
HAL Id: hal-04593839
https://hal.univ-lorraine.fr/hal-04593839

Submitted on 30 May 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Environmental factors impacting the ecotoxicology of
azo dyes on gut microbial communities

Emilie Rezer

To cite this version:
Emilie Rezer. Environmental factors impacting the ecotoxicology of azo dyes on gut microbial com-
munities. Microbiology and Parasitology. 2023. �hal-04593839�

https://hal.univ-lorraine.fr/hal-04593839
https://hal.archives-ouvertes.fr


AVERTISSEMENT 

Ce document est le fruit d'un long travail approuvé par le jury de 
soutenance et mis à disposition de l'ensemble de la 
communauté universitaire élargie. 

Il est soumis à la propriété intellectuelle de l'auteur. Ceci 
implique une obligation de citation et de référencement lors de 
l’utilisation de ce document. 

D'autre part, toute contrefaçon, plagiat, reproduction  illicite 
encourt une poursuite pénale. 

Contact bibliothèque : ddoc-memoires-contact@univ-lorraine.fr
(Cette adresse ne permet pas de contacter les auteurs) 

LIENS 

Code de la Propriété Intellectuelle. articles L 122. 4 
Code de la Propriété Intellectuelle. articles L 335.2- L 335.10 
http://www.cfcopies.com/V2/leg/leg_droi.php 
http://www.culture.gouv.fr/culture/infos-pratiques/droits/protection.htm 

Mémoire diffusé sur recommandation des responsables du Master



1 
 

  

 

 

FACULTY OF SCIENCE AND TECHNOLOGY NANCY  

Master MICROBIOLOGY 2nd year – EHM (environmental and 

health microbiology) 

University year 2022/2023 

 

 

 

Environmental factors impacting the ecotoxicology of azo dyes 

on gut microbial communities 

 

 

 

 

Submission by 

REZER Emilie 

Internship from 9 January to 30 June 2023  

At the Micalis Institute  

Supervised by LEPAGE Patricia  

Head of the PhylHom team 

 

 

 

 



2 
 

Acknowledgment  
 

First of all, I would like to thank Mrs Patricia Lepage, who welcomed me in her team 

for 6 months. I would like to thank Ms Patricia Lepage and Ms Zehra Esra Ilhan who supervised 

me throughout my internship and helped me prepare for my professional future.  I would also 

like to thank all the members of the PhylHom team: Camille Dop, Constance Patin, Delphine 

Gibert, Hiba Yazbek, Karine Le Roux and Solène Blin, who all contributed to the realization of 

my  internship. Thank you to the PhylHom team for providing the means and the necessary 

equipment to work in excellent condition. It was a very rewarding experience for me on the 

professional and personal sides.   

Finally, I would like to thank everyone who contributed to the smooth running of my 

studies. First of all my professors from the University of Lorraine, my former internship 

supervisors (Rodnay Sormani and Delphine Noel), my family and my friends without whom I 

would not have had the chance to work at a prestigious institute like Micalis, INRAE. 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

Summary  
Acknowledgment ..................................................................................................................................... 2 

Summary ................................................................................................................................................. 3 

List of figures and annexes ...................................................................................................................... 5 

Abbreviation ............................................................................................................................................ 6 

I. General Introduction ....................................................................................................................... 7 

II. The host structure ........................................................................................................................... 8 

III. Literature review ......................................................................................................................... 9 

III.1 The azo dyes ................................................................................................................................. 9 

A. The discovery of azo dyes and their widespread use .............................................................. 9 

B. Exposure and impact on health ............................................................................................... 9 

III.2 The human microbiota ............................................................................................................... 11 

A. The intestinal microbiota, a hidden organ ............................................................................ 11 

B. The role of microbiota in the first years of life ...................................................................... 12 

III.3 Exposure of our intestinal microbiota to xenobiotics such as azo dyes ..................................... 13 

III.4 Strategies used by microorganisms to degrade azo dyes .......................................................... 14 

A. Azoreductase activity in human gut microbiota ................................................................... 14 

B. Modulation of azoreductase activity in bacteria ................................................................... 15 

IV. Material and methods ............................................................................................................... 16 

IV.1 Faecal extract ............................................................................................................................. 16 

IV.2 Azo dyes ..................................................................................................................................... 16 

IV.3 Media ......................................................................................................................................... 16 

IV.4 Isolation and identification of isolates ....................................................................................... 17 

IV.5 Degradation kinetics of azo dyes ............................................................................................... 18 

IV.6 Impact of abiotic factors on dyes degradation .......................................................................... 20 

IV.7 Effect of microbial azo dye metabolism on viability of Hep62 and HT29 cells. ......................... 21 

IV.8 Statistics ..................................................................................................................................... 22 

V. Results ........................................................................................................................................... 23 

V.1 Isolation and Identification of azo dyes degrading strains ......................................................... 23 

V.2 Degradation kinetics of azo dyes ................................................................................................ 25 

V.3 Impact of abiotic factors on dyes degradation ........................................................................... 26 

A. Impact of oxygen ....................................................................................................................... 26 

A. Impact of pH .......................................................................................................................... 27 

B. Impact of vitamin supplementation ...................................................................................... 27 

C. Comparison of abiotic conditions on azo dye degradation ................................................... 28 

D. Effect of microbial azo dyes metabolism on viability of Hep62 and HT29 cells ....................... 31 



4 
 

VI. Discussion .................................................................................................................................. 33 

VII. Conclusion ................................................................................................................................. 35 

VIII. References ................................................................................................................................. 36 

VI. Annexes ..................................................................................................................................... 39 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



5 
 

List of figures and annexes 
 

Figure 1. The interaction between intestinal microbiota and azo dyes 

Figure 2. Structure of azo dyes 

Figure 3. Lifetime evolution of the human microbiota 

Figure 4. Human gut microbes metabolize xenobiotics. 

Figure 5. Human gut bacteria metabolize azo dye excipients 

Figure 6. Protocol for the isolation and identification of isolates able to degrade azo dyes 

(allura red AC and tartrazine). 

Figure 7. Protocol for testing the impact of different abiotic factors on dyes degradation 

Figure 8. Protocol for testing the toxicity microbial azo dyes metabolism on viability of Hep62 

and HT29 cells 

Figure 9. Isolation and identification of isolates obtained on mGAM and BHI media in the 

presence of allura red AC and tartrazine. 

Figure 10. Kinetics of degradation by 30 bacterial isolates of allura red AC azo dyes and 

tartrazine over 24 hours incubation with 4 measurement times (0 h, 3 h, 6 h and 24 h). 

Figure 11. impact of abiotic factors on bacterial metabolism in the presence of allura red AC. 

Figure 12. MTS assay to test the effect of bacterial supernatant with the presence of allura red 

AC or  tartrazine on liver and colon cells. 

Annexe 1. Demographic characteristics of the faecal samples’ donors.  

Annexe 2. Description (color, molecular weight, formula and solubility in water) of the four 

azo dyes tartrazine, allura red AC, Brilliant blue FCF and Brilliant black BN.  

Annexe 3. Calibration curve (A) for allura red AC and tartrazine dye and (B) for allura red AC 

with vitamin B2 or vitamin B12. 

Annexe 4. Student's t-test results for control growth under aerobic and anaerobic conditions. 



6 
 

Annexe 5. Student's t-test results for control growth in different conditions of pH (5.5; 6.5; 

7.0 and 7.5) 

Annexe 6. Student's t-test results for control growth with the supplementation of vitamins 

(B1, B2, B12 and K1).  

 

 

Abbreviation  
 

ADHD: Attention deficit hyperactivity disorder  

BHI: Brain Heart Infusion 

IBD: Inflammatory Bowel Disease 

mGAM: modified Gifu Anaerobic Broth 

PCR: Polymerase Chain Reaction 

OD: optical density  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

I. General Introduction  
 

Azo dyes are molecules widely found in the food (lollipops, soda, cakes, etc.), 

pharmaceutical and textile industries. The general public, and children in particular, are 

exposed to these type of dyes, that have been associated with occurrence of irritable bowel 

disease (IBD) and impacting human immune system (Kus and Eroglu, 2015). Since azo dyes are 

commonly found in food, the bacteria in the intestines (gut microbiota) are exposed to them. 

It has been also shown that the gut microbiota can degrade these dyes (Zahran et al. 2021) 

(Zahran et al. 2019 ; Rafii et al. 1990)(Fig. 1), however the influence of abiotic factors in the 

gut on bacteria azo dyes interactions are unknown.  

As part of my research project, I aimed to answer three major questions: (i) Which 

members of the gut microbiota metabolize azo dyes? (ii) How environmental factors present 

in the gut influence microbial azo dyes metabolism? (iii) What effect will bacterial metabolism 

in the presence of dyes have on the viability of colon and liver cells? To answer these 

questions, the project was divided into four main parts. First, I isolated and then identified 

eighty-two bacteria capable of degrading two kinds of azo dyes (allura red AC and tartrazine) 

by Sanger sequencing of the 16S rRNA gene. Then, I characterised kinetics of 30 isolates to 

metabolize the azo dyes (allura red and tartrazine) by comparing the rate of degradation 

measured at 0, 3, 6 and 24 hours of incubation. With this approach, I defined various degrader 

profiles and then selected five isolates. The third part aimed to characterize the impact of 

various abiotic factors (pH, vitamins supplementations, presence or absence of oxygen) on the 

bacterial metabolism of the azo dyes. Finally, the last part of the internship project involved 

studying the toxicity of bacterial azo dye metabolism on colon and liver cells.  

Figure 1. The interaction between intestinal microbiota and azo dyes 
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II.  The host structure 

The Micalis Institute is a research institute associated with INRAE and is located in Jouy-

en-Josas in the Ile-de-France region. The institute's area of research is "food microbiology for 

health". Micalis brings together INRAE, AgroParisTech and is associated with the University 

Paris-Saclay. This joint research unit, founded on 1 January 2010, is made up of about twenty 

research teams working on three research axis: 

➢ Bacterial Adaptation and Pathogenesis (BAP) 

➢ Systems and Synthetic Microbiology" (MSS) 

➢ Food and Digestive Ecosystems (FDE) 

The research pole FDE is composed of seven teams including PhylHom which works on 

Phylogeny and Physiology of the Human Microbiome.  Patricia Lepage, research director, is 

the leader of PhylHom team. Ms. Lepage and Zehra Esra Ilhan (Scientist) were my internship 

tutors. One of the research focus of the team is to characterize the human gut microbiome to 

predict and impact the human response to xenobiotics such as drugs or diet.  
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III. Literature review 

III.1 The azo dyes  
A. The discovery of azo dyes and their widespread use 

In 1856, the first synthetic dye was discovered by the scientist William Perkin (Science 

History Institue, 2017).  Since then, dyes have taken an increasing share of the world market 

and have become indispensable. It appears that the consumption of dyes in the US has 

increased since the 1950s, with a 5-fold increase in consumption in just 60 years (Stevens et 

al. 2014). The use of these synthetic dyes has become widespread because, unlike natural 

dyes, they offer a wider range of colours and are much more affordable. In addition, these 

synthetic dyes have a longer shelf life and are more readily available than natural dyes, which 

justifies their more attractive price, and extensive use in the food and pharmaceutical 

industries (Vojdani and Vojdani, 2015).  

Azo dyes have a two-benzene ring connected by an azo group (Zollinger, 2003; Lafta et al. 

2016)(Fig. 2). These molecules are widespread in food (Ramos-Souza et al. 2023) and textile 

industries (Pérez-Díaz and McFeeters 2009) and have different colours, including allura red AC 

(red), tartrazine (yellow), brilliant black BN (black) and brilliant blue FCF (blue). Tartrazine is 

often present in food products such as chewing gum, yoghurt, mustard (Rovina et al. 2017). 

The dye allura red AC(E129) is present in dairy products, soft drinks, and baked goods (Waliul 

Khan, 2022).  

 

Figure 2. Structure of azo dyes (Lafta et al. 2016) 

 

B. Exposure and impact on health 

Humans are continuously exposed to azo dyes. It was only in the 1950s that the first 

studies began to highlight their dangerous potential. The risk is mainly due to the ingestion of 
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products containing these dyes (Ramos-Souza et al. 2023) and concerns our digestive tract 

and our overall health (Amchova et al. 2015). Long-term exposure to the azo dyes in 

postmenopausal women may also increase the risk of developing primary biliary cirrhosis 

(Amchova et al. 2015). A study has shown that the azo dye allura red AC promotes 

inflammation and promotes also the allergic reaction such as asthma or urticaria (Amchova et 

al. 2015). 

The azo dyes impact the skin as well due to exposure from pharmaceuticals and cosmetics 

(cream, makeup, etc.) (Vojdani and Vojdani, 2015). These molecules will encounter our 

immune system, which will have difficulty in coping with them because of their small size. Azo 

dyes disrupt our immune system and are responsible for inflammatory reactions and 

autoimmune reactions.(Vojdani and Vojdani, 2015).  

Children are more affected by the harmful effects of azo dyes due to the high consumption 

of sweets, soft drinks and syrups containing numerous dyes. In 1997, a study linked the 

consumption of these dyes to cases of hyperactivity in young children (aged between seven 

and thirteen years old). This study highlighted that in 60% of these 486 hyperactive children 

with Attention deficit hyperactivity disorder (ADHD) , the consumption of products such as 

azo dyes or chemical detergents was responsible for an increase in behavioural problems 

(WARD, 1997). Those health issues included the development of eczema and ear and/or chest 

infections. The consumption of two dyes (tartrazine, sunshine yellow) in a quantity of 50 mg 

in the group of hyperactive children resulted in an increase in the production of zinc in the 

urine and a decrease in the amount of zinc in the blood serum. It has been shown that zinc 

indirectly regulates the activation of dopamine. Melatonin activates dopamine and melatonin 

production is regulated by zinc.  (Ghoreishy et al. 2021). Dyes that have a negative impact on 

zinc levels in the blood may play a direct role in attention disorders (WARD, 1997). However, 

for the control group of children without ADHD, the consumption of tartrazine or sunshine 

yellow did not impact the zinc levels. 

Before the dyes can be approved for the use in food products, numerous tests are carried 

out to investigate the toxicity of the dye, such as mutagenicity, reproductive toxicity and 

accumulation in the body. Therefore, The European Parliament and the Council have drafted 

Regulation (EC) No 1333/2008 on colours used in the food industry. This regulation requires 

the European Food Safety Authority (EFSA) to re-evaluate the toxicity of additives by January 
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2009 (Amchova et al. 2015). What's more, with the increasing consumption of dyes in food 

products, it is crucial to find a solution to reduce their impact on human health. 

 

III.2 The human microbiota  
A. The intestinal microbiota, a hidden organ 

The gut microbiota is made up of more than a trillion of  bacteria that can be found all 

along our intestinal tract (Corthier, 2011). Within the gut microbiota, more than thousand 

species could be identified and about 160 different species are found per individual (Landman 

and  Quévrain, 2016). Mainly composed of bacteria, the microbiota also includes fungi, viruses 

and archaea. There are four major phyla : Firmicutes, Bacteroidetes, Actinobacteria and 

Proteobacteria (Landman and Quévrain, 2016). Its composition varies between individuals, 

geographical locations, and age (Corthier, 2011). Although the abundance of major phyla 

varies between individuals, the functions of the gut microbiota remain similar due to 

functional redundancy in healthy individuals (Landman and Quévrain, 2016). 

These microorganisms are essential in various functions such as the digestion of food that 

cannot be assimilated by our body, a barrier effect against pathogens and other roles (Lecerf, 

2021). The bacteria in the microbiota have degradation, synthesis or metabolic functions such 

as digestion of dietary fibres into simple sugars (Landman and Quévrain, 2016). The microbiota 

plays a role in the metabolism of fats and carbohydrates and in their absorption and the latter 

also promotes fat storage and therefore weight gain (Turnbaugh et al. 2006). A recent study 

showed a difference in the development of the immune system between normal mice and 

axenic mice (without microbiota) (Macpherson and Harris, 2004). It has also been shown that 

the production of bacteriocins and microbial peptides is controlled by our intestinal 

microbiota (Hooper, 2004).  

The function of the gut microbiota can be manipulated for the development of treatments 

such as probiotics/prebiotics or faecal transplants to improve the health of the humans. For 

example , a study published in 2015 showed the beneficial impact of faecal transplantation in 

the case of Clostridioides difficile infection and resolution of diarrhea (Rossen et al. 2015). The 

intestinal microbiota plays a key role and has a direct impact on our state of health.   
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B. The role of microbiota in the first years of life 

At birth, the infant is colonized by contact with mother’s vaginal and anal microbiota 

in the case of a vaginal delivery (Lecerf, 2021) or with the surrounding microbiota (Lecerf, 

2021) if the baby is delivered by caesarean section. The gut microbiota develops mainly in 

the first three years of the child’s life and evolves throughout the life (Nagpal et al. 

2018)(Fig. 3). The microbiota of the newborn is mainly composed of Proteobacteria. Then 

the number of species belonging to the phyla of Proteobacteria will decrease during 

childhood. The microbiota of young children will be mainly colonized by bacteria belonging 

to the phyla Actinobacteria, and specifically bacterial genus of Bifidobacterium (Figure 3). 

Microbiota diversity is the lowest in childhood compared to other life stages. (Nagpal et 

al. 2018). The use of antibiotics, the presence of pets and the diet will influence its 

composition (Vandenplas et al. 2020) (Fig. 3).  

The intestinal microbiota that develops during our first years of life will play an 

important role in our future state of health. For example, a greater risk of allergies or diabetes 

would be an outcome of an imbalanced microbiota during early years of life (Nagpal et al. 

2018).  
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Figure 3. Age-related changes in the human gut microbial ecosystem, and potential factors that could 

affect microbiota composition at different stages of life. α-diversity: species (taxa) richness within a 

single host/microbial environment; β-diversity: diversity in microbial community (taxonomic 

abundance profiles) between different environments/samples). (Nagpal et al. 2018).  

 

III.3 Exposure of our intestinal microbiota to xenobiotics such as azo 

dyes 
A study carried out in 2010 showed that xenobiotics such as antibiotics have an impact on 

the composition of the intestinal microbiota in a mouse model (Robinson and Young,  2010), 

In the study they focused on the impact of vancomycin. Vancomycin was shown to affect the 

growth of Gram-positive bacteria, but not Gram-negative bacteria such as Enterobacteriaceae 

(Robinson and Young, 2010). However, Proteobacteria, gram positive bacteria were not 

affected by vancomycin (Fig. 4). 

 

Figure 4. Human gut microbes metabolize xenobiotics. The microorganisms that inhabit the human gut 

alter the chemical structures of ingested compounds, including dietary components, industrial 

chemicals, and drugs. These changes affect xenobiotic toxicity, biological activity, and bioavailability. 

The gut microbiota enzymes responsible for many of these transformations are poorly understood. 

(Koppel et al. 2018).  
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Another study focusing on the impact of azo dyes showed that OATP2B1, one of the 

main intestinal transporters, is inhibited (Zou et al. 2020). These excipients (azo dyes) are 

inactivated by the production of metabolites by bacteria. Bacterial metabolism thus makes it 

possible to inactivate these excipients and thus enables the intestinal transporter involved in 

drug absorption to function (Zou et al. 2020). 

 

III.4 Strategies used by microorganisms to degrade azo dyes 
A. Azoreductase activity in human gut microbiota  

Azoreductases are enzymes that are capable of reducing the azo bonds present in azo 

dyes, thereby enabling their detoxification (Misal and Gawai, 2018). Among these metabolic 

processes are found azoreductase involved in the metabolism of azo dyes in the members 

bacteria of intestinal microbiota, including  Escherichia coli, Enterococcus faecalis and many 

other species (Zahran et al. 2019). These bacteria can use the azo dyes as growth substrate 

and therefore metabolizes them (Rafii and Cerniglia, 1995).  

 

A 2021 study was conducted to isolate and identify bacteria from the intestinal microbiota 

with azoreductase activity in 16 adult individuals from their faecal extract (Zahran et al. 2021). 

Among these bacteria, two phyla have been identified: Firmicutes and Bacteroidetes (Zahran 

et al. 2021). The bacteria belonging to the phylum Firmicutes had high azo-reductive activity 

and conversely that belonging to the genus Bacteroidetes would have a low activity.  This 

study demonstrated that a microbiota rich in Firmicutes but poor in Bacteroidetes would have 

high azo dyes reductase activity (Zahran et al. 2021). Azoreductase have also been identified 

from Enterococcus avium (AZO-Ef) or E. coli (Azo-Ec)(Zahran et al. 2019). These two studies 

carried out by Zahran's team highlighted the difference in azo dye degradation rates 

depending on the bacterial phyla (Zahran et al. 2021).  
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Other complementary studies showed the presence of azoreductases in several bacteria 

(Zou et al. 2020). Bifidobacterium pseudocatenulatum from Actinobacteria, Bacteroides 

fragilis and Bacteroides uniformis from Bacteroidetes and also bacteria of Firmicutes phylum 

possess this enzymes likes Faecalicoccus pleomorphus (Zou et al. 2020)(Fig. 5). 

 

 

 

 

 

Figure 5. Human gut bacteria metabolize azo dye excipients. (A) Excipient azo dyes are cleared 

following the ex vivo incubation with human faecal samples. Dilutions of human faecal suspensions 

from three healthy unrelated individuals were incubated anaerobically for 24h in BHI+ media 

supplemented with various excipient azo dyes and conditioned media were sampled and analysed for 

residual dye concentration spectrophotometrically. Data are normalized to uninoculated controls. 

Values represent mean ± SEM. (Zou et al. 2020) 

 

B. Modulation of azoreductase activity in bacteria 

The activity of azoreductase can be modulated by various abiotic factors. The microbial 

azoreductase activity exists in both anaerobic and aerobic microorganisms (Zimmermann et 

al. 1984). They do not have the same tolerance to oxygen, very often require different 

cofactors, such as flavin or NADH and their function is dependent on environmental pH. Many 

azoreductases are stable when the pH is between 5 and 9. Although a physiological pH would 

allow an optimal activity of these enzymes (Misal and Gawai, 2018). Minor differences in the 

gut pH can still modulate azoreductase activity. Nevertheless, the optimum pH for 

degradation varies between each dye and each azoreductase. For example, for the 

azoreductase identified in E. faecalis, the majority of the dyes tested in this study were 

reduced at higher rates when the pH was 6, whereas other dyes such as tartrazine will be 

reduced equally by the azoreductase of E. faecalis whatever the pH (Zahran et al. 2019).  
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The activity of these enzymes may be affected by other factors such as the amount of 

oxygen. In the study conducted by Zahran and coll., azo dye degradation was tested under 

aerobic and microaerophilic conditions (Zahran et al. 2019). It appears that azoreductase 

produced by E. coli is more effective in aerobic than microaerophilic conditions. While for the 

azoreductase identified in E. faecalis the amount of oxygen present in its environment does 

not seem to impact its degradation activity. Finally, it has been shown that azoreductase of 

E. avium, degradation takes longer to start in microaerophilic condition. Conversely, the rate 

of initial degradation is faster in aerobic condition, although in the end the rate of degradation 

of Amaranth in both conditions is almost identical (Zahran et al. 2019). 

 

IV. Material and methods  

IV.1 Faecal extract 

To isolate potential azo dyes bacterial degraders, I cultivated bacteria from faecal 

suspensions (80 % of glycerol) collected from five individuals. The sample IDs were as follows: 

F8, F9, F10, F16, F19. The individuals were all young children between 11 months and 48 

months and included two girls and three boys. (Annexe 1).  

IV.2 Azo dyes  

My goal was to evaluate the impact of four azo dye treatments, allura red (Sigma-

Aldrich), tartrazine (Sigma-Aldrich), brilliant blue FCF (Sigma-Aldrich) and brilliant black BN 

(Sigma-Aldrich).  

IV.3 Media  

I used two media for the isolation of azo dyes degraders from the human faecal 

cultures, the first one was Gifu Anaerobic Broth medium (mGAM) which is recommend for the 

cultivation and isolation of bacteria from clinical samples but also for susceptibility testing 

(« Gifu Anaerobic Broth, HiMedia » s. d.). Brain Heart Infusion (BHI) medium is the second 

medium I used, it was previously used for the isolation azo dyes degraders (Zahran et al. 2019).  
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IV.4 Isolation and identification of isolates  

To identified bacteria with azo dyes degradation activity, I inoculated 150 µl of frozen 

faecal stock on mGAM medium with a concentration of 10 mM (500 µl/L from a stock solution 

prepared at 100 mM) for each dye. I optimized the number of colonies that can be counted 

on the plates; I used the dilution 10-3 to dilution 10-6 to obtain the best concentration of 

bacteria to isolate the degraders on the plates. After the inoculation using the glass beads to 

evenly spread the inoculum under sterile conditions, I incubated the plates at 37°C for 24 

hours under anaerobic conditions (Bactron 600 anaerobic chamber) to simulate the conditions 

of the human gut. 

After 24 hours of incubation, I observed clear zones around some colonies that 

indicated the degradation of the azo dyes. I visually selected various colonies based on 

morphology (colour, appearance of the colony and size) (Fig. 6).  

I picked up the selected colonies with sterile inoculation loops and inoculated them on 

an mGAM agar with the corresponding azo dyes (allura red or tartrazine and Brilliant blue FCF 

for the F9 faecal extract on mGAM medium only). I incubated the plates under previously 

described conditions (37 °C, anaerobic condition, 24 h).  

Once the isolates grew in the fresh solid media, I selected individual colonies and 

streack on fresh mGAM plates and made a bacterial loam to maximize biomass production for 

(i) DNA extraction and (ii) glycerol stocks to be stored at -80 °C. Briefly, I resuspended the 

biomass collected with inoculation loops in 1 mL of liquid mGAM media. These steps were 

carried out in the anaerobic chamber (BACTRONS 600).  

 To prepare the frozen stocks, 500 µl of culture were transferred to a sterile 1,5 mL 

cryotube that contains 150 µL of 80% glycerol. I mixed the solution by pipetting upside down 

for 5 times. For the DNA extraction, I centrifuged 500 µl of culture at 21,300 rpm for 3 minutes, 

removed the supernatant, and kept the pellets in the freezer (-20 °C) until the DNA extraction. 

Frozen stocks were kept in the  -80 °C freezer, for further experiments.  

I extracted the microbial DNA of the isolates with PowerFecal Pro DNA (QiAamp). Then, 

I verified the quantity of DNA extract with the nanodrop (Thermo Scientific). I performed 

polymerase chain reaction (PCR) to amplify the 16S rRNA gene. This ribosomal gene is 

essential for all bacteria because it encodes the synthesis of 16S ribosomal RNA which is 
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involved in one of the subunits of ribosome. I used two universal primers, the primer 27f (5′-

AGAGTTTGATCCTGGCTCAG-3′)(Zahran et al. 2019) and the primer 1492r (5′-

GGTTACCTTGTTACGACTT-3′) (Zahran et al. 2019) and the Phusion enzyme (Thermo Fischer 

Scientific). For each PCR reaction I added 48 µL of PCR mix (100 µL of Phusion HF buffer (10x), 

10 µL of dNTP(10mM), 12,5 µL of primers 1492r (20mM) and primers 27f (20mM), 340 µL of 

H20 sterile and 5 µL Phfusion) and 2 µL of DNA from the isolates. The thermocycler program 

for the PCR reaction was as follows: 1 minute at 98°C →30 seconds at 98°C (denaturation)→ 

30 seconds at 52°C (hybridation)→ 45 seconds at 72°C (elongation)→10 minutes at 72°C. This 

program followed for 35 cycles. I verified the presence of the target gene (about 1550 bp) 

using agarose gel electrophoresis and visualized the target bands in comparison to the DNA 

ladder.  

To identify the isolates, I sent the PCR products to Eurofins (Germany) for Sanger 

sequencing. I entered the FASTA sequences into the NCBI and, using the BLAST tool against 

the Nucleotide collection (nr/nt) database, I was able to identify the bacterial species of each 

isolate. 

IV.5 Degradation kinetics of azo dyes 

We classified the isolated strains into three categories based on azo dyes degradation 

rate: fast degraders, moderate degraders, and slow degraders. To do this, it was necessary to 

measure the kinetic degradation of the dyes over a defined time. In order to measure the 

degradation of the dyes over time, I used a spectrophotometer (TECAN, Infinite® 200 PRO) to 

read the absorbance of each dye added to the liquid mGAM. For each of the dyes, I made a 

set of measurements for different dye concentrations (from 0.05 mM to 1.6 mM) at different 

wavelengths (from 380 to 580 nm with a gap of 20 between each measurement). I then made 

the calibration curves for each wavelength and selected the most linear curve based on R2 

value of the linear fit. For the allura red AC dye, I chose the calibration curve with a wavelength 

at 420 nm and for the tartrazine dye the one at 500 nm (Annexe 3).  All the measurements 

were made at these wavelengths. For monitoring bacterial growth, I measured optical density 

at 600 nm after shaking the plate for 15 seconds using the spectrophotometer (TECAN). The 

experimental approach is illustrated in Figure 6. 
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In total, I selected 30 isolates for the degradation kinetics experiment. For the choice 

of isolates I selected one strain of each species for each of the faecal extracts for the two dyes. 

These strains had different azo dye dissipation activities. For each isolate I measured the 

degradation of the two chosen dyes: allura red AC and tartrazine at the same time. I inoculated 

10µl of isolates from the frozen stocks into 1ml of liquid mGAM medium placed in a 96 deep-

well plates and incubated them under anaerobic conditions at 37°C overnight. Then I prepared 

deep-well plates with 1.2 mM tartrazine and or allura AC red dye in 1 mL mGAM per well. For 

each deep-well, I tested eleven isolates and one negative control without bacteria. For each 

condition I had three replicates. I prepared a 96-well plate to measure growth in mGAM media 

without any dyes in triplicates. I added 200µL of liquid mGAM medium without dye as the 

objective was only to control the growth of each strain. I kept all plates in the anaerobic 

chamber overnight to reduce the oxygen concentration in the medium prior to 

experimentation.  

I measured the OD600 of each isolate and then calculated the amount of bacterial 

culture to be added with 1X PBS buffer in order to obtain a similar OD equal to 0.8 in a final 

volume of 1 mL. After that, I inoculated 50 µL of bacterial culture diluted in 1X PBS buffer into 

each of the three replicates for each isolate with the same OD (0,8). I also inoculated 10µL of 

bacterial culture into a microplate (COSTAR, Assay plates, 96 well Flat Bottom, 3370) as a 

growth control. I then proceeded to the first measurement at time 0 (0 hours). For the growth 

control, absorbance measurements are directly performed on the microplate. For the deep 

well, 200µl of the culture in the medium with the dye was taken at each measurement time 

and transferred to a microplate. An additional centrifugation step (10 minutes at 5000g) was 

added for times 4, 6 and 24 hours. This step allowed the removal of bacterial biomass that 

would interfere with the absorbance measurements of the dyes otherwise. The bacterial 

culture was transferred to a centrifuge plate. After the centrifugation step, I transferred 180 

µL of supernatant to a microplate without touching the bacterial pellet. (Fig. 6) 



20 
 

 

 

 

 

 

Figure 6. Protocol for the isolation and identification of isolates able to degrade azo dyes (allura red 

AC and tartrazine). 

I optimized this protocol to reduce interference of fermentation gases on the azo dye 

stability. First, the centrifugation time was doubled (from 5 to 10 minutes) and the isolates 

were spaced out on the plate and optimized the dye concentration while respecting the 

absorbance measurement limits to get closer to the recommended doses. 

 

IV.6 Impact of abiotic factors on dyes degradation  
To assess the impact of various abiotic factors on the interaction between the bacteria 

and azo dye allura red AC, we selected three abiotic factors: i) the presence or absence of 

oxygen, ii) pH and iii) vitamins supplementation. For pH, we selected pH 5.5, 6.5, 7 and 7.5 

which correspond to the different pH found in the human digestive tract. I adjusted the pH of 

the culture medium using a base (sodium hydroxide solution) and an acid (hydrochloric acid 

solution). To test the impact of the presence or absence of oxygen, I performed the 

experiments at ambient atmosphere and anaerobic chamber (5 % H2) environment.  Finally, I 

tested the impact of micronutrients that can act as coenzymes for azoreductase or potential 
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oxidoreductases, selecting four vitamins: B1, B2, B12 and K1. Each vitamin was added to these 

media at the same concentration (50 µg/mL). 

I selected fives isolates for this experiment, two fast degraders (E. faecalis F16-Y2 and 

P. mirabillis F10-R1), one moderate degrader (E. coli F8-R1) and two slow degraders (E. gilvus 

F19-YC and E. coli F19-R3). To culture the isolates, I repeated the same steps as before (part 

2: degradation kinetics) (Fig. 7). 

We proceeded in the same way as for monitoring dye degradation kinetics. I prepared, 

the deep well plates with azo dye (specific condition for vitamins and pH such as describe 

previously) and inoculated the wells as previously described. I repeated the same steps with 

a centrifugation (10 minutes at 5000 g) for times 3, 6 and 24 hours and took the OD measures 

at the following times: 0, 3, 6 and 24 hours.  

 

Figure 7. Protocol for testing the impact of different abiotic factors on dyes degradation 

 

IV.7 Effect of microbial azo dye metabolism on viability of Hep62 and 

HT29 cells.  
To evaluate the impact of microbial azo dye metabolism on host epithelium, we 

assessed cell viability using two cell models: Liver cells (HepG2) and colon (HT29) cells. I grew 

the selected five bacteria (same isolates used in abiotic factors experiment) in mGAM media 

under anaerobic conditions over night, then grew in the media containing 1,2 mM allura red 

AC for 24 hours. 1 mL of bacterial culture from each isolate was centrifuged for 5 minutes at 

21,300 rpm and bacterial supernatant was filter sterilized using 0,22 mm filters.  

The cell culture was done by Dr Esra Ilhan (CRCN in the lab) based on a protocol from 

a previous research (Ilhan et al. 2022). Both cell types (HT29 and HepG2) were cultured in a 

medium as previously described (Marinelli et al. 2019). The cells were then inoculated into a 
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96-well plate with the same quantity, i.e., 3.5 × 104 cells per well. The plate was incubated 

overnight. Cell proliferation was monitored using CellTiter 96 Aqueous One (Promega). This 

was based on the ability of the selected cell lines to reduce tetrazolium compounds. We 

measured this reduction by spectroscopy with absorbance set at 490 nm (Fig. 8) 

 

 

 

 

Figure 8. Protocol for to test the toxicity microbial azo dyes metabolism on viability of Hep62 and HT29 

cells 

 

IV.8 Statistics  
 

The data were analysed using Prism software (version 9, GraphPad, Dotmatics). The 

software was used to carry out statistical tests and heat maps. For the phylogenetic trees, I 

used Geneious Prime Tool (2023.1 version, Dotmatics co). The BLAST sequences of each 

isolate were aligned (Multiple alignment, MUSCLE Alignment). To create a phylogenetic tree, 

I selected HKY genetic distance model and Neighbor-Joining for tree build method. I chose the 

HKY model because it is a widespread model that gives robust results.  

 

 

 

Livers cells 

ep cells 

❖ Azo dyes 
❖ Supernatant 
❖ Supernatant + Azo dyes 

 

MTS assay + cell viability  
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V. Results  

V.1 Isolation and Identification of azo dyes degrading strains  
 

For this part, I used four azo dyes but the brilliant Black BN was excluded from the study 

due to rapid abiotic reduction of this dye under anaerobic conditions. Bacteria grew on the 

media with the brilliant blue FCF but they were not able to degrade it. Therefore, I continued 

the experiment with only allura red AC and tartrazine. On the BHI and mGAM media, I 

obtained 82 isolates: 67 on the mGAM medium and 15 on the BHI medium. For the azo dye 

allura red AC, I obtained 42 isolates and for the azo dye tartrazine, I isolated 40 strains. These 

isolates belong to four phyla: Firmicutes (n = 38), Bacteroidetes (n = 12), Proteobacteria (n = 

29) and Actinobacteria (n = 3), which are the four main phyla of the intestinal microbiota 

(Lecerf 2021) as visualized on Figure 9. The isolates on the mGAM medium belonged to only 

Firmicutes and Proteobacteria phyla (Fig. 9A). On the BHI medium, isolates belonged to two 

other phyla, Bacteroidetes and Actinobacteria (Fig. 9B). The number of isolates was lower for 

the BHI medium because isolations were carried out for only three faecal samples (F8, F9 and 

F10).  

On Figure 9C, I represented the isolation results on a phylogenetic tree. For Firmicutes 

we found 37 bacterial isolates belonging to the Enterococcus gender, but also species such as 

Clostridium perfringens and  Streptococcus pasteurianus. Four species of Proteobacteria have 

been identified: Escheriachia coli, Proteus mirabilis, Shigella sonnei and Escherichia fergusonii. 

Within the Actinobacteria phyla, we identified only Bifidobacterium bifidum. Finally, within 

the Proteobacteria phylum, we isolated species such as Phocaeicola dorei and Bacteroides 

fragilis. The two species, E. coli and Enterococcus faecalis, together accounted for half of the 

isolates obtained, with 22 isolates affiliated to E. coli and 19 isolates were E. faecalis. The 

composition of the degraders obtained for each of the faecal samples (F8, F9, F10, F16 and 

F19) was different. Some species such as E. coli or E. faecalis were common in all faecal 

inoculum and S. pasteurianus or Enterococcus gilvus were specific to F19 faecal inoculum (Fig. 

9C). 
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Figure 9. Isolation and identification of isolates obtained on mGAM and BHI media in the presence of 

allura red AC and tartrazine. (A) distribution of bacterial phyla of isolates obtained on mGAM medium. 
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(B) distribution of bacterial phyla of isolates obtained on BHI medium. (C) phylogenetic based on HKY 

substitution model tree of isolates obtained on mGAM and BHI media. 

V.2 Degradation kinetics of azo dyes  
 

I classified isolates into different groups according to their ability to degrade azo dyes. To 

meet this objective, we measured the degradation of two dyes (allura red AC and tartrazine) 

over 24 hours for the 30 isolates selected and obtained the following results shown in Figure 

10. E. faecalis was more efficient in metabolising the dyes compared to other isolates. On the 

contrary, E. coli was the least efficient at metabolising these two dyes.  Between these fast 

metabolisers (E. faecalis) and the slow metabolisers (E. coli), we observed moderate 

metabolisers such as E. hirae (F9 Y2). For the allura red AC dye, after 24 hours incubation, the 

E. faecalis isolate (F16 Y2), E. hirae isolate (F9 Y2) and E. coli (F19 R1) achieved 100%, 64% and 

22% degradation of the azo dye, respectively (Fig. 10). 

All metabolizers isolated from the allura red AC were also capable of metabolizing 

tartrazine. For the majority of isolated strains (around 64%), allura red AC was degraded more 

quickly than tartrazine after 24 hours of incubation. However, 10 strains such as E. faecalis 

strain F19 Y2 degrades tartrazine dye (88% degradation after 24 hours of incubation) faster 

than allura red AC (22% after 24 hours of incubation) (Fig.10).  
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Figure 10. Kinetics of degradation by 30 bacterial isolates of allura red AC azo dyes and tartrazine over 

24 hours incubation with 4 measurement times (0 h, 3 h, 6 h and 24 h). The purple colour indicates 

little degradation, while the yellow colour indicates significant degradation of the dyes. 

 

V.3 Impact of abiotic factors on dyes degradation 

A. Impact of oxygen 

I tested the impact of the presence (aerobic) and absence of oxygen (anaerobic) on allura 

red AC dye degradation using five isolates: E. faecalis (F16 Y2), P. mirabillis (F10 R1), E. coli 

(F8 R1), E. coli (F19 R3) and E. gilvus (F19 YC). Microbial growth was quantified in parallel to 

azo dye metabolism. A Student's t test was performed on the dye degradation by the isolates 

for the different conditions. There was no significant difference in growth for the selected 

isolates between the two conditions (aerobic VS anaerobic) (Annexe 4). For three isolates 

E. faecalis (F16 Y2), E. coli (F8 R1), E. gilvus (F19 YC) of the five isolates tested, degradation of 

dye was faster in aerobic than anaerobic condition after 24 hours of incubation. E. faecalis 

(F16 Y2), E. coli (F8 R1) and the E. gilvus (F19 YC) isolates degraded 70%, 68% and 74% of the 

allura red AC respectively after 24 hours of incubation in aerobic condition and 100% in 

anaerobic condition (Fig.11). The presence of oxygen therefore negatively impacted the 



27 
 

degradation of allura red AC by these isolates. Degradation capacity of P. mirabillis (F10 R1) 

was not impacted by the presence of oxygen.  

 

A. Impact of pH 
 

The second selected abiotic factor was the pH. We tested four different pH ranging from 

an acidic pH of 5.5 to a basic pH of 7.5. A Student's t test was performed for each condition 

(pH 5.5 ; 6.5 ; 7  and 7.5). There was no significant difference in growth for the isolates E. coli 

(F8 R1) and E. gilvus (F19 YC) between each pH tested (5.5, 6.5 and 7.5) and control pH of 7 

(Annexe 5). The more acidic the pH, the slower the bacterial metabolism of the dyes in the 

early hour of the incubation (3 hours). For example, for the E. gilvus  (F19 YC) isolate after 3 h 

incubation, the allura red AC was degraded by 9 % at pH 5.5,  12 % at pH 6.5 and 17 % at pH 

7.5. The growth of the isolates for different pH conditions were not significantly different 

(Student's t-Test) and the P values are shown in annexe 5.  However, for all isolates except E. 

coli (F19 R3), 100 % degradation was reached more quickly when the pH of the mGAM medium 

was neutral. The degradation of the allura red AC by the strain E. faecalis (F16 Y2) is the same 

whatever the pH, unlike the other four bacterial strains.  

 

B. Impact of vitamin supplementation 

The last abiotic factor tested was vitamins supplementation. I selected four vitamins: B1, 

B2, B12 and K1. I chose these vitamins because they can act as coenzymes for azoreductases 

or potential oxidoreductases. I performed a Student's t-test to compare the growth of bacteria 

in the presence of vitamins and without vitamin supplementation. There was no significant 

difference between the vitamin-supplemented conditions and the control conditions with the 

E. coli F19 R3 vitamin B12 (Annexe 6).  Vitamin B2 supplementation had a positive impact on 

the metabolic activity of the bacteria in the presence of the allura red AC , as the percentage 

of degradation was 100 % for the four isolates but not for the strain P. mirabillis (F10 R1). The 

addition of vitamin K1 after 24 hours of incubation gave the following results, the isolate E. 

coli (F19 R3) had a lower degradation 23 % unlike the other four isolates which had 

degradation rates between 99 % and 100 %. The presence of vitamin K1 was therefore 
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deleterious for only two of the five isolates.  Vitamin K1 had a negative impact on the overall 

metabolism of the five strains, with degradation rates of between 38 % and 77 % after 24 

hours incubation. Finally, vitamin B12 had a negative impact on the metabolism of the E. coli 

F19 Y3 strain, which achieved only 8 % degradation of the allura red AC after 24 hours 

incubation. For the other four strains, the rate of degradation in the presence of vitamin B12 

was between 89 % and 100 %. 

 

C. Comparison of abiotic conditions on azo dye degradation  
 

I compared the degradation of allura red AC dye under abiotic conditions (presence of 

oxygen, supplementation of vitamin and pH) after 24 hours.  Under anaerobic conditions, the 

addition of vitamins K1 and B1 is deleterious to the metabolic activity of bacteria; unlike a 

condition with the addition of vitamin B2 or the absence of oxygen. Strain E. faecalis (F16 Y2), 

which was identified as a fast dissipater, was able to degrade allura red AC dye in all tested 

conditions. Strain E. coli (F8 R1), which was a medium dissipater, showed intermediate activity 

when I add vitamin B12 or vitamin B1. In aerobic condition this isolate had a poor metabolism 

in presence of allura red AC and best metabolism for the rest of the conditions. The absence 

of oxygen encourages the metabolic activity of bacteria to break down the dye. For conditions 

with the addition of different vitamins or different pH levels, we can rank from the most 

favourable condition for metabolic activity to the most unfavourable. Thus, we have the 

following results: pH 6.5 then pH 7.5 and finally pH 5.5 or 7 which are the two least favourable 

pH conditions for the degradation of the allura red AC dye. Finally, for the vitamins, we have 

vitamin B2 first, then K1, then B12 and finally vitamin B1, which is the one with which we 

obtain the lowest percentages of degradation (Fig. 11).  
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Figure 11. Impact of abiotic factors on bacterial metabolism in the presence of allura red AC. (A) impact 

of oxygen presence/absence on bacterial metabolism in the presence of allura red AC. (B) impact of 

pH on bacterial metabolism in the presence of allura red AC. (C) impact of vitamin supplementation on 

bacterial metabolism in the presence of allura red AC dye. (D) Impact of abiotic factors for the 5 isolates 

on the dye degradation 24 hours of incubation in presence of allura red AC. (E) Test of correlation 

between the bacteria growth and the dye degradation activity for all condition and all isolates after 24 

hours of incubations.  
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D. Effect of microbial azo dyes metabolism on viability of Hep62 and HT29 cells 
 

I evaluated the influence of bacterial supernatants from five cultures (E. faecalis F16 Y2, 

P. mirabillis F10 R1, E. coli F8 R1, E. coli F19 R3 and E. gilvus F19 YC) treated with Allure Red 

(1.2 mM) or tartrazine (1.2 mM) and with bacterial supernatants with not azo dye on viability 

of the colon (HT29) and liver (HepG2) cells. Figure 12A and D show that the dye (tartrazine or 

allura red AC) or the mGAM medium alone or the combination of the two does not impact 

significantly the metabolic activity to reduce tetrazolium dye MTT of liver cells (HepG2) (Fig. 

12A) or colon cells (HT29) (Fig. 12D). 

For liver cells (HepG2), bacterial supernatant combined with allura red AC dye (Fig.12B) 

significantly reduced the viability (MTS assay, p = 0,0001) in comparison to bacterial 

supernatant alone. But for the azo dye tartrazine, there was no significant difference (with p 

value less than p = 0,0797) in the viability of liver cells between the condition with bacterial 

supernatant alone and that with bacterial supernatant associated to tartrazine (Fig. 12C).  

For liver cells (HT29), there was no significant difference (p = 0,8699) in the viability of liver 

cells between the condition with bacterial supernatant alone and that with bacterial 

supernatant combined with allura red AC (Fig. 12E). or tartrazine (Fig. 12F).  
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Figure 12. MTS assay to test the effect of bacterial supernatant with the presence of allura red AC or  

tartrazine on liver and colon cells. (A) Set of controls for liver cells. (B) viability of liver cells HepG2 in 

the presence of allura red AC. (B) Viability of liver cells HepG2 in the presence of allura red AC + 

bacterial overnegant VS in presence of bacterial supernatant only. (C) Viability of liver cells HepG2 in 

the presence of tartrazine + supernatant bacterium VS only in the presence of supernatant bacterium. 
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VI. Discussion 
 

The human gut microbiota is composed of approximately 4,300 bacterial species 

(Lecerf, 2021). This ecosystem will change throughout our lives and will be affected by various 

factors such as the presence of additives in food (i.e., azo dyes) or food containing vitamins, 

sugars and other elements (Lecerf, 2021). Previous studies have shown that members of the 

human gut microbiota are capable of degrading the azo dyes. Zahran’s team identified three 

bacteria of human gut microbiota with azoreductase enzyme : E. coli (AZo-ec), E. faecalis (AZo-

ef) and E. avium (Zahran et al. 2019). Other studies demonstrated that Clostridium perfringens 

and Bacteroides uniformis (Nakamura et al. 2002) or P. mirabillis was also capable of degrading 

capacity to degrade azo dyes (Olukanni et al. 2010). My results on isolation of azo dyes 

degraders were consistent with the previously identified azo dye degrading microorganisms 

because all the strains isolated have already been identified in previous research work. 

The abiotic factors can have an impact on the metabolic activities mediated by the 

intestinal microbiota and act directly on the enzymes involved in bacterial metabolism (Zahran 

et al. 2019). For example the azoreductase produced by the organism E.coli are more efficient 

in aerobic condition in comparison of microaerophilic condition with percentages of 66.67 % 

and 26.06 % respectively after 5 hours in contact with the dye (Zahran et al. 2019). For the 

Enterococcus strains used in the study, the degradation of the dye was less significant in basic 

conditions (at pH 8) than in conditions with an acidic or neutral pH (Zahran et al. 2019). A pH 

greater than 6 but lower than 8 is favorable to the degradation activity of Enterococcus strains. 

However, for the metabolic activity of the strain I isolated, Enterococcus F16 Y2 was not 

impacted by the pH variations. Vitamins may also impact the azoreductase activity as they 

serve as coenzymes for azoreductases and other oxidoreductases that might be involved in 

the metabolism (Rishavy et al. 2011), (Kräutler, 2012). The addition of vitamin B2 promotes 

the bacterial activity that breaks down allura red AC. In contrast, a condition without vitamin 

supplementation is unfavourable to degradation activity. The B2 vitamin plays an essential 

role for azoreductases because it is the coenzymes FMN and FAD. To promote the microbial 

metabolism of the azo dyes, it will be necessary to supplement our diet with vitamin B2. 

Vitamin B2 can be found in eggs, salmon or milk (Avenue et al. 2020). These results highlight 

the importance of considering abiotic factors in the evaluation of azo dye metabolism.  
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Azo dye metabolism can also have negative health implications. A study has shown 

that this metabolism is toxic to our (Borzelleca, Depukat, et Hallagan 1990). I was able to show 

that bacterial supernatant in the presence of the red azo dye allura AC reduces the viability of 

HepG2 liver cells. The cleavage of the azo bonds (-N=N-) of the azo dyes are maybe responsible 

for the production of colourless aromatic amines that are potentially harmful to human health 

(Chung et al. 1992) (Zahran et al. 2019). A recent study proved that  chronic exposition to 

textile azo dyes is linked to bladder cancers in textile industry workers (Singh and Chadha, 

2016). Many studies denounced the genotoxic effect of the chemical molecules such as azo 

dyes and their implication on different types of cancers (Singh and Chadha, 2016). Our results 

showed that bacterial degradation of azo dye may produce adverse intestinal health effects. 

Further studies testing the impact of azo dyes degradation on animals model would provide 

insights into organisms-wide health effects.   

My study has some limitations: the degradation profiles were limited to only a few strains that 

were culturable. Future studies that expand on isolation and characterization of various azo 

dyes are needed to better understand capacity of the gut microbiota to transfer azo dyes. The 

identification of the species and bacteria phyla was based on the 16S rRNA gene. It is possible 

to use more comprehensive methods such as Shotgun sequencing or MALDI-TOF to identify 

the bacteria with greater reliability during my internship.  

I tested three abiotic factors but in reality, the human gut microbiota is affected by more than 

three abiotic factors. Different carbon sources such as glucose, fructose, lactose and sucrose 

might influence bacterial growth and hence azo dye metabolism. Moreover, it should not be 

forgotten that in reality the azo dyes used in the food industry are found in a food matrix 

(lollipop, cake, etc.), therefore, more complex food matrix effects needs to be further 

considered. 
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VII. Conclusion  

Bacteria isolated from children’s intestinal microbiota were able to degrade the allura red 

AC dye between 5 and 100 % and tartrazine dye between 11 and 100 % after 24 hours of 

incubation. The strains of Enterococcus faecalis were rapid degraders are part of the rapid 

dissipators in contrast to the E. coli strains were slow degraders. Some of the abiotic factors I 

tested including vitamin B2, pH at 6.5 positively impacted the degradation of the allura red AC 

dye. The presence of oxygen or the addition of vitamin B1 had the greatest negative impact 

on the dissipation of the allura red AC azo dye because they reduced the azo dye metabolism 

of all five isolates. The presence of oxygen had the greatest negative impact on the dissipation 

of the azo dye allura red AC.  Finally, bacterial supernatant in the presence of allura red dye 

decreased liver cell viability. However, we did not see any effect on the viability of liver cells 

in the presence of tartrazine dye, nor for colon cells, regardless of the dye to which the 

bacterial supernatant was exposed. 

These dyes have been shown to be potentially harmful to human health, with risks of 

developing attention disorders such as ADHD in young children (WARD 1997). the cleavage of 

the azo bond by bacteria is toxic for us. It would therefore be interesting to understand how 

to avoid the production of metabolites that are toxic to our bodies, or how to avoid the 

production of azoreductases within our microbiota.   It is therefore crucial to better define the 

bacteria involved in the degradation of azo dyes. We need to define the impact of abiotic 

factors on metabolism.  
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VI. Annexes  
 

Annexe 1. Demographic characteristics of the faecal samples’ donors.  

 

 

 

 

 

 

Annexe 2. Description (color, molecular weight, formula and solubility in water) of the four 
azo dyes tartrazine, allura red AC, Brilliant blue FCF and Brilliant black BN. 

Annexe 3. Calibration curve (A) for allura red AC and tartrazine dye and (B) for allura red AC 

with vitamin B2 or vitamin B12. 

Name of faecal extract  Age (in months) Gender 

F8 42  Male  

F9 48 Male  

F10 30 Female  

F16 36 Female  

F19 11 Male  

Azo dyes  Color molecular weight Formula  Solubility in water  

tartrazine Yellow  534.36 C16H9N4Na3O9S2 
 

20 g/100 mL 

allura red AC  Red  496.42 C18H14N2Na2O8S2 22 g/100 mL 

brilliant blue FCF  Blue  789.85 C37H34N2Na2O9S3 22 g/100 mL 

brilliant black BN  Black  867.68 C28H17N5Na4O14S4 100 mg/100 mL 
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Annexe 4. Student's t-test results for control growth under aerobic and anaerobic conditions. 

ns = non-significant  

 

Annexe 5. Student's t-test results for control growth in different conditions of pH (5.5; 6.5; 

7.0 and 7.5) 

Isolates  Result  P value 

F16 Y2 pH5.5 VS pH7.0 * 0,31 

F10 R1 pH5.5 VS pH7.0 ns 0,62 

F8 R1 pH5.5 VS pH7.0 ns 0,06 

F19 R3 pH5.5 VS pH7.0 * 0,05 

F19 YC pH5.5 VS pH7.0 ns 0,07 

F16 Y2 pH6.5 VS pH7.0 ns 0,12 

F10 R1 pH6.5 VS pH7.0 ns 0,83 

F8 R1 pH6.5 VS pH7.0 ns 0,23 

F19 R3 pH6.5 VS pH7.0 ** 0,005 

F19 YC pH6.5 VS pH7.0 ns 0,05 

F16 Y2 pH7.5 VS pH7.0 ** 0,006 

F10 R1 pH7.5 VS pH7.0 ns 0,94 

F8 R1 pH7.5 VS pH7.0 ns 0,08 

F19 R3 pH7.5 VS pH7.0 ns 0,22 

F19 YC pH7.5 VS pH7.0 ns 0,19 

 ns = non-significant  

 

 

 

 

 

 

 

Isolates  Result  P value 

F16 Y2  anaerobic VS 
aerobic  

ns 0,91 

F10 R1 anaerobic VS aerobic ns 0,91 

F8 R1 anaerobic VS aerobic ns 0,86 

F19 R3 anaerobic VS aerobic ns 0,82 

F19 YC anaerobic VS aerobic ns 0,99 
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Annexe 6. Student's t-test results for control growth with the supplementation of vitamins 

(B1, B2, B12 and K1).  

Isolates  Result  P value 

F16 Y2 B1 VS no vitamins   ns 0,73 

F16 Y2 B2 VS no vitamins   ns 0,97 

F16 Y2 B12 VS no vitamins   ns 0,97 

F16 Y2 K1 VS no vitamins   ns 0,98 

F10 R1 B1 VS no vitamins   ns 0,97 

F10 R1 B12 VS no vitamins   ns 0,98 

F10 R1 K1 VS no vitamins   ns 0,94 

F8 R1 B1 VS no vitamins   ns 0,55 

F8 R1 B2 VS no vitamins   ns 0,90 

F8 R1 B12 VS no vitamins   ns 0,58 

F8 R1 K1 VS no vitamins   ns 0,56 

F19 R3 B1 VS no vitamins   ns 0,06 

F19 R3 B2 VS no vitamins   ns 0,24 

F19 R3 B12 VS no vitamins   * 0,02 

F19 R3 K1 VS no vitamins   ns 0,05 

F19 YC B1 VS no vitamins   ns 0,40 

F19 YC B2 VS no vitamins   ns 0,76 

F19 YC B12 VS no vitamins   ns 0,46 

F19 YC K1 VS no vitamins   ns 0,56 

ns = non-significant
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Abstract  

Durant mon stage de Master 2, je me suis intéressée aux colorants azoïques qui sont 

retrouvés très largement dans l’industrie agroalimentaire mais également dans l’industrie 

pharmaceutique et cosmétique. Dans un premier temps, le but était d’isoler et d’identifier les 

bactéries du microbiote intestinal capables de dissiper les colorants azoïques (allura red AC et 

tartrazine). Le deuxième objectif était d’étudier l’impact de différents facteurs abiotiques sur 

cette activité métabolique des bactéries en présence de colorants azoïques. Pour finir nous 

voulions évaluer l’impact du surnageant bactérien exposé aux colorants azoïques sur la 

viabilité des cellules hépatiques et intestinales. Il a été montré que certains facteurs abiotiques 

ont des effets positifs et d’autres négatifs . Enfin il a été montré que le surnageant bactérien 

en présence du colorant allura red AC impacte négativement la viabilité des cellules du foie.  

 

During my Master 2 course, I became interested in azo dyes, which are widely used in 

the food industry, but also in the pharmaceutical and cosmetics industries. The first aim was 

to isolate and identify the bacteria in the intestinal microbiota capable of dissipating azo dyes 

(allura red AC and tartrazine). The second objective was to study the impact of various abiotic 

factors on this metabolic activity of bacteria in the presence of azo dyes. Finally, we wanted 

to assess the impact of the bacterial supernatant exposed to azo dyes on the viability of liver 

and intestinal cells. It was shown that certain abiotic factors have positive effects and others 

negative. Finally, it was shown that bacterial supernatant in the presence of the allura red AC 

dye had a negative impact on liver cell viability.  
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