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Abstract. Additives have been used to improve specific characteristics of food products. As a result of 
the rapid increase in the use of chemical substances such as food additives in every area, it has become very 
im-portant to determine whether these chemicals have negative effects on the genetic structure of living 
things.  Food additives are substances and used to preserve flavor or enhance its taste, appearance, or other 
qualities of foods. Especially; food preservatives within food additives are in use to protect the food against 
to micro-organisms negative effect. The risk assessing from food additives to human health carried out by 
WHO, in cooperation with FAO. However, the increased consumption of food additives may result to toxic 
reactions. It was indicated by different studies that some food additives have genotoxic and carcinogenic 
effects in differ-ent test organisms including plants, bacteria, human lymphocytes and in different organs, 
mice and rats. The effects of genotoxic and cytotoxic agents on living cells can be determined bu using 
comet assay anaysis. In recent years, the comet assay method has been widely preferred because of its 
advantageous, precise and fast results. Becasue of being carcinogenics possibility it should be more concious 
and be more carefull in taking food additives to our life.
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Introduction

During the food production, preparation, pro-
cessing, packaging, transportation and storage, which 
are not consumed as food with or without nutritive 
value, used in accordance to selected technology that 
are allowed to be used to prevent adverse effects are 
defined as food additives (1). 

As a result of the rapid increase in the use of chem-
ical substances such as food additives in every area, 
it has become very important to determine whether 

these chemicals have negative effects on the genetic 
structure of living things. Additives have been used to 
improve specific characteristics of food products (2).  
Food additives (FA) are agents and used to change the 
properties like its taste, appearance, or other qualities 
of food in the desired direction. Food additives also 
include substances that may be introduced to food in-
directly (called “indirect additives”) in the manufactur-
ing process, through packaging, storage or transport. 
Salts, vinegar, spices and smoking products have been 
used for a long time. Food additives can be divided into 
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several groups, such as: Acidulents; provides acid taste 
like vinegar and citric acid. Acidity regulators; used for 
controlling the pH of foods. Anticaking agents; keep 
powders from caking or sticking. Foaming agents pro-
vide foaming; antifoaming; reduce or prevent foaming 
in foods. Bulking agents; like starch effects the bulk of 
a food increasingly.  Antioxidants; such as vitamin C 
inhibits the degradation of food via oxygen. Fortifying 
agents; like vitamins, minerals enhances the nutritional 
value of the foods. Colorings; are added colors to food 
providing more attractive. Color retention agents; pre-
serve food’s existing color. Emulsifiers; keep water and 
oils mixed together in an emulsion, like in mayonnaise. 
Flavors; are used to give a particular taste or smell to 
foods. Flavor enhancers; enhance a food’s existing fla-
vors. Flour treatment agents; are used for improvent 
of flour in baking. Humectants; keep away foods from 
drying out. Glazing agents; provide protective coating 
to foods. Tracer gas; prevent foods from being exposed 
to atmosphere, resulting with shelf life enhancement. 
Stabilizers, thickeners and gelling agents; such as agar 
or pectin (used in jam for example) provide foods a 
firmer texture. Sweeteners; are added more flavoring to 
foods. Thickening agents; are added to the mixture, for 
increase in its viscosity. Packaging Bisphenols, phtha-
lates, and perfluoroalkyl chemicals (PFCs); are indi-
rect additives used in packaging. Preservatives; prevent 
or inhibit food from the effect of fungi, bacteria and 
other microorganisms. They are used for prevention of 
microbial growth or by undesirable chemical changes 
(3,4).

There are more than 8000 food additives today. 
The Food and Drug Administration of the United 
States (FDA) has approved the use of 2800 food 
addıtıves. The number of FAs approved by the Euro-
pean Union is approximately 297. FAs permitted to 
be used in our country, products that can be used and 
their usage limits are in line with EU directives (5).

To regulate these additives, and inform consum-
ers, each additive is assigned a unique number, termed 
as “E numbers”, which is used in Europe for all ap-
proved additives. This numbering plan has now been 
adopted by the Codex Alimentarius Commission to 
identify all additives and whether they are approved 
for use. WHO, in cooperation with the Food and Ag-
riculture Organization of the United Nations (FAO), 

is responsible for assessing the risks to human health 
from food additives (6).

Some food additives (FA) have genotoxic and 
carcinogenic effects, some of them have been found 
to play a role in the formation of neurodegenerative 
diseases, hyperactivity, allergy, diabetes, obesity, repro-
ductive and gastrointestinal system disorders (5).

Some food additives, however, have been prohib-
ited from use because of their toxicity. Different stud-
ies finding indicate that these additives induce DNA 
damage in bacteria, fungi, insects and mammalian 
cells in vivo and in vitro. They also cause chromosomal 
anomalies in mammalian cells, including human cells. 
The individual response varies on the basis of used 
dose, age, gender, nutritional status and genetic fac-
tors (7). Different content of these substances, such as 
nitrous compounds, have been found as carcinogenic. 

With the increasing use of these substance take 
into consideration of their harmfull effect. Among 
these harmful effects caused by regular use of food ad-
ditives are hypersensitivity, various allergic reactions, 
lesions and tumors in body, genotoxicity, mutagenic-
ity etc. It has been reported that certain food additives 
have an genotoxic effect according to different test 
systems. Azo dyes, allura red, amaranth and new coc-
cine, mainly used as food color additives in Japan, were 
reported to cause DNA damage in colon in mice (8).

Many different physical and chemical agents and 
physiological metabolic reactions can cause molecu-
lar changes in the living cell. DNA is an important 
target for ultraviolet, X rays and chemical agents. 
DNA damage either occurs spontaneously or under 
the influence of environmental factors (9). Damage to 
DNA or inadequate DNA repair systems may result 
with cell death.

Toxicity is defined as the damage caused by chem-
ical substances in the organism. In toxicity studies, the 
experimental animals like rats, mice, guinea pigs are 
given different doses of chemicals to be tested and all 
possible toxic effects are searched.

In these days, different tests, are widely used in 
the detection of genotoxic and carcinogenic potentials 
of chemical agents including FA. The most common 
of these tests are: AMES (Salmonella microsome 
 mutagenicity test), Abnormalities, sister chromatite 
exchange, micronucleus and Comet tests (5).
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In the determination of these DNA damage; sev-
eral different micro-bioassay methods can be used (10).

The single cell gel electrophoresis (SCGE) or 
Comet technique, which is based on the determination 
of DNA fractures, has been widely used in the deter-
mination of DNA damage and repair mechanism level 
and genetic toxicology. Comet assay is used to measure 
and analyze DNA damage in various organisms and 
especially in mammalian cells (11,12).

Comet technique; based on determination of the 
effects of genotoxic and cytotoxic agents or biologi-
cal, chemical and physical reasons on living cells and 
lies the migration of DNA molecules in alkaline envi-
ronment (13). Swedish scientist Östling & Johansson 
developed this technique in 1984 (14)  Singh et al., 
later modified this technique, in 1988, as the Alkaline 
Comet Assay. On the examination of the results by 
fluorescence microscopy, DNA chains form a comet 
image, resulted naming as Comet Assay, meaning 
comet (15). It has been powerfull method of detect-
ing damage in DNA by obtaining similar images of 
comets. In recent years, the comet assay method has 

preferred for its advantageous, precise and fast results 
(16). The advantages of the in vivo comet assay include 
its applicability to various tissues and/or special cell 
types, its sensitivity for detecting low levels of DNA 
damage, its requirement for small numbers of cells per 
sample, general ease of test performance, the short 
time needed to complete a study and its  relatively 
low cost (17). The Comet test is now widely used to 
determine the damage caused by mutagenic, UV and 
ionized radiations, genotoxic, alkylating agents, inter-
calating agents and oxidative damage, resulted from 
stress. (18). 

In the Comet assay method, the extent of the 
damage is determined by the length of the tail that the 
cells generate when they migrate. The results are exam-
ined in 5 categories according to the degree of dam-
age. Accuracy of damage can be evaluated with comet 
parameters such as comet length, comet height, comet 
area, comet density, head diameter, head area, head 
density, DNA head, tail length, tail area, tail density, 
average tail density, DNA tail moment in tail, olive 
moment with using software programs (19).
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Visual evaluation of Comet Assay cells; A: “0” 
Nondamage Grup; F:  Apoptotic Cells (20).

In vivo comet assay (single cell gel electrophore-
sis) is highly used in genotoxicity testing. Genotox-
icity testing in vivo is formed for reveal of possible 
hazardous effect of subjected additives (i.e. what is 
the possible genotoxic/mutagenic effect of substance 
to humans) and to dose–response assessment (i.e. 
the relationship between the dose of a substance and 
a possible adverse effect of it) and understanding of 
a substance’s mode of action (17). It is a reality that 
food additives especially preservatives play an impor-
tant role in the safety of food transportation, several 
different studies indicate the possible genotoxic and 
mutagenic effects of the  additives. 

This article attempts to summarize the possible 
genotoxic effects of food additives and the use of the 
comet assay method to determine this.

In the light of these studies, more attention should 
be paid to the use of food additives.

Literatüre Review

One of the study related to food additives to ge-
netoxic effect determantion included some antioxidant 
additives, such as citric acid (CA) and phosphoric acid 
(PA) and their combination, as well as antimicrobial 
additives, such as benzoic acid (BA) and calcium pro-
pionate (CP), and their effect on human lymphocytes 
with using alkaline single-cell gel electrophoresis. 

They found a significant increase in the DNA 
damage in human lymphocytes after 1 h of in vitro ex-
posure to CA, PA, BA and CP (200, 25–200, 50–500,  
50–1000 mg/mL, respectively). The combination 
of CA and PA significantly increased the mean tail 

 intensity at all the concentrations used (25–200 mg/
mL) and significantly increased the mean tail length 
mainly after higher concentrations (100 and 200 mg/
mL). Data in this study showed that the concentra-
tions of food additives used induce DNA damage and 
PA was the most genotoxic and CA was less genotoxic 
additives among them (21).

In another study food color additives genetoxic 
effect into different species was searched. Azo dyes, al-
lura red, amaranth and new coccine, used as food color 
additives in Japan, have been indicated to cause spe-
cific DNA damage in mice. To search effect differen-
cess according to species, and to see its effect into rats 
as well, each of dyes was administered to male mice  
(1 and 10 mg/kg) and male rats (10, 100 and 1,000 
mg/kg) by gavage. Brain, kidney, lung, liver, colon, 
glandular stomach, urinary bladder and bone marrow 
were sampled 3 hr (for mice) and 3, 6, 12 and 24 hr 
(for rats) after the treatment. The DNA damage in the 
mouse colon was seen 3 hr after the administration of 
all of the dyes at 10 mg/kg according to comet assay 
results, however, none of the dyes showed DNA dam-
age in rats indicating there is a possibility that rats are 
not effected or tolerated these dyes (22).

Calcium propionate (CP; E-282) is an approved 
preservative in bread and inhibits the growth of mold 
and other microorganisms. Genotoxicity data of the 
CP are very rare; it was found to be mutagenic in fi-
broblast cells of Chinese hamster (23).

Citric acid (CA; E-330) is a weak organic acid 
and used widely as an acidulant, pH regulator, flavor 
enhancer, and antioxidant effect in many foods, such 
as soft drinks, jelly sweet, baked nutrients, marmalade, 
jam, and candy (24) .

In another study; the possible toxic effect of two 
types of food additives, Sunset Yellow and Allura Red, 
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were investigated via assessing the physiological, his-
topathological and ultrastructural changes in the liver 
and kidney. Thirty adult male albino rats were  divided 
into three groups of 10 animals each: control (re-
ceived water), Sunset Yellow-treated (2.5 mg/kg body 
weight) and Allura Red-treated (seven mg/kg body 
weight). The doses were given orally for 4 weeks. The 
results showed an increase in the biochemical mark-
ers of hepatic and renal function in animals with azo 
dyes applied. Also a noticeable increase in MDA and 
a marked decrease in total antioxidant levels in azo 
dye-treated animals compared to controls were seen. 
It was seen also negative effect in the liver and kidney 
of albino rats and changings in their histological and 
fine structure, with downregulation of Bcl2 and up-
regulation of COX2 expression. According to comet 
assay results both of them caused histopathological 
and physiological aberrations in the liver and kidney 
of male Wistar albino rats. Also, it was seen a poten-
tial genotoxic effect caused by Sunset Yellow but not 
 Allura Red (25). 

In another study; investigation of the DNA dam-
age caused by some food additives such as citric acid 
(CA), benzoic acid (BA), brilliant blue (BB) and sun-
set yellow (SY) were aimed in human male germ cells 
using comet assay. The sperm cells were incubated 
with different concentrations of these food additives 
(50, 100, 200 and 500 μg/mL) for 1 h at 32 °C. The 
results showed for CA, BA, BB and SY a dose de-
pendent increase in tail DNA%, tail length and tail 
moment in human sperm when compared to control 
group. This studies’ results indicate that SY and BB 
are more harmful than BA and CA to human sperm 
in vitro (26).

Different study were carried out to determine 
the genotoxic effect of colorings. For this aim tartra-
zine and chocolate brown as synthetic food coloring 
agents were used on rats. The rats were divided into 
five equal groups, each composed of 4 rats, as follows: 
The 1st group (G1) as control. The 2nd (G2) and 3rd 
(G3) groups were orally treated with a daily dose of 
tartrazine. The 4th (G4) and 5th (G5) groups were 
orally treated with a daily dose of chocolate brown for  
7 weeks. Two rats from each of the experimental groups 

were sacrificed under anesthesia. The results revealed 
that tartrazine and chocolate brown caused DNA liver 
and kidney damage detected by comet assay. Chromo-
some ring were the most common abnormalities seen 
on bone marrow cells of treated rats. The results indi-
cated that some of the colorants have an destructive 
effect on some vital organ functions. Because of this, 
large quantities and/or long periods of colorants ad-
ministration should be restricted from diets of man’s 
and generally from children’ menu (27).

This study was carried out to assess the long-term 
daily administration of benzoic acid (BA), potassium 
sorbate (PS), chlorophyll (CPL), tartrazine (TAZ), 
and butylated hydroxyanisole (BHA) on hepato- renal 
changes and DNA damage in rats. Animals were 
 orally applied with the 10 times of the acceptable 
daily intake (ADI) from each tested substance daily 
for 60 days. Blood, liver, and kidney samples were col-
lected to evaluate hematological, histopathological, 
biochemical, and genotoxic alterations. The liver and 
kidney damage was evaluated by comet assay and as a 
result; DNA damage was obtained in liver and kidney 
at different degrees. Moreover, the histopathological 
findings of liver and kidneys support destructive and 
degenerative changes. The study indicates that most of 
food additives may induce genotoxicity and hepato- 
nephropathy, which can be serious for human health. 
Because of this, it is necessary to be informed about 
the hazardous effects of food additives (28).

Four food preservatives (sodium nitrate, sodium 
nitrite, potassium nitrate and potassium nitrite) have 
been evaluated for genotoxicity in Drosophila mela-
nogaster by Sarıkaya et al. It was found that the gen-
otoxic and toxic effects produced by the combined 
treatments were considerably increased, especially 
when the four chemicals were mixed. In a similar study 
carried out by Demir et al. benzyl derivatives (benzal-
dehyde, benzylacetate, benzylalchol and benzoic acid) 
were evaluated for their genotoxic effects and benza-
ldehyde was found to have highest genotoxic effect 
(29,30).

In another study; it was aimed to determine the 
genotoxic potential of oregano essential oil using both 
the micronucleus (MN) test and comet (standard and 

9095.indd   59095.indd   5 10/7/2020   11:56:14 AM10/7/2020   11:56:14 AM



M. Dosay-Akbulut6

enzyme-modified) assays in Wistar rats treated with 
50, 100, or 200 mg/kg body weight administered daily 
for 90 days.  Essential oils from Origanum spp. is suit-
able for use as food additives via antioxidant and anti-
microbial activities of them. According to genotoxicity 
assays results;  no apparent oxidative damage was seen 
in the comet assay in any of all examined tissues of rats. 
As a result, oregano essential oil appears to be safe in 
Wistar rats and can be used safely in food packaging 
industry (31).  

Sasaki et al. studied with currently used 39 additive 
including food coloring, color fixing, preservatives, an-
tioxidants, fungicides and sweeteners, aiming to inves-
tigate whether these substances were genotoxic. After 
oral administration of these substancess to animals their 
stomach, colon, liver, kidney, bladder, bone marrow, 
lung and brain tissues were collected and used for comet 
test. They indicated that among all additives the food 
dyes have the highest genotoxicity effect. Amaranth, al-
lura red, new coccin, erythrocyte, tartrazine, floxin and 
rose bengal food dyes in the stomach, colon and bladder 
cells cause to dose-dependent DNA damage. They also 
remarked that these dyes situmulated DNA damage in 
the gastrointestinal organs, even at low doses (7).

The occuring of DNA damage is considered to be 
an important in progress of carcinogenesis. The single 
cell gel electrophoresis (comet) assay is technically sim-
ple, fast, cheap and DNA damage can be investigated 
with highly reliable in animal experimental systems for 
all mammalian cell types. Especially, the comet assay 
applications are valuable for detection of genotoxic 
exposure in humans. The comet assay results indicate 
that DNA damage can be seen mostly in mammalian 
cells and affected from lifestyle and several different 
environmental exposures like diet, hypoxia, exercise 
and sunlight (32).

Another study based on determination of the 
impacts of sodium acetate (SA), sodium acid py-
rophosphate (SAPP), and citric acid (CA) on the 
proliferation, viability and DNA damage of isolated 
lymphocytes in vitro. The comet assay results showed 
SA, SAPP and CA increased DNA damage percent-
age, tail DNA percentage, tail length and tail moment 
on the basis of their concentration. They summarized 
that SA, SAPP and CA are cytotoxic and genotoxic to 
isolated lymphocytes in vitro (33).

Perillaldehyde, a natural monocyclic terpenoid 
present mostly in the herb perilla, is being used as an 
flavouring compound to give spiciness and citrus taste 
to foods. For checking its using safely as a flavouring 
agent; perillaldehyde was chosen by the  European Food 
Safety Authority as a representative of a subgroup of 
alicyclic aldehyde flavouring substances, it is tested for 
genotoxic potential via this study. Perillaldehyde was 
tested for several different assays including comet assay 
as well. According to findings; most of the genotoxic-
ity assays results were negative. This study findings do 
not provide an indication of any genotoxic potential 
for perillaldehyde (34).

In another study; DNA damage were determined 
from liver, stomach, and bone marrow of rats fed with 
2000 mg/kg of benzene, di(2-ethylhexyl) phthalate, and 
trisodium ethylenediamine tetraacetic acid monohy-
drate given orally with three times. All three compounds 
analysis gave negative results for liver and stomach. On 
the other hand a bone marrow comet and micronucleus 
analysis revealed that benzene, but not di(2-ethylhexyl) 
phthalate or trisodium ethylenediamine tetraacetic acid 
monohydrate caused to a significant increase in the me-
dian % tail DNA and micronucleated polychromatic 
erythrocytes indicating genotoxic effect of these sub-
stance according to comet assy (35).

This study was carried out to determine the toxicity 
of the food additives including sunset yellow (SY) and 
brilliant blue (BB) on Allium cepa root  meristematic 
cells. It is known that food additives are used for 
 aiming preservation, sweetening and coloring. In this 
study the control and treatment groups were formed 
from germinated roots. Group 1 (control group) with 
no application. Group 2 (SY or BB-treatment group), 
received increasing doses of SY (25, 50, 100 and 500 
ppm) and BB (100, 200, 400 and 500 ppm) for tree 
times. DNA damage was measured via comet assay 
and RAPD-PCR technique. The tail DNA% and tail 
length were obtained as significantly increased in all 
application period compare to the control. Increasing 
doses of SY and BB caused to enhancement in toxicity 
level according to all parameters of A. cepa. As a con-
clusion, the SY and BB were obtained as cytotoxic and 
have an mutagenic potential. In comparion within; the 
SY was obtained as more harmful than BB in the A. 
cepa root meristematic cells (36).
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In these days, agro-food by-products stand for a 
possible low-cost source of biologically active ingredi-
ents. In this study, a sugar and mineral enriched frac-
tion (SMEF) from olive mill wastewater (OMWW) 
Cerasuola OMWW recovered. The in vitro cytotox-
icity was investigated with comet assays on human 
 fibroblasts for this fraction. Also, intracellular reactive 
oxygen species (ROS) production, apoptosis and cell 
morphological changes were determined as well. The 
results indicated that the SMEF have an toxic effect at 
higher concentrations (such as cell viability reduction, 
DNA fragmentation and morphological alterations) 
related to high ROS levels (37).

In another study, the genotoxic effects of anti-
microbial food additive sodium sorbate (SS) was de-
termined with using comet assay in isolated human 
lymphocytes and some other test. Four concentrations 
(100, 200, 400 and 800 μg/ml) of SS were tested with 
negative (sterile distilled water) and a positive control. 
The result indicated that this SS additive caused DNA 
damage at all concentrations and it is genotoxic to the 
human peripheral blood lymphocytes at highest con-
centrations (38).

Caramel color has been used in foods and bev-
erages for years as a color additive. Several different 
safety testing including toxicokinetics, genotoxicity, 
subchronic toxicity, carcinogenicity, and reproductive/
developmental toxicity has been carried out with dif-
ferent classes of caramel color. All obtained results 
indicated that caramel colors are not genotoxic or car-
cinogenic, and intake of caramel colors do not cause to 
any safety risks (39).

Tartrazine is approved as a food color additive in 
Europe with E number 102. The in vivo genotoxicity 
study was carried out according to OECD Guidelines. 
The findings of this study indicate the absence of geno-
toxic activity for Tartrazine, according to Comet assay 
as well as some other test carried out in liver, stomach 
and colon. In the conclusion,  they revealed that there 
is no genotoxicity concern for Tartrazine. This similar 
negative genotoxity result was also obtained for Allura 
Red AC and Ponceau 4R, indicating same sign for all 
azo dyes used as food colors as well (40).

Aspartame is 200× sweeter than sucrose and is 
used in food products in more than 90 countries in 
the world. Aspartame has been tested for genotoxic 
effects. According to findings, obtained from in vivo 
bone marrow micronucleus, chromosomal aberration 
and Comet assays, aspartame is not genotoxic in so-
matic cells in vivo (41).

This study was carried out to determine the geno-
toxic possibility of Monosodium glutamate (MSG) 
different concentration via using alkaline comet assays 
in isolated human lymphocytes. Because MSG is used 
widely as flavor enhancers in the world. According to 
test result, MSG caused DNA damage at all concen-
trations and genotoxic to the human peripheral blood 
lymphocytes in vitro (42).

One of the important suggestion related to can-
cer induction is aspartame. It was found high level of 
relationship between the use of aspartame and the in-
cidence of breast and prostate cancer (43).

There have been several studies indicating that 
saccharin, which has been used for a long time, is 
mutagenic and caused to cancer in experimental 
animals. Wolff et al. reported that sodium saccharin 
induces PPE formation in human lymphocytes and 
Chinese hamster cells (CHO), has an carcinogenic 
and mutagenic effects; causing to bladder cancer in 
mice (44).

Different kinds of additives are widely used in 
food industry and different studies supported that 
some additives have an cytotoxic effect but still in use. 
This study was carried out to determine DNA damage 
at which a group of selected food additives cause to 
via Comet assay. According to findings five  substances 
(sodium nitrite and caffeine, the coloring agents fast 
green, erythrosine and indigo carmine)  commonly 
added to foods and one pharmaceutical drugs 
(4- aminoantipyrine) caused to DNA damage at lower 
concentrations then normal using levels. On the basis 
of the comet assay results of all six substances have an 
certain genotoxic activity. Sodium nitrite genotoxic ac-
tivity was found at the lowest concentration. Caffeine 
also showed strong genotoxic effect, while the coloring 
agents demonsrated mid level of genotoxicity (45).
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Conclusion

Food additives are agents and used to change 
the foods’ some specialities like its taste, appearance, 
or other qualities of food in desired direction. The in-
creased consumption of food additives may result to 
toxic reactions. It was indicated by different studies 
that some food additives have genotoxic and carcino-
genic effects in different test organisms. The effects of 
genotoxic and cytotoxic agents on living cells can be 
determined bu using comet assay anaysis. According 
to different summarized studies in our paper there is 
a huge possibility to be a genotoxic effect of using of 
food additives becasue of this possibility we should 
have more concious and be more carefull in taking 
food additives to our life.
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