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INTRODUCTION

The slaughter, processing and preservation 
activities used in meat production in municipal 
slaughterhouses generate large volumes of waste-
water that, when discharged, cause a negative 
impact on the environment, since these effluents 
have a high organic load, with a biochemical oxy-
gen demand (BOD) that varies between 5000 and 
10 000 mg/L, in addition to containing high lev-
els of solids, nutrients, fats and oils of low bio-
degradability, which can cause serious contami-
nation and degradation of the water and soil of 
the receiving environment, making it necessary 

to implement specialized treatment systems for 
the effective elimination of these contaminants 
(Montero et al., 2023). Coagulation-flocculation 
plays a key role in the primary stage of wastewa-
ter treatment, as it allows the effective removal 
of suspended solids and colloidal matter, which 
favors the development of the following stages of 
treatment. Among the most commonly used coag-
ulants due to their physicochemical properties are 
aluminum sulfate (Al₂(SO₄)₃·18H₂O), especially 
used due to its low cost, wide availability, and 
good results in the treatment of wastewater with 
similar characteristics, within the recommended 
pH range of 4.5 to 8 (Bermúdez et al., 2019)
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On the other hand, natural coagulants have 
emerged as a promising alternative for water 
treatment, with Moringa oleifera seed powder 
being one of the most researched for its ability to 
reduce turbidity, suspended solids and microbial 
load in various types of effluents. The proteins 
present in moringa seeds act as cationic polymers 
that induce the neutralization of colloidal particle 
charges, facilitating their agglomeration and sub-
sequent sedimentation. In addition, it has been 
shown that moringa has antimicrobial properties 
that can complement its coagulant action, which 
is particularly beneficial in effluents of animal or-
igin, where there is a high risk of microbiological 
contamination. (Arreola and Canepa, 2013). 

The cationic polyelectrolyte present in mor-
inga, composed mainly of soluble proteins such 
as albumins and globulins. These proteins act by 
neutralizing the surface charges of colloidal par-
ticles, favoring their agglomeration and sedimen-
tation; in particular, globulin I has been shown 
to remove up to 90% of color and turbidity, in 
addition defatted seeds contain approximately 
448.16 mg of protein per gram, of which the vast 
majority is soluble and actively contributes to the 
coagulation process, (Martha and Ramón, 2022) 
(Leones et al., 2018)

Moringa oleifera is aligned with the princi-
ples of the circular economy due to its wide spec-
trum of bioactive compounds and integral use, its 
grain allows effective extracts to be obtained for 
water treatment, The proteins of its seeds have 
peculiar physicochemical properties, such as the 
reduction of turbidity (97–99%), surfactant activ-
ity, elimination of heavy metals and formation 
of flocs. Its functional stability in wide ranges of 
pH (4–9) and salinity stands out, which prevents 
subsequent adjustments, unlike traditional coagu-
lants (Horn et al., 2022). 

It has been evaluated that the combination 
of aluminum sulfate with Moringa oleifera seed 
powder improves the efficiency in the treatment 
of different types of wastewater, in addition the 
optimization and modeling of these processes are 
essential to maximize yield, allowing the identi-
fication of the best operating conditions through 
methods that consider the interaction of multiple 
variables simultaneously (Adesina et al., 2019)

In the case of the canton of Bolívar, this propos-
al is especially pertinent that integrates natural and 
chemical inputs under a synergistic approach that 
would not only improve the quality of the treated 
effluent, but also promote the circular economy, 

sustainable management of resources. This ap-
proach also responds to the sustainable develop-
ment goals (SDGs), in particular SDG 6 (clean 
water and sanitation) and SDG 12 (responsible 
production and consumption), strengthening the 
link between science, territory and sustainability.

MATERIALS AND METHODS 

Location

The research was carried out at the Cal-
ceta slaughter center, while the experimentation 
was carried out in the environmental chemistry 
and soil laboratory of the Higher Polytechnic 
Agricultural School of Manabí “Manuel Félix 
López” (ESPAM-MFL) located in the province 
of Manabí, Bolívar canton, Calceta parish. The 
research is experimental, focused on evaluating 
the synergy of natural and synthetic coagulants in 
the removal of solids from wastewater generated 
in slaughter centers, as shown in Figure 1.

Determine the current situation of the 
slaughter site 

The current situation of the slaughter center 
was carried out through a comprehensive meth-
odology that combines the collection of biblio-
graphic and field information. This strategy will 
allow a thorough analysis to identify activities 
and processes, The bibliographic compilation will 
provide a framework on relevant background, 
while field research will allow direct observation 
and interaction with personnel to obtain current 
information on the operational functioning of the 
slaughter center. 

Sample collection

The water samples were collected at the dis-
charge point randomly during the time in which 
the work is carried out, collecting samples every 
10 minutes during the period of one hour, during 
the taking the water sample was filtered to elimi-
nate lignocellulosic remains and viscera, subse-
quently, the samples were homogenized until 
reaching a total volume of 30 liters. the samples 
were stored in airtight containers and transported 
to the laboratory (Medina et al., 2020).
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Physicochemical characterization of 
wastewater

The initial (wastewater) and final (treated) 
characterization will be carried out in the Envi-
ronmental Chemistry and Soils laboratory of the 
ESPAM-MFL using the Standard methods for the 
examination of water and wastewater (American 
Public Health Association, 2020). The parameters 
to be evaluated are detailed in Table 1. The pa-
rameters to be evaluated are detailed in Table 1.

Obtaining and processing moringa seed 
powder (M. oleifera) 

The obtaining and treatment of M. oleifera 
seed powder begins with cleaning and disinfec-
tion to remove impurities and contaminants. The 
seeds are then dried in a controlled manner, in 
order to reduce their moisture content and pre-
serve their properties. Once dried, the hulling is 

carried out to obtain the cores which are ground 
to obtain a fine and homogeneous powder, which 
can be sieved to ensure uniformity, a heat treat-
ment is carried out to eliminate microorganisms, 
guaranteeing the stability of the product without 
compromising its essential nutrients (Jain et al., 
2019). After obtaining the flour, 5% (w/v) solu-
tions of pulverized seeds were prepared using al-
cohol with 65% purity. The mixture was shaken 
for 30 minutes and left to sit for an hour. The su-
pernatant was then removed with a pipette, and 
the remaining solids were initially dried at room 
temperature for one day and then in an oven at 70 
°C for three hours. Finally, the active component 
of the seeds was extracted by a 5% solution of 
0.25 M NaCl (Marinho et al., 2022).

Experimental design

Table 2 and 3 presents a factorial design 
with three factors, which allow the evalua-
tion of the interactions between them: Factor 
A (dose of biocoagulant M. oleifera), Factor B 
(dose of aluminum sulfate) and Factor C (pH 
conditions). 12 treatments were established re-
sulting from the combination of the levels of 
each factor, with 3 repeats per treatment, total-
ing 36 experimental units. For the execution 

Figure 1. Location of the slaughter center of the canton of Bolívar

Table 1. Parameters to be evaluated
Parameters Units

Total suspended solids mg/l

Turbidity NTU

Colour PCU
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Table 2. Experimental design

Tukey’s 
test

DCA Levels

Treatments Repetitions Factor A.
Dosage of the biocoagulant  (mg)

Factor B.
Aluminum sulfate dosage (mg)

Factor C.
pH

95% 12 3

A0 = 7500 B0 = 7500 C0 = 4

A1 = 10000 B1 = 10000 C1 = 7

A2 = 12000

Table 3. Treatment and interactions
Treatment Factor A (biocoagulant) (mg) Factor B (aluminum sulfate) (mg) C-factor (pH)

T1 A0 (7500) B0 (7500) C0 (pH 4)

S2 A0 B0 C1 (pH 7)

S3 A0 B1 (10000) C0

S4 A0 B1 C1

S5 A1 (10000) B0 C0

S6 A1 B0 C1

S7 A1 B1 C0

S8 A1 B1 C1

S9 A2 (12000) B0 C0

S10 A2 B0 C1

S11 A2 B1 C0

S12 A2 B1 C1

of the experiment, the jar test was used, where 
the agitation began at a maximum speed of 280 
rpm; At this time, the doses corresponding to 
each treatment were added simultaneously, 
maintaining a constant depth for addition. After 
30 seconds, the stirring speed was reduced to 
30 rpm to favor the flocculation process, which 
was maintained for 15 minutes. At the end of 
this stage, the agitation stopped and the paddles 
were removed. The jugs were left to rest on the 
table to allow sedimentation for 20 minutes. 
Subsequently, samples were taken at the same 
depth and simultaneously from each jar to ana-
lyze the evaluated parameters again.

Determination of removal efficiency 

Equation to obtain the percentage of remov-
al, considered the averages of the treatments, as 
the initial concentration and the results after the 
treatment as the final concentration (Cabrera et 
al., 2022):

	 𝑅𝑅𝑅𝑅𝑅𝑅𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 % = 𝐶𝐶𝐶𝐶−𝐶𝐶𝐶𝐶
𝐶𝐶𝐶𝐶  ×  100 (1) 

 
	 (1)

where:	Co – initial concentration; Cf – final 
concentration.

Statistical analysis 

Statistical analysis was performed to assess 
significant differences between various data sets. 
Data normality and homogeneity tests were carried 
out, which is essential to guarantee the validity of 
the subsequent analyses, subsequently, an analysis 
of variance (ANOVA) was applied to determine if 
there are significant differences between the groups 
in terms of their means. The ANOVA allows iden-
tifying if at least one group is statistically different 
from the others, finally, to identify the specific dif-
ferences between the groups, the HSD Tukey test 
was applied. This post hoc test allows for multiple 
comparisons between groups (Bittner, 2022). 

Quantification of solids generated from the 
coagulation process

In order to establish the solids generated as an 
indicator of the efficiency of the coagulation process, 
it is essential to quantify the solids formed during the 
reaction between the coagulant and the particles pres-
ent in the wastewater, these solids, known as flocs, 
the procedure involves collecting the flocs produced 
after treatment at each stage and measuring their dry 
weight by gravimetric drying (Veliz et al., 2016). 
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RESULTS 

Description of the animal slaughtering 
process

Figure 2 shows the animal slaughtering pro-
cess at the Calceta slaughter center, beginning 
with the reception of the specimens, followed 
by a hygienic bath aimed at reducing the surface 
microbial load and removing visible dirt before 
slaughter. Then stunning is carried out, a proce-
dure that induces the loss of consciousness in the 
animal to guarantee a humane sacrifice, and the 
hoisting continues, which facilitates subsequent 
operations. Bleeding is a critical stage to ensure 
the safety of the final product, after which skin-
ning is carried out, consisting of the removal of 
the skin and the generation of solid by-products 
such as leather and related fabrics. The process 
continues with evisceration, which involves the 
total extraction of the visceral content, and cul-
minates with the sanitary washing of the carcass, 
a stage that reduces the residual microbial load 
and eliminates visible residues, thus obtaining a 
clean carcass suitable for refrigeration, debon-
ing or marketing processes. Throughout this op-
erational flow, various critical points of liquid 

and solid waste generation are identified. Table 
4 presents the results obtained; total suspended 
solids (TSS) show a concentration of 450 mg/L, 
far exceeding the maximum allowed limit of 100 
mg/L established by the regulations, the turbid-
ity, with a value of 23.54 NTU, is within the al-
lowed range (≤ 50 NTU), however, the appar-
ent color registers a value of 319 PCU, which 
could be associated with the presence of dis-
solved organic matter, blood, fats or other col-
oring compounds from the slaughtering process. 
Overall, the data show a discharge with physical 
characteristics that do not conform to Ecuador-
ian environmental regulations in the parameters 
of solids and color, which represents a risk to 
the receiving aquatic ecosystem and requires the 
implementation of treatment measures or adap-
tation of the effluent.

Removal efficiency

Figure 3 shows that the applied treatments 
have a color removal efficiency with values rang-
ing approximately between 72% and 90%. Treat-
ment 9 presents the highest percentage of remov-
al, reaching a value close to 90%, Treatments 5, 

Figure 2. Flowchart of the animal slaughtering process and its main points of waste generation

Table 4. Physicochemical characterization of wastewater
Parameters Units Maximum allowable limit (TULSMA)

Total suspended solids 450 mg/l 100

Turbidity 23.54 NTU 50

Colour 319 PCU -
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6, 7, 8 and 10 also show values above 85%. Treat-
ments 1, 3 and 4 have color removals that are 
between 72–75%, treatment 1–12, have a similar 
value to treatment 1 73%. 

Figure 4 reflects a turbidity removal effi-
ciency, with values ranging from 70% to 85%. 
Treatment 12 registers the highest percentage of 
removal, reaching a value close to 85%, on the 
other hand, treatments 10 and 8 also present val-
ues above 80%, showing optimal performance. 
Treatments 1 and 2 exhibit the lowest efficiencies 
(~70–72%), although they are still within an ac-
ceptable range from the point of view of prima-
ry treatment. In general, treatments from 3 to 11 
show a stable trend with removals between 75% 
and 80%, which reflects efficiency in the treat-
ments applied. Figure 5 evidence of TSS removal, 
with percentages ranging from approximately 
83.52% to 98.96%. Treatment 11 has the highest 

removal efficiency, reaching 98.96%, which indi-
cates a high suspended solids retention capacity. 
Treatments 10 (97.99%), 7 (96.15%), 8 (95.63%), 
5 and 6 (95.03%), which maintain a removal rate 
of more than 95%, reflecting a remarkable consis-
tency and efficacy of the method applied. Treat-
ments 4 (94.29%), 12 (93.70%) and 9 (92.66%) 
also show results with removals greater than 
90%. Treatments 1 (85.33%), 2 (83.52%) and 3 
(86.51%) have notable percentages, although 
they are still adequate in the context of primary or 
physicochemical treatment.

Statistical analysis 

The statistical analysis performed by ANO-
VA Table 5 shows that the dose of the biocoagu-
lant (Factor A) has a statistically significant ef-
fect on color removal, with a p-value of 0.0007, 

Figure 3. Color removal efficiency

Figure 4. Turbidity removal efficiency
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lower significance level of 0.05. This indicates 
that varying the amount of the biocoagulant di-
rectly influences the efficiency of the treatment, 
improving the system’s ability to remove the 
color from the water.

On the other hand, the dose of aluminum sul-
fate (Factor B) and the pH of the medium (Fac-
tor C) showed statistically significant effects (p = 
0.1321 and p = 0.2978, respectively). This suggests 
that, under the conditions of the experiment, these 
factors do not generate major changes in color re-
moval, although they may provide complementary 
practical benefits. Similarly, the interactions be-
tween factors (AB, AC, BC and AB*C) were also 
not significant, which indicates that the combina-
tions between the evaluated variables do not pres-
ent a considerable joint effect on this parameter.

Despite this, the overall results of the experi-
ment reflect a high efficiency in color removal 
in most of the treatments applied. Efficiencies 

ranged from 72 to 90%, which evidences the 
feasibility of using synergy. Treatment 9 was the 
most effective, achieving approximately 90% re-
moval. Likewise, treatments 5, 6, 7, 8 and 10 pre-
sented removals of more than 85%, standing out 
for their consistency and performance.

In contrast, treatments 1, 3 and 4 showed mod-
erate efficiencies, with values between 72–75%, 
while treatment 12 presented a similar behavior 
to treatment 1, with a removal close to 73%.

In this statistical analysis Table 6, none of the 
factors evaluated—dose of biocoagulant (A), dose 
of aluminum sulfate (B), and pH (C)—showed a 
statistically significant effect on the variable ana-
lyzed, since all p-values were greater than 0.05. 
Nor were there any important differences in the 
interactions between these factors (AB, AC, BC 
and AB*C), which indicates that the conditions 
of the experiment applied did not generate sta-
tistically detectable variations. However, high 

Figure 5. SST removal efficiency

Table 5. Analysis of variance of the color parameter 
F.V. SC Gl CM F P-value

To 569.76 2 284.88 10.11 0.0007

B 68.5 1 68.5 2.43 0.1321

C 31.92 1 31.92 1.13 0.2978

A*B 97.62 2 48.81 1.73 0.1984

A*C 133.47 2 66.74 2.37 0.1152

B*C 17.33 1 17.33 0.61 0.4406

ABC 16.93 2 8.46 0.3 0.7434

Error 676.49 24 28.19

Total 1612.02 35

Note: SC – sum of squares; Gl – degrees of freedom; CM – mean square; F – F-value; P-value – significance level.
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removals were observed in several treatments, 
suggesting that, although the effects were not sta-
tistically significant, the efficiency has potential 
especially if its application is considered in real 
scenarios where small variations can have a rel-
evant environmental impact.

In this statistical analysis Table 7, it was ob-
served that factor A (coagulant dose) had a statis-
tically significant effect on the variable analyzed 
(p = 0.0005), indicating that this factor influences 
removal. On the other hand, factors B (dose of 
aluminum sulfate) and C (pH) did not show sig-
nificant differences, with p values higher than 
0.05. The interactions between the factors were 
also not significant, although it should be noted 
that the triple ABC interaction presented a p-
value of 0.0667, close to the significance thresh-
old, which could indicate an interesting trend that 
would be worth exploring in future studies. In 
general, these results highlight the importance of 
selecting the dose of the biocoagulant, since its 
impact was significant, while the other variables 
could be optimized according to practical, opera-
tional or economic criteria. 

Tukey tests 

Figure 6 In the color graph, a clear difference 
between the doses applied can be observed. The 
7500 mg dose shows a lower removal efficiency, 
with pooled values between approximately 72% 
and 80%, indicating reduced dispersion but lower 
effectiveness. Conversely, the 10000 mg and 12000 
mg doses show a significant improvement in color 
removal, with medians above 85% and maximums 
approaching 95%. The dose of 10000 mg shows 
the highest median and lowest dispersion, suggest-
ing greater consistency in results, while 12000 mg 
exhibits slightly greater variability.

In the SST Figure 7, all treatments have high 
efficiencies, above 90% in almost all cases. The 
doses of 10000 mg and 12000 mg show very simi-
lar results, with median doses close to 97%, which 
indicates that from 10000 mg onwards, an optimal 
and sustained efficiency in the removal of sus-
pended solids is achieved. Although the 7500 mg 
dose has a greater dispersion, it also achieves con-
siderable removal, with values ranging from 75% 
to 97%, which shows that, although effective, this 
dose can generate less consistent results.

Table 6. Analysis of variance of the turbidity parameter
F.V. SC Gl CM F P-value

To 157.07 2 78.54 1.88 0.1749

B 45.05 1 45.05 1.08 0.3099

C 93.93 1 93.93 2.24 0.1472

A*B 16.42 2 8.21 0.20 0.8232

A*C 40.77 2 20.38 0.49 0.6204

B*C 3.73 1 3.73 0.09 0.7678

ABC 5.71 2 2.86 0.07 0.9342

Error 1004.61 24 41.86

Total 1367.3 35

Note: SC – sum of squares; Gl – degrees of freedom; CM – mean square; F – F-value; P-value – significance level.

Table 7. SST (total suspended solids) analysis of variance 
F.V. SC Gl CM F P-value

To 542.74 2 271.37 10.79 0.0005

B 61.47 1 61.47 2.44 0.131

C 7.64 1 7.64 0.30 0.5867

A*B 51.09 2 25.54 1.02 0.3771

A*C 19.30 2 9.65 0.38 0.6853

B*C 0.58 1 0.58 0.02 0.8808

ABC 152.71 2 76.36 3.04 0.0667

Error 603.41 24 25.14

Total 1438.93 35

Note: SC – sum of squares; Gl – degrees of freedom; CM – mean square; F – F-value; P-value – significance level.
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Quantification of solids generated from the 
coagulation process

Figure 8 illustrates the amount of solids gener-
ated (g) of the 12 treatments, it is observed that the 
initial treatments (1–3) produce amounts around 
60–68 g. On the other hand, treatments (4–9) show 
a notable increase, stabilizing between 70 and 73 
g, although with a slight downward fluctuation in 
Treatment 6. The peak is reached in Treatment 10, 
with approximately 80 g of solids, marking the 
maximum. Subsequently, the amount decreases 
slightly in the final treatments (11 and 12), stand-
ing at 78–79 g and 76 g respectively. It was shown 
that the amount of solids generated varies in a 
range of 20 g, from the initial 60 g to 80 g, sug-
gesting that Treatment 10 represents the most ef-
fective condition for the production of solids.

DISCUSSION

The results obtained in the municipal slaugh-
terhouse of Calceta show problems similar to 

those described by Velusamy and Natarajan, 
(2022), who highlight that a proportion of the 
slaughtered animal becomes unused by-products, 
both of plant and animal origin, this observation 
coincides with the types of waste identified in the 
study, on the other hand the amount generated is 
closely related to the scale of slaughter, a critical 
aspect in urban environments where meat demand 
is high. In addition, it was found that the accumu-
lation and improper management of these wastes 
compromise the quality of water bodies, air qual-
ity and increase the health risks associated with 
the proliferation of pathogenic microorganisms. In 
addition, the study by Pauta et al. (2020), which 
evaluated the performance of the wastewater 
treatment plant of a slaughterhouse in the city of 
Mwanza, Tanzania, reported BOD₅ inlet concen-
trations of 1.013 mg/L, COD of 4.606 mg/L and 
TSS 105 mg/L, turbidity of 582 NTU in compari-
son to the results obtained in the municipal field 
of Calceta are above the results found in research 
(Michael et al., 2020). Meiramkulova et al. (2020) 
studied electrochemical methods for the treatment 

Figure 6. Tukey color test Figure 7. Tukey SST test

Figure 8. Solids generated by treatments
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of wastewater from poultry slaughterhouses, find-
ing high turbidity in all stages (196–238 FAU), 
color well above the normative limit (up to 2369 
degrees) and total suspended solids of up to 374 
mg/dm³, which shows a high load of organic and 
particulate matter. In another approach, the re-
sponse surface methodology was used to optimize 
the coagulation process of surface waters with 
Moringa oleifera seed extract, evaluating four fac-
tors: agitation time, velocity, sedimentation time 
and coagulant concentration. 29 experimental 
tests were applied with the Box-Behnken design 
on 300 mL samples. Both studies demonstrate vi-
able alternatives to improve water quality through 
efficient and sustainable processes.

Recent studies on the combination of alu-
minum sulfate (alum) with bioactive molecules 
extracted from Moringa oleifera show a high ef-
ficiency in the removal of contaminants present 
in municipal wastewater, the proposed process, 
which uses a 1:1 ratio (50:50 w/w) of alum and 
protein powder from Moringa, achieved a removal 
of more than 90% of turbidity and 75% of COD 
in wastewater tests, especially in those with a high 
solids load. These findings coincide with what was 
observed in the present study, where color removal 
efficiencies between 72% and 90% were obtained, 
values that are within the range reported by the lit-
erature (85%–95%) and even reaching comparable 
levels under certain experimental conditions. This 
correspondence between studies strengthens the 
evidence on the positive synergy between natural 
and conventional coagulants (Kane et al., 2017). 

Another research evaluated the viability of 
Moringa oleifera (MO) seed extract compared to 
aluminum sulfate (alum) as coagulants for storm-
water treatment. Parameters such as temperature, 
pH, conductivity, turbidity, and total suspended 
solids were evaluated before and after the appli-
cation of coagulants. The results obtained on the 
percentage of reduction in the height of the inter-
face showed low values (0.47%, 0.76%, 1.14% 
and 0.19%) when variable concentrations (50, 60, 
70 and 80 mg/L) of Moringa oleifera seed extract 
were applied. In contrast, significantly higher per-
centages of reduction (87.07%, 90.09%, 95.27%, 
and 94.57%) were observed when using the same 
concentrations of the alum solution. However, the 
differences between the percentages of reduction in 
the height of the interface of both coagulants were 
statistically significant p < 0.05 (Bate et al., 2023).

Gohatre, (2016) evaluated the effects of dif-
ferent coagulants —alum, lime, polyelectrolyte, 

ferrous sulfate and their combinations— on the 
quality of industrial wastewater effluent, through 
tests of modified jugs in the laboratory, the poten-
tial of coagulants and their combinations to re-
duce the parameters of industrial effluent is good. 
The maximum formation of flocs occurred at pH 
9 and pH 10, and the combination of lime, ferrous 
sulfate and polyelectrolyte gave the best result, 
removing color, BOD, COD, SST and volume of 
sludge, represented by the purple line with cross-
es, a tendency to low dose (0 mg/L) is observed, 
the volume of sludge is low, but as the lime dose 
increases to 120 mg/L, the volume of sludge in-
creases steadily and significantly. 

CONCLUSIONS

The animal slaughtering process in the mu-
nicipal slaughterhouse of Calceta generates solid 
and liquid waste in different operational stages, 
highlighting bleeding, skinning and eviscera-
tion. The physicochemical characterization of 
the wastewater shows a concentration of total 
suspended solids (450 mg/L above the permitted 
limit (100 mg/L) and a high color (319 PCU) and 
turbidity (23.54 NTU). The treatments applied 
demonstrated a high efficiency in the removal of 
color, turbidity and TSS, with percentages that 
mostly exceed 85%, which shows the efficacy 
and greater performance of using the bioactive 
synergy of moringa oleifera coagulant and alu-
minum sulfate, highlighting that treatments 9 and 
11, with removals at 90% and 99%, respectively. 

The analysis of variance applied to the color, 
turbidity and total suspended solids (TSS) pa-
rameters reveals that the dose of the biocoagulant 
(Factor A) is the factor with a statistically signifi-
cant effect on both color removal (p = 0.0007) 
and TSS (p = 0.0005). Tukey’s test shows that the 
doses of 10000 mg and 12000 mg exceed 85% 
efficiency, with the dose of 10000 mg standing 
out for its high consistency. For TSS, all doses 
achieve removals greater than 90%, although the 
7500 mg dose has greater dispersion. From 10000 
mg onwards, optimal performance is observed. In 
contrast, aluminum sulfate (B) dose, pH (C), and 
their interactions showed no significance. Despite 
this, the treatments achieved efficiencies of up to 
90% in color, 85% in turbidity and 99% in TSS.

The amount of solids generated shows varia-
tions between treatments, treatments 1 to 3 gener-
ated less solids (60–68 g), while treatments 4 to 
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9 stabilize between 70 and 73 g, followed by a 
slight decrease in treatments 11 and 12 (76–79 g), 
however treatment 10 stood out as the one with 
the highest production (80 g). 
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