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Abstract

Dairy foods represent a large market, grossing more than $125 billion per year worldwide. Dairy effluent has high
organic load and therefore must be treated before disposing in the water bodies. Natural coagulants represent a good
option for effluent treatment, among which is the Moringa Oleifera (MO) seed. In this sense, the present work
experimentally evaluates the effluent treatment efficiency of the dairy industrial effluents using coagulants based on
the MO seed, also discussing environmental and economic potentialities of seed planting. Evaluation was carried out
by use of the MO seed both directly (comminuted) and in saline solution by Jar Test essay. The COD clarification and
removal efficiency of the crude sample was evaluated for different initial turbidity and coagulant volume scenarios.
The results showed a high turbidity reduction efficiency (between 97 and 99%) in most of the tests by the direct use of
MO seeds. The cropped area required for this application in a dairy industry with processing of 10 m3 of milk per day
was 1775 m2. The use of MO seed in saline solution did not achieve the same efficiency, indicating the need to
optimize the test parameters. The results might to base more extensive discussions of potentialities and limitations of
the use of MO seed as a potential coagulant.

Keywords: Clarification; Moringa Oleifera; Dairy effluent; COD removal.

Resumo

A indUstria de laticinio é extremamente importante para a economica Brasileira, sendo que o pais possui mais de 2 mil
laticinios e movimenta cerca de 19 bilhoes de USD/ano neste setor. O efluente gerado pela industria de laticinios tem
alto carga organica e, portanto, deve ser tratado antes de ser disposto nos corpos hidricos. Uma das opg¢des para
tratamento de efluentes é o uso de coagulantes naturais, como a semente da Moringa Oleifera (MO). Neste contexto, o
presente trabalho avalia experimentalmente a eficiéncia de tratamento de efluentes da industria de laticinio utilizando
coagulantes a base da semente de MO, discutindo as potencialidades ambientais e econdmicas do plantio de MO para
esta aplicacdo. Avaliacdo foi realizada considerando o uso da semente de MO tanto de forma direta (triturada) como
também em solucéo salina por meio do ensaio Jar Test. A eficiéncia de clarificacdo e remog¢do de DQO da amostra
bruta foram avaliadas para diversos cenérios de turbidez inicial e volume de coagulante. Os resultados obtidos
demonstraram que o uso direto da farinha de semente de MO apresentou elevada eficiéncia de reducéo de turbidez na
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maioria dos ensaios, sendo obtidos resultados entre 97 e 99%. A area d eplantio necessario para esta aplicacdo em um
laticinio com processamento de 10 m3 de leite por dia foi de 1775 m2. O uso da MO em solucdo salina ndo obteve a
mesma eficiéncia, indicando a necessidade de otimizacdo dos parametros de ensaio. Discussdes mais amplas das
potencialidades e limitaces do uso da MO puderam ser construidas a partir dos resultados obtidos.

Palavras-chave: Clarificacdo; Moringa Oleifera; Efluentes de laticinios; Remocédo de DQO.

Resumen

La industria lactea es extremadamente importante para la economia brasilefia, ya que el pais tiene mas de 2.000
productos lacteos y maneja alrededor de 19 mil millones de délares anuales en este sector. El efluente generado por la
industria lactea tiene una alta carga organica y por lo tanto debe ser tratado antes de ser depositado en cuerpos de
agua. Una de las opciones para el tratamiento de efluentes es el uso de coagulantes naturales, como la semilla de
Moringa Oleifera (MQ). En este contexto, el presente trabajo evalGa experimentalmente la eficiencia del tratamiento
de efluentes de la industria lactea utilizando coagulantes basados en la semilla de MO, discutiendo el potencial
ambiental y econémico de la siembra de MO para esta aplicacion. La evaluacion se realizé considerando el uso de
semilla de MO tanto directamente (triturada) como también en solucién salina a través del Jar Test. Se evalud la
eficiencia de clarificacion y eliminacion de DQO de la muestra cruda para varios escenarios de turbidez inicial y
volumen de coagulante. Los resultados obtenidos demostraron que el uso directo de la harina de semilla de MO
mostré una alta eficiencia en la reduccion de la turbidez en la mayoria de las pruebas, con resultados entre 97 y 99%.
El &rea de siembra requerida para esta aplicacion en una lecheria que procesa 10 m3 de leche por dia fue de 1775 m2.
El uso de MO en solucion salina no logré la misma eficiencia, lo que indica la necesidad de optimizar los parametros
de prueba. Se podrian construir discusiones mas amplias sobre los potenciales y limitaciones del uso de MO en base a
los resultados obtenidos.

Palabras clave: Clarificacién; Moringa Oleifera; Efluentes lacteos; Remocién de DQO.

1. Introduction

Dairy foods represent a large market, grossing more than $125 billion per year worldwide (Mccain et al., 2018).
Dairy consumption tends to increase in coming years because it provides essential nutrients more efficiently than many other
agricultural systems (Britt et al., 2018). In Brazil, the dairy industry is very important, due to the large number of existing dairy
establishments (medium and small sized), such industry is characterized by expressive generated jobs and the value
aggregation and income generation for the parents (Lima et al., 2017). According to Formigoni (2017), Brazilian milk
production was 34 billion liters in 2016, generating a turnover of 19.3 billion USD in this year, making Brazil the fourth largest
producer in the world ranking, with approximately 23 million dairy cows, 1.3 million dairy farmers and 2,000 dairy farms with
inspection.

The large water amount to produce dairy products places the dairy industry as a major effluent source. Five liters of
effluents are generated to treat two liters of milk, which, when discharged with pollutants in waterbodies, generates a quality
modification and consequently, its pollution (Begnini and Ribeiro, 2014). Dairy effluents are mainly composed of proteins,
such as casein, carbohydrates, mainly lactose, fats, suspended solids, nitrogen, phosphorus and also inorganic pollutants (Britz
et al., 2008). Its high values of biochemical oxygen demand (BOD) and chemical oxygen demand (COD) as a consequence of
the large amount of lipids, carbohydrates and proteins, which give the system a high organic load. If released into waterbodies
without proper treatment, it drastically reduces the concentration of dissolved oxygen and endanger the entire water ecosystem
(Villa et al., 2007).

The pollutants concentrations ranges in dairy effluent are quite broad as these values can vary greatly according to
each product, the time of year and the water and effluent management practices applied in each industry (Andrade, 2011).

In order to alleviate industrial effluents treatment problems, several techniques have been studied, among them the use
of natural coagulants. When produced locally and with a low financial cost, can provide attenuation in the consumption of non-
potable water and wastewater discharges, without treatment, in receiving waterbodies. Natural coagulants / flocculants have
shown advantages over chemicals, especially in relation to biodegradability, low toxicity and low production of residual sludge
(Lo Monaco et al., 2010).
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Among the best-known natural coagulants, the Moringa oleifera (MO) seed stands out. The tree belongs to the family
Moringaceae, native to India. It is a tree with multiple potential applications (Bancessi et al., 2019) and was introduced in
Northeast region of Brazil around 1950, mainly in the States of Maranh&o, Piaui and Ceara (Pozzobon e Kempka, 2015). The
seed can be used as a coagulant directly by the flour of after grinding and sieving (primary process); the same flour may be
mixed with water or salts for the production of coagulant solutions (secondary process); or subjected to more complex
coagulant extraction techniques (such as dialysis, centrifugation, ion exchange, among others - tertiary process) (Villasefior-
Basulto et al., 2018).

MO has rapid growth, about 1 cm per day (Junho, 2018), besides having a high seed yield and low production cost.
Such seeds are much more advantageous in comparison to chemical coagulants due to its lower need to adjust pH at the end of
treatment, low sludge volume production and low operating cost. According to Rangel (2018), MO requires little crop care and
grows rapidly to a height of 4m in the first year, and when conditions are favorable, a single plant can produce 50 to 70 kg of
fruit per year.

To Paterniani (2009), MO seeds contain low molecular weight proteins; as its powder is dissolved in water it acquires
positive charges, which attract negatively charged particles such as clays and silt, forming dense, sediment flakes. Studies have
not detected human health risks if MO seeds are used at low doses in the process of clarification and reduction of water
turbidity, with no toxicity in their use. (Valverde et al., 2013). in addition to coagulant production, MO seeds also might have
various purposes: human food for nutritional supplementation, agriculture as animal feed, such as grange breed proposed by
Macambira et al. (2018), biodiesel production as a source of income for the producer (application studied by Silva et al., 2010
and Fernandes et al., 2019), among others. A complete review of MO different parts applications can be obtained in Liu et al.
(2018).

Several authors have evaluated the efficiency of using MO for various types of effluents under the most varied
methodologies. Rocha et al. (2018) evaluated the efficiency of turbidity and color removal from high turbidity surface waters
by Jar Test, obtaining results above 90% in the vast majority of the scenarios analyzed. Adesina et al. (2019) optimized the
coagulation parameters for the treatment of surface water. Optimum condition established was, agitation time of 10 min,
agitation speed of 100 rpm, settling time of 120 min and 3 g/l of MO concentration. Garde et al. (2017) evaluated the treatment
of fermentation water in coffee processing. The authors used an MO Solution in distilled water and evaluated the effluent
clarification, detecting that the MO is inactive for pH ranges 3 and 4 in the effluent treatment. Authors such as Carnacho et al.
(2016) and Moreno et al. (2016) has evaluated the application of MO to remove algae and or cyanobacteria, which shows the
scope of this coagulant.

Some authors have also studied the MO seed application in the treatment of dairy effluents, due to the importance of
this industry to several countries. Vieira et al. (2009) verified the coagulation and flocculation efficiency at different agitation
times, pH, organic load and coagulant concentration, for a single turbidity and for an effluent synthesized from water and
industrial milk powder. The authors obtained higher efficiency of color removal, turbidity and residual COD in the coagulation
/ flocculation test for a coagulant powder concentration of MO of 1g /L and pH between 5 and 8. With these results, a removal
around 99% for turbidity and 97% for color.

Formentini-Schmitt et al (2014), evaluated the MO efficiency for clarification in terms of apparent color removal,
turbidity and chemical oxygen demand (COD) in different saline solutions (1.0 M KCI and 1.0 M NaCl) using an effluent from
a dairy industry in western Parand State, Brazil. The authors found an optimal concentration of 1500 ppm of the coagulant
solution extracted with 1.0 M KCI; 98.3% apparent color, 97.1% turbidity and 58.9% COD removal.

However, some authors have not obtained satisfactory results in the clarification of dairy effluents using MO. Pereira
et al. (2015) evaluated the application of 3000 mg / L of MO obtaining results of apparent color removal and turbidity after the
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flotation process of 24.10% and 27.6%, respectively. The authors also evaluated a MO concentration of 2000 mg/L, obtaining
40.37% turbidity removal. This fact demonstrates the importance of the test parameters for the satisfactory results of the
treatment of these effluents with MO.

Due to the importance of the dairy industry and the feasibility of using natural coagulants, the present work aims to
analyze the efficiency of the treatment of dairy effluent through MO seeds. This article differs from the others by using various
concentrations of natural coagulant (in saline solution and by direct use of flour) compared to various initial effluent turbidity
and COD values (important consideration given that the initial effluent turbidity of this industry is quite variable - Junho,
2018) and also by analyzing the planting area and the technical feasibility of the actual application of MO for treatment in
dairy industries in Brazil.

2. Methodology

The present study is an experimental research. According to Koche (2011), this type of research study the cause-and-
effect relationship of a given phenomenon transmitted by the manipulation of the quantity and quality of variables, employing
a quantitative research. An experimental research is based on performing laboratory tests. In our case, the experiments were
conducted using a methodology called JarTest (following the same methodology applied by Rocha et al., 2019). The collection
and sampling techniques of the before and after the test were discovered in laboratory research, being developed according the
recommendations of the American Public Health Associations (APHA), in Standard Methods for the Examination of Water
and Wastewater (APHA, 2012).

2.1 Laboratory tests

The tests were performed at the Sanitation Laboratory of the Federal University of Itajuba, Brazil. For its execution, a
synthetic dairy effluent was used (as used by Vieira et al., 2009). The clarification process was conducted using the MO seeds
either directly (primary process) or prepared with a saline solution (secondary process) by the Jar Test, which comprises the
clarification steps (coagulation, flocculation and sedimentation) of the effluent by the addition of coagulants. The steps

required to perform the experiments are described in Figure 1.

Figure 1: Test method flowchart.

MO seed Preparation of Analysis of
preparation: peeled, synthetic dairy preliminary
crushed and sieved effluent parameters

p
Coagulant
Post test parameter . o
Jar rest preparation: direct
analysis
use and saline

Source; Authors.
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The dairy effluent characteristics is very variable depending on the processes employed there, thus, it was estimated
the mean and standard deviation of turbidity from several studies in the literature that worked with effluents from these
industries (Andrade, 2011; Vieira et al., 2009; Machado, 2011 and Saraiva et al., 2009). The results obtained were equal to 900
+ 450 NTU. Liquid whole milk was then mixed with water until the sample reached near desired turbidity values.

In order to analyze MO performance at different scenarios that comprised different turbidity values and different
coagulant dosages, the following procedure was adopted to perform the tests: (i) Setting turbidity value at 900 NTU, and
variation of coagulant volume; and (ii) Turbidity variation between 450, 900 and 1350 NTU (values previously calculated from
mean and standard deviation) and use of a single coagulant volume. The same procedure was applied for the direct use of
coagulant as well as for its use in saline solution.

For MO seed in saline solution we used Nkurunziza et al. (2009) and Madrona et al. (2010) methods. The following
steps were required: (i) Weighing 2g of peeled Moringa oil seeds, ground after weighing with the aid of a hand pestle; (ii)
Preparation of a 1 mol / L NaCl solution using 11.89g in 200mL distilled water; and (iii) Homogenization of the saline sample
with the seed powder.

The MO seed coagulant volume values in saline were adopted to be equal to the volume of required commercial
Aluminum Sulfate for effluent treatment, if calculated by the method provided by the Minas Gerais State Sanitation Company,
Brazil (COPASA, 2018), where the coagulant dosages are obtained as a function of the gross sample turbidity. This method
was the same employed by Rocha et al. (2018), which obtained satisfactory results for high turbidity water clarification. The
results obtained for coagulant volume are shown in Table 1 for dairy effluent showing the two types of tests, with fixed
coagulant volume (12.6 mL) and later with fixed turbidity (900 NTU).

Table 1: Coagulant volume calculated for each dairy effluent sample for assay using OM in saline.

Test Turbidity (NTU) Coag”'(?:lt_)\{ olume

1 450 12.6

2 900 12.6

3 1350 12.6

4 900 7.6

5 900 4.1
aThe resulting MO seed mass in each of the coagulant volumes used (4.1, 7.6 and
12.6 ml, respectively) were: 0.25, 0.45 and 0.75g.
Source: Authors.

To prepare MO-based coagulant with direct use of flour, the Vieira et al (2009) method was followed. When the seed
pods were peeled, it was crushed with a pestle. Subsequently, the ground seeds were sieved in a 42mm sieve. As performed by
the authors, the optimum dosage of OM seed was 1.0 g/L, and the other values ranged from 0.5 g/L to 1.25 g/L, as shown in

Table 2. Thus, the optimal dose can be tested under different conditions than those tested by the authors.
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Table 2: MO seeds concentration for the dairy effluent test.

Test Turbidity (NTU) Dosage (g/L)
1 450 1
2 900 1
3 1,350 1
4 900 0.5
5 900 0.75
6 900 1.25

Source: Authors.

Jar Tests were performed in 6 jars for both types of coagulants. For this test, a rotation speed of 200 rpm for 1 minute
(rapid mixing) was adopted. After that, the rotation was reduced to 100 rpm for 40 minutes (Vieira et al., 2009). Then, the
paddles were turned off and kept at rest for the floc sedimentation process (for 40 minutes for the saline OM and 60 minutes
for direct use). Subsequently, we evaluated turbidity, pH, COD and solid sediment parameters of the treated samples. A

summary of the method employed in the final physicochemical analyzes is presented in Table 3 (APHA, 2012).

Table 3: Method for physicochemical analysis described in the Standard Methods for the Examination of Water and

Wastewater.
Analysis Method
Conductivity Sample’s conductivity was carried out on the Conductivity Meter.
pH Sample’s pH was measured on the pH meter.
Turbidity Sample turbidity was measured. On the Turbidimeter

1 L of sample was added to the Imhoff cone, and reading was performed after 1 hour of

Sedimented Solids . "
sedimentation.

Chemical Oxygen
Demand - COD

1.5 ml K2Cl,07; 3.5 ml of H,SO4 and 2.5 ml of the sample. It was taken to the digester for 2 hours at
150 °C and then the final reading was performed on the spectrophotometer.

Source: Authors.

2.2 MO Planting Study
A study was also carried out to verify the required area for the MO tree planting to supply the treatment of dairy
effluent. Firstly, we calculated the effluent generation (equation 1) through the mean water consumption rate per liter of milk
for dairy products with daily milk reception up to 10,000 L and the average wastewater generation.
L.s=T,.R.A.Co @)

Where Lef is the effluent generation generated in L/y, Tm is the average water consumption rate per liter of milk in
the amount of 2.9 L/L milk, R is the daily dairy reception volume of 10000 L/d (Saraiva et al., 2009), A is the number of days
in a year equal to 365 days and Co is the coefficient correction given in L of effluent per L of water, equal to 1.05 calculated
from average values presented. by Saraiva et al. (2009).

The data in Table 4 refer to MO seed yield per tree and the number of trees that can be planted per hectare. Using this

information, we estimated the MO planting required area to supply the effluent treatment generated in the dairy by MO
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consumption per L obtained in the test with the best effluent treatment results and the total effluent generation.

Table 4: Parameters for estimative of MO mass and planting area required for coagulant production.

Parameter Value Refererence

MO seed productivity per tree in kg/yr 2 24 Moringa Brasil Project (2012)

Number of MO trees per hectare trees/ha | 2,000 Ayerza (2012)

2 Mean productivity from the second year of cultivation

Source: Moringa Brasil Project (2012) and Ayerza (2012)

3. Results

Table 5 describes the initial characteristics of the synthetic effluent samples prepared for different initial turbidity
values. We noticed that the turbidity results achieved are near to the 3 values established in the method due to the literature
values (450, 900 and 1,350 NTU). Treated samples characteristics after the Jar Test \ are presented in table 6 (for MO saline
use) and table 7 (for direct MO use). Sample used in each assay and its initial characteristics is identified by means of table 5,

and initial turbidity means values in Tables 6 and 7.

Table 5: Initial values of the dairy effluent used during the test.

Turbidit Sedimentable solids
Sample pH (NTU) y Electric conductivity (pus/cm) COD (mg/L) (mL/L)
1 8.69 479 106.5 1,030.67 0
2 8.1 847 120.8 1,566 0
3 7.59 1,350 144.8 2,019.33 0
Source: Authors.
Table 6: Physical-chemical Parameters for Dairy Effluent in MO Saline.
Coagulant | Turbi Final | Turbidity | Conduc coD COD Sedimenta
Jar volume dity | pH | turbidity | removal | tivity (ma/) removal | ble solids
(mL) | (NTU) (NTU) %) | (us/em) | ™9 (%) (mL/L)

1 12.6 450 | 7 444 7% 1,094 |716.00| 31% 0

2 12.6 847 |7.93| 738 13% | 1212 |886.00| 43% 0

3 126 | 1350 | 6.98 | 1200 11% | 1,120 |966.00| 52% 0

4 7.6 847 | 751 | 708 16% | 7244 |886.00| 43% 0

5 4.1 847 | 7.16| 652 23% | 467.6 |869.33| 44% 0

Source: Authors.
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Table 7: Physical-chemical parameters for dairy effluent in direct MO.

- Final Turbidity | Conducti COD Sedimenta
Jar ri(;iglalr?lr_]; Tz\rlt_)rlgl)ty pH | turbidity removal vity (S]O/E) removal ble solids
(NTU) (%) (us/cm) 9 (%) (mL/L)
1 1 479 | 817| 233 51% 1322 [1,07933|  -5% 95
2 1 847 | 783| 185 98% 1446 |1,04267| 33% 9
3 1 1350 |755| 111 99% 167.2 |1.452.66| 28% 95
4 0.5 847 | 7.43 215 75% 1433 |161267| -3% 05
5 0.75 847 | 728| 106 99% 146.7 | 999.33 36% 2
6 1.25 847 | 716| 175 98% 155.7 | 1,192.67|  24% 13

Source: Authors.

MO seed efficiency for dairy effluent in saline MO solution was much less efficient when compared to the MO direct
use of the seed. The best turbidity removal efficiency was obtained for the 4.1 mL saline solution for 900 NTU, a jar with the
lowest coagulant volume (lowest MO mass). This result demonstrates that there is not necessarily a linearity between the initial
turbidity and the MO mass in the saline solution to obtain the maximum efficiency in the clarification of dairy effluents.

Although the MO saline test showed the best COD removal values from effluent samples in comparison to the MO
direct use (flour), the maximum reduction efficiency finding was still discrete (52%) and results in final COD values. high
enough for release into a waterbody (close to 960 mg/L).

We also observed that MO saline coagulant did not have sedimentary solids either initially or after coagulant insertion
in the effluent (Tables 7 and 8), demonstrating that there was no relevant flake formation during the Jar Test. Thus, the initial
conditions (mixing time, velocity gradients or pH range of the initial sample) for the sample did not favor the coagulation
process, demanding future studies to define the optimal initial conditions that allow the correct effluent treatment, by MO
saline solution.

Turbidity reduction efficiencies were much higher in MO seeds direct use. The optimal dosages found were between 1
and 1.25 g/L for 900 NTU and 1g/L for 1,350 NTU. Mostly, the turbidity reduction was greater than 95%, which was lower in
only two cases: low initial turbidity (where the turbidity removal was 51%) and low OM dosages (0.5 g / L, which resulted in
an efficiency of 75%).

In both processes, pH was very close to 7, either MO direct use or MO saline, which makes the seed advantageous
over other commercial coagulants commonly used as aluminum sulfate, which usually reduce the pH of the sample, avoiding
expenses with the purchase of bases to correct the effluent pH. Tables 5 to 7 show that the use of saline solution increased the
electrical conductivity of the effluent raw, by the fact that the salt amount in the solution characterizes one more disadvantage.

For the MO seed direct use in the dairy effluent the results showed that the coagulant significantly removed turbidity
values, reaching at least 10.6 NTU (99%). Considering the Brazilian reality, values are below the standards established in the
National Resolution (CONAMA, 2005) for discharging effluents into high quality water bodies in Brazil (up to 40 NTU).

However, the high final COD values show a limitation in the effluents discharge into waterbodies, which may demand
an effluent aftertreatment system. The treated effluent could still be reused for non-human consumption, in processes internal
to the dairy itself or even for cleaning, increasing the efficiency of water use in the industry and reducing the pollution of water
bodies.

A disadvantage seen by the application of MO (either in aqueous or saline solution) is the longer time required for
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sedimentation to obtain considerable results (40 minutes on average) compared to commercial coagulants (Guimaraes, 2005),
being a viable alternative for sedimentation. Small to medium dairy industries can benefit from MO coagulant use as long as a
fast effluent treatment is not required.

In Brazil (country where the tests were carried out), the use of OM becomes even more viable due to the availability
of area for planting, the fact that the country has a strong agricultural culture and economy with solid emphasis on the dairy

industry and has warmer temperatures, which favors MO trees growth.

3.2 Calculation of the planting area required for wastewater treatment of a small dairy

First, we estimated the effluent volume by equation 1, being equal to 11,220.1 m3 / year. With this result and the data
in Table 4, we calculated the MO mass demand to treat this effluent, the number of trees and the required planting area,
presented in Table 8.

Table 8: MO seed mass values, area and trees required for dairy effluent.

Parameters Value
MO Mass per coagulant volume (g/L?) 0.75
MO Mass per year (kgly) 8,416
Area (m?) 1,755
Number of trees required 351
2 Best result obtained in the experiments of this article

Source: Authors.

In addition, it is possible to estimate the mean price to acquire this property, using a mean value per square meter in
Brazil in rural areas, adopted as 5,000 USD/ha (based on EMATER, 2019), thus, approximately 878 USD, a very affordable
value. As many dairy products are cooperatives between different producers, the cost of MO culture can be divided between
them.

That investment in such a property could be framed as an environmental compensation measure, reducing taxes of the
enterprise. In addition, the leaves, roots and bark of MO tree seeds can be used as feed for dairy cows. According to Embrapa
(2010), the consumption of such food can supply the animals' food shortages during the drought due to its high concentration
of vitamins and nutrients, minimizing feed expenses. Besides, MO tree is easy to handle and pest resistant, avoiding expenses
with pesticide and similar products. The implementation MO planting areas for use in water treatment will also promote the
forested areas growth and carbon capture in the dairy vicinity, expanding the industry's sustainability index. As most dairy
enterprises are small (Lima et al., 2017), MO plantations might serve several properties on a regional level, generating green

jobs and collaborating for the sustainable regional development around the dairy industry.

4. Conclusion

The present study evaluated the use of Moringa Oleifera seed for clarification of dairy effluents. When used directly,
the MO seeds showed high efficiency in the turbidity removal, showing values above 95%, which indicates this coagulant as a
viable alternative for the treatment of dairy effluents. Though, turbidity removal results obtained through the MO saline

solution presented much lower values in comparison to the MO direct use (crushed seeds).
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A wide range of variables are linked to the flocculation process using MO seeds and can influence its efficiency, such
as coagulant dosage, seed preparation type, coagulant concentration, rapid mixing time and velocity gradients, temperature,
sample pH, initial state of the sample, whether in turbidity, COD, among other parameters. All these variables somehow
influence the coagulant efficiency and further studies can be performed to carefully analyze each one, consequently optimizing
the coagulation process.

The MO seed use can provide an economically viable alternative in the dairy industry effluent treatment process, as
well as contributing to the environment, preventing large polluting loads to contaminate the waterbodies. In addition, its use
can facilitate the water reuse within the dairy industry, becoming a sustainable alternative for the effluent reuse for various
purposes, minimizing the water consumption provided by the supply network.

The large-scale development of the MO coagulant production will contribute to the increase of the sustainability index
in the Brazilian (or another studied country) dairy industry, a very relevant industry for the national economy. The MO
plantation can also become an alternative source of income for dairy (due to the other products that can be produced) and the
leaves can be used to produce dairy feed.

The authors suggest as future works more in-depth studies related to the economic and environmental viability of
using OM seeds as a coagulant in wastewater treatment plants.
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