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1. Preamble

Food additives are utilized in the preparation and processing of almost all types of food
in order to give favorable attributes to the food we eat. Very simply, it is a substance which is
added to food to enhance its flavor, appearance, or other favorable quality. In fact, the food
protection committee of the US national research council defined food additives as “A
substance or a mixture of substances other than a basic food stuff that is present in a food
as a result of an aspect of production, processing, storage, or packaging” [1]. According to US
FDA (Food and Drug Administration), a food additive is “any substance, the intended use
of which results or may reasonably be expected to result-directly or indirectly—in its becom-
ing a component or otherwise affecting the characteristics of any food” [2]. Although the term
‘food additives’ has been used frequently at present, its utilization has been practiced since
ancient times; and probably dating back to much earlier than the hunter-gatherer era. Even
though food additives confer much benefit to all sectors, such as the manufacturers, retailers,
and customers, utilization of food additives must be carried out extremely cautiously.

Additives, for the most part, are synthetic chemicals. Present day consumers are turning
to natural ingredients and bio-based additives due to adverse effects caused by some chemi-
cals. Therefore, plant-derived substances are gaining a foot hold as preservatives, colorants,
flavors, and even as antibacterial agents [3, 4].

1.1. E numbers (international numbering system) of food additives

Almost all safe-to-use food additives are given ‘E numbers” by the European Food Safety
Authority. In order to get to this status, the food additive must pass all the safety checks.
Following are the general categories of food additives and their E numbers. However, when
one food additive has more than one function, it is given only one E number. Chemical
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compounds and other species are constantly added to the list of safe-to-use food additives
as the food additives pass the safety checks. An up to date list of food additives and their E
numbers could be obtained from official UK food standards agency web site https://www.
food.gov.uk/science/additives/enumberlist#toc-1. The general list of E numbers of food addi-
tives is given in Table 1 [5].

Block of numbers Food additives

E100-E199 Colors

E200-E299 Preservatives

E300-E399 Antioxidants and acidity regulators
E400-E499 Thickeners, stabilizers and emulsifiers
E500-E599 Anticaking agents

E600-E699 Flavor enhancers

E700-E799 Antibiotics

E900-E999 Glazing agents and sweeteners
E1000-E1599 Additional chemicals

Table 1. E numbers of food additives.

2. Colors

According to the US FDA, “A color additive is any dye, pigment, or substance, which when
added or applied to a food, drug or cosmetic, or to the human body, is capable (alone or through
reactions with other substances) of imparting color” [2]. Food colors are used as food addi-
tives mainly to yield better sensory effects, specifically appearance contentment. The reasons
for adding colors to food are manifold. First, color may be lost due to the processing and stor-
age conditions of food, and thus food colors are added to compensate such loss of color. Second,
food items with natural colors may show a variation of color, and thus food colors are added
to correct such variations in color. Third, food colors may be added to further improve the nat-
ural color of the food. Fourth, food colors are added to give color to food items with no color [2].

There are two types of food colors, certified colors and colors exempt from certification.
The certified colors are synthetic compounds. They are usually more effective than natural
compounds and they do not introduce off-flavors to the foods. Colors derived from natural
sources are exempt from certification. These compounds are more expensive than synthetic
compounds. Yet, the colors exempt from certification may give off-flavors to the foods [2].

Health effects of food colorants are a major concern among the consumers and regulatory
bodies; and thus, carrying out toxicity studies determining health effects are considered
very significant today. A recent study revealed that Allura Red AC lacks genotoxicity after
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the European Food Safety Authority showed its concern on this matter [6]. In addition to tox-
icity studies, remedies for the adverse effects of food colorants are being evaluated. For exam-
ple, Rafati et al. demonstrated that the negative effects caused by tartrazine in mice could
be mitigated by the simultaneous administration of vitamin E [7].

Although food colors are added to enhance organoleptic appeal of the foods, naturally occur-
ring food colors such as curcumin and riboflavin possess other beneficial health effects. In fact,
curcumin exhibits numerous bioactivities such as antioxidant, antimicrobial, and anticancer
[8, 9]. Riboflavin, also, acts as an antioxidant, and it is linked to several health benefits [10].
Numerous strategies have been explored to increase the stability of natural colorants due to ben-
eficial health effects or general lack of toxicity of these compounds [11, 12]. As expected, novel
sources of natural colorants are being explored due to the positive attributes of natural col-
orants [13]. In addition, encapsulation techniques and other innovative methods are being
explored in order to improve numerous properties of food colorants as opposed to directly
add food colorants in food [14].

The list of colors usually used in food manufacturing is stated below [5].

List of colors: Curcumin, Riboflavin, Riboflavin-5"-phosphate, Tartrazine, Quinoline yel-
low, Sunset Yellow FCF, Orange Yellow S, Cochineal, Carminic acid, Carmines, Azorubine,
Carmoisine, Amaranth, Ponceau 4R, Cochineal Red A, Erythrosine, Allura Red AC, Patent Blue
V, Indigotine, Indigo Carmine, Brilliant Blue FCF, Chlorophylls and chlorophyllins, Copper
complexes of chlorophyll and chlorophyllins, Green S, Plain caramel, Caustic sulphite caramel,
Ammonia caramel, Sulphite ammonia caramel, Brilliant Black BN, Black PN, Vegetable car-
bon, Brown FK, Brown HT, Carotenes, Annatto, Bixin, Norbixin, Paprika extract, Capsanthin,
Capsorubin, Lycopene, Beta-apo-8'-carotenal (C30), Ethyl ester of beta-apo-8'-carotenoic acid
(C30), Lutein, Canthaxanthin, Beetroot Red, Betanin, Anthocyanins, Litholrubine BK.

3. Preservatives

Food preservatives have become an indispensible part of the food industry today. In sim-
ple terms, a food preservative is any substance that hinders food deterioration caused by
microbes, enzymes, or any other chemical reaction. Millions of people suffer from hunger
as a result of lack of enough food [15] and thus, the advantages of using food preservatives
in food processing are plenteous. Food preservatives along with other food additives are
under strict control by numerous governing bodies. A short account of the governing system
is given under Section 11.

Most artificial food preservatives impart negative health effects at high doses. For instance,
in vitro studies have revealed that sodium benzoate and potassium benzoate exhibit geno-
toxic effects [16]. However, this issue can be dealt with by adhering to the acceptable daily
intake (ADI) values of food additives (please refer Section 11). Interestingly, despite showing
adverse effects at toxic levels, some artificial food preservatives show favorable health effects
at nontoxic levels [17].
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Natural preservatives are an appealing alternative to artificial preservatives, especially
with respect to health effects. A novel trend is to explore and utilize essential oils such as clove
essential oil and eugenol extracted from cloves, limonene extracted from citrus fruits, and essen-
tial oil extracted from cinnamon as food preservatives of numerous food items including fresh
cut produce, juices, and fish [3, 18-20]. As expected, encapsulated natural food preservatives
including thyme essential oil and curcumin have shown favorable properties such as sustained
release and enhanced antioxidant and antimicrobial properties [21, 22]. In addition to natural
products, fermented milk products have shown promise as food preservatives [23]. The rea-
sons for utilizing natural products and nonsynthetic products as food preservatives include
imparting health benefits to the consumers and gaining “clean label” advantage.

Numerous approaches are being taken to find novel food preservatives with ameliorated
properties. For instance, peptides have been used successfully as potential food preserva-
tives [24]. Once a peptide food preservative is identified, mass production may be carried out
using biotechnology. Combinations of food preservatives have also been studied to discover
the combined effect and the possibility of substituting synthetic food preservatives by such
combinations. For example, Cuminum cyminum L. essential oil and nisin have shown their
ability to function as a hurdle against microbes [25].

Some food preservatives used in food manufacturing are listed below [5].

List of preservatives: Sorbic acid, Potassium sorbate, Calcium sorbate, Benzoic acid, Sodium
benzoate, Potassium benzoate, Calcium benzoate, Ethyl p-hydroxybenzoate, Sodium ethyl
p-hydroxybenzoate, Sodium methyl p-hydroxybenzoate, Sulfur dioxide, Sodium sulphite,
Sodium hydrogen sulphite, Sodium metabisulphite, Potassium metabisulphite, Calcium sul-
phite, Calcium hydrogen sulphite, Potassium hydrogen sulphite, Biphenyl; diphenyl, Nisin,
Natamycin, Hexamethylene tetramine, Dimethyl dicarbonate, Potassium nitrite, Sodium
nitrite, Sodium nitrate, Potassium nitrate, Propionic acid, Sodium propionate, Calcium pro-
pionate, Potassium propionate, Boric acid, Sodium tetraborate; borax.

4. Antioxidants and acidity regulators

Antioxidants play a pivotal role in the food industry, combating oxidative stress on oxygen-
sensitive species. The antioxidants used in the food industry are either hydrophilic, lipo-
philic, or amphiphilic, protecting various types of ingredients. Certain antioxidants function
also as acidity regulators. Examples include ascorbic acid and citric acid. Acidity regulators
are also an essential group of food additives as lowering the pH of the food usually assists
to retard microbial attack.

4.1. Antioxidants

Although antioxidants are deemed to confer numerous health benefits to the humans, synthetic
antioxidants such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) have
shown negative health effects [26]. On the contrary, some reports have shown chemoprevention
properties of those synthetic carcinogenic antioxidants [27]. Again, the issue of toxicity is dealt
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with by adhering strictly into the ADI published by the governing bodies worldwide including
the US FDA. Although the results of synthetic antioxidants are inconsistent, numerous natural
antioxidants have the ability to function as nontoxic anticarcinogenic compounds. Examples
include ferulic acid, caffeic acid, curcumin, vitamin E, polyphenolic catechins, and carnosol [28].

As with other food additives, the trend is to utilize and seek for natural food antioxidants.
Both pure antioxidants and plant extracts are used and explored these days. Moreover, encap-
sulation of pure antioxidants and plant extracts showing antioxidant properties is carried out
to obtain improved attributes such as improved stability and sustained release of those bioac-
tive compounds [29, 30]. The liposomal encapsulation of the Schumacheria castaneifolia methanol
extract with antioxidant properties, which may be suitable for applications in the food sector,
with high encapsulation efficiencies is an excellent example of encapsulating plant extracts [29].

A list of antioxidants used in food manufacturing is stated below [5].

List of antioxidants: Ascorbic acid, Sodium ascorbate, Calcium ascorbate, Fatty acid esters
of ascorbic acid, Tocopherols, Alpha-tocopherol, Gamma-tocopherol, Delta-tocopherol, Propyl
gallate, Octyl gallate, Dodecyl gallate, Erythorbic acid, Sodium erythorbate, Tertiary-butyl
hydroquinone (TBHQ), Butylated hydroxyanisole (BHA), Butylated hydroxytoluene (BHT),
Extracts of rosemary, 4-Hexylresorcinol.

4.2. Acidity regulators

Acidity regulators such as citric acid, tartaric acid, and phosphoric acid are numbered together
with antioxidants in the E numbering system [5, 31]. This approach is very logical as cer-
tain acidity regulators, such as citric acid, exhibit antioxidant properties. In fact, citric acid
has imparted favorable effects on food, functioning as an acidity regulator and antioxidant
simultaneously [32]. What's more, food acidity regulators have shown advantageous com-
bined effects with other food additives on food. Antibrowning effect of citric acid together
with ascorbic acid and nitrogen on banana smoothies is an example [33].

The list of acidity regulators commonly used in food manufacturing is stated below [5].

List of acidity regulators: Sodium lactate, Potassium lactate, Calcium lactate, Citric acid, Sodium
citrates, Potassium citrates, Calcium citrates, Tartaric acid (L-(+)), Sodium tartrates, Potassium
tartrates, Sodium potassium tartrate, Phosphoric acid, Sodium phosphates, Potassium phos-
phates, Calcium phosphates, Magnesium phosphates, Sodium malates, Potassium malate,
Calcium malates, Metatartaric acid, Calcium tartrate, Adipic acid, Sodium adipate, Potassium
adipate, Succinic acid, Triammonium citrate, Calcium disodium ethylene diamine tetra-acetate;
calcium disodium EDTA.

5. Thickeners, stabilizers, emulsifiers, and gelling agents

Thickeners, stabilizers, emulsifiers, and gelling agents have become an integral part in the cur-
rent food manufacturing industry. Thickeners increase the volume, change the viscosity,
and increase the processability of the food items. Stabilizers, as the name implies, stabilize
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the food products; sometimes through the utilization of fillers. Emulsifiers assist in the mis-
cibility of otherwise immiscible substances possible. For instance water-in-oil or oil-in-water
emulsions used in the food industry are made utilizing emulsifiers. Gelling agents mainly
contribute to the viscosity and sensory properties of the food products. In sum, all thick-
eners, stabilizers, emulsifiers and gelling agents contribute to the stability and palatability
of the food product.

This category of food additives also consist of natural and synthetic compounds. In fact, leci-
thin that assists in emulsification and stabilization for most food products is mostly extracted
from soy bean, and thus it is a natural additive [34]. However, numerous studies are being
conducted evaluating the positive effects of synthetic lecithin [35]. Alginate functioning
as both a thickener and gelling agent is another natural food additive in this group [36]. Apart
from the natural compounds, synthetic emulsifiers such as polysorbates constitute an impor-
tant component of this group. Although considered food grade, several health concerns have
arisen regarding such artificial emulsifiers [37].

A list of thickeners-stabilizers-emulsifiers-gelling agents used in food manufacturing is listed
in Tables 2 and 3 [5].

List of thickeners-stabilizers-emulsifiers-gelling agents: Lecithins, Alginic acid, Sodium
alginate, Potassium alginate, Ammonium alginate, Calcium alginate, Propane-1-2-diol
alginate, Agar, Carrageenan, Processed eucheuma seaweed, Locust bean gum; carob
gum, Guar gum, Tragacanth, Acacia gum; gum Arabic, Xanthan gum, Karaya gum, Tara
gum, Gellan gum, Konjac, Soybean hemicellulose, Cassia gum, Polyoxyethylene sorbi-
tan monolaurate; Polysorbate 20, Polyoxyethylene sorbitan mono-oleate; Polysorbate 80,
Polyoxyethylene sorbitan monopalmitate; Polysorbate 40, Polyoxyethylene sorbitan mono-
stearate; Polysorbate 60, Polyoxyethylene sorbitan tristearate; Polysorbate 65, Pectins,
Ammonium phosphatides, Sucrose acetate isobutyrate, Glycerol esters of wood rosins,
Cellulose, Methyl cellulose, Ethyl cellulose, Hydroxypropyl cellulose, Hydroxypropyl
methyl cellulose, Ethyl methyl cellulose, Carboxy methyl cellulose, Crosslinked sodium
carboxy methyl cellulose.

6. Anticaking agents

As the name implies, the role of anticaking agents is to prevent lumping or caking in food.
These agents are added mostly for powders or granulated material. Among the numerous
advantages of using anticaking agents include: sustenance of sensory attributes, easiness
of packaging, efficient transportation, and simplicity to yield high quality products for con-
sumption. Depending on the food product involved, either water-soluble or organic solvent-
soluble anticaking agents are used.

Anticaking agents frequently used in food manufacturing are stated below [5].

List of anticaking agents: Calcium Aluminum Silicate, Calcium Phosphate tribasic, Calcium Sili-
cate, Calcium Stearate, Cellulose, Magnesium Carbonate, Magnesium Oxide, Magnesium Silicate,
Magnesium Stearate, Microcrystalline Cellulose, Propylene Glycol, Potassium Ferrocyanide,
Trihydrate, Silicon Dioxide, Sodium Aluminum Silicate, Sodium Ferrocyanide, decahydrate.
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7. Flavors and flavor enhancers

Flavors and flavor enhancers are of extreme importance in the food industry as it is what
makes the food sensational. Flavor is perceived by the taste and smell via chemical senses.
Also, the chemical irritants perceived in the mouth and throat, temperature and texture are
factors affecting the flavor of a food. Nowadays, both natural and artificial substances are used
as food flavors Table 2. The basic universally recognized flavors include: sweet, sour, tangy,
bitter, umami, hot, that can be perceived through the tongue. On the other hand, the number
of sensations that can be perceived through the nose (smell) is limitless. As a result, the food
industry is ever growing utilizing different combinations of taste and smell. What’s more,
there is another group of chemical substances that do not impart any flavor in to the food
product but enhance the existing flavor in the food Table 3. These flavor enhances are highly
valued in the food industry as these substances contribute significantly into cost reduction
in food manufacturing. Flavors and flavor enhancers frequently used in food manufacturing
are stated [38].

Flavors and flavor enhances also are evaluated for their health effects by numerous scientists
worldwide. Further, extraction of numerous novel natural flavors is being carried out around
the globe as a result of the higher inclination of the customers to such natural compounds [39].
There has been much criticism on the health effects of glutamate—a much consumed flavor
enhancer. However, mixed results have been published and there is no evidence to prove that
glutamate possesses negative health effects, according to a recent report [40]. Like almost all
other food additives, encapsulation, for instance microencapsulation and emulsification, is
used as means of enhancing the properties of food flavors [41, 42].

Chemical Odor

Diacetyl, acetylpropionyl, acetoin Buttery

Isoamyl acetate Banana
Benzaldehyde Bitter almond, cherry
Cinnamaldehyde Cinnamon

Ethyl propionate Fruity

Methyl anthranilate Grape

Limonene Orange

Ethyl decadienoate Pear

Allyl hexanoate Pineapple

Ethyl maltol Sugar, cotton candy
Ethylvanillin Vanilla

Methyl salicylate Wintergreen

This table was obtained from: Wikipedia [38].

Table 2. Artificial flavoring agents and their flavors.

9
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Acid Description

Glutamic acid salts This amino acid’s sodium salt, monosodium glutamate (MSG), is one of the most
commonly used flavor enhancers in food processing. Mono- and diglutamate salts are
also commonly used.

Glycine salts Simple amino acid salts typically combined with glutamic acid as flavor enhancers.
Guanylic acid salts Nucleotide salts typically combined with glutamic acid as flavor enhancers.
Inosinic acid salts Nucleotide salts created from the breakdown of AMP, due to high costs of production,

typically combined with glutamic acid as flavor enhancers.

5’-Ribonucleotide salts ~ Nucleotide salts typically combined with other amino acids and nucleotide salts as flavor
enhancers.

This table was obtained from: Wikipedia [38].

Table 3. Artificial flavor enhancers.

8. Antibiotics

Antibiotics are being used in the food industry today to increase the shelf life of numerous food
items, especially perishable food items including milk [43]. Although not directly added during
food processing, nonvegetarian food may contain a certain amount of antibiotics since antibiot-
ics are frequently used in animal production. However, any antibiotic used for human therapeu-
tic purposes or for animal feed additive are banned for use in the food industry. Tetracycline is
a classic example. Maximum permissible amounts of such antibiotic residues have been declared
and much emphasis is given to regular monitoring of antibiotic residues in food [44]. Moreover,
the antibiotics used in the food industry show slower activity than those used for therapeutic
purposes [45]. Antibiotics frequently used in food manufacturing are stated below.

List of antibiotics: Nisin, Natamycin, Subtilin, Tylosin Phytoncides.

Phytoncides are antibiotics obtained from plants. Examples include: mustard oil, thyme, cin-
namaldehyde, eugenol, etc. [46].

Antibiotics permitted as food additives are being experimented heavily, especially to engineer
more potent variants [47]. Further, encapsulation has become a common technique to enhance
the desirable properties of antibiotics. For instance, coated liposomes encapsulating nisin has
shown improved sustained release properties beneficial for applications in the food sector [48].

9. Glazing agents and sweeteners

Glazing agents may be either natural or synthetic. They are used mainly for preservation
of food items by forming a thin coat around it [49]. A list of glazing agents frequently used
in food industry is stated below [5].

List of glazing agents: Stearic acid, Beeswax, Candelilla wax, Carnauba wax, Shellac, Micro-
crystalline wax, Crystalline wax, Lanolin, Oxidized polyethylene wax, Esters of colophonium,
Paraffin.
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The most commonly used sweetener used in the food industry is sucrose as it is readily avail-
able. Thus, the performance of other sweeteners is frequently measured against that of sucrose
[50]. Glucose is also frequently used in the food industry, especially in the manufacturing
of confectionaries [51]. However, substitutes for common sugars, natural or artificial, are
in high demand due to the prevalence of diabetes mellitus among a significant proportion
of people worldwide. Other requirements for sugar substitutes include weight loss, dental
care, and reactive hypoglycemia. In addition, using sugar substitutes is cost effective since
the sugar substitutes are many times (sometimes more than 100 or even 1000 times) sweeter
than sucrose [52]. A list of sweeteners frequently used in food manufacturing is stated below
[5, 53].

List of sweeteners: Sorbitol, Sorbitol syrup, Mannitol, Acesulfame K, Aspartame, Cyclamic
acid and its Na and Ca salts, Isomalt, Saccharin and its Na - K and Ca salts, Sucralose,
Thaumatin, Neohesperidine DC, Steviol glycoside, Neotame (as a flavor enhancer), Salt
of aspartame-acesulfame, Maltitol, Maltitol syrup, Lactitol, Xylitol, Erythritol.

10. Additional chemicals

The European Food Safety Authority has grouped some food additives as “additional chemi-
cals” as those chemicals cannot be grouped together with other food additives. As indicated
in Table 1, these chemicals are numbered from E1000 to E1599. Even though these chemicals
may function as other food additives, they have different properties and thus treated differ-
ently. For instance, invertase having the number E1103 functions as emulsifiers-stabilizers-
thickeners-gelling agents but is in a special category.

A list of other chemicals frequently used in food manufacturing is stated below [5].

List of other chemicals: Polydextrose, Polyvinylpyrrolidone, Polyvinylpolypyrrolidone,
Polyvinyl alcohol, Pullulan, Basic methacrylate copolymer, Oxidized starch, Monostarch phos-
phate, Distarch phosphate, Phosphated distarch phosphate, Acetylated distarch phosphate,
Acetylated starch, Acetylated distarch adipate, Hydroxyl propyl starch, Hydroxy propyl
distarch phosphate, Starch sodium octenyl succinate, Acetylated oxidized starch, Starch alu-
minum Octenyl succinate, Triethyl citrate, Glyceryl triacetate; triacetin, Propan-1-2-diol; pro-
pylene glycol, Polyethylene glycol.

11. Regulation

Food additives are under strict control of numerous governing bodies. In the European Union,
the governing bodies are the European Food Safety Authority (EFSA) and the European
Commission, Parliament and Council. These bodies are accountable for the safety assess-
ment, which includes toxicological studies and dietary exposure assessment, authorization
which includes maintaining and publishing data bases of food additives permitted to be used
in the EU, and control which is involved in legislation and labeling of food additives.
The U.S. Food and drug administration (US FDA) is the main governing body of food addi-
tives in USA, and almost all other countries have their own governing bodies of food safety.

1"
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Food and Agriculture Organisation (FAO) and the World Health Organisation (WHO) work
together in the international arena via a Joint Expert Committee on Food Additives (JECFA)
[54-57].

Joint Expert Committee on Food Additives from 1961 has taken initiative of matters regard-
ing the acceptable daily intake (ADI) level. “ADI is a measure of the amount of a specific
substance (originally applied for a food additive, later also for a residue of a veterinary drug
or pesticide) in food or drinking water that can be ingested (orally) on a daily basis over
a lifetime without an appreciable health risk”. “ADIs are expressed usually in milligrams (of
the substance) per kilogram of body weight per day.” [58]

All of these food additives are used to fine tune the food items to yield a superb food prod-
uct having sensational attributes. In addition, the preservative effect that the food additives
impart is of utmost importance. Further, food safety governing bodies worldwide have
set maximum levels to be used in the food industry for all approved food additives. Thus,
health risk is at a low level. However, it is advisable to change ones diet time to time so that
the subject is not exposed to the same food additives for lengthy periods of time. This practice
also may not be essential if the customer pays attention to the recommended daily intake
of the ingredients.

12. Take home message

“Innovation is change that unlocks new value” according to Jamie Notter [59]. Adding food
additives to enhance the attributes of food is an ancient concept of value addition of food prac-
ticed from as early as the hunter-gatherer era. In the modern era, the demand is greater than
the supply, and innovation is the change that satisfies the demand by all the sectors, such
as the manufacturers, retailers, and customers. While using food additives to enhance the attri-
butes of food, it is of prime importance that guidelines by the relevant food safety authorities
are followed since synthetic and natural compounds with various health effects are widely
used as additives. Deviations from food safety regulations may result in serious negative out-
comes. As a result, any party breaching rules and guidelines regarding food additives will
have to face serious consequences, including harsh court decisions against them. In sum, con-
sidering the health effects and regulations regarding food additives are extremely significant
although utilizing food additives have enabled the beings to enjoy a plethora of various food
products.

Author details

Desiree Nedra Karunaratne' and Geethi Kaushalya Pamunuwa?
*Address all correspondence to: nedrak@pdn.ac.lk
1 Department of Chemistry, University of Peradeniya, Peradeniya, Sri Lanka

2 Department of Horticulture and Landscape Gardening, Faculty of Agriculture and Plantation
Management, Wayamba University of Sri Lanka, Gonawila, Sri Lanka



Introductory Chapter: Introduction to Food Additives
http://dx.doi.org/10.5772/intechopen.70329

References

[1]

2]

3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

Vaclavik VA, Christian EW. Essentials of Food Science. 3rd ed. Heldman DR, editor.
New York, USA: Springer; 2008. ISBN: 978-0-387-69939-4

International Food Information Council (IFIC) and U.S. Food and Drug Administration.
Overview of Food Ingredients, Additives & Colors. [Internet] 2010. Available from:
https://www.fda.gov/food/ingredientspackaginglabeling/foodadditivesingredients/
ucm094211. htm#foodadd. [Accessed: May 28, 2017]

Souza ELD, Almeida ETDC, Guedes JPDS. The potential of the incorporation of essential
oils and their individual constituents to improve microbial safety in juices: A review.
Comprehensive Reviews in Food Science and Food Safety. 2016;15:753-772. DOI:
10.1111/1541-4337.12208

Gomez HC, Serpa A, Velasquez-Cock ], Gafidn P, Castro C, Vélez L, Zuluaga, R. Vegetable
nanocellulose in food science: A review. Food Hydrocolloids. 2016;57:178-186. DOI:
10.1016/j.foodhyd.2016.01.023

Food Additives and Ingredients Association. E numbers. [Internet] 2017. Available from:
http://www faia.org.uk/e-numbers/ [Accessed: April 28, 2017]

Bastaki M, Farrell T, Bhusari S, Pant K, Kulkarni R. Lack of genotoxicity in vivo for food
color additive Allura Red AC. Food and Chemical Toxicology. 2017;105:308-314. DOI:
10.1016/j.fct.2017.04.037

Rafati A, Nourzei N, Karbalay-Doust S, Noorafshan A. Using vitamin E to prevent
the impairment in behavioral test, cell loss and dendrite changes in medial prefrontal
cortex induced by tartrazine in rats. Acta Histochemica. 2017;119:172-180. DOI: 10.1016/;.
acthis.2017.01.004

Maheshwari RK, Singh AK, Gaddipati ], Srimal RC. Multiple biological activities
of curcumin: A short review. Life Sciences. 2006;78(18):2081-2087. DOI: 10.1016/].
1£s.2005.12.007

Wang H, Hao L, Wang P, Chen M, Jiang S, Jiang S. Release kinetics and antibacterial
activity of curcumin loaded zein fibers. Food Hydrocolloids. 2017;63:437-446. DOI:
10.1016/j.foodhyd.2016.09.028

Mikkelsen K, Stojanovska L, Prakash M, Apostolopoulos V. The effects of vitamin B
on the immune/cytokine network and their involvement in depression. Maturitas.
2017;96:58-71. DOI: 10.1016/j.maturitas.2016.11.012

Chung C, Rojanasasithara T, Mutilangi W, McClements D]J. Stabilization of natural col-
ors and nutraceuticals: Inhibition of anthocyanin degradation in model beverages using
polyphenols. Food Chemistry. 2016;212:596-603. DOI: 10.1016/j.foodchem.2016.06.025

Chung C, Rojanasasithara T, Mutilangi W, McClements D]J. Stability improvement
of natural food colors: Impact of amino acid and peptide addition on anthocyanin sta-
bility in model beverages. Food Chemistry. 2017;218:277-284. DOI: 10.1016/j.foodchem.
2016.09.087

13



14

Food Additives

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Vagiri M, Jensen M. Influence of juice processing factors on quality of black chokeberry
pomace as a future resource for colour extraction. Food Chemistry. 2017;217:409-417.
DOI: 10.1016/j.foodchem.2016.08.121

Chittem ], Sajjan GS, Kanumuri MV. Spectrophotometric evaluation of colour stabil-
ity of nano hybrid composite resin in commonly used food colourants in Asian coun-
tries. Journal of Clinical and Diagnostic Research. 2017;11:ZC61-ZC65. DOI: 10.7860/
JCDR/2017/22919.9193

World hunger and poverty facts and statistics. Hunger Notes, World Hunger Education
Service. Fight Hunger with Knowledge. 2016. [Internet] Available from: http://www.
worldhunger.org/2015-world-hunger-and-poverty-facts-and-statistics/#hunger-num-
ber [Accessed: May 28, 2017]

Zengin N, Yiizbaioglu D, Unal F, Yilmaz S, Aksoy H. The evaluation of the genotox-
icity of two food preservatives: Sodium benzoate and potassium benzoate. Food
and Chemical Toxicology. 2011;49(4):763-769. DOI: 10.1016/j.fct.2010.11.040

Yadav A, Kumar A, Das M, Tripathi A. Sodium benzoate, a food preservative, affects
the functional and activation status of splenocytes at non cytotoxic dose. Food
and Chemical Toxicology. 2016;88:40-47. DOI: 10.1016/j.fct.2015.12.016

Chen X, Ren L, Li M, Qian J, Fan ], Du B. Effects of clove essential oil and eugenol
on quality and browning control of fresh-cut lettuce. Food Chemistry. 2017;214:432-439.
DOI: 10.1016/j.foodchem.2016.07.101

Giarratana F, Muscolino D, Beninati C, Ziino G, Giuffrida A, Panebianco A. Activity
of R(+) limonene on the maximum growth rate of fish spoilage organisms and related
effects on shelf-life prolongation of fresh gilthead sea bream fillets. International Journal
of Food Microbiology. 2016;237:109-113. DOI: 10.1016/j.ijfoodmicro.2016.08.023

Zhang Y, Li D, Lv ], Li Q, Kong C, Luo Y. Effect of cinnamon essential oil on bacte-
rial diversity and shelf-life in vacuum-packaged common carp (Cyprinus carpio) during
refrigerated storage. International Journal of Food Microbiology. 2017;249:1-8. DOI:
10.1016/j.ijfoodmicro.2016.10.008

Asprea M, Leto I, Bergonzi MC, Bilia AR. Thyme essential oil loaded in nanocochle-
ates: Encapsulation efficiency, in vitro release study and antioxidant activity. LWT-Food
Science and Technology. 2017;77:497-502. DOI: 10.1016/j.1wt.2016.12.006

Gomez-Estacal ], Balaguer MP, Lopez-Carballo G, Gavara R, Hernandez-Mufioz
P. Improving antioxidant and antimicrobial properties of curcumin by means of encap-
sulation in gelatin through electrohydrodynamic atomization. Food Hydrocolloids.
2017;70:313-320. 10.1016/j.foodhyd.2017.04.019

Gamba RR, Caro CA, Martinez OL, Moretti AF, Giannuzzi L, Antoni GLD, Pelaez
AL. Antifungal effect of kefir fermented milk and shelf life improvement of corn
arepas. International Journal of Food Microbiology. 2016;235:85-92. DOI: 10.1016/;.
ijfoodmicro.2016.06.038



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[32]

[33]

[34]

[35]

[36]

Introductory Chapter: Introduction to Food Additives
http://dx.doi.org/10.5772/intechopen.70329

Li Y-Q, Sun X-X, Feng J-L, Mo H-Z. Antibacterial activities and membrane permeabil-
ity actions of glycinin basic peptide against Escherichia coli. Innovative Food Science
and Emerging Technologies. 2015;31:170-176. DOI: 10.1016/].ifset.2015.07.009

Tavakoli HR, Mashak Z, Moradi B, Sodagari HR. Antimicrobial activities of the combined
use of Cuminum cyminum L. essential oil, nisin and storage temperature against Salmonella

typhimurium and Staphylococcus aureus in vitro. Jundishapur Journal of Microbiology.
2015;8(4): €24838. DOI: 10.5812/jjm.8(4)2015.24838

Witschi HP. Enhanced tumour development by butylated hydroxytoluene (BHT) in the

liver, lung and gastro-intestinal tract. Food and Chemical Toxicology. 1986;24(10-11):
1127-1130. DOI: 10.1016/0278-6915(86)90298-X

Hocman G. Chemoprevention of cancer: Phenolic antioxidants (BHT, BHA). International
Journal of Biochemistry. 1988;20(7):639-651. DOI: 10.1016/0020-711X(88)90158-9

Huang M-T, Ferraro T. Phenolic compounds in food and cancer prevention. In: Phenolic
Compounds in Food and Their Effects on Health II. ACS Symposium Series. 1992;507:
Chapter 2, pp. 8-34. DOI: 10.1021/bk-1992-0507.ch002

Pamunuwa KMGK, Bandara CJ], Karunaratne V, Karunaratne DN. Optimization
of a liposomal delivery system for the highly antioxidant methanol extract of stem-bark
of Schumacheria castaneifolia Vahl. Chemical and Pharmaceutical Research. 2015;7(4):1236-
1245. ISSN: 0975-7384

Katuwavila KANP, Perera ADLC, Karunaratne V, Amaratunga GA]J, Karunaratne
DN. Improved delivery of caffeic acid through liposomal encapsulation. Journal
of Nanomaterials. 2016;2016:Article ID 9701870:7. DOI: 10.1155/2016/9701870

Food Standards Agency. Current EU approved additives and their E Numbers.
[Internet]. 2015. Available from: https://www.food.gov.uk/science/additives/enumberl-
ist [Accessed: June 09, 2017

Tsouvaltzis P, Brecht JK. Inhibition of enzymatic browning of fresh-cut potato by immer-
sion in citric acid is not solely due to pH reduction of the solution. Journal of Food
Processing and Preservation. 2017;41(2):e12829. DOI: 10.1111/jfpp.12829

Wang S, Lin T, Man G, Li H, Zhao L, Wu ], Liao X. Effects of anti-browning combinations
of ascorbic acid, citric acid, nitrogen and carbon dioxide on the quality of banana smooth-
ies. Food Bioprocess Technology. 2014;7(1):161-173. DOI: 10.1007/s11947-013-1107-7.

Lima MSAD, Rocha LA, Molina EF, Caetano BL, Mello LMC, Ciuffi K], Calefi PS,
Nassar EJ. Thermoanalysis of soybean oil extracted by two methods. Quimica Nova.
2008;31(3):527-529. DOI: 10.1590/50100-40422008000300012

Onaderra M, Monsalve RI, Manchero JCM, Villalba M, Pozo AMD, Gavilanes JCG,
Rodriguez R. Food mustard allergen interaction with phospholipid vesicles. European
Journal of Biochemistry. 1994;225:609-615. DOI: 10.1111/j.1432-1033.1994.00609.x

Rioux LE. Characterization of polysaccharides extracted from brown seaweeds.
Carbohydrate Polymers. 2007;69(3):530-537. DOI: 10.1016/j.carbpol.2007.01.009

15



16

Food Additives

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Csaki KF. Synthetic surfactant food additives can cause intestinal barrier dysfunction.
Medical Hypotheses. 2011;76(5):676-681. DOI: 10.1016/j.mehy.2011.01.030

Wikipedia: The free encyclopedia. Flavor. [Internet] 2017. Available from: https://
en.wikipedia.org/wiki/Flavor [Accessed: June 26, 2017]

Alanon ME, Alarcon M, Marchante L, Diaz-Maroto MC, Pérez-Coello MS. Extraction
of natural flavorings with antioxidant capacity from cooperage by-products by green
extraction procedure with subcritical fluids. Industrial Crops and Products. 2017;103:222-
232. DOI: 10.1016/j.indcrop.2017.03.050

Jinap S, Hajeb P. Glutamate. Its applications in food and contribution to health. Appetite.
2010;55(1):1-10. DOI: 10.1016/j.appet.2010.05.002

Breternitz NR, Bolini HMA, Hubinger MD. Sensory acceptance evaluation of a new food
flavoring produced by microencapsulation of a mussel (Perna perna) protein hydroly-
sate. LWT-Food Science and Technology. 2017;83:141-149. DOI: 10.1016/j.1wt.2017.05.016

Mao L, Roos YH, Biliaderis CG, Miao S. Food emulsions as delivery systems for flavor
compounds: A review. Critical Reviews in Food Science and Nutrition. 2017;57(15):3173-
3187. DOI: 10.1080/10408398.2015.1098586

Shi C, Zhao X, Meng R, Liu Z, Zhang G, Guo N. Synergistic antimicrobial effects of nisin
and p-Anisaldehyde on Staphylococcus aureus in pasteurized milk. LWT-Food Science
and Technology. 2017;84:222-230. DOI: 10.1016/j.1wt.2017.05.056

Rakitsky VN, Sinitskaya TA, ChKhvirkiya EG, Nikolaev NI. Tolerance in the substantia-
tion of the maximum allowable content of antibiotics in food products. Voprosy Pitaniia.
2013;82(2):48-52.

Goldstein BP, Wei J, Greenberg K, Novick R. Activity of nisin against Streptococcus pneu-
moniae, in vitro, and in a mouse infection model. Journal of Antimicrobial Chemotherapy.
1998;42:277-278. DOI: 10.1093/jac/42.2.277

Burt S. Essential oils: Their antibacterial properties and potential applications in foods—
A review. International Journal of Food Microbiology. 2004;94:223-252. DOI: 10.1016/j.
ijfoodmicro.2004.03.022

Field D, Begley M, O’Connor PM, Daly KM, Hugenholtz F, Cotter PD, Hill C, Ross
RP. Bioengineered nisin A derivatives with enhanced activity against both gram posi-
tive and gram negative pathogens. PLoS One. 2012;7(10):e46884. DOI: 10.1371/journal.
pone.0046884

Lopes NA, Pinilla CMB, Brandelli A. Pectin and polygalacturonic acid-coated liposomes
as novel delivery system for nisin: Preparation, characterization and release behavior.
Food Hydrocolloids. 2017;70:1-7. DOI: 10.1016/j.foodhyd.2017.03.016

Pandey RM, Upadhyay SK. Food additive. In: El-Samragy Y, editor. Food Additive.
Rijeka: InTech; 2012. pp. 1-30. DOI: 10.5772/1521



[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Introductory Chapter: Introduction to Food Additives
http://dx.doi.org/10.5772/intechopen.70329

Raben A, Vasilaras TH, Moller AC, Astrup A. Sucrose compared with artificial sweet-
eners: different effects on ad libitum food intake and body weight after 10 wk of sup-
plementation in overweight subjects. The American Journal of Clinical Nutrition.
2002;76:721-729.

Barrett L, Geddes JE, Mangano SF, Schmick F, Whitehouse AS. Chewy Confectionery
Product. United States Patent. US 6,531,174. March 11, 2003

Tandel KR. Sugar substitutes: Health controversy over perceived benefits. Journal of
Pharmacology and Pharmacotherapeutics. 2011;2(4):236-243. DOI:10.4103/0976-500X.
85936

Wikipedia: The free encyclopedia. Sugar substitute [Internet]. 2017. Available from:
https://en.wikipedia.org/wiki/Sugar_substitute [Accessed: June 26, 2017]

Seventy-sixth Meeting of the Joint FAO/WHO Expert Committee on Food Additives
(JECFA). Safety Evaluation of Certain Food Additives. Geneva: World Health Organization,
2012. WHO Food additives series: 67. 978 92 4 166067 9/0300-0923

European Food Additives Commission [Internet]. 2008. Available from: https://webgate.
ec.europa.eu/foods_system/main/?sector=FAD [Accessed: May 28, 2017]

Food Standards Agency. Food Additives Legislation: Guidance Notes. London WC2
6NH: 2002

U.S. Food and Drug Administration. Food additives and ingredients [Internet]. 2015.
Available from: https://www .fda.gov/food/ingredientspackaginglabeling/foodadditivesin-
gredients/default.htm [Accessed: May 28, 2017]

Wikipedia: The free encyclopedia. Acceptable Daily Intake. [Internet]. 2016. Available
from: https://en.wikipedia.org/wiki/Acceptable_daily_intake [Accessed: June 19, 2017]

Notter . What is innovation? [Internet]. Available from: http://jamienotter.com/2012/09/
what-is-innovation/ [Accessed: June 26, 2017]

17



ntechOpen

ntechOpen



