Nutrition, Residues and Health

J.FINK-GREMMELS

Federal Centre for Meat Research, 8650 Kulmbach, Germany

(,loi“g back at least 30 000 years human beings have consumed meat, primarely from wild animals until the practice of domestica-
],Qn of animals has been gradually accustomed. In addition, different methods of meat preservation have been developed for centu-
s, including drying, smoking, salting, sausage making and even cooling of fresh meat in northern climates. Meat science and tech-

08y as specialized areas in the field of nutrition are young, still developing disciplines. They require an interdisciplinary ap-
"oach ¢4 cover chemical, physiological, biochemical, genetical, microbiological, nutritional and technological aspects.

izvieWi.ng dec'ade—to—decade advances in the nutrit%on fielq .in the past 50 years, dram.atic changes become evident. Tt?e discovery
h l’OdUrmg WhIC.h fundamental knowledge on essenﬁal nutrltlo.nal factors such as vitamins and trace elements emerged, is gradually

Wed by a biochemical function era. The latter is characterized by fundamental research activities to assess the impact of nutri-
.ts on modulation of enzyme activities, turnover or degradation of extracellular, intracellular, cell surface and nuclear binding pro-

Sing : : : : ; : .
19;5 and - more recently - their effect on genetic expression and regulation of metabolic sequences in somatic cells (ERDMAN,
9.

tZ:?t Scientists still try to amand thfa understanding of all facets inv9lved in health and nutrition, public interest focusses on ?dh

effects of certain foods. Emerging concern about the consumption of (red) meat led to a critical perspective on production

ti:‘hods (animal genetics, feeding and husbandry), the nutritiona'll' value and potential risk factors associated with meat consump-

°als. These include overnut.rition, proces%mg rrllethods, .food addmves‘and Tesidues frc.)m environmental pollutanfs or agro-chemi-

die[‘:\s a consequence, an 1mbalanced'd15cu55fon 'on diet-health relatlons‘hlps. .results in numerous recommendations for a healthy

het\;, thas to be stressed that only a strict application of .well evaluated scientific methods can resolve the specific interrelationship
®en dietary pattern and incidence or prevention of disease (HARPER, 1988).

MEAT IN THE DIET

Oein

Meat : : ; : . . .

“um » Le. the flesh of domestic animals including poultry and game has always been regarded as an important source of protein in

{1983“ Nutrition. The requirements for total protein in various stages of the life cycle have been reviewed by FAO, WHO, UNU
- These requirements for dietary protein consist of two components:

(1)

the requirement of nutritionally indispensible (essential) amino acids and conditionally - under specific physiological or pa-
Ological conditions - indispensable amino acids, and

the need to meet the requirements for non-specific nitrogen to supply the nitrogen necessary for dispensable amino acids in
"Otein synthesis and other nitrogen containing compounds under physiological conditions.

0 ejediSCUSsed requirements focus on maintenance. In the last four years human amino acid (protein) requirements have been a

1990 “t of intensive debate (YOUNG, 1987; BEATON and CHERY, 1988; MILLWARD et al., 1989; MILLWARD and PRICE,

Uy, HAS recently summarized by MILLWARD et al. (1989), the existing N balance findings include several disparities between in-
A studies namely:

*
3 the Shape of the N intake - N balance response curves,
. . Magnitude of the intake allowing apparent equilibrium,
. © difficulty of demonstrating equivocal differences in N balance responses between dietary proteins which differ in their
N lndispensablﬁ amino acid content and hence protein score,
€ existence of statistically identificable cyclic patterns of N excretion and balance in some long-term balance studies but
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not in others,
* the occurrance of enzyme changes thought to be pathophysiological in some long term balance studies but not in others,

* the existence of inverse correlations of urinary to faecal N excretion in some studies but not in others.

MUNRO (1985) has described, that concerning high quality protein - such as meat - the organism utilizes it with perfect efficien? |1

e
to provide for obligatory needs. As the equilibrium is approached, excretion increases to match any further intake. Howevel t,

described new understanding of protein requirements may imply revised estimates of the nutritional value of certain Prot
sources (REEDS, 1990). As amino acid composition of various meats and meat products may vary and can be mﬂueﬂcedb
processing such as canning and careful dehydration, the increasing knowledge about protein requirements should be used to desi?
modern concepts in dietetics for healthy and diseased people (YOUNG, 1989).

Fat and Cholesterol

In contrast to meat protein which is generally accepted to be of nutritional value, albeit the above mentioned discussion uponP
tein requirements, animal fats available in meat and particularly in meat products are a subject of controversy. The fact that the’

ete"
take of excessive fat, over one’s caloric needs, is an important risk factor in cardiovascular disease, hypertension, stroke, diab
har

obesity and/or specific types of cancer is well accepted. The charges that saturated fats are main sources of excessive and A
¢
Con¥

calories and are hypercholesterolemic and thus atherogenic have caused an actual phobia against consumption of meat fat.

tional wisdom has translated saturated fatty acids to mean saturated fat and that meat fat is all saturated.

Meat fat in beef and pork contains predominantly palmitic acid C16:0 (25-30%), stearic acid C18:0 (24-29% in beef; 12-16% r;
pork) and minor amounts of lauric acid C12:0 and myristic acid C14:0. In addition, high concentrations of oleic acid C18:1 (41- 51/d
and varying amounts of linoleic acid C18:2 (2-3% in beef; 6-12% in pork) and linolenic acid C18:3 (0.5-1%) and arachldomC

C20:4 (0.1% in beef; 0.2-2% in pork) can be measured. Traces of S- and 6-double bond fatty acids have been detect ed in pO° h
and game ruminants. Genetic selection of pigs with a high muscle mass tends towards a selection of soft fat containing ’
amount of unsaturated fatty acids. Meat technology favours saturated fatty acids, however, nutritionists stress the desirable biol?

cal effects of polyunsaturated fatty acids.

¢
4 ‘ . . v 2R ] ] o tho*
Since every fatty acid has its own metabolic pathway, meat fatty acids elicit physiological and biochemical responses similar t0 D)

of vegetable oils, although with some quantitative differences. The impact of dietary fatty acids on coronary heart disease (CH #
has been an item of intense and controverse discussion since years. One of the most reasonable explanations for the Ille"'muS 01
ports about diet composition and disease is the fact that the complex network of lipid absorption and transport, the regulaﬂ le’
endogenous and exogenous cholesterol and the impact of capacitatively limited cholesterol catabolism and excretion is not ¢
tely understood. Results on the correlation between diet and CHD are based either on animal experiments or on retroﬁpectl oot
demiological studies. Both are of limeted value for an overall evaluation, as animal experiments cannot reflect the Spec,esSP fattf
differences in lipid metabolism and retrospective epidemiological studies often lack essential information about the patter? X
acids consumed with the diet, and other (social) factors which might contribute to pathologically elevated cholesterol levels:

v il
Based on overall experience current recommendations limit intake of saturated fatty acids to not more than 10% of one’s Cﬂlor]cn;ﬂl
take. However, it has to be noticed that as for example stearic acid, one of the most common saturated fatty acids in many * B
fats, can be converted to oleic acid, the most abundant monosaturated fatty acid (BONAMONE and GRUNDIG, 1988)- o ated
increases the desirable high density lipoprotein (HDL) fraction (WALLACE and ANDERSON, 1987). The proportion of sat” raigh
fatty acids consumed is considered to be responsible for elevated blood cholesterol levels. However, the increase is not % level
line relationship but is curvilinear or in steps. Between 6 and 13% of saturated fatty acid calories, the serum chOlegterOIStam
remains reasonable constant at about 200 mg/dl. At a point between 13 and 18% of dietary saturated fatty acids, the home?

mechanism appears to break down and serum cholesterol increases.
o¥

The ability of (poly)unsaturated fatty acids to decrease plasma cholesterol levels has already been recognized 30 years ag?" 1‘0

ever, previously recommended high linoleic acid-rich diets are now disapproved. Even though linoleic acid may decrease the o
in

CHD by decreasing atherosclerosis, it may at the same time enhance CHD by increasing thrombosis, and there is incre?®
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Eence that CHD is mainly a thrombotic event that takes place against an atherosclerotic-hypercholesterolemic background induced
| ¥ thromboxane Ay synthesized from linoleic acid in the platelets (REISER and SHORLAND, 1990).
J

‘ Meat tissue lipids contain also eicosanoid omega-3 fatty acids, which seem to reduce the synthesis of thromboxane A, and increase
the level of thromboxane A5 and prostacyclin. These changes have been reported to decrease platelet aggregability, resulting in de-
Teased clotting time and a decreased risk for atherosclerotic plaques. Omega-3 type polyunsaturated fatty acids occur in lipoprotein
ph()Spholipides in all membranes. However, the concentration in meats varies according to age, sex, breed and nutrition of distinct
aT‘imals. Omega-3 type fatty acids ( i.e. eicosapentaenoic acid C20:5 (EPA) and docasahexaenoic acid C20:6 (DHA) are now

Scussed to have a therapeutical potential in prevention and treatment of a number of diseases, including CHD, stroke,

YPertension, auto-immune disorders and cancer (von SCHACKY, 1987).

=

Hype'Cholesterolemia is one of the few independent risk factors definitively linked to increased morbidity and mortality due to myo-
:?srdial infarction. Cholesterol enters the body pool from two sources, either by absorption from the diet or by endogenous synthe-
Qh‘ Endogenous cholesterol synthesis ranges from 11-13 mg per kg body weight, resulting in a total daily amount of 770-910 mg

Olesterol. Dietary cholesterol intake resembles to approximately 450 mg/day in Western diets of which about 60% (270 mg) is

q
1;)S()rbed. Thus, the total body cholesterol turnover equals 1110 mg/day: 24% from diet and 76% from synthesis (McNAMARA,
87).

M.eat - in a Western diet and in all forms and types - provides about 34% of the cholesterol in our diet (BLOCK et al., 1985). At
S leve] it may be that the cholesterol in meat products adds between 3-4 mg/dl to plasma cholesterol levels, or approximatively
C‘5~2% of the total. Thus, the rationale of labeling meat products as bad foods based on their direct contribution to elevated plasma
Olesterol levels seems unnecessary and unreasonable (McNAMARA, 1990). Plasma cholesterol levels are mediated by a variety
frllltritional (total fat, fibre intake) and non-nutritional factors (genetic disposition, hypertension, coffee consumption, smoking).
hysiOlogical regulation can resolve perfectly nutritional cholesterol intake in healthy persons. In diseased people a careful analysis
Al factors contributing to elevated plasma cholesterol concentrations have to be conducted.
"D s 5 complex pathophysiological event which involves a three-step process: injury, plaque accumulation, and myocardial
Arction, Plaque accumulation is considered to be a consequence of total blood cholesterol levels. However, it has to be pointed
" that the first step, the cause of endothelial injury remains still to be elucidated. There is increasing evidence that /ipid
h;;oxidation products, present in oxidized fats from fatty fish, fat frying and powdered foods may exert atherogenic effects. Fatty acid
TOperoxides have been shown to accelerate all three phases of atherosclerosis: endothelial injury, accumulation of plaque and
Qriombosis. Higher levels of lipide peroxides are observed in animals and patients with atherosclerosis than in those with no clinical
Uence of the disease (KUBOW, 1990).

:;hust albeit the vast amount of studies, both epideminological and experimental, a final scientifically based concept for a diet, con-

e:rlng all aspects contributing to CHD, is still lacking. As a practical approach the National Cholesterol Education Program Ex-
tPane] (NCEP) (1988) has recommended to everyone to limit fat consumption to less than 30% of total calories and to increase

eachohydrate consumption to about 50 or 60%. In addition,it is recommended that total dietary fat should not exceed one-third
Of saturated, monounsaturated and polyunsaturated fatty acids.

[/.

%'L'am

8 z . . : e .
4 serves as an important source of many water soluble essential nutrients including the B vitamins. Requirements for B group

::;WHS may vary according to age, sex, pregnancy, health status and long time usage of drugs (including oral contraceptives) or al-
Ol abuse.

Etlimine (By), riboflavine, niacin, and panthothenic acid are present in meats in concentrations meeting the recommended dietary

by ue‘ (recommended dietary allowance RDA) per 1000 keal (for review see WINDHAM, WYSE and HANSEN, 1990). The con-

ly Yon of Vitamin Bg and Vitamin By, to average intake per capita per day is 46 and 77%, respectively. As Vitamin B¢ and By,

ty % Mmay be high (up to 75%) in processed and canned meats (and vegetables), analytical values can be taken only from ready-to-

4 e‘neals. Meat plays a major role in Vitamin By, supplementation, as cereals - even when fortified - provide only a small percen-
Of the required amount due to the low bioavailability of the vitamin from these commodities. Strict low calory diets, vegetarism
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. onal
or a reduced food intake in elderly people might therefore cause deficiencies. Food composition data should provide 21d(11t10["21
information about vitamin Bg and Bq, stability during processing and about the bioavailability of meat supplied vitami®
(SAUBERLICH, 1990).

Besides the nutritional relevance of water soluble vitamins present in meat, the role of fat soluble vitamins in meat associated fat
have to be mentioned. The value of liver as a source for vitamin A in the diet was conclusively demonstrated by the NHANESI
survey data (BLOCK et al., 1985). Liver consumption varies significantly in different populations. According to the USDA Natio™
wide Food Consumption Survey only 36% of the American population consumes liver, whilst the percentage in Europe is mu°
higher due to a variety of meat specialities prepared with liver tissue. As vitamin A or carotinoid fortified diets have been Wide.ly
used in animal nutrition a very frequent consumption of liver or chicken meats may result in an excessive vitamin A intake. vitan”
A is known to be teratogenic and very recently a case-report about an infant with malformation due to excessive liver consur'ﬂptioﬂ

by the mother during pregnancy has implicated an update of vitamin A tolerance in humans and concentrations present in meats:

Meat is not an especially rich source for the other fat soluble vitamins like vitamin E, vitamin D or vitamin K (for review ¥ :
SMITH, 1990). However, the physiological role of vitamin E as an antioxidant and protective agent in (meat-) fat associated dis?

and carcinogenesis is a subject of increasing interest.

- a5
Amongst the trace elements present in meats iron has to be nominated in the first place. No other category of foods prOVld"’s,v6
high a level of bioavailable iron. Even in high developed countries impaired iron status is common in women of the repTOdU?t}oﬂ
stage (WORTHINGTON-ROBERTS et al., 1988). In addition, iron deficiencies in populations with protein-caloric malnutﬂ"o
have been described, resulting in behavioral abnormalities in iron-deficient infants and preschool children (GRIESEN, 1986). F° "
S Wel] a
and 487
) ir0”
; iof
Besides a more effective absorption of heme iron, meats (red meats, fish, poultry) are dietary enhancers of nonheme iro% wh' !

s 10 fortl,

iron may be classified as either heme (hemoglobin, myoglobin, cytochromes) or nonheme iron. In human beings heme i
sorbed and released iron enters the body iron pool. All iron in plants and non-cellular animal derived foods such as eggs

products contain only nonheme iron. Rates of absorption vary considerably between heme (15-35%) and nonheme (2-20%
could be demonstrated in a comparative approach with semi-synthetic meals (MONSEN, 1988). Albeit various attempt

nutrients with iron or to enhance iron absorption by ascorbic acid, well selected diets of high iron bioavailability will alway$ pl&y

important role to meet more closely the iron needs of the organism.

MEAT AND CANCER

ARMSTRONG and DOLL (1975) compared incidence rates for 14 cancers in 32 countries and reported a positive corl'elat’iorl Oi,
meat intake with cancers of the pancreas, breast, colon, prostate and endometrium. PHILIPPS et al.(1983) evaluated epidemfo ¢
cal studies relating cancer risk to meat ingestion. In 11 case-control studies of colon cancer they found six which give a pOSiUve_ e
sociation, one to give a negative association and four giving no association. In addition, various comparisons of colon cance’ lﬂr
dence in certain religious groups (consuming none or eat large amounts of meats), provided inconsistent evidence for a direct ¢
relation of meat ingestion and cancer.
o
Meat provides three nutrients which might be involved in carcinogenicity i.e. protein, fat and cholesterol. Dietary proteil Slfpiln«
mentation is known to influence a variety of physiological functions in the animal body including the immune response. Exper;a of
e
(%

: . : IR e y L 37 PR ave
carcinogen-induced tumours failed to provide significant evidence for an association. However, many studies with rodents B o

tal studies applying different casein concentrations to rodents in order to demonstrate a protein concentration-dependent

monstrated inhibitory effects of energy restriction on incidence and growth rate of spontaneous and carcinogen-induc‘?d tllL 17
(ROSS and BRAS, 1971). The discussion about the association of meat consumption to cancers of the large bowel (WIL nﬂble
1989) has to include the relation between dietary fat and cancer, as a differentiation is difficult and investigators have bee?
to agree whether the association is specific for colon cancer, rectal cancer or both (DOLL, 1990).
rﬂil
. i g . A . : _irrad
Experimental diets high in fat (>100 g/kg) have shown to enhance tumorigenesis in spontaneous, carcinogen-induced, X or¢

e
ion induced and transplantable mammary tumours in both rats and mice (WELSCH, 1987). As the effects of high-fat diets S

pronounced when these are fed after the initiation phase in tumour models, it is concluded that high-fat diets may promot® turated

2l ; . . ; . ; A . . a
initiate) carcinogenesis. Various studies tried to attribute certain types of fats (concentration of high saturated versus ups

1214




9

fatty acids) to tumour incidence. IP (1987) found, that tumour incidence is linearly related to dietary linoleate content up to a ma-
xi”lllm level between 4 and 5%. Once this level is reached, the amount of fat added to the diet was the determining factor in tu-
our incidence. In addition, a high dependence of mammary tumours on supplementation with essential fatty acids is evident from
: Yivo and in vitro studies (HOPKINS and CARROLL, 1979; KIDWELL et al.,1982). This finding has an impact on epidemiologic-
d Studies also, as they should include not only a validation of the total amount of fats consumed, but also the proportion of essential
AUy acids. Further evidence that the type of fat may be an important determinant of mammary tumorigenesis is indicated by recent
Mudieg which show a protective effect of long-chain polyunsaturated fatty acids of the omega-3 class. These are found in low
“Mounts in meat fats, but in higher concentrations in fish oils. The protective effects operate at low dose levels (KARMALI et al.,
1984) and persist even when the total fat content of the diet is high (OZA and KARMALI, 1986).

BeSides specific effects of certain fatty acids the issue of dietary energy has to be discussed. Heavier body weight has been directly
Elss0Ciated with cancer deaths in men and women (LEW and GARFINKEL, 1979). A higher incidence of colon and rectal cancers is
,Qund amongst overweight men, whilst cancers of the reproductive tract, gall bladder and the breast were more commonly observed
i Overweight women. In particular for hormone-dependent cancers in women, there is evidence for an association to overweight
( i VECCHIA et al,, 1982; SIMPSON and MENDELSON, 1987), and an impressive number of case-control studies has demon-
trated a relationship between obesity and the risk of breast cancer (HELMRICH et al., 1983). However, the mechanism by which
VerWeight may enhance risk of breast cancer in post-menopausal years, but provide protective effects in premenopausal years is
o known (WILLETT et al., 1985). The association between obesity and incidence of hormone-dependent cancers has been attri-
ted ¢ estrogen metabolism, as increased adiposity enhances the capacity to synthesize estrone in adipose tissues, and decreases
o Sex-hormone-binding globulin (SHBG) capacity, resulting in an increased bioavailability of free estrogens (SIITERI, 1987). In
Elddition, alteration of prostanoid formation including the discussed effects of certain fatty acids seem to contribute to the develop-
e of breast cancer (WILLIAMS and DICKERSON, 1987).

®Tole of dietary cholesterol in carcinogenesis has rarely been investigated. However, since cholesterol is a precursor of bile acids,
l lch may act as co-carcinogens, some investigators associate dietary cholesterol to cancer. There is a weak correlation between
iy Cholesterol levels and cancer incidence. As hypocholesterolemia is a general finding in pre-cancerous conditions, it remains un-
ar Whether or not dietary cholesterol plays an active role in tumour development.

Rholesterol levels are mediated by fat intake and the presence of dietary fibre. Reviewing epidemiological and case-control studies
% ‘GHAM (1990) could conclude that there is evidence that fibre can be associated to a reduction in .health risk. I.n addition, a
b Slstemly protective effect of vegetables reflect the fact that vegetables are a major sT)urce of fibres 11.1 Wéstern dle?s, v.vhereas
ey 1S ang peas were associated with an increased risk (TUYNS et al.,1987). The suggestion Fhat dletary‘ flbre‘ Is protective in colo-
by A cancer is based on the fact that cereal fibres increase faecal weight (stool volume), dilute large intestinal contents and en-
puflce transit time. This mediates the in situ concentration of bile acids and reduces the contact time between faecal rr.xutagens a'nd
(Séati"e cancerogens (present in the diet) and bowel mucosa. In addition, die.tary fibre increases the yield of short-c'haln fatty ac1'ds
leq A) by physiological anaerobic fermentation in the gut, alters N-metapollsm and reduces pH val.ues, factors, which are associa-
ly i Carcinogenesis as well. However, no relationship between dietary fibre and fecapentan. excretion can. be observed. Fec.apen-
l(,n Sare compounds which are produced by the large bowel bacterial flora and have been discussed to be important factors in co-
carCiH()genesis (SCHIFFMAN, 1987; SCHIFFMAN et al.,1988).
rt&rg& bowel cancer incidence ranges in most countries second to lung cancer in men and to breast cancer in women and consistent
(Qgrts Show a strong positive association between the consumption of total fat and death rates from breast and colon cancer
the REA, 1981), and a negative association between dietary fibre and colon cancer (ARMSTRONG and 'DOLL, 1975).. However,
searassociation between fat intake and cancers of breast and colon as c.()ncludeq from cross-cultural studies and experimental re-
198; haye not been consistently supported by case-control studies carried out since 1982 (B.YERS,. 1988; BERRINQ and MUTI,
Mg 'Therefore, a number of recent critical reviews have addressed the need to develop biochemical markers which reflect the

dIlllm(S) by which nutrients may influence carcinogenesis.
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MUTAGENIC COMPOUNDS IN MEATS

The evaluation of the role of certain diets on the risk for cancer implies the discussion on the impact of food contaminants to heal®”
risk. Mutagens, i.e. compounds which induce a mutagenic response in bacterial or somatic cells, are considered to be potential car
cinogens since first in 1973 AMES et al. (1990) described the Salmonella typhimurium assay as a screening method for carcinoge®™
In a recent article AMES et al. pointed out that cooking of food is a major dietary source of potential carcinogens as heating Pfodu‘
ces about 2 grs (per person per day) of mostly untested burnt material containing many carcinogens including polycyclic hydrocarf

bons, heterocyclic amines and nitrosamines. However, prior to the discussion of mutagenic compounds in meats it has to be stress
y ; . : : i0l0*
that other foods as well contain a high number or mutagenic compounds, which are produced as plant metabolites under Ph)’s‘ol

gical conditions (AMES et al.,1990).
Polycyclic Aromatic Hydrocarbons

. ; . : W
It was discovered late in the 18th century that products of pyrolysis of organic matter were capable of causing human cancer- H(l)
st

ever, it was not until the 1930s that polycyclic aromatic hydrocarbons (PAH’s) were indentified as causative agents. At lea :
500"

structurally distinct PAH’s can be found in the environment and in food samples. PAH’s occur in the residue of smoke, taf :
: i ; ism 2

coal, tobacco smoke, petroleum, or combustion effluent. In addition, PAH’s are also natural products of plant metabolis™
: : > : ¢ s - i : . t

some microorganisms. PAH’s are not primary carcinogens but require metabolic activation by liver enzymes to form epoxides as

ultimative carcinogens.

!
PAH’s can contaminate meats by various routes (HOWARD and FAZIO, 1980). In particular the charring or cooking by an ?P ©

. i j - . . . nd
flame or direct exposure to an electrical element can result in the formation of PAH’s. Smoking of meats or fish may contam 7
al,19""
4

the product, however, modern technology in industrial smooking considerably reduces the contamination rate (NAGAO et "
y by "

LARSSON et al.,1988; POTTHAST et al.,1988). Thus, the dietary intake of PAH’s with meats is determined predominam1
habits of food preparation in private households. Commercially smoked meats contain low amounts of PAH’s ranging betwee? ™ o
1.5 ng/kg (measured as 3,4 Benzo(a)pyrene (B(a)P)), whilst in home made smoked hams levels up to 2000 pg/kg have been dc[ig
ted. Certain countries like Germany have set maximum permissible levels for B(a)P allowing final concentrations up t0 108
B(2)P in finished meats.

|
From a survey in UK total diets, assessing the individual contribution of nutrients to total intake of PAH’s, it was corlCluded vl
oils and fat (including butter, cheese and margarine) provide the highest PAH contribution to the total dietary amount, follow® o
cereals and fruits. As commercially smoked meats and fish have low PAH concentration and are more seldom consumed: :

items provide only a minor contribution to the total PAH intake (DENNIS et al.,1983).

N-nitroso compounds

sapih
N-nitroso compounds form a group of more than 300 chemically diverse substances and most of them are capable of induc® ¢ g

. ’ 3 ‘ : . f
mours in animals at a 90% risk (PREUSSMANN and STEWART, 1984). N-nitroso compounds can be devided into two gen® it
pes based on their chemical structure: the nitrosamines and the nitrosamides. Both classes are potent animal carcinogens but

amides are environmentally unstable, whilst nitrosamines are stable under conditions found in most foods.

nd P ¢

The occurrence of N-nitroso compounds in meats, beer, dried products and fish has been reviewed by HARVERY a ’ 15¢
(1985) and HOTCHKISS (1987). Cured meats have been considered to be one of the main routes of nitrite exposur® and iy i

quently as a source for preformed nitrosamines and the de novo synthesis of N-nitroso compounds. The latter can procee 5 o

e ! ; . I srate )
the gastric juice of a consumer. Consequently, various countries have layed regulations on the permissible amount of nitra?

ing salts, as for example Germany, a country having a long tradition in a variety of cured meats and sausages (LEISTNER* :

Recently, more attention has been devoted to endogenous nitrite formation following the ingestion of nitrates (BOS et al"lgfz.
After oral administration nitrate is recycled through the saliva into the oral cavity, where it may be converted into nitrite- i

ever, the amount of nitrate-nitrite conversion depends not only on the dietary nitrate intake, but also on an individual caf? g
for conversion, of which the mechanism is not known. Thus, the amount of endogenous nitrite cannot be compared with th;od

trite concentrations present in foods. In addition, nitrosamine formation in gastric juice is katalyzed or inhibited by sever
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Eomponents like chlorogenic acid, thiocyanate ions, polyphenolic compounds, the vitamins C and E and selective amino acids
) ke Proline, hydroxyproline and glycine (LATHIA and KLOEP, 1987).

He’e’Ocyclic Amines (Protein Pyrolysis Products)

Hetero

cyclic amides comprise a group of compounds formed during the pyrolysis of proteins and' amino acids including glutamic
. g

» Phenylalanine, ornithine and soybean globulin. Their occurrence in heated meat and fish was first described by NAGAO et al.
1977), who could demonstrate that extracts of fried beef exert a positive response in the Salmonella mutation assay. Mutagen for-
dtion during cooking of protein-containing foods appears to be a complex function of food type and composition, cooking me-
0ds, time and temperature (PARIZA et al.,1979). The formation of heterocyclic amine mutagens (formed by Maillard reactions)
°Te first considered to proceed only, when heating temperatures exceed 300°C (NAGADO et al.,1983). However, mutagens were

(:)r:l.ed also during pan frying of salmon and other fish filets at 190°C (KRONE and IWAOKA, 1981). Comparing the mutagenicity

Tied and (commercially) canned food KRONE and IWAOKA (1987) found a higher mutagenic activity ratio in fried items. In

) eneral, mutagens in heated foods fall into two broad structural categories:

; (1) the pyrido-imidazole/indole mutagens (Trp-P-1, Trp-P-2, Glu-P-1, Glu-P-2, AaC, MeAaC and EtAaC, and

() the imidazo-quinoline/quinoxaline mutagens (IQ, MelQ, MelQx, 4,8-DiMelQx and 7,8-DiMelQx).

: rrlInarlzmg the results on the mutagenicity of heterocyclic amines it can be recognized that all derivatives are strong mutagens

1 in Particular the IQ-type compounds are more potent than Benzo(a)pyrene, and in TA 98 even more potent than aflatoxin B,
, b Teview see FINK-GREMMELS and LEISTNER, 1991).

' ioisuhs from at least eight heterocyclic amines which have been tested for carcinogenicity in rodent systems indicate tumour induct-

At a variety of sites both in mice and rats, with the liver being the most common location (SUGIMURA, 1985). The pyrido-imi-
Sazole/indole compounds are hepatocarcinogenic when included into the diet of mice (OHGAKI et al.,1984a, SUGIMURA and
1 fﬁd 0, 1983). Hepatocarcinomas, squamous cell carcinomas of the zymbal gland, and brain and colon tumours are induced in rats
7 e _GIU-P-l (TAKAYAMA et al., 1984 a & b). IQ is a strong inducer of unscheduled DNA synthesis in liver cells and is carcinoge-
”fnl:-] Mice and rats (BARNES et al.,1985; OHGAKI et al.,1984b). MelQ in the diet induces tumours in the forestomach and livers
| % (OHGAKI et al., 1985).

: n:geetétal daily per capita intake of heterocyclic amines has been estimated to be as high as 100 ng (SIGURA, 1985). Several carci-
[Q\t Njc heterocyclic amines, including Trp-P-1 and Trp-P-2 (MANABE et al,,1987) and MelQx (YANAGISAWA et al.,1986) and
heegpe amines have been detected in dialysis fluids. Accumulation of Glu-P-1 and Glu-P-2 in plasma of patients with uremia has
" described by MURRAY et al. (1989).

' Ej\ei:.iata show that humans are widely exposed to measurable quantities of these compounds (MANABE and WADA, 1988). In

(. O the fact that microsomal fractions of human liver can convert MelQx to potent mutagens in the Ames Salmonella assay

urineRRAY et al.,1988), and the facts that N-acetylated metabolic products of Glu-P-1 and Glu-P-2 have been found in human

Ientia’lblle, liver and kidney (KANAI et al., 1988) indicate that these compounds may be suspect human carcinogens. Thus, the po-

human cancer risk exerted by these compounds is hard to evaluate.

y
4 i Occuring compounds and Mycotoxins
fh
Cre ;o ! : s 8.4
‘withe 'S increasing evidence that the estimate of human risk to cancer is weak, when it is based on selected in vitro assays conducted
natu Purifieq compounds which have been detected to occur in foods. AMES et al. (1990) calculated that 99.99% (by weight) of all
r' . . .
meatdl Occurring toxins produced by plants, to protect themselves are mutagenic. One group of toxins which also can be present in
‘“’Xins Are mycotoxins, the toxic secondary metabolites of moulds. In the view of the FAO ( as presented by DAWSON, 1990) myco-

8 . : ; .

are of global concern and are recognized to be a major contaminant of foods and feeds, mainly staple cereals and oilseeds.
! yQ() 5
feachto’“fls comprise a structurally diverse familiy of compounds which can induce toxicity in humans and animals. Mycotoxins may
‘mgw € consumer by two different ways: (1) The direct route via ingestion of cereals, nuts or fruits and other plant commodities

S ; . . : iy

"’ea 3 meats which are spoiled by fungi. (2) An indirect exposure is known to occur when toxic residues of mycotoxins persist in
Myc()and Other tissues as well as in milk and in eggs from animals, which have been exposed to mycotoxin-contaminated feedstuffs,

OXins which have been detected frequently in food and feed commodities are the aflatoxins, ochratoxins, Fusarium toxins, Pe-
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nicillium toxins and Claviceps toxins. Carry-over into milk and edible tisssues have been demonstrated for aflatoxin B; (afl
M, in milk), ochratoxin A, zearalenone, deoxynivalenol, diacetoxyscirpenol and T-2 toxin ( for review see FINK-GREMME
1989, 1990). However, experimental studies indicate that other mycotoxins may occur in meats as well.

0'
Aflatoxin B induces hepatocarcinomas in all animal species tested as well as in humans (PARK and POHLAND, 1986). Ochrd! ,

xin A has been discussed to be the causative agent for Balkan endemic nephropathy (BEN) and associated tumours of the uriod”
system (UTT) (PETKOVA-BOCHROVA et al., 1988). Zearalenone has induced genotoxicity in experimental studies (KUIPER
GOODMAN et al., 1987). Thus, it seems necessary to monitor the presence of mycotoxins in foods to exclude a frequent eXPOSu
of consumers.

4)'
Mycotoxin contamination of meats might also occur during traditional ripening of hams and raw sausages (LEISTNER, 19

Therefore, it has to be recommended that mould fermented meats should be produced with the help of selected starter C‘Jl'fu
(FINK-GREMMELS et al.,1988). In contrast to cheese ripening where Penicillium camembertii and P.roguefortii are widely st
(PITT et al.,1986), we could demonstrate that selected P.nalgiovense isolates can be recommended for Salami-type Sdusﬂg
(LEISTNER, 1990; FINK-GREMMELS, 1990).

RESIDUES IN MEATS

In the last four decades there have been revolutionary developments in synthetic organic chemistry. As of spring 1985 the Us E%lo
ronmental Protection Agency (EPA) had a list of 60 000 marketed chemicals, and new compounds can be expected at a raté of o
per year. It is therefore quite obvious, that consumers are worried about the quality of their daily food supplies and the puthP
worldwide reports about an increasing number of chemical substances which are contaminating our foods and are consxdefed o
a potential health risk. A wide spectrum of undesirable substances can be introduced into foods via a number of routes. In Prmc
they can be catagorized into two groups:

(1) Substances, present as naturally occuring compounds or contaminants, and

(2) Substances, intentionally introduced during the cource of food manufacturing or preparation.

i)
The first group includes natural occurring toxins in plants such as oxalates, glycoalkaloids, cyanogenic glycosides, hemagglu

quercitin, goitrogens and pyrrolizidine alkaloids; marine toxins including tetrodotoxin, ciguatoxin, scombroid toxin and She“ﬁ clf
sons; toxic elements (heavy metals) and persistent environmental pollutants (pesticides, polyhalogenated compounds 2.0 0.): o
overall presence - although in most cases in minute amounts - is unavoidable. To screen the frequency of occurrence and conc oﬂﬂ’
tion of these compounds in foods, most countries have established monitoring systems, providing information about local, $¢ % ¥
and accidental risks for unexceptable food contamination. The evaluation of these data is based on tolerance levels set by ¢

tory bodies (the rational of permissible levels will be discussed in the following chapter). Promissing strategies towards wofld
ternational, worldwide harmonization of threshold levels have been developed by supranational bodies - including the

Health Organisation - with the aim to provide a successful risk management.
e

Pork, veal and poultry meats are foods which comprise a comparable low risk to be loaded with contaminants, as the short pr(;rse.*’
ion period (lifespan) prevents accummulation of xenobiotics in edible tissues of these animals. Dairy cows (and sheep and Sdﬂd
in feed lots or on pasture may during their lifespan more frequently be exposed to various chemicals including contamlrl - dair"
drugs to prevent or cure diseases. As xenobiotics can be excreted via milk, not only residues in the carcass but also in milk 2 o

products have to be considered. In addition, as milk is widely used in meals for infants, the special sensitivity of this groUP o y

11‘)
sumers has to be taken in account when setting tolerance levels. Laying hens excrete xenobiotics via their eggs. As distr 515b

: = S : : . 2
the egg yolk can result in an delayed recognition of xenobiotic exposure, eggs should not only be included in total diet and)

also provide a useful tool in residue monitoring systemes. '
dll“
The second group of residue forming xenobiotics is assembled by substances which are intentionally introduced into foodp 5

ion. These are agro-chemicals, veterinary drugs and feed additives as well as food additives. As the presence of violativ® Zl1165"
from these compounds has to be considered as avoidable, stepwise regulations have been established to exclude that slle 4 (d)g

Jv
which have the potential of a health risk do not enter the production process. In principle, the following steps aré invo
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premarketing approval system, (b) an assessment of the impact of possible residues (inadequate use) on public health, and (c) the
deveIOpmem of sensitive qualified methods for analysis in residue monitoring.

Standards and guidelines given by national authorities may vary to a certain extend in different countries. However, there is a prin-
iple agreement that substances, exerting serious toxic effects in low concentrations such as teratogenicity, immunosuppression, mu-
tagenCity or carcinogenicity are banned before being introduced into the marked. Consequently, the rational for an assessment of

€ impacts of possible residues - for instance after inadequate use - is soundly based, as unpredictable, non dose-dependent phe-
IlOmerlas such as genotoxicity and carcinogenicity can be excluded already in the first phase of approval. However, an increasing un-
erStanding of the biotransformation in target animal species (meat producing animals), resulting in a variety of non-toxic but also
ic derivatives may require a toxicological re-evaluation for certain groups of compounds. In addition, current information and

OWledge is insufficient to allow an assessment of the degree of risk based on immunopathological mechanisms (allergic reactions)
g Tesistance induction in bacteria by antibiotics and other antimicrobial compounds.

s no feasable to present a complete general overview about the incidence of undesirable residues in meat and meat products as
g as sensitivity of the methods applied for the detection and sampling frequency vary that considerably in the various countries.
11986 FSIS (USA) inspected 121 million red meat animals and almost S billion birds and supervised the production of 67 billion
Unds of processed meat and 60 billion pounds of processed poultry. Also in 1986, violative residues of chlorinated hydrocarbons
tre detected in 0.5% of swine tested, 0.1% of cattle and calves tested, and in 0,5% of all sheep. None of the chicken or turkey te-
Veg 8ave evidence for an occurrence of these compounds in their meats. In addition, organophosphates were not detected in any
‘pecieS. Antibiotic residues were reported in 1.2% of red meat animals and 0.5% of poultry tested, and sulfonamide residues in
% of poultry tested (cit. after PULLEN,1990). The meat inspection programme in the U.S. includes analysis of about 100 diffe-
" Compounds which are suspected to form residues in animal tissues.

Irn .1988 in Germany (BRD) 0.0038% of all beef carcasses slaughtered, 0.13% of veals and 0.0029% of swine contained detectable
Qsldues above the legally defined permissible levels (Statistisches Bundesamt).

b ®¢ data demonstrate, that - albeit the recognized environmental pollution and the intensity of animal production.U} thése ,COUTI-
r:S * the incidence of residues is not extremely high. In addition, it has to be stressed that the occurrence of a positive f'mdmg in
Fld“e monitoring does not inevitable imply a health hazard. It simply indicates, that residue concentrations above a given per-
Bble level have been detected.

FOOD TOXICOLOGY AND RISK ASSESSMENT

i 5 e :

. 'k aSsessment is a term which is used with increasing frequency from scientists, regulators and consumers and very often risk as-
lhssmem is misinterpretated and misused for the listing of analytical data obtained during food inspection only. Risk assessment - in
he "amework of food toxicology - is the biomedical assessment of the possible impact of a compound occurring in foods to public
Qalth

B
Og 3 : - P
ty, s, €ven those from conventional sources, such as fruits, nuts or meat of game animals can be completely analyzed to be a mix-

by 9f hundreds of chemical compounds. Thus, the description of an .undesirable compo%md or r.esidue first requi.res a definition:
oy s hatural. For example, since centuries meats have been predominantly consumed after having been cookcd'. in ()lq days ove?r
M Pen fire. Modern analytical methods enable us to detect a pleora of highly mutagenic and experimental carcinogenic pyrolysis
Ihat 'UCIS (heterocyclic amines) in heated meats. Following the conventional Zero Risk Concept in risk assessment this would rTlean
thy fill heated protein containing foods, including meat, fish and soybean produ.cts have to be completel.y bannesi. In contrast, if we
Iy der these compounds to be natural, and thus providing only an acceptable risk for the consumer, this would imply that we have
A * the Same tolerance margin of acceptable risk also in assessing industrial chemicals.

li((::lh “Oncepts, the zero risk demand as well as the axiom of natural compou'nds not.being hazardous, prov?de no s.eri(.)us Cc?mribu-
Wﬁrl % @ successful risk management in food production. Despite the generalized desire of modern-days soc1ery' to live in a risk-free
b]ate * COnsumers have to accept that a zero risk is neither achievable nor natural. However, as safety of foods is no longer contem-

3 an absolute term, all efforts to define and achieve the minimum risk have to be encouraged.
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Risk is the measured or estimated probability of an event (injury, disease or death) inherent within our daily activities. Estimai
of risk associated with contaminants or residues in foods requires identification of the potential adverse health effects (hazard ide?
tification) as well as identification of the amounts consumed and the possible routes by which a person might come into Coma_cI
with the incriminated substance (exposure assessment). In principle, the overall risk is low for a compound which occurs seldom *
foods (i.e. accidental contamination) and has a low, dose-dependent toxicity (FINK-GREMMELS and LEISTNER, 1986).

| dat? ley

It is generally accepted that the potential hazard of a substance occurring in foods has to be estimated from all toxicologica
xicity ;

available, including acute and chronic toxicity in different animal species, organ specific effects, teratogenicity and embryot0
immunotoxicity, mutagenicity and carcinogenicity. Envisaging risk assessment adverse biological activities can be devided into ™

categories:
&

(a) linear dose dependent effects, and
(b) non-linear dose dependent effects.

I fun

Dose dependent effects include all pharmacological properties of a compound, i.e. the reversible alteration of physiologica o
e

ions. For these effects a reliable no effect level or safety level can be establised. If experimental data on pharmacological propé
are only available from studies in animals, the estimation of a safe level for humans accounts safety factors to resemble the Unce.rl

tainties in extrapolating animal data to humans. The size of the safety factor applied may vary, although a common and pfagma 1‘

approach is to use the factor of 10 x 10. This factor 100 is based on the assumption that man is 10-fold more sensitive than 1abo” W
tory animals from which most of the biological data are achieved. This species-specific extrapolation factor is multiplied again by,{e 0
in consideration of qualitative aspects of bioassay data, steepness of the dose-response curve, extend of response and comperam, i
pharmacokinetics and metabolism rates. Additional safety factors have been introduced for selected effects as for instance the y
tor 500 in relation to teratogenicity if only tested in two animals species. Consequently, the safety factor might be reduced whe”
sessing compounds for which sufficient human data are avaible. ) q
The advances of fixed safety factors are obvious: they are easy to understand, they are applicable for all kinds of compounds o

occur in our environment and foods, and they allow a comparative judgement of all undesirable compounds. T

; A ¢ : : . d {1
For food ingredients or contaminants a fixed safety factor and consequently a one-way equation in the calculation of an acceP™ [
exposure rate for man allows the precise definition of an acceptable daily intake. The latter can be used, to assess the e
data obtained from food surveillance programmes and allows a judicious and simple yes/no answer. The safety factor conceP §

been used for FAO/WHO decisions and in national regulatory bodies.

il

2 s - : - 7 ; ' reV
Criticism about the safety factor concept arises when in the procedure of toxicological testing of a compound a potential for i @ A
sible toxic effects, i.e. a potential carcinogenicity, becomes evident. For compounds which might interact with DNA and o

quently alter DNA bases with the result of carcinogenesis, the threshold concepts is not accepted. In the view of the multistage o ?
cept of chemical carcinogenesis various mathematical models have been developed, based on different assumptions (for revie™”
JOHANNSEN, 1990): g
i &]
* The linear models are based on the assumption that increase of tumours by a xenobiotic augments an already ongoing biolog* !
process. g
* Mechanistic models are considering an age-specific tumour rate, defined as the proportion of people in any specific age groUP‘.UO’ }
* The class of tolerance distribution models assume that each member of a population will develop a tumour if exposed t0 2 e :
gen exceeding a critical level. . of
* Time-to-tumour models try to describe a complex relationship between dose and tumour-latency and therefore require @ vafl®” E

additional toxicological data. e
. . b : ; ; . ist1c
* Two stage response models consider transformation probabilities and cellular dynamics (proliferation, taken from mechnist

dies rather than chronic bioassays, to estimate age specific tumour incidence rates. l

1
ose
The mathematically based approaches result in extreme variations (up to 1:1,000 000) of the estimates of a virtually safe |

concentration in food).
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One of the major criticism towards these mathematically based models is that they neglect the metabolic fate of a xenobiotic in the
"ganism. As it is known that a growing number of chemicals only produce an experimental carcinogenic response after they have
u_ndergone (speciesspecific-)metabolic activation, the involvement of non-linear kinetics in the bioactivation process from a procar-
cln()gen to an ultimate carcinogen has to be considered. As a consequence, the concept of physiologically based pharmacokinetic
rI"odtﬂs (PB-PK) has been developed. This approach integrates absorption, distribution, biotransformation, excretion and receptor
e interactions in the target organism (man) into the extrapolation of high experimental dosages (virtual risk) to manyfold lower
*Vels on human exposure (actual risk) in the interpretation of the phenomenon of tumour induction (HOEL et al.,1983). Thus, the
I)B‘PK concept is the unique model which is not based on external concentrations of a potential hazardous compound (as present in

f . : : :
%0ds) only, but also on the internal (in the organism) active aliquote at the actual site of possible pathological response.

An()ther item for criticism in risk evaluation is the possible role of substance-interactions (rendez-vous effect), which might have a
O0siderable impact on immunpathological alterations (allergy, idiosynchratic reactions) and the effects of single or groups of resi-
U3 on the resistance-induction in bacteria. For both possible events a reliable concept for risk assessment has not been establish-

8
lang current knowlegde is based on experimental data and a few epidemiological studies.

SUMMARY AND CONCLUSION

®at consumption has been suspected to be responsible for a variety of metabolic diseases and cancer. In addition, mutagenic and
Q,arciHOgenic compounds generated during preservation and cooking of meats are considered to contribute to the hazardous propor-
s of meat as a food. However, in recent years developments in basic and applied sciences gave no evidence that simply eliminating
i:?:tsif.rom our diet would have. a significant effect to human health (.PHILIPPS et al,, 1.983). However, greate.r appreciation of .the
arldllnflc facts related to meats in our diet - both favourable and detrimental - should stimulate new concepts in animal production
Mmeat technology. Nutritionists seem often to neglect that eating is not only a physical need but also an art, contributing to the
Yeral] well-being and life-style. Meat technologists trend to overestimate current topics in nutritional science and basic medical
QsearCh. Thus, a more integrated approach of meat producers, meat scientists, nutritionists, medical personnel and consumers

Cems A 2 : 2 . :
TS to be the only pragmatic recommendation to improve the understanding of the role meat plays in our diet.
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