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Abstract

The studies aimed to determine the occurrence and formation of nitrosamine contamination levels with dimethylnitrosamine
(DMNA) and diethylnitrosamine (DENA) in meat of various kinds, species and genders of farm animals slaughtered at meat processing
plants all over Poland. The meat after cooling, cutting and jointing was classified, then comminuted and divided into several experimen-
tal variants. Moreover, the effect of the most frequent functional additives used in food industry, such as sodium chloride and sodium
ascorbate, and baking process upon the level of the meat pollution was researched. Nitrosamine (DMNA and DENA) concentrations
were assessed by Varian 3400 gas chromatograph coupled with Finnigan MAT ITD 800 spectrometer. The quantitative and qualitative
states of respective nitrosamines were determined by comparing the chromatogram values.

The experiments conducted by the author revealed that sodium chloride or sodium ascorbate added to the meat caused a decrease in
nitrosamine contamination level in comparison with meat without the additives. It was also found that under the experimental conditions
and for the experimental variants, baking process leads to an increase in the levels of nitrosamine (DMNA and DENA) contamination in

comparison with meat free of functional additives as compared to meat containing the functional additives.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The causes and extent of current and potential eco-tox-
icological hazards, comprising among others water con-
tamination with pesticides and nitroso- compounds, or
chemical pollution of air, soils, agricultural products, for-
age or food, have been well known. N-nitroso compounds,
represented by organic compounds, where N-nitroso
(—N=O0) group is bound with other nitrogen atoms, con-
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stitute a large group of organic nitrogen compounds which
are nitrosamine precursors.

Nitrosamines are chemical substances with strong toxic,
mutagenic, neuro- and nephrotoxic, teratogenic and carcin-
ogenic effect. They form mainly in aquatic and soil environ-
ments but also in forage and food where they originate
from primary, secondary and tertiary amines and amides
and also result from the products of some pesticides and
other precursor bio-transformations (Bogardi, Kuzelka,
& Ennenga, 1991; Hill, 1988; Nitrite Safety Council,
1980; Preussman, 1983; Shamberger, 1984; Skrypec et al.,
1985; Smyk, Rézycki, & Dobrowolski, 1993).

Dimethylnitrosamine (DMNA) and diethylnitrosamine
(DENA) reveal the strongest toxic activity. In case of sec-
ondary amines and nitrosamine formation kinetics of
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nitrosation follows the secondary equation. For the sec-
ondary and tertiary amines, the fastest reaction is observed
in acid environment, i.e. at pH = 3-3.4. However, the
greatest efficiency is achieved at pH =4-5. Autotrophic
(chemoheterotrophic, chemoautotrophic and photoauto-
trophic) and numerous heterotrophic organisms participate
in biochemical and chemical processes of nitrosamine for-
mation, which are also active in biochemical processes of
nitrification and de-nitrification together with numerous
bacteria. In the environment where nitrate ions are present,
microorganism metabolism plays an important role,
because some of them may accelerate nitrosating reaction
and increase nitrosamine amount.

Experiments have demonstrated that some strains of
enterococcus and Clostridium bacteria reveal an ability to
synthesise dimethylnitrosamine (DMNA), while some Pro-
teus are capable of dimethylnitrosamine production. The
role of bacteria in nitrosamine formation consists in nitrate
reduction to nitrites, protein degradation to secondary
amines, production of an enzyme catalysing nitrosating reac-
tion and forming a suitable reaction environment, i.e. acidi-
fication. Biocatalytic activity of some moulds in the reaction
of nitrosamine synthesis is ascribed to species such as Penicil-
lium roqueforti, Penicillium camamberti and Rhizopus. Also
some other moulds, such as Aspergillus oryzae, which cata-
lyse nitrosating of amines and participate in tri-methylamine
transformation into diethylamine, are characterised by
strong phytotoxic, mutagenic, teratogenic and carcinogenic
effects on micro- and macro-organisms (fungi, plants, ani-
mals and humans). Studies have demonstrated an important
role of NNC as initiators of cancerogenesis in humans and
animals depending on ecological and geophysical conditions
(King & Kurth, 1980; King, Kurth, & Shorthose, 1981; Kluc-
zek, 1994; Smyk, Barabasz, Rézycki, & Dobrowolski, 1992;
Smyk, Rézycki, & Barabasz, 1990; Steibert, 1982; The
World Health Report, 1995; Wang, 1984; Wilkinson, 1994;
Wyllie & Morehouse, 1990-1991; Zakrzewski, 1995). Nitros-
amines present in food form two big classes: (1) proper N-
nitrosamines originating from secondary amine nitrosating
and (2) nitrozamides or more precisely derivatives of N-
nitroso urethane, N-nitrosoguanidine and N-nitrosourea.
The problem is that N-nitroso compounds may form de novo
in human and animal alimentary tract. It has been demon-
strated that animal organism is well prepared for N-com-
pound synthesis and their amount is determined by
selection of substrates and their proportional mixture.

The materials presented by WHO and prepared on the
basis of research carried out by many research centres dem-
onstrate that there are two compounds that are most often
assayed in food, i.e. dimethylnitrosamine (DMNA) and
diethylnitrosamine (DENA). The presence of nitrosamine
results inter alia from various technological processes in
which they form in a slightly acid environment in reaction
between sodium nitrite and nitrogen oxide, and precursors
present in foodstuffs, such as proteins, peptides, and amino
acids (proline, orntine, glycine, alanine, choline, acetylcho-
line, and betanine). Basing on hitherto conducted research,

it was assumed that conditions favourable for the nitroso-
compounds formation occur also in meat where the precur-
sor is creatine, i.e. one of the basic components of muscle
tissue and when it occurs with phosphoric acid forming
phosphocreatine. The studies have revealed that DMNA
may form from quaternary ammonium salts, such as cho-
line, acetylcholine and betaine, which are common in ani-
mal tissues. Both DMNA and DENA may form from
mono-, di- and trimethylamines and from respective ethyl-
amines. Diethylnitrosamine (DENA) forms from L-alanine
in meat and meat products, the most frequently in fried
bacon where much bigger quantities than in raw bacon
were found. Nitrosopyrrolidine may be formed during fry-
ing of bacon through the formation of pseudo-nitroso
unsaturated lipid derivatives (Skrypiec et al., 1985).
Literature and the Author’s own research have identified
the biggest hazards including free nitrogen concentration,
temperature, pH, hydrogen ion concentration and some
specific types and groups of bacteria, moulds and fungi.
Basing on the available knowledge in this area and his
own research, the Author undertook the present studies to:

(1) determine nitrosamine occurrence in raw meat from
various kinds, species, genders and types of farm ani-
mals slaughtered in the all year cycle;

(2) assess the importance of functional additives, such as
sodium chloride and sodium ascorbate, in raw and
baked meat of individual animal species for the levels
of nitrosamine contamination;

(3) establish the effect of baking process on a change in
nitrosamine concentrations in raw meat after slaugh-
tering and coupling with the functional additives;

(4) carry out a comparative analysis of the obtained
quantitative and qualitative results of DMNA and
DENA present in raw meat, in meat with functional
additives and formed as a result of baking.

2. Materials and methods

The experimental materials used for the eight-year inves-
tigations carried out in Poland were meat samples collected
(under veterinary supervision) in meat factories from ani-
mals previously kept in farms and fed in the all-year-round
cycle, slaughtered and subjected to after-slaughter treat-
ment: pork from young sows, sows, hogs and boars, beef
from heifers, cows, bullocks, bulls and calves, horseflesh
from mares and geldings, mutton from ewes, wethers and
rams, and goat meat.

The carcasses were chilled in a cooling chamber of the
meat factory for twenty four hours at the air temperature
range between 0 °C and 2 °C, air humidity between 85%
and 90% and air velocity from 1 m/s to 2 m/s, and the inner
temperature inside the muscle reached 4 °C. After this per-
iod of time after slaughter the carcasses were cut and
jointed, bones were removed and the individual elements
of the muscles were classified.
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Samples providing the tested materials for each of the 90
test variants were collected from the hind legs — hams or
haunches from 5 kinds including 15 species groups. Each
species group comprised 21 animals and from each animal
four samples were taken. The samples were then trans-
ported in special cooling containers to the laboratory of
the Department of Microbiology, Agricultural University
of Krakow, where they were kept refrigerated at 2 °C and
successively used for the analysis. The same sampling
method was used for each variant: I — raw meat, II — raw
salted meat, III — raw meat with sodium ascorbate; IV —
raw salted meat with sodium ascorbate. The external and
intramuscular fat was removed from the meat samples in
individual groups and respective variants. Four 200 g meat
samples were collected for each experimental variant from
each animal of a given kind, species and gender of the 21
slaughtered animals. Next the properly prepared samples
were initially comminuted in a mincer with 2 mm mesh.
Each 200 g sample for individual experimental variant
was homogenised and from such prepared material 50 g
was collected for laboratory analysis. One sample was
always used directly for the analysis of meat from the
slaughtered animal of a respective group as variant I —
raw meat, whereas functional additives were injected to
the other raw meat samples and these formed variant IT —
salted meat, III — meat with added sodium ascorbate and
IV — salted meat with added sodium ascorbate. Laboratory
analyses were carried out in five replications for each sam-
ple and the results were averaged. In variants II sodium
chloride (NaCl) as a functional additive was applied
because it is used for all meat products and plays an impor-
tant role in the production technology and development of
their quality and sensory features. Currently the critical
amount of table salt (NaCl) according to the regulations
in force in Poland ranges between 1.8% and 2.2% depend-
ing on the product and season of the year when it is pro-
duced, considering consumer health and the product
quality. In order to average the permissible salt amount
for the investigations, an addition of 2% of sodium chloride
was used in variant I at pH ranging between 5.85 and 6.05
for all groups of raw meat. After keeping salted meat (var-
iant IT) of 48 h in cold storage (as described earlier), it was
analysed in the laboratory. The samples collected for vari-
ant III — raw meat received functional additive 0.03% of
sodium ascorbate which fulfils a reducing function,
increases the degree of pigment reaction and lowers the res-
idue nitrites. Next the samples were analysed in a labora-
tory. Functional additives such as sodium chloride (2% of
the contents) and sodium ascorbate (0.03%), were added
to the raw meat samples in variant IV, which were then
subjected to a laboratory analysis. Subsequently, each of
the samples constituting experimental material: variant I
— raw meat, variant II — raw salted meat, variant III —
raw meat with sodium ascorbate and variant IV — raw
salted meat with sodium ascorbate, retaining their sensory
and physico-chemical properties, were individually baked
in an oven at 250 °C for a specified period of time to obtain

the desired quality of baking. The baking periods were as
follows: 60 min for veal, 75 min for pork and 85 min for
beef, horseflesh, mutton and goat meat at assumed con-
stant contents and weight of the raw material. On the basis
of other experiments conducted by the Author, it was
determined that the final product (variant I-1V) had the
proper quality of food product good for consumption.

Experimental baking process for all experimental vari-
ants (I-IV) was carried out in an adjusted oven PPO-le
used in meat processing plants for baking meat and meat
products. Baking is carried out in forced air system and
the products (input) are put on cart shelves. During baking
the cart rotates which ensures uniform baking of the whole
product. This is a closed recirculation system forced by two
centrifugal fans which suck off the air from the oven and
next through a cascade of electric heaters force it back to
the oven. The air flowing through the heater cascade heats
up to the baking temperature suitable for individual prod-
ucts. Maximum air temperature inside the oven is 250 °C.

The air flows through system of slots in a shutter cover-
ing the blow-in duct and outlets in the suck up channel,
which ensures uniform air flow in the whole oven capacity.
The oven is equipped in the heated air humidity regulation
system, which prevents overdrying of products, especially
at the initial phase of baking. A pulsating spraying with
warm water on heater block causing the water evaporation
humidifies the air. Excessive vapour is removed from the
oven during baking through the chimney with a throttle
automatically shut and opened by pneumatic servo-motor.
The oven is heated by electricity and baking temperature is
regulated automatically. A person operating the oven can
control the whole process of baking through a sight glass
in the oven door. The baking chamber is lighted.

Electric heating system ensures ecologically clean and
neutral environment for the baking carried out by means
of PPO-le oven and obtaining high quality final
products.

PPO-1e baking oven is characterised by a high efficiency
and technological effectiveness.

2.1. Technical data

Working capacity 1 cart
Single product input 350 kg
Operation 1 person
Maximum temperature 250 °C
Installed capacity (total) 56.38 kW
— Fan engine capacity 2 x 1.1 kW
— Motoreductor engine capacity 0.18 kW
— Heater wattage 54 kW
e Rotational cart speed 3 rot/min
e Water consumption 10 I/h
e Exterior dimensions

— Width 1700 mm

— Height 2700 mm

— length 2200 mm
e Weight 1300 kg
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The device, in which meat later used for complex analy-
ses was baked at 250 °C during the period of time necessary
for baking 1 kg of sample, is an automatic device equipped
with a suitable measuring apparatus.

Properly baked sample materials from each examined
animal per variant were initially comminuted in a mincer
with 2 mm mesh. Each sample was then homogenised
and from such prepared material 50 g was collected for lab-
oratory analyses in five replications to detect nitrosamine
(DMNA and DENA) contamination and the obtained
results were averaged first for a given sample and then
for all 21 samples in individual variants of the studied spe-
cies and groups of slaughtered animals. Twenty-one aver-
aged results of samples per individual group were
obtained in the experiment conducted on five kinds includ-
ing 15 groups of meat from males and females and each
sample originated from a different animal of the slaugh-
tered kinds, species and gender. In total 15 groups were
studied, each including eight variants: I — raw meat and
Ia — baked meat, II — salted meat and IIb — baked salted
meat, III — meat with added sodium ascorbate and Illc —
baked meat with added sodium ascorbate, IV — salted meat
with added sodium ascorbate and IVd — baked salted meat
with sodium ascorbate. As a whole, it gave 120 variants
and averaged results of nitrosamine (DMNA and DENA)
contamination of samples.

Meat contents of nitrosamines (dimethylnitrosamine —
DMNA and diethylnitrosamine — DENA) were assessed
by Pancholy’s method (Pancholy, 1976) adapted to nitrosa-
mine determination in meat and meat products by Scanlan
and Ryes (Scanlan, 1973; Scanlan & Ryes, 1985). DMNA
and DENA concentrations were determined using a Varian
3400 gas chromatograph coupled to a mass spectrometer
(Finnigan MAT ITD. 800). The samples were divided on
the 0.2 um and 25 m long Hewlett-Packard capillary col-
umn. The samples were dissolved in chloroform. After
the injection of 0.5 pg of solution, a temperature gradient
was applied (50-150 °C, 10 °C/min) with helium as the car-
rier gas. The injector temperature was set at 180 °C and the
carrier gas pressure at 10 psi. The volatiles were identified
by comparing their mass spectra with standards and by
comparison of retention times with standards. Quantitative
and qualitative analysis was conducted by comparison with
N-nitrosamine standard solution chromatograms.

The following nitrosamine standards were applied to
analyse meat:

No. N-7756 for dimethylnitrosamine (DMNA) determi-
nation and No. N-0756 for diethylnitrosamine (DENA),
both produced by SIGMA, Chemical Comp., St. Louis,
Mo. USA.

3. Results, discussion and conclusions
Experiments conducted to detect nitrosamine (DMNA

and DENA) contamination in raw meat from different
farm animals and in baked meat with functional additives

produced quantitative data concerning these toxic com-
pounds and the analysis of results allows for the following
conclusions.

The experiment revealed the biggest nitrosamine con-
centrations in pork and beef and the smallest in veal and
goat meat. Studies on nitrosamine contamination levels
in meat muscles and animal products due to processing
technologies are most important because of the hazards
they pose for human health. Table 1 shows mean quantita-
tive results of DMNA and DENA contamination in indi-
vidual groups and variants, whereas the mean percentage
variables of nitrosamine contamination in species within
the group and experimental variants have been collected
in Table 2 for comparison. The results of studies conducted
on raw meat during this particular period of time might
have been due to inter alia the animal being fed fodder mix-
tures polluted by large amounts of dioxins, which were
commonly imported in big quantities to Poland from
France and Germany or by chemically polluted grain for-
age brought from Hungary, Czech or Slovak Republic.
The facts evoked a heated discussion in the mass media.
Research demonstrated that serious contamination of the
fodder mixture was caused by an addition of dirty, com-
pletely useless and polluted engine oil instead of animal
fat, which normally is a component of such mixtures. As
has been established, this highly illegal procedure lasted
for many years. Statistical data show that between 1992
and 2002 the number of cancer cases increased twelvefold,
which may have been caused by consumption of this seri-
ously chemically polluted food.

Free amino acids susceptible to nitrosation, like proline,
glycine, alanine, valine and biologically active ones, such as
putrescine and cadaverine present in meat, also form under
the influence of microorganisms and enzymes and in this
way dimethylnitrosamines and diethylnitrosamines may
form. The degree to which meat chemoproteins pass into
nitroso derivatives depends on myoglobin and hemoglobin
content in meat and on nitrite and nitrate concentrations.
Nitrites present in animal body originate from various
kinds of fodder and drinks, from enzymatic breakdown
of L-arginine in tissues when over 10 pmol of nitrites per
1 kg of body weight is formed daily, and are due to nitrate
reduction to nitrites by alimentary tract microorganisms.
Nitrite uptake with food is harmful for human health
because these compounds cause hemoglobin transition into
methemyoglobin, which is unable for reversible oxygen
binding. Reactions of nitrosation occur in the acid environ-
ment of the stomach and some bacteria develop at achlor-
hydria. Analysing the results obtained from the analyses of
meat (at pH between 5.8 and 6.5) from slaughtered farm
animals and the effect resulting from individual species,
genders and environmental factors, by way of nutrition
and technological processes applied in food industry, it
may be seen that the quantitative and qualitative levels of
nitrosamine contamination differ considerably. In order
to characterise a basic chemical applied in food industry,
the effect of sodium chloride on the assayed nitrosamine
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Mean quantitative nitrosamine content (pg/kg) in specifically diversified raw meat and meat with functional additives and resulting from baking (n = 21)

Species, kind Meat Variant I — raw meat Variant I a — baked meat
and gender of san.lple Variant II — raw salted meat Variant II b — baked salted meat
slaughtered variant
animals Variant III — meat with sodium ascorbate Variant III ¢ — baked meat with sodium ascorbate
Variant IV — salted meat with sodium ascorbate Variant IV d — baked salted meat with sodium ascorbate
DMNA DENA DMNA DENA
Contents Variability ~ Contents Variability  Contents Variability ~ Contents Variability
(ng/kg) coefficient  (ug/kg) coefficient  (pg/kg) coefficient  (ug/kg) coefficient
X +s Z % X +s Z% X +s 7% X +s Z%
Young sows I-Ta 9.06 567 146 871 551 131 1246 458 187 11.88 449 18.1
II-1I b 726 481 122 692 513 124 929 427 159 8.80 418 154
II-1II ¢ 648 426 113 6.03 487 11.6 8.10 384 142 7.64 398 139
IvV-1vd 480 3.74 8.9 471 446 104 6.42 352 127 629 349 124
Sows I-Ta 1044 498 109 10.11 559 11.8 1462 568 11.8 1526 579 127
II-1I b 8.67 4.47 9.8 849 4838 109 1192 499 104 1212 517 11.6
II-1I1 ¢ 7.68  4.05 8.6 7.55 429 10.2 10.21 437 9.6 10.04 462 108
Iv-1vd 6.72 372 7.2 6.66  3.86 9.8 930 3.84 8.9 9.19 414 10.1
Hogs I-Ta 9.69 586 138 948 586 129 1298 522 198 13.80 533 19.2
II-11 b 8.13 494 129 8.04 493 121 10.73 488 16.5 1085 498 16.1
II-1IT ¢ 747 419 114 738 448 112 9.56 437 139 945 451 136
Iv-1vd 6.09 3.65 103 6.02 416 104 825 380 127 8.16 4.18 122
Boars I-1a 11.34 397 102 1269 496 108 16.67 623 122 18.78 6.62 128
II-11 b 948 3.52 9.6 10.08  4.58 9.9 13.60 576 11.6 1452 581 119
II-1II ¢ 834 324 8.8 9.03 4.26 9.6 11.85 512 104 1246 532 112
Iv-1vd 741  3.02 7.9 8.01 392 9.1 10.37  4.45 9.8 11.09 496 10.5
Heifers I-Ta 843 335 137 8.04 366 142 1144 483 192 10.81 472 183
II-11 b 7.02  3.02 13.1 6.63 341 133 895 442 161 849 443 157
M-I ¢ 633 281 124 6.02 314 124 7.88 411 135 749 419 130
Iv-1vd 498 255 112 483 278 115 6.80 356 123 6.63 398 118
Cows I-Ta 8.13 437 163 889 428 158 1033 542 192 11.38 562 199
II-11 b 6.90 4.06 14.1 6.75 403 136 8.66 517 163 899 528 168
III-1II ¢ 6.04 375 129 6.13 374 124 740 491 138 798 502 144
IV-1v d 468 342 116 535 339 112 643 442 126 6.79 453 133
Bullocks I-Ta 10.08 449 129 975 476 132 1441 491 158 13.67 472 15.1
II-11 b 870 412 12.1 858 433 124 11.61 453 139 11.20 449 134
II-1II ¢ 7.63 386 113 7.62 409 11.8 9.69 416 131 998 4.08 129
Iv-1vd 639 355 104 646 372 106 851 399 10.6 8.62 391 102
Bulls I-Ta 12.00 5.62 9.8 1224 596 104 1728 6.82 115 16.75 671 109
II-11 b 9.87 523 9.2 10.08 545 9.8 1456 633 108 1421 622 10.1
II-1IT ¢ 8.62 491 8.6 8.83  5.02 8.9 11.81 611 10.2 12.60  6.04 9.6
IvV-1vd 7.54  4.67 79 7.80  4.71 8.1 10.46  5.78 9.4 10.75 572 9.0
Calves I-Ta 294 254 176 285 282 169 385 273 138 3.56  2.68 13.6
II-11 b 241 219 143 239 239 139 289 251 121 280 248 12.0
III-1I1 ¢ 2,11 203 129 210 216 122 259 229 113 255 225 111
Iv-1vd 1.68 192 114 1.66 203 11.1 210 211 104 208 207 102
Mares I-Ta 438 396 189 447 417 196 592  4.08 147 538 399 141
II-1I b 3.60 3.57 15.1 3.65 389 159 443 372 139 419 3.67 135
II-1II ¢ 327 331 132 321 362 137 394 356 132 3.85 351 126
IV-1v d 269 3.02 116 267 321 123 340 314 125 337 3.08 12.1
Geldings I-1a 498 472 207 516 489 214 6.42 458 158 691 463 163
II-11 b 424 441 169 427 452 176 549 429 144 552 433 149
M-I ¢ 371 422 132 374 430 143 458 416 138 464 420 141
Iv-1vd 312 396 108 315 405 117 395 4.02 131 3.99 407 135
Ewes I-Ta 333 3.66 169 321 352 161 433 346 138 401 352 132
II-11 b 285 339 138 279 331 133 3.65 327 131 3.56 332 127
III-1II ¢ 266 316 127 261 298 123 333 313 124 321 317 120
IV-1vd 230 3.02 114 224 276 11.1 291 3.04 116 284 310 11.1
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Species, kind ~ Meat Variant I — raw meat Variant I a — baked meat
and gender of sample Variant II — raw salted meat Variant II b — baked salted meat
slaughtered variant
animals Variant III — meat with sodium ascorbate Variant III ¢ — baked meat with sodium ascorbate
Variant IV — salted meat with sodium ascorbate Variant IV d — baked salted meat with sodium ascorbate
DMNA DENA DMNA DENA
Contents Variability Contents Variability Contents Variability Contents Variability
(ng/kg) coefficient (ng/kg) coefficient (ng/kg) coefficient (ng/kg) coefficient
X +s Z% X +s Z% X +s Z % X +s Z%
Wethers I-1a 375 397 17.5 3.63 3.79 17.4 495 391 14.6 433 3.78 15.3
II-IIb  3.15 3.68 14.8 3.09 3.57 14.2 443 3.62 139 4.02 3.56 13.3
II-1Ic 2.85 3.31 12.6 2.81 3.26 12.2 3.63 347 13.2 351 338 12.7
IV-IVd 244 3.12 11.5 2.38 3.03 10.9 3.02 3.28 12.5 3.03 3.31 11.6
Rams I-1a 399 535 19.8 432 5.06 21.7 591 4.72 16.3 6.65 4.89 17.1
II-IIb 321 5.08 16.9 351 4.69 17.4 4.50 4.39 14.9 491 446 15.3
M-l c 279 4.79 13.8 294 436 14.3 376 4.17 13.7 397 425 14.1
IV-IVd 262 442 11.9 270 4.19 11.2 3.30 4.02 13.1 338 4.14 134
Goats I-la 234 327 18.6 2.19 3.22 17.9 295 3.04 15.2 2.78 2.96 14.9
II-1I b 1.89 3.05 15.3 1.81 3.01 14.8 233 291 14.0 221 2.78 13.8
IN-MIc 1.57 291 12.9 1.53 2.84 12.4 2.00 2.73 13.3 1.94 2.65 13.1
IV-IVvd 1.33 2.68 10.7 1.29 2.59 10.2 1.73  2.65 124 1.77 2.58 12.2

activity was studied. While examining the needs and possi-
bilities of lowering sodium content in food products, one
should consider the fact that NaCl plays an important role
in the technology of production and development of both
its quality and organoleptic features. A decreased table salt
addition to meat products means possible technological
problems and worse product quality. Some of the sodium
chloride properties inhibit microbe development and in this
way affect microbiological durability of meat products.
Excessive consumption of table salt, which may cause
hypertension, is a problem for communities in many
countries, including Poland. The phenomenon arouses
wide-ranging interest among medical doctors, nutrition
specialists, consumers and food processors. A 2% sodium
chloride addition to meat in experimental variants caused
a decrease in nitrosamine (DENA and DMNA) contami-
nation level in all groups and kinds as compared with
raw unsalted meat. A 0.03% addition of sodium ascorbate
to experimental meat variants caused a decline in DMNA
and DENA nitrosamine contamination level in all groups
and kinds of meat as compared with the raw meat. A 2%
sodium chloride and 0.03% sodium ascorbate addition to
experimental meat variants caused the highest decrease in
DMNA and DENA nitrosamine contamination in all
groups and kinds of meat in relation to raw meat, raw
salted meat and raw meat with added sodium ascorbate.
The results of the research demonstrate an apparently
destructive effect of especially sodium ascorbate and lesser
influence of sodium chloride on DMNA and DENA nitros-
amines. On the other hand, the nitrosamine concentrations
assayed in the meat samples of experimental variants sub-
jected to baking process increased proportionally as evi-
denced by the results given in Tables 1 and 2. The
research revealed that, considering technological properties

of meat, decreasing table salt addition below 2% or increas-
ing it is purposeless because of technological properties of
meat. The above mentioned attitude was confirmed by tox-
icological research conducted at numerous research centres
under the auspices of the World Health Organisation.
Occurrence of precursors and nitrosamine formation in
various animal and plant food products and their carcino-
genic effect are strictly connected ecologically and toxico-
logically with the environment. Breathing in air
containing among other things NO, NO,, N,O3, nitroso
halides and many other nitrosating agents as well as ingest-
ing plant precursors with drinking water from rivers, ponds
and other water reservoirs polluted by animals and sewage
expresses the nitrosamine balance found in the studies.
Nitrosamines may have highly diversified construction
revealing the properties of solid substances, liquids, some-
times oily, and some are volatile in water vapour. Nitrosa-
mines as compounds with specific construction present in
food and fodder are not only noxious due to their toxicity
as strong poisons, but they also have carcinogenic effect.
Isolated nitrosamines originate from amines forming dur-
ing food decay and protein breakdown in the presence of
a nitrite. These amines are also present in plant environ-
ment. It is very important to avoid food rich in nitrates
and nitrites or contaminated with pesticides. The
compounds are frequent components of food products
consumed by people and also by animals in the form of
fodder. Further intensively developed research on nitrosa-
mines should aim to determine the dependencies and their
effect on the occurrence of many disease entities. According
to the report of the US Academy of Sciences, further endeav-
ours focussed on limiting the hazards connected with the
mode of nutrition should involve studies on physiologi-
cal, especially carcinogenic effect of nitroso-compounds.



Table 2

Mean percentage nitrosamine concentrations (ug/kg) in raw meat from various species of animals, in meat with functional additives and in meat as a result of baking (n = 21)

Species, Variant I raw meat  Variant I a baked Variant II raw Variant II b baked  Variant III meat Variant III ¢ baked  Variant IV salted Variant IV d salted
kind and [100%)] meat [%0] salted meat [%)] salted meat [%)] with sodium meat with sodium meat with sodium baked meat with
gender of ascorbate [%] ascorbate [%] ascorbate [%] sodium ascorbate
animals [7o]

DMNA DENA DMNA DENA DMNA DENA DMNA DENA DMNA DENA DMNA DENA DMNA DENA DMNA DENA

Contents (ng/kg) Contents (pg/kg) Contents (ug/kg) Contents (pg/kg) Contents (ng/kg) Contents (ng/kg) Contents (ng/kg) Contents (ng/kg)

X X X X X X X X X X X X X X X X
Young sows 9.06 8.71 137.52 136.39 80.13 79.45 102.54 102.07 71.52 69.23 89.40 87.71 52.98 54.08 70.86 72.22
Sows 10.44 10.11 140.04 150.94 83.05 83.98 114.18 119.88 73.56 74.68 97.80 99.31 64.37 65.87 89.08 90.90
Hogs 9.69 9.48 133.95 145.57 83.90 84.81 110.73 114.45 77.09 77.85 98.66 99.68 62.85 63.50 85.14 86.08
Boars 11.34 12.69 147.00 147.99 83.60 79.43 119.93 114.42 73.54 71.16 104.50 98.19 65.34 63.12 91.45 87.39
Heifers 8.43 8.04 135.71 134.45 83.27 82.46 106.17 105.60 75.09 74.88 93.48 93.16 57.07 60.07 80.66 82.46
Cows 8.13 8.89 127.06 128.01 84.87 75.93 106.52 101.12 74.29 68.95 91.02 89.76 57.56 60.18 79.09 76.38
Bullocks 10.08 9.75 142.96 140.20 86.31 88.00 115.18 114.87 75.69 78.15 96.13 102.36 63.39 66.26 84.42 88.41
Bulls 12.00 12.24 144.00 136.85 82.25 82.35 121.33 116.09 71.83 72.14 98.42 102.94 62.83 63.72 87.17 87.83
Calves 2.94 2.85 130.95 124.91 81.97 83.86 98.30 98.25 71.77 73.68 88.09 89.47 57.14 58.25 71.43 72.98
Mares 4.38 4.47 135.16 120.36 82.19 81.65 101.14 93.74 74.66 71.81 89.95 86.13 61.41 59.73 77.26 75.39
Geldings 4.98 5.16 128.92 133.91 85.14 82.75 110.24 106.98 74.50 72.48 91.97 89.92 62.65 61.05 79.32 77.33
Ewes 3.33 3.21 130.03 124.92 85.59 86.92 109.61 110.90 79.88 81.31 100.00 100.00 69.07 69.78 87.39 88.47
Wethers 3.75 3.63 132.00 119.28 84.00 85.12 118.13 110.74 76.00 77.41 96.80 96.69 65.07 65.56 80.53 83.47
Rams 3.99 4.32 148.12 153.93 80.45 81.25 112.78 113.66 69.92 68.05 94.24 91.90 65.66 62.50 82.71 78.24
Goats 2.34 2.19 126.07 126.94 80.77 82.65 99.57 100.91 67.09 69.86 85.47 88.58 56.84 58.90 73.93 80.82
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The intensity of an increase in nitrosamine concentrations
greatly depends on nitrogen and phosphorus presence.
Improvements of food technology should involve among
others the greatest possible minimisation of amine and
N-nitroso compound formation, e.g. by inhibitors or
microorganisms, precise determination of critical nitro-
samine concentrations in food, maintaining of clean envi-
ronment, modernisation of technologies and improvement
of food hygiene. It may be assumed that no research on
the formation and occurrence of nitrosamines has been
conducted so far.

Few studies on carcinogenic nitrosamine occurrence in
farm animal raw meat conducted so far by the Author
himself and other foreign researchers revealed nitrosa-
mine concentrations 5-15 ug/kg DMNA and 5-20 pg/kg
DENA, which is certainly not without importance for
potential consumer health. The available information
about nitro compounds and nitrosamines and recent
results of examination of raw meat and meat half-prod-
uct with functional additives commonly used in industry
and processed using diversified technologies and model,
reveal considerable contamination with N-nitrosamines
of the tested samples (Rywotycki, 1997, 1998a, 1998b,
1998c, 1998d, 1998e, 1999a, 1999b, 2000, 2001, 2002a,
2002b, 2003a, 2003b). The increase in forming nitrosa-
mines depends on the time and meat frying temperature
as they form adducts with unsaturated lipid groups. The
latter decompose at elevated temperature and release
nitrogen oxides, which nitrosate free amines present in
the environment (Lu, Conboy, & Hotchkiss, 1988; Scan-
lan & Ryes, 1985).

Thus, a checkup should be repeated to determine
whether new factors, methods or kinds of contamination
caused the presence of the studied nitroso-compounds.
The results confirm a necessity to conduct both environ-
mental and nutritional studies to explain the causes of
nitrosamine formation in farm animal and wild game
meat depending on fodder chemical composition, its ori-
gin and production. An increasing interest in nitrosamine
occurrence in meat and meat products has been visible
recently in the world literature which is primarily due
to increasing cancer incidence rate. Thus, it may be
assumed that both in human and animal food chain a
contact with degraded (chemically polluted) natural envi-
ronment of humans and animals (soil, water, food, for-
age, air and wrong technologies) may cause various
diseases and loss of health or life.
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