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A B S T R A C T            

Background: Heavy metal contamination in meat products presents a significant public 
health risk owing to their bioaccumulation potential and subsequent adverse health 
effects. This study, conducted in Iran in 2025, aimed to quantify cadmium and 
chromium concentrations in commercially available sausages, assessing potential 
variations influenced by brand and meat content. 
Methods: A total of 99 sausage samples from 11 brands were collected from retail 
outlets across Iran. Cadmium and chromium concentrations were measured using 
Inductively coupled plasma mass spectrometry after acid digestion. One-way ANOVA 
assessed differences between brands and meat content categories. 
Results: The mean concentrations of cadmium and chromium were determined to be 
0.18 ± 0.19 µg/kg and 34.01 ± 41.33 µg/kg, respectively. Cadmium and chromium 
concentrations ranged from 0.10 to 1.53 µg/kg and 0.10 to 200.50 µg/kg, respectively. 
While significant inter-brand differences were found for both metals, the percentage of 
meat content did not exert a statistically significant influence on their concentrations. 
Conclusion: According to Codex Alimentarius (CXS 193-1995), all analyzed samples 
contained cadmium and chromium levels below the maximum permissible limits (50 
µg/kg and 1000 µg/kg, respectively). These findings offer valuable insights into the 
safety and quality of sausage products in the Iranian market, contributing to enhanced 
food safety surveillance and public health protection. 

  
1. Introduction 
 

   Meat products, including sausages, represent a major 
component of the global food supply and are widely 
consumed owing to their nutritional value, sensory 
attributes, and convenience (Oyekunle et al., 2019; Pirsaheb 
et al., 2024). Worldwide consumption of meat and processed 
meat products has markedly increased in recent decades, 
driven by socioeconomic development, urbanization, and 

evolving dietary preferences (Iammarino et al., 2017; Jayaraj 
et al., 2025). In Iran, sausages produced by various 
commercial brands are among the most frequently 
consumed meat products, contributing substantially to 
national protein intake and the food industry economy 
(Bazhan et al., 2025; Pirsaheb et al., 2024). 
   The formulation of sausages-particularly their meat 
content-is a key determinant of both nutritional quality and 
potential contamination. Sausage products with meat 
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contents ranging from 55% to 80% differ significantly in 
physicochemical composition and contaminant profiles 
(Alsadat Mirbod et al., 2022). The nature and proportion of 
meat, together with additives, spices, and processing 
conditions, influence the retention and accumulation of 
chemical contaminants, including heavy metals (Alsadat 
Mirbod et al., 2022; Dissanayake et al., 2024). 
   Heavy metal contamination in food constitutes one of the 
most persistent and serious public health concerns 
worldwide (Ekhator et al., 2017; Jayaraj et al., 2025). Heavy 
metals are generally defined as metallic elements with 
densities exceeding 5 g/cm³ and represent some of the most 
significant chemical contaminants in food. Their occurrence 
in foods of animal origin is of particular concern because it 
increases the likelihood of human exposure and the 
associated adverse health effects (Farahmandkia et al., 2023; 
Farahmandkia et al., 2025). Heavy metals such as cadmium 
(Cd), chromium (Cr), lead (Pb), mercury (Hg), arsenic (As), 
copper (Cu), and zinc (Zn) enter the food chain through 
multiple pathways, including industrial emissions, 
agricultural runoff, contaminated soil and water, sewage 
sludge, fertilizers, and pesticides. Both anthropogenic 
activities, such as electronic waste disposal, metallurgical 
processes, and personal care products, and natural 
phenomena like mineral weathering and soil erosion 
contribute to their bioaccumulation in plants and 
subsequent transfer into animal tissues (Pop et al., 2024; 
Tayeb & Movassaghghazani, 2025). Once integrated into the 
food chain, these heavy metals can accumulate in livestock 
and processed meat, posing significant health risks through 
dietary exposure (Han et al., 2022; Jayaraj et al., 2025). 
 

   The toxicological importance of heavy metals in foods is 
well recognized. Pb, Cd, and Hg are among the most 
hazardous toxicants, capable of inducing profound 
biochemical, neurological, and physiological impairments 
(Barone et al., 2021; Jayaraj et al., 2025). Cd is classified as a 
Group 1 human carcinogen by the International Agency for 
Research on Cancer (IARC) (Bandara & Indunil, 2022). Cr 
toxicity varies by oxidation state; at elevated concentrations, 
it can induce nephritis, anuria, and extensive renal lesions 
(Barone et al., 2021). The oxidative stress and reactive 
oxygen species generation elicited by Cd, Cr, Pb, As, and Hg 
underlie their mechanistic roles in toxicity and 
carcinogenesis (Oyekunle et al., 2019). Even subacute dietary 
exposure has been linked to increased risks of cancer, organ 
dysfunction, and developmental and metabolic disorders 
(Ekhator et al., 2017; Jayaraj et al., 2025). 
 

   Among these heavy metals, Cd and Cr have drawn 
particular scientific and regulatory attention in processed 
meat products. Cd, a non-essential toxic metal, accumulates 
in biological tissues with an estimated biological half-life of 
about ten years, rendering chronic exposure especially 
concerning (Ekhator et al., 2017). It can enter animal feed and 
meat via industrial pollution or phosphate fertilizers used in 
agriculture (Han et al., 2022; Pop et al., 2024). Cr, although 
an essential trace element at low levels, becomes toxic when 
elevated, causing severe renal dysfunction (Barone et al., 
2021). Contamination of meat with Cr may arise from 

environmental sources, Cr-containing additives or 
processing equipment, and migration from packaging 
materials (Bandara & Indunil, 2022; Dissanayake et al., 2024). 
 

   While the European Union has established maximum 
permitted levels (MPLs) for Cd and Pb in many food 
categories, comprehensive regulatory limits for Cr in meat 
products remain lacking (Barone et al., 2021; Pop et al., 
2024). Considering the widespread consumption of 
commercial sausages in Iran, the documented occurrence of 
Cd and Cr in processed meat products worldwide (Barone et 
al., 2021; Fedoseeva et al., 2023; Han et al., 2022), and the 
well-established toxicological risks associated with these 
metals  (Bandara & Indunil, 2022; Jayaraj et al., 2025; 
Oyekunle et al., 2019), there is a clear need for a systematic 
assessment of their presence in commercially available 
sausages in Iran. Moreover, although formulation 
characteristics, particularly meat content, have been shown 
to influence contaminant concentrations in processed meat 
products  (Alsadat Mirbod et al., 2022; Dissanayake et al., 
2024), the relationship between meat content and heavy 
metal contamination has not yet been comprehensively 
investigated in the Iranian context. Therefore, this study 
aimed to: (1) determine the concentrations of Cd and Cr in 
commercial sausages with varying meat content available in 
the Iranian market; (2) compare contamination levels among 
different meat-content categories; and (3) evaluate 
compliance of measured concentrations with relevant 
national and international standards. The results are 
expected to strengthen the scientific basis for food safety 
regulation, enhance public awareness, and support targeted 
monitoring programs addressing heavy metal contamination 
in processed meat products. 
     
2. Materials and Methods 
 
2.1 Reagents and Instrumentation 
 
   Nitric acid (HNO₃, 68%; Ariyachem Co., Iran) and a Borna 
plate heater (Teb Azma Co., Iran) were used for sample 
digestion. Heavy metal quantification was performed using 
an inductively coupled plasma mass spectrometer (ICP‑MS, 
Agilent 7900; Agilent Technologies, USA). Operating 
parameters were as follows: RF power = 1200 W; auxiliary 
gas flow = 1-2 l/min; solution uptake rate = 1 mL/min; mass 
range = 7-238 amu; and unit mass resolution ≈ 1 amu. The 
detector was an electron multiplier (EM). The dynamic range 
extended from 0.001 µg/kg to 1000 mg/kg, with an argon 
plasma flow of 17 l/min, abundance sensitivity 10⁶-10⁸, and 
scanning rate 3000 amu/s. 
 
2.2 Sampling Procedure 
 
   A total of 99 sausage samples from 11 major domestic 
brands with varying declared meat contents were randomly 
procured from different retail outlets across Iran. Each 
sausage was sampled at the initial, middle, and terminal 
portions, homogenized, and weighed precisely. The 
homogenized subsamples were packaged, labeled, and 
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stored at -18 °C until further analysis. Sample size calculation 
followed Daniel’s equation:  

 

ܰ =
ܼଶܵଶ

ଶܦ  
 

   where N is the required sample size, Z represents the 
critical value from the standard normal distribution, S is the 
estimated standard deviation, and D is the margin of error. 
 
2.3 Sample Digestion 
 

   Digestion was carried out according to 
U.S. EPA Method 3050B (EPA, 1996), with minor 
modifications for processed meat matrices. 
Approximately 2.0 g of homogenized sample was placed into 
acid-washed polypropylene tubes, followed by the addition 
of 5 mL of concentrated nitric acid. Samples were 
pre-digested for 24 h at room temperature to facilitate acid 
penetration and partial oxidation of the organic matrix 
(Mehrasebi et al., 2023). 
   Subsequently, the tubes were heated in a controlled water 
bath at 95 °C for 30 min to ensure complete matrix 
breakdown and release of heavy metals. The digested 
solutions were filtered through Whatman No. 42 filter paper 
and diluted to 15 mL with deionized water. The filtrates were 
transferred to acid-washed polyethylene vials and stored 
at 4 °C until instrumental analysis. Quantitative analysis was 
performed on the Agilent 7900 ICP-MS system using 

high-purity argon (99.9 %) as the carrier gas. The dilution 
factor (DF) was calculated as: 
 

ܨܦ =
ܸ(݈݉)
 (ݎ݃)݉

 

   where V is the final digestion volume and m is the sample 
mass. 
 
2.4 Method Validation and Quality Control 
 
   ICP-MS calibration employed multi-element standards 
(Merck, Darmstadt, Germany) prepared in an identical acid 
matrix. Calibration curves exhibited excellent linearity 
(R² > 0.999) for all analytes, with R² = 0.999 for Cd and Cr. 
Continuing Calibration Verification (CCV) standards were 
analyzed after every ten samples to verify instrument 
stability. 
   Accuracy and precision were evaluated using matrix-spike 
recoveries and relative standard deviation (RSD%). Limits of 
detection (LOD) and quantification (LOQ) were determined 
as: 
 
LOD = 3.3 SD , LOQ = 10 SD  
 
   where SD is the standard deviation of the blank response 
and S is the slope of the calibration curve. The calibration 
curves for Cd and Cr are presented in Figures 1 and 2, 
respectively. 
 

 

 
 

 

           
 

  Figure 1. Calibration curve of Cd 

 
   Validated analytical performance parameters were as 
follows: 
 
Cd - LOD = 0.45 µg/kg, LOQ = 1.500 µg/kg 
 
Cr - LOD = 1.500 µg/kg, LOQ = 4.900 µg/kg  

   The RSD was measured using repeated measurements of 
known concentrations, and for both of the heavy metals was 
< 5 %. Recovery rates ranged from 83-91 % for Cd and 106-
108.8 % for Cr, within the acceptable limits (85-115 %) 
defined in EPA Method 3050B (Belouafa et al., 2017; EPA, 
1996). To avoid contamination, all glassware and plasticware 
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were pre-soaked in 10 % HNO₃ for 24 h and rinsed 
thoroughly with deionized water before use. 
 
2.5 Statistical Analysis 
 
   Statistical analyses were conducted using IBM SPSS 
Statistics® version 25 (IBM Corp, Armonk, NY, USA). 
Descriptive statistics-including mean, median, standard 
deviation (SD), and interquartile range (IQR)-were computed 

to characterize the data distribution. The Kolmogorov-
Smirnov test was employed to assess the normality of the 
data sets. To compare metal concentrations among distinct 
sample groups, a One-Way Analysis of Variance (ANOVA) 
was performed. Statistical significance was defined at a level 
of P < 0.05. In instances where ANOVA revealed significant 
differences, Tukey’s Honestly Significant Difference (HSD) 
post hoc test was utilized to identify specific pairwise mean 
differences within the sausage sample groups.

 

 
 

 
 

        

Figure 2. Calibration curve of Cr 
 

3. Results and Discussion 
 
   The mean concentrations of Cd and Cr in all samples were 
0.18 ± 0.19 µg/kg and 34.01 ± 41.33 µg/kg, respectively. The 
mean concentrations of Cd in almost all samples were lower  
than LOD. It is recommended that the 1/2LOD should be 
considered instead of the data with values lower than LOD. 
However, in the present case, almost all concentrations are 
lower than LOD, and the results will not change. The highest  
observed concentrations for Cd and Cr were 1.53 µg/kg and 
200.50 µg/kg, respectively. According to the Codex 
Alimentarius General Standard for Contaminants and Toxins  
in Food and Feed (CXS 193-1995) and the Iranian National 
Standard No. 12968 (First Revision), the maximum 
permissible levels (MPL) for Cd and Cr are 50 µg/kg and 1000  
µg/kg, respectively (Codex Alimentarius Commission, 1995;  
Iran National Standards Organization, 2021).  
   A comparison with these established standards reveals that 
the concentrations of both heavy metals in all analyzed 
samples remain below the maximum permissible limits. In 
this study, the Kolmogorov-Smirnov test indicated that the 
data followed a normal distribution, justifying the use of 
parametric statistical analyses. The mean concentrations of 
Cd and Cr across different brands and meat percentages are 
presented in Tables 1 and 2 and illustrated in Figures 3-6.   

Among the brands, Brand A and Brand E exhibited the 
highest and lowest Cd concentrations, with means of 0.59 ± 
0.48 µg/kg and 0.12 ± 0.04 µg/kg, respectively.  Again, in all 
brands except Brand A, the mean concentrations of Cd were 
lower than LOD.  Regarding Cr, samples from Brand A and 
Brand K registered the highest and lowest mean 
concentrations, at 137.76 ± 47.25 µg/kg and 9.86 ± 4.99 µg/kg,  
respectively.  
   The initial Analysis of Variance (ANOVA) revealed 
statistically significant differences in Cd and Cr 
concentrations among sausage brands (p < 0.05). Post-hoc 
comparisons indicated that Brand A exhibited significantly 
higher mean concentrations of both metals than all other 
brands (p < 0.001).   
   For Cd no significant differences were observed among the 
remaining brands. For Cr, although Brand A remained a clear 
outlier (p < 0.001), the mean concentration in Brand B did not 
differ significantly from those of Brands G, E, H, and J (p < 
0.001).  
   In contrast, Brand K exhibited the lowest mean Cr 
concentration; however, this difference was significant only 
when compared with Brands A and B (p < 0.05). Overall, these 
findings indicate a substantial elevation of Cr levels in Brand 
A, whereas most other brands showed comparable 
concentrations.   
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Table 1. Descriptive statistics of Cd and Cr based on sausage brands (µg/kg)

* Means sharing the same letters in each column are not significantly different according to Tukey’s test (p > 0.05).
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Figure 3. Comparison of the mean concentrations of Cd across brands with the Codex Alimentarius standard and the maximum tolerance of the Iranian National 
Standard 
* Columns sharing the same letters are not significantly different from each other according to Tukey’s test (p > 0.05). 
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Figure 4. Comparison of the mean concentrations of Cr across brands with the Codex Alimentarius standard 
* Columns sharing the same letters are not significantly different from each other according to Tukey’s test (p > 0.05). 

Heavy Metal C Cr 
Brand Mean ± SD Median (IQR) Min Max Mean   ± SD Median (IQR) Min Max 
A 0.59 ± 0.48 b 0.38 (0.81) 0.15 1.53 137.76 ± 47.25 c 161.70 (80.51) 64.87 200.50 
B 0.18 ± 0.05 a 0.18 (0.09) 0.10 0.27 56.82 ± 30.46 b 47.51 (36.93) 17.32 117.90 
C 0.16 ± 0.05 a 0.18 (0.08) 0.10 0.24 12.30 ± 20.26 a 5.04 (8.40) 0.30 65.35 
D 0.14 ± 0.04 a 0.12 (0.08) 0.10 0.21 11.93 ± 11.98 a 7.24 (16.74) 2.73 34.78 
E 0.12 ± 0.04 a 0.10 (0.05) 0.10 0.21 26.65 ± 12.73 ab 19.58 (21.56) 13.47 49.50 
F 0.14 ± 0.04 a 0.15 (0.08) 0.10 0.21 17.46 ± 3.16 a 16.96 (4.89) 13.69 23.70 
G 0.15 ± 0.04 a 0.15 (0.05) 0.10 0.24 35.04 ± 33.66 ab 19.15 (42.13) 4.47 106.50 
H 0.16 ± 0.05 a 0.18 (0.09) 0.10 0.24 22.66 ± 20.23 ab 15.09 (18.02) 7.69 72.64 
I 0.16 ± 0.06 a 0.15 (0.11) 0.10 0.27 19.09 ± 6.23 a 17.89 (7.81) 8.27 30.18 
J 0.13 ± 0.04 a 0.12 (0.06) 0.10 0.21 24.60 ± 12.09 ab 20.79 (10.69) 5.96 50.10 
K 0.13 ± 0.06 a 0.10 (0.05) 0.10 0.26 9.86 ± 4.99 a 11.08 (5.85) 0.10 16.77 
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   To assess the influence of meat content on metal 
accumulation, samples were stratified into three categories 
based on their specified meat percentage: low (40% to 55%), 
medium (60% to 75%), and high (80% to 90%). The mean heavy 
metal concentrations (̄ݔ ± SD) observed across these 
categories are presented in Table 2. For Cd, the respective 
mean concentrations were 0.15 ± 0.05, 0.16 ± 0.08, and 0.24 

± 0.31 µg/kg for the low, medium, and high meat groups. 
Similarly, for Cr, the concentrations were 25.97 ± 23.87, 
33.20 ± 44.21, and 42.07 ± 50.16 µg/kg, respectively. A 
subsequent ANOVA confirmed that increasing meat 
percentage did not result in a statistically significant 
elevation of either Cd or Cr concentration across these 
defined groups (p > 0.05) for both heavy metals. 

 
Table 2. Descriptive statistics of Cd and Cr based on meat percentage in sausages (µg/kg) 
 

Heavy Metal Cd Cr 
Meat Percentages Mean ± SD Median (IQR) Min Max Mean ± SD Median (IQR) Min Max 
Low (40-55%) 0.15 ± 0.05 a 0.15(0.08) 0.10 0.29 25.97 ± 23.87 a 18.90 (22.42) 0.10 107.5 
Medium (60-70%) 0.16 ± 0.08 a 0.15(0.08) 0.10 0.47 33.20 ± 44.21 a 16.98 (30.96) 0.30 161.7 
High (80-90%) 0.24 ± 0.31 a 0.15(0.11) 0.10 1.53 42.07 ± 50.16 a 19.52 (34.76) 0.05 200.5 

* Means sharing the same letters in each column are not significantly different according to Tukey’s test (p > 0.05). 
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Figure 5. Comparison of Cd mean concentrations by meat percentages 
* Columns sharing the same letters are not significantly different from each other according to Tukey’s test (p > 0.05). 
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Figure 6. Comparison of Cr mean concentrations by meat percentages 
* Columns sharing the same letters are not significantly different from each other according to Tukey’s test (p > 0.05).
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   The presence of Cd and Cr in commercial sausages is 
attributable to multifactorial sources, encompassing both 
pre-harvest and post-harvest contamination pathways. A 
primary route of metal bioaccumulation in animal tissues 
originates from environmental contamination of animal feed 
and pasture. This contamination arises from anthropogenic 
sources, including industrial emissions, mining operations, 
and the application of phosphate fertilizers, which can 
introduce Cd and Cr into the agricultural ecosystem (Pop et 
al., 2024). Post-harvest, the processing of meat into sausages 
introduces further contamination vectors. These include the 
potential incorporation of heavy metals through 
contaminated spices, additives, and colorants, as well as the 
migration of heavy metals from food packaging materials 
(Bandara & Indunil, 2022; Dissanayake et al., 2024). A recent 
study documented the presence of Cd, Cr, Pb, and other 
heavy metals in packaging materials derived from recycled 
paper, with migration assessments confirming their 
potential to contaminate food products (Bandara & Indunil, 
2022). Cd, a naturally occurring heavy metal, poses a 
significant public health challenge due to its lack of beneficial 
biological function and its propensity for extensive 
bioaccumulation within the human body, primarily in the 
renal cortex and liver, over decades-long biological half-lives 
(Faroon et al., 2012). Chronic Cd intoxication is 
pathologically characterized by a spectrum of adverse health 
outcomes. Early indicators often manifest as renal 
dysfunction, specifically proximal tubular damage evidenced 
by glucosuria and proteinuria, which can inexorably progress 
to chronic kidney disease (CKD) and irreversible renal failure 
(Faroon et al., 2012; Järup & Åkesson, 2009). Historically, 
severe Cd exposure has been linked to Itai-Itai disease, a 
debilitating osteomalacia characterized by extreme skeletal 
pain, deformities, and increased fracture susceptibility 
(Friberg et al., 1974; World Health Organization (WHO), 
1992). Cr, widely utilized in industrial applications such as 
stainless-steel manufacturing, electroplating, and pigment 
production, presents health risks primarily through its 
hexavalent form (Cr VI). Chronic exposure to Cr VI, 
predominantly via inhalation in occupational settings or 
through environmental contamination of water and soil, is 
associated with serious chronic diseases (Wilbur et al., 2012). 
Robust epidemiological evidence implicates Cr VI exposure 
in an elevated risk of lung carcinoma, particularly among 
workers in chromate production and electroplating 
industries (Gibb et al., 2000; Armstrong et al., 2012). 
Furthermore, chronic inhalation of Cr VI can induce chronic 
bronchitis, diminished pulmonary function, asthma-like 
symptoms, and nasal septum perforation, resulting from 
sustained respiratory tract irritation and inflammation 
(Wilbur et al., 2012). Extrapulmonary effects of prolonged Cr 
VI exposure may include nephrotoxicity, hepatic 
dysfunction, and the development of dermatitis, especially 
with repeated dermal contact (Costa & Klein, 2006; World 
Health Organization (WHO), 1988). 
   The findings concerning Cd and Cr contamination in 
commercial sausages carry substantial implications for food 
safety management in Iran. Qualitative research among 

Iranian consumers underscores health and safety as 
paramount concerns, highlighting demand for enhanced 
production standards, superior raw material quality, and 
stringent regulatory oversight (Bazhan et al., 2025). The 
present study’s empirical data on heavy metal 
contamination in sausages provides a crucial basis for 
addressing these consumer apprehensions and for informing 
the development of targeted surveillance programs and 
regulatory interventions. Consistent with existing literature, 
the continuous monitoring of heavy metal concentrations in 
meat and meat products is a critical strategy for safeguarding 
food safety and protecting public health (Fedoseeva et al., 
2023; Han et al., 2022; Naseri et al., 2021). 
   Comparison of the present findings with previous studies 
reveals considerable geographical variation in Cd and Cr 
concentrations in meat products. In Nigeria (Lafia), Cd and Cr 
levels in sausages and salami ranged from 48-161 and 146-
1893 µg/kg, respectively (Ioryue et al., 2025), while in 
Pakistan (Lahore), similar products contained 47.3-153.4 
µg/kg Cd and 136-1783.7 µg/kg Cr (Shahzad et al., 2023), 
indicating substantially higher concentrations than those 
observed in the current study (0.10-1.53 µg/kg Cd and 0.10-
200.50 µg/kg Cr). Similarly, Manea et al. (2017) reported 
markedly elevated Cr levels in Romania (Brasov), ranging 
from 1119-3295 µg/kg, with corresponding Cd levels 
between 91-95 µg/kg. In South Italy, sausages contained 10-
30 µg/kg Cd and 150-230 µg/kg Cr (Barone et al., 2021), 
whereas in Nigeria (Lagos State), meats and meat products 
showed Cd and Cr ranges of 2-80 and 40-220 µg/kg, 
respectively (Bolawa & Amusan, 2018). Lower 
concentrations were documented in the United States, 
where processed meat products contained 2.10-5.34 µg/kg 
Cd and 8.26-36.18 µg/kg Cr (Olmedo et al., 2024). In Iran 
(Tehran), previous investigations reported Cd levels of 2.23-
13.50 µg/kg in meat products (Sobhanardakani, 2018) and 
2.20-13.50 µg/kg in sausages (Abedi et al., 2011), while Cr 
was not reported in those studies. Overall, the Cd 
concentrations detected in the present study were markedly 
lower than those reported in most previous studies, and 
although the upper range of Cr (200.50 µg/kg) was 
comparable to some reports (Barone et al., 2021; Bolawa & 
Amusan, 2018), it remained considerably lower than the 
extreme values documented in Romania, Nigeria (Lafia), and 
Pakistan. These differences may reflect variations in 
environmental contamination, raw material sources, 
industrial processing practices, and regulatory control across 
regions. 
 
4. Conclusion 
 
   Overall, the concentrations of Cd and Cr in all tested 
sausage samples were below the recommended standards. 
Significant differences in Cr concentration were observed 
among different brands, while for Cd, only one brand showed 
a significant difference compared to the others. No 
significant difference was observed in the comparison of the 
effect of increasing meat percentage on metal 
concentrations.  
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   Heavy metal contamination in food products represents a 
significant public health concern due to the potential for 
serious adverse health effects in consumers. Continuous 
monitoring and stringent control of heavy metal 
concentrations in food matrices are therefore essential to 
ensure consumer safety. Manufacturers are strongly advised 
to prioritize the use of high‑quality, contaminant‑free raw 
materials and to procure ingredients exclusively from 
reputable and certified suppliers. In addition, comprehensive 
training programs on food hygiene and safety for production 
personnel can play a critical role in mitigating the risk of 
metal contamination during processing. The adoption of 
more rigorous regulatory standards, accompanied by routine 
analytical surveillance, is imperative to reduce potential 
health hazards and to reinforce consumer confidence in 
processed food products. Such monitoring should include 
periodic assessments of both raw materials and finished 
products to verify compliance with established safety and 
quality thresholds. It must also be acknowledged that 
contamination with heavy metals not only poses direct 
health risks but can also undermine public trust in food 
brands and manufacturers. In an era of increasing consumer 
demand for safe and wholesome food products, failure to 
meet quality standards may result in diminished market 
share, reputational damage, and loss of customer loyalty. 
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