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CARACTERÍSTICAS DE LA REVISTA 

A continuación, se describen los objetivos de la revista que se pueden encontrar en 

la página oficial de tal forma que el contenido del escrito presentado debió 

contemplarse en alguno de ellos. 

 
 

La Revista Mexicana de Ingeniería Química con ISSN impreso: 1665-2738 e ISSN 

electrónico: 2395-8472 se dedica a la publicación de artículos de investigación 

originales significantes de Ingeniería Química y diciplinas que interaccionan con la 

Ingeniería, con temas como: 

Termodinámica. 
 

Catálisis, cinética y reactores. 
 

Simulación y control. 
 

Fenómenos de transporte. 
 

Seguridad. 
 

Ingeniería de Procesos. 
 

Biotecnología. 
 

Ingeniería de Alimentos. 
 

Desarrollo sustentable. 
 

Ingeniería Ambiental. 
 

Materiales. 
 

Polímeros. 
 

Matemáticas Aplicadas y Educación. 
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Para ser puntuales que los objetivos con los que concuerda son Biotecnología, 

Ingeniería de Alimentos y Desarrollo sustentable. 

 
 

De igual forma, en seguida se presentan los sitios de indización de la revista en 

cuestión, en donde puede verse que en año 2018 tuvo un factor de impacto de 1.068 

en JCR el cual permite identificar la relevancia que tiene dentro de la comunidad 

investigadora, es decir, es una valoración brindada por las agencias de evaluación 

sobre la actividad investigadora de las publicaciones en artículos de la revista. 

 
 

El contenido de la revista se dirige a investigadores, académicos, estudiantes y 

tomadores de decisiones. Esta revista se encuentra indizada en: 

Chemical Abstracts 
 

Scopus. 
 

Thomson Reuters (Science Citation Index Expanded, also known as 

SciSearch®; Chemistry Citation Index®; Journal Citation Reports, Science 

Edition, 2018 Impact factor: 1.068, 5 year impact factor: 0.891); 

Periódica 
 

Latindex 
 

Redalyc 
 
 
 

 

Así mismo, pertenece al Índice de Revistas Mexicanas de Investigación Científica y 

Tecnológica del CONACyT. A continuación, se muestra la captura de la sección 
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About the Journal de la página web oficial de la revista donde se encuentra la 

información antes descrita. Además, se adjunta el resultado de la evaluación de la 

revista realizada por parte del Sistema de Clasificación de Revistas Mexicanas de 

Ciencia y Tecnología por parte de CONACyT, donde se muestra sus diferentes 

indizaciones. 
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CONTACTO DE LA REVISTA 

 

 
Finalmente se presenta el contacto del editor y sus datos principales de contacto. 

 
 
 

Universidad Autónoma Metropolitana-Iztapalapa. Av. San Rafael Atlixco 186, Col. 

Vicentina, C.P. 09340, CDMX, México. 

 
 

Contacto principal 

Francisco J Valdes Parada 

UAM-Iztapalapa; México 

iqfvp@hotmail.com 

 

 
Contacto de soporte 

Francisco J. Valdés-Parada 

iqfv@xanum.uam.mx 

mailto:iqfvp@hotmail.com
mailto:iqfv@xanum.uam.mx


6  

COMITÉ EDITORIAL DE LA REVISTA 
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GUÍA PARA AUTOR 

A continuación, se adjunta la plantilla y la guía de autor de la revista, contenido que 

deberá contemplar en su totalidad el articulo presentado y enviado a la misma. 
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MANUSCRIPT 

Revista Mexicana de Ingeniería Química 

Ethanol and aqueous extracts characterization from guava (Psidium guajava L.) and 

avocado (Persea americana Mill.) residues 

 
 

Caracterización de extractos etanólicos y acuosos de residuos de guayaba (Psidium 

guajava L.) y aguacate (Persea americana Mill.) 

 
 

J.M. Ramírez-Contreras, M.D. Mariezcurrena Berasain*, D.L. Pinzón-Martínez, E.D., 

Archundia-Velarde, A.M. Roque-Otero 

 
 

* Facultad de Ciencias Agrícolas, Universidad Autónoma del Estado de México, Toluca, 

Estado de México, México e-mail: nekkane16@hotmail.com 

 
 

Sent date: 17/February/2020 

 

 
Abstract: 

 

In Mexico, avocado and guava production generate agronomic residues that contain bioactive 

compounds as secondary metabolites produced in plants. Their consumption offer favourable 

health effects; therefore, the objective of the present research was to characterize the 

bioactive compounds and antioxidant properties in guava (Psidium guajava L.) and avocado 

(Persea americana Mill.) residues (pulp or epicarp and leaves) at different ethanol 

concentrations (T1 100%, T2 75%, T3 50% and T4 25%, v/v) and in aqueous extracts (T5). 

Avocado epicarp (56.17 mg of EAG g-1 b) and guava leaves 50% extracts (45.13 mg of EAG 

g-1 dm) presented the highest total phenol content; consequently, as it was expected avocado 

epicarp (328.95 TEAC/g dm) and guava leaves 25% extracts (320.01 TEAC/g dm) shown 

the highest antioxidant capacity. On the other hand, the highest saponins values were at 

mailto:nekkane16@hotmail.com
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avocado (100.60 mg g-1 dm) and guava leaves (76.96 mg g-1 dm) 25% extracts. Then avocado 

epicarp and guava leaves extracts are suggested as a high potential for agro-industrial, 

pharmacological and chemical uses. 

Keywords: Ethanol extracts, aqueous extracts, Total phenols, Saponins, Antioxidant 

capacity, pH. 

 

 
Resumen: 

 

En México la producción de aguacate y guayaba generan residuos agronómicos que podrían 

contener compuestos bioactivos como metabolitos secundarios en plantas. Su consumo 

ofrece efectos favorables a la salud. La finalidad de la presente investigación fue caracterizar 

los compuestos bioactivos y las propiedades antioxidantes en residuos (pulpa, epicarpio y 

hoja) de guayaba (Psidium guajava L.) y aguacate (Persea americana Mill.) a diferentes 

concentraciones (T1 100%, T2 75%, T3 50% y T4 25%, v/v) de extractos etanólicos y en 

agua (T5). En los extractos de epicarpio de aguacate (56.17 mg de EAG g-1 b) y hojas de 

guayaba (45.13 mg de EAG g-1 bs) al 50% se observaron los más altos valores de fenoles 

totales. Por lo tanto, como era esperado se encontró en los extractos 25% del epicarpio de 

aguacate (328.95 TEAC/g bs) y hojas de guayaba (320.01 TEAC/g bs) la mayor capacidad 

antioxidante. Por otra parte, tanto en hojas de aguacate (100.60 mg g -1 bs) como de guayaba 

(76.96 mg g-1 bs) se detectaron los valores más altos de saponinas al 25%. Se concluyó que 

los extractos del epicarpio de aguacate y de las hojas de guayaba tienen un alto potencial para 

uso agroindustrial, farmacológico y químico. 

Palabras clave: Extractos etanólicos, extractos acuosos, Fenoles totales, Saponinas, 

Capacidad antioxidante, pH. 
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1. Introduction 

Now a days there is a functional food tendency, which composition containing bioactive 

compounds is obtained from plant secondary metabolites as a mechanism defense from 

anabolism and catabolism from primary metabolites. Their constantly consumption offer 

favorable health effects (Callejas, 2002). These substances are a chemical compounds 

heterogeneous family of and their presence is related to the species, families or 

morphological plant part studied (Shahidi and Ambigaipalan, 2015). 

Mexican avocado and guava productions occupies the first and fifth, correspondent places in 

worldwide production (SAGARPA, 2017; SENASICA, 2017). Commonly, these crops 

during harvest, industrial processing, use or consumption generate agronomic residues 

(endocarp seeds, epicarp and leaves) that could be very important as bioactive compounds in 

foods by their metabolites presented (FAO, 2014). 

Several research have reported chlorophylls, carotenoids, flavonoids and saponins found in 

avocado (Wojdylo et al., 2013; Sharma et al., 2011; Wang et al., 2010) and ascorbic acid, 

carotenoids, flavonoids, saponins and tannins (Medina and Valdés-Infante 2015; Pineda, 

2005) in guava as an alternative medicine for stomach diseases, healings, hypoglycemic, 

among others treatment pathologies (Henao and Márquez, 2018). However, their use in 

different industries (pharmaceutical, chemical and food) is be determined by solvent used 

during the extraction procedure (Ringuelet and Viña, 2013; Beltrán-Delgado, et al., 2013; 

Bucić-Kojić et al., 2011). 

Water as universal solvent and ethanol low toxicity are the most important solvents that have 

been found (Xavier et al., 2015). Their polarity is linked not only to the type of interatomic 

junctions (ionic or covalent type), but also to the presence of polar functional groups 
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(hydroxyl, amino) and because of the form hydrogen bridge ability (Ringuelet and Viña, 

2013). Therefore, the objective of the present research was to characterize the bioactive 

compounds with antioxidant properties in guava (Psidium guajava L.) and avocado (Persea 

americana Mill.) residues (pulp or epicarp and leaves) at different ethanol concentrations (T1 

100%, T2 75%, T3 50% and T4 25%, v/v) and in aqueous extracts (T5). 

 

 

2. Material and methods 

Experimental part was carried out at the Agricultural Sciences Faculty, Autonomous 

University of Mexico State, Toluca, Mexico. Leaves, fruit or fruit parts (epicarp or mesocarp) 

were obtained from young trees randomly compound mixtures from a rural production area 

during 2018 winter. Guava (Indium guajava L.) variety was Calvillo and avocado (Persea 

americana Mill) variety was Hass that were sample from Benito Juarez and Uruapan, 

Michoacan State, respectably. 

Plant material was disinfected with 1% sodium hypochlorite and air forced dried in an oven 

(Felisa mod. F313A). Leaves and epicarp were dried at 50 °C, 48 h and avocado pulp for 96 

h. Finally, dried material was ground until a less 1mm size was reached (Salem et al., 2011). 

 

 

 

2.1. Obtaining extracts by maceration 

 
Ethanol and aqueous extracts were made following Salem et al., (2011) methodology with 

modifications. Ethanol extracts were performed using it at different concentrations (T1 

100%, T2 75%, T3 50% and T4 25%, v/v) and aqueous (T5) extracts were done. Plant 

extracts were prepared at 125 mg/mL and macerated in darkness for 72 h. Finally, they were 



Manuscrito sometido a la Revista Mexicana de Ingeniería Química 20  

placed in a 39 °C water bath, 30min in order to facilitate their filtration, which was carried 

out in No. 41 (Quantitative 240nm) Filter Paper and placed in amber bottles. Samples were 

in refrigeration for 24h. 

 

 

2.2. Total phenol determination total (TP) 

 
Folin Ciocalteu spectrophotometric determination followed the Arizmendi et al., (2015) and 

Spizzirri (2009) methodology. 100 uL of each sample were mix with Folin-Ciocalteu reagent 

47.8 uL and incubated for 15 min. 0.1% Na2CO3 300 uL were added to 1080 uL distilled 

water followed of 2 h darkness incubation. Subsequently, 760 nm absorbance was measured 

in a spectrometer (GENESYS UV-VIS) and expressed in acid gallic (EAG) per g dry matter 

(dm) equivalence. 

 

 

2.3. Saponins by solvent separation method determination 

 
Saponins quantification started with a secondary metabolites separation using a phase 

separation funnel. 10mL sample extract were weighed are poured into a funnel with 20mL 

ethyl acetate (99.7/100, analytical grade, Fermont®) for 30 min. Phase separation was 

performed with phenols upper phase part that were removed. Lower part (various 

compounds) were returned to the funnel and 20mL of n-butanol (99.9/100, analytical grade, 

Fermont®, Monterrey, Mexico) were added to separate saponins (SP) phase. Subsequently, 

quantitation was performed by solvent evaporation and results were registered as dried matter 

(dm) mg g-1 (Makkar et al., 1998; Salem et al., 2011). 
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2.4. Antioxidant capacity (AC) (ABTS+) determination 

 
Antioxidant capacity was quantified using the ABTS method [2.20-azinobis-(3- 

ethylbenzothiazoline-6-acid)] by Metha et al., (2014) and Archundia et al., (2019). Radical 

formation was performed by 7 mM ABTS solution and 140 mM potassium persulfate 

reaction dark incubated at 25 °C, 16 h. Fresh radical solution was diluted in ethanol analytical 

grade to achieve a 0.7 ± 0.02 absorbance at 734 nm. 10mL plant extract was diluted in ethanol 

100mL; due to, 30mL of this plant extract solution was mixed with ABTS radical solution 

3mL. Absorbance was measured at 734 nm after 6 min of reaction and results were expressed 

in antioxidant capacity of (TEAC) mmol/g dry matter (dm) Trolox equivalence. 

 

 

2.5. pH determination 

 
pH determination was carried out following Ramirez et al., (2013) methodology. Potential 

hydrogen (pH) measure was done with a potentiometer (Thermo Scientific Orion STAR 

A215). 

 

 

2.6. Experimental design 

 
A randomized multifactorial experimental design (5x3x2) was performed. Five ethanol 

concentrations treatments T1 100%, T2 75%, T3 50% and T4 25%, (v/v) and aqueous extract 

(T5) were considered. Three vegetative parts (epicarp, leaves and fruit or mesocarp) and two 

plant species guava (Psidium guajava L.) Calvillo variety and avocado (Persea americana 

Mill) Hass variety were used with three repetitions. Significant differences found (P≤0.05) 
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were analyzed using a Tukey means test 95%. Stat graphics Plus Version 5.0. Statistical 

program was used. 

 

 

3. Result and discussion 

 
3.1. Total phenol determination 

 
Total phenol (TP) avocado and guava results (Table 1) by solvent concentration or solvent 

type had shown significant differences between treatments (P≤0.05) for both species. Highest 

values concentration was observed for 50% (v/v) ethanol extracts (26. 40 mg of EAG g-1 for 

avocado and 32.08 mg of EAG g-1 dm for guava). Similar results were reported by Monroy- 

Vazquez et al., (2007) with higher concentrations (2578 mg/mL) from Mexican chile ancho 

(Capsicum annuum L. grossum sendt) 50% ethanol extracts. Differences were suggested due 

to solvent polarity. Ethanol is a medium polarity as water is high polarity solvent; in addition 

to, their allowed to combine and as a result a higher attracting phenols effectiveness were 

achieved (Archundia et al., 2019). 

For avocado vegetative part results (Table 1), epicarp avocado extracts presented the highest 

total phenol (44.00 EAG g-1 dm). These results are similar to Wang et al., (2010) (12.60 EAG 

g-1 dm) for Hass variety; besides, it was concluded that avocado seeds and epicarp as a 

bioactive compounds such as chlorophylls, carotenoids and phenolic compounds (B and A 

procyanidins) source. TP for guava extracts presented the highest values (29.57 mg of EAG 

g -1 dm) especially in leaves extracts (Table 1). Guava leaves have been reported with 

polyphenols (flavonoids, especially quercetin) content (Vargas-Alvares et al., 2006). 
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Table 1. Total phenols, saponins, pH and antioxidant capacity results from the different ethanol concentration and aqueous extracts 

from avocado and guava residues. 

 

Species Avocado (Persea americana Mill.) 
 

Guava (Psidium guajava L.) 
 

 
Total Phenols 

(mg EAG g-1 dm) 

Saponins 

(mg g-1 dm) 

TEAC (mmol 

(g-1 de dm) 

 
pH 

Total Phenols 

(mg EAG g-1 dm) 

Saponins 

(mg g-1 dm) 

TEAC (mmol 

g-1 de dm) 

 
pH 

Variable   

 
𝑿̅  𝑿̅  𝑿̅  𝑿̅  𝑿̅  𝑿̅  𝑿̅  𝑿̅  

Concentration (ethanol) 

100% 14.88a 3.81a 173.93a 5.81a 7.61a 1.18a 219.20a 4.56b 

75% 22.43b 20.23a 190.28c 6.35b 15.18b 2.89a 237.75b 4.90b 

50% 26.40c 19.21a 180.76b 6.41b 32.08d 28.10c 311.55d 5.07c 

25% 24.05b 47.18b 196.62d 5.96a 24.17c 44.71d 314.57d 4.61b 

Aqueous extracts 23.54b 18.45a 192.40c 5.61a 14.13b 9.33b 282.16c 4.20a 

Vegetative part or fruit 

Pulp 10.04a --- 1.05a 6.25b 6.95a --- 220.39a 4.36b 

Epicarp 44.00b 19.00a 315.95c 6.03a 19.38b 22.48a 284.43b 4.12a 

Leaves 12.74a 46.22b 243.40b 5.80a 29.57c 29.14b 314.32c 5.52c 
Note: Different letters in the columns indicated significant differences between means (P≤0.05) and the equal letters indicated that there were no significant differences between 

means (P≤0.05). 𝑿̅ = Medium. DS = Standard deviation. EAG g-1   dm = Equivalent of acid Gallic per g in dm, dm = dry matter. TEAC g -1 of dm equivalent of antioxidant capacity in 

Trolox ------ = Samples not analysed. 
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For solvent type or concentration-avocado vegetative part interaction (Table 2). Epicarp 50% 

ethanol extracts presented the highest TP quantification (56.17 mg of EAG g-1 dm). Similar 

results were reported by Salmeron, (2014) (53.67 mg GAE g-1 dm) from Hass epicarp 80% 

methanol extracts; nevertheless, methanol extracts are not allowed as food additives. Highest 

TP guava quantification (45.13 mg of EAG g-1 dm) was found in 50% ethanol-leaves extract 

interaction (Table 3). Pérez et al., (2014) found lower TP values (9.071 mg of GAE g-1 dm) 

in young leaves 80% methanol extracts from the same guava variety. Then, total phenol 

polarity could suggested as higher for the present solvent and guava variety studied 

(Archundia et al., 2019). 
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Table 2. Avocado vegetative part-solvent type or concentration interaction results. 
 
 

 
  Pulp  Epicarp  Leaves  

 

Concentration (ethanol) 
𝑿̅ ±DS 𝑿̅ ±DS 𝑿̅ ±DS 

p 

Total Phenols (mg EAG g-1 dm) 

1) 100% 7.83±0.08bx 19.66±0.40by 5.06±0.08az 0.0001 

2) 75% 7.94±0.07ay 45.45±0.80cx 13.39±2.04by 0.0001 

3) 50% 18.92±0.11ay 56.17±0.83cv 19.76±0.07bx 0.0001 

4)25% 5.35±0.87az 5.35±0.87az 15.19±2.25by 0.0002 

5) Aqueous extracts 9.17±0.79ay 50.65±0.36bw 10.79±1.10ay 0.0001 

p 0.0001 0.0001 0.0008  

Saponins (mg g-1 dm) 

1) 100% - 3.88±0.44az 7.44±0.16by 0.0001 

2) 75% - 7.36±0.24ay 53.24±0.44bw 0.0001 

3) 50% - 4.88±0.48az 4.88±0.48az 0.0001 

4)25% - 40.84±0.52aw 100.60±0.36bv 0.0001 

5) Aqueous extracts - 38.04±0.04bx 17.2±0.16ax 0.0001 

p - 0.0001 0.0001  

TEAC (mmol g-1  de dm) 

1) 100% 0.22±0.03az 301.13±1.88cz 202.63±0.01bz 0.0001 

2) 75% 1.10±0.18ay 317.07±7.51cy 252.66±1.08bx 0.0001 

3) 50% 1.01±0.01ay 317.07±3.76cy 224.20±0.94by 0.0001 

4)25% 1.69±0.14ax 328.95±2.82cy 274.86±2.81bv 0.0001 

5) Aqueous extracts 1.21±0.07ay 325.52±2.82cy 262.66±1.88bw 0.0001 

p 0.0001 0.0005 0.0001  

pH extracts values 

1) 100% 6.24±0.34ay 5.75±0.49az 5.43±0.34az 0.1163 

2) 75% 6.70±0.15ay 6.20±0.14bz 6.11±0.26cz 0.0298 

3) 50% 6.71±0.24by 6.40±0.11az 6.14±0.16az 0.0149 

4)25% 6.26±0.40ay 5.84±0.15az 5.77±0.42az 0.2506 

5) Aqueous extracts 5.33±0.03az 5.94±0.39az 5.55±0.47az 0.1821 

p 0.0005 0.125 0.1055  

Note: Different letters (a, b and c) in the columns indicated significant differences (P≤0.05) between vegetative part-solvent 

type or concentration interaction and different letters (v, w, x, y and z) indicated significant differences (P≤0.05) between 

treatments or ethanol concentration (T1 100%, T2 75%, T3 50% and T4 25%, v/v) and in aqueous extracts (T5). 𝑿̅ = Medium. 

DS = Standard deviation. EAG g-1 dm = Equivalent of acid Gallic per g in dm, dm = dry matter. TEAC g -1 of dm equivalent 

of antioxidant capacity in Trolox = Samples not analysed. 
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Table 3. Guava vegetative part-solvent type or concentration interaction results. 
 
 

 
  Pulp  Epicarp  Leaves  

 

Concentration (ethanol) 
𝑿̅ ±DS 𝑿̅ ±DS 𝑿̅ ±DS 

p 

Total Phenols (mg EAG g-1 dm) 

1) 100% 1.56±0.33az 8.84±1.77bz 12.42±1.32cz 0.0001 

2) 75% 6.21±0.72ay 13.39±0.98by 25.94±0.11cx 0.0001 

3) 50% 12.60±0.26aw 38.53±0.15bw 45.13±0.04cv 0.0001 

4)25% 9.10±0.80ax 20.25±1.66bx 43.15±0.08cw 0.0001 

5) Aqueous extracts 5.30±0.30ay 15.88±0.57by 21.22±1.52cy 0.0001 

p 0.0001 0.0001 0.0001  

Saponins (mg g-1 dm) 

1) 100% - 0.56±0.01az 2.88±0.4bz 0.0001 

2) 75% - 6.36±0.84bz 2.2±0.04az 0.0001 

3) 50% - 57.08±4.36bx 22.68±2.96ax 0.0001 

4)25% - 61.52±4.36bw 76.96±2.36bw 0.0001 

5) Aqueous extracts - 20.2±0.6by 7.68±0.32ay 0.0001 

p - 0.0001 0.0001  

TEAC (mmol g-1  de dm) 

1) 100% 140.71±1.88ay 212.95±6.57az 303.94±1.88cz 0.0001 

2) 75% 76.92±15.92az 318.09±0.94cx 315.45±1.08by 0.0001 

3) 50% 301.44±2.87av 318.07±1.88cx 316.14±2.82by 0.0005 

4)25% 309.57±9.38av 319.89±0.08bx 320.07±0.01cx 0.2374 

5) Aqueous extracts 273.3±2.17bx 255.16±3.75ay 318.01±2.82cy 0.0001 

p 0.0001 0.0001 0.0001  

pH extracts values 

1) 100% 4.28±0.06by 4.25±0.06ay 5.15±0.16cz 0.0018 

2) 75% 4.80±0.03aw 4.63±0.05ax 5.78±0.13by 0.0001 

3) 50% 4.51±0.07ax 4.33±0.06ay 5.84±0.10by 0.0001 

4)25% 4.14±0.03az 4.05±0.06ay 5.65±0.28by 0.0001 

5) Aqueous extracts 4.08±0.02bz 3.35±0.11az 5.16±0.17cz 0.0001 

p 0.0001 0.0001 0.0029  

Note: Different letters (a, b and c) in the columns indicated significant differences (P≤0.05) between vegetative part-solvent 

type or concentration interaction and different letters (v, w, x, y and z) indicated significant differences (P≤0.05) between 

treatments or ethanol concentration (T1 100%, T2 75%, T3 50% and T4 25%, v/v) and in aqueous extracts (T5). 𝑿̅ = Medium. 

DS = Standard deviation. EAG g-1 dm = Equivalent of acid Gallic per g in dm, dm = dry matter. TEAC g -1 of dm equivalent 

of antioxidant capacity in Trolox = Samples not analysed. 
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3.2. Saponins by solvent separation method determination 

 
Saponins results for both species (avocado and guava) show significant differences between 

solvents treatments (P≤0.05) (Table 1). Highest saponins concentration was found in 25% 

ethanol extracts (v/v) (47.18 mg g- 1 and 44.54 mg g-1, avocado and guava, respectably). 

Koomson et al., (2018) presented similar saponins results in Solanum torvum (53.50 mg g- 1) 

20% ethanol extracts. Saponins are glycosides chemical compounds with a steroidal or 

triterpenoid type skeleton, where water solubility is facilitated by its high molecular weight, 

monosaccharide residues presence and aglycone polar groups. Lower saponins solubility has 

reported from an 80% ethanol solutions concentration; rather than, lower ethanol 

concentrations performed higher saponins solubility (Donald et al., 2017). Avocado 

vegetative part extracts with the highest saponins content (46.22 mg g-1 dm) were leaves 

extracts; likewise, guava leaves extracts presented the highest saponins results (29.14 mg g-1 

dm) (Table 1). It has been suggested that this is due to leaves saponins synthesis emerged as 

plant defense mechanism for their survival against predators (Acamovic et al., 2005). 

Avocado saponins solvent concentration-part vegetative interaction results had significant 

differences (P≤0.05) (Table 2). 25% ethanol-leaves extracts interaction presented the highest 

saponins quantification (100.60 mg g-1 dm) that resulted higher than Arukwe et al., (2012) 

results in avocado ethyl acetate extracts (1.29 mg/100g dm). For guava, the highest saponins 

quantification was found for the 25% ethanol concentration-leaves extracts interaction (76.96 

mg g-1 dm) (Table 3). This value resulted higher than that Anbuselvi et al., (2017) for guava 

leaves (3.2 mg/g dm) in 70% methanol extracts. 
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3.3. Antioxidant capacity (AC) 

 
Avocado and guava 25% ethanol extracts presented the highest AC values (196.62 TEAC/g 

dm avocado and 314.57 TEAC/g dm for guava) (Table 1). These results agree with Alvis et 

al., 2012 in AC Curcuma (Curcuma longa) 75% ethanol extracts (2649 mg of Trolox/L). For 

vegetative part results; further, AC in avocado extracts was found (315.95 TEAC/g dm) in 

epicarp. It has been suggested because of avocado antioxidants reported such as C, E, B2 and 

B6, vitamins, pantothenic acid, potassium, and dietary fiber (Kagawa, 2001) specifically in 

epicarp (epicatechin) (Nose and Fujino, 1982) and catechin (Terasawa et al., 2006), high 

antioxidant capacity chemical compounds. AC 314.32 TEAC/g dm guava leaves extracts 

(Table 1) were the highest values found. It has been suggested due to its vitamin E, C, 

carotenes, monounsaturated fatty acids, sterols and polyphenols, phenolic acids, such as 

ferulic acid content; hence, they were attributed as antioxidant fruit capacity causes (Chen et 

al., 2007; Wang et al., 2010; Gutiérrez et al., 2006). 

Regarding the avocado type or solvent concentration-vegetative part interaction (Table 2) the 

AC highest quantification (328.95 TEAC/g dm) was obtained in 25% ethanol epicarp 

extracts. Present results are higher than Hernández-Ruiz et al., (2015) (165.18 mmol Trolox 

/g dm) report with the highest AC in avocado peel methanol extracts. For guava extracts the 

highest AC was found (320.01 TEAC/g dm) (Table 3) in 25% ethanol leaves extracts. 

Comparable results were presented by Tachakittirungrod et al., (2007) (4.91 mM equivalent 

trolox/mg dm) in ethanol leaves extracts. Nonetheless, 25% ethanol extracts are more reliable 

for food industry uses (Archundia et al., 2019). 
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3.4. pH 

 
pH results (Table 1) for avocado and guava presented significant differences (P≤0.05). 

Avocado range extracts was 5.61 to 6.41, while guava extracts remained in a range of 4.20 

to 5.07. Both species presented the same behavior for ethanol or water extracts obtaining pH 

acids; comparable, ethanol at different concentrations extracts became more basic pH. The 

most basic pH was 50% ethanol concentration. It was suggested due to the 7.0 water and 6.0 

ethanol initial pH; together with, samples pH (around 6.0), maceration hours and 

temperatures used for extracts isolation. Escribano-Bailón et al., (2003) mentioned that pH 

determines the phenol solubility degree in the extraction solvent, because it influences the 

extraction of the compounds that are potentially water soluble; as a result, absolute ethanol 

or aqueous extracts exposed to the conditions described above presented lower phenols 

solubility than ethanol at different concentrations extracts and higher phenolic compounds 

were found in 50% ethanol solutions as a polarity balance consequence suggestion. 

For the vegetative or fruit part factor for both species significant difference (P≤0.05) were 

observed. Avocado extracts were from 5.80 to 6.25 pH. Leaves extracts presented more 

acidic pH than pulp extracts (Table 1). Guava extracts shown 4.12 to 5.52 pH values, which 

the most acidic pH was epicarp extract (Table 1). Guava leaves extracts presented higher pH 

values similar to 6.0 pH. It could be suggested because of different conditions agroclimatic 

and natural agents during the plant growth until harvesting or sampling time influence; 

therefore, H+ ions concentration in the vacuole from substrates such as sucrose and glucose, 

causing a putative decrease with slight pH changes and acidity reduction (García et al., 2015; 

Ayala, 2014). 

Vegetative part or fruit-type and solvent type or concentration interaction for avocado 
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extracts included 5.43-6.71 pH values (Table 2). 50% ethanol extract-pulp extracts 

interaction were the most alkaline pH (6.71). Guava extracts resulted from 3.35 to 5.84 pH 

values, where the most alkaline pH value obtained was 50% ethanol-leaves extracts 

interaction. pH value has a significant effect over phenol extraction as more basic (even 

approaching 8.0) is it as higher phenol extraction concentration is presented (Sepulveda et 

al., 2016). Therefore, it pH solvent extraction and samples, whether vegetative part or fruit 

used, is suggested relevant for bioactive compounds extraction. 

 

 

Conclusion 

 
Bioactive compounds with antioxidant quantification were achieved in guava (Psidium 

guajava L.) and avocado (Persea americana Mill.) residues (pulp or epicarp and leaves) at 

different ethanol concentrations, where the best concentrations were 50 and 25% ethanol 

extracts for total phenol and saponins determinations with AC, respectably. Avocado epicarp 

with guava leaves and both species leaves under the analyzed conditions presented the 

highest bioactive compounds studied (total phenol and saponins, respectably). Antioxidant 

capacity was proportional to total phenols amount obtained. Avocado epicarp or guava 

leaves-25% ethanol interaction presented the best AC. Finally, according to previous reports 

avocado epicarp and guava leaves 25 or 50% ethanol extracts are putative potential options 

for human and animal food supplements food; in addition, present extracts studied are 

suggested as agro-industrial, pharmaceutical and chemical products active ingredients. 
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ANEXOS 

 
EL 15 de abril del 2020 se rechazó la presente investigación de la revista Mexicana 

de Ingeniería Química por incluir temas que no se consideran relevantes en una 

investigación de acuerdo con la política de la revista. 

 
 

 

Se comenzó la búsqueda de una nueva revista, considerando así la revista Food 

Science and Tecnology (Campinas), una revista de origen brasileño. A continuación, 

se muestran las características de la revista como: 

Acerca de este diario. 
 

Comité editorial. 
 

Instrucciones para autores. 
 

Sistema de clasificación del sistema scimagojr. 

 

Las cuales fueron extraídas de la página oficial de la revista. 
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Sistema de clasificación del sistema scimagojr. 
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El 24 de abril del 2020 se envió el articulo cumpliendo con las especificaciones de 

la revista Food Science and Tecnology (Campinas). A continuacíon se adjunta la 

carta del recepción. 

 
Finalmente, el 08 de agosto del 2020 se acepta la presente investigación en la 

revista Food Science and Tecnology (Campinas). A continuacíon se adjunta la carta 

del aceptación. 
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