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a b s t r a c t
Carmoisine is a type of azo dye producing red color to foods. The use of carmoisine has been limited 
in many countries due to the presence of β-naphthylamine. The aim of this study was to investigate the 
effect of diazinon on the biotransformation of carmoisine using Saccharomyces cerevisiae. First, to obtain 
the optimized parameters of S. cerevisiae and carmoisine, the removal of carmoisine was examined 
using parameters, including retention time (0.5–24 h), yeast concentration (0.1%–1%), and carmoisine 
concentration (1–50 mg/L). Thereafter, a number of experiments were conducted in the presence of dif-
ferent factors, including the diazinon concentration of 0.001–1,000 mg/L, the retention time of 0.5–24 h, 
the optimized concentrations of carmoisine and S. cerevisiae. The results indicated that the removal 
efficiency of carmoisine for 1,000 mg/L diazinon and the control sample (0 mg/L diazinon) was 85.23% 
and 19.03%, respectively, within 0.5 h. Based on the results, there was a direct relationship between 
the biotransformation of carmoisine and the initial concentration of diazinon. We can conclude that 
S. cerevisiae has the ability to remove carmoisine with the lowest cost and high efficiency.
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1. Introduction

Dyes discharged into the environment usually originate 
from the textile, dyeing, printing, and cosmetic industries 
[1–3]. They have adverse effects on aquatic environments, 
which include decreased oxygen concentration due to the 
reaction with hydrosulfide in the structure of dyes and 
the prevention of the passage of light into water, leading 
to detrimental changes in the water ecosystem. Azo dyes 
are synthetic dyes characterized by the presence of one 
or more chromophoric azo groups [4]. Studies have shown 
that azo dyes have toxic, allergic, and irritating effects and 

cause dermatitis, cancer, and mutation in humans [1–3]. 
Carmoisine is a synthetic azo class of dyes that produce red 
color to foods. The presence of sulfonic groups in dye makes 
it polar and soluble in water. This dye is used in edibles 
such as jelly, jams, sweets, and preservatives. The use of car-
moisine is banned in many developed countries due to the 
presence of b-naphthylamine, a known carcinogen in it that 
is created from reduction of azo groups [5,6]. This dye can 
cause drug sensitivity or asthma and allergy to many people. 
It enhances behavioral complications like hyperactivity, and 
sleeplessness in children and high doses of the dye also result 
in coma and even death. Thus, it is necessary to focus the 
research in removing the carmoisine from effluents using an 
applicable method without any by-product [7]. On the other 
hand, several applications of pesticides in agriculture can 
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cause environmental issues such as contamination of water, 
soil, and the food. Pesticides include organophosphate, car-
bamate, and pyrethroid, and the organophosphorus com-
pounds are the largest and most diverse pesticides. Because 
of their effect on a wide range of pests and also their low cost, 
organophosphate pesticides are used by farmers more than 
other pesticides [8]. Fig. 1 describes the chemical structure 
of carmoisine. Diazinon is an organophosphate compound 
originating from agricultural, municipal, and industrial 
effluents. It has adverse effects on humans, which include 
headache, nausea, respiratory tract constriction, the weaken-
ing of the central nervous system, and ultimately death [9]. 
Although physicochemical processes have wide applications 
in dye decolorization, microbial eco-friendly processes are 
truly in demand with regard to the effective degradation and 
mineralization of dye effluents. In this regard, Saccharomyces 
cerevisiae can metabolize and degrade dye compounds 
[10–12]. This microorganism can be produced in large quan-
tities and used as a by-product in industry. Previous stud-
ies have corroborated the fact that diazinon is not toxic to 
S. cerevisiae at concentrations less than 50 g/L and does not 
deactivate the metabolic system [13]. In biodegradation pro-
cesses, diazinon is degraded to the alkyl P–O and aryl P–O 
bonds and is used by microorganisms as a source of carbon 
and phosphorus. This can cause their growth and, therefore, 
increase their efficiency to remove chemicals and toxins 
[14,15]. Based on previous studies, azo dyes are biodegraded 
and broken into aromatic amines with side groups (–SO3, 
–OH, –COOH, –Cl) [10,16]. McMullan et al. [16] reviewed 
the underlying mechanisms by which diverse categories of 
microorganisms from bacterial and fungal domains degrade 
dyestuffs. As mentioned earlier, carmoisine and diazinon are 
two major pollutants in the industrial and agricultural efflu-
ents. The simultaneous removal of these pollutants reduces 
the costs of initial investment and operation. For this rea-
son, the removal of carmoisine in the presence of diazinon 
is carried out. The study was aimed at examining the effect 
of diazinon on the removal of carmoisine using S. cerevisiae.

2. Materials and methods

2.1. Materials

All chemicals used in the experiments were of reagent 
grade. All solutions were prepared using distilled water. 
Diazinon and carmoisine were provided by Sigma-Aldrich 
(USA) and Merck (Germany) companies, respectively. 
S. cerevisiae cells harvested (PTCC (Persian Type Culture 
Collection): 5052) were locally obtained from the Iranian 

Research Organization for Science and Technology (IROST), 
Tehran, Iran.

2.2. Preparation of reaction mixtures

Initially, to obtain the optimized conditions of carmois-
ine removal by S. cerevisiae, 100  cc of the reaction mixture 
was prepared at the concentration of 1–50 mg/L of carmois-
ine, 0.1%–1% (m/v) of S. cerevisiae, and retention times of 
0.5–24 h. Thereafter, 56 runs were carried out by considering 
different parameters, including a diazinon concentration of 
0.001–1,000 mg/L, retention times of 0.5–24 h, and the opti-
mized concentrations of carmoisine and S. cerevisiae. In sim-
ilar conditions, a sample including 50 mg/L carmoisine and 
1% S. cerevisiae without the presence of diazinon was studied 
as the control sample. All experiments were agitated at the 
fixed speed of 120 rpm and room temperature (28°C ± 2°C).

2.3. Analytical methods

A total of 10 mL of the sample was withdrawn from each 
Erlenmeyer flask at definite time intervals. The samples were 
centrifuged at 4,000 rpm for 12 min to remove the medium. 
Finally, the absorbance of each sample was read with a spectro-
photometer at the wavelength of 515 nm. Dye concentrations 
were estimated from the standard curve of absorbance versus 
dye concentrations between 0 and 15 mg/L. When the concen-
trations were high, the sample solution was diluted until the 
absorbance fell into the absorbance range corresponding to 
0–15 mg/L dye concentration. The removal efficiency (R, %) 
of carmoisine was calculated using the equation as follows:

R
C C
C
o%( ) = −

×100 	 (1)

where C0 is the initial dye concentration (mg/L), C is the dye 
concentration in solution after removal (mg/L). All exper-
iments were run in duplicate and the average results are 
presented herein.

2.4. Statistical analysis

The significance of means within the groups of experi-
mental data was assessed using one-way analysis of variance.

2.4. Toxicity test for diazinon

In this study, broth microdilution method was applied 
to determine the minimum inhibitory concentration (MIC) of 
diazinon against S. cerevisiae. In this method, 0.2 mL reaction 
mixture including a diazinon concentration of 0.048–25 g/L 
and a yeast suspension of 2.5 × 106 Cfu/mL was cultured in 
the RPMI medium. It was then incubated at 28°C for 24 h. 
Finally, the first concentration of diazinon that inhibited 
yeast growth was considered as MIC [17].

3. Results and discussion

3.1. The removal of carmoisine by Saccharomyces cerevisiae

In this study, initially, the effects of the concentration 
of diazinon, carmoisine, and S. cerevisiae, and the reaction Fig. 1. Chemical structure of carmoisine.
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time on the removal efficiency of carmoisine were studied. 
Fig. 2 demonstrates the effect of different concentrations 
of S. cerevisiae (0.5%–1%) on the removal efficiency of 
carmoisine within 5  h. The maximum removal efficiency 
of diazinon was 92.44% at the concentration of 1% S. cer-
evisiae. With regard to the results of Fig. 2, the increase in 
the concentration of S. cerevisiae has led to the increased 
removal efficiency of carmoisine. As can be observed, with 
the augmentation of S. cerevisiae from 0.5% to 1% m/v, the 
removal efficiency of diazinon grew from 17.68% to 92.44% 
(P < 0.05). Fig. 3 indicates the effect of the initial concentra-
tions of carmoisine (1–50  mg/L) on the removal efficiency 
of carmoisine. Based on Fig. 3, there is a direct relationship 
between the removal efficiency of carmoisine and its initial 
concentration. The results indicated that the curve slope ini-
tially increases and then gradually decreases along with the 
elevation of the carmoisine concentration. In this regard, the 
highest removal rate was obtained at the initial diazinon con-
centration of 50 mg/L, as the collision between S. cerevisiae 
and carmoisine increases. This indicates that the increase 

in concentration of the dye decreases the resistance toward 
dye uptake and increases the mass driving force among 
adsorbent and adsorbate, which increases the percentage 
adsorption of the dye. These results are in disagreement 
with Shanmugam and Mahadevan [18] when adjusting the 
initial concentration of azo dye from 20 to 40 mg/L resulted 
in reducing their removal efficiencies of reactive dye from 
57% to 31%. With regard to previous studies, biotransfor-
mation has been known as the main mechanism of biodeg-
radation of azo dyes [19,20]. Jadhav et al. [10] completely 
removed 100 mg/L of methyl red using S. cerevisiae and the 
reaction time range was considered 0.5–24 h. The biological 
reactions have typically been dependent on the reaction time 
and the yeast mass. The results presented in Fig. 3 indicate 
that carmoisine is removed rapidly from 0.5 to 5  h, while 
from 5 to 24 h, the curve slope is stable and the removal effi-
ciency levels off (P < 0.05). Accordingly, the highest removal 
rate (92.44%) was obtained at the carmoisine concentration 
of 50 mg/L and the reaction time of 5 h. This may be related 
to the saturation of adsorbent site on the outer interface of 
the biomass by dye species. The time needed to reach equi-
librium is defined as “equilibrium time.” The rapid uptake 
of the dye indicates that the sorption process could be ionic 
in nature where the anionic dye molecules bind to the vari-
ous positively charged organic functional groups present on 
the surface of the biomass [21]. Mahmoud [20] demonstrated 
that the dye of ramazole blue was removed completely by 
bacteria at the concentration of 100 mg/L [21]. According to 
the results in Figs. 2 and 3, the optimized values of concen-
trations of S. cerevisiae and carmoisine were found to be 1% 
and 50 mg/L, respectively.

3.2. The effect of diazinon on the removal of carmoisine

Fig. 4 displays the effect of the initial diazinon concen-
tration (0–1,000  mg/L) and reaction time (0.5–24  h) on the 
removal efficiency of carmoisine. The maximum removal 
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Fig. 2. The effect of the initial S. cerevisiae concentration on the 
removal efficiency of carmoisine in 5 h.
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Fig. 3. The effect of the initial concentration of carmoisine (1–50 mg/L) on the removal efficiency at different reaction times (0.5–24 h).
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efficiency was 97.51% at 1,000  mg/L diazinon concentra-
tion for 5 h. The results (Fig. 4) represent that the removal 
efficiency of carmoisine grows along with the increase in 
the reaction time from 0.5 to 5 h and then decreases grad-
ually up to 24 h. In this study, a significant difference was 
detected between the removal efficiency of carmoisine at 
diazinon concentrations of 1,000  mg/L and 0  mg/L for the 
first 3 h (P < 0.05). Fig. 5 illustrates the effect of the initial dia-
zinon concentration (0–1,000 mg/L) on the removal efficiency 
within 0.5 h. Based on the findings (Fig. 5), the removal effi-
ciency of carmoisine for 1,000 mg/L diazinon and the control 
sample (0  mg/L diazinon) was found to be 85.23% and 
19.03%, respectively, within 0.5 h. Accordingly, the removal 
efficiency of diazinon at the concentration of 1,000 mg/L was 
approximately 4.5 times as large as its removal efficiency in 
the control sample. Carmoisine is a type of azo dye with two 
groups of sulfonate which can produce a negative charge in 
aqueous solutions. The cell surface of S. cerevisiae has three 

carboxylic, phosphonate, and amine functional groups. 
These groups have an important role in the biological activ-
ity of S. cerevisiae. Compared with other groups, amine 
groups are more active in absorbing contaminants and cre-
ating a positive charge on yeast. However, carboxyl and 
phosphonate groups produce a negative charge on yeast [22]. 
Due to electrostatic repulsion, carboxyl and phosphonate 
groups are not suitable for the adsorption of anionic dyes. 
Meanwhile, amine groups are found to form NH4

+ mainly 
in protein molecules. It can, therefore, be concluded that 
S. cerevisiae removes carmoisine because of the electrostatic 
gravity between the positive charge of the amino groups in 
yeast and the SO3 groups in the dye [23,24]. S. cerevisiae can 
degrade the alkyl P–O and aryl P–O bonds of diazinon and 
use it as a source of carbon and phosphorus [14,15]. Hence, 
it can be concluded that the removal efficiency of carmoisine 
grows in the presence of diazinon due to the increased met-
abolic activities of S. cerevisiae [8]. Kristina et al. [14] found 
that the bacterial strains of Arthrobacter and Streptomyces 
could have a synergistic effect on the biodegradation of dia-
zinon [14]. Fig. 6 exhibits the GC-MS spectrum of diazinon 
as an intermediate during the biotransformation process. 
The results of Fig. 6 suggest that diazinon degrades to 16 
compounds with the detection quality of over 50% (based 
on the molecular weight). Furthermore, by-products with 
a molecular weight ranging from 84.094 to 652.117 atomic 
mass unit were detected within different retention times of 
2.185 until 32.072  min. The clearest peaks were related to 
acetaldehyde, propylhydrazone, cyclohexasiloxane-dodeca-
methyl, and heptane compounds, whose detection quality 
was over 80%. The major peak at the time of 17.367 min was 
related to pentasiloxane-dodecamethyl compound, whose 
detection quality was 47%. Finally, the results of this study 
showed that the MIC value of diazinon against S. cerevisiae 
was 6.25 g/L.
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4. Conclusion

Based on the results obtained in this study, the removal 
efficiency of carmoisine has a direct relationship with the 
concentration of S. cerevisiae, reaction time, and the initial con-
centrations of diazinon and carmoisine. It can be concluded 
that diazinon does not have toxic effects on S. cerevisiae and 
increases the removal efficiency of carmoisine.
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