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Abstract

Seaweed Sargassum wightii is one of the most important marine resources as they have biological activity. Numerous
researchers have reported on brilliant green dye decolourization using various seaweed. Despite its impact on after treatment,
little information is available on the effect of seaweed-treated dye toxicity against plants and microorganisms. The present
investigation was carried out to assess the microbial toxicity of S. wightii-treated and untreated dye using various microor-
ganisms and cytotoxicity effect on Allium cepa L. In this study, untreated dye which has substantial amount of the colour
in it exhibited significant toxic effect against major gram-positive and gram-negative bacteria. The clear zone of inhibition
exhibited by the untreated dye around bacterial and fungal colonies reflects its extent of microbial toxicity and infers that the
untreated dye has antibacterial and antifungal activity. No inhibition zones were observed with treated dye when compared
with the untreated dye. Consequently, treated dye does not exhibit microbial toxicity due to the complete absence of the dye
in it. Cytotoxicity study on A. cepa grown in untreated dye solution showed decrease in root growth, increase in the mitotic
index and chromosomal damage, whereas A. cepa bulbs grown in seaweed-treated dye showed betterment in root growth,
increase in the mitotic index and decrease in chromosomal damage. Results of the cytotoxicity study indicated the untreated
dye solution exerts toxic effect on A. cepa, whereas treated dye solution did not pose any toxic effect. This indirectly proves
the efficiency of marine algae in complete removal of the dye from the present study. Thus, worldwide awareness of dye
removal from aqueous solution and its management could be provoked.
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Introduction to human welfare but also have deleterious impact on the

microflora and plants. Water bodies and soil are the most

Industrial effluents entering the water bodies are one of
major sources of environmental toxicity. It plays an impera-
tive role in degrading the water quality by releasing their
effluents into soil and water bodies. These are not only toxic
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favourable habitats for a wide range of microorganisms and
plants. The contaminated water reduces the penetration of
light, affects the photosynthesis of aquatic flora and makes
the water aesthetically objectionable for drinking and other
purposes.

The decolourization of the dye is a great challenge for
the industries, since they are persistent in nature (Vignesh-
priya and Shanthi 2016). These dyes are usually treated by
physical or chemical treatment methods due to their faster
treatment rate, but these are not economically feasible (Yao
et al. 2010) and generate large amount of sludge and their
byproducts are more toxic which requires further disposal
(Fatima et al. 2015; Asgher and Bhatti 2012). Adsorption by
activated carbon is also too expensive, thus novel economi-
cal, easily available and highly effective adsorbents are the
need of the hour.
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Several studies on brilliant green (BG) dye decolouri-
zation using various bioadsorbent have been conducted,
whereas no study was reported on and toxicological analysis
after treatment. The main purpose of biodecolorization is
detoxification, because dyes in wastewater are very recal-
citrant and may be inhibitory to plants and microbial con-
sortia of covenantal treatment. After the decolourization,
toxicological analysis is needed for any treated industrial
wastewater before discharged into water bodies, so that they
can be used for monitoring and screening of surface water
for functional capability of aquatic biotopes (Asgher et al.
2008). And also importantly to know whether biosorption
(decolourization) of a dye has led to its detoxification or not.

Thus, based on the literature survey, we selected the BG
dye and marine macro-alga Sargassum wightii which are
popularly known as brown seaweed as biosorbent to decol-
ourize dye. In this manner, our previous study (decoluri-
zation) results reported that S. wightii has an efficient to
decolourize BG dye from aqueous solution (Vigneshpriya
et al. 2017). Thus, the present study was concentrated on
toxicological test of untreated and S. wightii-treated dye.
Allium cepa L. has been widely used for the ecotoxicologi-
cal testing and in situ risk evaluation of environmental con-
taminants including dyes, pesticides, food preservation and
evaluation of environmental contaminants (Ashraf and Hus-
sain 2010). Thus, the application plays an imperative role
in biomonitaring since onion roots were sensitive for any
toxic materials. Also to the best of our knowledge, numerous
studies have been published on the antimicrobial activities
of plant seaweed extracts against different types of microbes,
including food and water borne pathogens. However, little
information is available on the effect or potential of the anti-
microbial role of brown S. wightii-treated dye. Thus, the aim
of the present study was to evaluate the microbial toxicity of
S. wightii-treated dye on pathogenic bacteria and fungi and
cytotoxicity on A. cepa L.

Materials and methods
Dye and chemicals

Brilliant green dye was purchased from Sigma-Aldrich,
Mumbai, India, of 90% purity and used without further
purification. All other chemicals used in the present study
were of analytical grade. Deionized water was used for all
dilutions.

Preparation of BG dye solution and decolourization
of BG dye

Dye solution was prepared by dissolving accurately weighed
dye in distilled water at a concentration of 10 mg/L and left
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overnight to make the dye powder fully dissolved. The bot-
tle was covered with aluminium foil in order to prevent the
decolourization caused by light and stored in dark environ-
ment at room temperature. In next day, 0.1 g of adsorbent
was added to decolourize BG dye from aqueous solution.
Decolourization was monitored by UV-visible spectroscopic
analysis. The spectrum was recorded using Schimadzu
UV-1800 at a range of 200-800 nm. The initial and final
absorbance values of untreated and treated peaks of BG dye
were used to determine the intensity of dye decolouriza-
tion (Vigneshpriya et al. 2017). After decolourization study,
untreated and S. wightii-treated BG dye solution was taken
for toxicological evaluation.

Microbial toxicity assay of untreated and S.
wightii-treated dye

Bacterial toxicity

The bacterial toxicity of untreated and treated dye was
determined by agar-well diffusion method. Mueller-Hinton
agar (MH) (Himedia, Mumbai, India) plates were swabbed
(sterile cotton swabs) with 0.1 OD cultures of gram-positive
(three cultures) and gram-negative (seven cultures) bacteria.
Using the sterile cork borer, wells (6 mm) were made into
each petriplate. 10 pl of untreated dye and treated dye were
introduced into separate wells and distilled water served as
control. Then, the plates were incubated at 37 °C for 24 h
(Kahraman and Yalcin 2005). After the incubation period,
the diameter of the inhibition zones of each well was meas-
ured and the values were tabulated.

Fungal toxicity

The fungal toxicity of untreated and treated dye was deter-
mined by agar-well diffusion method. Potato dextrose agar
(PDA) (Himedia, Mumbai, India) plates were swabbed
(sterile cotton swabs) with 0.1 OD fungal cultures. Using
the sterile cork borer, wells (6 mm) were made into each
petriplate. 10 pl of untreated dye and treated dye were intro-
duced into separate wells and distilled water served as con-
trol. Then, the plates were incubated at room temperature for
48-72 h (Rani et al. 2014). After the incubation period, the
diameter of the inhibition zones of each well was measured
and the values were tabulated.

Cytotoxicity study of untreated and S.
wightii-treated dye

Selection of A. cepa for toxicity assay

Allium cepa is a widely used experimental plant in cyto-
toxicity studies because it has a suitable chromosome and
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good correlation with mammalian test system. In order to
test the cytotoxic effect of BG dye, the onion bulbs were
exposed to control (T1), untreated (T2) and treated (T3) BG
dye solution.

Collection and preparation of onion bulbs

Commercially available onion (Allium cepa L.) bulbs were
used for cytotoxicity studies using the standard protocol
(Fiskesjo 1985). The purple variety of equal sized (width:
20-25 mm, weight: 6-12 mg) onion bulbs (Allium cepa.
L) were obtained from local market of Coimbatore, Tamil
Nadu, India. The bulbs were air-dried for 10 days, and the
outer dry, brown scales were removed. The dried roots were
carefully removed with a sharp razor blade and placed in
distilled water to protect the primordial cells from drying up.

The equal sized bulbs were exposed to control, untreated
and treated dye solution, and each group consisted three rep-
licates. For each treatment group, treatment solutions and
control were changed for every 24 h till 72 h. After 72-h
exposure, the roots of the bulbs were removed with a forceps
and their lengths were measured in centimetre with a metre
scale. After sufficient root growth (1-2 cm), the bulbs were
removed and washed in distilled water.

After washing, the root tips were cut and fixed in abso-
lute alcohol and glaciel acetic acid (3:1) for 12 h (Haq
et al. 2016). After that, the root meristems were cut and
stained with 0.5% acetocarmine for 5 min without hydroly-
sis. Stained root tips were squashed on microscopic slides
and covered with cover slips to visualize the scrabble stages
under microscope.

Scoring

The slides were viewed under the binocular light microscope
using the 100X objective lens with oil immersion. A total of
1000 cells were scored per slide and the most representative
abnormalities were photographed. Mitotic index and mitotic
depression were calculated following the procedure of Das
(1986) and Kar (1992)

No. of dividing cells

Mitotic Index (MI) = x 100
ttotic Index (MD) Total no. of cells scored
(H
MI trol) — MlI(treated
Mitotic Depression (MD) = (control) (treated) x 100
MI(control)
2

Statistical analyses

Toxicity results obtained were subjected to one-way
analysis of variance (ANOVA), and mean separation was
accomplished by Duncan’s multiple range test (DMRT) for

significant differences (P <0.05) using STATISTICA soft-
ware (1999).

Results and discussion

Bacterial toxicity of the untreated and treated BG
dye

The untreated and treated dye solution (Fig. 1) was tested
for their bacterial toxicity against gram-positive as well as
gram-negative bacteria (Table 1). Untreated dye which has
substantial amount of the dye exhibited significant bacte-
rial toxicity. It exhibited vibrant and clear inhibition zone
of diameter of about 2.1 cm against Escherichia coli, fol-
lowed by Salmonella sp. (2 cm). Marginally high zone of
inhibition (1.8 cm) was observed against Streptococcus epi-
dermis, Staphylococcus aureus and Shigella sp. Next to it,
the untreated dye exhibited considerable zone of inhibition
(1.7 cm) against Pseudomonas aeruginosa and Proteus vul-
garis. Moderate inhibition zones of diameter 1.5 cm, 1.4 cm
and 1.2 cm were observed against Bacillus cereus, Vibrio
cholera and Klebsiella sp., respectively (Fig. 2). The clear
zone of inhibition exhibited by the untreated dye reflected its
extent of microbial toxicity and inferred that the untreated
dye had antibacterial activity. The index of toxicity was rep-
resented by the zone size. No inhibition zones were observed
with S. wightii-treated dye which also confirmed the non-
toxic nature of the extracted metabolite.

Fig. 1 Sargassum wightii-treated and untreated BG dye
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Table 1 Bacterial toxicity of the untreated and treated dye

Diameter of the zone of inhibition
(cm)

S.no. Organisms

Control Untreated BG dye Treated

BG dye
Klebsiella sp. NI 1.2+0.29 NI
2. Streptococcus epi- NI 1.8+0.15 NI
dermis
3. Vibrio cholera NI 1.4+0.16 NI
Pseudomonas aerugi- NI 1.7+0.14 NI
nosa
5. Shigella sp. NI 1.8+0.15 NI
6. Bacillus cereus NI 1.5+£0.24 NI
7. Proteus vulgaris NI 1.7+0.14 NI
8. Salmonella enteriditis NI 2.0+0.13 NI
9. Staphylococcus aureus NI 1.8+0.15 NI
10. Escherichia coli NI 2.1+0.12 NI

NI No zone of inhibition

(Results are the mean value of triplicates +standard deviation with
significant difference at P <0.05)

Potent bacterial toxicity of the untreated dye might be
due to the presence of BG dye (one of the triarylmethane
dyes), which is used as an effective antiseptic agent. Similar
inhibitory results were obtained by Bakker et al. (1992) who
experimented the activity of brilliant green against Strepto-
coccus, Proteus and Staphylococcus sp. Parshetti et al. 2011
suggested the degradation products were less toxic compared
with crystal violet to an exploited microorganism such as A.
radiobacter, a phosphate-solubilizing bacterium P. aerugi-
nosa and nitrogen-fixing bacterium A. vinelandii.

Kahraman and Yalcin (2005) studied the antimicrobial
effect of the treated dyes on P. aeruginosa which was tested
to evaluate the toxicity after decolourization. The untreated
dyes used were toxic, and their effects increased with the
concentration gradually. It was found that the treated dyes
were less toxic and also the removal of treated Astrazone
black and Astrazone yellow with cotton stalk reduced the
toxic effect on P. aeruginosa. According to Brahmbhatt and
Jasrai (2016), untreated and treated effluents were tested
for their effect on the agriculturally important soil bacterial
flora, Azotobacter sp. and Rhizobium sp. From their experi-
ment, no zone of inhibition was obtained for decolorized dye
water which indicated that the biodegraded or decolorized
product was nontoxic to beneficial soil bacteria. The results
were also in agreement with Mali et al. (2000) who studied
the toxic effect of biodegraded products on agriculturally
important soil microflora like Bacillus sp. (phosphate sol-
ubulizer), Rhizobium and Azotobacter (nitrogen fixers). They
reported from the zone of inhibition that it is nontoxic to
soil beneficial microflora which is necessary for sustainable
agricultural practices.
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Microbial toxicity of the textile azo dye (Reactive Red
81) was studied on microorganisms Azotobacter sp., Pseu-
domonas sp. and Rhizobium sp, and their results showed
that the wells with decolorized broth showed no zone of
inhibition but wells with original dye exhibited a zone of
inhibition. This confirmed that the original dye solution
(3000 pg/ml) was toxic to the bacteria but its degradation
products were nontoxic according to Shertate and Thorat
(2016). Also microbial bioassay of basic fuchsin showed
that untreated dye inhibited the growth of E. coli (forming
a zone of inhibition) when compared to the treated (no zone
of inhibition) (Rani et al. 2014).

Fungal toxicity of the untreated and treated BG dye

The untreated and treated dye solution was also tested for
their fungal toxicity against few prominent fungal cultures,
Rhizopus sp., Aspergillus flavus, Acremonium sp., Tricho-
derma viride, Aspergillus fumigatus and Aspergillus niger
(Table 2). Eminent zones of inhibition were observed in
the untreated dye when compared with the treated dye (no
zone of inhibition). Largest zone of inhibition (0.8 cm) was
observed against Rhizopus sp., Trichoderma viride, Asper-
gillus fumigatus and Aspergillus niger. Considerable inhibi-
tion zone of diameter 0.6 cm was observed against Aspergil-
lus flavus and Acremonium sp. (Fig 3). Treated dye did not
exhibit antifungal activity.

BG dye has been used widely as an antifungal agent in
fish hatcheries (Allen et al. 1994; Culp and Beland 1996;
Srivastava et al. 2004). Similar results were obtained by lyas
and Rehman (2013), reported no zone of inhibition when
using Aspergillus niger and Nigrospora sp. The results of
this study (Rani et al. 2014) suggested that potentially com-
petent fungal strains can be efficiently used for detoxification
and bioremediation of harmful dyes. Thus, detoxification
ability of seaweed is directly proved against bacterial and
fungal growth bioassay. Absence of zone of inhibition, in
the case of treated dye, infers complete removal of the dye
by the marine algae (S. wightii). Hence, treated dye does not
exhibit microbial toxicity due to the complete absence of the
dye in it. This indirectly proves the efficiency of marine alga
S. wightii in complete removal of the dye from the present
study.

Cytotoxicity of the treated and untreated BG dye

In this study, treated and untreated BG dye solution was
analysed for their toxicity potential by the A. cepa L. The
macroscopic results clearly showed that toxicity of the dye
prompted A. cepa root growth inhibition. After 72-h expo-
sure, maximum root length was observed in onion bulbs
grown in treated dye solution (T3) and control (T1). The
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Fig.2 Toxicity (bacterial) of
the untreated and treated dye
samples against 1. Klebsiella
sp. 2. Streptococcus epidermi 3.
Vibrio cholera 4. Pseudomonas
aeruginosa 5. Shigella sp. 6.
Bacillus cereus 1. Proteus
vulgaris 8. Salmonella sp. 9.
Staphylococcus aureus and 10.
Escherichia coli

minimum root length was observed in bulbs grown in
untreated dye solution (T2) (Table 3).

Table 4 describes the impact of control, untreated
and S. wightii-treated BG dye on number of dividing
cells, mitotic indices (MI) and mitotic depression (MD).
A total of 1000 cells were scored for control and each
treatment. The maximum number of dividing cells was

observed in control (735.2 +3.9) and S. wightii-treated BG
dye (659.4 +2.1) exposed bulbs. The minimum number
of dividing cells was observed in onion bulbs grown in
untreated BG dye (161.7 +£0.2). To study the MI (mitotic
index), 1000 cells were counted for each treatment group.
From Table 4, MI of samples exposed to S. wightii-treated
dye (68.9 +2.1) was significantly higher (P <0.05) and
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Table 2 Fungal toxicity of the untreated and treated dye

Diameter of the zone of inhibition
(in cm)

S.no. Organisms

Control Untreated BG dye Treated

BG dye
1. Rhizopus sp. NI 0.8+0.53 NI
2. Aspergillus flavus NI 0.6+0.38 NI
3. Acremonium sp. NI 0.6+0.38 NI
4. Trichoderma viride NI 0.8+0.53 NI
5. Aspergillus fumigates NI 0.8+0.53 NI
6. Aspergillus niger NI 0.8+0.53 NI

NI No zone of inhibition+

(Results are the mean value of triplicates +standard deviation with
significant difference at P <0.05)

close to that of control (73.5 +3.9) might be due to the
potential of S. wightii in the removal of pollutants. Sig-
nificant reduction (P < 0.05) was observed in untreated dye
sample (16.1 +0.2). The mitotic depressionthat observed
significantly minimum number (P < 0.05) in treated BG

Fig.3 Toxicity (fungal) of
untreated and treated dye sam-
ples against 1. Rhizopus sp. 2.
Aspergillus flavus 3. Acremo-
nium sp 4. Trichoderma viride
5. Aspergillus fumigates and 6.
Aspergillus niger

dye (12.9 +7.2) was close to that of control (12.5 +5.3).
In contrast, maximum number of mitotic depression was
observed in untreated BG dye (98.2 +6.4). Besides, treated
dye that showed less number of alterations compared to
the untreated dye includes the abnormal cells and occur-
rence of different chromosomal aberrations like bridge
formation, laagering of chromosome, binuclear cells,
polyploidy cells and multinucleated cell etc. (Table 5). A
similar result was observed by Phugare et al. (2010) and
was observed that cells exposed to treated dye showed
minimum alterations because of the depletion of pollution
loads after treatment.

The similar observation was reported by Tripathy and
Patel (2014) who stated that the high concentration of dye
reduces the mitotic index and increases the rate of mitotic
abnormalities. Stickiness is the indicator and also signi-
fies high toxicity of dye which will lead to irreversibility
of chromosomal aberrations and cell death (Alimba et al.
2013). This result similar to the previous report, in which
onion bulbs were exposed to pulp and paper mill effluent,
induced chromosomal aberrations and nuclear abnormali-
ties compared to the control bulbs (Hagq et al. 2016).

Table 3 Root length of Allium cepa grown in control, untreated and S. wightii-treated BG dye solution

Duration  Control Untreated BG dye Treated BG dye

in h

(in b) T1 (a) T1 (b) T1 (¢) T2 (a) T2 (b) T2 (¢) T3 (a) T3 (b) T3 (¢)

24 1.13+050 1.31+040 1.35+036 0.67+0.27 042+0.30 045+020 1.26+0.17 136+030 1.42+0.19
48 123+0.28 143+026 141032 035+0.13 035+023 043+026 1.30+030 1.33+027 1.45+0.18
72 1.29+0.22 135+044 1.45+0.17 0.80+052 0.58+0.31 047+0.19 1.37+026 137+021 1.40+0.26

(Results are the mean value + standard deviation with significant difference at P <0.05)
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Table 4 Mitotic index and mitotic depression of Allium cepa (onion
bulbs) grown in control, untreated and S. wightii-treated BG dye solu-
tion

Treatments  Cells in division ~ Mitotic index ~ Mitotic depression
Control 7352439 73.5+39 125453
Untreated 161.7+0.2 16.1+0.2 98.2+6.4
Treated 659.4+2.1 68.9+2.1 129+7.2

Represents mean +standard deviation with significant difference at
P <0.05)

Table 5 Effect of untreated and S. wightii-treated BG dye on the
induction of chromosomal aberration in Allium cepa

Chromosome aberrations Control Untreated Treated

BG dye BG dye
Chromosomes with spindle distur- - 14 2
bances

Anaphase chromosome bridge 1 9 20
Normal telophase 45 3 52
Disturbed metaphase - 27

Laggard chromosome - 11
Chromosome displacement at ana- - 25 -

phase

Normal prophase 50 40 64
Sticky chained metaphase - 33 14
Chromosome bridge at telophase - 97
Chromosome fragment - 78

Normal metaphase 35 30 49
Normal spindle fibre separation - 46 18
Disturbed prophase - 92 5
Chromosome bridge at late anaphase — 32 3
Sticky chromosomes - 46 6
Normal anaphase 36 25 35
Abnormal grouping of chromosomes — 87 2
Equatorial separation at anaphase - 63 2
Abnormal telophase - 89 3
Chromosomes in equatorial plate 27 64 5
Telophase with chromosomal loss - 93 2

This confirmed the interference of the chemicals pres-
ence in the dye, whereas the bulbs grown in treated dye
solution did not show any inhibition effect on root elon-
gation. Also the roots grew well due to the elevation dye.
Untreated dye solution is believed to be toxic as they
might exist various harmful effects after treatment dye
revealed the nontoxic nature. It also showed that the dye
induced chromosomal aberrations at significant levels.
The results revealed that the untreated dye was toxic to
eukaryotic cells.

Conclusions

Bioremediation integrates the intensity of pollution and
environmental effects, forming a major research outcome.
By responding to the bioavailable concentration of a pol-
lutant, they measure its impact on the environment more
accurately. This is vital in assessing environmental clean-up.
S. wightii-treated dye could have integrated with decolouri-
zation and revealed that it does not lead to detoxification of
the dye, whereas untreated dye reflected its extent of micro-
bial toxicity and toxic to eukaryotic cells. Cytotoxicity study
indicated the untreated dye solution exerts toxic effect on
A. cepa whereas treated dye solution did not pose any toxic
effect. The decolourization of dye using marine macro-alga
is cost-effective and promising alternative to replace the
physical and chemical treatment techniques. Hence, this
study concluded the reduction in toxic effect of S. wightii-
treated dye decreasing the environment damage.
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