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Abstract. This study aimed to assess the presence of heavy metals,
specifically lead, cadmium, mercury, copper, and zinc in locally sourced
sausage products, both cooked and semi-smoked. A total of 30 samples
were selected from local markets and subjected to atomic absorption
spectrometry for precise metal quantification. Our results indicated that the
concentration of zinc (18.36 mg/kg), mercury (0.01 mg/kg), lead (0.24
mg/kg), and cadmium (0.02 mg/kg) in cooked sausage products adhered to
the maximum allowable concentration (MAC) guidelines as stated by the
TR TS 021/2011 "Hygienic requirements for safety and food value of food
products". However, the copper content in cooked sausages was found to
be above the MAC at an average of 1.44 mg/kg, suggesting potential food
safety concerns. Semi-smoked sausages, on the other hand, had no
recorded heavy metal concentrations exceeding the MAC. The findings of
this study are significant, underscoring the need for robust and rigorous
monitoring of food products for heavy metals, especially copper, to ensure
public health and safety.
Keyword. Sausage products, heavy metals, atomic absorption spectrometry,
maximum allowable concentration, copper

1 Introduction
For the food industry specialists, those metals that are used in significant volumes in
production activities and, as a result of accumulation in the environment, pose a serious
danger in terms of their biological activity and toxic properties are of interest [1, 2]. In this
regard, cadmium, lead, zinc, and copper pose the most danger, since they exhibit heavily
expressed toxicological properties at the lowest concentrations [3, 4, 5].

1*Corresponding author: oryn23@mail.ru

BIO Web of Conferences 69, 03021 (2023)	 https://doi.org/10.1051/bioconf/20236903021
2nd ICAFE 2023

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution  
License 4.0 (https://creativecommons.org/licenses/by/4.0/).



Potentially dangerous meat toxicants are divided into two large groups. The first group
includes substances that enter the animal's body with water and feed. These substances are
bound and accumulate in the organs and tissues of animals and poultry and can remain
there for a long time [6, 7, 8]. This group of contaminants includes stable inorganic ions of
heavy and transition metals, radionuclides, as well as complex organic substances:
hormones, antibiotics and pesticides that can not only be retained in meat and meat
products for a certain time, but also due to chemical, enzymatic and oxidative reactions turn
into structural analogues, many of which are dangerous for the human body [9, 10].
The second group of toxicants includes those chemicals that can be formed in a meat
product during technological processing and storage, or be products of microflora. For
example, during prolonged storage of meat, meat products and baked fats, lipids can
oxidize to peroxides and epoxides. During smoking, carcinogenic substances such as
3,4-benz(a)pyrene and phenol can accumulate in products. Some types of electro physical,
microbiological and enzymatic processes can also produce substances with toxic effects:
nitrosamines, pyrene, and aflatoxins. This group can also include microorganisms, the
presence of which is assessed by microbiological indicators [11, 12].

One important condition for ensuring the safety of meat products is the use of
environmentally friendly raw materials produced under conditions that prevent the inclusion
of harmful or undesirable components from the environment [13, 14].
For each chemical substance, considering the adverse effects of heavy metals on the human
body, the maximum allowable concentration (MAC) is defined. MAC is a science-based
maximum concentration of chemical compounds, which in case of daily exposure to a
person for a long time or whole life does not cause any diseases or pathological changes in
his organism. With the help of maximum allowable concentration the norm of content of
various harmful substances in water, in air and in foodstuffs is determined [15, 16].
The purpose of this work is to study the content of heavy metals in sausage products
marketed in the city Balashikha, Russia.

2 Materials and method

2.1 Samples

More than 30 sausage batons from different manufacturers were purchased for the study.
Sausage products (cooked and semi-smoked sausages) were purchased from different retail
outlets in the city of Balashikha (Russia), produced by different manufacturers.

2.2 Determination of heavy metals

Determination of heavy metals was carried out according to GOST 30178 "Raw materials
and food products. Atomic-absorption method of determination of toxic elements" on
atomic-absorption spectrometer "MGA-915MD" (Russia) [17].

2.3 Statistical analysis

Statistical analysis was performed using Statistica 12.0 (STATISTICA, 2014; StatSoft Inc.,
Tulsa, OK, USA). The differences between samples were evaluated using ANOVA method.

3 Results

The analysis of the content of heavy metals in cooked sausage products revealed that the
concentration of heavy metals (average values) do not exceed the maximum allowable
concentrations, except for copper (Table 1). Thus, the average copper content was 1.44
mg/kg, while the maximum allowable concentration was 1.0 mg/kg. The maximum value of
copper content was 6.62 mg/kg, the minimum 0.12 mg/kg.

Table 1. Concentration of heavy metals in cooked sausages (n=15), mg/kg

Sample Cu Zn Hg Pb Cd

Mean±SD 1,44±0.02 18,36±0.32 0,01±0.001 0,24±0.004 0,02±0.001

Minimum 0.12 2.11 0.003 0.05 0.002

Maximum 6.62 40.23 0.04 0.34 0.043

MAC 1,0 20,0 0,03 0,5 0,05

Table 1. Concentration of heavy metals in cooked sausages (n=15), mg/kgThe closest to MAC
(20.0 mg/kg) value was found for zinc (18.36 mg/kg). The analyzed sausage samples also
showed a wide range of zinc values: the minimum value was 2.11 mg/kg, the maximum
value was 40.23 mg/kg, which is 2 times higher than the maximum allowable concentration
of zinc in meat products. For the most toxic metals (mercury, lead and cadmium), the
excess of MAC was not detected.

Table 2. Concentration of heavy metals in semi-smoked sausages (n=15), mg/kg

Sample Copper Zinc Hg Pb Cd

Mean±SD 0,92 16,49 0,01 0,26 0,02

Minimum 0,12 3,15 0,001 0,05 0,001

Maximum 3,21 23,0 0,04 0,40 0,043

MAC 1 20 0,03 0,5 0,05

In the samples of semi-smoked sausages, the content of heavy metals above the MAC
was not detected. The average copper content was 0.92 mg/kg, which is significantly close
to the MAC value. Among the samples the maximum copper concentration was 3.21 mg/kg,
the minimum - 0.12 mg/kg.

Zinc concentration did not exceed MAC and averaged 16.49 mg/kg. The maximum zinc
content was 23.0 mg/kg, the minimum - 3.15 mg/kg.
The most toxic metals (mercury, lead, cadmium) did not exceed MAC, and in general, there
were no exceedances of MAC for individual samples either (figure 1).

The presence of heavy metals in permissible concentrations in food does not harm the
human body, and for some metals (copper, zinc, etc.) the daily intake of a certain amount of
the element is extremely important. For example, the need for copper for adults is 2 mg per
day. Copper is necessary for the formation of hemoglobin and in this case cannot be
replaced by other elements. Copper is also involved in growth and reproduction. It
participates in energy production by processing fats, carbohydrates and proteins. Copper
deficiency leads to growth retardation, anemia, dermatosis, depigmentation of hair, partial
baldness, loss of appetite, severe emaciation, lowered hemoglobin levels, and atrophy of the
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heart muscle. Excess copper leads to deficiency of zinc and molybdenum, as well as
manganese [18, 19].

Fig.1. Concentration of heavy metals in sausages

The daily human requirement for zinc is 12-16 mg for adults and 4-6 mg for children. The
role of zinc in body life is mainly due to the fact that it is a part of more than 40 important
enzymes. They catalyze the hydrolysis of peptides, proteins, some esters and aldehydes.
Zinc is involved in carbohydrate metabolism through the zinc-containing hormone insulin.
Only in the presence of zinc vitamin A is active. This element is necessary for bone
formation. In addition, it shows antiviral and antitoxic effects [20]. Zinc influences taste and
sense of smell [21].

Zinc deficiency can be caused by thyroid disorders, liver disease, poor absorption, lack
of zinc in water and food, increased requirement during pregnancy, physical exertion, stress,
high losses during diarrhea, absorption disorders, hemodialysis, and too much phytin in
foods (phytin binds zinc, making it difficult to absorb). Zinc deficiency causes stunting,
nervous system overstimulation, and rapid fatigue. Zinc deficiency also leads to infertility.
Zinc deficiency can lead to an increased accumulation of iron, copper, cadmium, lead.
Excess zinc inhibits growth and impairs bone mineralization. Excess leads to deficiency of
iron, copper, cadmium [22].

Excessive cadmium intake into the body can lead to anemia, liver damage, impaired
lung function, osteoporosis, skeletal deformities, development of hypertension. It
accumulates in the kidneys and can cause the formation of stones in it [23].
Lead, along with arsenic, cadmium, and mercury, is a highly hazardous substance.
Cadmium is a very stable heavy metal. The U.S. Environmental Protection Agency has
classified it as a probable human carcinogen. Lead accumulates in bones and causes gradual
bone deterioration, accumulates in the liver and kidneys, and can cause reduced
performance, memory impairment, and even chronic brain disease. Food products can be
enriched with lead through contact with materials that contain lead (polymers containing
lead impurities; lead seams of tin cans) [24, 25].
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Mercury has a toxic effect on the central nervous system, causes tachycardia and leads
to emotional instability, memory disorders, insomnia, apathy, etc. The human being
constantly feels tired, quickly tires, becomes distracted and irritable. The person is
constantly haunted by headaches [26]. The permissible daily dose of mercury for humans is
0.05 mg. In basic foodstuffs, the amount of mercury is regulated at 0.03 mg/kg.

4 Conclusion
The content of substances harmful to human health in meat and meat products is strictly
regulated and should not exceed the maximum allowable levels established by hygienic
requirements for the quality and safety of food raw materials and food products TR TS
021/2011 "Hygienic requirements for safety and food value of food products".

References
[1] I. Zykova, N. Maksimuk, M. Rebezov et al., "Interaction between heavy metals and

microorganisms during wastewater treatment with activated sludge," ARPN Journal of
Engineering and Applied Sciences, vol. 14, no. 11, pp.2139-2145, 2019.

[2] E. Cherkasova, M. Rebezov, M. Shariati et al., "Monitoring the stability of cold river
fish studies against cadmium content using the augmentation method," IOP Conf.
Series: Earth and Environmental Science, vol. 677, no. 5, pp. 052060, 2021.

[3] M. Rebezov, A. Shariati, E. Ryskina et al., "Monitoring the study results of toxic
element content (lead, cadmium, and arsenic) in food," IOP Conf. Series: Earth and
Environmental Science, vol. 613, no. 1, pp. 012123, 2020.

[4] M. Slozhenkina and I. Gorlov, "Several environmental problems in food production,"
Food Industry, vol. 4, pp.24-26, 2017.

[5] M. Rebezov, L. Tretyak, S. Solodov et al., "Evaluation of the use of PLP-01M
microwave laboratory system using working samples to control the accuracy of
examination of lead content samples," IOP Conf. Series: Materials Science and
Engineering, vol. 1047, no. 1, pp. 012191, 2021.

[6] B. Assenova, E. Okuskhanova, M. Rebezov et al., "Trace and toxic elements in maral
(red deer) meat grazed in Kazakhstan," Journal of Pharmacy, Biology and Chemical
Research, vol. 7, no. 1, pp.1425-1433, 2016.

[7] L. Tretyak, M. Rebezov, A. Korablev et al., "Control based on the accuracy of study
results of cadmium content in samples using the PLP-01M microwave laboratory
system," IOP Conf. Series: Materials Science and Engineering, vol. 1047, no. 1, pp.
012183, 2021.

[8] N. Kuramshina, M. Rebezov, E. Kuramshin et al., "Heavy metal content in meat and
milk of the Orenburg region of Russia," International Journal of Pharmacy Research,
vol. 11, no. 1, pp.1031-1035, 2019.

[9] D. González Weller, A. Caballero, L. Karlsson et al., "Determination of iron, copper,
zinc, and manganese in sausages, poultry-rabbit, offal, and red meat consumed by the
inhabitants of the Canary Islands, Spain," Journal of Toxins, vol. 1, no. 1, p. 7, 2014.

[10] E. Konotopchik, "Heavy metals in food products sold in the Khabarovsk Krai,"
Scientific Notes TOSU, vol. 4, no. 2, pp.50-56, 2013.

[11] A. Nematollahi, L. Abdi, Z. Abdi-Moghadam et al., "Concentration of potentially
toxic elements (PTEs) in sausages: A systematic review and meta-analysis study,"
Environmental Science and Pollution Research, vol. 28, no. 39, pp.55186-55201,
2021.

5

BIO Web of Conferences 69, 03021 (2023)	 https://doi.org/10.1051/bioconf/20236903021
2nd ICAFE 2023



[12] E. Okuskhanova, F. Smolnikova, S. Kassymov et al., "Development of minced
meatball compositions for populations from ecologically disadvantaged regions,"
Annual Research & Review in Biology, pp. 1-9, 2017.

[13] Z. Atambayeva, A. Nurgazezova, M. Rebezov et al., "Risk and Hazard Analysis
Models for the Production Process of New Meat Products Mixed with Germinated
Green Buckwheat and Food Safety Awareness," Frontiers in Nutrition, vol. 9, p.
902760, 2022.

[14] S. Akhmetova, M. Suleimenova, and M. Rebezov, "Mechanisms for improving the
business process management system for food production: A case study of a meat
products company," Entrepreneurship and Sustainability Issues, vol. 7, no. 2,
pp.1015-1035, 2019.

[15] R. Golshani, G. Zafarani, M. Rebezov et al., "Assessment of Organophosphorus
Pesticide Residues in Water and Sediment Collected from the Southern Caspian Sea,"
Applied Environmental Research, vol. 44, no. 2, pp. 18-31, 2022.

[16] S. Panasenko, M. Seyfullaeva, M. Rebezov et al., "Study of herbicide residues in
soybean processing based on UPLC-MS/MS detection," Food Science and Technology
(Brazil), vol. 42, p. e111521, 2022.

[17] GOST 30178, "Raw materials and food products. Atomic absorption method for the
determination of toxic elements," Moscow, Standartinform, 2010.

[18] M. Olivares and R. Uauy, "Metabolic tolerance limits to copper and the biological
basis for these recommendations and regulations," American Clinical Nutrition
Journal, vol. 63, no. 5, pp.846S-852S, 1996.

[19] B. Stern, M. Solioz, D. Krewski et al., "Copper and human health: biochemistry,
genetics, and strategies for modeling dose-response relationships," Journal of
Toxicology and Environmental Health, Part B, vol. 10, no. 3, pp.157-222, 2007.

[20] R. Smaoui, I. Chérif, H. Ben Hlima et al., "Zinc oxide nanoparticles in meat
packaging: A systematic review of recent literature," Food Packaging and Shelf Life,
vol. 36, p. 101045, 2023.

[21] E. Salnikova, "Essential micronutrient zinc (review)," Bulletin of Orenburg State
University, vol. 10 (146), pp.170-172, 2012.

[22] R. Tudor, P. Zalewski, and R. Ratnaike, "Zinc in health and chronic diseases," Journal
of Nutrition, Health and Aging, vol. 9, no. 1, pp.45-51, 2005.

[23] S. Satarug, S. Garrett, M. Sens, and D. Sens, "Cadmium, environmental exposure, and
health outcomes," Environmental Health Perspectives, vol. 118, no. 2, pp.182-190,
2010.

[24] S. Iyer, C. Sengupta, and A. Velumani, "Lead toxicity: An overview of prevalence in
India," Clinica Chimica Acta, vol. 451, pp.161-164, 2015.

[25] N. Munir, M. Jahangeer, A. Bouyahya et al., "Heavy metal contamination in natural
food is a serious health issue: A review," Sustainability (Swiss), vol. 14, no. 1, p. 161,
2022.

[26] R. Venturieri, M. Oliveira-da-Costa, C. Gama, and C. Jaster, "Mercury contamination
in conservation areas in the Amazon-Amapá state in northern Brazil," American
Journal of Environmental Sciences, vol. 13, no. 1, pp.11-21, 2017.

6

BIO Web of Conferences 69, 03021 (2023)	 https://doi.org/10.1051/bioconf/20236903021
2nd ICAFE 2023


