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A B S T R A C T

Vinasse, produced by several countries as a by-product of agricultural activity, has different alternatives for its
reuse, mainly fertirrigation. Several monocultures, such as sugar cane and orange crops, produce this effluent.
Sugar cane vinasse is already widely used in fertirrigation and orange vinasse has potential for this intention.
However, its use as a fertilizer has caused great concern. Thus, ecotoxicological evaluation is extremely
important in order to assess the possible effects on the environment. Therefore, the aim of this study was to
evaluate the potential toxicity of vinasse of two different crops: sugar cane and orange. For this purpose,
bioassays with Allium cepa as a test organism were performed with two vinasse dilutions (2.5% and 5%) to detect
chromosomal aberrations and micronucleus induction. The results showed that both types of vinasse are able to
induce chromosomal aberrations in meristematic cells, mainly nuclear and anaphasic bridges, suggesting
genotoxic potential. The induction of micronuclei in cells of the F1 region suggests that the two residues have
mutagenic potential. Thus, caution is advised when applying these effluents in the environment.

1. Introduction

Over the last few decades, the world has been faced with an increase
in the consumption of raw materials and waste generation in agricul-
ture and agro-industrial activities due to the significant advances of
agribusiness. Thus, special attention has been focused on minimizing
these effluents and in their reuse (Rosa et al., 2011).

Vinasse, produced in many countries as a by-product of agricultural
activities, is obtained after fermentation processes of different raw
materials such as sugar cane, orange, corn and beet (Christofoletti et al.,
2013a). Depending on the raw material that produces it, the physical
and chemical properties can be different (España-Gamboa et al., 2011).

Since its introduction in Brazil, sugar cane (Saccharum sp.) has
gained prominence in agricultural activities of socio-economic expres-
sion. Consequently, the waste generated by the sugar and alcohol
industry, mainly vinasse, has also increased (Pedrosa et al., 2005). In
2014, Brazil produced 28.6 billion liters of ethanol (EPE, 2015), and for
each liter produced, about 13 L of vinasse is generated (Neto, 2008).

As well as the sugar and alcohol industry, the orange juice
processing industry also produces a high volume of solid and liquid
waste daily. The solid waste is formed by the peel, seed and pulp and
can be reused as animal feed; liquid waste is discharged into water

sources after treatment (Rezzadori and Benedetti, 2009; Tavares et al.,
1998). Through fermentation of the sugars found in the pulp liquor it is
possible to produce second-generation ethanol (Citrosuco, 2016), thus
obtaining orange vinasse as a by-product.

Regardless of the raw material utilized in its production, the main
component of vinasse is organic matter in the form of organic acids and
cations, such as potassium, calcium and magnesium. In general, this
effluent has a dark color and consists primarily of water (93%) and
organic and mineral solids (7%). Despite having high levels of organic
matter, it has low levels of nitrogen and phosphorus (Laime et al.,
2011).

There are several alternatives for its reuse and fertirrigation is the
most common for sugar cane vinasse due to its high fertilizer value
(Christofoletti et al., 2013a). In Brazil, the liquid waste originated by
the orange industry is subjected to a biological treatment system in
order to achieve the standards required by the environmental legisla-
tion; after this process, it can be released into water sources (Rezzadori
and Benedetti, 2009). As orange vinasse presents similar characteristics
to sugar cane vinasse, it has potential use as a fertilizer in agriculture. A
study using the liquid effluents of the citrus industry on the corn crop
has already been done by Aloisi et al. (2001).

The agricultural use of vinasse and its benefits are unquestionable
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from the agricultural, economic and social point of view (Giachini and
Ferraz, 2009). However, its application has been questioned by its
adverse effects on soil and groundwater and, consequently, to the biota
present in these environments (Christofoletti et al., 2013a; Silva et al.,
2007).

Studies have been carried out mainly with sugar cane vinasse and
several authors have concluded that this effluent can be toxic. Marinho
et al. (2014), Pedro-Escher et al. (2014), Christofoletti et al. (2016) and
Correia et al. (2017) observed its toxicity to different bioindicator
organisms, such as fish, millipedes and Tradescantia pallida. There are
no studies about the toxicity of orange vinasse, but Saverini et al.
(2012) analyzed the genotoxicity of citrus wastewater derived from the
production of citrus juice and the extraction of essential oils in the
Salmonella reversion assay (Ames test) and in V79 cells by Comet assay.
The authors concluded that the wastewater is highly genotoxic in
bacterial and mammalian cells.

Tests that assess the genotoxic and/or mutagenic potential of this
effluent are of the utmost importance. The use of higher plants, such as
Allium cepa, can be employed for the evaluation of these parameters,
since they are recognized as excellent models to detect environmental
genotoxic agents (Leme and Marin-Morales, 2009). The bioassay using
A. cepa is validated and standardized by the International Program on
Plant Bioassays (IPPB) conducted by the United Nations Environment
Program (UNEP) (Ma, 1999). Recently, this organism has been em-
ployed to detect the genotoxicity of pesticides (Kuchy et al., 2016;
Rodríguez et al., 2015; Souza et al., 2017), sewage sludge (Martins
et al., 2016), river water samples (Batista et al., 2016) and drugs
(Lutterbeck et al., 2015; Pichler et al., 2014).

Thus, this study aimed to compare the genotoxic potential of two
different types of vinasse, derived from sugar cane and orange crops,
analyzing the induction of micronuclei and chromosomal aberrations in
meristematic cells and the F1 region in A. cepa.

2. Materials and methods

2.1. Biological material

The bioassays were performed with A. cepa (Amaryllidaceae) seeds
of the variety Baia Perform. All seeds used in the experiment had the
same brand, lot number and expiration date in order to avoid different
responses to the various stages of the test.

2.2. Vinasse samples

The sugar cane and orange vinasse samples used in these experi-
ments were collected in the State of São Paulo, Brazil. In the laboratory,
the samples were stored in a refrigerator at 4 °C until the beginning of
the experiments. In order to perform the seed exposure, both types of
vinasse were diluted in ultrapure water in two different dilutions: 5%
and 2.5%. The concentrations were chosen after preliminary seed
germination tests in both types of vinasse. According to these data,
the seeds exposed to orange vinasse did not germinate at concentration
above 5%.

2.3. Physicochemical analysis of the vinasse samples

Physical and chemical analysis of raw vinasse (undiluted) was
performed by the São Lucas Environmental Analysis Laboratory (Rio
Claro, São Paulo, Brazil) to detect the following parameters: pH, non-
filterable residue, hardness, conductivity, nitric nitrogen, nitrous nitro-
gen, ammonia, Kjeldahl nitrogen, sodium, calcium, potassium, magne-
sium, sulfate, phosphate, BOD (biochemical oxygen demand), COD
(chemical oxygen demand), K2O content and metals (Sb, As, Ba, B, Cd,
Pb, Co, Cu, Cr, Hg, Mo, Ni, Ag, Se, Zn, Fe, Mn and Al).

2.4. A. cepa bioassays

One hundred A. cepa seeds were placed in Petri dishes containing
filter paper. Seeds were directly exposed to 4 mL of different dilutions
(2.5% and 5%) of sugar cane and orange vinasse. Ultrapure water was
used as a negative control, while methyl methanesulfonate (clastogenic
action) at the concentration of 4×10−4 M (Rank and Nielsen, 1997)
was used as the positive control. The experiment was conducted in
laboratory incubator with controlled photoperiod (12:12) and tempera-
ture (22±1 ºC). Bioassays were performed in triplicate.

2.5. Preparation of A. cepa slides

After 5 days of exposure, the radicles, approximately 2 cm in length,
were collected and fixed in Carnoy 3 :1 (ethanol :acetic acid, v/v) for
6–12 h. After this process, the radicles were transferred to a new Carnoy
fixative and stored at 4 °C until use (Souza et al., 2017; Rodríguez et al.,
2015). For preparation of the slides, the radicles were subjected to acid
hydrolysis for 9 min in 1 N HCl at 60 °C and then submitted to Schiff’s
reagent for 2 h. Both the meristematic and F1 regions were sectioned
and placed on the slide. In order to enhance the coloration and to
facilitate spreading of the cells, a drop of 2% acetic carmine was added
to the material. All slides were obtained by subjecting the material to
soft crushing between slide and coverslip. Coverslips were extracted in
liquid nitrogen and permanent slides were mounted with Entellan.

2.6. Analysis of the results

The material was analyzed on a light microscope under 1000×
magnification. Three hundred cells from the meristematic region and
300 cells from the F1 region were analyzed per slide. Fifteen slides were
analyzed per treatment, totaling approximately 5000 cells for each
region. After analyzing all triplicates, the total of cells observed was
approximately 15,000 per dilution. The genotoxicity was assessed by
the frequency of micronuclei (FMN) and the quantification of cells
carrying chromosomal aberrations (CA) at different stages of cell
division (prophase, metaphase, anaphase and telophase), such as
chromosome stickiness, chromosome bridges, C-metaphase, chromoso-
mal delays and nuclear buds, through the formulas FMN=(number of
cells with MN/number of cells observed)×100 and CA=(number of
cells with CA/number of cells observed)×100. The mutagenic potential
was verified by the FMN in the F1 region. The values obtained were
compared with those obtained in the negative control through a
Kruskal–Wallis statistical test (p< 0.05).

3. Results

3.1. Physicochemical characterization of the vinasse

The values obtained by the physicochemical analysis of sugar cane
and orange vinasse are shown in Table 1.

Sugar cane vinasse showed higher amounts of potassium, magne-
sium, K2O and higher electrical conductivity, while orange vinasse
showed higher amounts of non-filterable residue, ammoniacal and
Kjeldahl nitrogen, sodium, calcium, sulfate and phosphate, as well as
higher values of COD, BOD and hardness.

The values obtained by analysis of the sugar cane and orange
vinasse concerning the presence of metals are shown in Table 2. In
sugar cane vinasse, aluminum, barium, cobalt, copper, iron, manga-
nese, nickel and zinc were detected; in orange vinasse, only barium and
zinc were measured.

3.2. Genotoxic and mutagenic evaluation

3.2.1. Sugar cane vinasse
Both dilutions tested, 2.5% and 5%, showed a genotoxic effect, since
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induction of CA in meristematic cells was observed. The alterations
found were nuclear buds (Fig. 1A), anaphasic bridges (Fig. 1B), MN
(Fig. 1C), chromosomal loss (Fig. 1D) and chromosomal break (Fig. 1E).
Table 3 contains all the alterations observed. Both the frequency of CA
and MN were similar in the two dilutions (Table 4). Analysis of the cells
of the F1 region revealed the presence of MN in the two dilutions,
demonstrating the mutagenic potential of the residue. However, the
FMN in the 5% dilution was higher (2.2-fold higher) than that observed
in the 2.5% dilution (Table 5).

3.2.2. Orange vinasse
The frequency of CA and MN observed in the meristematic region

showed the genotoxic potential of the vinasse, since these alterations
were statistically significant compared to the control. Nuclear bud,
anaphasic bridge, MN, chromosomal loss and chromosomal break were
the observed alterations. Table 3 shows all the alterations observed. The
highest dilution had a higher frequency of CA and MN (Table 4). In the
cells of the F1 region, both dilutions induced MN formation; in the 5%
dilution, the FMN was 1.7-fold higher compared to the 2.5% dilution
(Table 5).

4. Discussion

According to the results obtained in this study, both types of vinasse
showed genotoxicity to the organism employed in the experiments,
since they were able to induce CA and MN in meristematic cells. In the
cells of the F1 region, it was possible to analyze the persistence of DNA
damage through the presence of MN, suggesting the mutagenic
potential of the samples.

CA are characterized by changes in chromosome structure or in the
total number of chromosomes and can occur spontaneously or as a
result of exposure to chemical or physical agents (Russell, 2002). MN,
small cytoplasmic masses of chromatin with a rounded shape, are the
result of chromosomal breaks and/or aneuploidy during cell division.
Due to an error they are not included in the main nucleus at the end of
the division (Grisolia and Starling, 2001; Ramirez and Saldanha, 2002).
So, the joint assessment of these alterations allows the detection of DNA
damage resulting from exposure to several toxic agents (Fenech, 2000;
Leme and Marin-Morales, 2009).

Both sugar cane and orange vinasse are characterized by different
substances at different concentrations and, for this reason, are con-
sidered complex mixtures. The physicochemical analysis of the samples
herein studied showed some differences between the two residues.

Table 1
Physicochemical analysis of the two vinasse samples.

Parameters Method Sugarcane vinasse Orange vinasse

pH – 4,6 4,1
Non-filtrable residue (mg/L) 2540 D 1190 16,940
Hardness (mg CaCO3/L) 2340 B 3390,4 6413,3
Eletric Conductivity (μs/cm) 2510 B 8294 7904
Nitric Nitrogen (mg/L) USEPA 300.1 <QL* <QL***
Nitrous Nitrogen (mg/L) USEPA 300.1 <QL* <QL***
Amoniacal Nitrogen (mg NH3-N/L) 4500 - NH3 D 10,920 44,115
Kjeldahl Nitrogen (mg NH3-N/L) 4500 – Norg B 234,1 651,8
Sodium (mg/L) 3030E USEPA 6010C 13,570 97,950**
Calcium (mg/L) 3030E USEPA 6010C 828** 2275,50**
Potassium (mg/L) 3030E USEPA 6010C 3276º 2237,25**
Magnsium (mg/L) 3030E USEPA 6010C 321,250** 177,875**
Sulfate (mg/L) USEPA 300.1 340,276* 432,150º
Phosphate (mg/L) USEPA 300.1 5518* 173,020º
BOD (mg/L) 5210 B 13394,3 47636,3
COD (mg O2/L) 5220 D 31723,2*** 107014,4■

K2O content (kg K2O /m3) 3030E USEPA 6010C 3,931º 2685**

QL: Quantification Limit; *: dilution 20; **: dilution 25; ***: dilution 50; º: dilution 100; ■: dilution 250; USEPA: United State Environmental Protection Agency.

Table 2
Metal analysis of the two vinasse samples.

Parameters MVA Method Sugarcane vinasse Orange vinasse

Aluminum (mg/L) 0,2 3030E USEPA 6010C 0,47 –
Antimony (mg/L) 0,005 USEPA 6010C <QL <QL*
Arsenio (mg/L) 0,01 USEPA 6010C <QL <QL*
Barium (mg/L) 0,7 3030E USEPA 6010C 0,218 1,118*
Boron (mg/L) 0,5 3030E USEPA 6010C <QL <QL*
Cadmium (mg/L) 0,005 3030E USEPA 6010C <QL <QL*
Lead (mg/L) 0,01 3030E USEPA 6010C <QL <QL*
Cobalt (mg/L) 0,005 3030E USEPA 6010C 0,014 <QL*
Copper (mg/L) 2 3030E USEPA 6010C 0,155 <QL*
Chromium (mg/L) 0,05 3030E USEPA 6010C <QL <QL*
Iron (mg/L) 0,3 3030E USEPA 6010C 8,531 –
Manganese (mg/L) 0,4 3030E USEPA 6010C 3,110* –
Mercury (mg/L) 0,001 USEPA 6010C <QL <QL
Molybdenum (mg/L) 0,07 3030E USEPA 6010C <QL <QL*
Níckel (mg/L) 0,02 3030E USEPA 6010C 0,029 <QL*
SIlver (mg/L) 0,05 3030E USEPA 6010C <QL <QL*
Selenium (mg/L) 0,01 3030E USEPA 6010C <QL <QL*
Zinc (mg/L) 5 3030E USEPA 6010C 0,625 0,813*

QL: Quantification Limit; MVA: Maximum Value Allowed according to the São Paulo State Environmental Legislation for groundwater – CETESB (195-2005-E); *: dilution 25; USEPA:
United State Environmental Protection Agency.
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However, the characteristics commonly observed in all types of vinasse,
such as low pH, high concentrations of BOD and COD and large
amounts of potassium, were found in both samples. The sugar cane
vinasse showed a higher number of metals (aluminum, cobalt, iron,

manganese and nickel) in higher concentrations than those allowed by
Brazilian environmental law for groundwater (CETESB, 2005). In the
orange vinasse, only the concentration of barium was higher than that

Fig. 1. Nuclear alterations and chromosomal aberrations in A. cepa after exposure to vinasse. A: nuclear bud; B: anaphasic bridge; C: micronucleus; D. chromossomal loss; E.
chromossomal breaks. Magnification: 1000×.

Table 3
Chromossomal aberrations and MN observed in meristematic cells of A. cepa exposed to different dilutions of sugar cane and orange vinasse.

Nuclear bud Chromosomal loss Chromosomal bridge Chromosomal break MN Total of cellsa

NC 0 0 0 0 0 14,396
MMS 30 51 38 34 1509 14,098
SV 2.5% 129 3 10 0 250 13,998
SV 5% 103 5 31 2 208 13,963
OV 2.5% 44 3 8 1 182 14,634
OV 5% 125 1 23 0 366 14,320

NC: negative control; PC: positive control; SV 2.5%: sugarcane vinasse diluted at 2.5%; SV 5%: sugarcane vinasse diluted at 5%; OV 2.5%: orange vinasse diluted at 2.5%; OV 5%:
orange vinasse diluted at 5%; MN: micronucleus.

a total of cells analyzed in triplicate.

Table 4
Mean values and standard deviation of chromosomal aberrations and micronucleus
frequency observed in meristematic cells of A. cepa exposed to two different dilutions of
sugarcane and orange vinasse.

Treatments ICA FMN

NC 0± 0 0±0
PC 1.08± 0.93* 10.77± 6.73*

SV 2.5% 1.02± 0.62* 1.78±0.51*

SV 5% 1.02± 0.47* 1.49±0.32*

OV 2.5% 0.38± 0.32* 1.24±0.47*

OV 5% 1.04± 0.72* 2.55±0.97*

NC: negative control; PC: positive control; SV 2.5%: sugarcane vinasse diluted at 2.5%;
SV 5%: sugarcane vinasse diluted at 5%; OV 2.5%: orange vinasse diluted at 2.5%; OV
5%: orange vinasse diluted at 5%; ICA: Index of Chromossomal Aberrations; FMN:
Frequency of Micronucleus.

* p<0.05 in relation to NC.

Table 5
Mean values and standard deviation of micronucleus
frequency observed in cells of the F1 region in A. cepa
exposed to two different dilutions of sugarcane and orange
vinasse.

Treatments FMN

CN 0.04± 0.11
PC 2.54± 0.59*

SV 2.5% 0.72± 0.28*

SV 5% 1.6± 0.44*

OV 2.5% 0.92± 0.36*

OV 5% 1.6± 0.37*

NC: negative control; PC: positive control; SV 2.5%:
sugarcane vinasse diluted at 2.5%; SV 5%: sugarcane
vinasse diluted at 5%; OV 2.5%: orange vinasse diluted
at 2.5%; OV 5%: orange vinasse diluted at 5%; FMN:
Frequency of Micronucleus.

* p<0.05 in relation to NC.
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allowed by the Brazilian government. Regardless of its raw material,
the main constituent of vinasse is organic matter, especially potassium,
calcium and magnesium (Giachini and Ferraz, 2009; Ramalho and
Sobrinho, 2001) and all these factors contribute to its potential
polluting power (Freire and Cortez, 2000; Tavares et al., 1998).

Thus, the analyses obtained by the physicochemical characteriza-
tion of the two types of vinasse, associated with the results of the
bioassays with A. cepa, revealed the toxicity characteristics commonly
presented by this type of effluent.

Several authors have reported that the genotoxicity of vinasse is due
to the presence of metals such as Cd, Cr, Ni, Pb, K, P, S, Fe, Mn, Zn and
Cu (Pedro-Escher et al., 2014; Souza et al., 2013; Srivastava and Jain,
2010). Pedro-Escher et al. (2016) observed that sugar cane vinasse
applied to soil at different dilutions (12.5%, 25% and 50%) was
responsible for inducing CA such as adhesion and chromosomal loss
and polyploidy in meristematic cells of A. cepa. Similar results were
observed by Christofoletti et al. (2013b), even when the concentration
of metals present in the sugar cane vinasse was below those allowed by
the environmental legislation.

There are some studies performed with higher plants that have
shown that the genotoxic potential of metals can induce changes in the
structure and number of chromosomes and disturbances during the
mitotic process (Fiskesjö, 1993; Minissi and Lombi, 1997). Among the
metals found in the vinasse herein analyzed, barium was detected in
higher concentrations than allowed in both samples. This metal is
commonly found in the tissues of many plants, but in small amounts
(4–50 mg/kg); in larger quantities it can be toxic and growth-inhibitory
(Chaudhry et al., 1977; Coscione and Berton, 2009; Kuperman et al.,
2006; Llugany et al., 2000). Also, it is included in the list of hazardous
substances from the Agency for Toxic Substances and Disease Registry
(ATSDR, 2010).

The metals aluminum, cobalt, copper, iron, manganese and nickel
were measured in higher concentrations than allowed only in sugar
cane vinasse. As for barium, these metals are also related to genotoxi-
city in different organisms (Boeck et al., 1998; Francisco et al., 2014;
Lima et al., 2011; Van Goethem et al., 1997; Yildiz et al., 2009). In cells,
metals lead to genotoxicity through different processes, but oxidative
stress is the most common for nickel (Chen et al., 2003), copper
(Thounaojam et al., 2012), cobalt (Alarifi et al., 2013) and iron
(Ahamed et al., 2013).

As the orange vinasse showed a lower amount and concentration of
metals, one could expect that it would display lower levels of
genotoxicity. However, considering the results, it was observed that
the genotoxic and mutagenic potential in both effluents were similar.
However, little is known about the toxicity of orange vinasse, since
studies on it are new. According to Rezzadori and Benedetti (2009),
there is recent interest in adding value to this by-product and, at the
same time, decreasing and preventing its toxicity to the environment.

Although metals seem to be the main vinasse genotoxicity factor,
some physicochemical parameters may interfere its toxicity.
Physicochemical parameters such as pH, chemical oxygen demand
(COD) and biochemical oxygen demand (BOD) are routinely used for
monitoring and assessing water quality (Oliveira et al., 2012).

High BOD indices, as observed in our analysis, may result in
reduction and even elimination of oxygen in the water source, causing
substantial changes in the ecosystem (Fiorucci and Benedetti Filho,
2005). In situations of apoxia or hypoxia, the genetic material is likely
to be damaged. Snyder and Diehl (2005) demonstrated hypoxia alone
may elevate MN frequency and be genotoxic in mice. Severe hypoxia
can also provokes DNA damage in fish, as observed by Negreiros et al.
(2011). Two possible mechanisms can be responsible for this situation:
oxidative stress and inhibition of the DNA repair system (Slobodskova
et al., 2012).

According to the literature, ammoniacal nitrogen (Wang et al.,
2007) and sodium (Na+) and potassium (K+) salts (Brusick, 1986) also
presents genotoxic properties. Introduction of high levels of Na+ and

K+ ions might prevent the sequestering of magnesium ions (Mg2+)
required for the normal maintenance of chromatin integrity. A reduc-
tion in effective Mg2+ ion concentration by high levels of K+ or Na+

could also interfere with normal DNA replication (Brusick, 1986).
However, not all the physicochemical parameters can be related to

the vinasse genotoxicity. Magnesium and calcium, for example, are not
known to be toxic to the genetic material. Magnesium is an essential ion
to the organism and plays an important role in genomic stability, such
as in DNA replication and protein synthesis (Hartwig, 2001); calcium is
a protective agent and can reduce genotoxicity (Aboul-Ela, 2002;
Taspinar et al., 2011).

Considering the fact that vinasse is a complex substance, it is not
possible to state which of the compounds or physicochemical char-
acteristics are responsible for its genotoxicity. In such cases, the ability
of a compound to interfere in the action of another one should be
noticed (Azevedo and Chasin, 2004). The pH, for example, can interfere
with the bioavailability of metals, since it may contribute to their
precipitation in the environment (CETESB, 2009). Low levels of pH may
also reduce the fidelity of the DNA replication and repair enzymes and
this could conceivably produce genotoxic effects (Brusick, 1986).
Pedro-Escher et al. (2016) and Christofoletti et al. (2013b) stated that
low pH was the one of the parameters responsible for the genotoxicity
observed in their vinasse samples.

5. Conclusion

According to the results of CA and FMN in meristematic cells of A.
cepa and FMN in the F1 region, it can be concluded that these two
effluents have genotoxic potential and are potentially mutagenic at
both dilutions. Our results also showed that the genotoxicity and
mutagenic potential are similar in both types of vinasse. It is suggested
that the presence of metals and low pH are the main parameters
responsible for the toxicity. Thus, further studies involving these
substances, mainly with orange vinasse, are necessary in order to
ensure safe use as fertilizers in agriculture activity.
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