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Abstract 
Comminuted beef is widely consumed in Brazil and its quality is a reason for constant concern as 
preservatives like nitrite and sulfite are added to prolong commercial validity or even to mask odors. 
Thus, this work aimed to identify the presence of sulfite and nitrite from 42 samples of fresh ground 
and chilled beef acquired at retail companies (21 samples) and small grocery stores (21 samples) in the 
city of Goiânia, Goiás, Brazil. Official Methods for the Analysis of Products from Animal Origin and 
methods for food analysis from Instituto Adolfo Lutz were applied. 17 (40.47%) specimens 
demonstrated nitrite and 6 (14.28%) contained sulfite; that is, in 54.76% of the analyzed samples the 
presence of one from the two preservatives was observed. Noteworthy, in none of the samples were 
both additives simultaneously observed. The pH values were between 5.3 and 6.2. Regarding quality 
and freshness, 7 (16.66%) sampling presented ammonia and 5 (11.9%) unpleasant odors (ammonia or 
hydrogen sulfide) during cooking. After cooking the 17 samples in which nitrite was detected, 
significant depletion was found in all of them (Student's t test, p<0.05). Residual nitrite content average 
before cooking was 0.301 mg.kg-1, and post-cooking 0.163 mg.kg-1. Percentage, post-cooking reduction 
ranged from 14.53% to 64.34%. Conclusively, both sulfite and nitrite were observed in the retail trade 
of fresh ground beef; as well as nitrite levels varied before and after cooking. Finally, greater action and 
regulation by supervisory agencies is suggested. 
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Introduction 
Beef is an important source of nutrients for human health, such as proteins, essential fatty 
acids, B-complex vitamins and minerals [1]. However, the quality of meat intended for 
consumption is a reason for constant concern around the world and especially in Brazil, a 
country considered one of the most important producers of beef and with a per capita 
consumption of around 30.4 kg/year [2]. After the comminution process, meat presents greater 
surface area of exposure, which, combined with excessive handling with low sanitary 
hygienic standards and a problematic artificial cold conservation system, favors lipid 
oxidation and microbial multiplication, causing rapidly deteriorate [3]. 
Due to the speed at which ground meat loses quality, traders have been using the fraudulent 
trick of adding preservative additives to the product, with the aim of prolonging commercial 
validity, or even masking a possible state of incipient putrefaction [4]. This illegal practice 
can cause adverse effects on the health of the consumer, due to the toxicity of some additives 
[5]. 
A food additive is any ingredient intentionally added to food without the purpose of 
nutrition, targeted in modifying physical, chemical, biological or sensory characteristics, 
during the manufacture, processing, preparation, treatment, packaging, transportation or 
handling [6]. Furthermore, preservatives are substances that prevent or delay the alteration of 
food caused by microorganisms or enzymes [7]. In Brazil, ANVISA Ordinance no. 1004 [8] 
provides for maximum residual limits of 0.015g/100g of nitrite in meat and meat products. 
However, this same legislation prohibits the use of any additives in fresh meat (chilled and 
frozen). 
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Nitrites and nitrates, added in the form of potassium or 
sodium salts, are additives used in processed foods and 
cured meats, intentioned for fixing the color, imparting 
characteristic flavor and aroma, delaying lipid oxidation and 
inhibiting the growth of some microorganisms. Organisms 
such as Clostridium botulinum [9]. However, nitrite ingested 
in excess can act on hemoglobin and create methemoglobin, 
which irreversibly binds to oxygen, being less effective in 
transporting it throughout the organism [10, 11]. Another 
important toxicological aspect in relation to the ingestion of 
nitrites is the possibility of them interacting with amines and 
amides, generating N-nitroso compounds, such as 
nitrosamines, which, under certain exposure conditions, are 
potentially mutagenic, carcinogenic and teratogenic agents 
[12]. 
Sulfite and its various forms are added to foods for several 
reasons, including the control of enzymatic and non-
enzymatic browning in foods, due to their antimicrobial, 
antioxidant, reducing and clarifying actions [13]. The use of 
sulfite in meat is prohibited, as it suppresses unpleasant 
odors and returns the grey-green meat, which is undergoing 
alteration, to a bright red color, providing an attractive 
appearance to the altered meat [14]. The addition of sulfite to 
foods is the subject of debate due to potential health risks, 
such as inactivation of vitamin B1, hypersensitivity in 
asthmatics, as well as mutagenic and carcinogenic effects [15, 

16]. 
In the Brazilian territory there are not many studies focused 
at evaluating the quality of ground beef sold, much less, 
whether there is the presence of additives. Therefore, this 
work aimed to identify the presence of the additives sulfite 
and nitrite in the retail trade of fresh ground beef in the city 
of Goiânia, Goiás, Brazil. 
 
Materials and Methods 
During the period from February to June 2023, 42 samples 
of fresh ground and chilled beef were acquired from retail 
commercial establishments in the city of Goiânia, Goiás, 
Brazil, and immediately sent – under refrigerated conditions 
- to the Laboratory of Quality Control at the University 
Center Brasília de Goiás to carry out analyses. 
The commercial establishments were classified as A (retail 
companies) for which 21 samples were acquired; and B 
(small grocery stores) where another 21 samples were 
acquired. 
In accordance with the recommended by Official Methods 
for the Analysis of Products from Animal Origin [17], 
analyzes of cooking test, pH, ammonia and quantitative 
nitrite (spectrophotometry) were developed; and the 
qualitative test for sodium sulfite was carried out following 
the physical-chemical methods for food analysis from 
Instituto Adolfo Lutz [18]. 
To analyze nitrite depletion after meat cooking, 20 grams of 
seventeen nitrite-positive samples were cooked at 100 °C for 
5 minutes and analyzed again for nitrite quantification. 
Windows version of the GraphPad Prism 5.01 software was 
used to perform statistical tests. Chi-square test was applied 
to verify statistical difference between additives detection in 
commercial establishments classified as A and B; and 
Student's t test was used to compare the average nitrite 
values detected before and after cooking samples. Both tests 
with p values <0.05. 
 

Results and Discussion 
From the 42 samples of fresh ground beef studied, 17 
(40.47%) demonstrated nitrite and 6 (14.28%) contained 
sulfite; that is, in 54.76% of the analyzed samples the 
presence of one from the two preservatives was observed. It 
should be noted, however, that in none of the samples were 
both additives observed simultaneously. These results 
disagree with the Normative Ordinance No. 1004 of 
December 11, 1998 [8] which prohibits the use of additives 
in meat and fresh meat products. 
Regarding quality and freshness aspects, 7 (16.66%) 
samples of fresh ground beef presented ammonia and 5 
(11.9%) unpleasant odors (ammonia or hydrogen sulfide) 
during cooking. The pH values of fresh ground beef samples 
were between 5.3 and 6.2; that is, in accordance with the 
Brazilian legislation [19]. 
About commercial establishments, in those classified as A, 
12 samples (57.14%) contained nitrite, 4 (19.04%) sulfite, 4 
(19.04%) ammonia and 3 (14.28%) an unpleasant odor. In 
fresh ground beef samples acquired from classification B 
establishments, nitrite was observed in 5 (23.8%), sulfite in 
2 (9.52%), ammonia in 3 (14.28%) and 2 (9.52%) samples 
had an unpleasant odor. No statistically significant 
difference was observed for the presence of nitrite and 
sulfite by type of establishment (Chi-square test, p<0.05). 
The addition of preservatives such as sulfite to fresh meat 
sold in Brazil is an illicit practice that has already been 
reported by other authors [20-22]. Complementarily, the 
addition of nitrite is common in cured meat products and 
sausages, but not in fresh ground beef samples. Several 
authors support the thesis that the residual amount of nitrite 
detected in meat is reduced in relation to the added content, 
as nitrite reacts with amine radicals in meat during storage 
[23-25]. Established studies state that more than 50% of the 
added nitrite disappears within the first 24 hours, even when 
in concentrations of up to 150 ppm [26, 27]. 
After cooking the 17 samples of fresh ground beef in which 
nitrite was detected, significant depletion was found in all of 
them (Student's t test, p<0.05). Before cooking, samples had 
an average residual nitrite content of 0.301 mg.kg-1, and 
post-cooking of 0.163 mg.kg-1. Percentage, post-cooking 
reduction ranged from 14.53% to 64.34%. The European 
Food Safety Authority (2003) [28] state that the reduction in 
nitrite concentration due to heat treatment in meat products 
is dependent on a series of factors, including heating of the 
product. Pérez-Rodriguez et al. (1996) [24] and Duarte 
(2006) [29] observed in their work a significant reduction in 
the average residual nitrite content after commercial 
sterilization and high heating. And, da Silva (2009) [22] also 
found an average reduction in the amount of nitrite after 
heat treatment at 100 °C for 5 minutes. Approaches such as 
those reported, and the results of this research are socially 
important for informing the consumer about the dangers of 
purchasing meat previously ground and exposed for sale 
with the presence of additives, and for alerting regulatory 
agencies regarding non-compliance with quality and safety 
standards established by retail stores in the territory of 
Goiás. 
 
Conclusion 
It could be observed irregular practices in the retail trade of 
fresh ground beef in the city of Goiânia, Goiás, Brazil, both
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due to the addition of sulfite and nitrite. Variations in nitrite 
levels before and after cooking were also observed, 
suggesting that heat treatment significantly reduces this 
substance. Finally, greater action and regulation by 
supervisory agencies is suggested, given the chemical risk 
that sulfite and nitrite pose when ingested in excess. 
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