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Abstract: Manufacturers are obliged to label processed meat products with information concerning
the additives used and nutritional values. The aim of the study was to identify the dyes most
frequently used in processed meat, evaluate their influence on specific food qualities, assess whether
their use was correct and review their effect on health. The analysis was based on information on the
labels and images of processed meat, and used a generalised linear model with a binary dependent
variable. The risks and benefits for human health were defined based on the available literature.
Twelve dyes were found to be used in the manufacture of processed meat. Carmine was found in 183
of 273 (67.03%) evaluated assortments containing dyes. The occurrence of water, flavourings and
high fat and carbohydrate contents increased the chances that a dye would be present in a particular
product. Unauthorised use of food additives was found in 20 products, with smoked meat products
demonstrating the highest number of non-compliances. In general, the dyes used with food are
considered safe; however, reservations are associated with the use of E150C and E150D caramels due
to their potential carcinogenic effect, and carmine and annatto due to their allergic effects.
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1. Introduction

The decision to purchase a particular food item is strongly influenced by its appear-
ance [1–3]. One such quality is food colour, which may be interpreted as an indicator
of flavour, freshness, maturity or wholesomeness, and its intensity may also affect taste
perception [2,4,5]. Therefore, food manufacturers often employ additives to improve the
colour of their products and make them more attractive to consumers.

Even though colour may be one of the most important considerations in a purchasing
decision, it should be emphasised that food must primarily be safe for consumption [6].
Any unauthorised use of food additives may seriously affect human health.

The use of pigments and other food additives by food manufacturers within the
borders of the European Union is regulated by Regulation 1333/2008 of the European
Parliament and Council (EC) of the 16 December 2008 regarding food additives [7]. The
legislator has authorised 41 additives, classified as pigments, based on their role in the
final product. In addition, to more precisely define the conditions permitting the use of
additives, foods have been divided into specific categories [8]. The present study concerns
products within the following categories as defined in Regulation No. 853/2004 (EC): Meat
preparations (No. 8.2) and Meat products (No. 8.3). The latter is divided into Non-heat-
treated processed meat (No. 8.3.1) and “Heat-treated processed meat” (No. 8.3.2) [7–9].
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Depending on the food category and substance type, pigment use can be determined by
the level of quantum satis or the maximum numerical value set by the legislator [7].

Legislation on the use of additives varies between different parts of the world. In the
US, general rules for using food colours are regulated by § 70 Title 21 of the Code of Federal
Regulations [10]. As a result, nine food additives acting as pigments have jointly been
certified and approved for use in the food industry by the Food and Drug Administration
(FDA), seven of which are intended for general use [11].

The aim of the present study is to identify the most common dyes present in processed
meat on the Polish market, examine the relationships between their presence and the food
characteristics, and evaluate their correctness of use; these aims are achieved by an analysis
of information of product labels. Based on the available literature, it also assesses the risks
and benefits to human health of using such dyes. Knowledge of the presence of dyes in
meat products and meat preparations may also affect the dietary and purchasing decisions
among consumers predisposed to allergic reactions.

2. Materials and Methods
2.1. Study Design

The assessment included only processed meat products. Based on the label description
and an image of the product, the product was categorised as a meat preparation (8.2) or meat
product (8.3) as defined in Regulation 853/2004 (EC) [9]. Next, due to their considerable
variety, the meat products were then subdivided into four groups (smoked meats, sausages,
offal meat and other meat products) according to Polish Standard PN-A-82007, “Przetwory
mięsne. Wędliny.” (Meat products. Smoked) [12]. Therefore, the analysis was conducted in a
total of five groups.

The analysis encompassed labels from meat products and meat preparations found
on shelves and in display fridges at shops included in the study. All meat preparations
and most of the meat products (all smoked meat, most of the sausages, pates and other
meat products, excluding those listed below) were chilled and stored at a temperature
of 2–10 degrees. Some kabanos sausages, pate and canned ham were stored at no higher
than 25 degrees ambient temperature. These were obtained from the five largest retail
chains offering the above ranges of goods, based on their share in the market according to
total income in 2018, as indicated by the Ministry of Finance report for 2019 [13]. Those
were, in decreasing order of income, Biedronka (JERONIMO MARTINS POLSKA), Lidl
(FRF Beteiligungs GmbH), Eurocash (a conglomerate comprising Lewiatan, Groszek and
Delikatesy Centrum), as well as the Auchan and Kaufland networks.

The study sites comprised all Polish cities with populations exceeding 250,000 inhabi-
tants (11 cities) [14] as well as six minor cities. In each of the 17 cities, one representative
per retail network mentioned above was selected, provided that the shops of that particular
network were present and the samples were collected there. Photographs of the product
labels were taken for analysis, together with the products themselves.

In total, 12,333 labels were analysed, all of which were available in the shops during
the study. The labels were collected over a few months, from October 2020 to March 2021,
in 75 shops in 17 Polish cities.

2.2. Statistical Analysis

A generalised linear model with a binary dependent variable was constructed to
predict the occurrence of dyes in processed meat products based on [15].

Two such analyses were carried out, the first including all processed meat products
analysed in the study and the second including only sausages, as this group presented
the highest frequency of dyes. In the all-products model, the dependent variable was the
presence of a dye in the product, marked as 1, and the lack of a dye, marked as 0. The
explanatory variables were product features that were obtained from the information on
the labels, including (1) food technology groups (divided into five main groups: meat
preparations, smoked meats, sausages, offal meat and other meat products); (2) water as an
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ingredient (two categories: lack and presence of water); (3) flavours (two categories: lack
and presence of flavours); and (4) covariates: protein (g/100 g of product), carbohydrates
(g/100 g of product) and fat (g/100 g of product).

Covariates were first assessed for collinearity using Pearson’s pairwise correlation.
The meat content in the product (g/100 g of the product) was not included, due to its high
correlation with protein content, nor was the type of meat (divided into poultry, pork and
beef), due to quasi-complete separation.

The second model, sausages, used the same dependent variable and independent
variables; however, the product variable was omitted. Both models were compared with
the null intercept-only model to verify their explanatory power.

Calculations were based on data concerning the nutritional values of respective lots; as
such, products lacking complete data were excluded from the analysis regarding the predic-
tion of dye presence in processed meat based on product qualities. Therefore, 994 records
were included in the study.

The risks to consumer health, and the potential benefits, were assessed based on the lit-
erature within the National Library of Medicine and the National Centre for Biotechnology
Information, i.e., pubmed.gov databases. The database was searched for names of additives.
Preliminary verification of publications was carried out based on their abstracts. A total
of 134 papers were qualified for further analysis. After reviewing the entire publication,
43 of these papers were excluded due to missing desired information. Following this, the
content of the 91 remaining articles was then evaluated. A ranking system was created to
signify each publication in terms of the occurrence of risks and benefits for human health:

• Score = 0 (no risk or benefits): the papers indicate that the dye has no genotoxicity or
carcinogenicity, acute or chronic toxicity or hypersensitisation potential but also has
no benefit to human health

• Score = 1 (occurrences of risk or benefits): the papers indicate genotoxicity, carcino-
genicity, acute or chronic toxicity, or hypersensitisation potential or benefit for human
health concerning a particular dye.

Therefore, each dye was assigned a specific number of points for each of the five risks
or benefits. Then, the ratio of the number of publications indicating the occurrence of a
given risk/benefit to a specific dye to all publications about a given risk/benefit concerning
a particular dye was calculated.

3. Results
3.1. Incidence

In total, 1967 unique assortments belonging to food categories 8.2, 8.3.1 and 8.3.2
were identified. Of these, 273 (13.88%) contained additives that manufacturers indicated
were dyes. Moreover, more than one pigment was used for the production of 31 (1.6%)
assortments, and at least three dyes were used in the case of four (0.2%) assortments.

A total of 12 food additives acting as dyes were identified in the studied meat products
and preparations available in the Polish market. The most frequently used dye was carminic
acid (E120), which was found in 183 out of the 273 assortments containing dyes (67.03%)
(Figure 1). Carbon (E153), carotenes (E160A) and titanium dioxide (E171) (Table 1) were the
rarest dyes, being identified in just single lots.

3.2. The Analysis of Label Incompliance

In the case of food dyes, it is impossible to unambiguously determine the correctness
of their use in processed meat only based on labels. Some substances are not authorised
for use as dyes in foods belonging to food categories 8.2 (Meat preparations), 8.3.1 (Non-
heat-treated processed meat) and 8.3.2 (Heat-treated processed meat), with a concomitant
admission for use in category 8.3.3 (Casings, coatings and decorations for meat). Therefore,
an additional visual assessment was performed of products that did not meet the require-
ments of use designed for food categories 8.2, 8.3.1 and 8.3.2. If the dye was found to be
part of an edible casing or decoration on the surface of the analysed product, its use was
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classed as compliant with regulations. The remaining products without decoration nor
edible casing were considered potentially non-compliant. These findings are presented in
Table 2. No such improper use was observed for curcumin (E100), carotenes (E160A) and
annatto (E160B).
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Figure 1. Frequency of presence of carmine (E120) in processed meat belonging to particular food
products. Product descriptions: * a preparation of seasoned minced raw pork that is popular in
Germany and Poland; ** a sausage prepared using ham and other ingredients, the latter varying by
location. It is part of the cuisines of China, Germany, Poland and the United States; *** a type of
Polish sausage, usually served as a cold cut; **** a long, thin, dry sausage traditionally made of pork
that originated in Poland.

Table 1. Frequency of dye presence in the studied meat preparations and meat products.

Assortment
Group Food Colouring (Number of Examples)

E100 E101 E120 E150A E150C E150D E153 E160A E160B E160C E162 E171

smoked meats 0 1 3 2 2 8 0 0 0 1 0 1
sausages 0 1 164 3 7 5 0 1 8 31 25 0

offal meats,
including pâtés 2 2 2 6 1 5 0 0 0 6 2 0

other meat
products 1 0 14 0 0 0 1 0 0 1 0 0

meat
preparations 0 0 0 0 0 0 0 0 0 0 2 0

all products 3 4 183 11 10 18 1 1 8 39 29 1

Potential non-compliance for riboflavin (E101) and paprika extract (E160C) was ob-
served in one out of four and one out of thirty-one products, respectively. In addition,
potential non-conformance was noted in 7 out of 183 products containing carminic acid,
8 out of 38 examples of E150A-E150D caramels and in 1 out of 29 cases of betanin.

Possible non-compliance was noted in the case of E153 (carbon). E153 is not authorised
for use in foods in categories 8.2, 8.3.1 and 8.3.2; however, it is authorised for use in category
8.3.3. As visual assessment showed that the product tested had neither edible casing nor
meat decoration, the product was classified as non-compliant.
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Table 2. The percentage of non-compliance found in particular assortment groups.

Assortment
Group Food Colouring

E100 E101 E120 E150A E150C E150D E153 E160A E160B E160C E162 E171

smoked meats 0% 100% 33% 50% 50% 63% 0% 0% 0% 100% 0% 100%
sausages 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

offal meats,
including pâtés 0% 0% 0% 0% 100% 0% 0% 0% 0% 0% 50% 0%

other meat
products 0% 0% 43% 0% 0% 0% 100% 0% 0% 0% 0% 0%

meat
preparations 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

all products 0% 25% 4% 9% 20% 28% 100% 0% 0% 3% 3% 100%

Products containing colour E171 were classified as non-compliant, as this colour is no
longer authorised for use in food.

Out of all analysed assortment groups, the highest number of non-compliances was
noted in smoked cold meats. The additives with the highest percentage of non-compliances
were riboflavin and the caramel group.

3.3. An Analysis of Dye Presence Prediction in Processed Meat Based on Product Qualities

The presence of dyes in processed meat was significantly dependent on the type of
product (PRODUCT) (Table 3). Sausages were over six times more likely to include dyes
compared to smoked meats (B = 1.901, p < 0.001), while other meat products were almost
three times more likely (B = 1.068, p = 0.005). The presence of dyes could also be predicted
by the presence of water (p < 0.001) and flavours (p = 0.001) in the products; however, in
both cases, the lack of this component (water and flavours) resulted in a slightly lower
chance of a dye being present (B = −0.591 and B = −0.494, respectively). The content of
nutrients in the product could also predict the presence of dyes. The chance of a dye being
present increased with the increase in fat and carbohydrate content per 100 g of the product
(B = 0.031, p < 0.00 and B = 0.092, p = 0.001, respectively). However, the likelihood of a
dye decreased with the increase in the protein content (B = 0.070, p < 0.001). Carbohydrate
content had the greatest effect of the three covariates studied (Figure 2).

Table 3. Effect of water, flavours, product type, and fat, carbohydrate and protein content on the
presence of dye in processed meat in a generalised linear binary model (n = 1834), 0*—reference
category (B—beta coefficient, SE—standard error, Wald Chi2—chi square test of beta coefficient,
p—p value of chi square test, Exp (B)—odds ratio, Lower CI—lower value of confidence interval,
Upper CI—upper value of confidence interval).

Source B SE Wald Chi2 p Exp(B) Lower CI Upper CI

Intercept −2.413 0.2748 77.117 0.000 0.090 0.052 0.153
PRODUCT (sausage) 1.901 0.2636 51.995 <0.001 6.690 3.991 11.215
PRODUCT (other meat products) 1.068 0.3787 7.955 0.005 2.910 1.385 6.112
PRODUCT (meat preparations) 0.702 0.7899 0.790 0.374 2.018 0.429 9.490
PRODUCT (offal meat) 0.409 0.3853 1.125 0.289 1.505 0.707 3.203
PRODUCT (smoked meats) 0*
WATER (absent) −0.591 0.1746 11.462 <0.001 0.554 0.393 0.780
WATER (present) 0*
FAVOURS (absent) −0.494 0.1555 10.082 0.001 0.610 0.450 0.828
FAVOURS (present) 0*
FAT 0.031 0.0063 25.184 <0.001 1.032 1.019 1.045
CARBOHYDRATES 0.092 0.0282 10.568 0.001 1.096 1.037 1.158
PROTEIN −0.070 0.0118 35.571 <0.001 0.932 0.911 0.954
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Figure 2. The probability of the presence of a dye in meat product against the percentage of nutrients
(protein, carbohydrates and fat).

Similar trends regarding the occurrence of dyes were observed in the analysis for
sausages (Table 3). Similarly, a lack of water and flavours indicated a lower chance of dyes
(B = −0.561, p = 0.004 and B = −0.466, p = 0.011, respectively). There was also a similar
relationship with nutrients, i.e., the chance of dyes increased with fat and carbohydrate
content (B = 0.058, p < 0.001 and B = 0.093, p = 0.011, respectively) and decreased as
the protein content increased (Figure 3). In sausages, the protein content had a stronger
effect than for all other products combined (B = −0.070 and B = −0.111, respectively)
(Tables 3 and 4).

Foods 2023, 12, x FOR PEER REVIEW 7 of 18 
 

 

 
Figure 3. Probability of presence of dye in sausages against the percentage of nutrients (protein, 
carbohydrates and fat). 

3.4. Evaluations of Risks and Benefits for Consumer Health 
The food colours identified in fewer than five assortments (E100, E101 and E160A) 

and those unauthorised for usage in meat products and meat preparations (E153 and 
E171) were excluded from the analysis. 

Ninety-one reviewed publications were found to evaluate the risks and benefits for 
consumer health, i.e., genotoxicity, carcinogenicity, acute and chronic toxicity and an in-
ducive potential towards allergies. The findings are illustrated in Figure 4. 

Figure 3. Probability of presence of dye in sausages against the percentage of nutrients (protein,
carbohydrates and fat).



Foods 2023, 12, 2610 7 of 18

Table 4. Effect of water and flavours, as well as fat, carbohydrate and protein content, on the presence
of dye in sausages according to a generalised linear binary model (n = 937), 0*—reference category
(B—beta coefficient, SE—standard error, Wald Chi2—chi square test of beta coefficient, p—p value of
chi square test, Exp (B)—odds ratio, Lower CI—lower value of confidence interval, Upper CI—upper
value of confidence interval).

Source B SE Wald Chi2 p Exp(B) Lower CI Upper CI

Intercept −0.534 0.2026 6.959 0.008 0.586 0.394 0.872
WATER (absent) −0.561 0.1967 8.119 0.004 0.571 0.388 0.839
WATER (present) 0*
FAVOURS (absent) −0.466 0.1825 6.510 0.011 0.628 0.439 0.898
FAVOURS (present) 0*
FAT 0.058 0.0106 30.192 <0.001 1.060 1.038 1.082
CARBOHYDRES 0.093 0.0367 6.395 0.011 1.097 1.021 1.179
PROTEIN −0.111 0.0182 37.128 <0.001 0.895 0.863 0.927

3.4. Evaluations of Risks and Benefits for Consumer Health

The food colours identified in fewer than five assortments (E100, E101 and E160A)
and those unauthorised for usage in meat products and meat preparations (E153 and E171)
were excluded from the analysis.

Ninety-one reviewed publications were found to evaluate the risks and benefits for
consumer health, i.e., genotoxicity, carcinogenicity, acute and chronic toxicity and an
inducive potential towards allergies. The findings are illustrated in Figure 4.

Foods 2023, 12, x FOR PEER REVIEW 8 of 18 
 

 

 
Figure 4. Evaluation of dyes in terms of the frequency of occurrence of a risk to consumer health. 
The health risks include (a) genotoxicity, (b) carcinogenicity, (c) acute toxicity, (d) chronic toxicity 
and (e) inducive potential for allergies. 

4. Discussion 
4.1. Carmine, Carminic Acid, Cochineal Extract—E120 

Our findings indicate that the most commonly used dye in meat products and meat 
preparations is E120, also known as C.I. natural red 4. The main staining component of 
this natural red food additive is carminic acid. E120 is obtained by an aqueous, aqueous-
alcohol or alcoholic extraction of the dried female specimens of Dactylopius coccus Costa 
(the cochineal beetle) [16–18]. 

The primary food categories contributing to exposure to E120 are as follows: soups 
and bouillons for infants, flavoured fermented milk products for infants and children, 
snacks and sauces for adolescents, and sauces, flavoured drinks, herbs and spices for 
adults and older adults. Importantly, although considerably less exposure is observed 
from category 8, i.e., meat and its preserves, this still represents a dozen or so per cent in 
respective age groups [18]. 

The FDA has classified Cochineal extract as a pigment exempt from certification, 
whose use is not liable to special restrictions [15]. In contrast, EFSA authorised this dye 
use in categories 8.2, 8.3.1 and 8.3.2 exclusively for specific assortment groups, with the 
preservation of maximum acceptable levels of use, except for Pasturma (air-dried cured 
beef) where it is allowed to stick to the quantum satis rule [7]. 

Figure 4. Evaluation of dyes in terms of the frequency of occurrence of a risk to consumer health. The
health risks include (a) genotoxicity, (b) carcinogenicity, (c) acute toxicity, (d) chronic toxicity and
(e) inducive potential for allergies.
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4. Discussion
4.1. Carmine, Carminic Acid, Cochineal Extract—E120

Our findings indicate that the most commonly used dye in meat products and meat
preparations is E120, also known as C.I. natural red 4. The main staining component of
this natural red food additive is carminic acid. E120 is obtained by an aqueous, aqueous-
alcohol or alcoholic extraction of the dried female specimens of Dactylopius coccus Costa (the
cochineal beetle) [16–18].

The primary food categories contributing to exposure to E120 are as follows: soups and
bouillons for infants, flavoured fermented milk products for infants and children, snacks
and sauces for adolescents, and sauces, flavoured drinks, herbs and spices for adults and
older adults. Importantly, although considerably less exposure is observed from category
8, i.e., meat and its preserves, this still represents a dozen or so per cent in respective age
groups [18].

The FDA has classified Cochineal extract as a pigment exempt from certification,
whose use is not liable to special restrictions [15]. In contrast, EFSA authorised this dye
use in categories 8.2, 8.3.1 and 8.3.2 exclusively for specific assortment groups, with the
preservation of maximum acceptable levels of use, except for Pasturma (air-dried cured
beef) where it is allowed to stick to the quantum satis rule [7].

Our present findings indicate that E120 was used in accordance with regulations in
the 164 sausage range and 2 pâté range. The additional visual inspection revealed that
7 out of the remaining 17 products did not contain an edible casing or decorations (8.3.3),
suggesting that the use of the additive was incorrect [7].

Most previous studies show that both carminic acid and Cochineal extract are non-
toxic, non-carcinogenic and non-genotoxic, and do not evoke either developmental or
reproductive toxicity assuming an acceptable daily intake (ADI) of 5 mg/kg bm (carmine)
and 2.5 mg/kg bm (carminic acid) [18–21]. Additionally, recent studies indicate that
carminic acid might be an effective therapeutic agent used as part of the treatment against
fructose-induced chronic renal damage [22].

However, a recent study by Arif, Ahmad and Ahmad indicates that carmine is a
potentially cytotoxic, phytotoxic and genotoxic substance [23]. As such, its use with
food may raise anxiety among consumers. Another paramount aspect for consumers
is the fact that both carminic acid and carmine may trigger diverse allergic reactions in
susceptible individuals, starting with mild pruritus [24], nettle rash, vasomotor oedema,
atopic eczemas in children [25–27] and reaching acute hypersensitivity responses such as
dyspnoea or bronchospasms that may lead to severe anaphylactic reactions [18,26,28–33].
Also, cases of hypersensitivity associated with long-term contact with the pigment were
described. Examples cover rhinitis, conjunctivitis and asthma originating from professional
exposure to carmine [29,34], e.g., the case of profession-related asthma in two butchers
who used a mixture of spices with carmine for the production of sausages [35]. The most
probable reason for manifesting this immunoglobulin E (IgE)-mediated allergic reaction
is the contamination of the pigment with protein [32,34,36,37]. Our findings regarding
the incidence of this dye in respective groups of products may help in making choices
by consumers in whom the presence of E120-intake-induced allergic reactions occurred.
Those consumers should largely avoid eating such products as luncheon meat and mett
(raw-meat sausage), in which E120 is almost always present. In the case of lots such as fuet,
salami and chorizo (varieties of sausages), the frequency of occurrence of carminic acid
ranged from 40 to 54%.

4.2. Paprika Extract (E160c), Capsicum Extract, Capsanthin and Capsorubin

Our analysis of product labels found paprika extract (E160c) to be the second most
commonly used food colouring in the studied meat products and preparations. It is a
natural additive imparting a yellow to orange colour [3], also known as oleoresin from
paprika. It is used in the form of a dark red viscous liquid, its major dyeing components
being capsanthin and capsorubin. It is obtained by solvent-assisted extraction from the
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pods of numerous varieties of the Capsicum annuum (Linnaeus) pepper. The pigment
may also contain capsaicin, i.e., chili extract, for which a limit of 250 mg/kg has been
established [16]. The Joint FAO/WHO Expert Committee on Food Additives (JECFA) has
fixed the ADI of paprika extract at the level of 1.5 mg/kg bw [38].

The EFSA exposure analysis indicates that the main food categories contributing to
exposure to paprika extract used as a pigment are 6.3—Breakfast cereals, 7.2—Fine bakery
wares and 12.5—Soups and broths. In contrast, exposure resulting from category 8—Meat
and meat products, ranges from a few to over a dozen per cent in all age groups [39].

Paprika extract, E160c, is an additive belonging to group II-dyes approved for use in
accordance with the principle of quantum satis (QS), except for the categories concerning
meat preparations and meat products, where the maximum limit of use and products
for which it can be used have been indicated [7]. However, the pigment is exempt from
certification by the FDA, and its use is not liable to special restrictions [11]. In this study,
thirty-one sausage products and six pâtés were found to have been treated with paprika
extract as authorised. Regarding the other two assortments, visual assessment indicated
that in one case, the paprika extract was used to decorate the meat (category 8.3.3), and
was thus permitted, while the other had no decoration or edible casing, and hence was
probably not [7].

Available studies indicate that paprika extract is non-toxic, non-carcinogenic, non-
genotoxic [40–42] and probably does not evoke either developmental or reproductive toxic-
ity assuming an intake below its ADI of 24 mg/kg bm [39]. In the case of capsaicin, older
studies have indicated potential genotoxicity and carcinogenicity, while more recent studies
based on purified capsaicin (not contaminated with other capsaicinoids) indicate low geno-
toxic and carcinogenic potential [43–45]; some even indicate a positive effect on human
health. It is believed that this substance may have analgesic, antioxidant, anti-inflammatory
and anticancer properties and could possibly be used to prevent obesity [46–52].

As there are no reports indicating that paprika extract has a negative impact on human
health or any allergenic properties, and considering its antioxidant and colouring properties,
this additive may be a natural substance that can replace or reduce the content of nitrites
in meat products [53,54]. Studies show that approximately 3/4 of nitrites used in the
production of sausages with regular fat content can be replaced with paprika oleoresin [54].

4.3. Betanin, Beetroot Red—E162

Betanin was found to be the third most commonly used dye in the tested meat prepa-
rations and meat products. It is obtained from the root of different beet varieties (Beta
vulgaris L. var. rubra) by squeezing the juice from grated beets or by water extraction of
shredded beetroot followed by enrichment with active ingredients [16,55,56]. In addition
to its pigments, beetroot juice or extract contains sugars, salts and beet proteins [55].

The EFSA exposure analysis indicates that the main food categories contributing to
exposure to betanin used as a pigment are 6.3—Breakfast cereals, 7.2—Fine bakery wares
and 12.5—Soups and broths. In contrast, exposure resulting from category 8—Meat and
meat products ranges from a few to over a dozen per cent in all age groups [55].

Beetroot Red is a group II additive, i.e., dyes approved for use based on the quantum
satis principle, and is permitted for use in specific products in categories 8.2, 8.3.1 and
8.3.2 [7]. In contrast, the FDA regards beetroot red as a pigment exempt from certification,
whose use is not liable to special restrictions [11]. The additive was observed in 29 of the
tested assortments of which 26 were added in accordance with regulations: 25 sausages
and 1 pâté. As the second product from the offals group was not a pâté, it was subjected
to a visual assessment; the results indicate that it did not have an edible casing or meat
decoration, and so the dye was probably misused. In turn, in the case of two products
classified by the authors as meat preparations, unauthorised use could also be assumed.
However, due to the lack of access to the producers’ records and thus the inability to clearly
state that these sausages are meat preparations and not non-heat-treated processed meat
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for which such use of E162 would be correct, these assortments were not found to be
non-compliant [7].

Beetroot red is non-toxic, non-genotoxic and non-carcinogenic [57–60]. However,
the EFSA concluded that more comprehensive studies are needed to assess any potential
genotoxicity, chronic toxicity and carcinogenicity and its impact on reproductive and
developmental toxicity. In addition, no toxicological data are available to establish an
acceptable daily intake for E162. However, exposure to betanin from the use of E162 as a
food additive is considered to be in the same range as exposure to betanin from a regular
diet; as such, betanin has been recognised as safe for use as a food additive [55]. Numerous
studies indicate that betanin has a beneficial effect on human health. It acts as an antioxidant
and anti-inflammatory agent, lowers blood pressure, restores the haemodynamics of brain
vessels, supports the treatment of obesity, reveals cytotoxic properties concerning some
cancer cells and is chemopreventive in relation to cancer [59,61–67]. In addition, the
antioxidant properties of betanins effectively reduce oxidative stress in chronic heart failure,
which indicates a cardioprotective effect [59,68]. In addition, beetroot red has been shown
to have a cytotoxic effect on cancer cells, specifically human breast cancer cells: the use of
the extract resulted in the activation of both intrinsic and extrinsic apoptosis pathways in
breast cancer cells [59].

Due to their antioxidant activity, betanins may also be alternatives to synthetic antioxi-
dants used to prevent lipid peroxidation processes in fat-containing foods, including meat
products. Fat oxidation adversely affects the sensory properties, nutritional value and shelf
life of products, and can also lead to the formation of compounds potentially harmful to
health [59,69].

4.4. Caramel Colours 150a, 150c and 150d

The caramel dyes were found to rank fourth as a group among the tested food colour-
ings used in processed meat. The group is further divided according to the reagents used
in their production: Class I—plain caramel or caustic caramel (E150a), Class II—caustic
sulphite caramel (E150b), Class III—ammonia caramel (E150c) and Class IV—ammonia
sulphite caramel (E150d) [70,71].

Caramel or caustic caramel (E150a) is obtained by controlled heat treatment of carbohy-
drates, either monomers of glucose and fructose, or their polymers, such as glucose syrups,
sucrose or inverted syrups and dextrose. This caramel is free of sulphite and ammonium
compounds and produced by ordinary cooking processes. Therefore, there is no need to
determine a numerical value of acceptable daily intake [71].

Ammonia caramel (E150c) is obtained by controlled heat treatment of carbohydrates,
with or without adding acids or bases, in the presence of ammonium compounds (ammo-
nium hydroxide, ammonium carbonate, ammonium bicarbonate and ammonium phos-
phate); sulphite compounds are not used [16,70]. The ADI set by the Scientific Committee
on Food (SCF) was set at 200 mg/kg bw/day, assuming that the content of 2-acetyl-
4-tetrahydroxybutylimidazole (THI) must not exceed 10 mg/kg of dye. Based on the
intensity of the colour, the JECFA has established an ADI value of 25 mg THI/kg caramel
colour [71].

Ammonia sulphite caramel (E150d) is obtained by controlled heat treatment of carbo-
hydrates, with or without the addition of acids or bases, in the presence of both ammonium
and sulphite compounds (sulphurous acid, potassium sulphite, potassium metabisulphite,
sodium sulphite, sodium metabisulphite, ammonium hydroxide, ammonium bicarbon-
ate, ammonium phosphate, ammonium sulphate, ammonium sulphite and ammonium
bisulphite) [16]. For E150d, the SCF and the JECFA have set an ADI of 200 mg/kg bw/day.

Caramels are regarded as Group II additives, i.e., dyes approved for use in specific
products within categories 8.2, 8.3.1 and 8.3 under the principle of quantum satis [7]. In
contrast, the FDA regards caramel as being exempt from certification, whose use is not
liable to special restrictions [11].
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During the present study, it was found that caramels were used in the production
of 38 assortments (1 sausage contained 2 types of caramel); among these, 22 were treated
in accordance with the regulation: 14 were sausages and 8 were pâtés. The remaining
16 products, belonging to processed meat, were subjected to visual assessment on the basis
of which it was established that in 8 cases, they had a casing or meat decoration (category
8.3.3), in which E150a-d is permitted. In the case of the other 8 products, no meat casing or
decorations were found, so it is highly probable that the additive was misused [7].

Caramels I, III and IV do not appear to demonstrate acute or chronic toxicity, nor geno-
toxicity or carcinogenicity and do not appear to evoke any reproductive or developmental
toxicity at the acceptable daily intake [72–78].

Doubts regarding the use of caramel III as a dye are caused by the immunotoxic effect
of 2-acetyl-4-tetrahydroxybutylimidazole (THI), which is generated during its production.
Human studies determined that THI did not affect the number of blood lymphocytes
or the proliferation of the lymphocyte response to mitogenic stimulation and serum im-
munoglobulin levels. In the study, a type III caramel containing 23 ppm (commercial
sample) or 143 ppm THI (study sample) was administered at an acceptable daily intake
level of 200 mg/kg bw/day for seven days [79].

Concerns about the use of class III and IV caramel dyes also result from the identifica-
tion of 4-methylimidazole in their composition, which is formed in the Maillard reaction
as a result of the interaction of D-glucose and ammonia [80]. The National Toxicology
Program (NTP) of the US National Institutes of Health, based on studies on the toxicity and
carcinogenicity of 4-MEI and its structural isomer 2-MEI, found clear evidence that 4-MEI
has carcinogenic activity in male and female B6C3F1 mice based on an increased incidence
of alveolar or bronchiole cancer [76]. Accordingly, the International Agency for Research
on Cancer has therefore concluded that 4-MI is “possibly carcinogenic to humans,” and The
Office of Environmental Health Hazard Assessment (OEHHA) of the State of California’s
Environmental Protection Agency has identified 4-MEI as a carcinogen [81].

In conclusion, the estimated consumption of caramel dyes depends largely on the
eating habits of consumers. In the US, caramels are considered colourants exempt from
certification and are used under general conditions without special restrictions; however,
California regulations regard them as bearing potential carcinogenic effects [81]. In contrast,
consumers in China receive relatively little exposure to class I, III and IV caramel dyes,
with soy sauce, vinegar and spices contributing the most. Moreover, the risk of exposure to
4-MEI and THI from food colouring for the Chinese population was considered low based
on current toxicology data [82].

4.5. Annatto, Bixin, Norbixin—E160b

The next most common colourant identified in the tested meat preparations and meat
products was annatto (E160b). This substance is an orange-red natural dye that plays an
important role as a pigment and additive in various industries and is obtained from the
seeds of the tropical tree Bixa orellana [16,83]. The JECFA established an ADI for bixin of
0–12 mg/kg bw [84], and the SCF recently established an ADI of 6 mg bixin/kg bw per day
and 0.3 mg norbixin/kg bw based on toxicological data [85].

A recent exposure analysis performed by the EFSA indicates that the main food
category contributing to bixin-based annatto extract exposure among all age groups is
14.1.4—Flavoured drinks. Additionally, category 01.4—Flavoured fermented milk products
are key sources of exposure among infants, children and adolescents, and 12.5—Soups
and broths among the adult and elderly population. In contrast, the main categories
contributing to exposure to norbixin-based annatto extract are the following: 07.2—Fine
bakery wares for all age groups; category 06.3—Breakfast cereals and 12.5—Soups and
broths for infants and children; categories 08.3—Meat products and 12.5—Soups and
broths for adolescents and adults; and 06.3—Breakfast cereals, 08.3—Meat products and
12.5—Soups and broths for the elderly population [85,86].
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E160B(i) bixin and E160B(ii) norbixin are authorised for use in certain types of products
in categories 8.2, 8.3.1 and 8.3.2, subject to the maximum acceptable limit [7]. The FDA
regards annatto extract as exempt from certification that can be used for colouring food in
quantities consistent with good manufacturing practice [11]. During the present study, the
additive was found in eight types of sausage; as it was approved for these categories, no
incorrect use was found [7].

Most studies to date show that both bixin and norbixin are non-genotoxic, non-
carcinogenic and non-toxic and do not evoke reproductive or developmental toxicity [87–91].

Our review of the literature indicated that annatto may cause allergic reactions. The
possible symptoms include pruritus and hives [92–94], vasomotor oedema and even ana-
phylactic reactions [25,95–97]. This dye may also affect the severity of the symptoms of the
disease in people with irritable bowel syndrome [98].

In addition, some studies indicate that the dye may have positive effects. Annatto sup-
plementation in the diet has been proven to increase the resistance of human erythrocytes
to haemolysis [99]. As a result of its antioxidant activity, this dye can also be considered a
good source of natural antioxidants used in the production of meat products [100]. Addi-
tionally, adding annatto to processed meat products can partially replace the use of nitrites
in production [101].

4.6. Assessment of the Frequency and Correctness of the Use of Dyes in Processed Meat Products

Dye was observed to be more than six times more common in sausages and more
than three times in other meat products compared to smoked meats, offal products and
meat preparations (Table 1); however, this is expected due to the restrictions indicated in
Regulation 1333/2008 [7], governing the use of these dyes. All described dyes are permitted
in food category no. 8, but their use was mainly limited to sausages (classified in categories
8.2, 8.3). These dyes could also be used in category 8.3.2 to produce terrines and pates,
and additionally, annatto could also be used in luncheon meats; however, the dyes are not
approved for use in smoked meat. Terrines and luncheon meats were qualified as other
meat products. Therefore, it was predicted that dyes would be most commonly observed in
sausages and that they would be absent in smoked meats; however, some dyes can be used
in decorative casings and coatings, which will also apply to smoked meats.

Our analysis of the labels of processed meat products indicate the unauthorised use of
dyes in 20 (7.33%) out of the 273 products in which they were used. Therefore, it seems
reasonable to conduct further research to assess whether the dyes used in processed meat
products are used at appropriate levels of use. Most discrepancies concerned the smoked
meats group. In the authors’ opinion, smoked meats should be the first group that will be
subjected to detailed chemical analysis.

It should be noted that any food on the market must be safe for human health [6].
Therefore, it is crucial that the FBO complies with Regulation 1333/2008 (EC), specifying
the use of additives in food products, thereby preventing food safety hazards and ensuring
that their products are safe. This is only possible if producers use authorised additives and
observe specified maximum levels and conditions of use.

A positive correlation was found between the presence of water in meat products and
the presence of dyes. This seems to be related to the way processed meat products are
produced, i.e., traditional or conventional production [102]. Employing high-performance
water-binding additives in the products, such as phosphates, carrageenan or starch, may
contribute to this [102–104]. Therefore, it appears that dyes are less common in traditionally
manufactured products than in conventional, high-performance products.

In addition, a positive correlation was noted between the occurrence of a dye and the
fat contents per 100 g of the product, which suggests that high-fat products were found to be
more likely to contain dyes. Undoubtedly, the fat content in processed meat products affects
their colour. Research showed that reduced-fat products were redder compared with fatter
products [105,106], while a higher protein level that is observed in lean meat—and thereby a
higher level of myoglobin pigment in the product—significantly raised redness values [107].
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The high-fat content products were darker and displayed browner colour, and they stood
out with an increase in the proportion of yellow colour [108]. Higher fat content, as well as,
for example, the addition of barley fibre, which also causes a significant darkening and an
increase in the proportion of yellow colour of meat products, may result in poorer consumer
acceptance of them [109]. In the authors’ opinion, therefore, it can be cautiously concluded
that the desire to mask the unfavourable colour of fatty meat products may be the reason
for the more frequent presence of dyes. Moreover, it should be remembered that meat is
an important dietary source of saturated fatty acids (SFAs), which are responsible for the
texture, juiciness and palatability of meat products [110]. However, due to the risk of many
lifestyle diseases, including cardiovascular diseases, cancer and diabetes, consumers should
avoid consuming products with a high SFA content [111]. The compliance of consumers
with dietary recommendations and thus reducing the consumption of processed meat
products with a high SFA content may probably lead to reducing exposure to dyes from
these assortments.

Moreover, a positive correlation was found between the presence of a dye and the
carbohydrates contents per 100 g of the product. In products where some of the meat
proteins have been replaced by binders and fillers, such as rusk, breadcrumbs, cereal,
legumes and soy protein, an increase in the carbohydrate content was observed. Food
colourings in processed meat products are mainly used to camouflage fillers such as
carbohydrates [112]. Therefore, probably, the more content of carbohydrates in these
products, the higher is the need for such camouflage. Conversely, if products have a high
protein content, they probably also have a lower carbohydrate content, and there is no
need to improve the colour of the meat product, because the meat colour comes mainly
from haem and myoglobin content [113]. Moreover, some colours are made from certain
carbohydrates, e.g., caramel [114]; therefore, it is natural for the content of these ingredients
and dyes to coincide.

4.7. Limitations

Our study has some limitations. First, due to our desire to obtain a comprehensive
overview of the Polish market, and hence include as many samples as possible, our analyses
were based on data obtained from processed meat product labels (the manufacturer’s
declarations about used additives) rather than chemical analysis of the processed meat
product. The processed meat products were not subjected to any analysis regarding the
level of use of additives, because this information was not given on the labels. However,
the degree of compliance of the products with legal requirements was determined based on
the possibility of using to them dyes given on the labels. Therefore, as no chemical analysis
was performed, and it was not possible to access the producers’ documents, the degree of
compliance with the legal regulations may be overestimated.

5. Conclusions

Our findings indicate that 12 dyes are used in the production of meat products and
preparations available on the Polish market. Out of the 273 studied assortments containing
dyes, the most prolific pigment was found to be E120 carminic acid, found in 183 assort-
ments. The presence of water and flavourings in the product increases the chances of the
presence of a dye. As in the case where higher fat and carbohydrate contents per 100 g
of the product increase the chance of a dye being present, this likelihood decreases as the
protein content increases.

The results indicate a possible relationship between the presence of a dye in the
product depending on the method of preparation (traditional or high-yielding products).
In addition, dyes were more likely present in products with a higher carbohydrate content
and less likely in products with higher protein content. The most significant number
of inconsistencies was observed for smoked meats, and the greatest potential misuse of
additives was noted for riboflavin and the caramel group. Most available analyses indicate
no adverse effects on human health resulting from the use of food colourings, suggesting
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these additives are considered safe, but only if FBO complies with the regulations and
guidelines on using food additives. Nevertheless, we cannot omit scientific reports that say
that using E150C and E150D caramels can have potential carcinogenic effects and carmine
and annatto can have allergic effects.
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