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Abstract

Purpose Moringa oleifera seeds have been studied as a natural coagulant to treat different kinds of wastewater. However,
from this seed, ben oil can be extracted, which has other commercial applications, generating a residue. In this study, the
purpose is to use Moringa oleifera seeds and the residue from the ben oil extraction to treat a fish processing plant wastewater.
Therefore, the research aims at biomass valorization because a residue would be given a nobler goal. Besides, a comparison
between aqueous and saline biocoagulants intends to verify the influence of salt in the coagulant extraction.

Methods The aqueous extract, as well as, saline extracts were compared for the Moringa oleifera seeds in natura, and the
defatted seeds regarding characterizations such as protein content and Fourier-transform infrared spectroscopy, and applied
in the wastewater treatment.

Results The characterizations showed that the bioactive compounds responsible for coagulation are probably still in the
seeds, and the results from the treatment showed that the defatted seeds extract prepared with salts have potential as a natural
coagulant for fish processing industry effluent, being similar, and sometimes even better, than in natura seeds. Using a saline
solution and defatted seeds, removals up to 90.85% of turbidity, 79.50% apparent color, and 71.48% of chemical oxygen
demand were obtained.

Conclusion Therefore, a satisfactory primary treatment was achieved, enabling good results for the treatment. In addition,
the good results were possible using a residue as the coagulant, promoting biomass valorization, and thus contributing to a
circular bioeconomy.
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Statement of novelty

This research uses a residue, the Moringa oleifera seeds
after ben oil extraction, to successfully treat a fish processing
plant wastewater. The Moringa oleifera seeds were also used
for comparison purposes. Several characterizations were
made, and conditions were tested for the coagulation treat-
ment. The fish processing plant wastewater was satisfactory
primarily treated using this residue, showing the potential to
avoid waste, and to remedy the wastewater problem.

Keywords coagulation/flocculation - Moringa seeds -
defatted seeds - fish processing wastewater - ben oil

Nomenclature
ANOVA Analysis of Variance

COD Chemical oxygen demand

FTIR Fourier-transform infrared spectroscopy

MO Moringa oleifera

Mob Moringa oleifera biocoagulant

MobK Moringa oleifera biocoagulant prepared with
KC1

MobNa  Moringa oleifera biocoagulant prepared with
NaCl

MobW  Moringa oleifera biocoagulant prepared with
water

RMS Rapid mixing speed

SMS Slow mixing speed

XRD X-ray diffractometry
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Introduction

According to the Food and Agriculture organization of the
United Nations [1], the global aquiculture production reached
122.6 million tons with an annual growth rate of 6.7%, being
the Nile tilapia (Oreochromis niloticus) the species that is most
produced in the world, representing 9% of global aquiculture.
In 2021, Brazil produced 551.9 thousand tons according to the
Brazilian Institute of Geography and Statistics, being that more
than 50% of national Nile tilapia concentrated on the South
and Southeast region of the country. Paran4, South of Brazil
and where this study was conducted, was highlighted with a
production of 140 thousand tons in 2020 [2].

This higher fish consumption has led to an increase in the
number of fish processing plants, plants that abundantly use
water almost in all production stages [3]. Besides, residues
are generated during fish processing vary, but considering
seafood, for example, 47% is not adequate for human con-
sumption, and can include, depending on the fish, heads,
entrails, skin, and viscera [4]. In Brazil, there is not a stand-
ardized volume of water required for a safe processing per
kg of fish. Ferraciolli et al.[5] evaluated the minimization in
the use of water in the fish processing and reduction of liquid
effluents generated in this industrial process. The authors
verified the water used in the area to clean the fish before,
after, and during evisceration, and also water used for per-
sonal hygiene and cleaning of equipment and installations.
The volume of water used to clean the industry, such as
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washing boxed, internal floor, and equipment was 0.54 m?
T~!. For the employees higyene, including sanitary barrier
and boots washing, 0.056 m? T~!. Also, the water volume
used in the ice plant, in the washing drum, and in the evis-
ceration process was 7.73 m?> T~!, besides other volumes
of water that were not contabilized with water wastage of
215m? T, totaling 10.47 m? T~!. The increase in the fish
demand viabilizes the increase in the processing plant, pro-
moting a higher water consumption, ranging from 8.4 to
33.4 m® T~!. Thus, this results in a significant volume of
residual water, which presents high polluting potential and
with physicochemical characteristics ranging according to
the processed species, size and weight of the fish, and indus-
trialization level of the processing plant [5]. Therefore, water
consumption in the fish processing industry and wastewater
production are of great concern all over the world [6].

To perform the wastewater treatment, essential stages
used for the removal of suspense and colloidal responsible
for turbidity, primary industrial wastewater treatment, are
the processes of sedimentation/flotation and coagulation/
flocculation [7]. The simplicity, high efficiency, and low
cost are the main characteristics that involve the coagula-
tion/flocculation process [8]. In addition, coagulation and
flocculation decreases chemical oxygen demand (COD) and
color from wastewater [9].

Lately, an effort of the scientific community has aroused
to develop studies that would include sustainable and eco-
logical natural coagulants, as an alternative to inorganic
coagulants [10], because of the cost and also environmental
and health concerns associated with chemical products com-
monly used as coagulants [11].

Natural coagulants such as chitosan [12], fava bean [13],
tannin [14], and Moringa oleifera (MO) [15] had their effi-
ciency proved in “lab scale”. However, studies that present
alternatives with industrial or commercial applicability are
scarce. Among the vegetables, MO seeds have demonstrated
promising qualities as a natural coagulant, verified as effi-
cient in several studies and largely studies [15-22].

MO is a tree from India that grows in the tropics and subtrop-
ics of Africa, Asia, and America. It is known as a “miracle tree”,
with great economical and environmental importance in indus-
trial and medical areas [10, 23, 24]. Regarding effluent treatment,
the seeds may be used as coagulants in superficial and residual
water treatment due to the presence of cationic proteins soluble
in water [, 25, 26]. Generating lower sludge volume, being degra-
dable, and maintaining the treated water pH, are some of the
competitive advantages of this natural coagulant [16].

MO seeds also contain a high nonvolatile oil content
(27-40%), which may be used for human consumption and
in the cosmetic industry, as well as a raw material in biodiesel

production [27, 28]. The extraction process generates a resi-
due that presents a richness in bioactive compounds, turning
it into a potential source of components that can be extracted,
fractionated, and used for biotechnological purposes [28]. For
example, this residue, obtained during the oil, known as “ben
0il”, extraction process of the Moringa seeds, retains posi-
tively charged proteins, which favors the apprehension pro-
cess of suspense particles in the water, through processes like
coagulation/flocculation [29]. The exploration of these resi-
dues is important for the oils and biodiesel market because it
adds value to a residue of the extraction process [28].

Saline extract of MO “in natura” had its efficiency proved
as a coagulant in many studies [15, 30, 31]. However, stud-
ies that use the residue of the “ben o0il” extraction from the
seeds to prepare saline solutions of the Moringa coagulant
are scarce. Another factor that needs to be considered as
advantageous is the utilization of the defatted seeds, accord-
ing to Dezfooli et al. [32], its use may help in the decrease of
the necessary dosage. Besides, organic matter may increase
when using the Moringa seeds due to their oil and carbohy-
drate content [33].

Considering the great volume of fish processing waste-
water generated and expected to increase, and the necessity
for efficient treatments, the present study investigated several
bioactive coagulant extracts from the MO seeds. Moreover,
since ben oil has commercial value, the MO seeds residue
obtained from its extraction was also used, contrarily of
common research which use the MO seeds in natura, aiming
to valorize this biomass and contribute to a more sustainable
industrial chain.

Materials and Methods

Residual fish Processing Wastewater
Characterization

The residual water studied was collected in a fish process-
ing plant from the species Oreochromis niloticus (Nile tila-
pia), located in western Parana state, Brazil (24°43°09.5”S
53°42°06.9”W).

The raw residual wastewater was characterized regarding
the parameters: apparent color, turbidity, pH, conductivity,
COD, total phosphor, total nitrogen, total solids, and total
coliforms, according to procedures described in Standard
Methods for the Examination of Water and Wastewater
[34]. When the coagulation/flocculation study was finished,
resulting in the best conditions among the studied ones, this
same characterization was performed for the treated effluent
for comparison purposes.

@ Springer
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Ben oil Extraction from MO Seeds

The MO seeds were provided by Sergipe Federal Uni-
versity, located in Aracaju, Sergipe, Brazil (Coordinates:
10°55°17.96 “S/37006°07.71°0).

The ben oil chemical extraction from the MO seeds was
performed in a continuous Soxhlet extractor. 10 g of crushed
MO seeds were transferred to an extraction cartridge and
taken to the extractor with hexane [35] with solvent evapora-
tion occurring in a 3-hour cycle [36]. The MO seed residue
after the ben oil extraction was washed with distilled water at
60°C and dried at 40 °C in an oven. After the ben oil extrac-
tion, the MO seed oil percentage obtained was determined
according to Santos et al. [37].

MO Seeds Characterization

The MO seeds were characterized before and after the
ben oil extraction by Fourier-transform infrared spectros-
copy (FTIR) and by X-ray diffractometry (XRD). For the
FTIR analysis, tablets composed of KBr (99%) and sample
(1%) were made. The spectra were obtained in the range of
4000 to 400 cm™! in absorbance way using a spectrometer
PerkinElmer 1600. For the XRD analysis, the samples were
exposed to X-ray with an angle of 20 ranging between 5°
and 80° in the interval of 0.02°. A copper tube lamp was
used with Ko of 1.5406 A. 40 kV of voltage and 30 mA of
current were applied.

In natura and defatted MO seeds were evaluated regard-
ing pH variation behavior (4, 6, 8, 10, and 12) versus Zeta
potential. For the zeta potential analysis, a Nano Zeta Beck-
man Coulter Delsa (TM) Nano Zeta Potential Analyzer was
employed coupled to the Delsa™Nano UI version 3.73 soft-
ware and usage according to the fabricant orientation.

Biocoagulant Preparation of the MO seed (Mob)

For the preparation of the biocoagulant (Mob) solutions,
5 g of dried MO seeds, in natura or from the dried residue,
were crushed with 100 mL of 1 M NaCl solution (MobNa),
1 M KCI solution (MobK), or distilled water (MobW) in
a blender for 3 min. The obtained mixture was kept under
stirring for 30 min in a magnetic stirrer for the extraction of
the active compounds from MO. Then, the biocoagulant was
vacuum filtered and used in the coagulation/flocculation/
sedimentation experiments, according to adapted methodol-
ogy from Cardoso and Beltran-Heredia and Sanchez-Martin
[38, 39].

For all biocoagulant solutions (MobNa, MobK, and
MobW) protein concentration and zeta potential were deter-
mined. Protein was determined by the Lowry method [40],

@ Springer

and zeta potential as previously described. All analyses were
performed in triplicate.

Operating Coagulation/Flocculation Conditions
Evaluation

A Jar Test (Milan brand), with a capacity of six simultaneous
assays and a volume of 300 mL of residual water was used
for each experiment. The temperature during the experi-
ments was 25 °C + 3 °C. The biocoagulants MobNa, MobK,
and MobW prepared with MO “in natura” seeds (without oil
extraction) were used in the dosage of 1500 mg L~ for this
study [41, 42].

A complete factorial experimental design 3> was per-
formed, in which two parameters were evaluated: rapid mix-
ing speed (RMS), and slow mixing speed (SMS), accord-
ing to the levels in Table 1. Rapid mixing time of 2 min
and slow mixing time of 10 min and sedimentation time of
60 min were constant. The parameters optimization used in
the coagulation/flocculation step helps in the parameter’s
removal efficiency or/and in electric energy economy [43].

The experiments were performed with 3 repetitions for
each combination between the levels of the variables RMS
and SMS, totalizing 27 experiments, according to methodol-
ogy adapted from Bhuptawat et al. [44], Table 1.

The response variables used were apparent color and tur-
bidity removal. An aliquot of approximately 20 mL of treated
residual water was taken to determine these parameters.

Coagulation/flocculation/sedimentation Process

After the optimum conditions of RMS (90 rpm/2minutes)
and SMS (15 rpm/10minutes) (Sect. 2.5) were determined,
coagulation/flocculation/sedimentation experiments were
performed, using dosages of 750 to 2250 mg L™! in order to
have a broader range of concentration for the biocoagulants
MobNa, MobK, and MobW prepared with in natura and
defatted seeds. The aim was to evaluate the influence of the
presence or absence of the “ben o0il” in this process and the
coagulant dosage. The sedimentation time and the response
variables used were the same as previously used.

Coagulation/flocculation/sedimentation
Characterization post Treatment

After establishing the best preparation way and the respec-
tive dosage of Mob for the fish processing residual water
treatment, a coagulation/flocculation/sedimentation experi-
ment was performed with 1000 mL of sample, in triplicate,
based on the results of Sect. 2.5 and 2.6. The parameters
apparent color, turbidity, COD, dissolved organic carbon,
total phosphor, total nitrogen, pH, total solids, and total coli-
forms were evaluated according to procedures described in
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Table 1 — Coded and real

: . Variables Symbols  Factor levels
values of the studied variables
in the Operating coagulation/ 0 +1
flocculation conditions
evaluation RMS (rpm) X1 105 120
SMS (rpm) X2 15 20

RMS: rapid mixing speed; SMS: slow mixing speed

Standard Methods for the Examination of Water and Waste-
water [34].

Data Analysis

For the statistical analysis of the experiments, the Analysis
of Variance (ANOVA), and the F test were performed con-
sidering two factors (coagulant type and dosages), to observe
their influence on the treatment efficiency. The mean com-
parison test, the Tukey test, was applied to evaluate the dos-
ages in the treatment efficiency. A confidence level of 95%
was applied and the tests were implements by the SISVAR
statistical software.

Results and Discussion
Ben oil Extraction from MO seed

After the conventional extraction using n-hexane as the sol-
vent, the oil content of the peeled MO seeds was 38.2%, near
the yield obtained by Dezfooli et al. [32] and Garcia-Fayos
et al. [45]. MO seeds contain 35 to 45% of oil content and a
high concentration of oleic acid (>73%), making possible
its economical exploration [46] in the cosmetics, food, and
biodiesel industry [27]. The difference in the oil content of
the MO seed is justified by the kind of soil and fertilizer
used in the MO cultivation, and also the technique used in
the ben oil extraction.

MO seed Characterization

The FTIR spectra in the range of 400—4000 cm™! of the
seeds and defatted seeds are shown in Fig. 1.

A lower intensity of the bands was achieved in the defat-
ted MO seed sample (Fig. 1). According to Vongsvivut
et al. [47], in the band of the lipidic fraction in the region of
~1743 cm™!, there is the functional group ester of lipid tri-
glycerides, which represent the total lipid in the cells. Thus,
when observing Fig. 1, after the seed oil extraction, the band
of the fatty acids was not found, similar behavior obtained
by Magalhdes et al. [48]. The band 1534 cm™! is the C-N,
and other bands below this group are residual bands of the
N-H group, present in the MO seed residue [49].

According to Rajeswari et al. [50], the peak near
1600 cm™! is related to the presence of amide I and amide
IT of MO, which indicates the presence of soluble protein
in the MO residue [49]. Characteristics bands of functional
groups from the protein structure were kept after the ben oil
extraction from the MO seed (Fig. 1), demonstrating that
extraction residue has added value especially by the presence
of coagulant proteins, such as globulin and albumin.

The XRD patterns are shown in Fig. 2 for the in nat-
ura MO seeds and the defatted MO seeds. Through those
XRD patterns, it is possible to verify the predominance
of amorphous nature, since the peaks are poorly resolved,
and this is due to protein and lipids, mainly, matrix of the
seeds [51, 52]. Even so, it is possible to identify a broad
peak at approximately 20° in both patterns, in accordance
with patterns for MO seeds found in the literature [51, 53].
Those peaks are of different intensities and are from the oil
source material [54], thus justifying the lower intensity of
the defatted sample, also confirmed by the FTIR behavior.
When extracting the oil, the crystallinity index of the MO
seed decreases turning it into a more fibrous material, con-
sequently, increasing the superficial surface [48].

Figure 3 shows the influence of pH in the zeta potential
for the in natura and the defatted MO seeds.

According to Fig. 3, different isoelectric points in MO
seeds were obtained; the pH values in which the zeta

—— in natura seeds
i —— defatted seeds

Transmitance (%)

T T T T
4000 3500 3000 2500 2000 1500 1000 500

W avenumber (cm’')

Fig. 1 In natura and defatted Moringa oleifera seeds FTIR spectra
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potential was 0 mV were 5.10 for in natura MO seeds, and
8.72 for defatted MO seeds, occurring a displacement of
the isoelectric point of the protein after the ben oil extrac-
tion. This trend is related to the H* ions decrease, with
leads to the alkaline region, progressively diminishing the
zeta potential [55].

From the isoelectric points obtained for MO seeds (in
natura and defatted), the ideal ranges for the coagulation
process can be concluded as being under pH 5.10 and 8.72,
respectively, for the primary treatment of the residual
wastewater from fish processing, in which the highest zeta
potentials are observed. Therefore, the ben oil extraction,
enabled the enlargement of the pH range which it can be
used, an important characteristic for the industrial process
regarding economic and operating factors.

Biocoagulants Characterization

The aqueous (MobW) and the saline (MobNa and MobK)
biocoagulants were characterized regarding protein con-
centration and zeta potential (Table 2).

MobW presents a protein concentration of 547.87 mg
L~! (Table 3), similar to the value obtained by Baptista
et al. [20], 630.45 mg L~ ! There is an increase in the
MO protein concentration when using defatted MO, and
according to Ali et al. [35], and Amante et al. [29], the
advantages of extracting the oil from MO seed is clear,
because there is an increase in the availability of the posi-
tively charged protein, organic load reduction of the seeds,
besides producing edible oil. The oil extraction of the seed
before the coagulant extract preparation is believed to be a
primary purification of the protein [32, 33].

The association of the oil extraction with saline solu-
tions enabled better results regarding protein quantity. For

—— in natura seeds
E —— defatted seeds

Intensity (a.u.)

Fig.2 In natura and defatted Moringa oleifera seeds X-Ray diffrac-
tion patterns
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Fig.3 Zeta potential analysis of the in natura and the defatted MO
seeds at different pHs

the MobNa and MobK biocoagulants, the protein quan-
tity was seven times higher than the one obtained in the
aqueous medium. The two main protein fractions in MO
seeds are albumin and globulin, which present a solubility
difference; albumin is soluble in aqueous medium, while
globulins are soluble only in saline solutions [56].

All evaluated coagulants presented positive zeta poten-
tial values, confirming that the protein fraction of the MO
seed is cationic. In Table 3, the higher value obtained was
for MobK coagulant. The protein concentration and the
zeta potential of the MobW coagulant were similar to the
ones obtained by Baptista et al. [57].

Optimum Conditions for the Coagulation Process

Table 3 presents the mean and the standard deviation val-
ues for the removals of the parameters apparent color and
turbidity for the coagulants in natura MobNa, MobK, and
MobW and the Tukey test result. Therefore, in each col-
umn, equal letters mean that there is no statistical differ-
ence between the values (p-value >0.05), and as the letter

Table 2 Protein concentration and zeta potential values of the evalu-
ated biocoagulants

Biocoagulant Protein concentration (mg Zeta
LY Potential
(mV)
MobW 547.87 532
MobW (defatted) 653.40 7.59
MobNa (defatted) 4121.02 8.07
MobK (defatted) 4232.45 8.77

MobW biocoagulant prepared with water, MobNa biocoagulant pre-
pared with NaCl solution, MobK biocoagulant prepared with KCl
solution
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increases alphabetically, the higher the apparent color or
turbidity removal.

The best apparent color and turbidity removals occurred
atruns 2, and 8, 2 and 7, 2 and 3 for MobNa, MobK, and
MobW, respectively. RMS was not significant for MobNa
(p-value =0.09) and for MobK (p-value =0.64), how-
ever, it was significant for MobW (p-value =0.00). For
all coagulants, SMS and the interaction RMS x SMS were
significant (p-value =0.00), showing that these variables
influenced the apparent color and turbidity removals in the
confidence level of 95%.

Through Table 3, the behavior is advantageous regard-
ing operating; in the condition in which there are the lower
electric consumption and mechanic strength of the equip-
ment, the best turbidity removals percentages were achieved.
For the saline biocoagulant MobNa, the best results were
obtained in the RMS of 90 rpm and SMS of 15 rpm. For
apparent color removal, still considering MobNa, the best
results were RMS 90 and 120 and for SMS 15 and 15 rpm,
respectively, however, with a difference of 1.26% of removal
between both best-obtained conditions. Therefore, the best
condition would be attributed to the condition which enabled
a lower energy consumption.

The biocoagulants MobK and MobW also presented rel-
evant results in lower mixing speeds. Among the evaluated
coagulants, MobK enabled the best apparent color (70.66
and 71.59%), and turbidity (83.07 and 80.57%) removals.

Based on the results obtained in the experimental plan-
ning, the experimental conditions of the coagulation/floccu-
lation process were standardized as 90 rpm of RMS, 15 rpm
of SMS, with mixing times of 2 and 10 min, respectively.

Efficiency of the MO Biocoagulants

Figure 4a—c present the efficiencies of apparent color and
turbidity removals according to different dosages, for the
biocoagulants MobNa, MobK, and MobW prepared using
in natura and defatted MO seeds.

The results of apparent color and turbidity removals of
the evaluated biocoagulants indicate a significant statisti-
cal influence (p =0.00) between the biocoagulants and the
dosages evaluated.

For the biocoagulant MobNa (Fig. 4a) prepared with
in natura MO seeds, the best apparent color (76.44%) and
turbidity (86.17%) removals were achieved in the dosage
of 2250 mg L. While when prepared with defatted seeds,
at a lower dosage (2000 mg L), higher apparent color
(82.59%) and turbidity (91.40%) removals were possible.
However, using MobK (Fig. 4b), similar results were pos-
sible with lower dosage; for in natura MO seeds, in the
dosage of 1250 mg L', 79.34% and 89.42% of apparent
color and turbidity removals, respectively, were achieved.
In this same dosage, but using defatted MO seeds, the
removals were 81.98% for apparent color and 89.15% for
turbidity. The best turbidity removal using MobK pre-
pared with defatted MO seeds was 91.01% in the dosage
of 1500 mg L', Statistically, according to Tukey test, there
is no significant difference between the dosages 1250 and
1500 mg L', Using a lower biocoagulant dosage in the
coagulation/flocculation process is favorable regarding
operating cost reduction, and efficiency improvement,
besides minimizing the sludge generation and decreasing
the organic matter in the aqueous medium [32, 33].

The highest removal efficiencies were obtained with
the saline defatted biocoagulants when compared to the in

Table 3 Operating conditions of the coagulation/flocculation process and the results of the experimental planning 3?

Run  Operating conditions Removal (%)
Apparent color Turbidity
RMS (rpm) SMS (rpm) MobNa MobK MobW MobNa MobK MobW

1 —1(90) —-1(10) 5345+2.03*BC  65.01+1.21%8  30.68+0.68° 66.99+2.65°5C 7526+0.68*% 39.80+1.16°P
2 —1(90) 0(15) 57.60+1.84°°  70.66 + 0.85° 33.97+1.45° 71.52+2.14€ 83.07+2.81¢  43.37+2.32PF
3 —1(90) +1(20) 49204065  65.08+2.15°B  37.58+1.39F  61.27+1.43% 71.09+0.37%  46.80 + 0.44°
4 0 (105) —-1(10) 56.57+1.95  69.28+0.66°  30.90+0.47°° 69.67+0.57°C  80.42+2.565C  42.3341.36°F
5 0 (105) 0(15) 53.16+2.71°B¢  67.95+1.365¢  2045+1.92C  6433+4.49°B 72614036  3542+1.64€
6 0 (105) +1(20) 55.80+ 14750 63.4241.264 28.99+1.46°  66.02+1.5148C  7255+1.19%  30.70+1.828
7 +1(120) —1(10) 56.57+1.57°8  71.59+1.25*  20.57+0.60°  63.31+0.374 80.57 +3.15%C  28.47+1.98"B
8 +1(120) 0(15) 58.86+1.26°  69.03+129°°  2124+1.145  70.20+1.48%C  79.50+1.415C 28.04+1.394B
9 +1(120) +1(20) 54.21+0.3350  61.80+1.334 15.94+0.46" 644142348 7128+2.56"  25.28+1.38%

RMS rapid mixing speed, SMS slow mixing speed, MobW biocoagulant prepared with water, MobNa biocoagulant prepared with NaCl solution,
MobK biocoagulant prepared with KCl solution. The same letters in the same column means that there is not a significant difference between the

samples
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natura coagulants. The biocoagulants extracted in the aque-
ous medium presented unsatisfactory removals, a behavior
observed in the studies of Baptista et al., Madrona et al., and
Muthuraman and Sasikala [20, 58, 59], in which they veri-
fied that the results from aqueous extraction were not repre-
sentative regarding apparent color and turbidity removal effi-
ciency. This behavior was observed in this study, in which
the best color and turbidity removals obtained by the bio-
coagulant extracted in the aqueous medium occurred when
the defatted seeds were used (91% of turbidity removal and
78% of color removal at 1500 mg L™!). Formentini-Schmitt
et al.[15] reported significant results using saline extractions
in the treatment of a real effluent from dairy wastewater;
Triques et al.[41] comparing saline and aqueous extract also
observed better results with saline extracts to treat dairy
wastewater.

The difference between the efficiencies of the coagu-
lants extracted with aqueous or saline solution, according
to Okuda et al., [30], Madrona et al., [58], and Kansal and
Kumari [10], is due to the ionic force of the solution and
higher soluble protein solubility. The higher charge density
in the salt dissociation causes an improvement in the extrac-
tion efficiency of the active component of the MO seeds,
consequently, the coagulant activity may increase compared
with the aqueous coagulant (7.4 fold higher). This value is
similar to the one of the present study (Table 2) in which the
concentration of the extracted protein in saline solution was
7.5 and 7.7 fold higher than the aqueous extract (MobW),
for MobNa and MobK, respectively.

In the saline extractions, the biocoagulants extracted with
KCl were observed to present higher efficiency in apparent
color and turbidity removal efficiency, compared to the ones
extracted with NaCl. Prasad [60], Madrona et al. [31], and
Formentini-Schmitt [22] obtained similar results using the
salts KCl and NaCl to extract protein from MO seed.

It is verified that there is no significant difference in the
use of MO in natura and defatted in the dosage of 2250 mg
L-! for apparent color removal, and 1250 e 2250 mg L™!
for turbidity removal, using MO seeds extracted with NaCl.

This result has a higher effect in the biocoagulants
extracted with KCl, in which the utilization of Mob in natura
or defatted did not present a significant difference in the dos-
ages of 750, 1000, 1250, 1750, and 2000 mg L~! for appar-
ent color removal and in the dosages of 750, 1000, 1250,
1750, 2000, 2250 mg L for turbidity removal.

However, the presence of the “ben 0il” in the biocoagu-
lants extracted from “in natura” seed, did not significantly
affect the coagulation activity [48, 61], that is, there were no
positive nor negative alterations in the color and turbidity
removal results. This behavior confirms that when the ben
oil is extracted from the MO seeds, the bioactive compound
responsible for the coagulant activity of MO seeds remain in
the structure (Fig. 1). This is proved by the FTIR spectra of
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in natura and defatted Moringa seed, in which it is verified
that the peaks between 1643 cm™' and 1532 cm™!, character-
istics of the protein structure in the MO seeds that were kept.

The combination of the ben oil extraction and the use of
saline solutions for the extraction of coagulant proteins from
MO seed can result in economical and sustainable advan-
tages. Muyib et al. [62] and Magalhées et al. [48] observed
an increase in the flocculation activity of MO residue gener-
ated after ben oil extraction.

Ben oil from MO seed has characteristics that are of
industrial interest especially because of the significant
quantity of behenic acid, high concentration of oleic acid
(higher than 73%), natural emollient with almost no color
and odor [46], and low levels of polyunsaturated fatty acids.
This low content of polyunsaturated fatty acids provides the
oil good stability, important to the cosmetic industry. It also
has application in biofuels [27, 63]. Thus, the utilization of
the MO seed can be an environment, sustainable, and viable
alternative, expanding its use in different industrial sectors.

Coagulation/Flocculation/Characterization After
the Primary Treatment

After obtaining the optimum Jar test conditions, the best
MOB solution, and its optimum concentration, the opti-
mized experiment was performed and the physical-chemical
parameters were analyzed for the characterization of the raw
residual water and the treated one.

Table 4 presents the values of the physical-chemical
parameters analyzed in the characterization of the raw
residual water and treated residual water by the process of
coagulation/flocculation/sedimentation in the conditions
RMS 90 rpm for 2 min, SMS 15 rpm for 10 min, and sedi-
mentation time of 60 min, using MobK defatted as coagulant
solution in the dosage of 1250 mg L.

In Brazil, the release of effluents is conditioned to
the requirements established by the Federal Resolution
430/2011 from CONAMA which establishes conditions,
standards, and applicable requirements [64]. Regionally,
the Parana state follows determinations from the Resolu-
tion 070/2009 from the State Board of Environment [65]
regarding environmental licensing and conditions of indus-
trial enterprises. The maximum standard for the release of
animals slaughterhouse wastewater into hydric resources is
125 mg L=! for COD and the pH range is between 5 and 9 for
both resolutions [64, 65]. The pH is already in concordance
with legislation, while the COD would require a secondary
or polishment treatment (Table 4).

Through Table 4, a significant reduction of most analyzed
parameters can be observed, highlighting turbidity (90.85%),
apparent color (79.50%), COD (71.48%), and Total Solids
(62.72%). The high turbidity removal confirms the influence
of initial turbidity in the coagulation process efficiency using
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MO coagulant, better removal percentages are obtained at
higher initial turbidity in waters to be treated [66].

It is verified that the pH variation of raw residual water
(7.68), and treated residual water (7.20) by the coagulation/
flocculation process did not present significant difference,
similar behavior observed by Prasad [60] and Formentini-
Schmitt et al. [67], both used MO seeds as coagulants.
Besides, the natural pH of the residual water was at the big-
ger range of stability, lower than 8.72, isoelectric point of
defatted MO (Fig. 3). In operational and economic terms in
an industrial process, the unchanged effluent pH before and
after the treatment can be considered an advantage to the use
of MO seed coagulant.

In Table 4, removal of 84.77% of Total coliforms in
the treated residual water, however, it was not completely
removed, but shows that MO residue has an antimicrobial
function. Kwabena Ntibrey et al. [68] obtained similar
removal of 91% of Total Coliforms for residual water treat-
ment. Literature reports that MO soluble proteins besides
bioactive compounds with excellent coagulant property also
presents antimicrobial action, reducing the bacteria load pre-
sented in residual waters [69, 70].

The COD removal efficiency reveals that the coagulation/
flocculation process using defatted MO as a coagulant for
a primary treatment exceeds expectations. It is highlighted
that experimental studies that used MO seed as a coagu-
lant, usually, do not reach satisfactory COD removals. For-
mentini-Schimitt et al.[22] obtained 39% of COD removal
from dairy effluent after the coagulation/flocculation step
using protein coagulant of MO extracted with KCI; Triques
et al.[41] did not obtain COD removal using MO coagu-
lant extracted with CaCl, in the treatment process of a dairy
cleaning-in-place effluent; Thus, there is an indication that
the extraction residue utilization may be a sustainable and
viable coagulation technique that helps in the reduction of
organic matter from residual waters. It is believed that the

Table4 Results of the physical-chemical parameters analyzed for
the raw residual water of the fish processing and treated with defatted
biocoagulant prepared with KCI.

Parameter Raw residual water  Treated
residual
water

Apparent color (uH) 771 158

Chemical oxygen demand (mgO, 1490 425

L™

Total phosphor (mg L) 13.19 8.56

Total nitrogen (mg L) 86.10 60.20

pH 7.68 7.20

Turbidity (NTU) 295 27

Total solids (mg LY 2656 990

Total Coliforms (MPN/100 mL) 1.3x10° 198
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presence of oil in the MO seed creates an emulsion or a
coating film promoting inhibition of the contact between the
coagulant and the particulate material surface, reducing the
formation of bigger flocs [33].

An effluent with high COD indicates contamination
through organic matter and in general, it turns the primary
treatment not enough to remove it to acceptable levels of
post-treated effluent discharge into receiving bodies or reuse
for different purposes. Residual organic matter in treated
waters can be disadvantageous if the water is going to be
reused because microorganisms easily develop themselves
in such conditions [71]. Thus, the COD removal result
obtained in the present study point to a promising way in
the application of biocoagulant of defatted MO seed in the
primary treatment of residual waters with high organic mat-
ter concentration.

Table 5 presents a comparative between the COD remov-
als from studies from the literature to treat fish processing
wastewaters. From the Table, coagulation/flocculation using
MobK is a very promising primary treatment since the result
obtained for this important parameter was very competitive
compared to other techniques. Even so it is not the high-
est removal achieved, it was better when compared to other
coagulants from the literature [72]. Also, compared to other
techniques, coagulation/flocculation with MobK is advanta-
geous for being simpler and faster [7].

In general, the use of MO seeds as a natural coagulant for
the treatment of residual waters from fish processing pre-
sented good results of removal of the parameters studied,
with great possibilities of application in a primary treatment
step, for being a simple, of easy operation, and low-cost pro-
cess in the treatment of those effluents. According to Cris-
tévao [7], the primary treatment coagulation/flocculation/
sedimentation is of extreme importance for the efficiency of
the subsequent polishing treatments. The authors claimed
that MO seeds are a great alternative to use in the primary
treatment of residual waters from fish processing industries.

Another relevant aspect in the use of MO seeds is to
reduce the processing cost and enable a favorable approach
to the environment, for being a natural coagulant [73].
However, it is evident in the present study that the resi-
due obtained in the ben oil extraction can be used without
decreasing the MO protein coagulant efficiency.

Conclusion

The treatment of residual water from fish processing using
Mob in the coagulation/flocculation/sedimentation process
was efficient and showed itself as an alternative to the pri-
mary treatment step. The ideal concentration considered
was 1250 mg L~ ! of MobK (defatted). With this saline bio-
coagulant and concentration, 90.85% of turbidity, 79.50%
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Table 5 Chemical oxygen

Treatment
demand (COD) removals reatmen

COD removal (%) Reference

obtained for different treatments
of fish processing wastewater

Partial nitritation, anammox,

Consortium of two halobacteria
Hydrocavitation reactor
Coagulation/flocculation
AlL,(SO,); .16H,0

Fe,(SO,);

FeCl,

CaCl,

PAX-18

denitrification, and COD oxidation

Coagulation/Flocculation/Sedimentation

MobK

50.50 Sanjaya et al. [74]

92.00 Anh et al. [75]

35.02-46.75 Dhanke et al. [76]
Cristévio et al. [72]

26.90

33.70

25.20

26.40

26.4

71.47 Present study

of apparent color, and 71.48% of chemical oxygen demand
removals were achieved. Even with this high removals, the
wastewater is still not adequate to be released into hydric
resources, but compared to other treatments, is efficient
and an excellent option considering that coagulation/floc-
culation is a primary treatment.

The presence of “ben oil” in the biocoagulant extracts
did not affect the performance of them in the treatment
of residual waters from fish processing. There were no
significant increases in the removal of apparent color and
turbidity, which could be attributed to the oil presence.
The extraction residue, a residue from “ben 0il” extraction
from MO seeds, can be used in the obtention of MobK
(defatted), which represents an environmentally friendly
alternative, because the ben oil can be destined a commer-
cial product while the residue can be used in the wastewa-
ter treatment. Thus, this research contributes to both the
wastewater treatment and to biomass valorization.
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