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Abstract

The use of food additives in industrial production has the advantage of im-
proving sensory properties, technological quality and extending the shelf life
of foods. Among the most widely used additives are antioxidants, which pre-
vent oxidation, browning and rancidity reactions in foods. However, the
strong presence of these additives on the market is not without risks for hu-
man health, and should be controlled to guarantee food safety. Analysis of the
risks associated with consumption of foods containing these additives re-
quires, among other things, information on the frequency of use of these ad-
ditives in various consumer products. The aim of this study is therefore to
identify the antioxidants present in industrial food products distributed in
Dakar. The methodology adopted consists of a qualitative analysis based on
the identification of additives from food labels. Investigations were carried
out in 9 stores, 4 superettes and 2 supermarkets located in different districts
of Dakar. The results revealed the presence of 12 antioxidant additives, dom-
inated by citric acid (53%) and ascorbic acid (29%). These studies have also
highlighted the simultaneous use of several antioxidants in the same food
product. Moreover, for some artificial antioxidants identified antioxydant
such as BHA and BHT, health risks are associated with their consumption.
The results of this study open up prospects for the development of informa-
tion databases on food additives.
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1. Introduction

Foodstuffs can be degraded through a variety of physical, chemical, enzymatic
and microbiological reactions. These reactions contribute to high food losses
during production, processing, storage and distribution [1]. In addition, they
can lead to the production of toxic substances such as free radicals and microbial
toxins, which are responsible for serious food-related illnesses [2]. For centuries,
man has used processes such as drying, salting, sugaring and fermenting to pre-
serve foodstuffs. Moreover, in recent decades, with the rapid industrialization of
the agri-food sector and scientific advances, natural and artificial substances
known as additives have been widely used to preserve food stability. Among
these additives are the antioxydant used in foods to avoid chemical and enzy-
matical alternatives. In fact, antioxidants help extend shelf life by inhibiting
reactions such as enzymatic activity, browning and, above all, rancidity [3]. In-
deed, one of the main obstacles to food preservation is rancidity, which is linked
to the oxidation of unsaturated fatty acids, a process that occurs through the
formation of free radicals by oxygen, leading to a series of chain reactions [4].
Food antioxidants, added to foodstuffs, have the same mission as endogenous
antioxidants in the human body, namely to protect foodstuffs against these at-
tacks, while preserving their organoleptic quality, texture and safety for con-
sumption [5]. Today, the use of antioxidants is increasingly contested by con-
sumers due to the many negative effects attributed to them. Indeed, artificial an-
tioxidants may have carcinogenic effects and must therefore be strictly con-
trolled [3]. So, although artificial additives dominate the market, new consumer
trends are forcing manufacturers to find alternatives to their natural equivalents
[5]. What’s more, food regulatory authorities, in conjunction with industry and
the scientific community, are regularly tightening regulations on the use of these
substances to ensure consumer health safety. With this in mind, the EFSA, the
FDA and the Codex Alimentarius Commission, through JECFA, regularly un-
dertake studies to assess and re-evaluate the toxicity of certain food addtives [6]
[7]. These assessments, which follow well-defined procedures [8], require,
among other things, access to data relating to frequency in foods and their level
of consumption by populations. However, in Senegal, few data on the presence
of antioxidants additives are available in the scientific literature. It is in this con-
text that this study set itself the objective of completing the profile and frequency
of antioxidant addtives in industrial food products marketed in Dakar.

2. Materials and Methods

The study concerned samples of labels of industrial foodstuffs marketed in Da-
kar over the period from October to December 2022 Data collection was carried
out in Dakar, with the owners’ approval, at 9 stores, 2 wholesalers, 4 petrol sta-
tion minimarkets and one supermarket, in order to obtain a diverse range of
products. The data collection process involved checking whether the product

contained at least one food additive of any type, in order to determine the profile
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of antioxidants and the proportion of all food additives in the listed products. To
this end, a photo of the ingredients and the product name on the packaging was
taken to avoid duplication. The samples were made up of various food products
covering most of the food products commonly distributed on the national mar-
ket. These samples were grouped into 16 food categories based on the Codex
classification of foods [9]. The number of samples for each category depended
on the availability of the products concerned on the market and the presence of
information on food additives.

The approach consisted in collecting this information from food product la-
bels at randomly selected sales outlets, Ze. local stores, mini-markets, markets
and supermarkets. The methodology applied is based on the identification of
food additives from information on food packaging, as adopted in several stu-
dies [10] [11]. Indeed, standards and regulations governing the development of
food products require information that objectively informs the consumers about
food additives. Regulation (EU) No. 1169/2011 of the European Parliament on
the provision of food information to consumers was published in the Official
Journal of the European Union on November 22, 2011. Similarly, the General
Standard on the Labeling of Prepackaged Foods specifies that the full list of in-
gredients is a mandatory label statement [12].

The survey was carried out using a smartphone equipped with a digital cam-
era for photographing product labels and a computer for data recording. Statis-
tical data processing is carried out using Microsoft Excel version 2016). A qua-
litative approach was applied to identify additives in food products. The names
of the substances on the labels and, above all, the indication of the function
sought by the manufacturers made it possible to identify the additives in ques-
tion by reference to the Codex standard [13]. The frequency of antioxidant addi-

tives in the samples was calculated using the following formula:

Fao = 2% %100

a

Fao: Frequency of antioxidant additives;

Tadd: Total number of antioxidant additives on food labels;

Tadd: Total number of food additives on food labels.

For determination antioxydants frequency in a food category, the calculation
takes into account the food additives present in this category. For the overall
frequency (preponderance) of antioxidant additives, the sum total of food addi-

tives identified in all samples was considered.

3. Results

A total of 399 industrial food product labels (N) were collected from retail out-
lets in Dakar. These samples consisted of milk and milk products (6.3%; N = 25),
fats (1.5%; N = 6), fruit and vegetables (10.8%; N = 43), confectionery (10%; N =
40), cereals and cereal-based products (8.2%; N = 30), bakery products (8.5%;

34), meat and meat products (6%; N = 24), bouillons, sauces and soups (18.3%;
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N = 73), beverages (18.5%; N = 74) and miscellaneous products (2.2%; N = 9).
The latter products include savoury snacks, infant formula and ready meals.

In the samples surveyed, the frequency of antioxidant additives in the various
food product categories varied (Figure 1). Compared with other additives, these
substances are most prevalent in fruit and vegetables (52% of additives identi-
fied), fats and oils (28%) and beverage (26%). They are also very common in
meat, meat products and poultry (21%) and broths, sauces and condiments
(18%). In other food categories such as milk and confectionery, their frequency
is relatively low.

There are 12 substances declared as antioxidants by manufacturers (Figure 2).

In terms of representativeness, these antioxidant additives are largely dominated
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Figure 1. Frequency of antioxidants in relation to additives identified in different food categories.
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Figure 2. Frequency of the different types of antioxidants identified on food labels.
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by citric acid (52.2%) and ascorbic acid (28.5%). Tocopherols, Calcium disodium
ethylenediaminetetraacetate (EDTA) and Ter-butylhydroquinone or TBHQ fol-
low with 5.2%, 3.1% and 2.1% respectively. Other identified additives are present
at frequencies of less than 2%. These include phosphoric acid (1.7%), sodium
erythrobate (1.7%), ascobyl palmitate (1.7%), rosemary extract (1.4%), butyl hy-
droxytoluene or BHT (1.4%), butyl hydroxyanisole or BHA (0.7%) and sodium
ascorbate (0.3%).

The results of this study revealed a wide dispersion of antioxidant additives in
foods (Table 1). Some of them are widely distributed across food categories.
Such is the case with citric acid (E330), found in all food categories with the ex-
ception of meat products and infant formula. Citric acid is used in the produc-
tion of mustard condiments, soups, broths and sauces. It is also widely found in
soft drinks and fruit juices. Ascorbic acid (E300) is also found in many food
products, particularly beverages, where it is the main antioxidant. Ascorbic acid
is also widely used in meat, fruit and vegetable processing. Tocopherols (E307),
well represented in cereals and cereal-based products, are also found in dairy
products, confectionery, bakery products and beverages. The use of EDTA
(E385) was particularly noted in sauces and mayonnaises. TBHQ (E319) was
identified on samples of cookies, margarine and cereals. Ascobyl palmitate (E304)
is present in margarine, cakes and mashed potatoes. Phosphoric acid (E338) is
found in soft drinks, mayonnaises and sauces. Sodium erythrobate (E316) is par-
ticularly used in processed meats. Rosemary extract (E392) is found on bouillon
cubes and infant formula. BHT (E321) is found on ketchup sauce and mayonnaise,
while BHA (E320) is found on soft drinks. Sodium ascorbate (E301), the least fre-
quent antioxidant in the samples analyzed, was only identified on processed
meat.

These studies have also highlighted the simultaneous use of several antioxi-
dants in the same food product (Table 2). In fact, among foods containing anti-
oxidant additives, 36% present combinations of substances ranging from 2 to 4

substances.

4. Discussion

In several studies, it has been reported that ascorbic acid and its salts are widely
used to protect foods against oxidation [14]. Indeed, ascorbic acid (E300) is a
powerful antioxidant used in most countries [15]. Ascorbic acid acts primarily as
a donor of single hydrogen atoms, while the radical anion monodehydroascor-
bate reacts primarily with radicals. Together, these properties explain ascorbic
acid’s remarkable antioxidant action [16]. Ascorbic acid has the ability to signif-
icantly inhibit tyrosinase, a polyphenol oxidase (PPO), the main browning en-
zyme in fruit and vegetables. This explains its widespread use for preserving fruit
and vegetables by preventing oxidation of phenolic compounds [9]. Ascorbyl
palmitate found in products is a fat-soluble ascorbic acid derivative. This sub-
stance ascorbyl is used as an antioxidant for its heat stability in thermal processes

such as frying potato chips in oil [17]. The effectiveness of sodium ascorbate
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Table 1. Main antioxidant additives identified in food products collected at Dakar markets.

Food categories
Products collected

Antioxidants

Dairy products and similar
Liquid milk, cheese, powdered milk, flavoured milk, condensed milk

Fats and oils
Butter, margarine

Fruits and vegetables
Tinned fruit, mushrooms, jams, tinned vegetables, mashed potatoes

Confectionery
Chocolate, hard confectionery, soft confectionery, spreads, chewing gum

G6 Cereals and cereal products
Cereals, desserts, wheat cakes

Bakery products
Cookie, cake

G8 Meat, meat products, poultry
Processed chicken, processed meat, processed poultry

Salts, spices, soups, sauces, salads and protein products
Broth, condiment, mayonnaise, mustard, sauce, vinegar, vinaigrette

Foods for special dietary uses
Infant formulas

Beverages, excluding dairy products
Soft drinks, hot drinks, sweet drinks, vegetable concentrates, fruit juice
concentrates, fruit nectars

Prepared foods
Prepared dishes

Citric Acid (E330)
Tocopherols (E307)

Citric acid (E330)
Ascorbic acid (E300)
TBHQ (E319)
Tocopherols (E307)
Ascobyl palmitate (E304)

Ascorbic acid (E330)
Ascorbic acid (E300)
EDTA (E385)
Rosemary extract (E392)
Ascobyl palmitate (E304)

Citric acid (E330)
Tocopherol (E307)
Ascorbic acid (E300)

Citric acid (E330)
Tocopherol (E307)
TBHQ (E319)
Ascorbic acid (E300)
Ascobyl palmitate (E304)

Citric acid (E330)
TBHQ (E319)
Ascorbic acid (E300)
Tocopherols (E307)
Rosemary extract (E392)
Ascobyl palmitate (E304)

Ascorbic acid (E300)
Sodium erythrobate (E316)
Sodium ascorbate (E301)

Citric acid (E330)
EDTA (E385)
Ascorbic acid (E300)
Phosphoric acid (E338)
TBHQ (E319)
Rosemary extract (E392)

Ascorbic acid (E300)
Ascobyl palmitate (E304)

Ascorbic acid (E300)
Phosphoric acid (E338)
Tocopherols (E307)
BHA (E320)
EDTA (E385)

Citric acid (E330)
Ascorbic acid (E300)
Sodium erythrobate (E316)
Rosemary extract (E392)
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Table 2. Antioxidant combinations found in industrial food products.

Types of antioxidant additives combinations

Food products

Citric acid/ascorbic acid

Citric acid/phosphoric acid/EDTA/BHT
Citric acid/phosphoric acid

Citric acid/ascorbic acid/EDTA

Citric acid/Butylated hydroxytoluene/EDTA

Citric acid/rosemary extract
Citric acid/ascorbic acid/tocopherol
Citric acid/tocopherol/ascobyl palmitate
Citric acid/EDTA
Citric acid/Tocopherol
Citric acid/tocopherol/ascobyl palmitate
Citric acid/BHA
Citric acid/Butylated hydroanisole
Citric acid/Sodium erythrobate
Ascorbic acid/Tocopherol
Ascorbic acid/Sodium erythrobate
Ascorbic acid/ascobyl palmitate

Phosphoric acid/EDTA

Soft drinks, Fruit juices, Canned
vegetables, Concentrated fruit juices,
Canned fruit, Mashed potatoes with
milk, Mushrooms, Powdered drinks,
Mustard, Fruit nectars, Jam, Biscuits.

Ketchup sauce
Soft drink
Sweetened beverage
Mayonnaise
Cookie
Fruit juice
Cereal
Fried apple sauce
Milk powder
Margarine
Soft drinks
Soft drinks
Prepared dishes (carbonara twists)
Chocolate, Cereal
Processed poultry
Infant formula

Mayonnaise

(E301) in preventing oxidation of both lipids and proteins has been tested in
fermented dry sausages [15]. Citric acid is a natural substance whose antioxidant
properties have been proven in numerous food matrices [18]. Citric acid and its
salts have long been known to play a role in controlling the oxidative alteration
of flavour and color in a wide range of food products [19]. The industrial use of
this organic acid as an antioxidant is applied in products such as beverages, jams
and jellies, sauces, cheese and canned vegetables, but also bakery products, dry
soup or cake [20]. Tocopherols, which form the vitamin E group, are antioxi-
dants produced either photosynthetically or chemically [21]. As well as being
among the most widely used antioxidants in industry [22], tocopherols are re-
puted (suggested) to reduce the risk of cancer [23]. Erythorbates (E315 - E316)
are antioxidants involved in reducing the formation of nitrosamines during cur-
ing and cooking processes. They are widely added to meats, frozen fruits, vege-
tables, oils, fats, seafood and fish [15]. Rosemary extracts extracted from the

dried leaves of rosemary (Rosmarinus officinalis L.) have aromatic properties. In
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addition, the presence of phenolic diterpenes, carnosic acid and carnosol in these
extracts is thought to be responsible for their excellent antioxidant properties
[24]. One study suggested that rosemary extract, used in the preservation of sun-
flower oil at 60°C, showed greater antioxidant activity than a-tocopherol, ascor-
byl palmitate and even citric acid under the same conditions [25]. In addition,
rosemary extracts are used in phytotherapy for anti-inflammatory and antimi-
crobial applications, as well as for the prevention and treatment of diabetic and
cardiovascular diseases [26]. Phosphoric acid is a synergistic antioxidant and acid-
ity regulator, particularly in beverages, dairy products and certain types of potato
chips [27]. Artificial antioxidants identified in industrial products include BHA
(E320), BHT (E321) and TBHQ (E319). These are fat-soluble phenolic compounds
often added to foodstuffs for their ability to react with free radicals and delay the
propagation stage in the oxidation reaction [28]. The use of any of these 3 artifi-
cial antioxidants depends on the food and the processing techniques applied. For
example, TBHQ is the most widely used in thermal processes, due to its high
heat stability [28]. BHA, on the other hand, is stable to pH variations [28].
However, consumption of the latter three artificial antioxidants is associated
with negative health effects. BHA has been implicated in thyroid damage, meta-
bolic and growth disorders, neurotoxicity and carcinogenesis [29]. BHT is said
to have toxic effects on motor and neurobehavioral activity, as well as implica-
tions for histopathological changes in the brain, heart and lungs [30]. Further-
more, one study found that TBHQ led to activation of inflammatory pathways,
generation of reactive species, induction of CYP1A1l, activation of caspases, re-
duced GSH/ATP levels and triggering of progressive cancer development [31].
In industrial food production, EDTA, another artificial antioxidant, has demon-
strated its effectiveness in food protection. One study, for example, suggested its
protective effect against lipid oxidation in mayonnaises enriched with fish oils
[32]. In addition, EDTA, used in food dehydration processes, inhibits the enzymes
responsible for browning and discoloration of vegetables [33]. The use of EDTA
has also shown satisfactory results in the inhibition of polyphenol oxidases re-
sponsible for enzymatic browning of pigments in banana extracts [34]. However,
the excessive presence of EDTA in foods may cause abdominal cramps, diarr-
hoea, vomiting, urinary disorders and blood in the urine [3].

Antioxidants are often combined in foods for a variety of reasons. These sub-
stances may interact synergistically, antagonistically or simply additively. Syner-
gistic effects of antioxidants are combined effects that are more enhanced than
the sum of the individual effects of the compounds, whereas antagonistic effects
refer to combined effects that are inferior to the effects of additives [35]. The
synergistic effect of ascorbic acid and citric acid has been demonstrated in the
inhibition of browning reactions and food oxidation, particularly in fruit and
vegetables [36]. Furthermore, one study suggested that, combined with citric
acid and ascorbyl palmitate, rosemary extract presents an additive antioxidant
effect in the preservation of sunflower oil [25]. One study also demonstrated the

synergistic antioxidant effect of ascorbic acid and EDTA in improving the color
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stability of betacyanins in the presence of polysaccharides [37]. Combining an-
tioxidants has the advantage not only of increasing their efficacy through a syn-
ergistic effect, but also of reducing the quantity of additives to avoid exceeding

the maximum permitted quantities.

5. Conclusion

This study highlighted the profile of antioxydants in industrial food products
distributed in the Dakar market. The results showed that the antioxidant addi-
tives present in these products are dominated by two natural organic substances,
citric acid and ascorbic acid. Other antioxidants of artificial origin such as BHA
and BHA are also indicated on the food labels of industrial products. Some of
these artificial products raise concerns among consumers because of the many
negative effects associated with them. As a result, a quantitative analysis of cer-
tain antioxidants is required to assess compliance with the maximum concentra-
tions authorized by manufacturers. What’s more, in addition to the need to
tighten controls and regulations on these additives, there is an urgent need to
exploit the potential of safer, natural substances in the preservation of food

products.
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