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ABSTRACT 
Food safety is receiving heightened attention worldwide as the important links between 
food and health are increasingly recognized. Improving food safety is an essential element 
of improving food security, which exists when populations have access to sufficient and 
healthy food. Food additives play a key role in maintaining the food qualities and 
characteristics that consumers demand, keeping food safe, wholesome and appealing 
from farm to fork. Although synthetic food additives are approved in many countries, the 
chemical additives are becoming less and less welcome by consumers; there has been an 
increasing interest in the use of natural additives, which necessitates the exploration of 
alternative sources of safe, effective and acceptable natural additives. Over the last 50 
years, developments in food science and technology have led to the discovery of many 
new substances that can fulfil numerous functions in foods. These food additives are now 
readily available and include; emulsifiers in margarine, sweeteners in low-calorie products 
and a wider range of preservatives and antioxidants which slow product spoilage and 
rancidity whilst maintaining taste. The production of additive materials by plants, animals 
and microorganisms has recently attracted a great deal of research interest and a 
considerable number of patent applications, with the addition probiotic foods which 
reported to provide several health benefits. The industry is now able to produce some 
natural pigments for applications in food and therefore nowadays, natural dyes and colors 
have growing importance. Red pigments produced by fungus Monascus purpureus were 
traditionally used in oriental countries, because of its potential application as food 
additives. This review focus on bacteriocins, their recent classification, their mode of 
action and biotechnolo-gical applications in food. Though nisin is the only purified 
bacteriocin used commercially in food systems.  
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A large number of different food deconta-mination treatments have been described in this 
review. Some of them involve the application of live microorganisms to inhibit spoilage 
bacteria in/on foods. To this regard, the use of bacteriophages has recently attracted a 
growing interest, and therefore the Food and Drug Administration has approved a many 
of bacteriophages as a food additive to protect people. The reviews for Current and future 
application of nanotechnology show a great potential to produce a novel food additive 
which enhance food quality and food safety. Silver nanoparticles and titanium dioxide 
have the highest number of records as a food additives and food contact materials. 
Key words: Bacteriocins, Bacteriophages, Food, Safe additives and Probiotics. 

 

INTRODUCTION  
Food additives are substances of natural or synthetic origin, which are added to foods to 
serve a certain technological or sensory function (Emerton and Choi, 2008).  Recently, 
Carocho et al. (2014) stated that the definition of food additive has changed during time, 
being today defined as any substance not normally consumed as a food by itself and not 
normally used as a typical ingredient of the food, whether or not it has nutritive value. Food 
additives have been used throughout history to perform specific functions in foods. In 
recent decades, there have been rapid developments in food science and technology, 
leading to an increase in the number and variety of substances used to perform functions in 
ŦƻƻŘ ƻǊ ΨŦƻƻŘ ŀŘŘƛǘƛǾŜǎΩ όBranen et al., 2002). Food safety is a global problem, and a large 
number of consumers worldwide face a variety of food safety risks each year (Sarig et al., 
2003). At present, there are up to 2500 food additives being used worldwide. A large 
number of studies has confirmed that consuming excessive amounts of synthetic food 
additives may cause gastrointestinal, respiratory, dermatologic, and neurologic adverse 
reactions (Wilson and Bahna, 2005; Randhawa and Bahna, 2009). Precisely for these 
reasons, the Joint FAO/WHO Expert Committee on Food Additives (JECFA) has been meeting 
annually since 1956 to evaluate the safety of food additives and to update and establish its 
safety standards. Nowadays, consumers are aware of the health concerns regarding food 
ŀŘŘƛǘƛǾŜǎΤ ǘƘŜ ƘŜŀƭǘƘ ōŜƴŜŦƛǘǎ ƻŦ άƴŀǘǳǊŀƭέ ŀƴŘ άǘǊŀŘƛǘƛƻƴŀƭέ ŦƻƻŘǎ, processed without any 
addition of chemical preservatives, are becoming more attractive (Balciunas et al., 2013). 
For decades now, the food industry has continually created new chemicals to manipulate, 
preserve, and transform our food. With the use of chemicals, scientists are able to mimic 
ƴŀǘǳǊŀƭ ŦƭŀǾƻǊǎΣ ŎƻƭƻǊ ŦƻƻŘǎ ǘƻ ƳŀƪŜ ǘƘŜƳ ƭƻƻƪ ƳƻǊŜ άƴŀǘǳǊŀƭέ ƻǊ άŦǊŜǎƘΣέ ǇǊŜǎŜǊǾŜ ŦƻƻŘǎ ŦƻǊ 
longer and longer periods of time. Today, there are thousands of food additives are 
intentionally added to food in order to keep certain properties or to extend shelf life, while 
many others were banned throughout the years, some of them at a global level and others 
only in specific countries. The Food and Drug Administration (FDA) maintains a list of over 
three thousands ingredients in its food additive database (Branen, 2001). The growth in the 
use of food additives has increased enormously in the past 30 years, totaling now over 200 
thousands tonnes per year. Therefore it has been estimated that as today about 75% of the 
Western diet is made up of various processed foods, each person is now consuming on 
average 3.6-4.5 kg of food additives per year. With the great increase in the use of food 
additives, there also has emerged considerable scientific data linking food additive 
intolerance with various physical and mental disorders, particularly with childhood 
hyperactivity and hypersensitivity (Feingold, 1973; Smith, 1991).  
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Synthetic additives are being avoided more and more due to their potentially toxic effects 
(Barlow,  1990). Devcich et al. (2007) stated that the modern health worries were also 
significantly related to a preference for foods with natural as opposed to synthetic additives. 
The objective of the current review was to report  types of safe food additeves including 
natural dyes, antioxidants, preservatives, to various features and functional properties of 
Lactic acid bacteria (LAB) used in the biopreservation of food products. In addition, using 
bacteriocins, bacteriophages and nanotechnology in food systems are discussed.  
 
History of food additives 
Study of every ancient civilization clearly shows that throughout history humans overcame 
hunger and disease, not only by harvesting food from a cultivated land but also by 
processing it with sophisticated methods. For example, the three most important foods in 
Ancient Greece-bread, olive oil, and wine-were all products of complicated processing that 
transformed perishable, unpalatable, or hardly edible raw materials into safe, flavorful, 
nutritious, stable, and enjoyable foods (Floros, 2004). Historically, there is a strong tradition 
of adding ingredients or substances to foods to perform a specific function. The first records 
ƻŦ ǘƘŜǎŜ ΨŀŘŘƛǘƛǾŜǎΩ Ŏŀƴ ōŜ ǘǊŀŎŜŘ ōŀŎƪ ǘƻ !ƴŎƛŜƴǘ 9ƎȅǇǘƛŀƴ ǇŀǇȅǊƛ ŎƛǊŎŀ мрлл ./Σ ǿƘƛŎƘ 
illustrate the use of spices in foods to flavor and make them more appealing (Marmion, 
1991); the Egyptians were also responsible for improving the bread-making process by 
adding yeast from brewing beer to allow the bread to rise (Belderok, 2000). Spices and 
herbs have been used as food additives since ancient times, as flavoring agents but also as 
natural food preservatives. A number of spices show antimicrobial activity against different 
types of microorganisms (Marija and Nevena, 2009). Egyptian papyruses showed that 
coriander and castor oil were useful for medicinal applications, cosmetics and preservatives 
through thousands of recipes (Vinatoru, 2001). 
Color, in one form or another, has been added to our foods for centuries. It is known that 
the Egyptians coloured candy, and wine was coloured as long ago as 400 BC. The earliest 
record on the use of natural dyes was found in China, dated 2600 BC. Dyeing was known in 
the Indus Valley period as early as 2500 BC. Saffron is mentioned in the Bible and henna was 
used even before 2500 BC (Gulrajani, 2001). Use of natural pigments in food is known from 
Japan in the shosointext of the Nara period (8th century) which contains references to 
colored soybean and adzuki-bean cakes, so it appears that colored processed foods had 
been taken at least by people of some sections. Thus, studies on natural pigments are 
greatly impulsed by their multiple functions (Newsome, 1986). The art of coloring spread 
widely with the advancement of civilization (Krishnamurthy  et al., 2002). 
Back in the 1800s, food additives were intentionally used for food adulteration. This practice 
was widespread due to the centralization of food processing, decline of personal 
accountability, birth of analytical chemistry, and inadequate governmental regulation. The 
consequence of such uncontrolled tampering of food led to a serious worldwide problem 
with concern about food quality rising gradually. In 1920, the availability of effective 
methods for food analysis, together with regulatory pressures, started to reduce the 
significance of this problem. In the middle of the 20th century, processed food became an 
important part of human nutrition, and legal chemical additives became increasingly 
prevalent in them, fostering tight regulation, which still remains controversial due to the 
high number of studies concerning food additives that produce conflicting results and 
different interpretations by governments (Fennema, 1987). 
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Safety of foods additives and their evaluation 
Within the European Union (EU), food additives are divided into many functional classes; 
main classes were showed in Fig. (1), depending on their function in food: sweeteners, 
colorants, preservatives, antioxidants, carriers, acids, acidity regulators, anticaking agents, 
antifoaming agents, bulking agents, emulsifiers, emulsifying salts, firming agents, flavor 
enhancers, foaming agents, gelling agents, glazing agents, humectants, modified starches, 
packaging gases, propellants, raising agents, stabilizers, thickeners, and flour treatment 
agents (Council Regulation (EC) 1333/2008). According to the Food and Drug Administration 
(FDA), there are more than 3000 food additives allowed in the United States, which are 
distributed into 6 groups: Preservatives, nutritional additives, coloring agents, flavoring 
agents, texturizing agents, and miscellaneous agents  
In order to approve new additives or extend the usage of an approved one within the EU, a 
series of procedures has to be carried out, divided into 4 parts (Carocho et al., 2014). The 1st 
ǊŜƎŀǊŘǎ ǘƘŜ ά/ƘŜƳƛǎǘǊȅ ŀƴŘ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΣέ ǿƘŜǊŜ ǘƘŜ ŀŘŘƛǘƛǾŜ Ƴǳǎǘ ōŜ ǊƛƎƻǊƻǳǎƭȅ ƛŘŜƴǘƛŦƛŜŘ 
according to its origin as a single substance, a simple or complex mixture, a polymer, a 
derivative of botanical sources, or a nanomaterial. The manufacturing process, the methods 
of analysis in foods, and stability must also be clearly explained. The 2nd ǇŀǊǘΣ ά9ȄƛǎǘƛƴƎ 
ŀǳǘƘƻǊƛȊŀǘƛƻƴǎ ŀƴŘ ŜǾŀƭǳŀǘƛƻƴΣέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŜȄǘŜƴǎƛƻƴ ƻŦ ŀǳǘƘƻǊƛȊŀǘƛƻƴǎ ƻŦ ŀƭǊŜŀŘȅ 
approved additives and intends to gather previous data regarding it. The 3rd ǇŀǊǘ άtǊƻǇƻǎŜŘ 
ǳǎŜǎ ŀƴŘ ŜȄǇƻǎǳǊŜ ŀǎǎŜǎǎƳŜƴǘέ Ƴǳǎǘ ŜǎǘƛƳŀǘŜ ǘƘŜ ŘƛŜǘŀǊȅ ŜȄǇƻǎǳǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊƻǇƻǎŜŘ 
uses and use levels considering age groups and the population of all the EU member states. 
Cƛƴŀƭƭȅ ǘƘŜ ά¢ƻȄƛŎƻƭƻƎƛŎŀƭ {ǘǳŘƛŜǎέ ŜƴŎƻƳǇŀǎǎ ǎǘǳŘƛŜǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ŀŘŘƛǘƛǾŜΩǎ ŜŦŦŜŎǘ ƻƴ in 
vitro and in vivo scenarios. The latter includes metabolism/toxicokinetics, acute subchronic 
and chronic toxicity, as well as genotoxicity, carcinogenicity, reproduction, absorption, 
developmental toxicity, immunotoxicity, and hypersensitivity/ allergy in various animal 
models. Over the last 50 years, human risk assessments of additives have been performed 
for thousands of substances by international and national bodies dealing with food safety 
and consumer safety such as the Joint Expert Committee on Food Additives (JECFA) of the 
Food and Agriculture Organization (FAO)/World Health Organization (WHO), the US 
Environmental Protection Agency (US-EPA), the FDA, the European Food Safety Authority 
(EFSA), the European Chemicals Agency (ECHA) within the REACH directive, The European 
Commission's Scientific Committee of Consumer Safety for Cosmetic Products (SCCS).  
Some additives are approved for use on only a national basis, while others are given 
European Union-wide approval. In the EU, all food additives, whether approved or not in the 
9¦Σ ŀǊŜ ƭŀōŜƭŜŘ ǿƛǘƘ ǘƘŜ ƭŜǘǘŜǊ ά9έ όǊŜǇǊŜǎŜƴǘƛƴƎ 9ǳǊƻǇŜύ ŀƴŘ ŀ ǎǇŜŎƛŦƛŎ ƴǳƳōŜǊ (Fig. 2). This 
nomenclature was extended to the Codex Alimentarius Commission to easily identify food 
additives worldwide. E-numbers are simply the code numbers used to identify food 
additives that have been shown to be safe and officially approved for use in food across the 
EU. Before a food additive is given an 'E' number it must first be cleared by the European 
Food Safety Authority . For example, vitamin C can be listed as E300, vitamin C, L-ascorbic 
acid or as a combination of these. Other example, according to their functional category 
(e.g., sweetener) and either by their specific name (e.g., Aspartame) or E-number (e.g., E91) 
(Emerton and Choi, 2008). 
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Fig. 1 Main categories of food additives. 

 

 
Fig. 2 Numeric range of some additives. 
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Probiotics 
Probiotics are live microbial food additives that have been in use for some time, and are 
available in many food products, primarily in fermented milks (Rolfe, 2000; Zhou et al., 
2009), it provide several health benefits (Parvez et alΦΣ нллсΤ 5Ω!ƛƳƳƻ et al., 2007) (Fig. 3), 
as they help in maintaining a good balance and composition of intestinal flora, and increase 
the resistance against invasion of pathogens. The presence of probiotics in food products 
may also adversely affect their quality and sensory properties (Tripathi and Giri, 2014). 
These may be consumed either as food products (fermented or non-fermented) or as 
dietary supplements (products in powder, capsule or tablet forms). It has been estimated 
that probiotic foods comprise between 60% and 70% of the total functional food market 
όIƻƭȊŀǇŦŜƭΣ нллсΤ YƻƱƻȊȅƴ-Krajewskaa & Dolatowski, 2012).  
The food industry in general has adopted the minimum recommended level of 106 CFU ml-1 
at the time of consumption (Boylston et al., 2004; Kailasapathy & Rybka, 1997). It has also 
been stated that probiotic products should be consumed regularly with an approximate 
amount of 100 g/day in order to deliver about 109 viable cells into the intestine (Karimi et 
al., 2011). The taste and aroma of the food product may be altered by addition of probiotics 
due to production of different metabolic components such as acetic acid produced by 
Bifidobacterium spp. during fermentation and over storage period. The presence of the 
probiotic culture in food product, therefore, should not adversely affect product quality or 
sensory properties (Stanton et al., 2003; Mohammadi & Mortazavian, 2011).  
 Probiotic activity could be related to genera, species, or strains. An approach in probiotic 
application could be the use of mixtures of strains belonging to different genera or species 
(Timmerman et al., 2004). Though a wide variety of genera and species of microorganisms 
are considered as potential probiotics (Holzapfel et al., 1998; Shah & Ravula, 2004), the one 
used commercially in probiotic foods are predominantly bacteria from the genera 
Lactobacillus and Bifidobacterium. However, species belonging to the genera Lactococcus, 
Enterococcus, Saccharomyces and Propionibacterium; yeasts (e.g. Saccharomyces cerevisiae 
and Saccharomyces boulardii) and filamentous fungi (e.g. Aspergillus oryzae) are also used 
as probiotics due to their health promoting effects (Vinderola & Reinheimer, 2003; Rivera-
Espinoza & Gallardo-Navarro, 2010). Lactic acid bacteria (LAB) can contribute to safety of 
foods by competitive exclusion of spoilage and pathogenic organisms due to their 
antimicrobial activity (Olaoye and Idowu 2010). They also offer some organoleptic, 
technological, nutritional or health advantages. Many factors were found to influence the 
viability of probiotic microorganisms in food products during production, processing and 
storage (Fig. 4) (Korbekandi et al., 2011; Chen & Mustapha, 2012; Nag & Das, 2013). 
The interest in lactic acid is related to many aspects, among which is its relatively high 
added-value. In addition, such a chemical is GRAS (Generally Recognized As Safe), being 
recognized as harmless by the United States FDA, has a market with great growth potential, 
can be alternatively produced by fermentation or chemicals synthesis. Lactic acid has many 
applications particularly, in food and pharmaceutical industries (Castillo et al., 2013). Fungi 
and bacteria are the most widely employed microorganisms for lactic acid production. The 
main advantages of the use of fungi as fermenting agents are their ability to release 
extracellular amylases able to hydrolyze starchy materials, thus not requiring any prior stage 
of hydrolysis (Jin et al., 2005; Deng et al., 2012).  
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The largest and most diverse genus of lactic acid bacteria is Lactobacillus, which includes 
species with very different biochemical and physiological properties along with special 
resistance against acidic environment (Gao et al., 2011). 
Exopolysaccharides (EPS) synthesized by LAB play a major role in the manufacturing of 
fermented dairy products such as yoghurt, drinking yoghurt, cheese, fermented cream, milk 
based desserts (Forough and Elham, 2014).  

 
Fig. 3   Probiotics health benefits. 

 

 
Fig. 4 Main factors affecting viability of probiotics. 

 

J. Biol. Chem. Research                                               408                           Vol. 32, (1): 402-437 (2015) 

Probiotics
Balance Intestinal

Microbiota
Composition

Lower

serum

cholesterol

Improved innate
immunity

Alleviate food 
allergy symptoms in

infants   

Metabolic Process
Effect

Viability of

probiotics in

food 
products

Packaging 
and 

storage 
condition

s
Fermenta

tion 
condition

s

Food 
ingradien

tsProcessin
g 

operation
s (Drying,

Freezing 
and 

thawing)

Protectiv
e agents

Microenc
ap-

sulation



Safe Food………..….…....................….A: Review                                               Ghany, 2015 

One of the most important applications is use of EPS as texturizing and stabilizing agent in 
fermented dairy products. Now a days, modern consumers focus towards safe and healthy 
food without additives, which develops a scope of new perspective of Lactobacilli EPS 
(Amrita and Vimlesh 2014). EPS from LAB have one of the largest technical potentials for 
development of novel and improved products such as low-milk-solid yogurts, low-fat 
yogurts, creamier yogurts, etc. (Pham et al., 2000). Moreover, some polysaccharides may 
contribute to human health, either as non digestible food fraction or because of their anti 
tumoral, antiulcer, immune modulating (Hosono et al. 1997) or cholesterol-lowering 
activity. Therefore EPS from LAB have potential for development and exploitation as 
functional food ingredients with both health and economic benefits. 
 
Probiotics and prebiotics relationship  
Prebiotics are food additives whose favorable effect on the human organism is associated 
with the stimulation of growth and activity of some strains of the native microflora or 
microflora introduced with the ingested food.  tǊŜōƛƻǘƛŎǎ ŀǊŜ άƴƻƴŘƛƎŜǎǘƛōƭŜ Ŧƻod 
ingredients that beneficially affect the host by selectively stimulating the growth and/or 
ŀŎǘƛǾƛǘȅ ƻŦ ƻƴŜ ƻǊ ŀ ƭƛƳƛǘŜŘ ƴǳƳōŜǊ ƻŦ ōŀŎǘŜǊƛŀ ƛƴ ǘƘŜ Ŏƻƭƻƴέ όDƛōǎƻƴ ŀƴŘ wƻōŜǊŦǊƻƛŘΣ мффрύΦ 
For a dietary substrate to be classed as a prebiotic, at least three criteria are required: (1) 
the substrate must not be hydrolysed or absorbed in the stomach or small intestine, (2) it 
must be selective for beneficial commensal bacteria in the large intestine such as the 
bifidobacteria, (3) fermentation of the substrate should induce beneficial luminal/systemic 
effects within the host (Scantlebury-Manning and Gibson, 2004). Most identified prebiotics 
are carbohydrates and oligosaccharides with different molecular structures normally 
occurring in the human and animal diet. Synbiotics may be defined as a mixture of 
probiotics and prebiotics that beneficially affects the host by improving the survival and 
implantation of live microbial dietary supplements in the gastrointestinal tract (Gibson and 
Roberfroid, 1995). The acquisition of data on the efficacy of synbiotic products as feed 
additives in livestock and poultry needs further investigation. However, results on in vivo 
trials are promising, showing a synergistic effect coupling probiotics and prebiotics in the 
reduction of food-borne pathogenic bacterial populations (Bomba et al., 2002). 
Traditionally, oligosaccharides are defined as polymers of monosaccharides with degrees of 
polymerization (DP) between 2 and 10 (3 and 10 according to the IUB-IUPAC nomenclature) 
but DPs up to 20-25 are often assimilated with them. Prebiotic oligosaccharides are 
noncariogenic, nondigestible (NDO) and low calorific compounds stimulating the growth and 
development of gastrointestinal microflora described as probiotic bacteria (Barreteau et al., 
2006). Paradoxically, other oligosaccharides and more specifically chitosan oligosaccharides 
(COS) or low molecular mass chitosans (LMMC) are described as food additives for their 
antimicrobial effects against pathogenic bacteria or fungi (Choi et al., 2001). Chitosan will 
discuss with details in next issue antimicrobial additives.  
 
Pigment and Bicolor 
Ancient Egyptian writing mention the use of drug colorants and historians estimate that 
food colors likely emerged quality of food product. The total world colorant production is 
estimated to be 8,000,000 tons per year (Revanker and Lele, 2007).  
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The use of food dyes is at least controversial because they are only of essential role. 
Moreover many of them have been related to health problems mainly in children that are 
considered a very vulnerable group (Hashem et al., 2010). Food colorants (amaranth, 
erythrosine and tartrazine) had a toxic potential to human lymphocytes in vitro and seems 
that they bind directly to DNA (Mpountouka et al., 2010). Recently, Sharma, (2014) stated 
that colour of food is an integral part of our culture and enjoyment of life. It is also an 
important parameter for sensory analysis and consumer preference. However using 
ǎȅƴǘƘŜǘƛŎ ŎƻƭƻǳǊ ŎƻǳƭŘ ōŜ ƘŀǊƳŦǳƭ ŦƻǊ ƘŜŀƭǘƘ ƻŦ ŀ ŎƻƴǎǳƳŜǊΦ ¢ƘŜǊŜŦƻǊŜ ƛƴ ǘƻŘŀȅΩǎ ǇǊƻƎǊŜǎǎƛǾŜ 
world a shift from synthetic to biocolour is observed. 
The use of natural pigments for food coloring is receiving growing interest from both food 
manufacturers as well as consumers and there has been much interest in development of 
new natural colorants for use in food industry in the continuing replacement of synthetic 
food dyes because natural products are associated with quality and health promotion 
whereas synthetic pigments are critically assessed by consumers (Henry, 2000; Dawson, 
2008). The use of food colorants as additives in the food industry is highly useful for both 
food manufacturers and consumers in determining the acceptability of processed food 
(Wissgott and Bortlik, 1996; Chaitanya et al., 2014). Currently, the European Union has 
authorized approximately 43 colorants as food additives, whereas approximately 30 colour 
additives are approved in the United States. In both Europe and the US, most of the listed 
colour additives are derived from natural sources (Mapari et al., 2005). Possible reasons for 
use of colorants in food substances are summarized under the following:  

A. To maintain the original food appearance even after processing and during storage. 
B. To assure the color uniformity for avoiding seasonal variations in color tone. 
C. To intensify normal color of food and thus to maintain its quality. 
D. To protect the flavor and light susceptible vitamins making a light-screen support. 
E. To increase acceptability of food as an appetizing item. 

     Several species of algae, fungi, and bacteria have been exploited commercially for the 
production of pigments (Table 1) (Nelis  and de Leenheer, 1991). Microbial pigments have 
many advantages over artificial and inorganic colors. One relates this to fermentation, which 
is an inherently faster and more productive process as compared to other chemical 
processes. The other enduring strength of microbes is their relatively large and easily 
manipulated strands of genes. Besides, pigment production from microorganisms is 
independent of weather conditions, which produce different color shades and grow on 
cheap substrates (Joshi et al., 2003, Kushwaha et al., 2014). Moreover, pigment production 
from microbial sources has gained attention owing to public sensitivity regarding synthetic 
food additives. Pigments producing microbes such as fungi, bacteria and microalgae are 
quite common in nature. Among the molecules produced are carotenoids, melanins, flavins, 
quinones and more specifically monascins, violacein, phycocyanin or indigo (Dufosse, 2006). 
The use of fungi to color foodstuffs is not new; Monascus purpureus is fungus produce red 
pigments which traditionally used in oriental countries, because of its potential application 
as food additives. The use of this color additive is not yet regulated in the EU, United States 
and Brazil. Oriental countries such as Japan make extensive use of these pigments since 
decades - as water soluble pigments in candies (Watanabe, 1997), or red pigment for red 
rice wine. It is also used as cholesterol-lowering agent (Ozlem and Sebile, 2004; Shouqin et 
al., 2005).  
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Babitha et al. (2007) reported that the annual consumption of Monascus pigments in Japan 
moved from 100 tons in 1981 to 600 tons at the end of the 1990s and was valued at $1.5 
million. Fungi provide a readily available alternative source of naturally derived food 
colorants. Algae are also seen as a major natural source for a vast variety of natural colors 
(Campo et al., 2007). 
A great upsurge has been seen in recent times in biotechnological production of food grade 
pigments (Chattopadhyay et al., 2008). A number of alternative biosynthetic methods are 
available for the commercial production of natural colors using diverse microbial sources. 
With recent advances in genetic engineering technology, attempts have been made to 
create microbial cell factories for the production of food colorants through the heterologous 
expression of biosynthetic pathways from either already known or novel pigment producers 
(Dawson, 2009).  
Riboflavin (vitamin B2) has a variety of applications as a yellow food colorant, its use is 
permitted in most countries. Applications include dressings, sherbet, beverages, instant 
desserts, ice creams, tablets, and other products. Riboflavin has a special affinity for cereal-
based products, but its use in these applications is somewhat limited due to its slight odor 
and naturally bitter taste. There are numerous microorganisms (Debaryomyces subglobosus, 
Eremothecium ashbyii, A. gossypi) that produce riboflavin fermentatively (Mapari et al., 
2007). Carotenoids are a group of pigments of widely distributed classes of structurally and 
functionally diverse tints from red to yellow present in a wide variety of bacteria, algae, 
fungi, and plants. They are natural pigments which occur widely in nature and are 
synthesized by plants and microorganisms in response to various environmental stresses 
(Klaui, 1982). -̡Carotene is one of the leading food colorants in the world produced by 
various microorganisms including Mucor circinelloides, Blakeslea trispora and Dunaliella 
salina . -̡Carotene has been applied to a range of food and beverage products to improve 
their appearance to customers, including items such as margarine, cheese, fruit juices, 
baked goods, dairy products, canned goods, confectionary, and health condiments, to name 
just a few. Carotenes are used for nutritional purposes an essential vitamin source 
(provitamin A agents) or as dietary supplements (Mortensen, 2006). -̡ Carotene is used in 
various pet foods as a colorant (Babitha et al., 2007). Molnar et al., (2010) reported that 
seven carotenoids, namely, (all-E)-luteoxanthin, (all-E)-ƴŜƻȄŀƴǘƘƛƴΣ όф ½ύ-neoxanthin, (all-E)-
antheraxanthin, (all-E)-ǾƛƻƭŀȄŀƴǘƘƛƴΣ όф ½ύ-violaxanthin, and (all-E)-lutein, were isolated from 
golden delicious apple and showed potent anti-Helicobacter pylori activity. Among the 
molecules produced by microorganisms (melanins, flavins, and quinones, and, more 
specifically, monascins, violacein, and indigo); pyocyanin and pyorubin pigments 
of Pseudomonas aeruginosa showed distinct antibacterial effect against Citrobacter sp., a 
member of the family Enterobacteriace, which causes urinary tract infections, wound 
infections, and sometimes pneumonia in humans especially in immunocompromised 
persons (Saha et al., 2008). Streptomyces hygroscopicus sub sp. ossamyceticus D10, 
produced a yellow color sugar containing pigment with antimicrobial activity against drug 
resistant pathogens such as methicillin resistant and vancomycin resistant strains 
of Staphylococcus aureus, -̡lactamase producing culture of E. coli, P. 
aeruginosa, and Klebsiella sp. (Selvameenal et al., 2009). Similarly, a yellowish pigment 4-
hydroxynitrobenzene from Streptomyces  species was isolated which later showed antibiotic 
activity against Bacillus subtilis and Shigella shiga (Sathi et al., 2002; Hussein and  Sakuma, 
2005).  
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Hydrophobic amino acid derivatives (L-Tyr and L-Phe) from monascins exhibited 
antimicrobial activity against E. coli (Kim et al., 2006). Inhibition of human pathogenic 
bacteria, S. aureus, Klebsiella pneumoniae, and Vibrio cholera, was observed by endophytic 
fungal pigment of Monodictys castaneae (Visalakchi  and Muthumary,  2010).  
 

 
Fig. 6 Various applications of natural dyes. 

 
Table 1. Natural pigments produced by microorganisms. 

Molecule  Color  Producer Microorganism  

Lycopene Red Blakeslea trispora, Fusarium sporotrichioides 

Ankaflavin Yellow  Monascus sp.  

Anthraquinone Red  Penicillium oxalicum  

Zeaxanthin Yellow Flavobacterium sp., Paracoccus zeaxanthinifaciens, 
Sphingobacterium multivorum 

-̡carotene Yellow-orange B. trispora , F. sporotrichioides , Mucor circinelloides, 
Neurospora crassa, Phycomyces blakesleeanus 

Astaxanthin Pink-red Agrobacterium aurantiacum, Paracoccus 
carotinifaciens, Xanthophyllomyces dendrorhous 

Canthaxanthin Dark red Bradyrhizobium sp.,  Haloferax alexandrines,  
Gordonia jacobea  

Torularhodin Orange-red  Rhodotorula sp.  

Rubropunctatin Orange  Monascus sp. 

Naphtoquinone Deep blood-red Cordyceps unilateralis 

Rubrolone Red  Streptomyces echinoruber 

Monascorubramin Red Monascus sp.  
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Natural dyes, obtained from plants, animals and minerals, are renewable and sustainable 
bio resource products with minimum environmental impact and known since antiquity for 
their use, not only in coloration of textiles (Kadolph, 2008) but also as food ingredients and 
coloration (Delgado-Vargas et al., 2000), (Dweck, 2002) and several other application 
disciplines (Fig. 6) (Frick, 2003; Hao et al., 2006; Kushwandi et al., 2012). Innumerable 
associated benefits and myriad therapeutic properties are linked with the use of natural 
colorants in food industry (Chattopadhyay et al., 2008; Siva et al., 2011). For example, in 
addition to coloring property, anthocyanin extracts may act as quality control marker for 
foodstuffs; improve the nutritional quality of foods and beverages, possibly play an 
important role in reducing the risk of coronary heart disease and cancer (Wrolstad, 2005). 
Antimicrobial additives 
Microbial food safety differs fundamentally from chemical food safety. While chemical 
residues and additives typically enter the food chain at more or less predictable steps, 
microbes can enter at any step (Havelaar et al., 2010). Chemical contaminants, such as 
dioxins, can accumulate in the human body over the years and still exert influence long after 
ingestion. Microbial pathogens can in some cases be dormant for a certain time, but usually 
cause disease in a matter of days or weeks. The public perception of microbial and chemical 
risks is also different. Residues of pesticides cause public outcries if they exceed the norms, 
but usually will not have any noticeable detrimental effect, while food borne microbial and 
viral diseases are generally more accepted as facts of life, as long as death or permanent 
harm do not occur (Hansen et al., 2003). Micro-organisms present on or in foods may be 
inactivated by traditional processing methods such as heat or irradiation (e.g. gamma, 
electron beam, X-ray and ultraviolet) and novel methods such as high pressure or pulsed 
electric fields. Inhibition processes include chilling or freezing, drying/reduced water 
activity, modified atmosphere packaging, reduced pH/acidification (Davidson, 2006) or the 
addition of natural antimicrobials. 
Consumers have become more concerned about the processed food they eat. Synthetic 
preservatives, which have been used in foods for decades, may lead to negative health 
consequences (Namiki, 1990). Besides, the use of synthetic compounds have significant 
drawbacks, such as increasing cost, handling hazards, concerns about residues on food and 
threat to human environment (Paster and Bullerman, 1988). Therefore, there has been 
increasing interest to replace synthetic preservatives with natural, effective and nontoxic 
compounds. Compounds derived from natural sources have the potential to be used for 
food safety due to their antimicrobial properties against a broad range of food borne 
pathogens (Gyawali and Ibrahim, 2014). 
Antimicrobials used in food processing may be defined as chemical compounds present in or 
added to foods, food packaging, food contact surfaces, or food processing environments 
that inhibit the growth or inactivate, pathogenic or spoilage micro-organisms. Antimicrobials 
are sometimes known ΨǇǊŜǎŜǊǾŀǘƛǾŜǎΩΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ƭŀǘǘŜǊ ǘŜǊƳ ƛǎ ƳƻǊŜ ƎŜƴŜǊŀƭ ŀƴŘ ŘŜŦƛƴŜŘ 
as chemical agents that act as antimicrobials, antioxidants or anti browning (e.g. prevention 
of enzymatic browning) agents (Beuchat and Golden, 1989). Antimicrobial compounds can 
be added to either unprocessed or processed foods in order to extend their shelf life by 
reducing the microbial growth rate or viability (Deans et al., 1995). Protection of food from 
microbial or chemical deterioration has traditionally been an important concern in the food 
industry.  
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Chemically synthesised preservatives have been classically used to decrease both microbial 
spoiling and oxidative deterioration of food (Gould, 2001). However, in recent years, 
consumers are demanding partial or complete substitution of chemically synthesised 
preservatives due to their possible adverse health effects. This fact has lead to an increasing 
ƛƴǘŜǊŜǎǘ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ƳƻǊŜ άƴŀǘǳǊŀƭέ ŀƭǘŜǊƴŀǘƛǾŜǎ ƛƴ ƻǊŘŜǊ ǘƻ ŜƴƘŀƴŎŜ ŦƻƻŘ ǎƘŜƭŦ-life and 
safety (Roller, 1995; Galvez et al., 2007). 
Antimicrobials of microbial origin 
Microbes produce a wide range of compounds with antimicrobial activity. The potential of 
several species of fungi to be used as a good source of natural antibiotics and antioxidants 
and as a possible food supplement was previously reported (Kalyoncu et al., 2010).  
Bacteriocins 
.ŀŎǘŜǊƛƻŎƛƴǎ ŀǊŜ ƎŜƴŜǊŀƭƭȅ ǊŜŎƻƎƴƛȊŜŘ ŀǎ άƴŀǘǳǊŀƭέ ŎƻƳǇƻǳƴŘǎ ŀōƭŜ ǘƻ ƛƴŦƭǳŜƴŎŜ ǘƘŜ ǎŀŦŜǘȅ 
and quality of foods (Settanni and Corsetti, 2008), their application as biopreservatives for 
vegetable food matrices started approximately 25 years ago. In these years, a lot of studies 
have focused on the inhibition of spoilage and/or human pathogen bacteria vehiculated 
with vegetable foods and beverages by bacteriocins and their application appeared as a 
good alternative to chemical compounds and antibiotics (Collins et al., 2010). In this respect 
some of the trends of the food industry in Europe, such as the need to eliminate the use of 
artificial ingredients and additives, the demands for minimally-processed and fresher foods, 
as well as for ready-to-eat food or the request for functional foods and nutraceuticals 
(Robertson et al., 2004) could be satisfied, at least in part, by application of bacteriocins. 
Many studies carried out in recent years clearly indicate that the application of bacteriocins 
in food preservation can offer several benefits (Thomas et al., 2000; Collins et al., 2010): (i), 
an extended shelf life of foods, (ii) provide extra protection during temperature abuse 
conditions, (iii) decrease the risk for transmission of foodborne pathogens through the food 
chain, (iv) ameliorate the economic losses due to food spoilage, (v) reduce the application of 
chemical preservatives, (vi) permit the application of less severe heat treatments without 
compromising food safety: better preservation of food nutrients and vitamins, as well as 
ƻǊƎŀƴƻƭŜǇǘƛŎ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ŦƻƻŘǎΣ όǾƛƛύΣ ǇŜǊƳƛǘ ǘƘŜ ƳŀǊƪŜǘƛƴƎ ƻŦ άƴƻǾŜƭέ ŦƻƻŘǎ όƭŜǎǎ ŀŎƛŘƛŎΣ 
with a lower salt content, and with a higher water content), and (viii) they may serve to 
satisfy industrial and consumers demands. Another study (Galvez et al., 2007) reported that 
the bacteriocins produced by LAB offer several desirable properties that make them suitable 
for food preservation :(i) are generally recognised as safe substances, (ii) are not active and 
nontoxic on eukaryotic cells, (iii) become inactivated by digestive proteases, having little 
influence on the gut microbiota, (iv) are usually pH and heat-tolerant, (v) they have a 
relatively broad antimicrobial spectrum, against many food-borne pathogenic and spoilage 
bacteria, (vi) they show a bactericidal mode of action, usually acting on the bacterial 
cytoplasmic membrane: no cross resistance with antibiotics, and (vii) their genetic 
determinants are usually plasmid-encoded, facilitating genetic manipulation.                       
The cooking process does not inactivate heat-resistant bacterial spores and, consequently, 
endospore-forming Bacillus spp. and Clostridum spp. can be found in the final products, 
ŜǾŜƴ ŘǳǊƛƴƎ ǎǘƻǊŀƎŜ ŀǘ ƭƻǿ ǘŜƳǇŜǊŀǘǳǊŜ όҖр ϲ/ύ όDƻǳƭŘΣ мффрύΦ Clostridium botulinum and 
Bacillus cereus belong to this genera that are reported as the cause of several food-borne 
outbreaks (Doan and Davidson, 2000), thus, their inhibition by bacteriocins has a relevant 
significance.  
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Lactobacillus plantarum, Pediococcus acidilactici and Enterococcus faecalis are producers of 
bacteriocins (Nunez et al., 1997). According to Klaenhammer (1993), bacteriocins can be 
divided into four classes. The class I of lantibiotics, represented by nisin, gathers very low 
molecular weight (<5 kDa) thermostable peptides characterized by the presence of 
lanthionine and derivatives. The class II is composed of small thermostable peptides (<10 
kDa) divided into three subclasses: IIa (pediocin and enterocin), IIb (lactocin G) and IIc 
(lactocin B). The class III is represented by high molecular weight (>30 kDa) thermolabile 
peptides such as the helveticin J, while in the class IV we can find large peptides complexed 
with carbohydrates or lipids. While Drider et al., (2006) divided bacteriocins into three 
major classes according to their genetic and biochemical characteristics. Class I or 
lantibiotics: Lantibiotics are small peptides (19-38 amino acid residues) with rare 
thermostable amino acids in their composition, which may result from the combination of 
two alanine linked by a disulfide bond as for lanthionine, or from an amino butyric acid 
linked to an alanine by a disulfide bond as for b-methyl-lanthionine (Jarvis, et al., 1968). The 
main representative of this class is nisin, which is produced by some strains of Lactococcus 
lactis subsp. lactis (Mulders et al., 1991). 
Nisin is the only bacteriocin approved for food applications being considered to be safe by 
the Food and Agriculture Organization/World Health Organization (FAO/WHO) in 1969. 
According to Ross et al. (2002), dairy products can contain nisin as a food additive for 
processed cheese at concentration up to 12.5 mg/kg pure nisin. It readily degraded by 
proteolytic enzymes in the human body, and the generally recognized as safe (GRAS) 
additives (Settanni & Corsetti, 2008). In addition, it was also included as biopreservative 
ingredient in the European food additive list, where it was assigned the number E234. The 
application of bacteriocins, particularly nisin, in food systems has been reviewed (Abee et 
al., 1995; Delves-Broughton et al., 1996; Wessels et al., 1998; Cleveland et al., 2001) and 
influenced by many factors (Fig. 7). Nisin has been tested for its useful contribution to 
control Bacillus and Clostridium growth in potato-based products (Thomas et al., 2002).         
Bacteriocins have been directly added to foods such as cheese against Clostridium and 
Listeria. Nisin inhibits the outgrowth of C. botulinum spores in cheese spreads (Wessels et 
al., 1998) and it is approved as a food additive in the United States for this purpose (U.S. 
Food and Drug Administration, 1988). Nisin has many applications in foods and is approved 
for use in various foods throughout the world. Alicyclobacillus acidoterrestris is a spore-
forming bacterium known to cause problems in fruit juices and fruit juice-based drinks 
either not heat-treated or pasteurized (Pettipher et al., 1997). Komitopoulou et al. (1999) 
reported that nisin addition (100 AU/ml) completely prevented A. acidoterrestris under all 
temperature and time of storage conditions. Control of A. acidoterrestris in fruit juice was 
also approached with enterocin AS-48 (Grande et al., 2005). Pediocin PA-1 has also been 
expressed in the yeast Saccharomyces cerevisiae to improve preservation of wine, bread 
and other food products where yeast is used (Schoeman et al., 1999). 
 There are many differences between bacteriocins and antibiotics (Table 2). In contrast to 
the currently used antibiotics, bacteriocins are often considered more natural because they 
are thought to have been present in many of the foods eaten since ancient times. 
Bacteriocins are inactivated by enzymes, such as trypsin and pepsin, found in the 
gastrointestinal tract and therefore, they do not alter the microbiota of the digestive tract 
(Cleveland et al., 2001).  
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Fig. 7 Different factors affecting bacteriocin efficacy in foods. 

 
If bacteriocins are considered antibiotics, they may not be used in human food, since the 
use of antibiotics in food is illegal (Collins et al., 2010). Antibiotics and bacteriocins have 
different mechanisms of action. When nisin is combined with some antibiotics, antimicrobial 
synergy may occur. The mechanisms of resistance to nisin and antibiotics are different. 
Antibiotic-resistant cells are sensitive to nisin and nisin-resistant cells are sensitive to 
antibiotics (Fernandez et al., 2008). 
Bacteriophages 
Phages are the most abundant living creatures on the planet: the estimated total number of 
phages is 1031. As example, one milliliter of sea water contains about 1,000,000 bacteria but 
10,000,000 phages. Phages are also widely spread in foods of various origins (Brussow and 
Kutter, 2005). Today, it is recognized that the interaction between phages and bacteria plays 
an important part in maintaining the natural balance in our ecosystems. 
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Table 2. Main differences between bacteriocins and antibiotics. 

Characteristic Bacteriocins Antibiotic 

a. Application Food Clinical 

b. Activity Narrow spectrum Varying spectrum 

c. Synthesis Ribosomal Secondary metabolites 

d. Host cell immunity Yes No 

e. Mechanism of target 
cell resistance or 
tolerance 

Usually adaptation affecting 
cell membrane composition 

Usually a genetically transferable 
determinant affecting different sites 
depending the mode of action 

f. Interaction 
requirements 

Sometimes docking 
molecules 

Specific target 

g. Toxicity or side 
effects 

None known Yes 

h. Mode of action  Mostly pore formation, but 
in a few cases possibly cell 
wall biosynthesis 

Cell membrane or intracellular 
targets 

 
Bacteriophages are host-specific, thus, they are harmless to humans, animals, and plants. 
Phages which can inactivate pathogenic bacteria can be useful in food processing. Lysis of 
the host bacterial cell can occur as a result of two possible mechanisms including: (i) Lysis 
from within: In this case, lysis of the host cell occurs as a result of phage replication. The 
genetic material is the only component of the virion that enters into the host cell, which 
may occur through injection (bacteriophages with contractile tails) or following the 
enzymatic breakage of the cell wall. In both cases, the pore generated in the membrane will 
affect its electric potential, although this harm is easily repaired. Once inside the cell, the 
genetic material of the bacteriophage is replicated hundreds of times, the coat proteins are 
synthesized and new particles are assembled that will constitute the viral progeny (usually 
between several tens and a few hundred per infected cell). Release of the progeny is the 
consequence of the collaborative action of the holing, a hydrophobic polypeptide that forms 
pores in the cell membrane, through which the lysin (a muramidase) reaches the cell wall, 
thus provoking the lysis of the host-cell. (ii) Lysis from without: In this case, lysis of the host 
cell occurs in the absence of phage replication. This happens when a sufficiently high 
number of phages particles adhere to the cell, and lyse it through alteration of the 
membrane electric potential, and/or the activity of cell wall degrading enzymes (Crow et al., 
1995). 
Over a number of years bacteriophages have been studied in foods for a number of reasons, 
including (i) their influence on spoilage bacteria and as a means to prevent this, (ii) as 
indicators of contamination with intestinal/faecal bacteria, (iii) their detrimental effects on 
the production of certain foods by fermentation, or (iv) the recent resurgence in interest in 
bacteriophages for control of bacterial food-borne pathogens (Brussow and Kutter, 2005). In 
unprocessed foods, phages have been tested for reducing Campylobacter and Salmonella on 
chicken skin (Atterbury et al., 2003). A reduction of 1ς2 log of the pathogens was achieved.  
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In various ready-to-eat foods (hot dogs, sliced turkey, smoked salmon, seafood, sliced 
cabbage, and lettuce), application of bacteriophages against L. monocytogenes provided up 
to a 5-log reduction of the pathogen (Guenther et al., 2009). Similar findings were reported 
by Hagens and Loessner (2007) who demonstrated that the application of a high titre phage 
suspension could result in appreciable reductions in Listeria numbers in artificially-
contaminated salmon. The application of lower phage titres did not lead to reductions in 
Listeria numbers. However, a recent review of the use of bacteriophages against pathogens 
in food products concluded that the technology has so far had a variable success (Garcia et 
al., 2008). This could perhaps partially be due to testing of unsuitable applications for this 
relatively new technology in food production; bacteriophage products are already in use in 
agricultural, food safety, and diagnostic applications, demonstrating the utility and viability 
of such approaches (Monk et al., 2010). 
Phage preparations should be safe, showing no adverse effect upon oral feeding (Gill & 
Hyman, 2010). All available evidence indicates that their oral consumption is entirely 
harmless to humans as they represent a normal component of an everyday diet (Atterbury, 
2009). Generally, phages have been isolated from a number of foods, like lettuce, pork, 
oysters, mussels, mushrooms, turkey, chicken, cheese, yogurt, buttermilk, and beef and so 
they are ingested by everyone every day (Hudson et al.,  2005). Moreover, phages are seen 
ŀǎ άƎǊŜŜƴέ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ ŦǊƛŜƴŘƭȅ ŀƴŘ ŎƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀǎ ŀ ƴŀǘǳǊŀƭ ŀƭǘŜǊƴŀǘƛǾŜ ǘƻ 
chemical preservatives (McIntyre et al., 2012). Although phages are and will be present 
ŦƻǊŜǾŜǊ ƛƴ ŦƻƻŘǎΣ ǘƘŜ ŎƻƴǎǳƳŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ ƻŦ ŀŘŘƛƴƎ ǾƛǊǳses to foods will, arguably, be the 
most critical hurdle to be overcome in order for phages to be used widely for biocontrol of 
bacterial pathogens within food (Strauch et al., 2007). 
In the EU, the use of bacteriophages in the food chain is being reviewed by the European 
Food Safety Authority to assess its efficacy and safety for use with food producing animals 
and in food products (Anon, 2009). Phages intended for use in food have to meet several 
requirements. Obviously, only strongly lytic phages should be considered for biocontrol 
applications. Their host range should cover all epidemiologically important strains of the 
target microorganism, and, of course, safety of the phage application should be tested very 
thoroughly. It should be determined if their DNA carries any genes coding for virulence 
factors like toxins and/or lysogenic properties (Mahony et al., 2011). In addition, selected 
phages should have a broad host range by infecting a large number of the target species 
and/or genus (Hagens & Loessner, 2007). Phages possessing a narrow host range may 
present a problem for biocontrol purposes, as in some species of bacteria there are 
numerous subtypes that need to be controlled. However, the limitation of a narrow host 
range may be mitigated by using phage cocktails (McIntyre et al., 2007). Stability at different 
storage and application conditions is another important aspect that should be defined in the 
selected phage. Indeed, it is important to test phages for durability within the intended-use 
environment, which requires investing resources in phage characterization (Gill &Hyman, 
2010).  
Commercially available phage-based bioprotective products are Agri-Phage from Omnilytics 
(specific formulations for strains of Xanthomonas campestris or Pseudomonas syringae) and 
EcoShieldTM (targets E. coli O157), as well as ListShield (antilisterial phages) from Intralytix. 
Recently, the Korean CheilJedang Corporation has introduced BioTector, a bacteriophage 
product for reducing Salmonella in poultry (Monk et al., 2010). 
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Antimicrobials of animal origin  
Over the past 20 years, more than 700 antimicrobial peptides (AMPs) have been discovered 
(Delvesbroughton, 1990). Recently, some AMPs of marine origin rather than of terrestrial 
origin have been identified. Some of the potential antimicrobials of animal origin used as 
food additives.  
 
Lactoferrin  
Lactoferrin (Lf), an iron-binding glycoprotein present in milk, is reported to possess 
antimicrobial activity against a wide range of bacteria and viruses. Recently, Lf has been 
approved for application on beef in the United States and has been applied as an 
antimicrobial in a variety of meat products (Juneja et al., 2012). 
 
Lysozyme 
Lysozyme is an enzyme that is naturally present in avian eggs and mammalian milk and is 
generally recognized as safe (GRAS) for direct addition to foods. The white lysozyme of hen 
eggs is a bacteriolytic enzyme widely reported for its application as an antimicrobial in food 
products (Tiwari et al., 2009) and commonly used as a preservative for meat, meat products, 
fish, fish products, milk and dairy products, and fruits and vegetables. The antimicrobial 
activity of lysozyme is due to its ability to hydrolyze the b-1, 4 linkage between N-
acetylmuramic acid and N-acetylglucosamine in the peptidoglycan of the microbial cell wall 
(Juneja et al., 2012). 
 
Chitosan 
Chitosan is a modified, natural carbohydrate polymer derived by deacetylation of chitin 
[poly- -̡(1Ҧ4)-N-acetyl-D-glucosamine] (No & Meyers, 1995). It is widely produced from 
crab, shrimp and crawfish, with different deacetylation grades and molecular weights which 
contribute to different functionalities (No et al., 2007). Today, preference of consumers for 
foods without chemical preservatives has led to the discovery of new natural antimicrobial 
agents. The antimicrobial and antifungal activities of chitosan and its degradation products 
such as, chitooligomers and low molecular weight chitosans have been studied by several 
researchers, with particular emphasis on their ability as a food preservative (Sagoo et al., 
2002; Srinivasa  and Tharanathan, 2007). Coma et al. (2003) suggested the application of 
chitosan as preservative in dairy products. Chitosan attracted considerable attention since it 
has been reported to exhibit interesting activities, notably to improve human health (Suzuki 
et al., 1986) and food quality with its antioxidative (Kamil et al., 2002) and antimicrobial ( 
Shahidi et al., 1999; Kim and Rajapakse, 2005) properties. Antimicrobial activities of chitosan 
were also demonstrated against many different kinds of microorganisms. Accordingly, 
chitosan was shown to inhibit food spoilage microorganisms, such as Candida sp., 
Escherichia coli and Staphylococcus aureus (Rhoades and Roller, 2000). Chitosan was also 
studied as an edible antimicrobial film to cover fresh fruits and vegetables, pizza and meat 
(Devlieghere et al., 2004). Chitosan is sold in the European market in the form of dietary 
capsules to assist mass loss; it is reportedly used in Japan as a preservative in many food 
products (Borderias et al., 2005), whereas the United States Food and Drug Administration 
(USFDA) approved its use in 1983 only as a feed additive (Knorr, 1986) and has recently 
recognized it as a GRAS (Generally Recognised As Safe) component. 
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Chitosan glutamate was reported to be an effective preservative against spoilage yeasts in 
apple juice. Chitosan glutamate in apple juice from 0.1 to 5 g/L inhibited the growth of all 
spoilage yeasts at 25°C (Roller and Covill, 1999). Moreover, concerning this last point and 
with respect to antimicrobial activity, chitosan seems superior to chitin since it contains 
amino groups which could interact with the negatively charged bacterial cell membranes 
and then inhibit the bacterial growth (Young et al., 1982; Vishu- Kamar et al., 2005), and 
would affect the cell permeability and lead to the leakage of intracellular compounds (Fang 
et al., 1994). Also, it inhibits the mRNA and protein synthesis of the microorganisms 
(Sudarshan et al., 1992). A number of other researchers have focused on the antibacterial 
action modes of chitosan and its derivatives. The two major suggested mechanisms are: (1) 
The binding of cationic chitosan to sialic acid in phospholipids, and consequently restraining 
the movement of microbiological substances, and (2) penetration of oligomeric chitosan 
into the cells of microorganisms and prevention the growth of cells by preventing the 
transformation of DNA into RNA (Kim et al., 2003; Sashiwa and Aiba, 2004), or the chelating 
action of chitosan with metal trace elements or essential nutrients, leading to microbial 
growth inhibition (Cuero et al., 1991). 
 
Propolis 
Propolis is the generic name for a complex resinous mixture collected by honey bees from 
the buds and exudates of various plants. It has attracted attention in recent years due to its 
beneficial effects, which make it a potential preventive and therapeutic agent as well as a 
useful additive in food and cosmetics (Julio  and Dulcinéia, 2013). Propolis reportedly has a 
range of biological activities, including immunomodulatory, antibacterial, fungicidal, anti-
inflammatory, healing, analgesic/anesthetic, and anticarcinogenic effects. 
 
Antimicrobials of plant origin  
Plant-based bioactive agents are being incorporated in food as prominent alternatives to 
chemical preservatives and additives. Their use in foods helps to address consumer 
demands for minimally processed natural products while providing some extra benefits to 
both food and the consumer (Burt, 2004). This contributes to the current demand, reported 
by Food and Agriculture Organization (FAO) and the food industry, for fresh food products 
that are natural and easy to consume, have specific advantages for health, are 
microbiologically safe, and lack synthetic additives (James  and Ngarmsak  2010). 
Using natural additives to preserve foods has become popular due to consumer demands 
for nature and safety (Tai-Ti and Tsung-Shi, 2012), and recent interest in alternative 
naturally derived antimicrobials has lead to a renewed scientific interest in essential oils 
(EOs) of plants. The antimicrobial activity of the essential oil of Litsea cubeba (LC-EO) and 
the antimicrobial impact of individual volatile components in the oil on pathogens or 
spoilage microorganisms: Vibrio parahaemolyticus, Listeria monocytogenes, Lactobacillus 
plantarum, and Hansenula anomala in vitro, and the antimicrobial activity of the LC-EO 
against these organisms in food systems were studied (Tai-Ti and Tsung-Shi, 2012). 
Cinnamon oil and clove oil are both natural preservative and flavouring substances that are 
not harmful when consumed in food products. Soliman and Badeaa (2002) found that 500 
ppm of cinnamon oil can inhibit Aspergillus flavus, A.parasiticus, A. ochraceus and Fusarium 
moniliforme on potato dextrose agar.  
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Matan et al. (2006) tested mixtures of cinnamon and clove oils for inhibitory activity against 
important spoilage microorganism of intermediate moisture foods. Mango kernel extracts 
also exhibited a broad antimicrobial spectrum against several food borne pathogenic 
bacteria. Methanolic extract of mango seed kernel at 3000 ppm have shown antimicrobial 
activity against E. coli when tested using the agar well diffusion method (Abdalla et al., 
2007). The same concentration (3000 ppm) of extract added to raw cow milk reduced the 
total bacterial count and inhibited coliform growth during 6 h incubation at room 
temperature. These results suggest that mango seed kernel extract could be added to 
extend the shelf-life of pasteurized cow milk. Mango seed kernel extract has also been 
shown to enhance the oxidative stability of fresh-type cheese and ghee and to extend their 
shelf-life (Dinesh et al., 2000). Herbal essential oil generally recognized as safe (GRAS) have 
antimicrobial activity against a wide range of microorganisms which not only extend the 
shelf ς life of foods but also they do not hazard the health of consumers due to their natural 
compounds (Kotzekidou et al., 2008). Recently, Rezai et al. (2014) concluded that Cuminum 
cyminum essential oil could be used as a natural preservatives flavoring and antibacterial 
agent along with other natural protective ways against bacteria in many food products such 
as hamburgers and meat products in order to reduce or substitute chemical and synthetic 
preservatives. 
Marija and Nevena (2009) give a literature review of investigations considering antimicrobial 
activity of essential oils widely used spices and herbs, such as garlic, mustard, cinnamon, 
cumin, clove, bay, thyme, basil, oregano, pepper, ginger, sage, rosemary etc., against most 
common bacteria and fungi that contaminate food (Listeria spp., Staphylococcus spp., 
Salmonella spp., Escherichia spp., Pseudomonas spp., Aspergillus spp., Cladosporium spp. 
and many others). Zhang et al. (2009) studied the antibacterial properties of 14 EOs (clove, 
oregano, rosemary, pepper, nutmeg, liquorice, turmeric, aniseed, cassia bark, fennel, prickly 
ash, round cardamom, dahurian angelica root and angelica) against four common meat 
spoilage and pathogenic bacteria (Listeria monocytogenes, Escherichia coli, Pseudomonas 
fluorescens and Lactobacillus sake) and their results showed that individual extracts of 
clove, rosemary, cassia bark and liquorice contained strong antibacterial activity, but the 
mixture of rosemary and liquorice extracts was the best inhibitor against all four types of 
microbes. These herb extracts are widely used in the food industry and are generally 
regarded as safe (GRAS). Hence, they may be considered as natural preservatives acceptable 
by the food industry. 
In a recent study, Engels et al. (2012) identified a phenol compound in mustard seed meal 
called sinapic acid and confirmed its antimicrobial activity against Gram-negative E. coli, and 
Pseudomonas fluorescens and Gram-positive B. subtilis. The study also showed the effects of 
sinapic acid against pathogenic bacteria such as Staphylococcus aureus, and Listeria 
monocytogenes. Mustard seed meal, a by-product of mustard oil processing, could thus be 
used as an effective antimicrobial. Murugan et al., (2013) reported that Murraya koenigii 
extracts may be a prominent natural preservative source for culinary oil which can 
successfully replace synthetic food preservative chemicals in future. Also it suggests that M. 
koenigii phytochemicals can provide an alternative method to protect them from the 
storage aflatoxigenic fungi and detoxify the difficult to remove natural mycotoxins. Dietary 
herbs and spices have been traditionally used as food additives throughout the world not 
only to improve the sensory characteristics of foods but also to extend their shelf life by 
reducing or eliminating survival of pathogenic bacteria.  
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Many herbs and spice extracts possess antimicrobial activity against a range of bacteria, 
yeast and molds (Tajkarimi et al., 2010). Herbs and spices are rich in phenolic compounds 
and besides exerting antimicrobial effect they may preserve the foods by reducing lipid 
oxidation as they are reported to have significant antioxidant activity (Yanishlieva et al., 
2006; Shan et al., 2009).  Lee et al. (2009) observed that the addition of green tea or 
rosemary (1 or 3%) to rice cakes significantly reduced the levels of B. cereus and S. aureus 
during 3 days storage at room temperature (22 °C). Yin and Cheng (2003) reported that the 
antimicrobial properties of garlic are due to organosulfur compounds. Freshly ground garlic, 
when added to mayonnaise at a concentration of 1% reduced Salmonella count (Leuschner 
and Zamparini, 2002). 
 
Natural antioxidant 
Studies demonstrate that an antioxidant-rich diet has a very positive health impact in the 
long run (Sin et al., 2013; Yevgenia et al., 2013). Natural antioxidants present in foods and 
other biological materials have attracted considerable interest because of their accepted 
safety and potential nutritional and therapeutic effects. Antioxidants are increasingly 
important additives in food processing. Their traditional role is, as their name suggests, in 
inhibiting the development of oxidative rancidity in fat-based foods, particularly meat and 
dairy products and fried foods (Jyoti and Bendigeri, 2014). 
Nowadays, the intake of natural antioxidants is associated with reduced risks of cancer, 
cardiovascular disease, and other diseases. Studies conducted on Chinese medical and other 
medical herbs demonstrated that some herbs, such as rosemary, sage, thyme, and bay, have 
much stronger antioxidant activity and contain significantly more phenolic acids than 
common vegetables and fruits, which are considered good natural sources of dietary 
antioxidants (Bozin et al., 2006, Katalinic et al., 2006). Recently, Fahmi (2014) concluded 
that ginger extracts contain considerable amounts of phenol compounds which are 
responsible for the observed antimicrobial, antioxidant activities and as well as a naturally 
food additives. Also, Abdel Ghany and Hakamy (2014) concluded that extract of Juniperus 
procera has a potential source of biological activity including, antibacterial, anticancer and 
antioxidants of natural origins. 
Due to the widespread use of synthetic antioxidants in food & pharmaceuticals, scientists 
are also attempting to develop new and efficient antioxidants from another alternative 
source found in nature in large amounts-the algae. Algae are widely available aquatic plants 
containing natural antioxidative compounds, having biological activities that affect the 
pathogenesis of several diseases, with a relatively low-cost isolation/extraction process 
(Lordan et al., 2011). Recent studies have shown that some species of algae contain large 
amounts of antioxidants and phenolic compounds. Natural antioxidants found in algae play 
an important role against various diseases and ageing processes by protecting the cells from 
oxidative damage (Karawita et al., 2007). The main antioxidants found in algae are vitamins 
C and E (MacArtain et al., 2007), carotenoids (ʲ & -hcarotene, zeaxanthin, neoxanthin, etc.) 
(Hu  et al., 2008; Haugan and Liaaenjensen 1994; Christaki et al., 2013), polyphenols 
(Bocanegra et al., 2009), and chlorophylls (Cha et al., 2010). In addition, red and brown 
algae contain high levels of folic acid and folate derivatives . As it is well known, -̡carotene 
is one of the most common food colorants in the world and has been applied to a wide 
range of food and beverage products, improving their appeal to consumers, besides its 
antioxidant function.  
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Two species of cyanobacteria are considered supplements, Spirulina platensis (SP) and 
Spirulina maxima (SM). Supplementation with these species of Spirulina resulted in lipid-
lowering, antioxidant, and anti-inflammatory effects (Mani et al., 2000; Park et al., 2008). 
Furthermore, due to its high nutritional value, Spirulina was recommended by the European 
Space Agency (ESA) and National Aeronautics and Space Administration (NASA) as one of 
the primary and important foods during long-term space missions. With the increasing need 
to scout for new natural sources of antioxidants, more and more species of algae are now 
being checked. It was found that industrially cultivated samples of Botryococcus braunii, 
Neochloris oleoabundans, Isochrysis sp., Chlorella vulgaris, Phaeodactylum tricornutum, 
Turbinaria ornate, Gayralia oxysperma, Chaetomorpha antennina, Sargassum vulgare, 
Undaria pinnatifida, Himanthalia elongate, Chondrus crispus, and much more, possess a 
high antioxidant capacity and could be potential new sources of natural antioxidants (Goiris  
et al., 2012; Kelman et al., 2012). 
 
Nanotechnology and food additives 
Nanoscale science, engineering, and technology-referred to as nanotechnology-include the 
fundamental understanding and technological advances arising from the understanding of 
new physical, chemical, and biological properties of matter at the length of scale of 
approximately 1 to 100 nanometers (nm). Nanotechnology has far-reaching implications for 
science, engineering, and technology in the 21st century, with tremendous potential for 
societal benefits and the potential to revolutionize agricultural production and food systems 
(Magnuson et al., 2007; IFT, 2010). The potential benefits of nanotechnology applied in the 
food system are anticipated for food safety and defense, food processing, food packaging, 
and ingredient technologies. It is recognized that the application of nanotechnology may 
present new challenges in terms of safety, regulatory and ethical considerations, while 
offering many potential benefits to manufacturers and consumers (Chen et al., 2006; Chau 
et al. 2007). Nano-food additives are assessed either as novel additives or, where a macro-
equivalent is already approved, through potential amendments of the appropriate 
specifications, including purity criteria, under the Directive 96/77/EC. 
Certain nanoparticles might be added to chicken feed to remove pathogens, minimizing the 
chance of postslaughter cross-contamination. Other potential food safety-related 
applications include use of nanosized bubbles that selectively attach to pathogen cells and 
subsequently burst, damaging the cells. Characterization of nanoparticles will contribute to 
the establishment of the safety of subsequently deployed new products that incorporate 
novel nanostructured food additives, ingredients, micronutrients, and micronutrient 
delivery complexes (IFT, 2007; Bunglavan et al., 2014). Among the few examples of currently 
available food additives is the synthetic form of the tomato carotenoid, Lycopene, which has 
a particle size in the range of 100nm. The main food applications of Lycopene include soft 
drinks, baking mixtures and blancmanges. The addition of water-dispersible Lycopene to 
drinks not only provides colour, but is also claimed for certain health benefits. For example, 
synthetic Lycopene in combination with vitamin E has been reported to inhibit the growth of 
prostate cancer in mice (Limpens et al., 2006). 
The micro- and nano-particles commonly found in food are typically oxides of silicon, 
aluminium and titanium.  
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For example, microparticulates, such as titanium dioxide and aluminosilicates, are used as 
food additives; titanium dioxide is present in anatase (E171) and aluminosilicates are 
commonly added to granular and powdered foods as anti caking agents (Lomer et al. 2001). 
Titanium dioxide (TiO2) nanoparticles (NPs) are manufactured worldwide in large quantities 
for use in a wide range of applications (Shi et al., 2013).The most common nanomaterials 
found in consumer products for dermal application are TiO2 NPs (Robertson et al., 2010). 
TiO2 NPs are also widely used for toothpaste, food colorants and nutritional supplements. 
GIT may be an important absorption route for TiO2 NPs since drug carriers, food products, 
water and liquid beverages may contain TiO2 NPs (Hagens et al., 2007). Although no food 
products containing nanosilver is currently available, its use as an additive to prepare 
antibacterial wheat flour has been the subject of a recent patent application (Qasim et al., 
2008). 
 
Summary and conclusions 
Food additives have been used by man since earliest times. Safety of food additives is an 
important issue related to food industry, so the use of the additives in food should be 
controlled by laws in many countries. For example, in the United states the Congress has 
entrusted the Food and Drug Administration with the responsibility to ensure that additives 
to be used in food are safe, thus a new food additive must be approved by Food and Drug 
Administration before it can be used in food and therefore the food additives that have not 
been proved safe will then become food adulterants. At present, there are up to 2500 food 
additives being used worldwide. A large number of studies have confirmed that consuming 
excessive amounts of synthetic food additives may cause gastrointestinal, respiratory, 
dermatologic, and neurologic adverse reactions. There is a current worldwide interest in 
finding new and safe additves from natural sources such as plant, animal and 
microorganisms to enhance and prevent deterioration of food. Now the demand of 
probiotic functional foods is growing rapidly due to increased awareness of consumers 
about the impact of food on health. Among the many natural antimicrobials discussed in 
this review are bacteriocins, it is antimicrobial peptides produced by a large number of 
bacteria, including lactic acid bacteria; normally acting against closely related and some 
spoilage and disease-causing Gram-positive pathogens. For this reason they are used in 
several applications. Nisin is one of the bacteriocins mostly applied in the food industry as 
antibotulinic agent in cheese and liquid eggs, sauces and canned foods. This review has 
highlighted the key differences between bacteriocins as food preservatives and antibiotics; 
and showed that bacteriocins are not only effective, but are also safe for use in the food 
supply. 
Natural dyes, generally supposed to be cheap, non-toxic, renewable and sustainable 
resource with minimal environmental impact, have attracted the attention of the scientific 
community to use them in a variety of traditional and newly discovered application 
disciplines. The industry is now able to produce some microbial pigments for applications in 
food, pharmaceuticals, cosmetics and textiles. Pigments producing microbes such as fungi, 
bacteria and microalgae are quite common in nature. Among the molecules produced are 
carotenoids, melanins, flavins, quinones and more specifically monascins, violacein, 
phycocyanin or indigo. Red pigments produced by fungus Monascus purpureus were 
traditionally used in oriental countries, because of its potential application as food additives. 
 

J. Biol. Chem. Research                                               424                           Vol. 32, (1): 402-437 (2015) 



Safe Food………..….…....................….A: Review                                               Ghany, 2015 

Not all viruses harm people and therefore the Food and Drug Administration has approved a 
mixture of bacteriophages as a food additive to protect people. The obtained review, show 
that application of bacteriophages in food production that has numerous advantages over 
traditional processes. The current review has shown that nanotechnology-derived food and 
health food products are set to grow worldwide and, moreover, a variety of food 
ingredients, additives, carriers for nutrients/supplements and food contact materials is 
already available in some countries. Nanoparticle incorporation in animal nutrition studies 
which can greatly enhance the efficiency of growth and production of livestock should be 
conducted at a lower risk to consumers. However, a great amount of research is still 
required to support the effectiveness, and mainly the safety of nanotechnology, avoiding 
any harm to the livestock, environment and to human beings. Further studies are necessary 
to assess the health effects of chronic exposure to nanoparticles. Therefore, do not sell 
nano-materials that have not undergone safety assessment. Finally, food technologies will 
continue to develop and reduce the need for chemical additives, great number of natural 
compounds in nature still remain unknown, the power of natural extracts, and the 
synergisms with other compounds represent unlimited sources of new safe food additive. 
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