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Azo dyes such as red 40 are characterized by an R -N=N-R, structure and are
widely used in the food industry, but their anaerobic degradation in the gut microbiota
by azoreductases originate toxic or mutagenic aromatic amines, so their use has been
restricted in many countries. The aim of this study was to submit the red dye 40 to
degradation by enterobacteria and partially characterize the products of its anaerobic
reduction. Two enterobacteria isolated from an infant together with the reference strains:
Escherichia coli DH5a, Escherichia coli E2348/69, Citrobacter rodentium DBS13 and
Enterobacter cloacae were used to inoculate samples of 30 ppm of red dye 40. The
degradation percentage was estimated by UV/Vis spectroscopy and the products of
anaerobic reduction were characterized by HPLC. Enterobacter sp. and E. coli isolates
from the infant fecal sample yielded a degradation of 60% and 49% respectively. With
respect of the reference strains, the degradation percentages were high up more than 70%.
The degradation of red dye 40 by the different types of bacteria used in this research
revealed a formation of compounds analogous to 1-naphthol and aromatic amines.
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Azo dyes are characterized by having
oneor moreR -N =N-R, bondsand they arewidely
used in the textile, cosmetic, pharmaceutical and
food industry due to their ease of synthesis and
their chemical stability™2 Withregard to thetextile
industry they are the most used organic dyes, and
therefore constitute the largest group available on
the market®. Itstoxicity isdueto the production of
aromatic amines during their natural degradation
process*>®7, When aromatic amines enter the
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human body through food chains, they are
transformed into acyloxyamines which denature
the DNA (8). Therefore, azo dyes chemical
reduction isnot recommended althoughit achieves
discoloration.

Humans are exposed to these compounds
through ingestion, inhalation or physical contact;
children are the most vulnerable group sinceit is
associated with hyperactivity and attention
deficit®. The anionic dye red 40 (2 -
naphthalenesulfonic acid, 6-hydroxy-5 - ((2 -
methoxy-5 -methyl-4 -sulfophenyl) azo) -,
disodiumsalt, and disodium 6 -hydroxy-5 - ((2 -
methoxy -5 —methy 1-4 -sulfophenyl) azo) -2
naphthal enesulfonate), also known as alura red
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or food red 17, is a monoazo acid dye with the
molecular formula C ;H,,N,Na,O,S, and has a
molecular mass of 496.42 g/mol. It has acidic
properties and an aromatic structure consisting of
three benzenerings (Figure 1)%°. Thisdyeiswidely
used in beverages, bakery products, meat, powder
desserts, candies, cereals, medicines, cosmetics
and tattoo inks' and its use has been restricted or
eliminated in Nigeria, Switzerland, Canada and
countries of the European Union as Denmark,
Belgium, France, Germany, Switzerland, Sweden,
Austria and Norway for the reasons mentioned
above'.

Some bacteria can metabolize azo dyes
by their enzymatic systems® and its degradation
products result to be toxic and/or mutagenic'* 5.
Biodegradation of azo dyes by bacteria can be
performed by anaerobic and/or aerobic processes
(16). During an anaerobic degradation theintestinal
microbiotaisinvolved in the reduction of the azo
bond by azoreductases, using the cofactors
ni cotinamide adenine dinucleotide (NAD), flavin
mononucleotide (FMN) and flavin adenine
dinucleotide (FAD) as electron donors. Although
there are reports of the use of the intestinal
microbiota bacteria in the removal of dyes in
wastewater®, there is little information on the
interaction of intestinal microorganismswith food
colorants.

MATERIALS AND METHODS

Enterobacteria were isolated and
identified from a fecal sample of a2 year and 6
month old child following the recommendations
described by Prats (18), the samplewastransported
in Stuart medium to keep it fresh and was processed
in less than 24 hours. Suspicious colonies were
isolated and identified by routinelaboratory tests;
later, thisisolated and identified strainswere stored
in LB broth supplemented with glycerol at -70°C
for later use. Thefollowing nonpathogenic strains
were used for reference experiments. Escherichia
coli DH5-Alpha (DH5%), enteropathogenic
Escherichia coli (EPEC) E2348/69, Citrobacter
rodentium DBS 13 (Citrobacter DBS 13) and
Enterobacter cloacae.

The degradation of red dye 40 with each
of the enterobacteria isolated from the intestinal
microbiotaand the reference strainswas performed
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as follows: amicrobial culture was growth to the
logarithmic phase then adjusted to aconcentration
of 1.5x 10° CFU/ml ina0.85% saline solution. Once
themicrobial population wasadjusted, aninoculum
was deposited on a nutrient broth tube containing
30 and 50 ppm of the dye. Following the
methodology described by Isik et al (19),
fermentation was carried out for 10 days by
measuring the absorbance every 24 hours to
determinethe percentage of removal. Themaximum
of absorbance of the red dye 40 dissolved in
nutrient broth was determined by UV/Vis
spectroscopy.

The degradation products of a 30 ppm
solution of red dye 40 were characterized by HPLC
(UFLC-Prominence, Shimadzu) using aPS/DVB
chromatographic column (Nucleogel® Sugar 810H,
Macherey-Nagel) and a mobile phase of 5 mM
sulfuric acid/water with aflow rate of 0.65 ml/min.

Standard solutions of 1-naphthol 0.051M
were prepared and chromatograms were obtained
using wavelengths of 285 and 315 nm, similarly,
anilinedilutionswith water (1:1000) were measured
at 260 and 285 nm for 20 minutes each.
Chromatograms of the culture medium added with
dye were used as control and the samples were
processed at a1:10 dilution.

RESULTS AND DISCUSSION

The maximum absorbance of red dye 40
wasat 504 nm whichisconsistent with the technical
specifications of the Food Drug and Cosmetic Act
(FD & C Act) and confirms the purity of the
product used during this investigation.
Enterobacter sp. and Escherichia coli were
identified from thefecal sample of theinfant.

The percentages of decolorization of 30
ppm of red dye 40 by different strains of this study
areshowninfigure 2, Escherichia coli DH5+ had
the highest percentage of decolorization with
83.2%, for the case of Citrobacter DBS 13 its
percentage was of 82%, for Escherichia coli E2348/
69 was 77% and for Enterobacter cloacae was of
65%. Coloniesisolated from the stool sample are
also shown on the same graph, for Enterobacter
sp.* the percentage of decol orization was 60% and
for Escherichia coli was 49%*.

For the solution of 50 ppm of red dye 40,
discoloration percentageswere asfollows: 84.29%
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for Escherichiacoli E2348/69, 65% for Escherichia
coli DH5z, 94% for Citrobacter DBS13 and 35%
for Enterobacter cloacae. For the stool samples,
the percentage were 34% for Enterobacter sp*
and 43% for Escherichia coli * (Fig. 3).

Severa authorslike Oforkaand Oranusi®
have reported decolorization of azo dyes like
Ponceau 4R dye and carmoisine by Escherichia
coli, the strain used in their study was originally
obtained from the Department of Microbiology at
the University of Port Harcourt in Nigeriaand was
isolated from the natural human intestinal flora. In
another study reported by Oranusi?, Escherichia
coli isolated from the intestinal microbiota was

OCH, HO
NaOS </ HN=N
7\

CH,
SO3Na
Fig. 1. Chemical structure of the anionic dye Red 40
Table 1. Retention times (RT) for the

control red dye 40, standard 1-naphtol
and samples at different wavelengths

Sample 285nm 315nm
RT(min)  RT (min)
Control (red 40) 2643 2704
5545 5545
56671 5676
2038
Standard 1-naphtol 5585 5591
5816
Escherichiacoli DH5+ 5599 5595
Escherichiacoli E2348/69 5573 5551
Citrobacter DBS 13 5591 5591
Enterobacter sp* 5559 5553
Escherichiacoli* 5553 5548
Enterobacter cloacae 5522 5595
12.28

*Note: Strains from the intestinal microbial
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capable of degrading a solution of 20 ppm of the
azo dyetartrazine with adecol orization percentage
of 60.38% over a period of 5 days. Wang et a,*
reported that Citrobacter CK3 isolated from
activated sludge of a textile factory was able to
decolorize 96% of thetextiledyereactivered 180in
a concentration of 50 ppm under anaerobic
conditions. Besides Citrobacter, species of the
genus Enterobacter have been used in the
degradation of azo dyes, Keharia et.al.?® reported
that Enterobacter agglomerans was able to
degrade methyl red; Moutaouakkil et.al?* %
reported that Enterobacter aerogenes is capable
of degrading the dye orange II. Kalyanee et al?®
reported that Enterobacter sp is capable of
degrading 91% of the reagent red C1195 when it
was cultivated anaerobically in aconcentration of
30 ppm.

In the degradation of dyes not only the
genus Citrobacter and Enterobacter have been
employed, Isik®® worked on the degradation of

Table 2. Retention times (RT) for the control
red dye 40, standard aniline and samples at
different wavelengths

Sample 260nm 285nm
RT (min) RT (min)
Control (red 40) 2411 2413
4691 4545
8251 8226
12.053
Standard aniline 3145 4093
4089 5586
5581
EscherichiaDH5+ 3425 5586
5573
EscherichiaE2348/69 4127 4130
5564 5591
Citrobacter DBS 13 5554 4882
5578
Enterobacter sp* 4132 4134
5538 5560
Escherichiacoli* 3.306 5591
5537
Enterobacter cloacae 5336 548

*Note: Strains from the intestinal microbial
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direct black 38 and congo red using aconcentration
of 30 ppm by Escherichia coli under anaerobic
conditions, resulting in a degradation of 98% and
72% respectively.

Decolorization studies have identified a
number of genesthat confer the ability to degrade
azo dyes. Chang et al,” reported decol orization of
azo dyes using the azo reductase genes of awild
strain of Pseudomonas luteola. In other word
Chang?® cloned and expressed a fragment of
Rhodococcus sp. genomic DNA. in Escherichia
coli, obtaining a recombinant strain capable to
decolorize azo dyes.

Partial characterization of the degradation
products

Theretentiontimes (RT) obtained for the
control red dye 40, standard 1-naphthol, standard
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aniline and the studied samplesare shownintables
land 2.

The chromatograms of the degradation
products of Escherichia coli DH5z+ at 285 and 315
nm are shownin figure4 and 5, they were used for
comparison with 1-naphthol chromatograms.

The degradation products from the
reference strains Citrobacter DBS 13, Escherichia
coli DH5%, Escherichia coli E2348/69,
Enterobacter cloacae and theintestina microbiota
Enterobacter sp showed a very similar RT in
comparison with the control 1-naphthol at 285 and
315nm. With respect to the control aniline, all
strainsshowed similarity intheir RT at 260 and 285
nm. In this case we must highlight the peaks at RT
of 5.326-5.581.
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Fig. 2. Comparison of the percentage of decolorization for a solution of 30 ppm of red dye 40 for the different strains

of this study.
*Note: Strains from the intestinal microbial
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Fig. 3. Comparison of the percentage of decolorization of red dye 40 for a50 ppm solution for the different strains

in this study
*Note: Strainsfrom theintestinal microbial
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Regarding the degradation products
obtained with the strain Escherichia coli DH5+,
similarity exists between the chromatograms of 1-
naphthol at 285 nm and 315 nm with RT of 5.599
minutes and 5.595 minutes respectively. The
standard aniline showed the same RT at 285.

It has been reported that the degradation
by chemical reduction of azo dyes produces
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aromatic amineswhich aretoxic and carcinogenic,
so this process is not recommended although the
discoloration is carried out. Its pathway of
reduction involves azo-reductases in anaerobic
conditions™.

Degradation of a 30 ppm solution of red
dye 40 by the different types of bacteria used in
this study showed evidence for the formation of
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Fig. 4. Chromatogram of the degradation products of Escherichia coli DH5+ at awavelength of 285 nm showing

aRT of 5.599 min
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Fig. 5. Chromatogram of degraded red 40 from Escherichia coli DH5+ at awavelength of 315 nm with an RT of

5.595 min

Fig. 6. Azo dye acid orange 7

analogous compounds to 1-naphthol and an
aromatic amine.

Furthermore, Van der Zee et al, (30)
reported that the azo dye acid orange 7 was
biologically degraded in anaerobic conditions to
sulfanilic acid and 1-amino-2-naphthol. Thered dye
40 (Fig. 1) has asimilar structure to the azo dye
acid orange 7 (Fig.6) so the degradation products
could besimilar.
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CONCLUSIONS

The strainsisolated from the infant fecal
sample, Escherichia coli and Enterobacter sp.,
were able to interact with the food dye red 40,
degrading it 49.38% and 58.8% respectively.

The strain Citrobacter DBS 13 gave the
best decolorization percentages (above 80%),
suggesting greater capability for degrading this
colorant compared with the strains isolated from
the fecal sample, Escherichia coli and
Enterobacter sp., and the reference strains.

HPLC characterization studies
demonstrated that an enzymatic reaction was
carried out during the decolorization of the red
dye 40, suggesting the formation of degradation
products that were analogous to 1-naphthol and
anaromatic amine.

Finally, the results of this research
showed that the reference strainsand the intestinal
microbiotastrains of Enterobacteriaceae, isolated
from a child of the State of Puebla, Mexico, are
capable of degrading the red dye 40 probably
through mechani sms of azo-reductases, producing
substances that are harmful to health.
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