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Abstract

No-Observed-Adverse Effect Level (NOAEL) of food additives has
been long determined on the basis of toxicological studies. Acceptable
Daily Intake (ADI) levels of food additives for human are derived
from these NOAEL, and their legal limits are then established for the
food products, intentionally added with food additives. However,
recent studies demonstrated that consumption of some processed
food containing certain food additives might have increased the risk
of cancer in human although the legal limits of these additives in
processed foods are well respected by the manufacturers. Possible
reasons for increased carcinogenicity risk in processed foods
containing these additives can be due to various factors: -interaction
of additives with some food ingredients, -food processing may
change the chemical formula of food additive to a formula to be acting
similarly as carcinogenic compound, -a negative synergistic effects
when combined with other additives, -improper storage conditions,
and -unknown carcinogenic by-products occurring during the food
processing. Due to the above mentioned factors we recommend that
an additive, intentionally added to the food during processing mustbe
traced officially for its carcinogenicity. In this review, we overviewed
all of the food additives authorized in European Union. Therefore,
the traceability issues of processed foods containing certain food
additives, which have a negligible probability of carcinogenicity in
legal limits, must be reinforced in the perspective of public health
concerns.
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Abbreviations

ADI: Acceptable Daily Intake; BHA: Butylated hydroxyanisole;
BHT: Butylated hydroxytoluene; EFSA:European Food
Safety Authority; FDA: Food and Drug Administration; IARC:
International Agency for Research on Cancer; JECFA: Joint FAO/
WHO Expert Committee on Food Additives; MNNG: N-methyl-N’-
nitro-N-nitrosoguanidine; NOAEL: No-Observed Adverse-Effect
Levels; NOC: N-Nitroso compound; NSRL: Level of No Significant
Risk; WHO: World Health Organization

Introduction

Due to gradually increased mortality rate, cancer is

considered one of the most serious and life-threatening diseases
after the cardiovascular diseases. The data provided by World
Health Organization (WHO) indicates that cancer would be the
first leading cause for death in 2030 [1]. Therefore, the scientific
attempts for prevention from cancer and to overcome the main
causative factors accounted for the disease are important.

Foods and Cancer

Cancer is a multifactorial disease, in which either heredity or
environmental factors are involved. Nutrition is being responsible
for the increased rate of cancer. The nature, consumed portion
and additive contents of the food products may be important in
the possible cancer occurrence. For instance, the refined foods
in the form of carbohydrates may stimulate the occurrence
of colon cancer [2]. The consumption of excessive amount of
red meat may also increase colon cancer [3]. Other factors for
increasing cancer risk are due to the additives that are added to
the processed foods [4,5,6].

Food Additives and Cancer

Food additives are subjected to toxicological studies for
their safety evaluation. The additives, scientifically and officially
proven as safe are authorized to be used in the food sector.
However, the consumption of some processed foods containing
certain food additives might increase the risk of cancer in human,
although the legal limits of these additives in these foods are
being respected. For instance, the new reports indicated that
the processed meat containing preservatives such as nitrite and
nitrate increases colon and pancreatic cancer risks [4,7]. A soft
drink such as coke may also increase some cancer types as shown
by the work of Belpoggi et al. [5]. In this research, the rats fed on
a standard diet for life span was taken into a trial where half was
given normal tap-water, while other half given a coke as source of
drinking water. It was shown that the incidence of breast cancer
in females and pancreatic tumor mass in both males and females
was higher in the group receiving coke than the normal tap-
water group. A similar work reported that drinking beverages
containing food additives may increase cancer risk [6]. In this
report, 600 Singaporean consumed non-alcoholic beverages
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of two glasses or more per week for 14 years have increased
pancreatic cancer, whereas no such evidence was observed in
those drinking fruit juices.

It can be clearly seen from these cases where some processed
foods containing safe additives may increase carcinogenicity
risk despite the fact that there was no safety concern of these
additives officially declared. Therefore, one can speculate the
following reasons on the fact that why these additives may
pose a degree of carcinogenicity in the food products while no
carcinogenic risks were demonstrated in experimental studies
in which they used per se: possibility of food structural changes,
possible negative synergistic effects with other carcinogenic by-
products in commercial additives, possible exposure to long and
improper storage conditions, and possibility of exceeding the
safe limits.

Possible Causes of Increase in Carcinogenicity of
Additives

Structural changes

Chemical structure of food additives may have been changed
in the food products during physical, chemical and enzymatic
processing when coming in contact with other food ingredients.
For instance, nitrates and nitrites are converted to nitrosamines
in meat products [8].

The most frequently present nitrosamines in meat and dairy
products are N-nitrosodimethylamine and N-nitrosopyrrolidine.
In Belgium, 101 dry fermented sausages were analyzed for the
residual sodium nitrite and nitrate contents, biogenic amines and
volatile N-nitrosamine concentrations. The results showed that
N-nitrosopiperidine and N-nitrosomorpholine were detected in a
high number of samples (resp. 22% and 28%) [9].

Catsburg et al. [10], examined the role of dietary sources of
N-Nitroso compounds (NOCs) and NOC precursors as potential
bladder cancer risk factors in a case-control study in Los Angeles.
They reported that consumption of processed meats (sources
of amines and nitrosamines) such as salami/pastrami/corned
beef and liver were both significantly associated with the risk of
bladder cancer.

Negative synergistic effects

Interaction effects between various food additives on
carcinogenicity could have been overlooked when evaluating
their single carcinogenic risks. The risk could have been increased
for one of the food additives, which is adversely interacted. There
are scientific evidences available to support this hypothesis. For
instance, the additives of potassium sorbate, ascorbic acid and
ferric or ferrous salts have been shown to cause mutagenicity
and DNA-damaging activity, when all combined together, but not
when used separately [11]. In another study, the synergistic effect
of a mixture of six typical artificial food colors (erythrosine, allura
red, new coccine, brilliant blue, tartrazine, and fast green) on the
toxicity of carcinogen 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]
indole (Trp-P-1) has been investigated using primary cultured
rat hepatocytes and found that the food-color mixture enhanced
cytotoxicity of Trp-P-1 [12].
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Getting contact with other carcinogenic by products in
commercial additives

There can be unknown compounds in a given food, and
presumably the consumers could have a risk of consuming
them. For instance, some undesirable by-products such as
4-Methylimidazole can be formed during the production
of caramels when ammonium is used. The derivate of
4-Methylimidazole cause’s lung cancer in both male and female
mice at high doses and causes leukemia in females [13,14]. The
caramel products contained in some coke products were found
to contain higher levels of 4-Methylimidazole than no significant
risk level (NSRL), and the center for Science in the Public Interest
in February 16", 2011 has called a public petition to apply United
States Food and Drug Administration (FDA) for banning to use
these caramels in these products [15].

Improper and longer storage conditions

Unsuitable conditions may cause, change in chemical
structure. Benzoates (benzoic acid, sodium benzoate, potassium
benzoate, and calcium benzoate) are typical examples. They can
be converted by decarboxylation reactions to benzene, which is
a carcinogenic compound when they present with ascorbic acid
and/or erythorbicacid under suitable pH, UV light or temperature
conditions [16].

Exceeding the safe limits

Food additives are placed in the market after their provisions
of ADI levels are legally established. Then the provision for
a maximum amount that can be added into foods is calculated
according to these ADI levels. However foods containing additives
are consumed on a daily basis, and this is then followed by the
sustainable production of such foods to meet the market demand.
Thus, this legal provision for maximum may somehow has been
exceeded during the routine production lines.

In a study investigating the role of microparticles in Crohn’s
disease, it was found that a microparticle titanium dioxide was
comsumed more than ADI [17]. In a similar study conducted in
[taly, it was shown that an antioxidant Butylated hydroxytoluene
(BHT) was consumed more than ADI [18]. It was documented
that phosphorus had been consumed more than the ADI level in
the US [19].

The dietary exposure of nitrate and nitrite taken along with
natural foods was assessed in France. As a result of the study,
dietary intake of nitrite was found higher than the ADI level
in 0.7%-16.4% of adults, and in 10.5%-66.2% of children,
respectively [20]. Similarly, the amount of nitrite-nitrate in meat
products was assessed in Estonia, and it was found that nitrite
intake exceeded the ADI level by up to 140% for 1 to 6-year-old
children [21].

In a study determining the intake of artificial food colors
on 3141 children in Kuwait, it was found that tartrazine, sunset
yellow, carmoisine and allura red were comsumed more than the
ADI level [22,23].
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Some “Safe Additives” Might Be Linked to Cancer The main objective of present study is not to carry out a

. . scientific evaluation of these additives. This has been routinely
According to IARC (International Agency for Research on

Cancer) classification, carcinogenicities of food additives are
listed in table 1 [24-29]. These are considered as safe due to no
significant risk level (NSRL) even they have small degree of risk
for cancer. For them, only safe amount are allowed for human
consumption. All additives mentioned in this paper are safe when
they are consumed in legal limits. However due to above mention e Promoting carcinogenicity at high exposure doses,
reasons, some additives may have lost their scope of safetyness,
and thus their carcinogenic effects or risks would have been high,
especially when used in processed food. compounds at high doses.

done and reviewed by several authoritative bodies (i.e., European
Food Safety Authority (EFSA), Joint FAO/WHO Expert Committee
on Food Additives (JECFA) and FDA). Full evaluation reports and
ADI levels can easily be accessed via their web pages. Our aim is
to gather safe food additives, which have probabilities:

e Stimulating carcinogenicity of other carcinogenic

Table 1: Classification of food additives with carcinogenicity by IARC.

roups* Group Group Group Group
Food Additives 1 2A 2B 3

Cyclamic acid and its Na and Ca salts [24] X
Butylated hydroxyanisole (BHA) [25] X
BHT [26]

Saccharin and its Na, K and Ca salts [27]
Talc not containing asbestiform fibres [28]

e AE RS

Carrageenan, native [29]

Carrageenan, degraded [29] X

* JARC classification of carcinogens: Group 1: Carcinogenic to humans (Sufficient evidence in humans or sufficient evidence in animals and strong
mechanistic data in humans)

Group 2A: Probably carcinogenic to humans (Limited evidence in humans and sufficient evidence in animal)

Group 2B: Possibly carcinogenic to humans (Limited evidence in humans and less than sufficient evidence in animals)

Group 3: Not classifiable as to its carcinogenicity to humans (Inadequate in humans and inadequate or limited in animals)

Table 2: Food additives promoting carcinogenicity at high exposure doses.

Food Additives Cancer Types

Colon and Hepatocellular tumors,
Prostate adenocarcinoma,
Thyroid and Uterus adenomas [30]

Cyclamic acid and
its Na and Ca Salts

Allura Red AC Colon tumor [31]
Acesulfame potassium Urinary track tumor [32]
Aspartame Urinary track tumor.[32]
Lymphoma, Leukemia and Breast tumor [33]
BHA Breast tumor [34]
BHT Bladder tumor [35]; Lung tumor [36]
4-Hexylresorcinol Adrenal gland pheochromocytoma and Herderian gland tumor [37]
Hexamethylenetetramine Kidney tumor [38]

Carboxymethyl cellulose,
Sodium carboxymethyl cellulose
Xylitol Adrenal medulla tumor [41]
Colorectal cancer [42]
Bladder tumor [43]
Non-hodgkin lymphoma [44]
Nitrates, Nitrites Thyroid tumor [45]

Brain [46]

Hepatocellular tumor [47]
Advanced prostate cancer [48]

Fibrosarcoma at the side of subcutaneous injection [39,40]

Propionic acid and its salts Forestomach tumor [49]
Saccharin and its salts Bladder tumor [50]; Thyroid tumor [51]
Talc Adrenal gland and lung adenoma/carcinoma [52]
Endometrial cancer (in genital usage of women as talcum powder) [53,54,55,56]
Polyoxyethylene stearate Bladder papilloma [57]
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Table 3: Food additives stimulating carcinogenicity of other carcinogenic compounds at high doses.

Food Additives

Cancer Types and Cancer Causing Compounds

Degraded carregeenan: Colorectal carcinoma without any carcinogenic agents [58]

Carrageenan . . . .
g Native carregeenan: Colon carcinoma in the presence of azoxymethane or methylnitrosourea [59]

Bladder carcinoma in the presence of N-(4-(5-nitro-2-furyl)-2-thiazolyl)formamide or N-butyl-N-(4-hydroxybutyl)

Sodium Saccharin nitrosamine [60]

Stomach adenocarcinoma and gastric sarcoma in the presence of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) [61]

Sorbitan monolaurate Skin tumor in the presence of dimethylbenz[a]anthracene [62,63]

Urinary bladder cancer caused by ascorbic acid and sodium erythorbate in the presence of N-butyl-N-(4-hydroxybutyl)
nitrosamine [64]

Forestomach and urinary bladder carcinomas caused by sodium ascorbate in the presence of butylated hydroxyanisole,
urinary bladder carcinoma enhanced by sodium erythorbate [65,66] Forestomach carcinoma caused by propyl gallate

Antioxidants related to
cancer promoting

in the presence of sodium nitrite [67]

Gastric carcinoma caused by the combination of sodium nitrite and ascorbic acid in the presence of MNNG [68]

We overviewed all of the food additives, which were approved
to consume in EU. Selected additives were listed in table 2 and
3[30-68].

General Conclusion

The official monitoring of processed products in respect with
their cancer causing effects due to the quality and quantity of their
additive contents are significant for the protection of public and
consumer health. This review may facilitate to track processed
foods containing these additives. It also provides the reader
an easy access to the concise information on the relationship
between carcinogenicity and food additives. We strongly believe
that this review would help to conduct the official controls of
processed products containing these food additives since it
provides a concise piece of information regarding their possible
carcinogenic risks.

References
1. INCTR. Cancer in Developing Countries. 2012.

2. Chan AT, Giovannucci EL. Primary prevention of colorectal cancer.
Gastroenterology. 2010; 138(6): 2029-2043.e10. doi: 10.1053/j.
gastro.2010.01.057.

3. McAfee AJ, McSorley EM, Cuskelly GJ, Moss BW, Wallace JM, Bonham
MP, et al. Red meat consumption: an overview of the risks and benefits.
Meat Science. 2010; 84(1): 1-13.

4. Bastide NM, Pierre FH, Corpet DE. Heme iron from meat and risk of
colorectal cancer: a meta-analysis and a review of the mechanisms
involved. Cancer Prev Res. 2011; 4: 177-84.

5. Belpoggi F, Soffritti M, Tibaldi E, Falcioni L, Bua L, Trabucco F. Results
of long-term carcinogenicity bioassays on Coca-Cola administered to
Sprague-Dawley rats. Annals of the New York Academy of Science.
2006; 1076: 736-52.

6. Mueller NT, Odegaard A, Anderson K, Yuan JM, Gross M, Koh WP, et
al. Soft drink and juice consumption and risk of pancreatic cancer: the
Singapore Chinese Health Study. Cancer Epidemiol Biomarkers Prev.
2010; 19: 447-55.

7. Larsson SC, Wolk A. Red and processed meat consumption and risk
of pancreatic cancer: meta-analysis of prospective studies. British
Journal of Cancer. 2012; 106: 603-07. doi:10.1038/bjc.2011.585.

8. OECD SIDS. Sodium nitrite (Cas No: 7632-00-0). UNEP Publications.
2005; 4-13.

9. DeMeyE, DeKlerckK, De Maere H, DewulfL, Derdelinckx G, Peeters MC,
et al. The occurrence of N-nitrosamines, residual nitrite and biogenic
amines in commercial dry fermented sausages and evaluation of their
occasional relation. Meat Sci. 2014; 96(2 Pt A): 821-8. doi: 10.1016/j.
meatsci.2013.09.010.

10.Catsburg CE, Gago-Dominguez M, Yuan ]JM, Castelao JE, Cortessis VK,
Pike MC, et al. Dietary sources of N-nitroso compounds and bladder
cancer risk: findings from the Los Angeles bladder cancer study. Int ]
Cancer. 2014; 134(1): 125-35. doi: 10.1002/ijc.28331.

11.Kitano K, Fukukawa T, Ohtsuji Y, Masuda T, Yamaguchi H. Mutagenicity
and DNA-damaging activity caused by decomposed products of
potassium sorbate reacting with ascorbic acid in the presence of Fe
salt. Food Chem Toxicol. 2002; 40(11): 1589-94.

12.Ashida H, Hashimoto T, Tsuji S, Kanazawa K, Danno G. Synergistic
effects of food colors on the toxicity of 3-amino-1,4-dimethyl-5H-
pyrido[4,3-b]indole (Trp-P-1) in primary cultured rat hepatocytes. ]
Nutr Sci Vitaminol (Tokyo). 2000; 46(3): 130-6.

13.Chan PC, Hill GD, Kissling GE, Nyska A. Toxicity and carcinogenicity
studies of 4-methylimidazole in F344/N rats and B6C3F1 mice. Arch
Toxicol. 2008; 82(1): 45-53.

14.National Toxicology Program. Toxicology and carcinogenesis studies
of 4-methylimidazole (Cas No. 822-36-6) in F344/N rats and B6C3F1
mice (feed studies). Natl Toxicol Program Tech Rep Ser. 2007; (535):
1-274.

15. Center for Science in the Public Interest (CSPI). CSPI 2011 petition to
FDA to ban ammonia-sulfite caramel coloring. 2011.

16.Gardner LK, Lawrence GD. Benzene production from decarboxylation
of benzoic acid in the presence of ascorbic acid and a transition-metal
catalyst. J. Agric. Food Chem. 1993; 41 (5): 693-695.

17.Lomer MC, Thompson RP, Powell J]. Fine and ultrafine particles of the
diet: influence on the mucosal immune response and association with
Crohn’s disease. Proc Nutr Soc. 2002; 61(1): 123-30.

18.Leclercq C, Arcella D, Turrini A. Estimates of the theoretical maximum
daily intake of erythorbic acid, gallates, butylated hydroxyanisole
(BHA) and butylated hydroxytoluene (BHT) in Italy: a stepwise
approach. Food Chem Toxicol. 2000; 38(12): 1075-84.

19.Calvo MS, Park YK. Changing phosphorus content of the U.S. diet:
potential for adverse effects on bone. ] Nutr. 1996; 126(4 Suppl):
1168-80.

20.Menard C, Heraud F, Volatier JL, Leblanc JC. Assessment of dietary
exposure of nitrate and nitrite in France. Food Addit Contam Part

Citation: Gultekin F, Yasar S, Gurbuz N, Ceyhan BM (2015) Food Additives of Public Concern for their Carcinogenicity. ] BZE¥dE 4 of 6 IIII

Nutrition Health Food Sci 3(4): 1-6. DOI: http://dx.doi.org/10.15226/jnhfs.2015.00149


http://www.inctr.org/about-inctr/cancer-in-developing-countries/
http://www.ncbi.nlm.nih.gov/pubmed/20420944
http://www.ncbi.nlm.nih.gov/pubmed/20420944
http://www.ncbi.nlm.nih.gov/pubmed/20420944
http://www.sciencedirect.com/science/article/pii/S0309174009002514
http://www.sciencedirect.com/science/article/pii/S0309174009002514
http://www.sciencedirect.com/science/article/pii/S0309174009002514
http://cancerpreventionresearch.aacrjournals.org/content/4/2/177.full
http://cancerpreventionresearch.aacrjournals.org/content/4/2/177.full
http://cancerpreventionresearch.aacrjournals.org/content/4/2/177.full
http://onlinelibrary.wiley.com/doi/10.1196/annals.1371.078/abstract
http://onlinelibrary.wiley.com/doi/10.1196/annals.1371.078/abstract
http://onlinelibrary.wiley.com/doi/10.1196/annals.1371.078/abstract
http://onlinelibrary.wiley.com/doi/10.1196/annals.1371.078/abstract
http://cebp.aacrjournals.org/content/19/2/447.abstract
http://cebp.aacrjournals.org/content/19/2/447.abstract
http://cebp.aacrjournals.org/content/19/2/447.abstract
http://cebp.aacrjournals.org/content/19/2/447.abstract
http://www.nature.com/bjc/journal/v106/n3/full/bjc2011585a.html
http://www.nature.com/bjc/journal/v106/n3/full/bjc2011585a.html
http://www.nature.com/bjc/journal/v106/n3/full/bjc2011585a.html
http://www.inchem.org/documents/sids/sids/7632000.pdf
http://www.inchem.org/documents/sids/sids/7632000.pdf
http://www.ncbi.nlm.nih.gov/pubmed/24200576
http://www.ncbi.nlm.nih.gov/pubmed/24200576
http://www.ncbi.nlm.nih.gov/pubmed/24200576
http://www.ncbi.nlm.nih.gov/pubmed/24200576
http://www.ncbi.nlm.nih.gov/pubmed/24200576
http://www.ncbi.nlm.nih.gov/pubmed/23775870
http://www.ncbi.nlm.nih.gov/pubmed/23775870
http://www.ncbi.nlm.nih.gov/pubmed/23775870
http://www.ncbi.nlm.nih.gov/pubmed/23775870
v
v
v
v
v
v
v
v
http://www.ncbi.nlm.nih.gov/pubmed/17619857
http://www.ncbi.nlm.nih.gov/pubmed/17619857
http://www.ncbi.nlm.nih.gov/pubmed/17619857
http://www.ncbi.nlm.nih.gov/pubmed/17342198
http://www.ncbi.nlm.nih.gov/pubmed/17342198
http://www.ncbi.nlm.nih.gov/pubmed/17342198
http://www.ncbi.nlm.nih.gov/pubmed/17342198
http://www.cspinet.org/new/201102161.html
http://www.cspinet.org/new/201102161.html
http://pubs.acs.org/doi/abs/10.1021/jf00029a001
http://pubs.acs.org/doi/abs/10.1021/jf00029a001
http://pubs.acs.org/doi/abs/10.1021/jf00029a001
http://www.ncbi.nlm.nih.gov/pubmed/12002786
http://www.ncbi.nlm.nih.gov/pubmed/12002786
http://www.ncbi.nlm.nih.gov/pubmed/12002786
http://www.ncbi.nlm.nih.gov/pubmed/11033195
http://www.ncbi.nlm.nih.gov/pubmed/11033195
http://www.ncbi.nlm.nih.gov/pubmed/11033195
http://www.ncbi.nlm.nih.gov/pubmed/11033195
http://www.ncbi.nlm.nih.gov/pubmed/8642452
http://www.ncbi.nlm.nih.gov/pubmed/8642452
http://www.ncbi.nlm.nih.gov/pubmed/8642452
http://www.ncbi.nlm.nih.gov/pubmed/18608497
http://www.ncbi.nlm.nih.gov/pubmed/18608497

Food Additives of Public Concern For Their Carcinogenicity

A Chem Anal Control Expo Risk Assess. 2008; 25(8): 971-988. doi:
10.1080/02652030801946561.

21.Reinik M, Tamme T, Roasto M, Juhkam K, Jurtsenko S, Tenno T, et
al. Nitrites, nitrates and N-nitrosoamines in Estonian cured meat
products: intake by Estonian children and adolescents. Food Addit
Contam. 2005; 22(11): 1098-105.

22.Husain A, Sawaya W, Al-Omair A, Al-Zenki S, Al-Amiri H, Ahmed N, et
al. Estimates of dietary exposure of children to artificial food colours
in Kuwait. Food Addit Contam. 2006; 23(3): 245-51.

23.Toledo MC, Guerchon MS, Ragazzi S. Potential weekly intake of
artificial food colours by 3-14-year-old children in Brazil. Food Addit
Contam. 1992; 9(4): 291-301.

24.1ARC. Cyclamates. IARC Summary and Evaluation. 1999a; 73: 195.

25.1ARC. Butylated hydroxyanisole (BHA). IARC Summary and Evaluation
1986a; 40: 123.

26.1ARC. Butylated hydroxytoluene (BHT).IARC Summary and Evaluation
1986b; 40: 161.

27.1ARC. Saccharin and its salts. IARC Summary and Evaluation. 1999b;
73:517.

28.1ARC. Talc not containing asbestiform fibres (group 3), Talc containing
asbestiform fibres (group 1). IARC Summary and Evaluation. 1987b;
7:349.

29.IARC. Carrageenan. IARC Summary and Evaluation. 1983; 31: 79.

30.Takayama S, Renwick AG, Johansson SL, Thorgeirsson UP, Tsutsumi
M, Dalgard DW, et al. Long-term toxicity and carcinogenicity study of
cyclamate in nonhuman primates. Toxicol Sci. 2000; 53(1): 33-9.

31.Tsuda S, Murakami M, Matsusaka N, Kano K, Taniguchi K, Sasaki
YF. DNA damage induced by red food dyes orally administered to
pregnant and male mice. Toxicol Sci. 2001; 61(1): 92-9

32.Andreatta MM, Mufioz SE, Lantieri MJ], Eynard AR, Navarro A.
Artificial sweetener consumption and urinary tract tumors in
Cordoba, Argentina. Prev Med. 2008; 47(1): 136-9. doi: 10.1016/j.
ypmed.2008.03.015.

33.Soffritti M, Belpoggi F, Tibaldi E, Esposti DD, Lauriola M. Life-span
exposure to low doses of aspartame beginning during prenatal life
increases cancer effects in rats. Environ Health Perspect. 2007;
115(9): 1293-7.

34.Veld MG, Schouten B, Louisse ], Van Es DS, Van Der Saag PT, Rietjens
IM, et al. Estrogenic potency of food-packaging-associated plasticizers
and antioxidants as detected in ER-alpha and ER-beta reporter gene
cell lines. ] Agric Food Chem. 2006; 54(12): 4407-16.

35.Lu HF, Wu HC, Hsia TC, Chen WC, Hung CF, Chung JG. Effects of
butylated hydroxyanisole and butylated hydroxytoluene on DNA
adduct formation and arylamine N-acetyltransferase activity in
human bladder tumour cells. ] Appl Toxicol. 2002; 22(1): 37-44.

36.Saito M, Sakagami H, Fujisawa S. Cytotoxicity and apoptosis induction
by butylated hydroxyanisole (BHA) and butylated hydroxytoluene
(BHT). Anticancer Res. 2003; 23(6C): 4693-701.

37.Chhabra RS, Huff JE, Haseman ], Hall A, Baskin G, Cowan M. Inhibition
of some spontaneous tumors by 4-hexylresorcinol in F344 /N rats and
B6C3F1 mice. Fundam Appl Toxicol. 1988; 11(4): 685-90.

38.Plesner BH, Hansen K. Formaldehyde and hexamethylenetetramine in
Styles’ cell transformation assay. Carcinogenesis. 1983; 4(4): 457-9.

39.Jasmin G. Carcinogenic action of carboxymethyl cellulose. Reviews of
Canadian Biology. 1961; 20: 701-7.

Copyright:
© 2015 Gultekin et al.

40.Lusky LM, Nelson AA.Fibrosarcomasinduced by multiple subcutaneous
injections of carboxymethylcellulose (CMC), polyvinylpyrrolidone
(PVP), and polyoxyethylene sorbitan monostearate (Tween 60).
Federation Proceedings. 1957; 16: 318.

41.Uittamo ], Nieminen MT, Kaihovaara P, Bowyer P, Salaspuro M,
Rautemaa R. Xylitol inhibits carcinogenic acetaldehyde production by
Candida species. Int ] Cancer. 2011; 129(8): 2038-41. doi: 10.1002/
ijc.25844.

42.Cross AJ], Ferrucci LM, Risch A, Graubard BI, Ward MH, Park Y, et
al. A large prospective study of meat consumption and colorectal
cancer risk: an investigation of potential mechanisms underlying this
association. Cancer Res. 2010; 70(6): 2406-14. doi: 10.1158/0008-
5472.CAN-09-3929.

43.Ferrucci LM, Sinha R, Ward MH, Graubard BI, Hollenbeck AR, Kilfoy
BA, et al. Meat and components of meat and the risk of bladder cancer
in the NIH-AARP Diet and Health Study. Cancer. 2010; 116(18): 4345-
53.doi: 10.1002/cncr.25463.

44 Kilfoy BA, Ward MH, Zheng T, Holford TR, Boyle P, Zhao P, et al. Risk
of non-Hodgkin lymphoma and nitrate and nitrite from the diet in
Connecticut women. Cancer Causes Control. 2010; 21(6): 889-96. doi:
10.1007/s10552-010-9517-6.

45.Kilfoy BA, Zhan Y, Park Y, Holford TR, Schatzkin A, Hollenbeck A, et al.
Dietary nitrate and nitrite and the risk of thyroid cancer in the NIH-
AARP Diet and Health Study. Int J Cancer. 2011 Jul 1;129(1):160-72.
doi: 10.1002/ijc.25650.

46.Preston-Martin S, Yu MC, Benton B, Henderson BE. N-Nitroso
compounds and childhood brain tumors: a case-control study. Cancer
Res. 1982; 42(12): 5240-5.

47.Sayed-Ahmed MM, Aleisa AM, Al-Rejaie SS, Al-Yahya AA, Al-Shabanah
OA, Hafez MM, et al. Thymoquinone attenuates diethylnitrosamine
induction of hepatic carcinogenesis through antioxidant signaling
Oxid Med Cell Longev. 2010; 3(4): 254-261.

48.Sinha R, Park Y, Graubard BI, Leitzmann MF, Hollenbeck A, Schatzkin
A, et al. Meat and meat-related compounds and risk of prostate
cancer in a large prospective cohort study in the United States Am ]
Epidemiol. 2009; 170(9): 1165-77. doi: 10.1093/aje/kwp280.

49.Harrison PT. Propionic acid and the phenomenon of rodent
forestomach tumorigenesis: a review. Food and Chem Toxicol. 1992;
30(4): 333-40.

50.Tisdel MO, Nees PO, Harris DL, Derse PH. Long-term feeding of
saccharin in rats. In Symposium: Sweeteners, edited by G. E. Inglett,
CT: Avi Publishing; 1974; 145-158.

51.Prasad O, Rai G. Induction of papillary adenocarcinoma of thyroid in
albino mice by saccharin feeding. Indian ] Exp Biol. 1986; 24(3): 197-
9.

52.National Toxicology Program. NTP Toxicology and Carcinogenesis
Studies of Talc (CAS No. 14807-96-6)(Non-Asbestiform) in F344/N
Rats and B6C3F1 Mice (Inhalation Studies). Natl Toxicol Program
Tech Rep Ser. 1993; 421: 1-287.

53.Gertig DM, Hunter D], Cramer DW, Colditz GA, Speizer FE, Willett WC,
et al. Prospective study of talc use and ovarian cancer. ] Natl Cancer
Inst. 2000. 2; 92(3): 249-52.

54.Harlow BL, Hartge PA. A review of perineal talc exposure and risk of
ovarian cancer. Regulatory Toxicology and Pharmacol. 1995; 21(2):
254-60.

55.Karageorgi S, Gates MA, Hankinson SE, De Vivo [. Perineal use of

Citation: Gultekin F, Yasar S, Gurbuz N, Ceyhan BM (2015) Food Additives of Public Concern for their Carcinogenicity. ] BZE¥dE 5of 6 IIII

Nutrition Health Food Sci 3(4): 1-6. DOI: http://dx.doi.org/10.15226/jnhfs.2015.00149


http://www.ncbi.nlm.nih.gov/pubmed/18608497
http://www.ncbi.nlm.nih.gov/pubmed/18608497
http://www.ncbi.nlm.nih.gov/pubmed/16332632
http://www.ncbi.nlm.nih.gov/pubmed/16332632
http://www.ncbi.nlm.nih.gov/pubmed/16332632
http://www.ncbi.nlm.nih.gov/pubmed/16332632
v
v
v
http://www.ncbi.nlm.nih.gov/pubmed/1493880
http://www.ncbi.nlm.nih.gov/pubmed/1493880
http://www.ncbi.nlm.nih.gov/pubmed/1493880
http://www.inchem.org/documents/iarc/suppl7/cyclamates.html
http://www.inchem.org/documents/iarc/vol40/butylatedhydroxyanisole.html
http://www.inchem.org/documents/iarc/vol40/butylatedhydroxyanisole.html
http://www.inchem.org/documents/iarc/vol40/butylatedhydroxytoluene.html
http://www.inchem.org/documents/iarc/vol40/butylatedhydroxytoluene.html
http://www.inchem.org/documents/iarc/vol73/73-19.html
http://www.inchem.org/documents/iarc/vol73/73-19.html
http://www.inchem.org/documents/iarc/suppl7/talc.html
http://www.inchem.org/documents/iarc/suppl7/talc.html
http://www.inchem.org/documents/iarc/suppl7/talc.html
http://www.inchem.org/documents/iarc/vol31/carrageenan.html
http://www.ncbi.nlm.nih.gov/pubmed/10653518
http://www.ncbi.nlm.nih.gov/pubmed/10653518
http://www.ncbi.nlm.nih.gov/pubmed/10653518
http://www.ncbi.nlm.nih.gov/pubmed/11294979
http://www.ncbi.nlm.nih.gov/pubmed/11294979
http://www.ncbi.nlm.nih.gov/pubmed/11294979
http://www.ncbi.nlm.nih.gov/pubmed/18495230
http://www.ncbi.nlm.nih.gov/pubmed/18495230
http://www.ncbi.nlm.nih.gov/pubmed/18495230
http://www.ncbi.nlm.nih.gov/pubmed/18495230
v
v
v
v
v
v
v
v
http://www.ncbi.nlm.nih.gov/pubmed/11807928
http://www.ncbi.nlm.nih.gov/pubmed/11807928
http://www.ncbi.nlm.nih.gov/pubmed/11807928
http://www.ncbi.nlm.nih.gov/pubmed/11807928
http://www.ncbi.nlm.nih.gov/pubmed/14981915
http://www.ncbi.nlm.nih.gov/pubmed/14981915
http://www.ncbi.nlm.nih.gov/pubmed/14981915
http://www.ncbi.nlm.nih.gov/pubmed/3229592
http://www.ncbi.nlm.nih.gov/pubmed/3229592
http://www.ncbi.nlm.nih.gov/pubmed/3229592
http://www.ncbi.nlm.nih.gov/pubmed/6839418
http://www.ncbi.nlm.nih.gov/pubmed/6839418
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
v
http://www.ncbi.nlm.nih.gov/pubmed/20824705
http://www.ncbi.nlm.nih.gov/pubmed/20824705
http://www.ncbi.nlm.nih.gov/pubmed/20824705
http://www.ncbi.nlm.nih.gov/pubmed/20824705
http://www.ncbi.nlm.nih.gov/pubmed/7139628
http://www.ncbi.nlm.nih.gov/pubmed/7139628
http://www.ncbi.nlm.nih.gov/pubmed/7139628
http://www.ncbi.nlm.nih.gov/pubmed/20972371
http://www.ncbi.nlm.nih.gov/pubmed/20972371
http://www.ncbi.nlm.nih.gov/pubmed/20972371
http://www.ncbi.nlm.nih.gov/pubmed/20972371
http://www.ncbi.nlm.nih.gov/pubmed/19808637
http://www.ncbi.nlm.nih.gov/pubmed/19808637
http://www.ncbi.nlm.nih.gov/pubmed/19808637
http://www.ncbi.nlm.nih.gov/pubmed/19808637
http://www.ncbi.nlm.nih.gov/pubmed/1628870
http://www.ncbi.nlm.nih.gov/pubmed/1628870
http://www.ncbi.nlm.nih.gov/pubmed/1628870
v
v
v
http://www.ncbi.nlm.nih.gov/pubmed/12616290
http://www.ncbi.nlm.nih.gov/pubmed/12616290
http://www.ncbi.nlm.nih.gov/pubmed/12616290
http://www.ncbi.nlm.nih.gov/pubmed/12616290
http://www.ncbi.nlm.nih.gov/pubmed/10655442
http://www.ncbi.nlm.nih.gov/pubmed/10655442
http://www.ncbi.nlm.nih.gov/pubmed/10655442
http://www.ncbi.nlm.nih.gov/pubmed/7644715
http://www.ncbi.nlm.nih.gov/pubmed/7644715
http://www.ncbi.nlm.nih.gov/pubmed/7644715
http://www.ncbi.nlm.nih.gov/pubmed/20406962

Food Additives of Public Concern For Their Carcinogenicity

talcum powder and endometrial cancer risk. Cancer Epidemiology,
Biomarkers and Prev.2010; 19(5): 1269-75.doi: 10.1158/1055-9965.

56.Rosenblatt KA, Weiss NS, Cushing-Haugen KL, Wicklund KG, Rossing
MA. Genital powder exposure and the risk of epithelial ovarian cancer.
Cancer Causes Control. 2011; 22(5): 737-42. doi: 10.1007/s10552-
011-9746-3.

57.Shubik P. Potential Carcinogenicity of Food Additives and
Contaminants. Cancer Res. 1975; 35: 3475-80.

58.Ashi KW, Inagaki T, Fujimoto Y, Fukuda Y. Induction by degraded
carrageenan of colorectal tumors in rats. Cancer Lett. 1978; 4(3):
171-6.

59.Watanabe K, Reddy BS, Wong CQ, Weisburger JH. Effect of dietary
undegraded carrageenan on colon carcinogenesis in F344 rats treated
with azoxymethane or methylnitrosourea. Cancer Res. 1978; 38(12):
4427-30.

60.West RW, Sheldon WG, Gaylor DW, Allen RR, Kadlubar FF. Study
of sodium saccharin co-carcinogenicity in the rat. Food and Chem
Toxicol. 1994; 32(3): 207-13.

61.Fukushima S, Tatematsu M, Takahashi M. Combined effect of various
surfactants on gastric carcinogenesis in treated with N-methyl-N-
nitro-N-nitrosoguanidine. Gan. 1974; 65(4): 371-6.

62.Lanigan RS, Yamarik TA. Cosmetic Ingredient Review Expert panel.
Final report on the safety assessment of sorbitan caprylate, sorbitan
cocoate, sorbitan diisostearate, sorbitan dioleate, sorbitan distearate,
sorbitan isostearate, sorbitan olivate, sorbitan sesquiisostearate,
sorbitan sesquistearate, and sorbitan triisostearate. Int ] Toxicol.
2002; 21: 93-112.

Copyright:
© 2015 Gultekin et al.

63.Setala H. Tumor promoting and co-carcinogenic effects of some non-
ionic lipophilic-hydrophilic agents; an experimental study on skin
tumors in mice. Acta Pathol Microbiol Scand Suppl. 1956; 39(Suppl
115): 1-93.

64.Fukushima S, Kurata Y, Shibata M, Ikawa E, Ito N. Promotion by
ascorbic acid, sodium erythorbate and ethoxyquin of neoplastic
lesions in rats initiated with N-butyl-N-(4-hydroxybutyl) nitrosamine.
Cancer Lett. 1984; 23(1): 29-37.

65.1to N, Hirose M, Fukushima S, Tsuda H, Shirai T, Tatematsu M. Studies
on antioxidants: their carcinogenic and modifying effects on chemical
carcinogenesis. Food and Chemical Toxicol. 1986; 24(10-11): 1071-
82.

66.Ito N, Hirose M, Fukushima S, Tsuda H, Tatematsu M, Asamoto
M. Modifying effects of antioxidants on chemical carcinogenesis.
Toxicologic Pathol. 1986; 14(3): 315-23.

67.Miyauchi M, Nakamura H, Furukawa F, Son HY, Nishikawa A, Hirose
M. Promoting effects of combined antioxidant and sodium nitrite
treatment on forestomach carcinogenesis in rats after initiation with
N-methyl-N'-nitro-N-nitrosoguanidine. Cancer Lett. 2002; 178(1):
19-24.

68.0Kkazaki K, Ishii Y, Kitamura Y, Maruyama S, Umemura T, Miyauchi M,
et al. Dose-dependent promotion of rat forestomach carcinogenesis
by combined treatment with sodium nitrite and ascorbic acid after
initiation with N-methyl-N’-nitro-N-nitrosoguanidine: possible
contribution of nitric oxide-associated oxidative DNA damage. Cancer
Sci. 2006; 97(3): 175-82.

Citation: Gultekin F, Yasar S, Gurbuz N, Ceyhan BM (2015) Food Additives of Public Concern for their Carcinogenicity. ] BZE¥dE 6 of 6 IIII

Nutrition Health Food Sci 3(4): 1-6. DOI: http://dx.doi.org/10.15226/jnhfs.2015.00149


http://www.ncbi.nlm.nih.gov/pubmed/20406962
http://www.ncbi.nlm.nih.gov/pubmed/20406962
http://www.ncbi.nlm.nih.gov/pubmed/21516319
http://www.ncbi.nlm.nih.gov/pubmed/21516319
http://www.ncbi.nlm.nih.gov/pubmed/21516319
http://www.ncbi.nlm.nih.gov/pubmed/21516319
http://www.ncbi.nlm.nih.gov/pubmed/172223
http://www.ncbi.nlm.nih.gov/pubmed/172223
http://www.ncbi.nlm.nih.gov/pubmed/647659
http://www.ncbi.nlm.nih.gov/pubmed/647659
http://www.ncbi.nlm.nih.gov/pubmed/647659
http://www.ncbi.nlm.nih.gov/pubmed/719628
http://www.ncbi.nlm.nih.gov/pubmed/719628
http://www.ncbi.nlm.nih.gov/pubmed/719628
http://www.ncbi.nlm.nih.gov/pubmed/719628
http://www.ncbi.nlm.nih.gov/pubmed/8157214
http://www.ncbi.nlm.nih.gov/pubmed/8157214
http://www.ncbi.nlm.nih.gov/pubmed/8157214
http://www.ncbi.nlm.nih.gov/pubmed/4426481
http://www.ncbi.nlm.nih.gov/pubmed/4426481
http://www.ncbi.nlm.nih.gov/pubmed/4426481
http://www.ncbi.nlm.nih.gov/pubmed/12042063
http://www.ncbi.nlm.nih.gov/pubmed/12042063
http://www.ncbi.nlm.nih.gov/pubmed/12042063
http://www.ncbi.nlm.nih.gov/pubmed/12042063
http://www.ncbi.nlm.nih.gov/pubmed/12042063
http://www.ncbi.nlm.nih.gov/pubmed/12042063
http://www.ncbi.nlm.nih.gov/pubmed/13372315
http://www.ncbi.nlm.nih.gov/pubmed/13372315
http://www.ncbi.nlm.nih.gov/pubmed/13372315
http://www.ncbi.nlm.nih.gov/pubmed/13372315
http://www.ncbi.nlm.nih.gov/pubmed/6744233
http://www.ncbi.nlm.nih.gov/pubmed/6744233
http://www.ncbi.nlm.nih.gov/pubmed/6744233
http://www.ncbi.nlm.nih.gov/pubmed/6744233
http://www.ncbi.nlm.nih.gov/pubmed/3804112
http://www.ncbi.nlm.nih.gov/pubmed/3804112
http://www.ncbi.nlm.nih.gov/pubmed/3804112
http://www.ncbi.nlm.nih.gov/pubmed/3804112
http://www.ncbi.nlm.nih.gov/pubmed/3787113
http://www.ncbi.nlm.nih.gov/pubmed/3787113
http://www.ncbi.nlm.nih.gov/pubmed/3787113
http://www.ncbi.nlm.nih.gov/pubmed/11849737
http://www.ncbi.nlm.nih.gov/pubmed/11849737
http://www.ncbi.nlm.nih.gov/pubmed/11849737
http://www.ncbi.nlm.nih.gov/pubmed/11849737
http://www.ncbi.nlm.nih.gov/pubmed/11849737
http://www.ncbi.nlm.nih.gov/pubmed/16542213
http://www.ncbi.nlm.nih.gov/pubmed/16542213
http://www.ncbi.nlm.nih.gov/pubmed/16542213
http://www.ncbi.nlm.nih.gov/pubmed/16542213
http://www.ncbi.nlm.nih.gov/pubmed/16542213
http://www.ncbi.nlm.nih.gov/pubmed/16542213

	Title
	Abstract
	Abbreviations
	Introduction
	Foods and Cancer 
	Food Additives and Cancer 
	Possible Causes of Increase in Carcinogenicity of Additives 
	Structural changes 
	Negative synergistic effects 
	Getting contact with other carcinogenic by products in commercial additives 
	Improper and longer storage conditions 
	Exceeding the safe limits 

	General Conclusion 
	References
	Table 1
	Table 2
	Table 3

