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A B S T R A C T 

The reuse of greywater (GW) from some domestic activities is considered a 

sustainable technique for water-saving; however, GW has high turbidity and 

bacteriological load. Therefore, this study aimed to evaluate the use of extracts 

obtained from Citrus aurantifolia (Christm.) Swingle in the alternative treatment of 

GW, aiming at reducing turbidity and bacteriological load.  Extracts obtained from 

epicarp, mesocarp, endocarp, and whole fruit were prepared from three extraction 

methods. Posteriorly, they were applied to GW samples, monitoring the turbidity and 

heterotrophic bacteria at different time intervals. All extracts showed coagulant and 

antibacterial properties, reducing turbidity (39-88%) and heterotrophic bacteria (66-

93%) after 24 h of the treatment. The plant extracts become an alternative for use in 

GW reuse systems instead of synthetic chemical agents, with biodegradability, ease 

of access, and low toxicity of the sludge generated. 

Keywords: Turbidity, heterotrophic bacteria, natural products. 

Introduction 

Water is an essential natural resource not 

only for a state or a country but for the entire 

humanity (Dhamodharan et al., 2019). The 

accomplishment of anthropic activities is directly 

related to water availability, a propulsive aspect of 

local and regional development. Water has become 

the strategic resource in any country due to 

population growth, urbanization, industrialization, 

agriculture, and electric power production (Santos 

et al., 2018). Adequate quantity and quality, water 

resources provide a precondition for economic 

development and ecological integrity (Pejman et 

al., 2009; Wu et al., 2018). 

However, water source degradation, mainly 

due to its inefficient and excessive use, makes 

water availability insufficient for the processes in 

which it is required. As Couto et al. (2015) 

discussed, water scarcity tends to rise due to the 

increasing demand for water resources to meet the 

population's needs. 

 Studies on water reuse have been 

intensified, highlighting the reuse of greywater as 

an alternative source (Blanky et al., 2015). 

Greywater (GW) is defined such as effluent 

derived from domestic activities originating from 

residential clothes washers, bathtubs, showers, 

bathroom sinks, and laundry machines (Oron et al., 

2014), and that does not have the contribution of 

sanitary basins and kitchen sinks, as these sources 

contain many polluting compounds. With the 

limited amount of water available, measures should 

be proposed to use this natural resource better. 

Reusing GW is expected to bring a 

significant reduction in domestic water demand 

and maximize the exploitation efficiency of this 

scarce or restricted resource on-site (Ghisi & 

Ferreira, 2007). GW has the potential to be used for 

irrigation and toilet flushing, or it can be reused for 

ornamental, garden, and lawn watering subject to 

GW treatment and its’ quality level (Oron et al., 

2014). 

However, GW has a high turbidity 

characteristic and presents microorganisms 

responsible for the bad odor generated in the reuse 
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systems, which may represent risks to users (Chen 

et al., 2013).  

The total solids responsible for turbidity in 

the water serve as shelters for microorganisms, 

pathogenic. The presence of pathogens is the main 

public health risk arising from the reuse of GW. 

The pathogenic microorganisms include bacteria, 

protozoa, viruses, and parasites, where some 

concentrations are high enough to enforce health 

risks (Oron et al., 2014). These parameters 

strengthen the recommendation of treating GW 

before its use. (Al-Jayyousi 2003; Eriksson et al., 

2002). 

The removal or reduction of turbidity and 

microorganisms is usually accomplished by using 

synthetic chemicals, which have some 

disadvantages. For the removal of turbidity, 

aluminum sulfate (Al2(SO4)3) and ferric chloride 

(FeCl3) are usually used. Despite efficient 

coagulants, these products generate non-

biodegradable sludges that need to be disposed of 

in specific landfills (Skoronski et al., 2014). For 

disinfection, chlorine is commonly used. However, 

chlorine may form carcinogenic organochlorine 

compounds in organic matter, such as 

trihalomethanes (Serodes et al., 2003). 

Therefore, there is a need for sustainable 

alternatives, using natural products, which present 

efficiency, advantages, and benefits concerning the 

synthetic chemicals usually used, such as the low 

toxicity of the sludge generated, biodegradability, 

ease of access, and low financial cost. 

The epicarp of the vegetables of the genus 

Citrus has many secondary metabolites, which are 

less frequent in other plants, presenting wide 

bioactivity when present in extracts. Because of 

that, the use of vegetal extracts becomes an 

alternative in conventional processes of GW 

treatment. 

Citrus aurantifolia is a species that belongs 

to the family Rutaceae that has about 150 genera 

and 1600 species that are broadly distributed in 

tropical, subtropical, and temperate zones around 

the world (Lemes et al., 2018). Citrus aurantifolia 

(Christm.) Swingle, popularly known as lime, has 

several properties described in the literature, such 

as astringent, antibiotic, antiseptic, and 

antibacterial (Lee et al., 2018; Vendruscolo et al., 

2005). However, to the best of our knowledge, no 

studies have been found in the literature to assess 

this fruit's coagulant and antibacterial activity in 

the alternative treatment of GW. 

Thus, this study aimed to use extracts 

obtained from C. aurantifolia (Christm.) Swingle, 

for the removal of bacteria and reduction of 

turbidity in GW. 

 

Material and Methods 

Samples collection 

In sterile 1 L glass bottles, wastewater 

samples were collected in residence with a GW 

reuse system from the washing machine, bath, and 

bathroom sink. The system does not have 

pretreatment. 

 

Preparation of vegetable extracts 

To obtain the extracts from the C. 

aurantifolia (Christm.) Swingle, the epicarp 

(peels), mesocarp (white part), endocarp (pulp), 

and the whole fruit were used. The fruits were 

obtained in the local commerce, considering that it 

is the main form of acquisition of this vegetal by 

the consumers.  Extracts were obtained through 

boiling, rotavaporization of the hydroalcoholic 

extract, and pulverization. Extracting by the boiling 

method, 10 g of each part of the fruit were weighed 

in an analytical balance, transferred to a beaker 

with 100 mL of distilled water, and subjected to the 

boiling process for 15 min. 

Extracting by rotavaporization of the 

hydroalcoholic extracts, 10 g of each part of the 

fruit and 100 ml of 70% ethanol (extractor solvent) 

were added in a glass flask. The flask was then 

hermetically sealed and kept rest for 72 h. After, 

the aqueous fraction was subjected to the 

rotavaporization process until the organic solvent 

(ethanol) was completely evaporated. 

Extracting by the pulverization process, 10 

g of each fruit part were oven-dried at 50°C, for 48 

h. After drying, all parts were reduced to a fine 

powder. The solutions of each extract were then 

filtered and stores in a sterile glass flask. 

 

Application of vegetable extracts and statistical 

analysis 

The experiments were performed in three 

independent replicates in a completely randomized 

design. The obtained extracts were applied in 500 

mL of GW samples. The description of the samples 

with the respective treatment submitted is 

presented in Table 1. We also analyzed a sample 

where the treatment was carried out by applying 

sodium hypochlorite 10%, usually used in water 

reuse systems. A control sample corresponding to 

GW without any treatment was analyzed (Table 1). 
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Table 1. Description of the samples with the respective treatment submitted. Font: Freitas et al. (2020). 

Description of samples Treatment submitted 
Quantity 

applied 

1 GW + Extract hydroalcoholic epicarp 10.0 mL 

2 GW + Extract hydroalcoholic mesocarp 10.0 mL 

3 GW + Extract hydroalcoholic endocarp 10.0 mL 

4 GW + Extract hydroalcoholic whole fruit 10.0 mL 

5 GW + Extract boiling epicarp 10.0 mL 

6 GW + Extract boiling mesocarp 10.0 mL 

7 GW + Extract boiling endocarp 10.0 mL 

8 GW + Extract boiling whole fruit 10.0 mL 

9 GW + Extract pulverization epicarp 5.0 g 

10 GW + Extract pulverization mesocarp 5.0 g 

11 GW + Extract pulverization endocarp 5.0 g 

12 GW + Extract pulverization whole fruit 5.0 g 

13 GW + Sodium hypochlorite 10% 10.0 mL 

14 Control sample (GW) - 

 

For the statistical analysis of the data, we 

used the software R® 3.6.0. The means of the 

results of the treatments were compared by the 

Scott-Knott test at the level of 5% of significance. 

The means of the treatments, including the control, 

were compared by the Dunnet test at the 5% level 

of significance. 

 

Analysis, turbidity, and heterotrophic bacteria 

The analysis of the efficiency of the 

treatment was made at different times. The 

turbidity of the samples was analyzed in periods of 

1 h, 6 h, 12 h, and 24 h after starting treatment. For 

the analysis of the turbidity parameter, the digital 

turbidimeter Policontrol Ap 2000® was used. 

After 24 h of the extracts and sodium 

hypochlorite 10% application, the parameter of 

heterotrophic bacteria in the samples was 

performed using the pour plate method, according 

to the methodology defined in standard methods 

for water and wastewater (ALPHA 2012). Briefly, 

1 mL of the sample was added to a sterile petri dish. 

Next, the R2A agar culture medium was added. 

The mixture was homogenized and incubated at 37 

°C for 48 h. After this period, we counted the 

colony-forming units (CFU’s). The procedure was 

performed in triplicate, and the mean of CFU’s was 

calculated. 

 

Results and Discussion 

Turbidity analysis 

The turbidity analyzes showed that all 

extracts from the C. aurantifolia (Christm.) 

Swingle showed efficiency in reducing this 

parameter in the GW samples at times analyzed 

since there was a comparison with the initial 

turbidity value in the control sample. The means of 

the results at 1, 6, 12, and 14 h after the treatments 

and the results of the statistical tests are presented 

in Figure 1. 

It was verified that the turbidity of the 

control sample presented an initial value of 139.1 

nephelometric turbidity unit (NTU), having a 

reduction of this parameter in the analyzed times of 

1, 6, 12, and 24 h (Figure 1). After 24 h, the 

turbidity of the control sample was reduced to 

117.0 NTU, a reduction of approximately 16% 

compared to the initial value, being lower than the 

turbidity of the samples exposed to the treatment of 

the vegetal extracts. A turbidity reduction is 

expected since all analyzed samples were kept rest, 

resulting in the sedimentation of suspended solids 

present in the sample, allowing the consequent 

decrease in turbidity. 

Analyzing the results of GW samples 

submitted to treatment with the hydroalcoholic 

extracts (Figure 1), it is observed that the most 

efficient in reducing turbidity was the 

hydroalcoholic extract obtained from the whole 

fruit (sample 4), which was presented, after 24 h of 

application, 65% of turbidity removal when 

compared to the initial value of the control sample 

(139.1 NTU). Similarly, the other extracts obtained 

by this extraction method (samples 1, 2, and 3) had 

efficiencies close to 60%. 
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Figure 1. Turbidity values at distinct periods after treatments: a. 1 h; b. 6 h; c. 12 h; d. 24 h. Means accompanied 

by the same letter do not statistically differ between treatments by the Scott-Knott test at a 5% significance 

level. Font: Freitas et al. (2021). 

 

The epicarp and mesocarp boiling (sample 

5 and 6) were the most efficient by this 

extraction method, with a removal percentage of 

70 and 67%, respectively, after 24 h of application 

in the GW sample. The remaining extracts obtained 

from the endocarp boiling (sample 7) and of the 

whole fruit (sample 8) were efficient to removal the 

turbidity, approximately 62%, after 24h of the 

beginning of the treatment (Figure 1). 

Samples from extracts obtained by the 

pulverization showed that the extract of the epicarp 

(sample 9) was highly efficient to removal the 

turbidity, approximately 88% of reduction after 12 

and 24 h of the application of the extract. Extracts 

from pulverization were also efficient, reducing the 

turbidity at whole fruit pulverization extracts 

(sample 12), mesocarp (sample 10), and endocarp 

(sample 11), with removal percentages of 60%, 

41%, and 39%, respectively (Figure 1). In general, 

the extracts obtained by this method did not obtain 

high turbidity removal rates in the first hour of the 

application. This fact is due to the extracts being 

constituted of a fine powder that increases the 

number of suspended solids, responsible for the 

increase of turbidity when applied in the water 

sample. After a few hours of application, the 

extracts acted to remove the turbidity of the GW 

samples. 

The turbidity showed a progressive 

reduction in sodium hypochlorite 10%, and after a 

period of 24 h a percentage of removal of 

approximately 24%, corresponding to 105.1 NTU, 

was obtained. Despite reducing turbidity, the 

sodium hypochlorite did not present efficiency 

compared to the vegetal extracts, with a mean of 

60% turbidity removal rate. Scott-Knott test at the 

5% level of significance showed that the treatment 

was statistically different from the other 

treatments. 

Lo Monaco et al. (2010) tested the 

Moringa oleifera seed extract in samples of 

domestic sewage, obtaining 35.3% of turbidity 

removal after 24 h of treatment with the extracts. 
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Furthermore, a comparative study of natural 

coagulant effectiveness (Moringa oleifera and 

hydrolyzed cassava), extracts and artificial 

coagulant (alum) for the treatment of domestic 

wastewater, concluded that it, despite residual and 

health implications, can be successfully replaced, 

partially or wholly, by natural coagulants (Ugwu et 

al., 2017). 

The most used coagulants for the treatment 

of water are aluminum sulfate (Al2(SO4)3) and 

ferric chloride (FeCl3). Nevertheless, there is a 

large generation of sludge during the coagulation 

process, leading to a concern regarding its disposal 

(Paula et al., 2016). Thus, the use of plant extracts 

in the alternative treatment of water has been 

discussed because of having advantages over the 

synthetic chemicals usually employed, 

highlighting the lower financial cost, ease of 

access, biodegradability, and low toxicity of the 

sludge generated. 

 

Analysis of heterotrophic bacteria 

After 48 h of incubation, colony-forming 

units (CFUs) were counted in the plates, performed 

in triplicate, and calculated the mean values. In the 

analysis of heterotrophic bacteria, it was verified 

that all the extracts were efficient in bacterial 

removal, as can be seen in Figure 2. 

 

 
Figure 2. Amount of heterotrophic bacteria 

analysis in plant extracts. Means accompanied by 

the same letter do not statistically differ between 

treatments by the Scott-Knott test at a 5% 

significance level. Font: Freitas et al. (2021). 

 

The control sample (sample 14) resulted in 

1874 CFUs mL-1, indicating a sizeable 

bacteriological presence in the sample. A high 

concentration of microorganisms in GW is 

undesirable since there may be pathogenic 

organisms, implying risks to the users' health. This 

result is expected since the high value of 

heterotrophic bacteria in GW is directly related to 

the origin of this effluent, derived from bathing, 

washing clothes, and general cleaning, which are 

sources of water contamination. Pathogens 

potentially found in GW originate from three main 

sources: fecal contamination, peripheral pathogens 

(e.g. skin and mucous tissue), and those stemming 

from food handling (Maimon et al., 2010). So, 

alongside its benefits, GW reuse might pose some 

risks (Maimon et al., 2014). 

Bad odor from GW stock systems is a 

factor directly related to bacterial activity. GW is 

rapidly decomposed by the microorganisms, 

consuming the available oxygen in the medium 

causing anaerobic conditions. Under these 

conditions, the degradation of organic matter leads 

to the release of gases responsible for the bad odor 

of the system. 

The bacteriological removal rates 

described were obtained from comparing with the 

number of CFUs of the control sample (1874 

CFU’s). The sample treated with sodium 

hypochlorite 10% (sample 13) was the one that 

obtained the highest bacteriological removal, with 

an average of only six CFUs, which equals a 

removal rate of 99.7% compared to the control 

sample (Figure 2). This result is expected because 

chlorine is the most widely used product in the 

world for conventional disinfection. 

The samples with extracts obtained by the 

pulverization of the epicarp (sample 9) and 

endocarp (sample 11) applied were the ones that 

presented the smallest reduction of CFU’s number, 

with a removal rate close to 70%. Extract samples 

from rotavaporization of mesocarp hydroalcoholic 

extract (sample 3), mesocarp pulverization (sample 

10), and whole fruit pulverization (sample 12) 

presented a bacterial removal efficiency of around 

80% (Figure 2). 

The samples came from epicarp, endocarp, 

and whole fruit hydroalcoholic, boiling extracts 

(samples 1, 2, 4, 5, 7, and 8), and the sample treated 

with the mesocarp boiling extract (sample 6) were 

those with a high rate of bacterial removal, and 

removal percentage higher than 90%, (Figure 2). 

Previous studies indicate that C. 

aurantifolia presents in its composition oleic acid, 

palmitic acid, citral, and 4-Hexen-3 one, which 

demonstrated antibacterial activities (Boyanova 

2014; Liu et al., 2012; Mahadwar et al., 2015; 

Sandoval-Montemayor et al., 2012; Sumer et al., 

2013). Several studies have tested C. aurantifolia 

extracts against bacterial strains and showed 

significant effectiveness in inhibiting bacterial 

growth (Gerhardt et al., 2012; Lee et al., 2018; 

Tomotake et al., 2006). Furthermore, studies 

evidenced that the oil of C. aurantifolia presented 

expressive antimicrobial properties against fungal 

strains (Castro, 2012).  
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The sodium hypochlorite showed high 

efficiency at bacteriological removal to vegetable 

extracts, but it has drawbacks. When organic 

matter and other precursors in water react with 

chlorine, several disinfection by-products (DBPs) 

are formed, such as trihalomethanes (THMs) 

(Serodes et al., 2003). It may cause risks to users 

since long-term exposure to THMs is of concern 

due to possible cancer risks and other chronic 

health effects (WHO, 2005). Thus, it is nonetheless 

desirable to minimize THMs in water (Werner et 

al., 2016). 

For all these reasons, there is a tendency to 

replace chlorine and other synthetic chemical 

agents used in water treatment. Therefore, the use 

of vegetal extracts is an alternative due to the 

antibacterial efficiency and biodegradability of the 

generated sludge. 

 

Conclusion 

All extracts obtained from C. aurantifolia 

(Christm.) Swingle presented coagulant and 

antibacterial properties, reducing turbidity (39-

88%) and heterotrophic bacteria (66-93%) after 24 

h of the treatment. In general, it is verified that the 

extracts obtained by the extraction methods of 

boiling and rotavaporization presented superior 

advantages to the extracts obtained by the 

pulverization, especially in bacterial removal. 

There was no significant variation in the results 

using the different parts of the fruit. In this sense, 

we recommended using the whole fruit to produce 

the extracts. 

Thus, according to the results, the extracts 

from C. aurantifolia (Christm.) Swingle may be an 

alternative for use in greywater treatment systems, 

replacing synthetic chemical agents, presenting 

advantages such as low cost, ease of access, 

biodegradability, and low toxicity of the generated 

sludge. Notably, it is the first application of C. 

aurantifolia extracts for this purpose reported in 

the scientific literature. 
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