
 
 
 
 
 
 
 
 
 
 
                                                                                                                                                                DOI: 10.3303/CET23101032 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Paper Received: 14 January 2023; Revised: 1 April 2023; Accepted: 26 May 2023 
Please cite this article as: Sandoval A.N., Rojas O., Quesquen C.D., Alvarado J.W., Vidaurre P., Zavaleta T., Vislao S., Munoz V.H., 2023, Aloe 
Vera L and Croton Lechleri Resins as Antibacterial Potential in Drinking Water in the Peruvian Jungle, Chemical Engineering Transactions, 101, 
187-192  DOI:10.3303/CET23101032 
  

 

 CHEMICAL ENGINEERING TRANSACTIONS  
 

VOL. 101, 2023 

A publication of 

 

The Italian Association 

of Chemical Engineering 

Online at www.cetjournal.it 

Guest Editors: Paolo Ciambelli, Luca Di Palma 

Copyright © 2023, AIDIC Servizi S.r.l. 

ISBN 979-12-81206-00-7; ISSN 2283-9216 

Aloe Vera L and Croton Lechleri Resins as Antibacterial 

Potential in Drinking Water in the Peruvian Jungle 

Ana N. Sandoval*a, Oscar Rojasb, César D. Quesquenb, Jaime W. Alvaradob, Pierre 

Vidaurreb, Telmo Zavaletab, Seleni Vislaob, Victor H. Muñozb 

aUniversidad César Vallejo. Perú 
bUniversidad Nacional de San Martín. Perú 

asandoval@ucv.edu.pe 

The present investigation was carried out to evaluate the antibacterial effect of Aloe vera and Croton lechleri 

resin in water for human consumption. The study method was quasi-experimental with pre-test and post-test. 

Aloe vera resin and Croton lechleri at concentrations of 25%, 50% and 75% volume were used as biological 

samples, each concentration corresponding to a treatment, i.e., T1 as control with calcium hypochlorite at 0.5 

ppm, T2, T3 and T4. It was determined that there is water consumption with high levels of total coliforms (925 

CFU/100mL), thermotolerant coliforms (845 CFU/100mL) and Escherichia coli (1110 CFU/100mL), whose 

values exceed the maximum permissible limits according to Peruvian Supreme Decree regulations. The 

research concludes that the treatment with a higher concentration of aloe resin is able to inhibit the concentration 

of microbial load to a greater extent. Thus, Treatment (T4) achieved a greater bactericidal effect of 100% on 

total Coliforms, thermotolerant Coliforms and Escherichia coli, followed by Sangre de grado (Croton lechleri) 

resin, decreasing by 99%. It is important to mention that plants and their derivatives are an efficient and effective 

alternative for the elimination of bacteria present in water samples, being an ecological proposal for the care of 

natural resources and human health. 

1. Introduction 

Water represents an important element that is impossible to replace, but it is a cause for concern due to its 

limitations as processes and sanitary measures for its disinfection and decontamination in accordance with 

public health regulations (Dariva and Araujo, 2021; Grunwald, 2016). Half of the population lacks adequate 

water and sanitation due to the increased demand for resources in urban, agricultural, commercial, industrial 

and mining areas (Pereira et al., 2014; Sen, 2015). However, the design of measures to recover, sanitize and 

reuse water through less expensive, more efficient and easier to apply techniques is being promoted (Jasim, 

2020). The absence of adequate means of sanitary treatment turns out to be an infectious focus causing serious 

digestive diseases transmitted by the consumption of water contaminated by microorganisms such as total 

coliforms, thermotolerants and Echerichia coli (Grasso, 2019); 4% of all deaths worldwide are linked to problems 

related to water, sewage and hygiene (Rodriguez et al., 2016). 

In 2015, the lack of this vital liquid affected approximately 663 million people; in view of the problem, the 

Millennium Development Goals (MDGs) were defined with normative rights for access to drinking water and 

sanitation in accordance with national policies (Giné et al., 2017; Who/Unicef, 2015). Based on these 

objectives, a system for improving quality of life and sustainable development is provided for the 2030 Agenda 

(Jasim, 2020; Queiroz et al., 2020). Water pollution is caused by the use of chemical substances, lack of 

segregation of solid waste, indiscriminate use of fertilizers, among others, which are discharged into the soil, 

rivers and seas, causing a public health problem and damaging the environment (Latorre and Tovar, 2017; 

Canaza, 2018). 
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The rapid growth of the population generates a greater demand and at the same time the need to use 

sustainable methods that promote new technologies for the treatment of water for human consumption. To 

counteract this, technologies have been created that use plants as a primary source, calling them biological 

treatments or bioremediation processes using extracts, leaves, seeds, fruits, gels or resins to remedy 

resources such as soil, water or air (Caviedes et al., 2016, Chen et al., 2016; Sun et al., 2016). In this sense, 

there is a growing need to innovate in methods that improve water quality and, simultaneously, eliminate 

microorganisms that cause a health problem in society. The use of plant resins is a very suitable technique to 

reduce pollutants in water and improve its quality, since some plants can easily accumulate pollutants through 

different physical and biochemical mechanisms (Manoj et al., 2020). In fact, phytoremediation can be 

considered more economical compared to other techniques such as adsorption and filtration (Wan et al., 2016; 

Willscher et al., 2017). 

2. Method  

2.1. Study area 

The study was developed in coordination with the authorities of the administrative board of local sanitation 

services located in the township of La Planicie, Morales district. Geographically, the inhabitants' water supply is 

located in the district of Cacatachi, department of San Martin with its geographical coordinates: East: 345533 

and North: 9284965 in zone 18 South WGS 84, at an altitude of 280 meters above sea level. 

2.2. Sampling of water for human consumption 

Water samples were taken according to the Protocol of procedures for sampling, preservation, conservation, 

transport, storage and reception of water samples for human consumption (DIGESA, 2015). Four water samples 

of 500 ml each were collected and stored in sterile glass bottles, taking into account the protective barriers 

(sterile gloves, apron and boots) to avoid being contaminated or contaminating the sample. The samples taken 

were kept refrigerated at an average temperature of 4 to 8°C, in a cooler, until they were transported and 

processed at the laboratory of the Inspection & Testing Services of Peru, where they were analyzed for total 

coliforms, thermotolerant coliforms and Escherichia coli (D.S. N°.031 - 2010 - S.A. of the Ministry of Health). 

2.3. Identification of microorganisms in drinking water samples 

Microorganisms of the total coliform group were identified, for which 15 screw-capped test tubes (3 rows each 

with 5 tubes) containing 10 mL of lauryl sulfate broth (Merck) and Durham's hood were prepared; 10 mL of water 

for human consumption was poured to 5 tubes of the first row, 1 mL of water to 5 tubes of the second row, 0. 1 

mL of water to the 5 tubes of the third row, and allowed to incubate for 24 hours at 37° C in the oven (Memmert 

GmbH + Co. KG). The reading was made considering positive those tubes that presented turbidity and gas 

(elevation of the Durham hood), these positive tubes were separated. For the confirmatory test, the tubes 

separated as positive were seeded in screw cap tubes and mixed uniformly with the Digralsky loop containing 

10 mL of brilla broth (Merck) with the Durham hood. These tubes were incubated at 37°C for 24 hours, positive 

tubes (presence of gas and turbidity), were counted and compared to the most probable number multiple tube 

table. Finally, for the identification of Thermotolerant Coliforms and Escherichia coli, the positive tubes confirmed 

through the brilla Broth were separated, after which 10 mL of the sample was obtained and seeded in tubes 

with screw cap placing the Durham hood and leaving it to incubate at 44.5°C for 24 hours in a water bath. To 

the positive tubes (turbidity and gas) 3 drops of Kovacs reagent were added and 2 minutes were waited to 

visualize the formation of a cherry-colored ring on the surface of the broth; the presence of the cherry ring 

indicates positive (DIGESA, 2015). 

2.4. Phytochemical analysis of Aloe vera and Croton lechleri resins 

The resin of the plant species was evaluated in order to identify their active principles. Each sample was 

subjected to solvents of increasing polarity, to obtain secondary metabolites according to their solubility, using 

reagents and dyes to determine the presence or absence of active components such as: steroids, triterpenes, 

quinones, phenolic compounds, flavonoids, lactones, alkaloids, reducing sugars, tannins and saponins, using 

the protocol described by Lock (2016). Two mL of pure extract was added to 10 test tubes to identify secondary 

metabolites through color change, classified as light, moderate or strong. The tests used to determine the 

presence of each type of secondary metabolite are listed in Table 1. 

2.5. Preparation of inhibitory solution 

The resin was obtained by applying a diagonal cut to the stem of the Croton lechleri and Aloe vera species. 

From the leaf skin, the cut area was previously disinfected with alcohol, the resin was received in a sterile flask, 

and dilutions were made according to the solute volume/solution volume ratio, For the concentrations, sterile 

188



distilled water was used in order not to alter the physicochemical characteristics of the resins; a control group 

of 1 ppm calcium hypochlorite (12 mg + 1 liter of sterile distilled water) and 3 treatments were used: treatment 

1; 25% (25 mL of resin + 75 mL of sterile distilled water). Treatment 2: 50% (50 mL resin + 50 mL sterile distilled 

water); treatment 3: 75% (75 mL resin + 25 mL sterile distilled water); concentrations were kept in sterile bottles 

and refrigerated. (Tamariz et al, 2003; Salamanca, 2014). 

Table 1. Phytochemical analysis of medicinal plant resins from the Peruvian Jungle. 

Test Secondary metabolites Aloe vera Croton lechleri 

Lieberman-

Bouchard 
Steroids and triterpenes (+++) (++) 

Borntrager Quinones (+) (-) 

Ferric chloride Phenolic compounds (+++) (++) 

Shinoda Flavonoids (++) (++) 

Baljet Lactones (+) (-) 

Dragendorff Alkaloids (+) (++) 

Mayer Alkaloids (+) (+) 

Fehling Sugar reducers (++) (+) 

Gelatin Tannins (++) (+) 

Foam Saponins (+) (-) 

Note: Color changes of secondary metabolites in (+) = slight, (++) = moderate and (+++) = strong 

 

2.6. Inhibition experiment protocol 

Mueller-Hinton agar culture medium (Merck) was prepared under biosafety conditions; 8 mL was poured into 20 

100 mm Petri dishes (2 plates for the control group and 3 plates per treatment for each species) and allowed to 

dry at 37 °C for 30 minutes. Subsequently, 0.5 mL of the total coliform, thermotolerant coliform and Escherichia 

coli positive tubes were added to the agar plates and incubated at 37°C for 24 hours to observe colony growth. 

Then 0.5 mL of calcium hypochlorite 1 ppm was added (2 plates as control group), 0.5 mL of treatment 1 (6 

plates: 3 with Aloe vera resin and 3 with Croton lechleri), 0.5 mL of treatment 2 (6 plates: 3 with Aloe vera resin 

and 3 with Croton lechleri), 0.5 mL of treatment 3 (6 plates: 3 with Aloe vera resin and 3 with Croton lechleri), 0. 

5 mL of treatment 3 (6 plates: 3 with Aloe vera resin and 3 with Croton lechleri plates) were incubated at 37°C 

for 24 hours, after 24 hours the number of colonies was counted. 

2.7. Determination of the inhibition efficiency of Aloe vera and Croton lechleri resins 

The percentage difference formula was used to determine the percentage of efficiency, taking into account the 

control group and the experimental groups, as follows: 

Inhibition efficiency (%)= [
𝐶𝐺𝐶−𝐶𝐺𝐸

𝐶𝐺𝐶
] x 100 (1) 

Where: 

CGC: Control group concentration 

CGE: Experimental group concentration 

3. Results 

The treatments were applied using aloe vera resin. For total coliforms, the control group had 420 UFC/100 ml 

of water, treatment 1 had 210 UFC/100 ml of water, treatment 2 had 65 UFC/100 ml of water and treatment 3 

had 0 UFC/100 ml of water. For thermotolerant coliforms, the control group had 390 UFC/100 ml of water, 

treatment 1 had 257 UFC/100 ml of water, treatment 2 had 82 UFC/100 ml of water and treatment 3 had 0 

UFC/100 ml of water. For Escherichia coli, the control group had 690 UFC/100 ml of water, treatment 1 had 320 

UFC/100 ml of water, treatment 2 had 92 UFC/100 ml of water and treatment 3 had 0 UFC/100 ml of water. The 

results show that the control group decreased the number of UFC/100 ml in all parameters compared to the 

analysis of a water sample without treatment. However, the resin treatments have decreased the number of 

microorganisms per parameter, so the higher the concentration, the greater the inhibition of bacteria. 
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Table 2: Parameters of untreated water for human consumption 

Parameters Unit of measure Untreated water Regulations LMP 

Total coliforms UFC/100 mL a 35ºC 925 0 

Thermotolerant coliforms UFC/100 mL a 44.5°C 845 0 

Escherichia coli UFC/100 mL a 44.5°C 1100 0 

 

The analysis of a sample of untreated water showed 925 UFC/100 mL of total coliforms, 845 UFC/100 mL of 

thermotolerant coliforms and 1100 UFC/100 mL of Escherichia coli, which exceeded the unit of measurement 

and did not comply with the Peruvian standard of maximum permissible limits (DIGESA, 2010).   

Table 3: Control group and treatments with Aloe vera resin on microorganisms. 

Parameters Unit of measure 

Control 

group 

Treatment in doses of 

Aloe vera resin 

Calcium 

Hypochlorite 

T1 

25% 

T2 

50% 

T3 

75% 

Total coliforms UFC/100 mL a 35º C 420 210 65 0 

Thermotolerant coliforms UFC/100 mL a 44.5° C 390 257 82 0 

Escherichia coli UFC/100 mL a 44.5° C 690 320 92 0 

Table 4: Control group and resin concentrations of Croton lechleri in microorganisms. 

Parameters Unit of measure 

Control 

group 

Treatment in doses of 

Croton lechleri 

Calcium 

Hypochlorite 

T1 

25% 

T2 

50% 

T3 

75% 

Total coliforms UFC/100 mL a 35º C 420 264 58 3 

Thermotolerant coliforms UFC/100 mL a 44.5° C 390 218 61 7 

Escherichia coli UFC/100 mL a 44.5° C 690 297 72 4 

 

The treatments were applied using Croton lechleri resin, showing that in total coliforms the control group had 

420 UFC/100 mL of water, treatment 1 had 264 UFC/100 mL of water, treatment 2 had 58 UFC/100 mL of water 

and treatment 3 had 3 UFC/100 mL of water. For thermotolerant coliforms, the control group had 390 UFC/100 

mL of water, treatment 1 had 218 UFC/100 mL of water, treatment 2 had 61 UFC/100 mL of water and treatment 

3 had 7 UFC/100 mL of water. For Escherichia coli, the control group had 690 UFC/100 mL of water, treatment 

1 had 297 UFC/100 mL of water, treatment 2 had 72 UFC/100 mL of water and treatment 3 had 4 UFC/100 mL 

of water. The results show that the growth of bacteria has not been completely inhibited according to the 

parameters. However, a higher concentration could be considered to achieve total inhibition and meet the quality 

standards according to Peruvian regulations 

Table 5: Percentage efficiency of treatments on Aloe vera resin 

Parameters 
Control group (% 

efficiency) 

% of efficiency between treatments 

T1 

25% 

T2 

 50% 

T3 

75% 

Total coliforms 45 50 84 100 

Thermotolerant coliforms 46 34 78 100 

Escherichia coli 62 53 86 100 

 

The results in the table show the percentage of efficiency of the Aloe vera resin treatments compared to the 

control group. In the total coliform parameter, the control group had an efficiency of 45% compared to treatment 

1 which had 50%, treatment 2 had 84% and treatment 3, 100%. For thermotolerant coliforms, the control group 

had 46% efficiency compared to treatment 1 which had 34%, treatment 2 had 78% and treatment 3 had 100%.  
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Finally, for the Escherichia coli parameter, the control group had 62% efficiency compared to treatment 1 which 

had 53%, treatment 2 had 86% and treatment 3 had a value of 100%. It is evident that treatment 3 with 75% 

concentration is more efficient and eliminates all microorganisms, so it could be a phytoremediation alternative 

to maintain microbiological properties within the indicators of water quality for human consumption. 

Table 6: Percentage efficiency of treatments on resin of Croton lechleri 

Parameters 
Control group 

(% efficiency) 

% of efficiency between treatments 

T1 

 25% 

T2 

 50% 

T3 

 75% 

Total coliforms 45 37 86 99 

Thermotolerant coliforms 46 44 84 98 

Escherichia coli 62 56 89 99 

  

The results in the table show the percentage of efficiency of the Croton lechleri resin treatments compared to 

the control group. In the total coliform parameter, the control group had an efficiency of 45% compared to 

treatment 1 which had 37%, treatment 2 had 86% and treatment 3, 99%. For thermotolerant coliforms, the 

control group had 46% efficiency compared to treatment 1 which had 44%, treatment 2 had 84% and treatment 

3 had 98%. Finally, for the Escherichia coli parameter, the control group had 62% efficiency compared to 

treatment 1 which had 56%, treatment 2 had 89% and treatment 3 had a value of 99%. 

4. Conclusions  

The analysis of the water sample for human consumption did not comply with Peruvian regulations, despite the 

existence of a Supreme Decree for the maximum permissible conditions or limits for drinking water consumption. 

This situation has probably generated health problems in the inhabitants. In response to this situation, medicinal 

plants were used, such as Aloe vera resin and Croton lechleri, due to their great phytochemical properties. In 

order to inhibit microbial growth in drinking water different concentrations were used. In addition, a control group 

(calcium hypochlorite) was used for comparisons, so that Aloe vera treatment 4 (75% concentration) has a 

higher removal of microorganisms.  No UFC/100 mL were found for total coliforms, thermotolerant coliforms and 

Escherichia coli, followed by Croton lechleri resin where 3 UFC/100 mL were found for total coliforms, 7 UFC/100 

mL for thermotolerant coliforms and 4 UFC/100 mL for Escherichia coli. The percentage of efficiency was 

evaluated and found to be 100% in treatment 4 of Aloe vera and 99% in Croton lechleri. It is important to mention 

that the use of medicinal plants could be an efficient, effective and less costly alternative that would help 

minimize the negative impacts or contamination of the water resource. 

References 

Ayme V., Castaneda A., Benites G, 2022, Eichhornia Crassipes and Pistia Stratiotes as Biosorbents for Lead, 

Copper and Zinc in Wastewater Treatment, Chemical Engineering Transactions, 93, 19-24 

Canaza F., 2018, Environmental justice vs. global capitalism experiences, Debates and conflicts in Perú, High 

Andean Research Magazine, 20(3), 369-379. 

Caviedes I., Delgado D., Olaya A., 2016, Removal of heavy metals commonly generated by industrial activity, 

using neotropical macrophytes, Clean Production, 11(2), 126- 149. 

Chen J., Wang L., Wang M., Hung Y., Shammas N., 2016, Remediation of heavy metals in the environment. 1ª 

ed.  CRC Press, Boca Ratón.   

Dariva M., Araujo A., 2021, Implementation, Performance and Waste Management Analysis of Decentralized 

Wastewater Treatment Systems Using BIM Technology. In: Vol. 98. Lecture Notes in Civil Engineering (pp. 

297-319): Springer. Department of Sciences, Pontifical Catholic University of Peru, 6-8. 

DIGESA, 2010, Regulation of water quality for human consumption. 1–46. 

DIGESA, 2015, Protocol of procedures for taking samples, preservation, conservation, transport, storage and 

reception of water samples for human consumption. 1–23.  

Giné R., Flores Ó., Jiménez A., Pérez A, 2017, Monitoring sanitation and hygiene in the 2030 Agenda for 

Sustainable Development: A review through the lens of human rights. Science of the Total Environment, 

580, 1108-1119 

 

 

191



Grasso D, 2019, Evolving Environmental Engineering for the 21st Century. Environmental Science and 

Technology, 53(13), 7183-7184 

Grunwald A, 2016, Water Ethics – Orientation for Water Conflicts as Part of Inter- and Transdisciplinary 

Deliberation. In. Water Resources Development and Management (pp. 11-29): Springer 

Jasim A, 2020, The design for wastewater treatment plant (WWTP) with GPS X modelling. Cogent Engineering, 

7(1) 

Latorre R, Tovar T., 2017, Mining and its environmental and health impacts, The case of Potosí in Bogotá, 

Saúde em Debate, 41, 77-91. 

Lock O., 2016, Phytochemical Research: Methods in the study of natural products. 3rd Edition, Editorial of the 

Manoj S., Karthik C., Kadirvelu K., Arulselvi P., Shanmugasundaram T., Bruno B., Rajkumar M, 2020, 

Understanding the molecular mechanisms for enhanced heavy metal phytoremediation via growth-promoting 

rhizobacteria: A review. Environmental Management Magazine., 254, 109779. 

Pedrao L., Peron., Bordon., Vieira da Silva F, 2022, Evaluation of Macrolobium acaccifolium and Inga nobilis 

Seeds in Coagulation/flocculation Processes, Chemical Engineering Transactions, 92, 1-6 

Pereira L., Duarte E., Fragoso R, 2014, Water Use: Recycling and Desalination for Agriculture. 

Queiroz V., Heller., 2020, New approaches to monitor inequalities in access to water and sanitation: The SDGs 

in Latin America and the Caribbean. Water (Switzerland), 12(4) 

Rodríguez J., García A., García C, 2016, Waterborne diseases and basic sanitation in Colombia. Public Health 

Journal, 18(5), 738-745 

Salamanca E, 2014, Water treatment for human consumption. Architecture Module CUC, 1–20. Retrieved 

Sen T., 2015, Physical, chemical and biological treatment processes for water and wastewater: Nova Science 

Publishers, Inc. 

Shah V., Daverey A, 2020, Phytoremediation: A multidisciplinary approach to clean up soil contaminated with 

heavy metals. Technology and Environmental Innovation, 18, 100774. 

Sun Z., Chen J., Wang X, 2016, Heavy metal accumulation in native plants at a metal lurgy waste site in rural 

north China. ecological engineering,86,60-68 . 

Tamariz J., Capcha R., Palomino E., Aguilar J, 2003, Antibacterial activity of sangre de grado (Croton lechleri) 

against Helicobacter pylori. Herediana Medical Journal., 14 (1), 81-88. 

Wan X., Lei M., Chen T, 2016, Cost-benefit calculation of phytoremediation technology for soils contaminated 

with heavy metals Total, Environmental Science, 563–564, 796–802.   

Who/Unicef, (2015, Progress on Sanitation and Drinking Water: 2015 Update and MDG Assessment. Geneva. 

Progress on Sanitation and Drinking Water-2015 Update and MDG Assessment. 

Willscher S., Jablonski L., Fona Z., Rahmi R., Wittig J, 2017, Phytoremediation experiments with Helianthus 

tuberosus under different concentrations of pH and heavy metals in the soil. hydrometallurgy, 168, 153-158.   

192


	49sandoval.pdf
	Aloe Vera L and Croton Lechleri ​​Resins as Antibacterial Potential in Drinking Water in the Peruvian Jungle
	2. Method
	Mueller-Hinton agar culture medium (Merck) was prepared under biosafety conditions; 8 mL was poured into 20 100 mm Petri dishes (2 plates for the control group and 3 plates per treatment for each species) and allowed to dry at 37  C for 30 minutes. Su...
	Where:
	CGC: Control group concentration
	CGE: Experimental group concentration





