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KEYWORDS ABSTRACT:

VORE, The process of vegetable oil refining generates an enormous amount of wastewater. This study
BOD, focused on characterization of vegetable oil refinery effluent (VORE) sample untreated and treated
COD, by bacteria for various physicochemical parameters. The sample has high COD and BOD; 12.32g/L

Toxicity, and 1.7g/L respectively, this highlights the need for proper treatment. The VORE samples were

treated by bacteria producing extracellular hydrolytic enzymes and bioflocculant, identified as B.
licheniformis, S. stutzeri, B. amiloliquificance and, S. mutabilis. The bacterial treatment was
performed in a separate 250ml flask containing 100ml effluent and inoculated with 2% of respective
24h grown culture. The bacterial treatment achieved a significant decrease in BOD and COD. The
treated effluent showed significant increase in seed germination representing a reduction in toxicity
in comparison to untreated effluent. This highlights the suitability of present study isolates for

Seed germination.

VORE treatment with high BOD and COD.

1. Introduction

The major source of vegetable oil is from seeds such as;
soybean, sunflower, sesame, coconut, palm, rice bran, and
groundnut. India is amongst the largest producers of
oilseeds in the world, accounting for 36.56 MT production
of nine different oilseeds in the year 2020-21 [1]. The oil
production i.e., extraction of oil from seeds is done by
physical or chemical extraction using a solvent. Crude oil
extracted from seeds must process before human
consumption [2]. This process includes degumming, alkali
neutralization, bleaching, heating, and deodorization [3],
which generates a higher amount of wastewater [4].
Generally, different processes involved in vegetable oil
refining used a huge amount of water and generate an equal
amount of wastewater, but chemical refining produces 20-
30 times higher wastewater than water used in this process
[5,6]. A substantial amount of waste is generated including
wastewater, organic solid waste, and inorganic residues [7].
In the degumming step, some phosphoric acid is added to
separate phospholipids, increasing the phosphorus level in
the effluent. In the neutralization step sodium salt of free
fatty acid (“soap stocks”) were generated and split using
H2S04 stoichiometric amount which makes
wastewater highly acidic [8]. A typical effluent from
vegetable oil contains a higher amount of COD, BOD, TSS,

In a

TDS, nickel, oil & grease, fats, soap and sludges which
cause deterioration of the environment and human health
[6,9,10]. Wastewater generated both quantitatively and
qualitatively has a profound impact on ecology, resulting in
increased pollution load and concentration. Treatment of
this type of effluent is more difficult because of its complex
molecular structure [3].

There are numerous physicochemical (skimming of oil,
flocculation, coagulation, air floatation) methods available
to remove colloidal pollutants [11]. Chemical flocculating
agents are the choice of many to remove the pollutant, but
flocculating agents like inorganic and organic polymers
may be toxic to the ecosystem. In comparison with this,
bioflocculant produced by microorganisms are non-toxic,
harmless, efficient, and biodegradable [12]. The biological
methods are more suitable in terms of generation of
secondary pollutant, partial treatment, investment costs.
Further use of bacteria to remove pollutants is safe, eco-
friendly and inexpensive, five to twenty times less costly
than chemical treatments and more economical than
physical-chemical treatment methods.

Bacteria are suitable for the degradation of pollutants
because of their diverse carbon utilization ability [13]. The
bioremediation process mainly depends on microorganisms
that attack pollutants enzymatically and convert it to
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innocuous products [14]. Thus, very significant in the
removal and degradation of chemicals and control of
pollution [15].

2. Material and methods

Sample collection

The effluent sample was collected in a pre-sterilized plastic
bottle from an edible oil refinery located in Aurangabad
(MS, India). The samples were immediately processed for
physicochemical analysis and the remaining sample was
otherwise stored at 4°C.

Physicochemical characterization of the effluent sample
Physicochemical parameters such as pH, temperature,
color, electrical conductivity (EC), alkalinity, acidity, total
dissolved solids (TDS), total solids (TS), nitrate, total
phosphorous, carbonate, bicarbonate, total hardness,
chloride, sulphate, oil and grease, chemical oxygen demand
(COD), biological oxygen demand (BOD) were analysed by
using standard methods of APHA [16]. Protein and
carbohydrate concentrations in the VORE sample were
estimated by Lowry’s method and Molish test respectively.
Biological treatment to effluent

Bacteria capable to produce extracellular hydrolytic
enzymes (Cellulase, Protease, Amylase, Lipase) were
selected for further treatment. Screening for hydrolytic
enzymes was performed using respective agar mediums
[17,18,19,20]. The pH of VORE sample was highly acidic
(1.53), before biological treatment, the pH was adjusted to
pH 7.0 by using IN NaOH. A total 2% of 24h grown
bacterial broth culture was inoculated in 100 ml VORE
sample in 250 ml Erlenmeyer flask and kept on a rotary
shaker at 60 rpm for 48h. After treatment the effluent
sample was filtered to remove bacterial biomass and then
subjected
assessment.
Bioflocculant producing ability of selected bacterial
isolates

All selected bacterial isolates were subjected to evaluation
for bioflocculant production using a medium containing
(g/L): glucose 10, peptone 1, MgSO47H,0 0.3, K;HPO4 5,
KH>PO4 2, pH 7.0. The medium was prepared in double
distilled water and sterilized at 121°C for 15 min. The
bacterial cultures were inoculated in production media and

to physicochemical analysis and toxicity

incubated on a rotary shaker at 120 rpm for 48h at room
temperature. The supernatant was employed as a
bioflocculant after incubation.

Flocculating activity assay was carried out in accordance
with Aljuboori et al., [21] with some modification. Two gm
of kaolin clay was suspended in 1 L of deionized water and
pH was adjusted to 7.0 using 1 M NaOH or HCI. A total
198.5 ml of kaolin suspension, 1 ml of cell free extract and
0.5 ml of CaCl2 (10 mM) was added in a 500-mL beaker.
The mixture was stirred at 200 rpm for 1 min, slowly stirred
at 60 rpm for 5 min and allowed to stand for 10 min. Then
the absorbance of the supernatant was measured at of 550
nm, with heat-inactivated bioflocculant was used in a
control experiment. The flocculating rate was calculated

according to the following formula:
A550 — B550

4550 ) * 100
Where A550 and B550 are the absorbance of the control and

sample suspension respectively.

Flocculating rate% = (

Toxicity assessment by seed germination
Germination study was performed by using wheat seeds by
watering with untreated and treated effluent by standard roll
towel method of ISTA [22]. Seeds were surface sterilized
with 0.1% HgCl, for 5 min and washed with sterile distilled
water. A total of 10 seeds were placed in germination paper,
then rolled and placed in a Petri plate. The watering of
germinating sets were done by 10 ml of four different
concentrations (diluted in distilled water) of the untreated
effluent sample (25%, 50%, 75%, 100%), along with treated
(without dilution) and control (tap water). After 48h the
seed germination was observed and germination
percentages were calculated using the formula mentioned
below.

Seed germination %

(Number of seeds germinated)

Total number of seeds sown
x 100

3. Result and Discussion

The selected isolates in this study were identified based on
morphological, biochemical, and 16S rDNA sequencing
and sequences submitted to GeneBank with accession as;
OMO977118  Bacillus licheniformis GACE],
OP649739  Stutzerimonas  stutzeri  strain  GAPSI,
0Q780768 Bacillus amiloliquificance strain UAS2,
MW575257 Streptomyces mutabilis strain GAAI. Further
hydrolytic enzyme-producing ability was detected (Table
no.l).

The agriculture-based industrial effluents like VORE
usually comprise a high level of organic material, cellulose,

strain
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hemicellulose, lignin, oil, and fatty acids [23, 24, 25, 26].
Microorganisms with the potential of hydrolytic enzymes
could be useful to treat such types of effluent and
successfully used for utilization and treatment of agriculture
and industrial waste [27, 28, 29, 30].

VORE sample composition varies with the extraction
method but is generally constituted of water from different
processes of extraction and various organic compounds
(sugar, lipids, pectin, organic acids) and minerals [31].
Soapstock splitting is one of the important steps, it may use
to produce fatty acids, animal feed, and soap products. The
splitting of soapstock is usually done by sulphuric acid [32].
The excess use of sulphuric acid makes effluent highly
acidic. The pH of studied effluent sample was also highly
acidic, similar to VORE characterized by Decloux et al., [8]
and Aslan et al., [33]. The VORE sample of this study has
0.7536 g/L of oil and grease, while the permissible limit is
0.05 g/L. The other primary parameters of effluent like
BOD 1.7 g/L, COD 12.32 g/L, protein and carbohydrate
suggest the suitability of biological treatments using
hydrolytic enzyme-producing microorganisms.
Wastewater with high amounts of fatty materials is readily
biodegradable and these types of effluents are acquiescent

to biological treatment [34]. Biological treatment suitable
for edible oil refinery effluent was suggested by Mkhize et
al., [35], with 75% reduction in COD and 90% removal of
oil and suspended solids by anaerobic/ aerobic process. As
per Tay [36], 95% of reduction in BOD was achieved by
activated sludge process. The findings of the present study
showed a significant reduction in COD and BOD by
treatment with selected bacterial isolates. The 96%, 95%,
89% and 93% reduction in COD and 74%, 89%, 81%, and
89% reduction in BOD were shown by B. licheniformis S.
stutzeri, B. amiloliquificance, and S. mutabilis respectively
This showed highest reduction in BOD and COD by S.
stutzeri followed by S. mutabilis treatment.

Bioflocculant production

Besides this, the isolates of the present study showed
bioflocculant production. VORE contains high Nitrogen
and phosphorus concentrations, suspended solid content,
organic and inorganic matter. Bacteria can utilize these
toxic substances, and thus useful for the treatment of such
wastewater [37].

Table 1: Enzyme producing ability of bacterial isolates

Sr. no. Isolate Cellulase | Protease | Amylase | Lipase
1 B. licheniformis + + + +
2 S. stutzeri + + + -
3 B. amiloliquificance + + + +
4 S. mutabilis + - + +

Table 2: Physicochemical analysis of VORE sample

Sr. No. Parameter Result

1 pH 1.53

2 Temperature (OC) 30

3 Colour Brownish

4 EC(S/m) 3040000

5 TDS(g/L) 29.6

6 TS(g/L) 31.2

7 Total hardness(g/L) 1.18

8 Sulphate (g/L) 13.13

9 Carbonate(g/L) ND*
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10 Bicarbonate(g/L) ND*
11 Chloride(g/L) 3.699
12 Nitrate (g/L) 0.052
13 Total phosphorus (g/L) 0.2289
14 Oil and grease (g/L) 0.7536
15 COD (g/L) 12.32
16 BOD (g/L) 1.7
ND#*- Not Determine
15 respectively[38].
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The selected bacterial isolates of this study showed
substantial bioflocculant production (Fig. 3). It is
comparable with bacteria isolated from soil B. cereus and
B. thuringiensis showed 76.3% and 75% flocculating
activity respectively [38]. Besides this, the isolates of the
present study showed bioflocculant production. VORE
contains high Nitrogen and phosphorus concentrations,
suspended solid content, organic and inorganic matter.
Bacteria can utilize these toxic substances, and thus useful
for the treatment of such wastewater [37]. The selected
bacterial isolates of this study showed substantial
bioflocculant production (Fig. 3). It is comparable with
bacteria isolated from soil B. cereus and B. thuringiensis
showed 76.3% and 75% flocculating activity

Figure 2. BOD of VORE sample (untreated and treated)
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Figure 3 Bioflocculant production by selected bacterial
isolates.
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Toxicity assessment of VORE by seed germination
Germination of seeds depends on internal seed balance
factor and external environmental factors like temperature,
humidity, light, and oxygen concentration [39]. Substances
from effluent like oil may shawl to seeds and prevent
oxygen, water, nutrient and gas exchange [40, 41, 42].
Some amount of essential micronutrients are needed for the
germination of seeds and for plant growth, but the extreme
level can be toxic [43] and significantly reduce seed
germination [44, 45].

Oil and nutrients concentration in collected VORE sample
was higher than permissible limit, and inhibit the
germination of wheat seeds. In present study no
germination was reported for watering with untreated
effluent. Even after dilution of 1:3 (Untreated VORE:
Distilled water) only 10% seeds were able to germinate, this
indicates dilution is not an effective solution to reduce the
toxicity of such types of effluent.

The selected isolates produces bioflocculant, this can
utilizes toxic substances, thus responsible for reduction in
toxicity of wastewater. This was evident by increased seed
germination percentage with watering by treated
wastewater. The germination study highlights those
selected isolates significantly reduced the toxicity of the
effluent.
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Figure 4. Seed germination in control (0%) and untreated
VORE sample
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Figure 5. Seed germination in VORE sample after
bacterial treatment

4. Conclusion

Edible oil refinery effluent treatment is a challenging
process because of the chemical and physical characteristics
of the effluent [46]. Physicochemical characteristics of the
collected VORE confirmed complex nature. The pH of the
effluent was highly acidic in nature, along with EC, nitrate,
total phosphorous, total hardness, chloride, sulphate, oil,
and grease content were higher than the permissible limit.
Highly acidic wastewater restricts the growth of bacteria
and negatively affects wheat seeds’ germination. The COD
and BOD of the effluent were 12.32g/L and 1.7g/L
respectively, which makes the effluent very toxic. Toxicity
study by seed germination suggests that dilution of effluent
cannot solve the toxicity problem, and needs a proper
treatment before discharge. The bacteria producing
hydrolytic enzymes and bioflocculant can utilize toxic
components and thus helps in the remediation of VORE.
Biological treatment of VORE by bacterial isolates of
present study significantly reduced BOD and COD along
with toxicity confirmed by seed germination on wheat
seeds. This suggests the potential of isolates for further
treatment development.
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