Czech Journal of Food Sciences, 39, 2021 (2): 95-99 Original Paper

https://doi.org/10.17221/37/2020-CJES

Content of nitrates and nitrites in unprocessed raw beef
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Abstract: The aim of the study was to examine the contents of nitrates and nitrites in raw beef coming from cattle
of the Polish Holstein-Friesian breed, black-and-white type, originating from different parts of Poland. The research
material comprised semitendinosus and longissimus thoracis muscles obtained from 176 heads of cattle. The content
of nitrites in the examined muscles ranged from 0.6 to 13.3 mg kg™! in rump muscles and from 0.8 to 13.7 mg kg™
in muscles of the back. The most samples were characterised by the presence of nitrites in the range from 1 to 5 mg kg,
and the least samples from 11 to 14 mg kg™!. The contents of nitrates were significantly higher, ranging from 10.2 to
73.5 mg kg1 in the semitendinosus muscle and from 10.4 to 74.3 mg kg™ in the thoracis longissimus muscle. Such and
higher level of contamination may be the cause of meat discolouration after heat treatment despite the absence of cur-
ing ingredients. It is necessary to continuously monitor the concentration of nitrates in raw materials, water and feed

to ensure the complete safety of food of animal origin.
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The excessive accumulation of nitrites and nitrates
in raw food materials is the object of continuous interest
on the part of food technologists and nutritionists due
to the risk of toxic effects of these compounds and their
derivatives on the human body. In rural areas, farming
activity is the main source of nitrates. Unused residues
of fertiliser components, especially nitrogenous ones,
can permeate surface waters and groundwater, causing
their pollution (Raczuk et al. 2009). The degree of con-
tamination of food raw materials with nitrates depends
on the region where they come from, which stems from
agricultural practices and applied production process-
es, soil quality, climate, and environmental pollution
(Hsu et al. 2009). Vegetables carry the most nitrites into
the diet — about 43%, cured meat products are also a se-
rious source of these compounds — about 28%, 16% are
transferred by cereal products, 5% dairy, and 8% oth-
ers. In the case of nitrates, it is estimated that as much
as 87% come from vegetables, of which, e.g. spinach,
lettuce, cabbage or carrots, have a high capacity to ac-
cumulate these compounds (Cierach 2007; Tietze et al.
2007). Dabek (2011) noted that nitrophilic plants accu-
mulate larger amounts of nitrogen compounds in leaves

as compared to stems and roots. Meat and cereal prod-
ucts contribute approximately 5% of nitrates, dairy
products 2%, and others approx. 3% (Siderer et al. 2005).

Nitrites and nitrates are used in the meat curing pro-
cess as an irreplaceable, so far antibacterial agent pro-
tecting against the growth of Clostridium botulinum.
These compounds are involved in forming the character-
istic, pink-red colour and flavour/scent profile of cured
meat products, subjected to heat treatment, and, what
is more, they have an antioxidant effect on muscle li-
pids. The levels of the addition of these substances are
strictly limited by permission. However, the accumula-
tion of these compounds in meat raw materials, tech-
nological water and spices is not taken into account,
which may lead to exceeding the limit of their residues
in the finished product. High consumption of nitrites
and nitrates is associated with an increased risk of gas-
tric cancer (Joossens et al. 1996; Park et al. 2015). How-
ever, the contamination of beef with nitrites and nitrates
is mainly considered in terms of their role as precur-
sors of carcinogenic nitroso compounds, which can
be formed during frying or roasting of meat, but can also
be synthesised in the stomach by reaction with peptides,
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amino acids and amines. When N-nitrosamines get into
the human body, they can lead to changes in the trans-
lation of genetic information, as they are inhibitors
of DNA and RNA synthesis (Archer 2002; Kithne 2004).
Moreover, they have strong free radical properties, can
affect metabolism and cause cancer of the stomach, oe-
sophagus and other parts of the gastrointestinal tract,
as well as cancer of the bladder, lungs, liver, or kidneys
(Stachelska 2006; Sebranek and Bacus 2007). Therefore,
the aim of this study was to examine the content of ni-
trites and nitrates in raw, uncured beef meat obtained
from cattle of the Polish Holstein-Friesian breed, black-
and-white variety, originating from different parts of Po-
land, in order to obtain present information to what ex-
tent the situation poses a threat and requires in-depth
monitoring in the context of food safety.

MATERIAL AND METHODS

Chemicals and sample. Study material comprised
two beef muscles: musclus semitendinosus and mus-
clus longissimus lumborum et thoracis, obtained from
carcasses of young cattle for slaughter, Polish Hol-
stein-Friesian breed, black-and-white variety. The cat-
tle were kept in an extensive fattening system, where
pasture fattening was used from spring to autumn, and
roughage (hay, silage) and concentrated feed as sup-
plementation were used in the winter period. The ani-
mals were fattened to a weight of approx. 400-500 kg
for approx. 16—18 months. They came from various
parts of Poland but were slaughtered in the same meat
processing plant. Slaughter was carried out in accord-
ance with applicable European Union regulations
(EC No. 1099/2009). Half-carcasses were cooled down
by a one-degree method at the temperature of 1 °C
until meat reached the temperature of less than 7 °C.
The muscles were cut from half-carcases 48 h after
slaughter, packed and transported to the laboratory.
Meat from 176 heads of cattle was examined.

Instrument setup. The contents of nitrites and ni-
trates in meat were examined by the spectrophotomet-
ric method (Tajner-Czopek and Kita 2005; Wardak et al.
2015). It was based on a colourimetric measurement
of the hue that nitrites along with salicylic acid give
in the presence of sulphuric acid and nitrates with ri-
vanol in the presence of hydrochloric acid.

RESULTS AND DISCUSSION

The nitrite content in the muscles of the hind leg
(m. semitendinosus) ranged from 0.6 to 13.3 mg kg™
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(Figure 1), while in the back muscles (1. longissimus tho-
racis) it was from 0.8 to 13.7 mg kg™! (Figure 2). The ni-
trite contents observed in most samples ranged from
1 to 5 mg kg% In case of m. semitendinosus, 123 sam-
ples, i.e. approx. 70%, and in case of m. longissimus tho-
racis, 130 samples, i.e. approx. 74% (Figures 1 and 2).
However, the level of nitrites in meat samples is very
high. The highest concentration of these compounds,
of about 11-14 mg kg™!, was recorded only in few sam-
ples. In the case of both examined muscles, the nitrite
content was characterised by a similar quantitative dis-
tribution, and the trend lines were similar to rectilinear
ones and indicated a decrease in the number of samples
with an increase in the nitrite concentration.

The concentration of nitrates in the tested meat was
significantly higher than that of nitrites. In the sem-
itendinosus muscle, it ranged from 10.2 to 73.5 mg kg™
(Figure 3), and in the longissimus thoracis muscle, it was
in the range of 10.4 to 74.3 mg kg~! (Figure 4). In both
muscles, the largest number of samples was charac-
terised by the nitrate content of approx. 25 mg kg™,
and in a number of samples the content of even
70-75 mg kg™! was recorded, which may be the effect
of curing, particularly to maintain the red-pink colour
after heat treatment.

Summarising the results for the two types of mus-
cles, the comparison of changes in the number of sam-
ples for different nitrate concentrations showed similar
change trends. The initial increase in the size of sam-
ples to a concentration of approx. 25 mg kg!, and then
the decrease in the size of samples along with the in-
crease in the concentration of nitrates. The exception
is the nitrate content types in longissimus thoracis
muscle concentrations of 45, 50, and 55 mg kg~'. These
are very high concentrations detected in this muscle
for more than 27 samples. This fact is difficult to ex-
plain. One of the reasons might be fragmented agri-
culture in Poland, low pasture acreage, rapid progress
in breeding beef cattle and associated with it intensive
pasture fertilising to provide an appropriate amount
of feed. Accumulation of nitrates and nitrites in beef
depends on the concentration of these compounds
in roughage. However, in the following researches,
the main issue was to investigate the content of nitrates
and nitrites in randomly chosen cattle from various
parts of Poland. Regions that are regarded as ecological
as well as regions regarded as contaminated, perhaps
with industrial waste.

Nutritional research which may confirm correlations
between roughage quality and nitrate and nitrite content
in beef was not conducted. Only meat after slaughter was
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examined. The fattening system with pasture fattening,
roughage and concentrated feed may cause difficulties
in estimating concentrations of nitrates and nitrites.
However, correlations between the fattening system
and the nitrate or nitrite level exist. Probably a sig-
nificant impact on the content of nitrates and nitrites
in raw beef might be exerted by animal race, age dur-
ing slaughter, slaughter weight, sex, breeding climate,
fatness and individual characteristics. The problem
of meat contamination with nitrates concerns not only
beef but also turkey, for example. In the raw, uncured
turkey breast muscle, Ahn and Maurer (1987) mea-
sured nitrate content ranging from 3.8 to 21 mg kg™!
and nitrites from 0 to 0.7 mg kg™

In minced beef and beef tenderloin, available in re-
tail chains in Sydney, Hsu et al. (2009) did not detect
any nitrites at all, and the nitrate content was about
19 mg kg™! and about 39 mg kg™'. These values were
lower than those obtained in this work. It could be con-
cluded that the observed variations in the high nitrate
contents in the various muscles are conditioned envi-
ronmentally, and they result from the method of cattle
feeding and, above all, from the degree of feed contam-
ination by these compounds.

Such high nitrate contamination of uncured raw
meat, which was noted in this paper, is very danger-
ous from both the nutritional and technological point
of view. In a situation where the maximum acceptable
daily intake (ADI) of nitrates by humans should not
exceed 3.7 mg kg~! body weight and expressed as ni-
trate ions (5 mg kg~' body weight expressed as sodium
nitrate), and in the case of nitrites, this value should
not exceed 0.07 mg kg~! body weight; it is possible
to significantly exceed the assumed levels of the in-
take of these compounds in the case of subjecting
beef raw material, contaminated with nitrates, to cur-
ing and then consuming other foods rich in nitrates.
Therefore the authors presenting research results ap-
preciate the difficulty of estimating the raw beef safe-
ty level. All the more, the content of nitrates/nitrites
might significantly change as a result of the high re-
activity of these components in different technologi-
cal conditions (heat treatment, meat ageing, pH value
changes, accessibility of protein breakdown products
as potential reagents, lipids, reactions with meat pig-
ments, breakdown to nitrogen oxide etc.). It should
be mentioned that the maximum acceptable level
of nitrites in meat products amounts to 60 mg kg™,
but also 100 or 150 mg kg™! of the product. Another
threat resulting from the presence of nitrates in beef
meat is associated with heat treatment of this meat
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at a high temperature. Beef is increasingly consumed
in the form of fried or grilled steaks and burgers, dur-
ing the preparation of which there are real possibili-
ties for the formation of carcinogenic and mutagenic
N-nitrosamines (Jo et al. 2010; Li et al. 2012).

From the technological point of view, the raw meat
material containing nitrogen may undergo an adverse
colour change in the process of uncured meat produc-
tion (Li et al. 2012). The colour of such meat products
is heterogeneous, grey with pink-red discolouration,
which is difficult for consumers to accept.

CONCLUSION

Based on the research carried out, low amounts
of nitrites (1-5 mg kg™') were determined in most of
the samples. In the case of nitrate content, several tens
of tested samples (approx. 30% of the test material)
showed a high contamination level (above 40 mg kg™).
Such a high content of nitrates in muscles can cause
a decrease in their technological usefulness, constitute
the potential risk of exceeding the permitted limits,
and create the possibility of an adverse effect on con-
sumers' health. In order to ensure the absolute safety
of food of animal origin, it is necessary to monitor
the content of nitrates in raw materials, water, but also
in feed given to animals during fattening.

REFERENCES

Ahn D.U., Maurer A.]. (1987): Concentration of nitrate and
nitrite in raw turkey breast meat and the microbial conver-
sion of added nitrate to nitrite in tumbled turkey breast
meat. Poultry Science, 66: 1957-1960.

Archer D.L. (2002): Evidence that ingested nitrate and ni-
trite are beneficial to health. Journal of Food Protection,
65: 872-875.

Cierach M. (2007): Nitrite in the process of curing meat — func-
tions, health aspects, non-nitrite curing (Azotyny w procesie
peklowania migsa — funkcje, aspekty zdrowotne, peklowanie
bezazotynowe). Gospospodarka Miesna, 4: 24—27. (in Polish)

Dabek Z. (2011): Accumulation of nitrogen and phosphorus
in selected nitrophytes fertilized with separated sewage
in a household sewage treatment plant with a shaft settling
tank (Akumulacja azotu i fosforu w wybranych nitrofitach
nawozonych separowanymi §ciekami w oczyszczalni przy-
domowej z osadnikiem szybowym). Zeszyty Problemowe
Postepéw Nauk Rolniczych, 560: 63—69. (in Polish)

Hsu J., Arcot J., Lee N.A. (2009): Nitrate and nitrite quantifi-
cation from cured meat and vegetables and their estimated
dietary intake in Australians. Food Chemistry, 115: 334—339.



Czech Journal of Food Sciences, 39, 2021 (2): 95-99

Original Paper

https://doi.org/10.17221/37/2020-CJFS

Jo C.H., Park H.R., Kim D.S., Lee K.H., Kim M.H. (2010): Expo-
sure assessment of N-nitrosamines in foods. Food Science
and Biotechnology, 5: 541-548.

Joossens J.V., Hill M.]., Elliott P., Stamler R., Stamler J., Lesaf-
fre E., Dyer A., Nicholst R., Kesteloot H. (1996): Dietary
salt, nitrate and stomach cancer mortality in 24 countries.
International Journal of Epidemiology, 25: 494—504.

Kiihne D. (2004): Nitrites, nitrates, nitrosamines. The latest
assessments of the effects of nitric oxide (Azotyny, azotany,
nitrozoaminy. Najnowsze oceny dzialania tlenku azotu).
Mieso i Wedliny, 6: 66—72. (in Polish)

LiL., Wang P, Xu X., Zhou G. (2012): Influence of various cook-
ing methods on the concentrations of volatile N-nitrosamines
and biogenic amines in dry-cured sausages. Journal of Food
Science, 77: C560-C565.

Park].E., Seo].E., Lee].Y., Kwon H. (2015): Distribution of seven
N-nitrosamines in food. Toxicological Research, 31: 279-288.

Raczuk J., Biardzka E., Michalczyk M. (2009): Nitrogen
compounds in well water in the light of the health risk
of the inhabitants of the Wodynie commune (Masovian
voivodeship) [Zwiazki azotu w wodzie studziennej w §wietle
ryzyka zdrowotnego mieszkancéw gminy Wodynie (woj.
Mazowieckie)]. Woda-Srodowisko-Obszary Wiejskie,
9: 87-97. (in Polish)

Sebranek J.G., Bacus J.N. (2007): Cured meat products direct
addition of nitrate or nitrite: What are the issues? Meat
Science, 77: 136—-147.

Siderer Y., Maquet A., Anklam E. (2005): Need for research
to support consumer confidence in the growing organic
food market. Trends in Food Science & Technology,
16: 332-343.

Stachelska A. (2006): The presence of mutagens and carcino-
gens in food and their effect on the human body (Obecno$¢
mutagenoéw i kancerogendéw w zywnosci oraz ich wplyw
na organizm czlowieka). Zywnosé. Nauka. Technologia.
Jako$é, 1: 21 — 29. (in Polish)

Tajner-Czopek A., Kita A. (2005): Food analysis — food products
quality (Analiza zywnosci — jako$¢ produktéw spozywczych).
Poland, Wydawnictwo Akademii Rolniczej we Wroctawiu:
146-147. (in Polish)

Tietze M., Burghardt A., Bragiel P., Mac J. (2007): The con-
tent of nitrogen compounds in food products (Zawartos¢
zwigzkéw azotowych w produktach spozywczych). Annales
Universitatis Mariae Curie-Sklodowska. Sectio EE: Zoo-
technica, 25: 71-77. (in Polish)

Wardak C., Grabarczyk M., Reszko-Zygmunt J. (2015): De-
termination of nitrates in vegetables and drinking water
with potentiometric and spectrophotometric methods
(Oznaczanie azotanéw w warzywach i wodzie pitnej metoda
potencjometryczna i spektrofotometryczna). Poland, LAB
Laboratoria, Aparatura, Badania, 6: 16—18. (in Polish)

Received: February 6, 2020
Accepted: February 8, 2021

99



