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Introduction

Abstract
Food is important to life and the continuous exposure to
food throughout an individual’s lifetime renders diet the most
important environmental factor challenging the biological
system. Only few studies exist for evaluations of the
toxicological effects of adulterated palm oil on biochemical
parameters. This study was undertaken to evaluate the
expression of the activity of inflammatory enzymes (TNF-α,
MCP-1), antioxidant enzymes (GPx-1, CAT) and functional
markers (EPO, ALB, CRIM) in liver, kidney and testicular
tissues of albino Rats and to check for probable weight
difference in treated animals before and after treatment. 25
albino rats were divided into 5 groups and treated as thus;
group I (control), groups II and III (1 ml/kg of unadulterated
and adulterated palm oil respectively), groups IV and
V (50 mg/kg Sudan III and IV respectively) for 28 days.
Gene expression levels were evaluated using reverse
transcriptase and polymerase chain reaction protocols. The
expression of inflammatory markers: Tumor necrosis factor
α (TNFα), monocyte chemoattractant protein-1 (MCP-1)
and oxidative stress markers catalase: (CAT), glutathione
peroxidase-1 (GPx-1) were significantly up regulated (p <
0.05) in the liver, kidney and testes with the expression of
functional markers: Albumin (ALB), erythropoietin (EPO),
calcium responsive transcription factor (CRIM) significantly
(p < 0.05) down regulated in groups III, IV and IV when
compared to control groups. No weight gain was observed
in treated animals before and after treatment. Ultimately,
Sudan dyes are able to induce production of ROS which
has been implicated in several disease conditions thus not
safe for consumption.
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The Oil palm (Elaeisguineensis) is a monocotyledonous
plant belonging to the palm family Arecaceae. It is a
monoecious specie known to produce unisexual male
and female in florescences in an alternating cycle [1].
The fruit produces two distinct types of oil: Orange-red
crude palm oil which is extracted from the mesocarp and
brownish yellow crude palm kernel oil extracted from
the seeds (kernel). Food fraud is currently a persistent
global problem with advancing technology and no food
commodity is left out as in the case of palm oil [2]. Food
Adulteration can be defined as a process of lowering
the quality of food by intentional or unintentional
substitution of food with some inferior foreign particle
or by removal of some value added food substitute from
main food item [3]. Toxicity may however relate to the
routes of exposure, dose and personal characteristics
such as age and health conditions may affect the
individual’s susceptibility [4].
The most widely reported adulterant of palm oil are
Sudan III and IV azo dyes, they are being added to palm
oil to improve the colour and make it more appealing to
consumers [2,5,6]. Azo Sudan dyes are synthetic organic
colorants considered illegal dyes, mainly because of its
probable harmful effect over a long period of time [5].
The azo groups are generally connected to benzene and
naphthalene rings, but can also be attached to aromatic
heterocycles or enolizable aliphatic groups. The color of
the azo dyes is determined by the azo bonds and their
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associated chromophores and auxochromes [7,8].
Addition of these dyes (Sudan I, II, III, IV) into
foodstuffs contravenes EU and USA legislation and is
currently banned in almost all countries. Sudan dyes are
illegally used to adulterate food and had been labelled
group 3 carcinogens due to the induction of some types
of cancer related to bladder and liver in animals and the
incidence of their abuse is reported in palm oil samples
worldwide [9-12]. The potential for mutagenicity of azo
dyes depends on the ability of the molecule to produce
aromatic amines which are active and semiquinone
radicals. Semiquinone radicals on further degradation
produce superoxide, hydroxyl radicals and H2O2 [13].
This action is influenced by the structural relationship,
which results in the breakage of the azo linkage leading
to oxidation of the primary aromatic amine which has
been liberated [14].
Inflammation is a local response of living vascularized
tissues as a way of protecting tissues from infection,
injury or disease. The inflammatory response begins
with the production and release of chemical agents
by cells in the infected, injured or diseased tissue [15].
These agents cause redness, swelling, pain, heat and
loss of function. TNF is a multifunctional cytokine, a proinflammatory cytokine secreted by inflammatory cells
involved in inflammation associated with carcinogens.
Monocyte chemoattractant protein-1 (MCP-1/CCL2) is
one of the key chemokines that regulate migration and
infiltration of monocytes/macrophages. Both CCL2 and
its receptor CCR2 have been demonstrated to be induced
and involved in various diseases [16]. The targeting of
inflammatory mediators (chemokines and cytokines,
such as TNF-α and MCP-1), key transcription factors
involved in inflammation (such as NFKB and STAT3) or
inflammatory cells decreases the incidence and spread
of cancer. Superoxide radicals (O2•−), hydrogen peroxide
(H2O2), hydroxyl radicals (•OH), and singlet oxygen
(1O2) are commonly defined reactive oxygen species
(ROS); they are generated as metabolic by-products
by biological systems. Oxidative stress however arises
when there is an imbalance between production and
accumulation of oxygen reactive species (ROS) in cells
and tissues and the ability of a biological system to
detoxify these reactive products [17]. A major challenge
associated with the use of adulterants in palm oil is that
the adulterants have not undergone adequate research
and the degree of health hazards they can pose to
humans when consumed not well established [13,18].

Materials and Methodology
• Test for adulteration of palm oil: Palm oil

samples were left to stand on the bench for six (6)
months in transparent pet bottles, red dyes were
seen settled at the base of palm oil containing
adulterants.

• Chemical test: The method used by Nwachoko
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and Fortune [19] was employed to check for the
presence of adulterant-Sudan dye in samples of
palm oil. This analysis was done using petroleum
spirit and concentrations of hydrochloric acid/
water (1:1). To 5 ml of each oil sample in different
test tubes, 15 ml of petroleum ether was added
followed by the 5 ml hydrochloric acid to
different test tubes. Different shades of yellow
were observed at the top and a clear/colorless
base indicating the absence of adulterants while
samples containing adulterants showed a reddish
yellow top and a reddish clear base.

Experimental grouping/treatment of animals
25 male albino rats were weighing 111g-198g were
assigned into 5 groups (I, II, III, IV, V). Five animals in
each cage, they were acclimatized to their environment
and diet for 7 days. Groups II, III, IV and V were the test
groups. Group I was the control group. Groups II and
III were given 1 ml/kg of unadulterated palm oil and
adulterated respectively [19]. Groups IV and V were
given 50 mg/kg Sudan III and Sudan IV respectively [20].

Expression of oxidative,
functional markers

inflammatory

and

Total RNA isolation: Total RNA was isolated from
whole tissues following a method described by [21].
PCR amplification and agarose gel electrophoresis:
PCR amplification for the determination of genes
(Primer3 software).

Results
Figure 1, Figure 2, Figure 3 and Figure 4.

Discussion
From Figure 1 (liver), Figure 2 (Kidney), Figure 3
(testicular tissue), a significant (p < 0.05) upregulation
in the expression of antioxidant enzymes Catalase (CAT)
and Glutathione peroxidase (GPx-1) in the liver, kidney
and testicular tissues of rats administered adulterated
palm oil, Sudan III and Sudan IV dyes (groups III, IV and
V respectively) were observed when compared to the
control groups (I and II). In line with this study Shaista,
et al. [22] reported alterations in the activities of
antioxidant enzymes Catalase (with an increase by more
than 2.5 folds) when Drosophila melanogaster was
exposed to textile dyes. Samar, et al. [23] also reported
upregulation of oxidative stress markers in male rats
exposed to Sudan II azo dye in dose-dependent manner.
The antioxidant network acts as a defense
mechanism against stress, antioxidant enzymes such
as superoxide dismutase, glutathione peroxidase, acts
as free radical scavengers [24,25]. Recent studies have
pointed to the ability of azo dyes to induce oxidative
stress [26,27]. The initial step of azo dye metabolism is
reduction of the azo bond catalyzed by azo reductase
• Page 2 of 6 •
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Figure 1: The expression of inflammatory markers (TNF-α, MCP-1), oxidative stress markers (CAT, GPx-1) and functional
marker (ALB) in the Liver tissue.

Figure 2: The expression of inflammatory markers (TNF-α, MCP-1), oxidative stress markers (CAT, GPx-1) and functional
marker (EPO) in the Kidney tissue.
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to form aromatic amines and semiquinone radicals
[28,29]. Semiquinone radicals on further degradation
produce superoxide, hydroxyl radicals and H2O2. This
leads to the reduction of the body’s defense system,
thereby generating a variety of oxidative stress related
conditions [30]. The reduction of azo bonds is important
for its toxicity, mutagenicity and carcinogenicity [31].
The mutagenic, carcinogenic and toxic effects of azo
dyes stem from the direct effect of the dye or indirectly
from the reductive biotransformation of the azo bond
during its metabolism [32].
The upregulation of CAT and GPx-1 observed in
the tissues is in response to reactive species which
potentially induce oxidative stress.
Figure I (liver), Figure 2 (Kidney) and Figure 3 (Testicular
tissue) a significant (p < 0.05) upregulation in the expression
of Tumor necrosis factor- α (TNF-α) and Monocyte
chemoattractant protein-1(MCP-1) in the liver, kidney and
testicular tissues of rats in group III, IV and V were observed
when compared to the control groups (I and II). In tandem
with this study, Bianca, et al. [26] reported the ability of azo
dye to induce proinflammatory effects, also line with this
study, Yasmina, et al. [27] reported marked upregulation
of inflammatory markers (IL-1β, IL-6, and IL-10) on long
term exposure to tartrazine in rats. Leo, et al. [33] reported
the ability of azo dyes to elicit proinflammatory effects in
samples of food products. Ives, [34] reported up regulation
in the expression of TNF-α in in vitro cell culture.

ISSN: 2572-4061

Azo dye has been said to pose health risks and
exert negative effects on the kidney and nervous
system [26]. TNF-α and MCP-1 are usually elevated in
response to inflammation, this inflammation in tissues
has been attributed to aromatic amines produced from
the degradation of azo dyes [27]. Recent advances in
the field of cardiovascular medicine have reiterated
the involvement of inflammation in the formation
of atherosclerotic plaque. It has been shown that
inflammatory signals at the site of plaque initiation
attract monocytes from the circulation into the vascular
wall to form lipid-laden foam cells and promote smooth
muscle cell proliferation, resulting in plaque progression
[35]. Exposure to Sudan dye adulterated palm oil can
actually predispose an individual to cardiovascular
disease. The induction of inflammation by azo dyes also
allows leukocytes (white blood cells), which are normally
filtered out of the joint, to invade the joint space. The
inflamed synovial membrane and the leukocytes release
free radicals, cytokines, and prostaglandins, all of which
are potentially damaging to the articular cartilage
causing joint pain [26].
Figure 1 (liver), Figure 2 (Kidney) and Figure
3 (Testicular tissue) shows significant (p < 0.05)
downregulation in the expression of Albumin
(ALB), Erythropoietin (EPO) and calcium responsive
transcription factor (CRIM) in the liver, kidney and
testicular tissues of rats in groups III, IV and V when
compared with the control groups (I and II). In line

Figure 3: The expression of inflammatory markers (TNF-α, MCP-1), oxidative stress markers (CAT, GPx-1) and functional
marker (CRIM) in the Testicular tissue.
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Figure 4: Average weight of animals before treatment (WBT) and after (WAT) administration of adulterated palm oil and
Sudan dyes.

with this study, Dawei, et al. [36] reported a damage
to Bovine serum albumin (BSA) when there was an
interaction with Sudan II and IV dyes. Structural analysis
shows that Sudan dyes can interact with Albumin (and
other proteins) at its hydrophobic pocket via Van der
Waals forces, forming a bond with the protein and
causing alteration [36]. The downregulation in the
expression of ALB, EPO and CRIM in the liver, kidney
and testes is an indication of probable gradual loss of
function of the organs.
From Figure 4, no significant (p > 0.05) weight gain
was observed at a dose of 50 mg/kg body weight in
treated animals before and after treatment. In line with
this study, Imafidon and Okunrobo, [37] reported no
weight gain in albino rats administered Sudan IV dye
but contrary to the findings in this study, Oparaocha,
et al. [20] reported weight gain at a dose of 100 mg/kg
and 150 mg/kg body weight on exposure to Sudan dye.
The no observed weight gain in this study may be as a
result of the low dose administered to the rats (50 mg/
kg). It can be said that at that dose, weight gain was not
induced but this does not rule out the fact that Sudan
dyes may induce weight gain.

Conclusion

Consent to participate
Not applicable.

Ethics approval
All animal experiments were approved by the quality
control unit of the university.

Code availability
Not applicable.

Conflict of interest
The authors declare that there are no conflicts of
interest.

Availability of data and material
Data generated as part of this study is available upon
request from the corresponding author.

Consent for publication
All authors provide consent for publication.

References
1. Barcelos E, de Almeida Rios S, Cunha RNV, Lopes R,
Motoike SY, et al. (2015) Oil palm natural diversity and the
potential for yield improvement. Frontiers Plant Sci 6: 190.

This study was able to establish that azo dye
adulterated palm oil can induce oxidative stress,
inflammation and also cause organ malfunction, all
of which has been implicated in the pathogenesis of
a number of diseases which includes cardiovascular
disease, aging, joint pain and some types of cancer.

2. Teye E, Elliott C, Sam-Amoaha LK, Minglec C (2019) Rapid
and non destructive fraud detection of palm oil adulteration
with Sudan dyes using portable NIR spectroscopic
techniques. Taylor and Francis.

Declarations

4. Thompson LA, Darwish WS (2019) Environmental Chemical
Contaminants in Food: Review of a Global Problem. J
Toxicol 2019: 2345283.

Funding
Not applicable.
Kola-Ajibade et al. J Toxicol Risk Assess 2021, 7:041

3. Choudhary A, Gupta N, Hameed F, Choton S (2020) An
overview of food adulteration: Concept, sources, impact,
challenges and detection. Int J Chem Stud 8: 2564-2573.

5. Akande IS, Oseni AA, Biobaku OA (2010) Effects of aqueous
extracts of sorghum bicolor on hepatic, histological and
• Page 5 of 6 •

DOI: 10.23937/2572-4061.1510041

haematological indices in rats. J Cell Anim Biol 4: 137-142.
6. Otuokogeri (2013) Adulteration of Crude Palm Oil with Red
Dye from the Leaf Sheath of Sorghum Bicolor. Food Sci
Qual Manag 17.
7. Abd-Alredha, Al-Rubaie, Jameel Mhessn R (2012)
Synthesis and Characterization of Azo Dye Para Red and
New Derivatives. J Chem 9.
8. Gürses AM, Açıkyıldız K, Günes MS Gürse (2016)
Classification of dye and pigments In: Dyes and Pigments,
Springer, industrial Chemistry and Chemical Engineering
31-45.
9. Susie G, Macmahon S, Robbins K, Faris S, Shyong N, et
al. (2016) Method development and survey of Sudan I-IV in
palm oil and chilli spices in the Washington, DC, area. Food
additives and contaminants-part A chemistry: Analysis,
control and risk assessment. Food Addit Contam Part A
Chem Anal Control Expo Risk Assess 33: 583-591.
10. Sciuto S, Esposito G, Dell’Atti L, Guglielmetti C, Acutis PL,
et al. (2017) Rapid screening technique to identify sudan
dyes (I to IV) in adulterated tomato sauce, chilli powder, and
palm oil by innovative high-resolution mass spectrometry. J
Food Prot 80: 640-644.
11. Rebane R, Leito I, Yurchenko R, Herodes K (2010) A review
of analytical techniques for determination of Sudan I-IV
dyes in food matrixes. J Chromatogr A 1217: 2747-2757.
12. IARC World Health Organisation International Agency for
Research on cancer (1997). IARC Monographs on the
evaluation of the carcinogenic risk of chemicals to man:
Some aromatic amines and related nitro compounds-hair
dyes, coloring agents.
13. Ndidi N, Tamuno-boma O, Brantley AU, Emmanuel IT
(2020) Toxicological Effects of Sudan III Azo Dye in Palm
Oil on Liver Enzyme and Non Enzyme Markers of Albino
Rat. Int J Nutr Food Sci 9: 104-111.
14. Hayenga I (2011) Sudan Red Dye Standards, New
standards & deuterated standards for the reliable analysis
of these carcinogenic compounds in food stuffs. J Med Res
8: 4-6.
15. Altameemi A, Mohammed ZS (2019) Inflammation.
Research gate.
16. Brenner D, Blaser H, Mak TW (2015) Regulation of tumour
necrosis factor signalling: Live or let die. Nat Rev Immunol
15: 362-374.
17. Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F, et
al. (2017) Oxidative Stress: Harms and Benefits for Human
Health. Oxid Med Cell Longev 2017: 8416763.
18. Imai C, Watanabe H, Haga N (1994) Detection of
Adulteration of Cottonseed Oil by Gas Chromatography. J
Am Oil Chem Soc 51: 326-330.
19. Nwachoko Ndidi, Fortune (2019). Toxicological effect
of Sudan III Azo dye in palm oil on kidney parameters of
Albino rats. WJPMR 5: 05-11.
20. Oparaocha Evangeline T, Akawi Jovita A, Precious E,
Johnkennedy N (2019) Effects of palm oil colorant on the
renal functions and body weights of Albino rats. EC Nutrition
4: 311-315.

ISSN: 2572-4061

textile dyes on antioxidant enzymes and cholinesterase
activites in Drosophila melanogaster. Drug Chem Toxicol,
1-9.
23. Mohamed SS, Mahmoud SM, Elgawish RA, Elhady KA
(2016) Sudan III Azo Dye: Oxidative Stress with Possible
Geno and Hepatotoxic Effects in Male Rats. Int J Sci Res
(IJSR) 5: 10.
24. Naito Y, Yoshikawa T (2006) Oxidative stress involvement
and gene expression in indomethacin-induced gastropathy.
Redox Rep 11: 243-253.
25. Naito Y, Lee M-C-i, Kato Y, Nagai R, Yonei Y (2010)
Oxidative Stress Markers. Anti-Aging Med 7: 36-44.
26. Albuquerque B, Olivelra M, Barros L, Ferreira ICFR (2020)
Could fruits be a reliable source of food colorants? Critical
Rev Food Sci Nutr 61: 805-835.
27. Sooudb KA, Moustafaa GG, Ali HA, Abd Elhakim YM,
Hashem MM (2018) Comparative haemato-immunotoxic
impacts of long-term exposure to tartrazine and chlorophyll
in rats. Int Immunopharmacol 63: 145-154.
28. Chen H, Feng J, Kweon O, Xu H, Cerniglia CE (2010)
Identification and molecular characterization of a novel
flavin-free NADPH preferred azoreductase encoded by
azoB in Pigmentiphagakullae K24. BMC Biochem 11: 13.
29. Feng J, Heinze TM, Xu H, Cerniglia CE, Chen H (2010)
Evidence for significantly enhancing reduction of Azo dyes
in Escherichia coli by expressed cytoplasmic Azoreductase
(AzoA) of Enterococcus faecalis. Protein Pept Lett 17: 578584.
30. Omca D, Zhang X, Ercal N (2012) Oxidative effects of
Tartrazine (CAS No. 1934-21-0) and New Coccin (CAS No.
2611-82-7) azo dyes on CHO cells. J Cons Protec Food
Safety 7: 229-236.
31. Chen H (2006) Recent advances in azo dye degrading
enzyme research. Curr Protein Pept Sci 7: 101-111.
32. Chequer FMD, Dorta DJ, de Oliveira DP (2011) Azo dyes
and their metabolites: does the discharge of the azo dye
into water bodies represent human and ecological risks?
In: Hauser PJ, Advances in treating textile effluent. In Tech,
Croatia, 28-48.
33. Leo L, Loong C, Ho XL, Raman MFB, Suan MYT, et al.
(2018) Occurrence of azo food dyes and their effects on
cellular inflammatory responses. Nutrition 46: 36-40.
34. Ivusic Polic I (2018) Evaluation of the impact of Azo dyes on
the metabolism of stabilized fecal communities and in vitro
cell culture. University of Guelph.
35. Thanavala Y (2015) Acute and Chronic Inflammation.
Research gate.
36. Lu D, Zhao X, Zhao Y, Zhang B, Zhang B, et al. (2011)
Binding of Sudan II and Sudan IV to bovine serum albumin :
comparison studies. Food Chem Toxicol 49: 31584-31564.
37. Imafidon EK, Okunrobo OL (2013) Biochemical evaluation
of the effect of Sudan IV dye on liver function. J Pharmaceut
Allied Sci 10: 45-48.

21. Omotuyi OI, Nash O, Enejoh OA, Oribamise EI, Adelakun
NS (2018) Chromolaenaodorata flavonoids attenuate
experimental nephropathy:involvement of pro-inflammatory
genes downregulation . Toxicol Rep 7.
22. Rahimi S, Singh MP, Gupta J (2020) Adverse effects of
Kola-Ajibade et al. J Toxicol Risk Assess 2021, 7:041

• Page 6 of 6 •

