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The objective of this study was to carry out an alternative treatment of low-cost water using organic 
polymers, Moringa oleifera seed, Opuntia cochenillifera and Cereus jamacaru, associated with the 
technique of solar water disinfection. From July to November 2020, the samples were collected within 
the university campus of the Federal University of Recôncavo from Bahia. The count of total coliforms, 
Escherichia coli and aerobic mesophilic microorganisms were performed. The physicochemical 
analysis was also carried out (pH, color, turbidity, Dissolved Oxygen and temperature). Analyzes were 
performed at time 0 (before exposure to the sun) and time 1 (after exposure to the sun). The 
microbiological results were compared, based on the quality criteria established by the Consolidation 
Ordinance n. 5, of September 28, 2017 from the Ministry of Health. For the control of total coliforms, 
there was no significant interaction between the levels observed, in both treatments and times. In 
collection 1, the M. oleifera, after being exposed to the sun, proved to be more efficient in controlling 
mesophilic microorganisms. The C. jamacaru stood out with satisfactory performance in the two 
collections in the control of E. coli. In the physicochemical parameters, O. cochenillifera was the 
species that showed the best performance in decreasing the color and turbidity. We concluded that the 
polymers were efficient in the control of microbiological and physicochemical characteristics of the 
water, however, the levels reached were not sufficient to meet the quality parameters established by the 
current legislation. Therefore, further studies are recommended to improve the technique. 
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INTRODUCTION 
 
The ingestion of treated water is one of the most 
important factors  for  health  conservation;  however  this 

resource has been causing concern worldwide, since the 
water   reserves   suitable   for   consumption  have  been  
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decreasing every year. Several factors have driven the 
current situation of water scarcity, such as the destruction 
and contamination of water sources, agriculture, 
livestock, human consumption and environmental 
pollution (Amaral et al., 2006). 

In several regions of Brazil and the world, problems 
related to the consumption of contaminated water were 
found and it is noteworthy that some regions still do not 
have access to quality water. The lack of access to the 
water distribution network is inversely related to income, 
that is, the largest deficits (45%) are associated with the 
lowest income strata, decreasing as income increases 
(Viera et al., 2010).  

In addition to problems related to failures in the 
distribution of treated water, the semiarid region of 
northeastern Brazil faces irregular rainfall, with long 
periods of drought and high temperatures. Water scarcity 
represents a chronic problem, generating, as a 
consequence, several impacts on the region's economic, 
social and environmental development. Alternative 
sources of water supply (weirs, dams, wells, among 
others) play a relevant role in the management of water 
resources in these locations due to their capacity to store 
and serve different uses of water for the population. 
However, water quality becomes a critical factor, since 
control and monitoring procedures for the quality of 
drinking water, established in the legislation, are often 
infeasible and unenforceable (Tomasella at al., 2018).  

For water to be considered safe, it must be treated with 
something that involves several physicochemical 
processes until the water becomes potable. In the 
conventional treatment process, the water to be treated 
at the Water Treatment Station (WTP) goes through the 
following processes: pre-chlorination, pre-alkalinization, 
coagulation, flocculation, decantation, filtration, post 
alkalinization, disinfection, and fluoridation. However, this 
type of treatment is highly complex and costly (Yongabi, 
2015).  

Alternative water treatment systems have been the 
solution to increase access to drinking water, especially 
in small communities far from large urban centers. The 
implementation of these systems is cheaper and does not 
require the operation of large installations, they are easy 
to implement and can be carried out by the residents of 
each region (Keogh et al., 2015). 

Coagulants or natural polymers represent an 
innovative, sustainable solution that poses no risk to 
human health. The sources of natural polymers are 
diverse and may be obtained mainly from bacteria, fungi, 
animals and plants and are classified as polysaccharides, 
amino-polysaccharides, polyphenols and protein-based 
substances. The use of a natural coagulant can, in a first 
step, solve the turbidity problems generated by organic 
and inorganic materials in suspension and assist in the 
disinfection process (Gunaratna et al., 2007).  
  Moringa oleifera is one of the most studied species  and 
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considered one of the potential substitutes for chemical 
coagulants. Paterniani and Silva (2005), in a work carried 
out at the Sanitation Laboratory of the Faculty of 
Agricultural Engineering at UNICAMP, in Campinas, SP, 
using M. oleifera seeds for surface water treatment, 
obtained medium reductions in turbidity and apparent 
color of 90% by simple sedimentation and 96% by slow 
filtration. Amaral et al. (2006) also using M. oleifera seed 
extracts added to water to be disinfected by solar 
radiation in Polyethylene Terephthalate (PET) bottles and 
concluded that even for high turbidity values, in the order 
of 200 to 250 Nephelometric Turbidity Units (NTU), total 
inactivation of  Escherichia coli was obtained after 12 h of 
exposure to the sun. 

Other plant species that have recently received great 
attention are C. jamacaru and O. cochenillifera popularly 
known as mandacaru and palm, respectively. Preliminary 
works indicated the potential of mandacaru and palm as 
potential natural coagulating agents (Nharingo et al., 
2015).  

The use of M. oleifera, C. jamacaru and O. 
cochenillifera seeds may be a viable alternative in the 
simplified treatment of water for the population. However, 
it is important to emphasize that such agents are used as 
a pre-treatment that will act in the removal and/or 
reduction of suspended and dissolved solids in water, 
where a second stage for the disinfection treatment is 
needed. 

Therefore, the use of sunlight promotes the elimination 
of pathogenic microorganisms present in water through 
the synergistic effect of sunlight and temperature 
(McGuigan et al., 2012). Cavallini et al. (2018) in a study 
developed in the municipality of Gurupi, obtained 
satisfactory results in the disinfection of 100% of E. coli, 
in 4 h of sun exposure, and of total coliforms, in 6 h of 
sun exposure in tests using well water. 

Given the aforementioned, the main objective of this 
work is to carry out an association between alternative 
methods: organic coagulant (M. oleifera, C. jamacaru and 
O. cochenillifera) and use of sunlight, evaluating the 
greater efficiency in terms of microbiological quality and 
physicochemical aspects. 
 
 
METHODOLOGY 
 
Study area 
 
The study was conducted in the parasitology and animal 
microbiology laboratory and in an experimental area of the 
Agrarian, Environmental and Biological Sciences Center (CCAAB) 
in the Federal University of Recôncavo from Bahia (UFRB), located 
in Cruz das Almas, Bahia (12º40' 19"S and 39º06'22'W', altitude 
220 m above sea level). The climate is designated as tropical hot 
and humid, Aw to Am, according to the Köppen classification, with 
an average annual temperature of 24.5°C, with a relative humidity 
of  80%  and  average  rainfall  of  1,250 mm  per  year (Agritempo). 
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Table 1. Proportions of Moringa oleifera (Moringa), Cereus jamacaru (Mandacaru), Opuntia cochenillifera (Palma) 
used in the tests: Seed (S), Grams (g). 
 

Treatment Mandacaru (g) Moringa (S) Palma (g) 
Treatment 1 2 1 2 
Treatment 2 3 2 4 
Treatment 3 4 3 6 

 
 
 
Pre-essay: Dosage test  
 
For the dosage test, a methodology adapted from Ostrowski (2014) 
was used to elaborate synthetic turbidity water samples. For which 
a soil sample was collected at a 20 to 40 cm deep horizon and 
identified as Yellow Latosol (Rodrigues et al., 2009). The collected 
soil was macerated in a mortar and sieved. Then, 25 g portions 
were extracted and weighed on a digital scale, to be homogenized 
in 24 containers of 500 mL of treated water. After stirring clockwise 
and counter clockwise, it was left to rest for 20 min to decant the 
excess soil. Then, physicochemical characterization (color, turbidity 
and pH) was performed. 

The different dosages of the respective vegetal species (moringa, 
palm and mandacaru) were homogenized in the synthetic turbidity 
water samples. Table 1 shows the proportions used for each plant 
species. After stabilization of the mixture, they were again evaluated 
for physicochemical parameters. 
 
 
Water collection 
 
Two collections were carried out on different days with 
microbiological and physicochemical aspects evaluation. The 
samples were collected superficially in the weir inside the UFRB 
campus known as “Funil Weir”, where it is used to supply the plant 
production and experimentation sector of the Experimental Farm of 
CCAAB/UFRB. All samples were stored in polyethylene containers 
with a capacity of 25.00 L previously sanitized. Disinfection was 
carried out using the chemical agent sodium hypochlorite at a 
concentration of 1%, and exposure to sunlight, where the bottles 
were immersed for 30 min, and then rinsed with abundant drinking 
water to remove any traces of the chemical agent used and then 
exposed to sunlight for disinfection by UV light. The gallons also 
went through the acclimation procedure (collect a portion of water 
at the point of collection, shake and discard - Process repeated 
three times), proceeding the collection (Amaral et al., 2006; 
Sarpong and Richardson, 2010; Wilson and Andrews, 2011). 

In the laboratory, in order to reduce the amount of suspended 
solids in the collected water, a prior filtration was performed using a 
100% cotton fabric, size 40 × 62 cm. The tissue was previously 
washed with neutral soap and sterilized by humid heat in an 
autoclave at 121.0°C (1 atm; relative pressure) for 15 min (Penn, 
1991). 
 
 
Obtaining and preparing Cacti: O. cochenillifera and C. 
jamacaru 
 
The methodology used was adapted from the proposal by Zara et 
al. (2012). Cactaceae popularly known as Palma (O. cochenillifera) 
and Mandacaru (C. Jamacaru) were collected on the campus of the 
UFRB experimental farm. Immediately after collection, washing 
procedures in running water, removal of thorns and bark, and 
longitudinal and transversal  cuts  were  carried  out,  resulting  in  a 

viscous complex, then proceeded to measure the masses. The 
leaves were used.  The measure used for Palma was 24 g and for 
Mandacaru was 48 g. It is important to note that no substances 
were used to extract the structural components of plant species and 
there was no dehydration process either. 
 
 
Obtaining and preparing of M. oleifera 
 
Moringa seeds (M. oleifera) were acquired through donations from 
the university itself and another part through commercial purchase. 
To prepare the extract, the husks were removed from the seeds 
and the grinding process was carried out with the aid of a mortar, 
using 10.0 mL of distilled water for 6.0 g of already peeled seeds 
(equivalent to 30 seeds) (Amaral et al., 2006; Sarpong and 
Richardson, 2010; Wilson and Andrews, 2011). 
 
 
Decantation and flocculation test 
 
Three containers with a capacity of 20 L were used, for each 
container 12 L of raw water sample were added. The decantation 
test consisted of mixing the respective treatments (24.0 g of O. 
cochenillifera, 48.0 g of C. Jamacaru and 6.0 g of M. olifera seeds) 
with the raw water samples. The homogenization process was 
performed manually using a sterilized polyethylene stick. Initially, 
two speeds were used, one fast and constant and the other slow for 
5 min (Muyibi and Okuofu, 1995; Amaral et al., 2006). 

The samples were left to rest for 24 h in the animal parasitology 
and microbiology laboratory at a temperature of 21°C, for particle 
sedimentation. After this period, samples of the supernatant were 
again characterized for microbiological and physicochemical 
characteristics in the laboratory (zero time). 
 
 
Disinfection process by exposure to solar radiation (SODIS) 
 
To minimize the turbidity and color parameters of raw water, pre-
treatment of coagulation and flocculation with extracts from 
mandacaru, palma and moringa were performed. 

The treated water samples were placed in transparent 
polyethylene terephthalate (PET) bottles, with a capacity of 2,000 
mL, where they were previously disinfected with 1% sodium 
hypochlorite and solar disinfection. In the SODIS process, the 
bottles were exposed to the sun for two consecutive days, this 
period was recommended by the SODIS Application Guide - Solar 
Water Disinfection (2002), due to weather conditions (75% of 
cloudy sky). In order to increase the efficiency of SODIS, the bottles 
were placed on a glossy reflective surface (EAWAG / SANDEC, 
2006). 

At the end of the period of sun exposure, the samples were 
evaluated for the action of radiation, with microbiological and 
physicochemical analyses. 
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Table 2. Mean test and coefficient of variation (CV) for microbiological analysis of water under alternative treatment with 
Mandacaru, Moringa, Palma, Control treatment- (AB paste), raw water, at two different times (T0- before exposure to the sun and 
T1- after sun exposure) for collection 1. 
 

Treatment 
Mesophiles 

(NMP/100 mL) 
 Coliforms 

(NMP/100 mL) 
 E. coli 

(NMP/100 mL) 
T0 T1  T0 T1  T0 T1 

Mandacaru 941.19bA 1489.67bB  2033.71aA 2419.20aA  21.36aA 8.00aA 
Moringa 1620.00cB 241.66aA  2419.20aA 2419.20aA  2419.20cA 2419.20bA 
Palma 1467.91cA 1640.33bB  1915.46aA 2419.20aA  214.50bA 2419.20bB 
ABcole 129.50aA 129.50aA  2419.20aA 2419.20aA  13.76aA 13.76aA 
Mean 1039.65 875.29  1974.59 2419.2  667.18 1215.04 
CV (%) 7.02  26.43  2.15 

 

Means followed by the same lower case letter in the columns and upper case in the rows do not differ statistically from each other by the 
Tukey test at 5% probability. 

 
 
 
Parameter analysis 
 
To determine the microbiological parameters, the chromogenic 
substrate method (Colilert®) was used to quantify total coliforms 
and E. coli. This method consists of using β-galactosity to 
metabolize ONPG and as most non-coliforms do not have these 
enzymes, they cannot grow and interfere in the reaction, minimizing 
the incidence of false positives and false negatives, obtaining the 
results expressed in Most Probable Numbers (MPN) in 100 mL of 
the sample. For the counting of mesophilic microorganisms, the 
deep plating technique was used, with the Merck® Plate Count 
Agar (PCA) culture medium (Barros, 2016).  
 
 
Experimental design and statistical analysis 
 
A completely randomized experimental design was used, in a 4×2 
factorial scheme, with 4 treatments (Mandacaru, Moringa, Palma, 
Control-ABcole treatment) in two stages (Time 0 and Time 1), with 
three replications. 

Data were subjected to analysis of variance (ANOVA) and 
Tukey's test at 5% probability to analyze the difference between 
treatments. The statistical software R version 3.6.1 was used. 
 
 
RESULTS 
 
Microbiological parameters in collection 1 
 
ANOVA was performed, where the results obtained in the 
present study had a significant difference between 
treatments, with significant interaction between them. 

According to the mean test, the time 0 that provided the 
lowest growth of mesophilic microorganisms was 
Mandacaru with 941.19 NMP, with a higher value only 
than the control (129.5 NMP). The treatments with 
Moringa and Palma did not differ according to the Tukey 
test, with the highest mesophilic values. For time 1, the 
best treatment was with Moringa, followed by the other 
two treatments that had no statistical  difference  between  

them (Table 2). 
When comparing the two times (T0 and T1), it appears 

that the treatment before exposure to the sun (T0) has 
better results for Mandacaru and Palma. However, for the 
treatment using Moringa after being exposed to the sun 
(T1), it was more efficient in controlling mesophiles. 
Regardless of the type of treatment, the coefficient of 
variation was satisfactory. 

For the control of total coliforms, there was no 
significant interaction between the levels observed, both 
in treatments and in times. 

Mandacaru stood out among all treatments when 
submitted to time 0 and time 1 for E. coli, shown in Table 
2. Moringa presented a value much higher than the 
others, being considered, according to the data, the least 
indicated and with less efficiency for the treatment of E. 
coli regardless of the time evaluated (with or without 
exposure to the sun). The average presented was 667.18 
NMP for T0 (before exposure to the sun). The treatment 
using the palm showed the best result at time 0. 

The coefficient of variation (CV), which seeks the 
smallest dispersion among the data, indicated the 
homogeneity of the results, where mesophiles obtained a 
CV of 7.02%, E. coli, a CV of 2.15%. The results for total 
coliforms showed a greater degree of dispersion 
(26.43%); however, a value within the mean. 
 
 
Microbiological parameters in collection 2 
 
In collection 2, all treatments differed from each other, the 
treatment that had the lowest growth of mesophiles at 
time 0, being considered the best, was Mandacaru, 
followed by Palma and Moringa. Treatment with moringa 
had the greatest growth of mesophiles for time 0, 1665 
NMP.  All  treatments  (Mandacaru,  Palm   and  Moringa)  
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Table 3. Mean test and coefficient of variation (CV) for microbiological analysis of water under alternative treatment with 
Mandacaru, Moringa, Palma, Control treatment- (ABcole), raw water, at two different times (T0- before exposure to the sun 
and T1- after sun exposure) for collection 2. 
 

Treatment 
Mesophiles 

(NMP/100 mL) 
 Coliforms 

(NMP/100 mL) 
 E. coli 

(NMP/100 mL) 
T0 T1  T0 T1  T0 T1 

Mandacaru 759.33bA 929.33bB  2419.2aB 1095.4aA  9.33aA 10.35aA 
Moringa 1665.00dB 1478.50cA  2419.2aA 2419.2bA  2419.20cA 2419.20bA 
Palma 1072.00cA 1351.66cB  2419.2aA 2419.2bA  65.43bA 2419.20bB 
ABcole 131.00aA 131.00aA  2419.2aA 2419.2bA  22.70aA 22.70aA 
Mean 906.83 972.62  2419.2 2088.25  629.17 1217.86 
CV (%) 7.81  18.25  0.77 

 

Means followed by the same lower case letter in the columns and upper case in the rows do not differ statistically from each other by 
the Tukey test at 5% probability. 

 
 
 
Table 4. Mean test and coefficient of variation (CV) for physicochemical analysis of water under alternative treatment with Mandacaru, 
Moringa, Palma, Control treatment-(ABcole), raw water, at two different times (T0-before exposing in the sun and T1- after exposure to the 
sun) for collection 1. 
 

Treatment 
Turbidity(UNT)  Temperature (ºC)  Color (uC)  DO (mg/L)  pH 

T0 T1  T0 T1  T0 T1  T0 T1  T0 T1 
Mandacaru 37.50bB 10.23aA  23.70aB 37.33aA  400.00bA 400.00cA  10.80aB 8.96aA  6.92aA 6.60bB 
Moringa 50.11cB 19.10bA  23.60aB 37.66aA  300.00aB 250.00aA  9.10aA 16.20bB  7.00aA 6.38cB 
Palma 14.16aA 8.80aA  23.60aB 38.50aA  400.00bB 300.00bA  10.90aB 8.33aA  6.65bA 6.76bA 
ABcole 60.05dA 60.05cA  23.60aA 23.60bA  400.00bA 400.00cA  9.43aA 9.43aA  7.07aA 7.07aA 
Average 40.46 24.55  23.63 34.27  375.00 337.5  10.05 10.73  6.91 6.70 
CV (%) 4.40  2.27  0.00  9.25  1.01 

 

Means followed by the same lower case letter in the columns and upper case in the rows do not differ statistically from each other by the Tukey test 
at 5% probability. 

 
 
 
showed a higher growth rate of mesophilic micro-
organisms than the control sample. 
   In time 1, the Mandacaru treatment also showed the 
best result for the control of mesophiles, with a growth of 
929.33 NMP. The treatments with Moringa and Palma 
had no significant difference between them. The overall 
mean for treatment 0 and treatment 1 were not very 
discrepant between them for mesophilic growth, 906.83 
and 972.62 NMP, respectively. 

For the analysis of total coliforms, the treatments did 
not differ from each other, except for the treatment with 
Mandacaru, which at time 1 had the lowest number of 
FC, 1095 NPM, differing from all other treatments. 

For E. coli, within time 0, the best treatment was the 
use of Mandacaru, followed by Palma and in last place 
was Moringa as the worst expected result, shown in 
Table 3. At time 1, the treatment with Mandacaru 
continued as the best result. Treatments with Moringa 
and Palma did not differ according to Tukey's statistical 
test, showing the highest growth. 

Physicochemical parameters collection 1 
 
Some attributes related to physicochemical characteristics 
were also analyzed (Table 4). For the variable turbidity at 
time 0, the best treatment was Palma with the lowest 
value of 14.16 UNT, followed by Mandacaru with a value 
of 37.50 UNITS. Moringa did not present satisfactory 
results, as it presented values above the total average. 
For the time with sun exposure (T1), the treatments with 
Mandacaru and Palma provided less turbidity, not 
differing statistically from each other. Moringa treatment 
showed more satisfactory results than the control 
treatment (Table 4). When analyzing all treatments, 
regardless of time, Palma was more efficient for the 
turbidity variable. 

The temperature variable both at time 0 and at time 1 
did not present significant differences between them, only 
the control differing when exposed to the sun. 
   In relation to color at time 0, the treatment that provided 
the  lowest color was Moringa, with 300 uC, differing from
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Table 5. Mean test and coefficient of variation (CV) for physical-chemical analysis of water under alternative treatment with Mandacaru, 
Moringa, Palma, Control treatment-(ABcole), raw water, at two different times (T0-before exposing in the sun and T1-after exposure to 
the sun) for collection 2. 
 

Treatment 
Turbidity (UNT)  Temperature (ºC)  Color (uC)  DO (mg/L)  pH 
T0 T1  T0 T0  T1 T0  T0 T1  T0 T1 

Mandacaru 42.86bB 28.00cA  21.83aB 12.86bB  6.96aA 6.73ab  12.86bB 6.96aA  6.73ab 6.45bB 
Moringa 55.63cB 18.90bA  21.66aB 12.83bA  17.66cB 6.63bA  12.83bA 17.66cB  6.63bA 6.44bB 
Palma 22.16aB 14.10aA  22.33aB 20.53cB  13.56bA 6.89ab  20.53cB 13.56bA  6.89ab 6.61aB 
ABcole 69.04dA 69.04dA  22.16aA 8.66aA  8.66aA 6.34cA  8.66aA 8.66aA  6.34cA 6.34bA 
Mean 47.42 32.51  21.99 13.72  11.71 6.65  13.72 11.71  6.65 6.46 
CV (%) 1.36  4.64  3.98  10.72  1.10 

 

Means followed by the same lower case letter in the columns and upper case in the rows do not differ statistically from each other by the Tukey 
test at 5% probability. 

 
 
 
all other treatments, which had values of 400 uC. At time 
1, all treatments differed, with Moringa being the best 
treatment, followed by Palma, Mandacaru and control, 
with values of 250, 300, 400, and 400 uC, respectively. 

The treatments did not differ from each other when 
evaluated for dissolved oxygen (DO) at time 0. At time 1, 
the treatments with Mandacaru, Palma did not differ from 
each other. Moringa had a DO rate of 16.2 mg/L (Table 
4). 

Within time 0, the best pH values were with the 
treatments with Mandacaru and Moringa that did not 
differ from each other, as well as they did not differ from 
the control treatment, keeping the pH close to neutrality. 
In time 1, the treatments that had the best pH values 
were Palma and Mandacaru, providing the best pH 
values. 

Analyzing the treatments in relation to time, Mandacaru 
and Palma had similar effects in relation to the DO rate. 
Time 1 had better DO values compared to time 0. For 
Moringa the DO rate increases over time, where at time 0 
it has a value of 9.10 mg/L and at time 1 it has a value of 
16.20 mg/L. For pH, the treatments behaved in the same 
way, being better at time 0, except for the palm 
treatment, which had no significant difference in relation 
to the times tested. 
 
 
Physicochemical parameters collection 2 
 
All treatments differed in terms of turbidity, with a better 
result for Palma when evaluated at time 0 (Table 5). The 
treatment with Moringa did not present satisfactory 
values, where it obtained a value more than twice of 
Palma (55.63 UNT), whereas Mandacaru (22.16 UNT) 
was characterized with intermediate values, where the 
control treatment presented a turbidity of 69.04 UNT. At 
time 1, all treatments differed, with the best treatment 
being Palma, with 14.1 UNT, followed  by  treatment  with  

Moringa and Mandacaru. 
Regarding temperature, at time 0, the treatments did 

not differ from each other. At time 1, the palm, moringa 
and mandacaru presented approximate values, with no 
significant differences. However, when compared in 
terms of times, the values differed, with an increase in 
temperature at time 1 compared to time 0 for the 
expected result, since they were stored under the same 
temperature conditions. 

For the color variable, when treatments were tested at 
time 0, there was a significant difference between 
treatments, with values of 400 uC for Mandacaru and 
Moringa and 500 uC for Palma. At time 1, all treatments 
differed, with the best results being obtained with Palma 
(266.66 uC), followed by Moringa and Mandacaru 
(366.66 and 416.66 uC, respectively). When compared 
with the control treatment, there was a significant 
difference in the decrease of the color samples at both 
time 0 and time 1. 

The coefficient of variation for the color variable was 
3.98 uC, even with a higher value than the first treatment; 
it is still considered an excellent result, given the 
importance of a low coefficient of variation. 

Analyzing the treatments in relation to time, all 
treatments had different results in the times tested for 
turbidity. The treatments with Moringa, Mandacaru and 
Palma had the best results at time 1. Taking into account 
the temperature, all treatments differed from each other, 
showing better results when exposed to the sun (T1). For 
color, the treatments using Moringa and Palma stood out 
at time 1, while the treatment with Mandacaru had no 
difference between the times tested. 

Evaluating the treatments in relation to dissolved 
oxygen at time 0, there were no significant differences 
between the treatment using Mandacaru and Moringa, 
with these showing the best results (Table 5). In time 1, 
the Mandacaru treatment stood out with a value above 
7.0 mg/L, surpassing even the control treatment (ABcole). 
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Regarding pH, at time 0 the best treatment was 
Mandacaru, with a value of 6.73, the other treatments did 
not differ from each other in relation to the control 
treatment. However, at time 1, the best pH value was 
obtained with the treatment with Palma, followed by the 
treatment with Mandacaru and the other treatments did 
not differ from each other. 
 
 
DISCUSSION 
 
Mandacaru was the polymer that showed better results in 
the control of E. coli when compared with control 
samples. M. oleifera, on the other hand, was efficient in 
controlling the growth of aerobic mesophilic 
microorganisms, when time 0 and time 1 were compared 
(Tables 2 and 3). According to Davet et al. (2009), the 
crude extract of the cortex and wood of C. jamacaru has 
antibacterial potential and inhibits the growth of 
Streptococcus epidermidis, Staphylococcus aureus, 
Pseudomonas aeruginosa and E. coli colonies. In this 
way, its extract is a promising source for obtaining natural 
antibiotics. 

Cacti are promising coagulants and this effect may be 
associated with the presence of various pectins, a 
complex family of heterogeneous polysaccharides 
present in plant cell walls (Lima and Abreu, 2018). 

M. oleifera has been acting as a clarifying agent due to 
the presence of a cationic protein that destabilizes the 
particles contained in the water in liquid form. Moringa 
also has constituents such as pterygospermine and 
rhamnosyl-oxybenzyl-isothiocyanate that have 
antimycobrian actions (Cardoso et al., 2008; Batista et 
al., 2013; Franco et al., 2017). 

Palm was the most efficient agent in reducing turbidity 
when compared with mandacaru and moringa. Moringa, 
on the other hand, was the agent with the best 
performance for decreasing apparent color. The samples 
collected from a natural source had very high turbidity 
and color contents, where the polymers used were not 
sufficient to the point of decreasing these parameters in 
order to allow an efficient solar sterilization. According to 
Di Bernardo (2004), the lower the turbidity resulting after 
decantation, the more efficient the subsequent processes 
such as filtration and disinfection will be. 

By adding more organic matter (Mandacaru, Moringa 
and Palm treatments), there was a reverse effect, which 
behaved as a growth and development medium for the 
microorganisms present there. The presence of dissolved 
matter in the water characterizes an increase in the 
apparent color, which hinders the penetration of light 
rays, consequently interfering with solar disinfection 
(Amaral et al., 2006). 

The climatic characteristics of the weather during the 
study also influenced the microbial growth of the 
samples, shown in Tables 4 and 5, the average maximum  

 
 
 
 
temperatures reached in the collections were 34.27° and 
34.46°, respectively, not being sufficient for disinfection of 
the samples. Paterniani and Silva (2005) affirmed that 
water heating and bacterial inactivation are influenced by 
weather conditions during the time of exposure to the 
sun, where infrared radiation is responsible for the rise in 
water temperature, such an increase that after 50°C it 
helps in disinfecting water and preventing bacterial 
regrowth. 

The solar water disinfection technique has no residual 
effect, which favors microbial regrowth 24 h after the end 
of the disinfection process when the water temperature 
was below 50°C (Paterniani and Silva, 2005). 

The polymers tested had little effect on the pH of the 
samples, as shown in Tables 4 and 5. Also according to 
the current ordinance, this parameter must be in the 
range of 6.0 to 9.5. The pH value influences the 
distribution of free and ionized forms of various chemical 
compounds, in addition to contributing to a greater or 
lesser degree of solubility of substances and defining the 
toxicity potential of various elements (BRASIL, 2014). 
Jacob (2018), when testing the application of organic 
coagulants extracted from cactus (O. cochenillifera) and 
M. oleifera in water treatment, found that the pH of the 
samples did not change during the processes using M. 
oleifera and the coagulants in combination, but for the O. 
cochenillifera cactus, the pH of all assays increased 
during the processes. 

Sousa (2019) when evaluating the coagulation capacity 
of C. jamacaru, Opuntia ficus-indica and Pilosocereus 
gounellei cacti as pre-treatment for disinfection by solar 
radiation, obtained satisfactory results, which obtained 
inactivation of total coliforms present in their samples. 
The author asserts that cacti are great potential natural 
coagulants to be used as occasional pre-treatment of real 
turbid water for subsequent solar disinfection, since after 
treatment all parameters evaluated met the requirements 
established by Brazilian legislation for drinking water. 

According to Manoj and Vara (2021), coagulants 
showed their effectiveness in comparison with the 
available literature. However, the use or acceptance of 
these coagulants in industrial wastewater treatment is 
very low. The use of coagulants can be improved, 
showing their efficiency compared to the advanced 
treatment technologies available in the current scenario. 
 
 
Conclusions 
 
The polymers used in this research were efficient in 
controlling microbiological and physicochemical 
characteristics of water. However, the levels reached 
were not sufficient to meet the quality parameters 
established by current legislation. 

The climatic conditions of the region where the study 
took place  had  an influence on the result obtained in this 



 

 

 
 
 
 
study. It is also inferred that the microbiological 
composition of the plant species used also influenced the 
result of this work. Thus, it is important to carry out other 
studies in order to quantify the influence of such variables. 

Developing the use of natural polymers is very relevant 
as it can bring advances in social, economic and 
environmental aspects for the population. 
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