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ABSTRACT: Food products are consumed for their nutritional value and flavourful taste. The colour of
food not only stimulates appetite but also enhances its aesthetic appeal to consumers. Wastewater
generated by the food sector is significantly loaded with organic substances, nitrogen, phosphorus, dyes,
and potentially heavy metals. These waste byproducts, especially the dyes, constitute an estimated 15% of
all dyes emitted globally, causing serious harm to aquatic ecosystems. To address this issue, the exploration
of an environmentally friendly and self-sustaining treatment method is crucial. This study investigates the
use of a microbial consortium consisting of three Enterobacter species that were previously isolated from
various textile industries and have demonstrated to be highly effective at removing heavy metals and textile
dyes both, individually and in consortia. The objective of this study was to evaluate the potential of this
pre-established consortium in treating food processing wastewater. Our findings suggest that this
microbial consortium effectively removes up to 60% of colour and 44% of organic load from food
processing wastewater. Consequently, the utilization of microbial consortia, with proven effectiveness in
treating textile wastewater, offers substantial promise for application in the food processing industry as

well, providing a viable, environmentally sustainable approach to wastewater treatment.
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INTRODUCTION

Food processing wastewater management is a
significant global issue (US EPA, 2017). Food
processing industries produce wastewater with high
levels of organic compounds, nutrients, suspended
solids, and colorants. Excess nitrogen and phosphorus
present in food industry waste streams is a common
environmental issue. If untreated, food manufacturing
wastewater promotes the growth of microorganisms,
induces eutrophication of freshwaters, and affects
aquatic and human life. (Ghimpusan et al., 2017). The
BOD and COD of food processing industries are 10—
100 times higher compared to domestic wastewater.
(Vymazal et al., 2014; Benyakhlef et al., 2007; Kengne
et al.,, 2014; Meul et al., 2009). Apart from organic
pollutants, every year, approximately 8 million tons of
food colorants are produced by industries. Most food
dyes are azo dyes which widely used in food,
cosmetics, pharmaceutical products, and the textile
industry. Dye-containing wastewater is discharged from
numerous industries, such as textiles, leather, paint,
food, and pharmaceuticals, deteriorating the aquatic
environment and posing a threat to living organisms.
Azo dyes include one or more R1-N=N-R2 bonds that
are degraded by enzymatic processes into aromatic
amines. Several azo dyes are often used in beverages,
puddings, icings, jellies, dairy products, spices, and
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many baked goods, whereas yellow azo dye is utilized
in dressings, yogurt, baked goods, snack foods, and so
on (Olas et al., 2021). Dye containing wastewater is
discharged from numerous industries, such as textiles,
leather, paint, food, and pharmaceuticals, deteriorating
the aquatic environment and posing a threat to living
organisms. These dyes are aromatic compounds that are
usually stable and highly water-soluble. In the USA and
European countries, some azo dyes have been banned
as food additives due to their toxic, mutagenic, and
carcinogenic side effects (Chung, 1983). Food colours
can be either natural or synthetic. Synthetic colours are
inexpensive and stable compared to natural colours,
which are costly and less stable. Some examples of
commonly used food colours are mentioned in Table 1.
However, synthetic colours have adverse effects on
human health, including live and kidney damage
(Mahmoud, 2006). The most common natural dyes used
are carotenoids, chlorophyll, anthocyanin, and turmeric.
Various physical and chemical techniques are used for
the removal of dyes, including filtration, adsorption by
activated charcoal, coagulation by chemical coagulants,
and advanced oxidation techniques. However, these
techniques have some disadvantages, such as not being
not cost-effective, time-consuming, and generating
residuals. Biological techniques involve the use of
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microbial biomass for the degradation and
decolourization of dyes through enzymatic degradation
(Knackmuss, 1996; Moosvi et al.,, 2007). The
intermediate compounds formed are aromatic amines,
which are sometimes toxic, mutagenic, and
carcinogenic by nature (IARC, 2009, Sani et al., 1999).
Unfortunately, most organic dyes are non-degradable,
heat stable, and resistant to decomposition with respect
to biochemical oxidation due to their large or complex
sizes and inert nature. These characteristics have
rendered organic dyes difficult to decolourization using
conventional methods of wastewater treatment.

Moreover, the varied composition and high pollutant
load of wastewater from food processing make
treatment difficult (Pervez et al., 2021). The utilization
of microbial consortia for the biodegradation of
wastewater from food processing has been investigated
by numerous studies (Lashani et al., 2023). According
to the findings (Kuo & Dow 2017), degradation

efficiency has improved, and in some cases, useful
byproducts like biogas have been produced. Due to
their functional diversity and synergistic interactions, it
has been demonstrated that using a consortium of
microorganisms rather than a single strain increases the
efficiency of degradation (Cao et al., 2022). Depending
upon the wastewater composition, different consortia
have been developed to degrade specific pollutants and
their performance can be optimized. (Zhang & Zhang
2022).

In the present study, three potent bacterial strains were
isolated from different textile effluents and assessed for
their potential in treating effluent from the food
industry. Various physicochemical parameters were
determined before and after treatment, including pH,
turbidity (NTU), colour, total organic carbon (TOC),
total dissolved solids (TDS), total suspended solids
(TSS), total hardness, and total alkalinity.

No. | FD&C Name

3 Green no.3

desiination

Fast green FCF

Colour

Turguoise

6 Yellow no.5

4 Red no.3 Erithrosine Pink

Tartrazine

Yellow

7 Yellow no.6

Sunset yellow FCF

Orange

Table 1. Food colours approved by the U.S. Food and Drug Administration. FD&C stands for laws passed by the
U.S. Congress in 1938, called the Federal Food, Drug, and Cosmetic Act (U.S. Food & Drug Administration, 2018).

MATERIAL AND METHODS

1. Collection of samples: A wastewater sample was
collected from a local food processing industry in
Bharuch district, Gujarat, India. The sample was
labelled and preserved under refrigeration according to
standard methods. The next day, all physicochemical
parameters were performed as mentioned in Standard
Methods for the Examination of Water and Wastewater,
24th Edition (American Public Health Association et
al., 2023).

2. Turbidity (NTU), pH, and colour: The turbidity of
the sample before and after treatment was determined
using a turbidimeter (model: TL2360, make: HACH).
pH was measured using a pH meter. Colour was
determined by measuring absorption at the maximum
wavelength using a UV-Vis spectrophotometer (model:
Lambda 365, make: Perkin Elmer).

3. Electrical conductivity (EC), total solids, total
suspended solids, and total dissolved solids (TS,
TSS, and TDS), Total Organic Carbon (TOC):
Electrical conductivity (EC) was determined using an
ion analyzer (model: Orion Versa Star, make:
ThermoScientific),

where the electrode was directly dipped into the sample
to display the result on a digital scale after calibrating
the instrument. TS, TSS and TDS were determined by
the standard gravimetric method. TOC (mg/L) of a
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diluted sample was measured using a TOC analyzer
(model: TOC-L, make: Shimadzu) and COD (mg/L)
was determined using a COD digester using the
dichromate open reflux method.

4. Total hardness and alkalinity: Hardness (mg/L)
and alkalinity (mg/L) were determined using standard
titrimetric methods.

5. Chloride and total phosphorus: Chloride (%) was
determined by iodometric titration, and phosphorus was
determined using the vanadomolybdate method
followed by spectrophotometric analysis.

6. Coagulant-flocculent treatment: Polyaluminum
chloride (PAC) and decolourant Vytal 630 (products
from Grasim Industries Ltd. India) were used as
coagulant and decolourant. 1 g of each PAC-18 liquid
and decolourant Vytal 630 were dissolved in 100 mL of
distilled water to prepare 10,000 ppm stock solution.
Different doses ranging from 50 ppm to 1000 ppm were
added to the sample, followed by the addition of a
flocculent. Coagulation studies for dose optimizations
were performed using a jar test apparatus with set
parameters of rapid mixing with addition of coagulant
or decolourant and flocculent at 200 rpm for 1 min,
slow mixing at 30 rpm for 15 mins to allow flocculation
and sedimentation for 30 mins.

7. Microbial treatment. A microbial consortium in
optimised ratio was prepared from individual strains
isolated from various textile effluents based on their
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dye degradation potential. An overnight-grown culture

was added to the sample at a rate of 10% inoculum.

(@) (b) (©

(d) ()

(a) Control, (b) PAC treated, (c) Vytal 630 low dose (d) Vytal 630 high dose, (€) Bacterial consortia treated
Fig. 1. Various treatments of coagulant, decolourant and bacterial consortia.

RESULT AND DISCUSSION

1. Physicochemical characterisation of sample.
Turbidity reflects the amount of particulate matter
present, which might include pollutants or
contaminants. Turbidity was observed on the higher
side, exceeding 90 NTU, indicating high levels of solids
and organics. pH determination is critical as it
influences the biological and chemical processes, which
can significantly affect wastewater treatment efficiency
(Peavy et al., 1985). Generally, food processing
industries have an acidic pH due to manufacturing
processes and microbial fermentation (Vanereker et al.,
2013; Alao et al., 2010). However, the values obtained
meet the wastewater discharge standards of pH between
6.5 and 85 (CPCB MoEF, PCLS4/2000-2001).
Simultaneously, a colour change was observed from the
darkest brown to dark purple. Electrical conductivity
provides information about the overall salinity or ionic
strength of the wastewater. Hardness and alkalinity are
crucial parameters as they can impact the effectiveness
of various wastewater treatment processes. High
alkalinity was observed due to the presence of
substantial amounts of dissolved organics, inorganics,
suspended solids, and bicarbonates in the water. High
conductivity indicated elevated levels of total dissolved
solids (TDS) (Metcalf & Eddy 2003). The measurement
of total solids, suspended solids, dissolved solids, and
total organic carbon (TOC) helps in understanding the
total pollutant load in the wastewater (Metcalfe & Eddy
2003). High levels of these parameters can indicate the
presence of organic matter, salts, or other pollutants.

2. Effect of coagulants and decolourant on removal
of colour. Coagulation and flocculation are widely
practiced methods for removing colour from textile and
tannery wastewaters. Coagulation involves the addition
of a coagulant, such as Polyaluminum Chloride (PAC
18), which neutralizes the charge of fine particles in the
wastewater, allowing them to come together by sweep
flocullation. Polyaluminum chloride (PAC 18) was
used in varying doses from 50 to 1000 ppm, but no
coagulation or settling was observed, resulting in no
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colour removal as observed in Fig. 1(b). This suggests
that PAC 18 may not be an effective coagulant for the
specific types of colour-causing pollutants present in
this particular wastewater sample. Decolourant Vytal
630 was used to remove colour. Significant colour
reduction was observed Fig. 1(c), but at very high doses
Fig.1(d), which may generate a large amount of sludge
and not be cost-effective. The disposal of this sludge
can pose its own environmental and logistical
challenges (Mehedi, 2019).

3. Effect of bacterial consortium on removal of
colour. A bacterial consortium comprising three potent
isolates was added to a fixed volume of the sample. A
10% acclimatized culture was added and kept under
static conditions at ambient temperature for 7 days.
After 7 days, the percentage of decolourization was
evaluated using spectrophotometric analysis Fig. 1(e).
Upon shaking the sample, no reoccurrence of colour
was observed, indicating complete enzymatic
degradation by the bacteria. The isolates used for the
experiment were previously isolated from textile
effluents, purified, maintained, and preserved as
glycerol stocks under refrigerated conditions. All
isolates belong to the Enterobacteriaceae family. All
isolates were identified by the 16S rDNA sequencing
method, as summarized in Table 2.

Table 2. Molecular identification of isolates.

Isolate Close relative NCBI GenBank
Accession number

ABG -38 Enterobacter 0Q428176
asburiae

ABG -39 Enterobacter 0Q435375

hormaechei

ABG-PB Enterobacter 0Q540964

ludwigii
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Table 3: Physico-chemical analysis of wastewater parameters before and after treatment.

Sr.No. | Parameter Pre-treatment analysis Post treatment analysis
1 Turbidity (NTU) 92.6 94.6
2 Conductivity(mS/cm) 133 109
3 pH 7.02 8.49
4 Colour Dark brown to dark purple Light yellow
5 Colour (Abs @ Amax:410 nm) | 26.45 10.58
6 Odour Fermented unpleasant Less odour
7 TDS (mg/L) 85,053 67,140
8 TSS (mg/L) 340 586.66
9 Chloride (%) 4.60 3.68
10 TOC (mg/L) 8423 4745
11 Total hardness(mg/L) 1400 1215
12 Total alkalinity(mg/L) 10,200 8630
13 Total phosphorus(mg/L) 153 1145
% Removal Efficiency of wastewater parameters by microbial consortia
80
70
e 59.9
£ 60
g 50 43.66
g 40
% 30 25.16
21.06 20
20 13.21 1539
0
Colour DS Chlorides TOC Total Total Total
hardness alkalinity  phosphurus

*Mean of three replicates £Std. Dev.
Fig. 2. Graph showing % removal

4. Impact of biologically treated sample on removal
of other parameters. Along with colour removal, other
wastewater parameters were also checked using
standard methods. Considerable removal was observed
in TOC, dissolved solids, phosphorus, and chlorides, as
shown in the graph, Fig. 2. The percentage removal
efficiency (%) for each parameter was calculated using
the formula:
Removal (%) = (Ci — Cf) / Ci x 100

Where Ci and Cf are the initial and final concentration
for each parameter, respectively.

Removal of colour and TOC. The colour of the
effluent was found to be highly concentrated by visual
observation due to the presence of a mixture of food
dyes like Carmoisine Red, Tartrazine Yellow, Brilliant
Blue, and Fast Green. Dye degradation by the bacterial
consortium takes place through enzymatic breakdown
or cleavage of the azo bond (-N=N-) into intermediate
compounds like aromatic amines. These amines further
get mineralized into various metabolic pathways of the
organism (Ajaz et al., 2020). A 60% dye degradation
was observed with no reoccurrence of colour upon
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of various parameters after treatment.

aeration. The bacterial consortium was able to remove
43% of the TOC, which is a considerable achievement
that further enhances the effectiveness of the treatment
process.

Removal of total solids. Both organic and inorganic
dissolved solids raise TDS levels in wastewater to a
high extent. TDS was removed by 21% after bacterial
treatment, which can be attributed to the adsorption of
ions on the surface of bacterial cells followed by
bacterial assimilation. TSS was found to be increased
after treatment as compared to the control, which can be
due to the presence of bacterial biomass and nutrients in
the sample (Tchobanoglous et al., 2014).

Removal of total hardness and alkalinity. Hardness
and alkalinity were removed in the range of 13-15% by
microbial metabolic activity during the degradation
process.

Removal of chlorides and total phosphorus. Chloride
level is a general indicator of the salinity of the
wastewater, while high phosphorus levels can lead to
eutrophication in receiving waters, causing excessive
growth of algae and other aquatic plants (Yang et al.,
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2005). High chloride contributes to high TDS in
wastewater (Hong et al., 2023). Chlorides were
removed by 20 % and total phosphorus by 25 %
respectively. Chlorides are removed by bio sorption
mechanisms by certain bacteria. Bacteria remove
elemental phosphorus by assimilation, converting them
to orthophosphates (Sengupta et al., 2015).

CONCLUSION

The present experimental studies on the treatment of
food industry effluent using a potent microbial
consortium shown significant reduction of various
parameters. The efficiency of biodegradation can be
credited to the diverse mechanisms inherent to each
bacterial strain within the consortium. Of these, colour
and Total Organic Carbon (TOC) reductions were most
prominent, although other parameters also shown
substantial reduction. Each strain present in the
consortium has its unique capabilities to remove each
parameter efficiently, and collectively they exhibit
synergistic approach and enhanced efficiency. It was
observed that decolourization began 24 hours into the
experiment, reaching its peak after an incubation period
of 7 days, with no further changes observed thereafter.
The findings suggest that the microbial consortium,
primarily comprising Enterobacter species, originally
proven efficient in degrading textile dyes, is equally
efficient at removing food dyes. The versatility and
efficiency of the microbial consortium can be used as
an effective treatment for diverse industrial effluents.

FUTURE SCOPE

Determination of the consortium's potential for
degradation of pollutants, other than dyes.
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