sunflower and canola oils (Sackelford,
Miller, Haydon, & Reagan, 1990; St. John, Buyck,
Keeton, Leu, & Smith, 19863,

The second procedure consists of replacing part of the
animal fat normally present in the product with another
more suited to human needs, Le. with less saturated

fatty acids and more monounsaturated {oleic) or poly-

unsaturated acids, and with no cholesterol. Although
simple fat 1_epiacement does not reduce the caleric con-
tent, it does greatly improve the nutritional qualities of
the product. Both fish oils {omega-3 polyunsaturated
oil) and vegetable oils (partially hydrogenated from
corn, cottonseed, palm, peanut and soybean, peanut,
high-oleic acid sunflower, cotionseed, olive) have been
used for this purpose in products such as patties and
sausages (Liu, Huffman, & Egbert, 1991; Marquez,
Ahmed, West, & Johnson, 1989; Park, Rhee, Keeton, &
Rhee, 1989; Paneras et al, 1998). Depending on the
kind of oil, products mdy present some differences
(including sensory differences) from their reference pro-
ducts, but these differences can be readjusted by means
of one or more strategies for the production of low-fat
products (Jimenez Colmenero, 1996),
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3.3.3. Reduction of cholesterol

In the last few decades there has been a clear drop in
the fat content of carcasses, but there is no easy way of
determining whether the same is also true of cholesterol
content (Chizzolini et al,, 1999). There are two basic
reasons for this. Firstly, comparisons are difficult
because analytical methods have improved so much in
recent years. Secondly, the amount of intra- and inter-
muscular fat is not always directly related to the cho-
lesterel level. In dry matter, the amount of chelesterol in
beef, pork, lamb and pouliry lean tissue may be as much
as twice that present in adipose tissue, but in wet matter,
the cholesterol content of lean tissues is slightly lower
than that of adipose tissue (Mandigo, 1991). This goes
some way to explain why the cholesterol content of
meat products is not clearly related to the fat content
(within wide margins: 1-35%), even after cooking has
caused weight loss by eliminating water (and to a lesser
extent, fat as weil), and changed the composition
(Hoelscher, Savell, Harris, Cross, & Rhee, 1987). The
reduction of fat in beef patties (from 20 to 9.8%) and its
replacement by lean meat does not lower cholesterol
{Egbert, Huffman, Chen, & Dylewski, 1991). Reducing
the percentage of fat in the product therefore does not
seem to be a viable method for lowering cholesterol in
meat derivatives. It has even been suggested that when
fat is reduced by increasing the propoertion of lean meat,
the cholesterol level in the product may even increase
(Mandigo, 1991).

Products with less cholesterol can be obtained by
replacing fat and lean meat raw materials (since dietary
cholesterol is strictly linked to animal cells) with other
vegetable materials containing no cholesterol. A num-
ber of meat products (sausages, patties, etc.) have been
reformulated by reducing and/or partially replacing
animal fat with vegetable oils (peanut, cancla, sun-
flower, olive, etc.) and adding vegetable proteins {soy,
maize, oats, etc.). For example, the use of peanut oil to
replace 60% of the beef fat in frankfurters containing
29% fat reduced the cholesterol content by more than
35% (Marquez et al., 1989). Paneras et al. (1998), using
olive, cottonseed and soy oils, obtained frankfurters
(10% fat) with up to 59% less cholesterol than normal
frankfurters containing 30% animal fat.

3.3.4. Reduction of calories

In keeping with dietary recommendations, both the
total caleric content and the percentage of calories from
tat (also the fattv acid profile) will be the new criteria
for evaluation of consumer-manipulated foods. They
are therefore a key consideration in designing the new
composition of any product. The calorific values (per
gram) of the principal components of foods are: fat 9
keal, proteins 4 kcal and carbohydrates 4 keal, Calorie
mtake is most frequently limited by reducing the pro-
portion of fat, where the content is more than twice that

of proteins or carbohvdrates, but the role of fat
replacement should not be ignored.

Simple fat reduction helps limit the calorie intake
from meat products, but in many cases this may not be
sufficient to meet WHO's dietary recommendations. For
example, in products with 10-12% protein and 25-30%
fat, over 80% of the calorie intake comes from lipids.
In meat derivatives containing only 6% fat, as much as
50% of the calories come from fatty compounds. It is
only possible to reduce the intake of fat from lipids
to 30%, either by drastically reducing fat content to
around 2%, or by diluting it with fat replacements or
substitutes that improve the protein/fat/carbohydrate
balance (Shand, Schmidt, Mandingo, & Claus, 1990).

3.3.5. Reduction of sodium content

Sodium reduction requires partially substituting the
sodium chloride added to meat derivatives by other
compounds that have similar effects on sensory, tech-
nological and microbiological properties. The extent to
which salt levels can be limited depends on the product
type (Wirth, 1991).

A number of compounds have been used for this
purpose, among them chlorides other than NaCl, such
as potassium and magnesium salts. Although total sub-
stitution of NaCl does not seem possible because of
sensory reasons, a combination of sodium, potassium
and magnesium salts may produce satisfactory results.
A case in point are certain commercial preparations
used in the meat industry, which contain 43% less sodium
and do not have the sensory disadvantages frequently
associated with NaCl substitutes (Pszczola, 1999).

The addition of phosphates to meat products reduces
the negative effect of lower salt levels by improving
sensory and technological properties (e.g. fat and water-
retention capacity) and it does not raise the sodium
levels, Moreover, the antimicrobial and antioxidant
activity of phosphates promotes product stability. The
exteni of these effects depends on a number of factors,
including phosphate type and concentration, the pro-
duct pH, the NaCl content, the presence of other inhi-
bitors (e.g. nitrites or sorbates), the heat treatment used,
etc. With phosphates, the salt normally present in a
meat derivative can be reduced by as much as 50%.

In the meat industry, salt levels can be reduced by
lactates, as flavour enhancers and inhibitors of micro-
bial growth, and by collagen hydrolysates as flavour
enhancers. Texture can be altered and binding proper-
ties improved by the gel-forming properties of calcium
alginate (which unlike other hydrocolloids forms
chemical gels at low temperatures) or the activity of
transglutaminase, which aid certain protein interactions.
These new methods are particularly useful to the meat
industry for restructured products, since all these prop-
erties are also imparted to non-heat-ireated products
with little or no salt or phosphates (Pszczola, 1999).
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3.3.6. Reduction of nitrites

There are two basic strategies for reducing the poten-
tial heajth risks of nitrites in meat products. One is to
reduce or eliminate the addition of nitrite, and the other
is to use N-nitrosamine inhibitors.

N-nitrosamine production depends on the residual
nitrite level. Reducing this level will lower the risk of
these carcinogenic compounds forming. In fact, residual
nitrite has been substantially reduced (as much as 80%)
in the last few vears. This change has come about
thanks to the addition of less nitrite, the increased use of

“ascorbates, improvements in manufacturing processes
and changes in composition (e.g. larger proportions of
ingredients; Cassens, 1997). Nevertheless, N-nitrosa-
mine production cannot be totally eliminated while its
precursors (nitrites, amines and amino acids) are still
present. Alternatives must therefore be found, but this is
not easy because of the numerous reactions of N-nitro-
samine with the complex biological systems present in
meat. Indeed, it is impossible te find any single com-
pound capable of replacing the functions of nitrite. The
solution must therefore be to combine several com-
pounds, which together have a cumulative effect on
colour, flavour, and antioxidant and antimicrobial
activity.

Proposals for alternatives to the celouring effects of
nitrites range from using colorants like erythrosin to
forming the same pigment that occurs naturally in the
cured product (monomnitrosyl ferrohemochrome) outside
the meat system and adding it later (Pegg & Shahidi,
1997). The flavour of cured products is associated with
the cumulative effect of very small amounts of numer-
ous compounds. The role of nitrite in flavour appears to
be related to its antioxidant activity, which prevents a
further buiid-up of these substances. To reproduce this
property, there have been assays combining chemical
antioxidants and chelating agents. Sorbic acid and
potassium sorbate, sodium hypophosphite, fumaric acid
esters, parabens and even lactic acid-producing bacteria
have been used to reproduce the microbial action of
nitrites (Shahidi, 1989).

Compounds like ascorbate and erythorbate help inhi-
bit the formation of N-nitrosamines, but their solubiiity
in adipose tissue is too slight for them to be really
efective. There have been studies on the action of sev-
eral liposoluble derivatives of ascorbic acid (L-ascorbyl
palmitate, long-chain acetals}, combinations of #-toco-
pherol and ascorbate, and lactic acid (Pegg & Shahidj,
1997). In recent years there has been a noticeable
increase in the residual ascorbate in commercialised
meat products (Cassens, 1997).

3.3.7. Incorporation of functional ingredients

The action of functional foods is based on the use of
functional ingredients. The health benefits of certain
substances in food have been recognised for some time

S0me  MICTroorganisms

now. It 18 however only more recently that their role in
the treatment and prevention of various diseases, or
their long-term: impact on ageing processes, has been
established. Twelve broad groups of ingredients (of
animal and vegetable origin) have been identified -as
having potertially beneficial effects for human health
(Goldberg, 1994): (1) dietary fibre; (2) oligosaccharides;
(3) sugars/alcohols; (4) amino acids, peptides and pro-
teins; (3) glucosides; (6} alechols; (7) isoprenes and
vitamins; (8) choline; (9) lactic acid bacteria; (10)
minerals; (11) unsaturated fatty acids; and (12) others
not incladed in the preceding categories (e.g. anti-
oxidants). Many of these ingredients have been or are
currently being studied, and the results obtained are
very different. The effects of the habitual transformation
and conservation processes on the specific activity these
ingredients should also be assessed. The use of one or
more of these ingredients in meat products has opened
up an enormous range of possibilities, some of which
have been investigated and even commercialised. Yert
there is much still to be done in what will surely be ons
of the most important areas in the coming years. Some
examples of functional ingredients in meat derivatives
are given below.

Dietary fibres from oat, sugar beet, soy, apple, pea,
etc., have been inciuded in the formulation of several
meat products such as patties and sausages (Cofrades,
Guerra, Carballo, Fernandez-Martin, & Jiménez Col-
menero, 2000; Keeton, 1994; Troutt, Hunt, Johnson,
Claus, Kastner, & Kropf, 1992). In many instances,
these dietary fibres not only have beneficial physi-
ological effects thanks to their resistance to hydrolysis
by digestive enzymes, but they also generate important
technological properties that offset the effect of fat
reduction, Inulin, a polymer of fructose with health-
enhancing properties extracted from chicory (Pszczola,
[998), is being used in products like sausages or cooked
ham.

Protein derivatives of vegetable origin have been used
in meat products for technological purposes to reduce
formulation costs and they have even been used for
their nutritional vaiue. Soy and sunflower proteins,
wheat and maize derivatives, and flours from cottonseed
and oats, some of which contain heaith-enhancing sub-
stances, have all been used as fat replacements (Keeton,
1994). For example, soy has been described as useful in
the prevention and treatment of cardiovascular diseases,
cancer and osteoperosis, and in the relief of menopausal
symptoms (Hasler, 1998). Sunfiower protein is rich in ¢~
arginine, which combined with & low t-lysine/L-arginine
ratic, is extremely useful in the prevention of hypercho-
lesterolaemia and platelet aggregation. The meat indus-
try has not been biind to the beneficial effects
{cholesterol reduction, anticancer and combating of
enteric pathogens and other intestinal organisms) of
traditionally  occurring  in
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fermentative processes. For instance, some makers are
commercialising “chorizo” (dry fermented sausage)
inoculated with “active bifidus” and “Lactebacilus
casei” and freated in specific conditions to ensure
microbial activity. This activity helps digestion by
reducing the absorption of fat and cholesterol and
promoting the assimilation of nutrients.

As mentioned earlier, the unportance of the lipid
component in food for health has prompted the emer-
gence of various procedures (raw materials and refor-
mulation of products) to alter their presence both
guantitatively {reducing their proportion) and qualita-
tively (for example, promoting the presence of omega-3
fatty acids and oleic acid}. In addition to these changes,
the lipid material also undergoes changes during meat
processing, which can be beneficial to health. Con-
jagated linoleic acid has recently been detectad in
cooked meat. This compound is useful because it I3
anticarcinogenic and it occurs precisely in heat-treated
meat products in which some mutagenic and carcino-
genic substances have been found (Hasler, 1998).

A number of strategies are being used to enhance
antioxidant activity in meat systems and to reduce the
formation of oxidation products with their subsequent
mmpact on ageing, cancer and cardiovascular disease
(Decker & Xu, 1998). Some are based on intervention in
raw materials, for instance modification of animal diet
to increase the amount of endogenous antioxidanis
(vitamin E, carotenocids, etc.), to reduce the amount of
pro-oxidants and/or to alter the oxidisable substrate
(fatty acid composition}. Others improve oxidative sta-
bility by acting upon the very processing, for insfance,
exogenous antioxidants (nitrite, phénolic antioxidants,
tocopherols, plant derivatives, chelating agents, etc.) are
added and packaging technologies are used to limit the
presence of oxygen. There are currently a number of
vitamin C and E-enriched meat products on the market
(e.g. sausage and cooked ham).

4. Final considerations and conclusions

There can be no doubt about the importance of food
for human health, and also the subsequent need for
control of the nutrients consumed. Meat and meat pro-
ducts are essential components of our diet, they contain
compounds like fat, fatty acids, cholesterol, sodium,
nitrite, etc., which can have an effect on health, How-
ever, the true role of meat and its derivatives can only be
fully understood by determining the amount of these
compounds in meat in comparison with other foods, i.e.
considering the elements in our diet all together. More-
over, in many cases product preparation leads to chan-
ges in composition, which must be taken into account if
we are to have a real idea of the nutrients present in

food when it is consumed rather than when it is pro-
duced or sold.

Meat and its derivatives may be considered functional
foods to the extent that they contain numerous com-
pounds thought to be functional. The idea of using feod
for health purposes rather than for nutrition opens up &
whole new field for the meat industry. In addition to
traditional presentations, the meat industry can explore
various possibilities, including the contrel of the com-
position of raw and processed materials to produce
design foods reformulated fo have specific properties,
for example, fatty acid profiles, the inclusion of anti-
oxidants, dietary fibre, probiotics, etc. In many such
products it may be necessary to use new ingredients
and/or methods which affect the technological,
micrebiclogical and sensory properties.

Several aspects of these products need to be con-
sidered. The continued bio-availability of many of the
functional compounds should be ensured throughout
the various stages of processing and commercial stor-
age. Furthermore, the optimum levels of the biclogically
active components should be established in order to
ensure that their effects are genninely beneficial in the
concentrations and conditions in which they are
consumed (Hasler, 1998). ,

Knowledge, variety and moderation are the key ele-
menis of diet and nutrition. Having a balanced diet is
the consumer’s responsibility, but the food mdustry
should also co-operate and provide a wide range of

© products in response to this need.
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Meat, a concentrated nutrient source, was traditionaily
considered essential for oplimal growth end development,
This reputation dirminished  as enthusiasm for the lipid
hypothesis gathered pace. The meat industry has worked
steadity to reduce the far content of red meat achieving
significant results, Progress continues with both total fat
reduction and modifications to the fatty acid profiles.
Recent concerns over intakes of certain micronutrients in
vulnerable age groups, particularly iron, zinc and vitamin O
are highlightesi. is this a posithve opportunity for lean meat-—

oy

now a refatively low fal, natural, nutritional supplement?

This review summarizes the changes in the nutritional
composition of red meat over the past 20 yvears, focusing on
the positive nutritional opportunities, within the confines of
current scientific opinion angd policy on human nuiritional
needs, 2008 Published by Elsevier Science Lid, All rights
reserved,

The role of red meat in the British diet today
Is there a place for meat in the modern diet!

Tr cednmnal cmeal was considered a highly nutritious
food, hghly a-‘;m‘md_. and associated with good health
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and prosperity. As such western socicties gradually
mcreased consumption with inereasing afffuence. This
healthy imuge for red meat has gradually been eroded
sinee the 1980s. The fipid hvpothesis focussed attention on
the fat contributed from meat. The British Government's
Committee on Medical Aspects of Food and Nuirition
{COMA) report on coronary heart disense {CHD} in 1984
identified meat as a4 major source of suturated fatty acids,

contrbuting a guarter of UK intakes [1]. Although the
multifactorial nature of CHD rsk is now widely
acknowledged [2.31, the health image of red mest remaing
tarmished due 1o s negative association with fat. and
more recently due o non-nutritional issoes including

animal health concerns such as boving spongiform

encephalopathy (BSEL

Vegetarian studies have been used to explore the
assoclations between diet and chronic “western diseases
of affluence’. Since meat intake is by definition the
obvious difference between such diets, these studies have
often exaggerated the health benefits of 2 vegetanan diet
whilst reinforcing the negative health image of meat. It
has been recogmzed for some time [4] thar although
vegelarianism secms to confor some protection against
heart disease. 11 i3 not clear if this is due to abstinence
from meat or high consumption of vegetables. Addi-
tionally vegetarians have tended to be more healih con-
scious. such that other biestyle factors may influence
their health—thev traditionally smoke less, consume
less alcohol, tea, and coffee. and tend to exercise more

The influence of physical activity is becoming a more
significant factor as research consistently points to the
profound importance of physical inactivity as a prime risk
factor for CHD, obesity. non-insulin-dependent diabetes,
hvpertension and general long-term health {571 Meat-
eating groups typify Western society and tend 1o be
dominated by sedentary. physically inasctive subiects.
with Httle interest in diet.

Typical Western omnivorous diets over the last 40
vears have been relatively high in protein and fat with
msufficient dictary fibre. and frut and vegetables. It is

just as plausible that meat intake is qeting as a marker

for a senerally “unfiealthy” diet. as measured by
dictary standards [8-11

With a lmited range of foods available in primitive
societies throughout history, meat was important as a
concentrated source of a wide range of nutrients [12].
The significance of meat to nutrient intzke depends on

todav’s

2000 Published by Lsevier Stience Ltd. All vights reserved.
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206 content of meat was responsible for
tnereasing thrombotic tendencies in Western societies
are too simphstic. The p'c‘ nce of large amounts of
linofete sod {18:20-0) in current diets results in plli‘ima
increases of linoleic and arachidonic acids only. How-
eyver. in the ;1bxs.nm of linoleic acid, the long dmm -6
and #-3 PUFAs present m fean meat can influence the
plasma pool. increasing plasma  eicosatrienoic  acid
(24:30-0), 246, and ewosapentanoic acid (20:50-3),
and nrobably reducing thrombotic wendencies. It is the
wnbalunce of 760 523 PUFAs in the diet. brought about
by exeessive 2n-6 that causes high nssue 20:4n-6
fevels, so metabolism 10 elcosanoids
[26.27).

Meut is assoviated with cholesterol and although it is
now accepted that dietary intake of cholesterol has lttle
bearmg on plasma chelesterol, for consumers this is
another negative influcnce on meat’s health image. A
recent review of the cholesterol content of meat indi-
cates surprisingly that levels of cholesterol are generally
not higher in fatty meat or meot products. The choles-
terol content of a meat is related to the number of

2t 1% a source of uimc,hidoxm, aud

encouraging

muscie fibres so tends to be higher the more red the
musele. Meat contributes between one third to half of

UK daily cholesterol intake [28.29].

How reductions in the {at content of red meat have

been achieved

}qum TVaars ago red meat and meat products con-
tributed 26.4% o total daily UK fat mtake [30]. Most
of the visthle (sahcm;msmm fat was consumed with the
meat. by the eurly 19805 the red meat indusiry began to
shift production systems to favour less fat, reflecting
more energy etficient amimal hushbandary. The fat con-
tent of the curcase has reduced in Britain by over 30%
for pork, making Briush pork virtually the leanest in the
world, [3% for beef. and 10% for lamb, with further
reductions anticipated for beef and lamb over the next
5-10 years. These uchicyements.are-dug-ta-3-faclos
selective Z]}rcc{ij_;},g Jnd.deeding .practices..designed.-1o,
increase the carcase lean fo fat ratio; official carcase




classification systems cicsiém_d to i‘lwouz' leaner produc-
. “tion; and modern butchery techniques {seaming out whole
muscles, and mmmmc away all intermuscuiar faty. It is
easier 1o appreciate the process and extent of fat reduce-
tion by looking at the changes over time {or a single cut
of meat such as a pork chop (Fig. 1) :
The reduction in fat for piz meat is well iltustrated by
the trend downwards in P, fat depth from 1970s-1990s
(P, is fat depth at the position of the last by (Fig. 23
Smce 1992 1t has remained swmable at sround limm,
Although updaited compositional figures for British meat
were published from 1986 onwards [31-34], it is only since
updated supplements to the MeCance and Widdowson
tables were published 1 1995 [35.36] that the achieve-

ment of the meat mdustry in reducing the fat content of

meat has been more widely acknowledged [20.27% The
reduction in fat in red meat and meat products s now
refiected tn NFS duta that shows a decreased contribu-
tion from 22 g in 1991 to 14.3 g in 1998 {38].

A fat audit for the UK to wrace all fat in the human
food chain provides useful information to illustrate the
reduction in fat intake from meat between (9821692,
compared with other foods [39] (Table 1), This duw

- provides a more accurate picture than NFS data for iden-

19505 - 1970 [30]
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tifving principle sources of fat in the diet. [ illusirates that
whereas the fat contributed by red meat reduced by nearly
a third, that frofm fats and oils as a group inereased by a
third to contribute nearty half of our fat intakes. This
striking picture is lost in NFS data since vegetable fats
{in particular) are consumed within 4 broad range of
end products: from chips (so hidden within the vege-
tables section) to meat products {so artificiallv inflating
the apparent fat contributed by mear).

The fat content of meat products can vary con-
siderably, dependent on the proportion of lean and far
fromy meat us well as the other ingredients [40] Tradi-
tional types such as sausages. pastry-covered pies and
salami are high {8t fup 1o 30%) but modern products
mchude ready meals and prepared meats that can be low
m fat (5%%). ?he trend downwards in fat for red meat 13
reflected 113 the reduced fai content of @ number of meat
products, \ud as hams and sausages. Some reduged-fal
meat products.are now available although the potential
for product development 1n this area has not been fully
expietted.

Saturated farty acid content of meat

Much of the discussion of the Tat content of red meat
has incorrectly focused on the saturated fat content. It is
commonly assunted that all the ta in meat is salurated,
vet meal contains a mixture of fatty acids. and as the fat
content of red meut has reduced so the fatty acid mis
has changed with% saturated {at lower than in the past,
Pork and beef are less than 30% sarurnted, lamb is 31%
satarated and poultry 30% saturated.

The nwin saturated fuis in red mes

are palmitic and
stearic ackd. Not all suiup ;1‘5;,@ i iu scids have a chol eslern
i s cutrad Myristic acid s
] i 1o be the miost gtherogenic and has < four dmes the
cholesierol raiging pmez}zml of paimitc agid 1411 There
are Gn‘\ minor amounts of myristic acid in meat.

Table 1. Total fat available for consumption (UKL Source:
Ulbricht I-ﬁ}
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less moncunsaturles than red meat.
‘o gxample average vhole milk conmins 119% mono-
unsiturated fatty aoids (43], Bu. bamibr and pork provide
useful amounts of long polvunsaturated fatly
;.igids. spectfically 20:30-60 200406, 20050-30 and doc-
ssapentanoie (22531 (25 440 Richest dictary sources
}-Lf, & include bver, kidney and turkey, with smaller
guantities found m beefl Lonb. pork. und chicken {Table
23y Significant losses oveyr with cooking for some fany
acids more .“-,szrsLL[?'L" ste to oxudation. purticularly the
miore Righly unsaturaied C20 and €22,
Docosuhesanowe sad (DHA, C22:60-3) 1% an essential
fatty acid in the development of the ONS in the new-born
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Table 2. Fatly acid composition of muscle rom English beef,
lamb and pork From Enser et al, 146]

Fatty achd Percentage by weight

of total fatty acids

Beoef tamb Park

a 6‘3’1¢{! )UH
0.36020.230

G L didl

Torhinodogy 11 12000

Lower concentrations of DHA are seen in cord artery
phospholipids of vegetarians and in the breast milk of
vegan mothers compared 1o omnivorous controls. The
Full significance of these Hndings remain uncertain but
abnormeahties in viswal and cortical functioning are seen
i 1erm and preterm infants deprived of DHA 113,44 43]

Production systems for monogastiics and ruminants
will influence the faty acid profile of the resultant meat.
This 15 easier for monogasines and more progress has
been achieved with pigs than with ruminants, Inclusion
ol vegetable ng? fish oils in prg feeds resulis in significant
LTS0S i H- PL%— A [46.471 Leskanich et s [48] has
tiinstrated that such feeding regimes can produce pork
roducts m{h e ni half the daily recommendation for
20:3n-3 and 20:6n-3 (2 pork sausages providing 81 mg).
The rumen 31}*’(;%1‘051@31&1&:} unsaturated dictary fat, mak-
g it more difficult to modify the fatty acid profile of
ruminant meat, Nevertheless, some dietary unsaturated
far will bypass the rumen for deposition n fat stores.
and feeding linseed ami fish oils results in beef with
mereased #-3 PUFA levels [491 Grass-fed amimals have
i‘ngncr concentrations Q! z-linolenic acid compared with
gram-fed, and beel and lamb have Tavourable a-6:n-3
ratios {46]. Meat along with fish provide the only sig-
nificant dietary sources of C20 and €22 1-3 fatty soids.
and for countrics like Britain where fish intakes remain
low. the contribution to the diet from meat is sig-
nificant, despite ashsolute levels in meat being low rela-
five to fish {46.50]. Further research is required to fully
reglize the potenoal for modiication of the fatty acid
composition of red meat o more closely match human
nutriticnal needs. Clearly, however, it 1s inappropriate
to class the fa from meat as "not useful™ in this respect.

Ruminant meats provide a source of frams fatty acids,
contributing arcund 18% of total intakes. These are
formed during bichvdrogenation 1 the rumen. It
appears from an analysis of 14 European countries that
the fat content of meat does not correlate with the per-
centage of frans fatty acd content [511 Frans fats have
been  highlighted as contributing to  atherogenesis,
although the hvdrogenated futs from vegetable sources
tsed in bakery goods and other processed foods appear
to be more of a concern than the natursl rrans fats
found in ruminant meat and milk fats [50]. At the levels
currently consumed in the UK. (2% of distary energy)
rrans fatty actds do net present a problen, whereas in
the USA. where there is much greater reliance on pro-
cessed foods, the consequent higher mtakas (6% of
dietary energy) are Ccausing some concern,

Conjugated linoleic acid (CLAY a mixture of geo-
metric and positional isomers of Hnoleic acid, is only
found m useful amounts in meat {especially from rumi-
nantsy and dairy products. Seventy-six to 93% of the
CLA in meat and mlk 1¢ in the form of ¢is-9, rrans-11-
octadienoic acid. Interest in CLA continues {0 grow as.
it has heen known for some years that small amounts . -




(D 1% of the diet) have anti-mutagenic activity in ani-
mal models, regardless of the amount and ivpe of fat
consumed 1n test diets [32.33]. The potential for human
nutritton is not known and the content of CLA in
human diets requires accuratz confirmation. Estimates
for 1t's content in meat, which is affected by the feed
regime, range from 0.6 mg/z fat for US pork to 14.9 mg/
g fat for Australian lamb [54]. Interest in the potential
for CLA to increase lean body mass and reduce body fat
when mchuded in chicken and pig diets has dominated
research on CLA due to the more tangible benefit to
animal production. The significance of CLA in human
diets and 18 anti-cancer properties deserves serious
consideration.

But ism't fat important for meat cgucdei\;ﬁ”

Extensive rescarch worid-wide fins shown that meat
quality 1s influenced by a host of variables, c.g. pre- and
post-slaughter handling, hanging time. age ar slaughter.
and that faf content is not a prime uszmd sration uniil i
reaches very low levels for example 2% mirg-muscular
fat 1 beel {533]. Reducing mmtramuscular fat levels down
to 5% with perhaps greater reductions in subcutaneous
and intermyuseniar fat levels will make a positive con-
tribution for human nutnoon withou! jeopardising
meat quakity [28]. Modern eating pructices positively
influence the way meat s consumed 1o further reduce
meat fat levels. Strips for stirfrvs, cubes for casseroles:
kebabs, and pre-marinaded quick cook steaks all have
less need for basting far and fat as a fAavour provider,
and require trimming of any mtermuscular fat for opii-
mum presentation.

There s sull a demand for large joirits o satisty the
rapidly expandmg foodservice industryv, where some fat
enhances the cooking, but anv visible fat can stli he
removed by the end user. The challenge for public health
nutritionists is to encourage the consumer o treat the fat
on meat as they would, say, the peel on an orange. as
waste. Although there 15 a functional reguirement {or
some fat in our diet, there is far too much in todav's {ood
supply. relative to our sedenmtary lifestvles, Anv excess
fat from meat is unlikelv to make a positive contribu-
tion to the adull diet. unlike the leun component, How-
ever individuals should have the opportunity 1o choose
for themselves which sources of fat they include in their
diet, within their 1deal daily allowance.

Red meat as a source of protein and micro-
nutrients

Meat 15 an umportant source of 8 wide range of

micronuirients [35.36.40] Asde %mm those notrients
discussed betow. meat contains useful amounts of cop-
per, magnesium, cobalt, phosphorus. chromium and
mekel. The real contribution meat makes 10 the diet
should be measured 1 terms of nutrient availability for
some micronuirents.

countrics, (toddlers. adolescents and wome
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Meat is a significant source of high biclogical value
protem. contribaiting 28.7% to the average diet in Brit-
ain [38]. The protein (iuzsm of different mears and cuts
varses according o the fat content. Meat is a rich source
of essential amino acids and as such it can be of pari-
cular benetit 1o those where muscle tissue is being
rebuilt. e.g, athletes. post surgerv. Meat is rich in taur-
me. essential in newborn infants whao are less able to
synthesise this amino acid from cysieme, The sie-
nificance of lower levels of wuring in the breast milk of
vegan mothers is unknown.

Dhiring the 1980s. the cmphasis on a prodent dist for
health that recommended just 11 E% [36] from protein
perhaps further encouraged a disregard for the nuwiri-
tional benefits offered by meat. Recent interest in the
use of high protein dicts (25E ‘%,,l for weight reduction
have uiilized the higher satiating properties of protein,
important for dietary compliance. and achieved sig-
nificantly more weight loss over a six month dietary
mtervention compared with low (12E%) protein diets,
These results were achieved withont adverse effecis on
renal function {37.38]

fraon and meat
Red menlis un excellent source of fron. having 30-60%

i the haem form. This is absorbed by a more efficient

mecharism than the non-haem iror fourd in plant foods.

Absorption of iron from meat i typicaliy

rred with 1-7% from plant sources [39] Meat provides

an asz‘em‘cd source of iron as it s Laz‘mﬁcc{cd by the numer-
s inhibitors of iron absorption such as phy

FIESZEYS . com-

viale in cor-
s, Meat also enhances iron absorption [rem plant
md.\. s0 the presence of meat in a meal canr double the
amount of iron ahsorbed from the other components of
the meal. The exact mechanism for this. aithough not
confirmed, is believed to be due to the fron-binding
capacity of cysteme within pepiides f{ﬂ%{)"i’;l}‘i? protec-
Tvsis of meat musche, Although the absolute iron content
ol whife meats. c.g. chicken. and meai pwdmt\ may
appear low compared with some plant food sources. this
enhuncing function and their better iron availa ;11 59
muakes them useful contributors to iron inmakes. Cooking
m ren o steel atensils can increase the fron content of the

meal due to this enhancing effect of meat.

Meat contributes about 14% of total iron intake 138].
Despite reduced red meat consumption in recent vears,
this figare grossly underestimates the value of meat for
1ron status and it remains an important influence due 1o
it's enhancing properties. (ron deficiency anacmia is the
commonest deflciency in the world Ltw(‘[ Sub-optin 3
iron intakes in vulnerable groups within develoaned

1 oof a;hi%d—
bearing age) have encourazed renewed inferest in it.
as an assured source of haem iron [18.39, ﬁ(ﬁ he
COMA report on “Weaning and the Weaning Diet [61]
recommends that foods containing haern {ron should be

Hie
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inhibitors such as

phviate and ovalate. which are found in arger minounts
m vegetarion and vegan diets, This eaplains the % wding

several studies of lower plasma 7ine In vegstarians myi

vegan individuals, despite bighor intakes 16

In mectaholic studies, zine absorpiion and refantion
greater o high-meat diets, compured 0 fow-meat or
rinc-supplemented dicts [67] Moot 150 thus, a z‘%‘;zijm‘
influgncer of zine status, ‘apn oximately 20-40%5 o
i3 absorbed from meat, which v the maior contn
1o zine ntakes i developed countries. Sub-onptimal zine

intakes in the diets of infanes, children and yvoung peo-
ple have been highlighied i recent Brush national
reparts, where meat is providing up (o just
zine intakes. compared 1o 0% of adelt mskes
[18.61.68]. Concern over zine status has prompted the
Brepartment of Healih 1o sugee w‘a‘ incrcae-zrag meat per-
tion sizes for weaning infants [63

AR
v of total

Selenium and meat

Selenium is one of the major antoxidants considered
10 proiect agamst coronary heart disense and cancers.
Meat provides abour 0pg selenium per 100z of meat,
which 15 about 25% of the day’s requirement,

Bioavailability of sclenium from plant {oods was
thought to be greater than that from anmmal foods, bui
vecent data demonstrate that mest. raw und cooked.
provides a highly biowvaiiable sourcs [69].

Chatathione and it

Meat s one of the richest nurural sources of glu-
uithione which is an mportent reducing agent provid-
imeg o major cellular defence against o variety of
toxicologica! and pathological processes. Glutathione is
active in the intesiinal taet, reducing the mutagenicity
of aflatoxing and it inhibits [ormation of mutagens in
model svstems [7UL 1t alse muwntains ascorbate in a

reduced and functionu forme Glutathione™s importance
in the defence against a,hmzm disease provides positive
potemtial for meat and merits further research [70.711

“‘vhui is a usefol souree of all B vitarmins except folate
and biotin, Thiamin and f';hof'im‘m are found in wseful
amounts and pork (incfuding its products, such as bacon
and ham) is one of the richest sources of thiami, typical
servings providing the daily requirement. A single por-
tion (100 o} of Hver and i\:i{h‘za_} orevide motre than the
daily requirement of riboflavin,

Meats also provide the richest source of niacin and

vitamin By, Half the slacin provided by meat 15 derived
from tryptophen, making it move readily absorbed by
the hf’ad\f than that bound to zhicose in plant sources.
Par 100 ¢ portion. veal liver provides half our daily By
ods, and other meats provide around a third.
Foods of animal origin provide the oaly dietary
source of vitamin B,- and deficiency does occur in
vegetarians, vegans being especially at risk. Thus vege-
tarians are recommendead to take supplements since the
guantity conswmned from feods fortified with the vita-
min s too low [10.73.74] Vitamin Bio is only required in
Hamounts, 1.5 pg per dav [75] In the past some was
provided from the soll on poorly cleaned foods. This
may i part exphuin the apparent absence of defictency
in some vegan groups. Today with the emphasis on
good food hygiene practices, this source can no longer
protect against deficiency 1o vulnerable individuals.

Liver and kidney are rich sources of pantothenic acid.
Although most of the vitamin 18 leached into the drip
loss associated with frozen meat. this 1s unlikely to be of
anyv nuiritfonal consequence as pantothenic acid 15 uni-
versal in all Bving matter. 4

Organ meats are particularly rich sources of folate.
aithough the fact that liver is alse o concentrated source
of vitamin A means that it i not recommended during
aregnancy. Malformation of the developing foetus is a
potential hazard #f retinol supplements are alzo taken
during pregnancy [76], This is unfortunate since Hver 1§
an excellent provider of twe kev nutrients for preg-
naney. iron and folate. Levels of vitamin A are unne-
pessarily high in Hver due to its addition to animal feeds.
Criven the continuing low popularity of offal in British
digts, 1t is unlikely that the meat ndustry will address
this issue as o matter of any urgency.

Yitamin A m its active form, retinol. 1s only found in
{foods of animal origin, so meat provides this vitamin
directly 10 the body. The NDNS survey of voung people
in Britain found dietary intakes of Vitamin A below the
RNUin all age groups [181L '

s171

Vitamin I3 and Meat
Liver aside. meat was thought to be a poor source of
vitumin Do Recent analyses for meat and hiver includes




signmificant  amounts  of  23-hvdroxycholecalciferol,

assumed to have a biological activity five times that of

cholecalciferol. Re-analyses of the British National Diet
and Nutrition surveys of adults and voung children
confirmed meat as a majer contributor 1o natural diet-
ary vitamin I mrakes. M{:a{ and meat products appesr
to provide around 20% of British intakes. compared to
previous estimates of Just 4% [77]. Vitamin D is present

in both the lean and far of meat although its exact

function in the anmmal 18 5ot vel known,
Both osteomalacia in adults and rickets in children

resull from a deficiency of vitamin D or a disiurbance of

is metabolism. Clinteal features of horh conditions are
similar with low plasma calcium levels and poor bone
mineralisation. Osteomalacia 15 more commaon in lugio-
vegetarian Asian women. than those who consume
meal. Infantile nckets s associaied only with late
weaning and a lactovegetarian diet in the UK toduy,
having all but disappeared n the 1960s following the
miroduction of mixed feeding dncludimg meat) 1o
infants at 3—4 months old.

Evidence from the British Asian community suggesis
that meat protects against privations! rickeis and osteo-
malacia. The reasons for this are not fully undersiood
and possible mechanisius are corrently under investiga-
fion, Dunnigan and Henderson [75] have %ugg ested that
meal contains & ‘magic meat factor” since the influsnce
meat has on bone metabohism s greater than could be
expected {rom the amount of Vitamin I3 present alone.

The UK Government's COMA report on hone heaith
{79] ramses concerns over vitamin I status in volnerable
groups including older people who are housebound or
who eat no meat or oily fish. Cautious concern over the
vitamin D stams of voung people has been highlightred
18] whick provokes one 1o link the recorded lower
physical activity levels in voung people with more thme
spentt indoors watching TV and using PCs Further

tnvestigation is required io confirm the significance of

meat to vitamin [3 statos in the population today.

Meat and cancer

Meat has been assoctated with various cancers. purii-
cularly celorectal cancer, This became a lugh profile
issug during 1997-199% with the giobal launch of the
Warld Cancer Research Fund report. timed to coincide
with publication of the Britsh COMA report, both on
diet and cancer [80.81] The former was unjustifiably
negative towards red meat. as demonstrated by sovers!
critical appraisals sumulated as a consequence of the
publicity created surrcunding s lnonch [821 The scien-
tific evidence i3 not sufficiently robust 1o recommend a
maximum of 8U0g/dayv red mweat as pronounced by the
WORF and the mitial announcement by COMA for o
similar reconimendation was subsequently revised.

On final publicanon. COMA  reassured UK con-
sumers that average consumption levels (90 g'day of

Fand Scionce & Tec

vooked red meat) were acceptable. COMA suggests thus
high consumery, less than 153% of the UK populution
[83] eating above 140 giday might benelit from a reduc-
tion. Equally mmportant. this report acknowledged that
meat and meat products remain a valuable source of a
number of nuinents inchudimg fron and that for many a
moderate intake makes an Importy it contribution to

micronutrient stains. The potentind effect on fron status
of further reductions 1o red moeat inke bse-
duenﬂ}‘ e Given that a 5099 1
intake woulc fr i w third of women having low won
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rather than encouraging greater accompanying plant
food intake has served only to confuse the public [82].

Future eating trends, meat and nutrition

It 15 predicted that in 7() vedrs, cooking will become
the latest DIY pastime. with the majority of the popu-
lation unable to cook in the true sense of the word. It
seemns that people are prepared 10 pay for convenlence.
Fven when budgets are tight, it has proved dfficult o
persuade people to cook from cheaper raw mgredients
to produce nutrifious meais. For producers the need will
be for appropriate raw mgredients to allow manu-
facturers 1o be able 1o develop a wide range of easy
cook dishes, which meet specific nutritional critenia. For
meat the trend towards increased convenience in foods
lends itsell towards unproving the putritional profile, as
fat tends o be removed in the development of new cuts
and dishes which meet the crieria of nuinimal prepara-
tion, quick cooking, and portion control. Carrently the
same process with frum and vegetables {e.g pre-packed
salads, pre-peeled fruit) has the opposite effect causing
loss of valuable vitamin C1 ' :

The past two decades have demonstrated that a
reduction 1 red meat conswmption will not have an
effective impact on either total fat or saturated fat
intakes. Appropriate public health strategies are required
to favourably influence future population eating habits
and result, among other things, in a reduction in satu-
rated fat. Since there is more saturated fat provided i a
tablespooen {13 mbD portion of obve ol than o 100 g
portion of lean beef, the inuppropriateness of empha-
sising red meart reduction as a means to achieving lower
dietary saturated far intakes seems obvious. However.
the average consumer would be sure the converse was
true! (Compare this with the vears it has taken (at least 15)
to persuade dieters that bread and potatoes are not “fat-
tening’ ). Achieving u reduction in saturated fat intakes
will take considerable pubiic health {re-) education.

The Mediterranean diet is characterized by not only
its olive oil content but also a more significant propor-
tion of fruit and vegetables than the typical British diet.
Greeks typically consume nearly four times the quantity
of fruif and vegetables than the British. Generally in
countries where meat consumption is high, intake of
protective fruit and vegetables tends to be low and vice
versa. [891, There are many paradoxes concerning the
apparent asseciations between meat consumption and
both CHIY and cancer. Some of these are Listed in Box
1. They serve te demonstrute that the diet and bealth
story. at least as far as meat 1s concerned, 15 both com-
plex and unfinished. Two reasons for this are firstly,
that meat is bat one influential uspect of the diet, and its
effects are modified by other foods (e.g. fruit and vege-
tables), such thar the net effect may %bz quite dsiﬁ,rem
Secondly. the changing ipid composition of, meat

response 1o mmaacd %xnowlcds"u of . hpld‘i 1n rclat;on to :

iy Food Sdience & ?’f-:(‘i;-;‘}f‘

il clues to :modern diseases of czfﬂuence, cmd 1S.red1

health, MH continue o a]tw the wk played iﬁv meat in
this context, Fortunately, since most of the vaiudbi :
nutrients in meat are within the lean wmpm&wt redu-
cing the vistble fat has little bearmg on its contr 1bmmn
to micronulrient siatus. '
Emerging interest i ev (»Eutmnaw nutzmon has pro-
duced perhaps the most significant explanation for the
current paradoses in nutrition. and specifically for meat,
turns on its Jead the recent heulih drive to reduce 115 -
consumption [80], Dietary dependence on cum_ls {con-
tributing 56% of food energy) is u relatively recent fea-
ture of human diet in evolutionary terms, Prior to the
fast 10, 000 years homo-erectus had thrived on a huater-
gathever diet for. 1.7 million years! Cordain [93] SUZEEsTs
that our genetic make-up remains adapted 1o Ihls medt
fruit and vegetable diet and that there is crowing evi- o
dence that the human imnune, dige%i’ivé and endacring 0t
systems have not fully zdapted to.u cereal based diet. '
The ‘carnivore connection’ hypothesis [94] p}_'_o"pos'cs'
that the high meat/low carbohydrate diet typical during
the lee Ages encourages selection for insu&in Tesistance
since insulin sensitivity would have compromized survi-
val and reproductive performance, Early ‘man - also
expended significantly more energy than modern man.
Chen [95] estimates the mean ratio of 1otal energy
expenditure 1o resting metabolic rate {TEE/RMR) ‘of
1.80 for homo-erectus compared to 1.18 for a.sedentary
office worker today. Humans are not Umcucaliy adap--
ted to chronic physical inactivity and diseases of mod:
ern civilization are associated with insulin resistance and’
sypdrome X' It would be natve to conclude from these
hypotheses that we should abandon current dietary
recommendations, althougl 1t 18 interes‘lim;ié-nete the’
similarities between the lipid profiles of wild: meats dnd_
those potentially expected for red meat Over the next
few years (even if only as niche producis). o

Conclusions
Red meat has a positive part to plav wnhm Loday 8.
national diet and lifestyles.” Past concerns-on the fat ©
contributed by meat are outdated since, ‘when trimmed
of visible fat, red meat can now .be consideéred i rela-" .
tively low fat food, with a prefex red fdtty aud proﬁle'
than 20 vears ago,
Unless population physical aamﬁv pdttcm% d; amdtzu_” _
cally change, perhaps through increased leisure pIrsuits,’
energy intake, specifically from fat. must be controlled
to balance our sedentary lifesiyle today Fat provzdes i
over 40% of our energy with the. main contributors .
being vegetable oils and fats, not meat. It.js 1mp0rtdnt-'_;_'.-
therefore that red meat is no£ bldmed forthe increasing -
obesity problem in Western - socicties. . Alook™ at our'
ancestors’ pr ed{)mmdmlv meat: based: diet. ‘provides | us :

ecting ‘interest away from single:food: groups such
meat {0 our. mo;e complex geneuc make u 1d
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CBox L .Parédok_icai_assﬂéiaﬁons between meat and health
: . N
# _-There isa kme; mk Gf co}on CANCEr amaong Sgu{h Asian immigrants to the UK, than in the general population, and this
Lds e{;ua]i} irue of vegetarian and meat eating Asians [971.
@ ~Mormons who abstain from alcohol, tea, (,Gifee, and smoking but consume meat have death rates from cancer and CHE
- similar to vegetarian groups. indicating that meat is not the major deternunant [96].

. e ‘Blood pressure is reduced by switching from 2 meat-based diet to a vegetarian one, but adding meat to a vegetarian dist
1s not associated with an increase, suggesting that the potassium to sodium ratio 1s more influential than the presence of
meat per se 196].

s Consamption of meat has almost doubled in Japan since the 1970s, yet CHD morbidity has reduced from an already low

o level. Meat consumption in the USA remains higher (han in the UK vet, unlike the UK, morbidity from CHD has been
falling steadily over the last 20 vears,

s Red meat consunption s figher in most Southern Mediterranean countries {52-72 kg/p/yr) than in Britain (46 kg/p/vr)
and the incidence of colorectal cancer is higher in Britain [89].
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