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RESUMEN 

 

 

Tradicionalmente se utilizan aditivos sintéticos para proteger los alimentos contra 

deterioro oxidativo y microbiológico; aunque, actualmente se limitan debido a posibles 

efectos adversos para la salud del consumidor. Por ello, se buscan agentes naturales que 

preserven la calidad de la carne y los productos cárnicos, principalmente extractos de 

plantas con propiedades antioxidantes y antimicrobianas. En este estudio se obtuvieron 

extractos de hojas de mezquite (Prosopis velutina), a temperatura ambiente, mediante 

extracción asistida por ultrasonido (EAU) y diferentes solventes (etanol, etanol-agua 1:1, 

agua), determinando presencia/ausencia de alcaloides, cianógenos y saponinas. También 

se obtuvieron a diferentes temperaturas (35, 50 y 65°C), analizándose fenoles (FT) y 

flavonoides totales (FvT), y perfil fitoquímico por HPLC, identificándose con estándares 

de ácidos fenólicos y flavonoides. Además, se determinó capacidad antioxidante (DPPH• 

y ABTS•+) y antimicrobiana in vitro (CMI; concentración mínima inhibitoria), contra 

bacterias Gram positivas (Listeria innocua y Staphylococcus aureus) y negativas 

(Salmonella typhimurium, Escherichia coli y Pseudomonas aeruginosa). El extracto con 

mayor capacidad antioxidante y antimicrobiana se incluyó en la formulación de 

hamburguesas de cerdo frescas, para determinar el efecto sobre la calidad durante su 

almacenamiento en refrigeración (4°C, 10 días). La efectividad fue comparada con BHT 

y Vitamina C; para ello se evaluó pH, CRA, metamioglobina, color, TBARS, dienos 

conjugados, y calidad sensorial de la carne de cerdo. Los resultados del análisis de los 

extractos muestran contenido de FT como sigue: EEM (extracto etanólico de mezquite) > 

EAEM (extracto etanólico-acuoso de mezquite) > EAM (extracto acuoso de mezquite); 

similar para FvT, siendo el mayor en EEM. En los extractos obtenidos a diferentes 

temperaturas, se observó que los EEM a 35 °C mostraron contenido mayor de FT y FvT 

(p<0.05), lo que concuerda con los resultados de HPLC para ácido rosmarínico, rutina, 

naringenina y hesperetina. Respecto a DPPH•, la mayor capacidad fue para EEM 35°C 

(p<0.05), mientras que para actividad antimicrobiana, el EEM redujo el crecimiento 

microbiano (>Gram+), disminuyendo conforme aumentó la temperatura de extracción. 

Con la inclusión del extracto en hamburguesas, se observaron valores más bajos en 
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TBARS y dienos conjugados, así como CRA y formación de metamioglobina (p<0.05) al 

final del almacenamiento. Los productos con EEM mejoraron (p<0.05) sabor, jugosidad 

y textura, observándose que el EEM 35°C resultó con mejores propiedades antioxidantes 

y antimicrobianas, y mantuvo la calidad del producto cárnico durante el almacenamiento 

en refrigeración, considerándose seguro (sin factores tóxicos) para utilizarse como aditivo 

natural en carne y productos cárnicos. 

 

Palabras clave: extracto de hoja de mezquite, Prosopis velutina, actividad antioxidante, 

actividad antimicrobiana, carne de cerdo. 
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ABSTRACT 

 

 

Traditionally, synthetic additives have been used to protect foods from oxidative 

and microbiological deterioration; however, currently, its use is limited due to possible 

adverse effects on health. To preserve the quality of meat and meat products, natural 

protective agents are required, mainly plant extracts with antioxidant and antimicrobial 

properties. In this study extracts of mesquite leaves (Prosopis velutina) were obtained by 

means of ultrasound-assisted extraction (UAE) and different solvents (ethanol, ethanol-

water 1: 1, water), in which the presence/absence of alkaloids, cyanogens and saponins 

were thus determined. Extracts were also obtained at different temperatures (35, 50 and 

65 °C), assessing the content of total phenols (FT), flavonoids (FvT) and phytochemical 

profile by HPLC, the identification was made with standards of phenolic acids and 

flavonoids. Thus, the antioxidant capacity (DPPH• and ABTS•+), and in vitro 

antimicrobial assessment (MIC; minimum inhibitory concentration) were determined 

against Gram-positive bacteria (Listeria innocua and Staphylococcus aureus), and 

negative (Salmonella typhimurium, Escherichia coli, and Pseudomonas aeruginosa). The 

extract with better antioxidant and antimicrobial properties was included in the 

formulation of fresh pork patties, in which the effect on quality during its cooling storage 

was determined. The effectiveness was compared to BHT and Vitamin C treatments; 

evaluating pH, WHC, metmyoglobin, color, TBARS, conjugated dienes, and sensory 

analysis too. Results of the analysis of the extracts showed FT content as follows: EEM 

(mesquite ethanolic extract); > EAEM (mesquite water-ethanolic extract); > EAM 

(mesquite water extract); similar to FvT, being the greater EEM. In the extracts obtained 

at different temperatures, it was observed that EEM at 35 °C showed a higher FT and FVT 

content (p<0.05), which corresponds with the results of HPLC for rosmarinic acid, routine, 

naringenin and hesperetin. Regarding DPPH•, the highest capacity was for EEM 35 °C 

(p<0.05), while for antimicrobial activity, EEM decreased the microbial growth 

(>Gram+), diminishing as the extraction temperature increased. With the inclusion of the 

extract in patties, lower values were observed for TBARS, conjugated dienes, WHC and 

metamioglobin formation (p<0.05) at the end of the storage. The products with EEM 
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presented better (p<0.05) flavor, juiciness and tenderness, showing that EEM 35 °C 

resulted in the best antioxidant and antimicrobial properties, and kept the quality of the 

meat product during its refrigerated storage, being considered as safe (without toxic 

factors), which could be used as a natural additive in meat and meat products. 

 

Keywords: mesquite leaf extract, Prosopis velutina, antioxidant activity, antimicrobial 

activity, pork meat. 
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1. SINOPSIS 

 

 

La carne y los productos cárnicos han sido básicos para la alimentación humana, 

debido al contenido de nutrientes esenciales (proteínas, grasas, minerales y vitaminas) de 

alta calidad. Históricamente los productos cárnicos se han conservado mediante el cambio 

de pH y deshidratación a través del proceso de salado y secado. Una práctica común en la 

actualidad es la aplicación de aditivos alimentarios de origen sintético, como por ejemplo 

butil hidroxitolueno (BHT) y butil hidroxianisol (BHA), los cuales han demostrado 

retardar dos de los procesos más importantes en el deterioro de la carne y los productos 

cárnicos: la oxidación y el deterioro microbiológico. Sin embargo, estos productos 

sintéticos están cayendo en desuso debido a los posibles efectos adversos en la salud del 

consumidor, principalmente por ser probablemente asociados al desarrollo de cáncer.  

Como una alternativa a lo anteriormente descrito, en los últimos años se han estudiado 

gran cantidad compuestos presentes en las plantas que poseen características similares a 

éstos aditivos, tanto en su estructura, como por sus efectos al retrasar las reacciones de 

oxidación, previniendo la formación de radicales libres, así como retardando el 

crecimiento de bacterias deteriorativas y/o patógenas en los alimentos.  

En el estado de Sonora existen algunas plantas que son de interés para la búsqueda de 

aditivos naturales, siendo una de ellas el mezquite (Prosopis velutina), la cual está 

distribuida en gran parte de la región. Al respecto estudios previos realizados por nuestro 

grupo de investigación han evidenciado la posible actividad biológica, ya que en dichos 

estudios se ha encontrado al polen de mezquite (P. velutina) como componente 

mayoritario al realizar estudios melisopalinológicos en miel de mezquite utilizada en la 

formulación de salchichas de cerdo. Además también se tienen resultados en 

investigaciones con propóleos ricos en polen de mezquite con demostrada capacidad 

antioxidante y antimicrobiana, el cual fue utilizado como aditivo en la formulación de 

hamburguesas de carne fresca, tanto de cerdo como de bovino.  

Por lo anterior, esta planta se eligió para determinar la capacidad antioxidante y 

antimicrobiana de sus extractos, y establecer si tiene potencial como aditivo en la 

conservación de carne fresca de cerdo, en sustitución de los aditivos sintéticos (BHA, 
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BHT). Para determinar cuál de las partes de la planta sería estudiada, se realizó una 

búsqueda bibliográfica exhaustiva acerca de las diversas partes de mezquite (Prosopis 

spp), como su madera, hojarasca, hojas y flores; de los cuales se ha demostrado que tienen 

capacidad antioxidante, antiinflamatoria, cardioprotectora, antimicrobiana y antifúngica. 

No obstante, dichos estudios fueron enfocados a investigar los compuestos presentes en 

esta planta, entre los que se encuentran los compuestos fenólicos, presentes en las distintas 

especies de mezquite. 

Debido a las consideraciones previas, se estableció la siguiente hipótesis: Los extractos 

obtenidos a partir de hojas de mezquite (Prosopis velutina), presentan actividad 

antioxidante y antimicrobiana con potencial para su uso como agente conservador en carne 

de cerdo. 

En la primera parte de este trabajo de investigación (Artículo 1), se indagó sobre la 

capacidad antioxidante, antimicrobiana y protectora de la calidad de los productos 

cárnicos frescos, utilizando para ello diferentes compuestos presentes en las hojas de 

plantas de diversas especies. De este modo, se encontró que los compuestos presentes en 

hojas de romero, tomillo, olivo, uva, orégano, entre otras, tienen capacidad de ejercer 

actividad protectora contra la oxidación, así como el deterioro microbiológico en 

productos de origen animal. Estos resultados se atribuyen a la presencia de gran variedad 

de compuestos fenólicos. Por lo anterior, los extractos de hojas de plantas pueden ser 

utilizados como ingredientes que ejercen una protección en los productos cárnicos frescos, 

frente a la oxidación lipídica y el deterioro microbiológico. 

La segunda parte de este trabajo de investigación (Artículo 2), tuvo como objetivo evaluar 

la composición de polifenoles totales y actividad antioxidante de extractos de hoja de 

mezquite obtenidos con diferentes solventes. Esto se basó en que a partir de diversas 

especies de mezquite se han logrado extraer compuestos polifenólicos por distintos 

métodos, como maceración, hidrodestilación, entre otros. Además, se ha comprobado que 

dependiendo del tipo de solvente y método de extracción se extraen compuestos distintos, 

sin dejar de lado que también se obtienen los compuestos dependiendo de la composición 

original de la especie y parte de la planta utilizada. Sin embargo, a partir de hojas de 

mezquite (P. velutina) que es la parte de las plantas donde se encuentran la mayoría de los 

compuestos fenólicos de las especies, hasta el momento no existen reportes o estudios de 
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esta especie vegetal. También se ha reportado, que de entre los distintos métodos 

existentes, uno de los que disminuyen el tiempo y temperatura de extracción, ayudando 

también a obtener los compuestos en su estado más cercano al natural, es el uso de la 

extracción asistida por ultrasonido, por lo cual se estableció utilizar este método en este 

estudio. Así, se obtuvieron extractos de hojas de mezquite utilizando etanol, etanol-agua 

(1:1) y agua, como solventes, con la finalidad de utilizar solventes amigables con el medio 

ambiente y no añadir posibles tóxicos provenientes de éstos; ya que posteriormente se 

utilizaría en la formulación de productos cárnicos para consumo humano. En esta parte 

del trabajo de investigación se obtuvieron extractos a partir de hojas secas de mezquite 

(Prosopis velutina) utilizando los solventes mencionados, y como temperatura de 

extracción 35 °C, llevando a cabo extracción repetida de 30 min con ultrasonido (42 kHz), 

para la posterior separación del líquido por filtración con papel Whatman 40. Una vez 

reunidos los dos filtrados, se concentraron en rotavapor hasta sequedad, para 

posteriormente liofilizarlos. Los extractos liofilizados se almacenaron en oscuridad a 

temperatura de -20 °C para su posterior análisis. Por otro lado, también fue importante 

considerar que los extractos deben estar libres de sustancias potencialmente dañinas, tales 

como saponinas, cianógenos y alcaloides, por lo que se realizaron análisis cualitativos 

para determinar su presencia/ausencia.  

Los resultados del análisis de compuestos potencialmente tóxicos, mostraron valores 

negativos, por lo que pudiera considerarse a los extractos como GRAS (generalmente 

reconocidos como seguros, por sus siglas en inglés). El rendimiento de extracción fue 

mayor para el extracto etanólico-acuoso (21.4% + 0.7), que para el etanólico (6.5% + 2.1) 

y el acuoso (18.7% + 1.9) (p<0.05). No obstante, los resultados del análisis de fenoles 

totales mostraron el siguiente orden de contenido EEM>EAEM>EAM (> 50 mg EAG/g, 

para todos), siendo > 75 mg EAG/g para EEM. Mientras que el análisis de flavonoides 

totales, presentó valores < 50 mg ER/g para EAM y EAEM, y > 100 mg ER/g para EEM. 

Estos resultados coinciden con la determinación de la capacidad inhibidora del radical 

DPPH• (> 25% de inhibición), encontrándose que la inhibición se presentó de acuerdo al 

siguiente orden: EEM > EAEM > EAM; así como también con el poder reductor del Fe2+, 

con valores de 62.7, 39.0 y 58.8% para EEM > EAEM > EAM. De acuerdo a lo anterior, 
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los resultados mostraron que la mayor capacidad antioxidante y contenido de fenoles y 

flavonoides, la presentó el extracto obtenido con etanol 100% (p<0.05). 

En la tercera parte de este estudio (Artículo 3), se obtuvieron extractos de hoja de 

mezquite (Prosopis velutina), utilizando diferentes solventes (agua 100%, agua-etanol 1:1 

y etanol 100%), así como distintas temperaturas (35, 50 y 65°C), para determinar su 

actividad antioxidante y antimicrobiana. Para determinar la capacidad antioxidante se 

analizó la actividad antirradicalaria para DPPH• y ABTS•+. Además, se analizó la 

composición de los fitoquímicos presentes en los extractos, mediante cromatografía 

líquida de alta resolución (HPLC), considerando los compuestos eluídos de estándares 

como ácido cafeico, ácido cinámico, ácido clorogénico, ácido gálico, ácido ferúlico, ácido 

p-cumárico, ácido protocatecuico, ácido rosmarínico, éster fenetílico del ácido cafeico 

(CAPE), t-hidroxicinámico, acacetina, apigenina, catequina, crisina, epicatequina, 

galangina, genisteina, luteolina, miricetina, naringenina,  pinocembrina, quercetina, rutina 

y rutina hidrato. Estos extractos se probaron para conocer su actividad antimicrobiana 

versus bacterias Gram positivas (Staphylococcus aureus y Listeria innocua) y Gram 

negativas (Escherichia coli, Salmonella typhimurium y Pseudomonas aeruginosa) 

mediante dilución en microplaca. 

Los resultados mostraron que los extractos etanólicos presentaron mayor contenido 

(p<0.05) de fenoles (> 90 mg EAG/g) y flavonoides totales (> 1000 mg ER/g) que los 

extractos obtenidos con agua-etanol y agua, en todas las temperaturas probadas. Lo 

anterior coincide con las diferencias de concentración de algunos de los compuestos 

encontrados (rutina, ácido rosmarínico, naringenina y hesperetina), siendo mayor (p<0.05) 

en EEM que en EAEM y EAM, destacando que la concentración disminuye con el 

aumento de temperatura. De igual manera, la actividad antirradicalaria, tanto para DPPH• 

(20 a 74.1 %) como ABTS•+ (29.8 a 90.2 %), mostró valores mayores (p<0.05) para los 

extractos etanólicos, además de presentar relación con la temperatura utilizada durante la 

extracción, ya que al igual que con el contenido de fitoquímicos, el aumento de 

temperatura redujo la actividad antirradicalaria. Respecto a la actividad antimicrobiana, 

los resultados muestran que los EEM obtenidos a las temperaturas más bajas de extracción 

(35 y 50°C) son más efectivos (>90%) (p<0.05) en la reducción del crecimiento 

microbiano (Gram positivas > Gram negativas); observándose principalmente para 
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Staphylococcus aureus > Listeria innocua, e indicando dependencia de la concentración 

utilizada. Por lo anterior, el EEM a 35°C, fue seleccionado para realizar la siguiente etapa, 

la cual consistió en la evaluación del efecto de la inclusión de dicho extracto como aditivo 

en un producto cárnico fresco (hamburguesas de carne de cerdo) almacenado en 

refrigeración. 

En el Artículo 4 se llevó a cabo el estudio de la estabilidad oxidativa de hamburguesas de 

cerdo adicionadas con extracto etanólico de hojas de mezquite (Prosopis velutina) durante 

el almacenamiento en refrigeración (4°C por 10 días). En el estudio se probó la utilización 

de diferentes concentraciones del extracto (0.01 y 0.05%), comparando contra BHT 

(0.02% base grasa), ácido ascórbico (0.02%) y un tratamiento control (sin aditivo). En 

esta parte del estudio se realizaron análisis de composición química proximal de las 

hamburguesas (humedad, grasa, ceniza y proteína). Además durante el almacenamiento a 

4 °C se evaluó la estabilidad de los productos, monitoreando pH, color (L*, a*, b*), 

formación de metamioglobina y capacidad de retención de agua, oxidación lipídica 

medida por la formación de productos primarios (CnD, dienos conjugados) y secundarios 

de la oxidación (TBARS, sustancias reactivas al ácido tiobarbitúrico), capacidad 

antirradicalaria DPPH•, poder reductor, así como la evaluación sensorial utilizando una 

escala descriptiva de 1 a 7. 

Los resultados del análisis químico proximal mostraron en la hamburguesa fresca un 

contenido de humedad de 67.2%, grasa de 11.1%, ceniza de 1.7% y proteína de 22.5%, 

sin mostrar diferencias entre los tratamientos (p>0.05). Durante el almacenamiento se 

observaron cambios de pH en las hamburguesas; sin embargo, las adicionadas con EEM 

muestran menor descenso en los valores de pH, lo cual indica mayor calidad al final de 

los días de almacenamiento (pH > 5.8). Respecto a la evaluación de color, los resultados 

mostraron que la inclusión de los EEM no afectó los valores de L*, pero si redujo 

significativamente (p<0.05) los valores de a* (menos roja que el control, BHT y Vitamina 

C), y aumentó (p<0.05) los de b* (tonalidad más amarilla). Sin embargo, los cambios en 

los valores de a* y b* fueron menores (p<0.05) en las hamburguesas adicionadas con 

EEM a lo largo del almacenamiento. Lo anterior indica que la adición de EEM aumentó 

la estabilidad del color durante el almacenamiento en refrigeración, coincidiendo con la 

reducción de la formación de metamioglobina (< 40%) en las hamburguesas, considerado 
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uno de los principales indicadores de frescura que se encuentran a la vista del consumidor. 

En relación a la capacidad de retención de agua, los resultados mostraron que los 

tratamientos con EEM mantuvieron la mayor capacidad de retención de agua de la carne, 

al compararlos tanto con el control como con el adicionado con ácido ascórbico (p<0.05), 

lo que concuerda con los resultados obtenidos en la evaluación sensorial, ya que estos 

productos presentaron una tendencia hacia mayor jugosidad e integridad del producto. Los 

resultados del análisis sensorial realizado por un panel semientrenado de 25 participantes, 

mostraron que los mayores efectos se presentaron en el color (p<0.05) de los productos 

frescos; mientras que en los demás atributos evaluados en las hamburguesas cocinadas, 

no observaron diferencias significativas (p>0.05). También se observaron ventajas del uso 

de EEM en la conservación de las hamburguesas de carne de cerdo, en el análisis de cnD 

y TBARS, ya que desde el inicio del almacenamiento se observaron marcadas diferencias 

(p<0.05), dando como resultado la protección contra la oxidación lipídica de las 

hamburguesas al final del almacenamiento, con diferencias de 46% para cnD y 93% para 

TBARS, respecto al control. Por otro lado, los resultados de la evaluación de la actividad 

antirradicalaria DPPH• y poder reductor, también muestran una mayor reducción de la 

oxidación (> 40% y 0.2 abs, respectivamente) (p<0.05), durante todo el almacenamiento, 

incluso mejor que con la adición de BHT y vitamina C, cuando se aplicó EEM en las 

hamburguesas. Por lo anterior, es posible atribuir los beneficios en la conservación de la 

calidad de los productos adicionados con EEM, a la presencia de compuestos fenólicos, 

tales como los identificados en el análisis de composición de fitoquímicos (rutina, ácido 

rosmarínico, naringenina y hesperetina). 

De acuerdo a todo lo anteriormente expuesto, se concluye que el EEM puede ser utilizado 

como agente protector de la calidad de la carne y productos cárnicos, durante su 

almacenamiento en refrigeración.  
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2. HIPÓTESIS 

 

 

Los extractos obtenidos a partir de hoja de mezquite (Prosopis velutina), presentan 

actividad antioxidante y antimicrobiana con potencial para su uso como agente 

conservador en carne de cerdo. 
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3. OBJETIVOS 

 

 

3.1 Objetivo General 

 

 

Obtener extractos de hoja de mezquite (Prosopis velutina), para determinar su actividad 

antioxidante y antimicrobiana, y definir aquellos que presenten mejores propiedades para 

su uso como agente conservador en carne de cerdo. 

 

 

3.2 Objetivos Específicos 

 

 

1.- Establecer las condiciones de extracción y determinar el rendimiento durante la 

obtención de los extractos de hoja de mezquite (Prosopis velutina) con diferentes 

solventes (agua, agua-etanol 1:1 y etanol) y diferentes temperaturas (35, 50 y 65 °C). 

 

2.- Determinar el contenido de polifenoles (fenoles totales y flavonoides) y actividad 

antioxidante (DPPH•, Poder reductor Fe2+ y ABTS•+) de los diferentes extractos. 

 

3.- Evaluar la posible presencia de compuestos tóxicos (alcaloides, saponinas y 

cianógenos) en los extractos. 

 

4.- Determinar los compuestos asociados a la capacidad antioxidante y antimicrobiana 

presentes en los extractos mediante espectrofotometría y HPLC. 

 

5.- Determinar la capacidad antimicrobiana de los extractos contra microorganismos 

indicadores de calidad y patógenos, Gram positivos (Staphylococcus aureus y Listeria 

innocua) y Gram negativos (Escherichia coli, Salmonella typhimurium y Pseudomonas 

aeruginosa). 
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6.- Aplicar el extracto que presente las mejores propiedades como aditivo en un producto 

cárnico molido de cerdo fresco, evaluando su potencial para prevenir alteraciones físicas, 

químicas y microbiológicas durante su vida de anaquel. 

 

7.- Evaluar sensorialmente la adición de diferentes concentraciones (0.05 y 0.1%) de 

extracto de hoja de mezquite seleccionado, en un producto cárnico de cerdo fresco y 

cocinado. 
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RESUMEN 

 

 

El mezquite (Prosopis velutina) es una planta tradicionalmente utilizada por el 

hombre y animales como alimento en ciertas regiones de México. Además, también es 

considerada medicinal debido a que posee ciertas propiedades biológicas, las cuales son 

atribuidas a la presencia de fitoquímicos como los compuestos fenólicos. El objetivo fue 

evaluar la composición y actividad antioxidante de extractos de hoja de mezquite 

obtenidos con diferentes solventes. Los extractos se obtuvieron utilizando como solventes 

de extracción, agua (EAM), etanol y agua (1:1) (EAEM) y etanol (EEM); una vez 

obtenidos se evaluaron determinando presencia de posibles compuestos tóxicos 

(alcaloides, cianógenos y saponinas); el contenido de fenoles y flavonoides totales (CFT 

y CFvT); así como la actividad antioxidante de los extractos mediante la inhibición del 

radical DPPH• y el poder reductor (FRAP). Los resultados mostraron que en los extractos 

no se encontró la presencia de compuestos tóxicos; que los valores más altos de 

rendimiento de extracción fueron para el EAEM (21.4%); y que el mayor CFT y CFvT (> 

50 mg/g), así como la actividad antioxidante la presentó el EEM (34%). Por lo que, el 

EEM pudiera ser utilizado como aditivo en la industria farmacéutica o como ingrediente 

en la formulación de alimentos. 

Palabras claves: Prosopis, compuestos fenólicos, actividad antioxidante, hojas de 

mezquite 

 

ABSTRACT 

 

 

Mesquite (Prosopis velutina) is a plant traditionally used by humans and animals as 

food in certain regions of Mexico. In addition, it is considered medicinal because of its 

specific biological properties, which are attributed to the presence of phytochemicals such 

as phenolic compounds. The aim was to evaluate the composition and antioxidant activity 

of mesquite leaf extracts obtained with different solvents. The extracts were obtained 

using water (WME), ethanol and water (EWME), and ethanol (EME) as extraction 
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solvents. Once obtained, the extracts were evaluated by determining the presence of 

possible toxic compounds (alkaloids, cyanogens, and saponins), total phenolic and 

flavonoid content (TPC and TFC), and antioxidant activity according to DPPH• radical 

inhibition and reducing power (FRAP). The results showed that toxic compounds were 

not present in the extracts. The highest extraction yield values were found for EWME 

(21.4%). The highest (> 50 mg/g) TPC, TFC, and antioxidant activity were presented by 

EME (34%). Therefore, EME could be used as an additive in the pharmaceutical industry 

or as an ingredient in food formulation. 

Keywords: Prosopis, phenolic compounds, antioxidant activity, mesquite leaves 

 

 

INTRODUCCIÓN 

 

 

En los últimos años, se han realizado un gran número de investigaciones en la 

búsqueda de nuevos ingredientes de origen natural para la creación de aditivos con 

actividad antioxidante y ser utilizados en el desarrollo de nuevos productos alimenticios 

(Falowo et al., 2014). Esto es debido a que algunos antioxidantes disponibles 

comercialmente, y que son utilizados para la conservación de los alimentos, son de origen 

sintético (butilhidroxianisol, BHA; butilhidroxitolueno, BHT; terbutilhidroxiquinona, 

TBHQ; entre otros), los cuales al ser añadidos en concentraciones inadecuadas son 

considerados potencialmente tóxicos y asociados a problemas relacionados con la salud 

(Poljsak et al., 2013). Por lo tanto, en base a la necesidad existente por la obtención de 

nuevos agentes conservadores naturales y seguros, uno de los principales objetivos de la 

industria farmacéutica y de los alimentos es el desarrollo de aditivos a partir de ciertas 

especies de plantas medicinales y comestibles, capaces de reducir o inhibir la formación 

de radicales libres, los cuales están estrechamente asociados con enfermedades, 

incluyendo cáncer, aterosclerosis y diabetes (Fernández-Ginés et al., 2005); y con 

reacciones de oxidación de lípidos, que junto con el deterioro microbiano son la causa 

principal de pérdida de calidad en los alimentos (Faustman et al., 2010). 
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El conocimiento de la medicina tradicional basada en el uso de plantas es una alternativa 

natural en la obtención de fármacos, y podría ser una estrategia para la obtención de 

compuestos bioactivos que puedan utilizarse como agentes conservadores de alimentos 

(Bajpai et al., 2005). En diversas investigaciones se ha reportado el uso de plantas del 

desierto, entre ellas las familias Krameriaceae, Viscaceae, Loranthaceae, Phytolaccaceae 

y Fabaceae, contra padecimientos como diarrea, colitis, enteritis, dolor de cabeza, rabia, 

varicela, enfermedades del riñón y el hígado, sarampión, cáncer, entre otras (Harlev et al., 

2012; Jiménez-Estrada et al., 2013). Respecto a plantas de la familia Fabaceae, estas han 

mostrado potencial para su consumo, tanto animal como humano, en zonas desérticas, tal 

es el caso del mezquite (Almanza y Moya, 1986). 

El matorral del desierto de Sonora y espinoso cubren gran parte del noroeste de México, 

con numerosos árboles pertenecientes a las plantas fabáceas, entre las que se consideran 

herbáceas, arbustos y árboles (Robinson, 1898). Estas plantas con flores son conocidas 

por ser las fuentes más visitadas por las abejas para la producción de miel, cera y propóleos 

(Prabha et al., 2014). En un trabajo previo Vargas-Sánchez et al. (2016), en el que se 

estableció la importancia de estas plantas en la elaboración de productos apícolas, se 

reporta que en la región central del municipio de Ures Sonora, México, la vegetación es 

dominada por especies subtropicales pertenecientes a las familias Fabaceae (18.5%), 

Cactaceae (10.2%), Malvaceae (8.3%), Asteraceae (6.5%), entre otras. Específicamente, 

de la familia Fabaceae se encontraron los géneros Acacia spp., Caesalpinia spp., Mimosa 

spp., Olneya spp. y Prosopis spp., entre otros. 

Por otra parte, en algunas investigaciones se ha encontrado que los extractos obtenidos de 

cáscara, vainas, polen y hojas de plantas del género Prosopis spp. (P. alba, P. chilensis, 

P. juliflora y P. tamarugo) poseen propiedades biológicas, entre las que se mencionan 

actividad antifúngica, antimicrobiana, analgésica, citotóxica, antiinflamatoria, 

antitumoral, antiviral, antialergénica, antidiarreica, antidiabética y antioxidante, las cuales 

están relacionadas con la presencia de alcaloides y compuestos fenólicos; de estos últimos 

se reportan apigenina, catequina, juliflorina, quercetina, kaempferol y mezquitol 

(SivaKuamara et al., 2009; Prabha et al., 2014). 

En base a lo anterior, la presente investigación tuvo como objetivo obtener extractos de 

hoja de mezquite (Prosopis velutina) utilizando diferentes solventes, y evaluar su 
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composición de fitoquímicos y compuestos tóxicos, así como sus propiedades 

antioxidantes. 

 

 

MATERIALES Y MÉTODOS 

 

 

Material Vegetal y Reactivos 

 

 

Las hojas de mezquite (Prosopis velutina) fueron colectadas en la región de Rancho Viejo 

(29°7'19.72"N, 110°16'58.35" W; 476 m a.s.l.) dentro del municipio de Ures Sonora, 

México. Esta localidad presenta características de clima desértico, aunque en términos de 

precipitación anual, el clima local puede definirse como semiárido (INEGI, 2012). La 

identificación botánica de las plantas fue llevada a cabo por especialistas del Herbario de 

la Universidad de Sonora (Departamento de Investigación Científica y Tecnológica), la 

cual tiene asignado el número de catálogo 26120. 

Todos los reactivos químicos utilizados fueron grado analítico. El reactivo de Folin-

Ciocalteu, carbonato de sodio (Na2CO3), 1,1-difenil-2-picrilhidrazil (DPPH), etanol, ácido 

acético glacial, acetato de sodio, éster fenetílico del ácido cafeico (CAPE), sulfato de 

hierro (II) heptahidratado (FeSO4 7H2O), rutina, butilhidroxitolueno (BHT), cloruro de 

aluminio (AlCl3), ácido 6-hidroxi-2,5,7,8-tetrametilcroman-2-carboxílico (Trolox), ácido 

ascórbico (vitamina C), reactivo Drangerdoff y ácido gálico fueron marca Sigma 

Chemical Co. (St. Louis, MO, USA); el ácido clorhídrico y el metanol se adquirieron de 

Merck (Bush, Suiza); mientras que el reactivo 4,4,6-tripiridil-S-triazina-TPTZ se adquirió 

de la marca Fluka Chemie AG (Bush, Suiza). 
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Obtención de Extractos 

 

 

Las hojas de mezquite fueron secadas a temperatura ambiente (35 °C) durante una semana, 

y pulverizadas (20 Mesh) en un molino eléctrico para granos, para posteriormente obtener 

los extractos por el método descrito por Tolosa y Cañizares (2002), con ligeras 

modificaciones. La obtención de extractos se realizó por extracción asistida con 

ultrasonido (25 °C/42 Hz/30 min) utilizando 20 g del polvo con 180 mL de solvente de 

extracción (agua, etanol y agua-etanol, 1:1). Posteriormente, las muestras fueron 

centrifugadas (5000 x g durante 10 min), y el sobrenadante obtenido se filtró (Whatman 

No 4), concentró (35 °C) utilizando un evaporador rotatorio (BÜCHI R-200, Flawil, 

Suiza) y nitrógeno líquido. Los extractos obtenidos (extracto acuoso de hoja de mezquite, 

EAM; extracto etanólico de hoja de mezquite, EEM; extracto acuoso-etanólico de hoja de 

mezquite, EAEM) se almacenaron a -20 °C, hasta su análisis. 

 

 

Análisis de Compuestos Tóxicos 

 

 

El perfil cualitativo de fitoquímicos potencialmente tóxicos, en todos los extractos, se 

determinó de acuerdo a los métodos descritos por Samejo et al. (2011; 2013), para el 

análisis de compuestos alcaloides y saponinas, con ligeras modificaciones. Para la 

determinación de alcaloides, los extractos de hojas de mezquite (5 mL, 5 mg/mL) se 

homogenizaron con 2 mL de HCl 2 N y se hirvieron durante 10 min. La solución se enfrió 

y filtró, posteriormente se agregaron 100 µL del reactivo de Drangendorff. La formación 

de un precipitado color marrón indica la presencia de alcaloides. Mientras que la 

determinación de saponinas consistió en agitar los extractos de hojas de mezquite (5 mL, 

5 mg/mL) durante 3 min a temperatura ambiente, y para establecer la presencia de este 

grupo de compuestos se observa la persistencia de espuma en la solución. 

Por otro lado, para la determinación de cianógenos, se coloca una alícuota de 100 µL de 

extracto (5 mg/mL) en una hoja de papel previamente impregnada con el reactivo de 



 

42 
 

Grignard. El cambio de color rojo-rosa indica la presencia de cianógenos (Nuñez et al., 

2015). 

 

Contenido de Fenoles Totales 

 

 

El CFT de los extractos se determinó de acuerdo al método descrito por Ainsworth y 

Gillespie (2007). Alícuotas de cada extracto (10 µL, 5 mg/mL) se homogenizaron con 40 

µL de reactivo Folin-Ciocalteu (0.25 N), 60 µL de Na2CO3 (7%, p/v) y 80 µL de agua 

destilada. Posteriormente, la mezcla de reacción se incubó durante 1 h a temperatura 

ambiente, en ausencia de luz. La absorbancia se midió a 750 nm en un espectrofotómetro 

(MultiskanTM go Thermo Fisher Scientific, Vantaa, Finlandia). Los resultados fueron 

expresados como mg equivalentes de ácido gálico/g de extracto seco (mg EAG/g). 

 

 

Contenido de Flavonoides Totales 

 

 

El contenido de flavonoides fue reportado en términos de flavonas y flavonoles (CFF) y 

se midió en función de la formación de complejos de cloruro de aluminio (Popova et al., 

2004). Alícuotas de cada extracto (10 µL, 5 mg/mL) se homogenizaron con 130 µL de 

metanol y 10 µL de AlCl3 (5%, p/v). La mezcla de reacción se incubó durante 30 min a 

temperatura ambiente, en condiciones de oscuridad. La absorbancia se midió a 412 nm en 

un espectrofotómetro. Los resultados fueron expresados como mg equivalentes de rutina/g 

de extracto seco (mg ER/g). 
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Actividad Antirradical  

 

 

La actividad antirradical de los extractos se evaluó mediante el método descrito por 

Molyneux (2004). Los extractos (100 µL, 100 µg/mL) se homogenizaron con 100 µL de 

solución de DPPH• (300 µmol). La mezcla de reacción se incubó durante 30 min a 

temperatura ambiente, en ausencia de luz. Los compuestos vitamina C, CAPE y Trolox 

fueron utilizados como estándares de referencia (70 µM). Los resultados fueron 

expresados en porcentaje y la capacidad de los extractos para inhibir radicales DPPH• se 

calculó de la siguiente manera:  

%DPPH• = [1 -(Abs E - Abs B/Abs B) x 100] (1) 

Donde Abs E es la absorbancia del extracto a los 30 min de incubación y Abs B es la 

absorbancia del blanco a t = 0 min. 

 

 

Poder Reductor 

 

 

El poder reductor férrico-antioxidante (FRAP) se determinó de acuerdo a lo establecido 

por Benzie y Strain (1999). Los extractos (5 µL, 5 mg/mL) se mezclaron con 100 µL de 

solución FRAP (10:1:1, bufer de acetato de sodio 300 mM en ácido acético glacial pH 

3.6; 4,4,6-tripiridil-S-triazina-TPTZ 10 mM en 40 nM de HCl; FeCl3 20 mM). La mezcla 

resultante se incubó durante 8 min en la oscuridad y se midió la absorbancia a 595 nm en 

un espectrofotómetro. Los compuestos vitamina C y BHT fueron utilizados como 

estándares de referencia (70 µM). Los resultados obtenidos fueron expresados como µmol 

de Fe2+/g de extracto. 
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Análisis Estadístico 

 

 

En este trabajo todos los análisis se llevaron a cabo por triplicado y los datos obtenidos 

fueron sometidos a un análisis de varianza de una vía. Las diferencias fueron analizadas a 

través de una prueba de comparación de medias (Tukey-Kramer), cuando se encontró un 

efecto de tratamiento significativo (P<0.05). Además, se realizó un análisis de correlación 

entre los parámetros evaluados utilizando como prueba el coeficiente de correlación de 

Pearson (NCSS, 2007). 

 

 

RESULTADOS Y DISCUSIÓN 

 

 

Algunas investigaciones demuestran que ciertos fitoquímicos tóxicos entre los que 

se encuentran compuestos de naturaleza alcaloidea, cianógena y saponínica, pueden estar 

presentes en flores, raíces, tallos, frutos, semillas y hojas de plantas comestibles y no 

comestibles (Jadhav et al., 1981; Samejo et al., 2011; 2013; Nuñez et al., 2015), lo cual 

puede ser un factor negativo al utilizarlos, tanto para consumo animal como humano, y en 

la obtención de extractos de origen natural con potencial como aditivo farmacéutico o 

ingrediente natural en los alimentos (Nuñez et al. 2015). Los resultados del análisis de 

posibles fitoquímicos tóxicos en los extractos obtenidos de hoja de mezquite P. velutina 

(EAM, EAEM y EEM) indican la ausencia de estos fitoquímicos tóxicos (Tabla 1). En un 

trabajo realizado por Sathiya y Muthuchelian (2008) se obtuvieron extractos etanólicos de 

hoja de mezquite (P. juliflora), en los cuales se reporta la presencia de alcaloides, mientras 

que la presencia de saponinas fue negativa. En acuerdo con nuestros resultados, Becker y 

Grosjean (1980), sometieron a autólisis e hidrólisis (ácido pícrico y α-glucosidasa) 

muestras de semilla y pericarpio de P. glandulosa y P. velutina durante 6 y 16 h, con la 

finalidad de evaluar la presencia de glucósidos cianogénicos, encontrando en sus 

resultados la ausencia de este grupo de compuestos. Por lo anterior, los resultados indican 
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que los extractos obtenidos a partir de Prosopis spp. pueden ser reconocidos con la 

denominación GRAS o "Generalmente reconocidos como seguros" (FDA, 2011). 

La recuperación de compuestos antioxidantes de plantas se lleva a cabo comúnmente con 

diferentes técnicas de extracción, y tomando en consideración la distribución en la planta, 

ya que los compuestos fenólicos solubles están presentes en concentraciones más altas 

hacia el exterior que hacia el interior de los tejidos de las plantas. La extracción con 

solvente es la técnica más frecuentemente usada para aislar compuestos antioxidantes de 

las plantas; sin embargo, los rendimientos de extracción y la actividad antioxidante son 

altamente dependientes de la naturaleza del solvente utilizado, debido a la presencia de 

diferentes compuestos antioxidantes en el material de origen, lo cual depende de las 

características químicas y de la polaridad. Por ello, los solventes polares son los que con 

mayor frecuencia se emplean en la recuperación de polifenoles de las plantas (Sultana et 

al., 2009). 

En este estudio los rendimientos de obtención en los extractos de hoja de mezquite, en los 

que se utilizaron como solventes agua, etanol-agua y etanol fueron 18.7±1.9%, 21.4±0.7% 

y 6.5±2.1%, respectivamente. Estos valores son superiores a los reportados para hoja de 

P. laevigata cuyos valores oscilaron entre 3.6 y 18.2% (García-Andrade et al., 2013). 

Adicionalmente, en un trabajo realizado por Singh (2012), se determinaron los 

rendimientos de obtención de los extractos de las diferentes partes de la planta de P. 

juliflora, tales como hojas, yemas, vainas, flores y raíces, y utilizando diferentes solventes. 

Los resultados obtenidos para hojas fueron: etanol (11.26%) > agua (9.94%) > cloroformo 

(5.7%) > hexano (2.62%) > acetona (1.92%); resultados que no coinciden con los de 

nuestro estudio, ya que el mayor rendimiento fue para la mezcla etanol: agua (1:1), y el 

menor para etanol. Tampoco coinciden con los encontrados por Badri et al. (2017), 

quienes utilizaron etanol para la obtención de extractos de hojas de P. juliflora, obteniendo 

un rendimiento de 22.1%. Cabe señalar que es posible que las diferencias en los 

rendimientos estén dadas porque los extractos estudiados no fueron liofilizados como es 

el caso del presente estudio. 

Por otra parte, las plantas producen una extraordinaria diversidad de metabolitos de origen 

fenólico, que en concentraciones adecuadas pueden ser considerados seguros; estos 

compuestos contienen uno o más residuos hidroxilos ácidos unidos a un anillo aromático 
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fenílico (Löliger, 1991). Para la cuantificación de estos compuestos contenidos en 

alimentos o muestras biológicas, existen métodos basados en la reacción de los mismos 

con un reactivo colorimétrico, que permite la medición en la porción visible del espectro 

(Popova et al., 2004; Ainsworth y Gillespie, 2007). Los resultados de CFT y CFvT de los 

extractos de hojas de mezquite se presentan en la Figura 1 A y B, respectivamente. Estos 

resultados muestran que para ambos casos el CFT y CFvT se presentó en el siguiente 

orden: EEM > EAEM > EAM. El CFT fue > 50 mg EAG/g para todos los extractos, siendo 

el EEM el que presentó un CFT > 75 mg EAG/g (P<0.05). Respecto al CFvT, los EAM y 

EAEM mostraron valores < 50 mg ER/g, siendo el EEM el que presentó un CFvT 

significativamente (P<0.05) > 100 mg ER/g. 

En acuerdo con nuestros resultados, García-Andrade et al. (2013) reportan que la 

polaridad juega un papel importante en la extracción de CFT de hojas de mezquite, > 100 

mg EAG/g para extractos metanólicos, > 70 mg EAG/g para extractos acetónicos, y > 45 

mg EAG/g para extractos metanólicos-acuosos y acuosos. Además, la norma Argentina 

(IRAM, 2004) establece que la concentración mínima de compuestos fenólicos y 

flavonoides en extractos de origen natural, para ser considerados biológicamente activos, 

deberán contener 50 mg EAG/g y 5 mg ER/g, respectivamente; lo cual indica que los 

extractos obtenidos de hojas de mezquite de este estudio cumplen con los requisitos de 

calidad establecidos por esta normatividad. 

La actividad biológica de los extractos obtenidos de las plantas, entre las que destaca la 

actividad antioxidante, es ampliamente conocida y está asociada a la presencia de 

compuestos fenólicos, los cuales poseen la capacidad de actuar como secuestradores de 

radicales libres y quelantes de iones metálicos (Ainsworth y Gillespie, 2007). Los 

resultados de la actividad antioxidante (actividad antiradical DPPH• y poder reductor) de 

los extractos de hojas de mezquite obtenidos con diferentes solventes en comparación con 

estándares de referencia se incluyen en la Figura 2 A y B, respectivamente. Los resultados 

muestran que la actividad antiradical DPPH• de los extractos se presentó en el siguiente 

orden EEM > EAEM > EAM; siendo el EEM el que presentó la mayor (P<0.05) actividad 

antirradical DPPH• (> 25% de inhibición). Los estándares de referencia vitamina C, CAPE 

y Trolox presentaron valores de inhibición del radical DPPH• superiores al 80%. En 

acuerdo con nuestro estudio, se ha demostrado la actividad antioxidante de extractos de 
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hojas de mezquite (P. laevigata) obtenidos con acetona y sus fracciones purificadas por 

elución con diferentes solventes (agua, agua-metanol 50% y metanol), contra los radicales 

DPPH• y •OH, así como en la reducción de la inhibición de lipoproteínas de baja densidad 

(LDL). Los resultados encontrados mostraron que el orden de actividad antioxidante fue 

metanol > agua: metanol > agua > acetona. Esta actividad antioxidante fue correlacionada 

con la presencia de algunos compuestos fenólicos encontrados en los extractos, tales como 

ácido gálico, catequina, galato de epicatequina, rutina y luteolina, entre otros (García-

Andrade et al., 2013). Por otro lado, los resultados del estudio realizado por Astudillo et 

al. (2000), en el cual se evaluó la actividad antiradical de extractos metanólicos de hojas 

de diversas especies de mezquite, muestran que a una concentración de 100 µg/mL, estos 

presentan actividad antiradical DPPH• en el siguiente orden de inhibición: P. chilensis 

(65%) > P. tamarugo (54%) > P. alba (8%), cuya actividad fue asociada a la presencia de 

compuestos fenólicos como catequina. Mientras que en extractos metanólicos de hojas de 

mezquite (P. cineraria y P. juliflora) se reporta la inhibición del radical DPPH• en 60.5 y 

47.8%, respectivamente (Napar et al., 2012). 

Por otra parte, la determinación del poder reductor del Fe3+ a Fe2+, es otra prueba utilizada 

para medir el potencial antioxidante (Benzie y Strain, 1999). Respecto a esta evaluación, 

los resultados de poder reductor de los extractos se presentó en el siguiente orden: EEM 

> EAEM > EAM, donde se observa que el EEM fue significativamente (P<0.05) más 

efectivo 62.7%, 39.0% y 58.8% en comparación con los extractos obtenidos con agua, 

etanol: agua (1:1) y BHT, respectivamente, aunque ligeramente menor (27%) que la 

vitamina C. En comparación con nuestro estudio, LeBlanc et al. (2009) estudiaron el 

potencial reductor de extractos del polen clasificado como de mezquite (> 54.8%) 

obtenido con diferentes solventes. Los resultados de esta investigación mostraron que el 

orden del poder reductor se presentó de acuerdo a lo siguiente: metanol > etanol > agua = 

propanol > 2-propanol > acetona > acetonitrilo; resultados que fueron asociados a la 

presencia de ciertos compuestos fenólicos (naringenina, 4´,5-dihidroxi-7-

metoxiflavanona, 7,8,2´,4´-tetrahidroxi isoflavona, entre otros). En otro trabajo, Albrecht 

et al. (2010) evaluaron el poder reductor de extractos obtenidos de la vaina de P. alba, 

utilizando como solvente de extracción agua y etanol. Los resultados muestran que el 

extracto etanólico presentó valores mayores (> 2 µg Fe2+/g) de poder reductor en 



 

48 
 

comparación con el extracto acuoso, lo cual puede estar correlacionado con el mayor 

contenido de fenoles (> 10 µg EAG/g) y flavonoides totales (> 0.6 µg EQ/g) de este 

extracto. En otra planta de la familia Fabaceae (Mimosa pudica), se obtuvieron extractos 

etanólicos (95%) del tallo, semillas, hojas y planta completa, con la finalidad de evaluar 

su poder antioxidante. Los resultados mostraron que el poder reductor fue dependiente de 

la concentración, y los valores obtenidos se presentaron en el siguiente orden: hojas > 

planta completa > tallos > semillas (Zhang et al., 2011). 

Otros estudios muestran el potencial antioxidante de los extractos y harinas obtenidos de 

la corteza, polen y semillas de diversas especies de mezquite (Frankel et al., 1998; 

Almaraz-Abarca et al., 2007; Sharma et al., 2010; Saini et al., 2013; Cattaneo et al., 2014). 

Por lo que, estos extractos se han propuesto para ser utilizados como posibles ingredientes 

antioxidantes en la formulación de alimentos (Lorenzo-Justo et al., 2017). 

Respecto al análisis de correlación de Pearson, los resultados obtenidos muestran una alta 

asociación entre los parámetros antioxidantes evaluados (r > 0.90) y la presencia de 

compuestos fenólicos (Tabla 2), lo cual coincide con lo encontrado por Zhang et al. (2011) 

quienes reportaron alta correlación entre el CFT y CFvT respecto a la actividad 

antioxidante (FRAP y DPPH•) de extractos etanólicos (95%) obtenidos de hojas de 

Mimosa pudica Linn. 

 

 

CONCLUSIONES 

 

 

Los extractos obtenidos de hojas de mezquite (EAM, EAEM y EEM) mostraron la 

ausencia de fitoquímicos tóxicos como son alcaloides, cianógenos y saponinas, así como 

la presencia de fitoquímicos tales como fenoles y flavonoides: EEM > EAEM > EAM. 

Además, en este estudio los extractos presentaron alta actividad antioxidante, es decir 

actividad antiradical DPPH• y poder reductor en el siguiente orden: EEM > EAEM > 

EAM. Este estudio concluye, que las hojas de mezquite son una fuente importante de 

polifenoles que proveen actividad antioxidante, lo que demuestra el potencial de estos 

extractos para ser utilizados como antioxidantes en la industria farmacéutica y alimentaria. 
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Figura 1. Contenido de fenoles (A) y flavonoides totales (B) de los extractos de hoja de 

mezquite. Las diferencias entre los tratamientos son marcadas con asterisco (P<0.05). 

Figure 1. Total phenolic (A) and flavonoids (B) content of the mesquite leaf extracts. The 

differences between the treatments are marked with asterisk (P<0.05). 
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Figura 2. Actividad antirradical DPPH• (A) y poder reductor (B) de los extractos de hoja 

de mezquite. Las diferencias entre los tratamientos son marcadas con asterisco (P<0.05). 

Figure 2. Antiradical DPPH• activity (A) and reducing power (B) of the mesquite leaf 

extracts. The differences between the treatments are marked with asterisk (P<0.05). 
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Tabla 1. Perfil de fitoquímicos tóxicos presentes en los extractos de hojas de mezquite. 

Table 1. Profile of toxic phytochemicals present in the mesquite leaves extracts. 

Fitoquímicos 
Extractos 

EAM EAEM EEM 

Alcaloides (-) (-) (-) 

Cianógenos (-) (-) (-) 

Saponinas (-) (-) (-) 

(+) presencia, (-) ausencia. 

 

 

Tabla 2. Matriz de correlación de Pearson de los parámetros antioxidantes. 

Table 2. Pearson´s correlation matrix of the antioxidant parameters. 

Parámetros Fenoles Flavonoides DPPH• FRAP 

Fenoles 1.000 0.943 0.976 0.989 

Flavonoides  1.000 0.847 0.982 

DPPH•   1.000 0.932 

FRAP    1.000 
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ARTÍCULO 3 

6. ARTÍCULO 3: ANTIOXIDANT AND ANTIMICROBIAL ACTIVITY 

OF MESQUITE LEAVES EXTRACTS OBTAINED UNDER 

DIFFERENT SOLVENT AND TEMPERATURE CONDITIONS 
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Highlights 

 Mesquite leaves extract were obtained with different solvents and temperatures. 

 MLE exert significant antioxidant and antibacterial activity.  

 Polyphenols content and biological activity were affected by extraction 

conditions. 

 MLE could be a new additive for the pharmaceutical and food industry. 
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ABSTRACT 

 

 

This study was aimed to determined the effect of the solvent (water, water: ethanol, 

ethanol) and temperature extraction (35, 50 and 65 °C) of mesquite leaves (Prosopis 

velutina) on total phenolic (TPC) and flavonoids contents (TFC), chemical composition, 

as well as antioxidant (DPPH• and ABTS•+) and antimicrobial activity against Foodborne 

pathogens (Staphylococcus aureus, Listeria innocua, Escherichia coli, Salmonella 

typhimurium and Pseudomonas aeruginosa). The results demonstrated that the highest 

TPC and TFC (> 90 mg GAE/g and > 300 mg RE/g, respectively), DPPH• and ABTS•+ 

antiradical activity (> 65% of radical inhibition by both, respectively), as well as 

antimicrobial effects (S. aureus > Listeria innocua > E. coli > S. typhimurium > 

P.aeruginosa) were showed in MLE obtained with the solvents ethanol > water-ethanol > 

water and the temperatures 35 °C > 50 °C > 65 °C (p ˂ 0.05). Similarly, higher amounts 

of phenolic constituents such as rutin (> 100 mg/g), rosmarinic acid (> 15 mg/g), 

naringenin (> 100 mg/g), and hesperetin (> 90 mg/g) were obtained at the same conditions. 

These results indicated that MLE has great potential as natural antioxidant and 

antimicrobial additive to be used in the pharmaceutical and food industry.  

 

Keywords: Mesquite leaves, antioxidant activity, antimicrobial activity, phenolic 

composition, extraction conditions. 
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1. Introduction 

 

 

Lipid oxidation and bacterial contamination are considered the major causes of shelf 

life loss in meat products and the primary source of food-borne diseases in humans, for 

this reason different chemical and synthetic compounds have been used as antioxidant 

(butylated hydroxyanisole, BHA); butylated hydroxytoluene, BHT; propyl gallate, PG; 

and tertiary butylhydroquinone, TBHQ) to reduce the oxidative process, however, they 

are under increasing scrutiny due to the potential genotoxic and carcinogenic effect (Jiang 

and Xiong, 2016). Many pathogenic microorganisms such as Campylobacter jejuni, 

Escherichia coli (e.g. O111:NM and O104:H21), Escherichia coli O157:H7, 

Pseudomonas aeruginosa, Salmonella enteriditis, Salmonella typhimurium, 

Staphylococcus aureus and Yersinia enterocolitica have been reported as the causal agents 

of food-borne diseases (Altekruse, Cohen, & Swerdlow, 1997). So that there are also some 

antimicrobial agents that allow reduce the bacterial growth and prevent infections, 

however, the emergence of multi-drug resistant pathogens presents an increasing global 

challenge to both human and veterinary medicine. Therefore, there is a continuous need 

to develop natural antioxidant and antimicrobial agents to minimize the toxic effect of 

synthetic antioxidants and the occurrence of bacterial resistance against available 

antibiotics (Altekruse, Cohen, & Swerdlow, 1997; Hussain et al., 2011). 

Mesquite (genus Prosopis spp., Fabaceae familiy, Mimosoideae subfamily) is a plant 

native from Asian, African and American continents. The genus includes 44 species 

distributed in arid and semiarid regions (Palacios, 2006). In Mexico, mesquite shrub has 

a wide distribution in the Norwest along the coast (Gallegos-Infante, Rocha-Guzmán, 

González-Laredo, & García-Casas, 2013) and it is considered an important plant species 

due it has high potential for nitrogen fixation in very dry areas and during drought seasons, 

and provides shelter and food to humans and many species of animals that feed on its 

leaves, fruits nectar and pollen (Almaraz-Abarca et al., 2007; Vargas-Sánchez et al., 

2016). Also it has been used in traditional medicine for curing catarrh, colds, diarrhea, 

dysentery, excrescences, flu, hoarseness, inflammation, sore throat, and measles among 

others (Prabha, Dahms, & Malliga, 2014). 
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It has been reported that mesquite leaves (Prosopis velutina) composition includes N 

(3.2%), crude protein (20.2%), crude fiber (27.0%), fat (10.35%), ash (5.6%), neutral 

detergent fiber (41.8%), acid detergent fiber (33.1%), lignin (7.8%), cellulose (24.5%) and 

hemicellulose (8.7%) (Lyon, Gumbmann, & Becker, 1988). In addition, Reyes-Reyes et 

al. (2013) described that chemical composition of mesquite leaves includes the presence 

of polyphenols (20.0 g/kg). Polyphenols are secondary metabolites that are derivates of 

the pentose phosphate, shikimate, and phenylpropanoid pathways in plants; and these are 

characterized by possessed an aromatic ring bearing one or more hydroxyl groups (OH), 

and their structure may be a simple phenolic molecule or a complex high-molecular 

polymer (Balasundram, Sundram, & Samman, 2006).  

Previous studies have reported that mesquite extracts may have several properties such as 

antifungal, antitumor, anti-inflammatory, antioxidant and antibacterial (García-Andrade 

et al., 2013; Prabha, Dahms, & Malliga, 2014; Miri, Sarani, Bazaz, & Darroudi, 2015), 

which are mainly attributed to the phenolic constituents among which are phenolic acids 

and flavonoids (García-Andrade et al., 2013). Also, it has been reported that Prosopis 

cineraria ethanolic extracts (70%) exert antioxidant and antimicrobial properties and 

indicate that this plant could be used as a nutraceutical source (Mohammad, Haji 

Muhammad Shoaib Khan, & Rasool, 2013). However, some reports suggest that solvent 

and temperature extraction can had influenced in the effectiveness of natural extracts 

(Taddeo, Epifano, Fiorito, & Genovese, 2016). Based on this information, this 

investigation aims to evaluate the effect of solvent a temperature extraction on phenolic 

composition related to their antioxidant and antibacterial activity of mesquite leaves 

extracts. 
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2. MATERIALS AND METHODS 

 

 

2.1. Reagents and Chemicals 

 

 

All chemicals used were of analytical grade. Folin–Ciocalteu's reagent, sodium carbonate 

(Na2CO3), gallic acid, DPPH• radical (2,2-diphenyl-2-picrylhydrazyl), formic acid (HPLC 

purity), methanol (HPLC purity), ethanol, potassium persulphate (K2S2O8), ABTS•+ 

radical (2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid diammonium salt), and the 

antibiotic gentamicin were purchased from Sigma Chemical Co. (St. Louis, MO, USA). 

The following authentic standards of phenolic compounds: acacetin, apigenin, caffeic acid 

phenethyl ester (CAPE), (+)-catechin, cinnamic acid, chlorogenic acid, chrysin, p-

coumaric acid, ferulic acid, galangin, gallic acid, genistein, luteolin, myricentin, 

protocatechuic acid, quercetin, rosmarinic acid, rutin were obtained Sigma Chemical Co. 

(St. Louis, MO, USA). Hesperetin, naringenin, kaempherol and pinocembrin, pinobanksin 

and pinostrobin pinocembrin were purchased from INDOFINE (Chemical company, inc., 

Hillsborough, NJ).  

 

 

2.2. Plant Materials and Extract Preparation 

 

 

Mesquite leaves were collected in Sonora State (Norwest of Mexico; 29.1476 N, -

110.1239 O; 632 m). The trees were botanically identified by specialist from the 

Herbarium of the Sonora University (Department of Scientific and Technological 

Research). After, phenolic compounds were obtained from 20 g of dried leaves, which 

previously were ground in a mill (0.5 mm) and extracted by ultrasound assisted extraction 

method (42 Hz), using 200 mL of solvent (water, water:ethanol and ethanol) and different 

temperatures (35, 50 and 65 °C) during 30 min. The resulting solution was filtered through 

Whatman No. 4 filter paper and concentrated under reduced pressure in a rotary 
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evaporator (Yamato RE301-BW). The mesquite leaves extracts (MLE) was lyophilized in 

a Freeze dryer (Yamato DC401, Tokyo, Japan) and stored at -20 °C, under darkness until 

analysis (Tolosa y Cañizares, 2002).   

 

 

2.2. Chemical Composition 

 

 

Analysis of MLE constituents was performed by high-performance liquid 

chromatography system (HPLC, model 1100 series, Agilent Technologies, Waldbronn, 

Germany) using a RP-C18 column (2.5 x 150 mm, Ø 3.5 µm, Agilent inc., Clara, Calif., 

U.S.) and diode array detector (DAD). The conditions were as follows: solvent A was 

water-formic acid (1% v/v) and solvent B was methanol. The gradient program was 30% 

B (0-15 min), 40% B (15-20 min), 45% B (20-30 min), 60% B (30-50 min), 80% B (50-

65 min), 100% B (65-75 min). The elution of each peak was monitored at 280 and 340 

nm and the injection volume was set to 10 μL at a flow rate of 1.0 mL/min (Hernández et 

al., 2007). 

 

 

2.3. Total Phenolic Content 

 

 

The total phenolic content (TPC) was determined using the Folin-Ciocalteu (F-C) method 

(Ainsworth & Gillespie, 2007) with slight modifications. An aliquot of MLE (10 µL, 5 

mg/mL) was transferred into each well of flat 96-well microplate, and homogenized with 

80 10 µL of Folin-Ciocalteu reagent (0.25 N) and 60 µL of Na2CO3 (7%). After, the 

reaction was mixed with 80 µL of distilled water and incubated in the dark at room 

temperature during 1 h. The absorbance at 750 nm was measured in a spectrophotometer 

(Multiskan FC UV-Vis, Thermo Scientific, Vantaa, Finland). The TPC values were 

expressed as mg of gallic acid equivalent/g of MLE (mg GAE/g). 
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2.4. Total flavonoid content 

 

 

The total flavonoid content (TFC) was reported in terms of flavones and flavanones 

compounds and measured by the aluminum chloride method (Popova et al., 2004). 

Aliquots of each extract (10 µL, 5mg/mL) were homogenize with 130 µL of methanol and 

10 µL of AlCl3 (5%, w/v). The reaction mixture was incubated during 30 min at room 

temperature, under dark. The absorbance was measured at 412 nm in a spectrophotometer. 

The results were expressed as mg of rutin equivalents/g of MLE (mg RE/g). 

 

 

2.5. Analysis of Antioxidant Activity 

 

 

2.5.1. DPPH• Assay 

 

 

The antiradical activity of MLE was evaluated by the radical-scavenging activity of the 

DPPH• radical (Molyneux, 2004). Samples (100 µL, 100 µg/mL) were mixed with the 

DPPH• solution (300 μmol, [2,2-diphenyl-1-pichrylhydrazyl]) and after shaken during 1 

min, the mixture was incubated during 30 min, under dark. The absorbance was recorded 

at 517 nm in a spectrophotometer. The radical-scavenging activity was determined as 

percent discoloration using the following equation: I = (1-[AB-AA]/AB) x 100; where I = 

DPPH• radical inhibition (%); AB = absorbance of a blank DPPH• solution (t = 0 min); 

AA = absorbance of MLE at the end of the reaction (t = 30 min). 
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2.5.2. ABTS•+ Assay 

 

 

The antiradical activity also was carried out by the ABTS•+ cation radical-scavenging 

method (Re et al., 1999). The ABTS•+ cation was generated in the dark at room 

temperature by the reaction of 7 mM ABTS solution with 2.45 mM potassium persulphate 

during 16 h. The resulting ABTS•+ was diluted with ethanol to give an absorbance of 0.7 

± 0.02 at 730 nm. An aliquot of MLE (20 µL) was homogenized with 180 μL of ABTS•+ 

solution and the absorbance was measured after 6 min of incubation, under dark. The 

percentage decrease of the absorbance was calculated by the formula: I = [AB-AA]/AB x 

100; where I = ABTS•+ radical inhibition (%); AB = absorbance of a blank ABTS•+ 

solution (t = 0 min); AA = absorbance of MLE at the end of the reaction (t = 6 min). 

 

 

2.6. Antimicrobial test 

 

 

The in vitro antimicrobial analysis was performed by the broth microdilution method 

(Jorgensen, Turnidge, & Washington, 1999). Gram positive (Staphylococcus aureus 

ATCC 29213B and Listeria innocua) and Gram negative (Escherichia coli ATCC 25922, 

Salmonella typhimurium ATCC 14028 and Pseudomonas aeruginosa ATCC) bacteria 

strains were initially reactivated in liquid nutrient broth (Brain Herat Infusion agar, BHI 

DifcoTM) during 24 h at 37 °C. Before testing, all bacteria strains were maintained in 

glycerol (10%), at -20 °C. After, an aliquot of MLE (50 μL; at 1, 2 and 4 mg/mL) were 

mixed with 50 μL of the bacterial (1.5 x108 CFU/mL, 0.5 McFarland standard) and 

incubated during 0, 6, 12, 18 and 24 h (at 37 °C). After each sampling time the optical 

density (OD) was read at 630 nm in a spectrophotometer. Gentamicin (12 µg/mL) and 

BHI solutions were used as standards. The minimal inhibitory concentration (MIC) was 

defined as the lowest MLE concentration that reduced at least 90% of the bacterial growth 

after incubation. The MIC was calculated by the formula:  
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I = (OD630 nm untreated bacteria - OD630 nm test concentration/OD630 nm untreated bacteria) 

x 100. (1) 

 

 

2.7. Statistical Analysis 

 

 

All measurements were done in triplicate and presented as the mean ± standard deviation. 

All data were analyzed using SPPS 19.0 version statistical package (SPPS Inc., Chicago, 

IL, USA). Data were submitted to a two-way ANOVA including as the main effects the 

solvent temperature of extraction as well as the interaction between two factors. A Tukey-

Kramer multiple comparison test was carried out to assess any significant differences at p 

˂ 0.05. 

 

 

2. RESULTS AND DISCUSSION 

 

 

3.1. Changes in Total Phenolic and Flavonoid Content 

 

 

Mesquite leaves extract from the Sonoran desert were subjected to different extraction 

conditions such as solvent (water, water: ethanol and ethanol) and temperature (35, 50 and 

65 °C) in order to evaluated the effect on phenolic contents, as well as on the antioxidant 

and antimicrobial activity. As shown in Table 1, the results obtained for the TPC and TFC 

of MLE showed that solvent x temperature effect was significant (p ˂ 0.001). The results 

of F-C assay indicate that the TPC values ranged from 55.5 to 122.2 mg GAE/g. The 

highest TPC level have been detected in all samples obtained with ethanol > 90 mg GAE/g 

(E35 > E50 > E65), while the samples extracted with water showed less amounts of 

phenolic constituents < 60 mg GAE/g (p ˂ 0.05). The TFC ranged from 43.2 to 4414.8 

mg RE/g and the highest values were obtained in MLE obtained with ethanol > 1000 mg 
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RE/g (E35 > E50 > E65), while similarly MLE extracted with water showed the lowest 

values ˂ 100 mg RE/g (p ˂ 0.05). 

In a previously work, Dent et al. (2013) reported that the highest polyphenols content 

extraction of sage leaves (Salvia officinalis), was obtained when employed a binary 

solvent system (ethanol-water, 1:1) at 60 °C regard mono-solvent system at 90 °C. While 

Ma, Chen, Liu, & Ye (2009) suggested that temperature extraction should not exceed 40 

°C, due it can reduce the TPC and modified the phenolic constituents. According to an 

international regulation the minimum concentration requirements for the development of 

a natural extract product are 50 mg GAE/g of dry extract (IRAM, 2004), which indicate 

that all samples approves the established quality requirements by this regulation. Also, it 

has been demonstrated that natural extracts rich in phenolic compounds can act as an 

antioxidant ingredient in meat products to reduce lipid oxidation and extend the shelf life 

of meat during storage (Falowo, Fayemi, & Muchenje, 2014).  

Among the different methods used to evaluate the antioxidant properties of MLE, the F-

C assay is a method widely using for the quantification of total phenolic content in food 

products and biological extracts and relies on the electron transfer in alkaline medium 

from phenolic compounds to phosphomolybdic/phosphotungstic acid complex 

(Ainsworth and Gillespie, 2007); while the TFC relies of the formation of a complex 

between the OH group of the polyphenols and the AlCl3 (Popova et al., 2004). 

 

 

3.2. Changes in Phenolic Composition 

 

 

In order to identify the phenolic constituents of MLE and the effect of solvent and 

temperature extraction, the presence of phenolic compounds was analyzed by the HPLC 

method (Table 2). The results showed that solvent x temperature effect was significant (p 

˂ 0.001). The polyphenolic compounds such as rutin, rosmarinic acid, naringenin and 

hesperetin were indentified in all MLE, and the ethanol > aqueous-ethanol > aqueous 

extracts, displayed the highest concentration of polyphenols (hesperetin > rutin > 
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naringenin > rosmarinic acid); whose concentration was reduced 63.5, 76.8, 90.1 and 

83.6%, respectively, when temperature increase (p ˂ 0.05). 

In agreement, Dent et al. (2013) reported that the highest phenolic acid (vanillic, caffeic, 

syringic, rosmarinic, methyl rosmarinate, salvianolic K and I acids) and flavonoid (6-

hydroxyluteolin-7-glucoside, luteolin-7-glucuronide, luteolin-7-glucoside, luteolin-3-

glucoronide, apigenin-7-glucuronide and apigenin-7-glucoside) composition was 

obtained when employed ethanol-water as solvent extraction regard water. Also, it has 

been reported that temperature (> 40 °C) during ultrasound extraction decrease by 

degradation, some individual phenolic acids; which is associated with to their chemical 

structures, due phenolic acids that contains methoxylic-type substituents are more stable, 

while unstable phenolic compounds contain only hydroxylic-type substituents in their 

aromatic rings (Ma, Chen, Liu, & Ye, 2009). In addition, the polyphenols identified in 

MLE are characterized by exert antiradical activity, attributed to the functional groups (O-

H and C-H groups) present in their structure (Rice-Evans, Miller, & Paganga, 1996), 

which could be used to replace synthetic antioxidants of food (Djeridane et al., 2006).  

 

 

3.3. Changes in Antioxidant Activity 

 

 

The previously shown results indicate the presence of some antioxidant components in 

MLE, so that antioxidant activity were tested. The results of the antiradical DPPH• and 

ABTS•+ activity showed that solvent x temperature effect was significant at p ˂ 0.001 and 

p = 0.014, respectively; while the values ranged from 20 to 74.1% and 29.8 to 90.2%, 

respectively (p ˂ 0.05). These results also showed that MLE obtained with ethanol > 

ethanol-water > water and low temperature (35 °C > 50 °C > 65 °C) exert the highest 

antiradical DPPH•  and ABTS•+ antiradical activity (p ˂ 0.05). In disagreement with our 

results, Yıldırım, Mavi, & Kara (2001) reported that highest TPC and antioxidant activity 

(DPPH• and reducing power) values of Rumex crispus L. leaves extracts were obtained 

when employed as extraction solvent water > ethanol = ether.  While Wan et al. (2011) 

indicated that TPC and TFC, as well as the antioxidant activity (DPPH•  and ABTS•+ 
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antiradical activity) of Gynura divaricata leaf extracts were increased with the 

temperature in the order 100 °C = 90 °C > 80 °C > 60 °C > 40 °C.  

Also in another study, Fu et al. (2016) evaluated the effect of different extraction solvents 

including water, methanol-water, ethanol-water and acetone-water on the phenolic 

compounds recovery and the antioxidant activity of Sweet potato (Ipomoea batatas L.) 

leaves. The results showed that TPC values were < 50 mg GAE/g for all samples, and the 

highest content was obtained when employed the solvents methanol = acetone > ethanol 

> water (at 90%); while when the solvents were combined with water (50%) the highest 

values were obtained in the order acetone > ethanol > methanol > water. Respect to the 

DPPH• assay the scavenging activity following the next order acetone > ethanol > 

methanol > water.  

Among the different methods used to evaluate the antioxidant properties, the DPPH• assay 

is widely used in the determination of antioxidant activity as a lipophilic radical model 

and the scavenging reaction between DPPH•  radical and the antioxidant compound can 

be written as DPPH• + ArOH → DPPH•  - H + ArO•; which implied that absorbance 

decreased (color change from purple to yellow) as the radical is scavenged by the 

antioxidant through H-atom donation to form the reduced DPPH+H (Molyneux, 2004). 

Otherwise, the ABTS•+ method is applicable to both lipophilic and hydrophilic 

antioxidants; the radical cation is pre-formed with potassium persulfate and reduced with 

the presence of hydrogen donators (e.g. flavonoids, hydroxycinnamates, carotenoids and 

plasma antioxidants (Re et al., 1999). It has been demonstrated that there may be a 

relationship between the amount of TPC and antiradical assays such as DPPH• and 

ABTS•+ (Yildirim et al., 2001; Fu et al., 2016). In fact, the results of this work showed a 

positive correlation was found between the TPC and DPPH• and ABTS•+ values r = 0.949 

and 0.994, respectively; while TFC showed a correlation r ˂  0.8 by both antioxidant assays 

(p ˂ 0.05). 
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3.3. Changes in Antimicrobial Activity 

 

 

Microbial growth control during processing and storage is a key factor that determines the 

quality and shelf life in food products. Consequently, Foodborne diseases continues to be 

a serious public health problem and the emergence and spread of antibiotic-resistance 

strains among Gram-positive (Listeria spp., S. aureus, and C. perfringens) and Gram-

negative bacteria (S. enterica, E. coli and Campylobacter spp.) is becoming a worldwide 

food safety issue (Das et al., 2017). In this context, our investigation focused in obtain 

plant-derived extracts with antibacterial compounds for the control of pathogenic bacteria. 

The results of antimicrobial activity of the MLE against Gram-positive and Gram-negative 

bacteria, showed that solvent x temperature effect was significant (p ˂ 0.001). 

As shown the Figure 1, the MLE obtained with ethanol as solvent at low temperature (35 

°C = 50 °C), exert the high antibacterial activity (> 90% of inhibition; Gram-positive > 

Gram-negative bacteria) mainly against S. aureus > L. innocua (MIC, 4 mg/mL) in a 

concentration-dependent manner. Also, the antimicrobial effect of this extract was similar 

to the standard (Gentamicin), with a slight reduction when the temperature was increased 

(p ˂ 0.05). The results also showed that Gram-negative bacteria inhibition of the MLE 

obtained with ethanol at 35 °C, following the next order (> 90% of inhibition; MIC, 4 

mg/mL): E. coli > S. typhimurium (p ˂ 0.05). In contrast, all samples did not exhibit a 

reduction > 90% against P. aeruginosa at any tested concentration. These results are in 

agreement with Kumar et al. (2018) who reported that ethanolic extracts obtained from 

Terminalia arjuna leaves had strong antimicrobial activity S. aureus > E. coli (MIC, 3.1 

and 6.3 mg/mL, respectively); results that were associated with the presence of 

phytochemicals such as flavonoids. While de Dicastillo et al. (2017), reported that 

ethanolic > water extracts obtained from Ugni molinae Turcz leaves exert antimicrobial 

activity against L. monocytogenes (MIC, 0.2 mg/mL) > E. coli (MIC, 5 mg/mL). Also, it 

has been reported that Prosopis juliflora and Prosopis cineraria leaves extracts present a 

MIC> 3 and 15 mg/mL, respectively, against E. coli (Napar et al., 2012). Additionally, it 

has been reported that Eucalyptus globulus leaves extracts obtained with ethanol (56%) at 

50 °C, the MIC values were higher for S. aureus (35 mg/mL), L. innocua (30 mg/mL),  E. 
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coli (40 mg/mL), Salmonella spp. (45 mg/mL), and P. aeruginosa . (45 mg/mL), when 

compared with the previous works (Gullón et al., 2017). 

These obtained results could be attributed to the antimicrobial activity of bioactive 

compounds present in the leaves extracts. For instance, previous studies on mesquite 

extracts have found some compounds such as patulein, patulitrin, rutin and luteolin (Garg 

and Mittal, 2013), apigenin-derived C-glycosyl flavonoids, including 6,8-C-pentoside-C-

hexoside, 6,8-dihexoside and quercetin glycosides (Quispe, Petroll, Theoduloz, & 

Schmeda-Hirschmann, 2014). In addition, it has been reported that rutin selectively 

promoted E. coli topoisomerase IV-dependent DNA cleavage, inhibited topoisomerase 

IV-dependent decatenation activity and induced the SOS response of the E. coli strain. 

This information suggests that one antibacterial mechanism could be the inhibition of 

nucleic acid synthesis. The flavanone naringenin is able to lacks the 8-lavandulyl and 2´-

hydroxyl groups in membranes, which allows affect the membrane fluidity (Cushnie and 

Lamb, 2005). Rosmarinic acid has been also characterized as having antimicrobial 

properties against Leuconostoc mesenteroides, Listeria monocytogenes, Staphyloccocus 

aureus, Streptococcus mutans and Bacillus cereus (Campo, Amiot, & Nguyen-The, 

2000); while hesperetin and naringenin have antibacterial activity against methicillin-

sensitive and methichillin-resistant S. aureus (Denny, West, & Mathew, 2008).  

 

 

4. CONCLUSION 

 

 

In this investigation, MLE was studied as natural source of antioxidant and 

antimicrobial compound. The results indicate that the highest TPC and TFC, as well as 

antioxidant properties (DPPH• and ABTS•+ antiradical activity) were showed by the MLE 

obtained with ethanol as solvent at low temperature (35 °C). While at the same conditions 

of extraction (ethanol at 35 °C) the MLE exert the highest antimicrobial activity, mainly 

against Gram-positive bacteria. These properties could be associated to the presence of 

polyphenols such as rutin, rosmarinic acid, hesperetin and naringenin. In addition, this 
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study demonstrated a great potential of MLE to be use in the pharmaceutical or food 

industry. 
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FIGURES AND TABLES 

 

 

 

Table 1. Total phenolic and antioxidant activity of mesquite leaves extracts. 

Solvent T (°C) TPC A TFC B DPPH● C ABTS●+ D 

W 35 60.5 ± 2.2c 106.5 ± 5.0b 26.3 ± 2.8a 35.2 ± 2.6a 

 50 54.6 ± 1.3b 104.6 ± 4.6b 21.4 ± 0.6a 34.9 ± 1.3a 

 65 46.9 ± 2.4a 43.2 ± 0.9a 20.7 ± 0.2a 29.8 ± 1.9a 

WE 35 80.6 ± 2.8e 546.5 ± 13.2d 62.7 ± 0.1d 58.4 ± 0.7c 

 50 73.1 ± 0.7d 361.5 ± 5.0d 45.5 ± 4.1c 52.6 ± 1.7c 

 65 69.7 ± 1.3d 94.8 ± 2.9b 38.9 ± 1.0b 47.6 ± 1.2b 

E 35 123.9 ± 1.2g 4414.8 ± 35.5f 75.7 ± 0.4e 90.2 ± 1.3e 

 50 121.6 ± 0.3g 1518.2 ± 7.6e 74.3 ± 0.4e 85.0 ± 2.0e 

 65 95.8 ± 2.6f 323.1 ± 5.7 c 64.7 ± 0.6d 67.8 ± 1.6d 

P-level Solvent ˂0.001 ˂0.001 ˂0.001 ˂0.001 

 T (°C) ˂0.001 ˂0.001 ˂0.001 ˂0.001 

 
Solv * T 

(°C) 
˂0.001 ˂0.001 ˂0.001 0.014 

W, water extract; WE, water: ethanol extract; E, ethanol extract; A, total phenolic content 

(mg GAE/g); B, total flavonoid content (mg RE/g); C, free-radical scavenging activity (%); 
C, radical-cation scavenging activity (%). Values are mean ± standard deviation of 

triplicate analysis. Different letters (a-b) indicate significant differences between 

treatments (p ˂ 0.05). 
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Table 2. Polyphenolic composition of mesquite leaves extracts (mg/g). 

Solvent T (°C) Rosmarinic acid Rutin Naringenin Hesperetin 

W 35 3.7 ± 0.1b 11.3 ± 0.4a 24.2 ± 0.5b 63.3 ± 1.8d 

 50 3.6 ± 0.2b n.d. n.d. 37.1 ± 0.2b 

 65 2.9 ± 0.1a n.d. n.d. 37.2 ± 0.9b 

WE 35 8.8 ± 0.3e 62.1 ± 0.2d 103.9 ± 3.1c 53.3 ± 0.3c 

 50 7.0 ± 0.3d 35.3 ± 0.3c n.d. 25.3 ± 0.1a 

 65 6.5 ± 0.3d 31.1 ± 0.9b n.d. n.d. 

E 35 18.9 ± 0.2f 
150.2 ± 

1.9e 
126.8 ± 1.6d 92.0 ± 0.2f 

 50 5.5 ± 0.1c 63.2 ± 1.1d 127.7 ± 1.7d 72.2 ± 0.5e 

 65 3.1 ± 0.1ab 34.9 ± 0.5c 12.6 ± 0.9a 58.6 ± 0.6d 

P-level Solvent ˂0.001 ˂0.001 ˂0.001 ˂0.001 

 T (°C) ˂0.001 ˂0.001 ˂0.001 ˂0.001 

 
Solv * 

T (°C) 
˂0.001 ˂0.001 ˂0.001 ˂0.001 

n.d., not detected. W, water extract; WE, water: ethanol extract; E, ethanol extract. Values 

are mean ± standard deviation of triplicate analysis. Different letters (a-b) indicate 

significant differences between treatments (p ˂ 0.05). 
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Table 3. Summary of the ANOVA (P-level) for two-way interaction (solvent and 

temperature). 

Concentration 

[mg/mL] 
P-level 

Gram-positive 

bacteria 

Gram-negative  

bacteria 

S. 

aureus 

L. 

innocua 

E. coli S. typhi P. 

aeruginosa 

       

1 Solv 0.109 ˂0.001 ˂0.001 ˂0.001 ˂0.001 

 T (°C) ˂0.001 0.202 ˂0.001 ˂0.001 0.986 

 Solv* T 

(°C) 

0.025 0.001 ˂0.001 ˂0.001 ˂0.001 

2 Solv ˂0.001 ˂0.001 ˂0.001 ˂0.001 ˂0.001 

 T (°C) ˂0.001 ˂0.001 ˂0.001 0.016 0.021 

 Solv* T 

(°C) 

˂0.001 0.001 ˂0.001 ˂0.001 ˂0.001 

4 Solv ˂0.001 ˂0.001 ˂0.001 ˂0.001 ˂0.001 

 T (°C) ˂0.001 0.362 0.002 0.002 0.003 

 Solv* T 

(°C) 

˂0.001 ˂0.001 ˂0.001 ˂0.001 ˂0.001 

*Two-way interaction (p ˂ 0.05). 
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Figure 1. Effect of mesquite leaves extracts at different doses (0, 1, 2 and 4 mg/mL) and 

temperatures (A, 35 °C; B, 50 °C; A, 65 °C) against Gram-positive bacteria's. Control (■), 

gentamicin (□), W-1 (●), W-2 (◊), W-4 (○), WE-1 (x), WE-2 (+), E-4 (*), E-1 (▲), E-2 

(♦) and E-4 (▼). Values are mean ± standard deviation of triplicate analysis. Significant 

differences are marked in asterix (p ˂ 0.05). 
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Figure 2. Effect of mesquite leaves extracts at different doses (1, 2 and 4 mg/mL) and 

temperatures (A, 35 °C; B, 50 °C; A, 65 °C) against Gram-negative bacteria's. Control 

(■), gentamicin (□), W-1 (●), W-2 (◊), W-4 (○), WE-1 (x), WE-2 (+), E-4 (*), E-1 (▲), 

E-2 (♦) and E-4 (▼). Values are mean ± standard deviation of triplicate analysis. 

Significant differences are marked in asterix (p ˂ 0.05). 
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7. ARTÍCULO 4: MESQUITE LEAVES EXTRACT ENHANCES THE 

OXIDATIVE STABILITY OF PORK PATTIES DURING STORAGE 

TIME AT 4 °C 
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Highlights 

 Effect of mesquite leaves ethanolic extract on pork meat quality was tested. 

 Mesquite leaves extract possess high polyphenols contents. 

 Mesquite leaves extract exert in vitro antioxidant activity. 

 Mesquite leaves extract enhances shelf-life of pork patties for 10 days. 
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ABSTRACT 

 

 

The aim of this study was to assess the oxidative stability of pork patties treated 

with mesquite leaves ethanolic extract (MLE) during storage. Polyphenol contents and 

antioxidant activity of MLE was evaluated by measuring the total phenolic and flavonoid 

content, as well as its antiradical and reducing power activity. Pork patties were subjected 

to five treatments (without antioxidant, control; ascorbic acid, 0.02%; 

butylhydroxytoluene, 0.02%; MLE, 0.05 and 0.1%) and stored for 10 days/4 °C/under 

darkness, prior to meat quality analysis. The results showed that MLE contained high 

phenol and flavonoid content (>200 mg/g in both) and antiradical and reducing power 

activity (>50%). MLE addition in pork patties delayed the changes in pH and color values, 

metmyoglobin, conjugated dienes and thiobarbituric acid reactive substances formation, 

as well as in total antioxidant activity during storage time. MLE not affect the sensory 

acceptability of the pork patties (P < 0.05). In conclusion, MLE had great potential as a 

natural antioxidant for meat products. 

 

Keywords: Mesquite leaves, ethanolic extract, antioxidant activity, meat quality. 
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1. INTRODUCTION 

 

 

The raising of pigs in Mexico is one of the most important activities in the livestock 

sector, and recently its meat has become as the second most popular in this country, with 

a per capita consumption in 2017 of 11.6 kg equating to a total domestic consumption of 

2.4 M metric tons (FIRA, 2017). Also, pork meat exert a crucial role in human nutrition 

due is a valuable source of amino acids (lysine, leucine, isoleucine, threonine, tryptophan, 

valine and phenilalanine), minerals (iron, sodium, magnesium, phosphorus, potassium and 

zinc), vitamins (thiamine, niacin, rivoflavine B12 and B6), and fat and fatty acids (Pereira 

& Vicente, 2013). Additionally, fat and fatty acids (FA) are an important source of energy 

for human consumption. However, many authorities have recommended that saturated FA 

(SFA) of dietary intake should be reduced, while in contrast human nutritionist 

recommend a rise in monounsaturated (MUFA) and polyunsaturated (PUFA) FA in the 

human diet (Warnants, Van Oeckel, & Boucqué, 1996), whence several investigations 

have been carried out to modified the FA to bringing the PUFA/SFA ratio of meat closer 

to the recommended value (>0.07), thought feed additives. Unfortunately, high PUFA 

contents in pork meat and meat products resulting in low oxidative stability (Warnants, 

Van Oeckel, & Boucqué, 1996; Lee, Decker, Faustmant, & Mancini, 2005).  

The loss of oxidative stability is mainly due to lipid oxidation process which promote the 

formation of substances that create unpleasant odor, appearance, color, flavor and texture 

in foods and especially in meat products (Gray, Gomaa, & Buckley, 1996; Lee, Decker, 

Faustmant, & Mancini, 2005). To prevent this, synthetic phenolic antioxidants such as 

BHA (butylated hydroxyanisole) and BHT (butylated hydroxytoluene) are commonly 

used, although these are falling into disuse due to potential adverse effects on consumer 

health (Kahl & Kappus, 1993). The search for new alternatives leads us to the use of 

naturally occurring additives in order to preserve meat, such as polyphenolic compounds 

extracted from different parts of plants: seeds, peels, barks, woods, flowers and leaves 

(Falowo, Fayemi, & Muchenje, 2014; Shah et al., 2014). 

Mesquite (Prosopis spp.) has long been a useful biotic resource for the people of the arid 

and semiarid lands of Mexico. The mesquite wood, pods and leaves are used as human 
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and animal food, for construction and in the folk medicine, respectively (Almanza & 

Moya, 1993). Also, several investigations reported that extracts obtained from the bark, 

pods, pollen and leaves of plants from the genus Prosopis possess potential properties, 

such as antifungal, antimicrobial, antitumoral, anti-inflammatory, antihyperlipidemic and 

antioxidant, which are attributed to the presence of certain phytochemicals (Prabha et al., 

2014). However, the utilization of mesquite as a natural source of antioxidant compounds 

for meat processing and its potential health benefits are not well understood.  

Therefore, the aim of the present study was to elaborated ethanolic extracts from mesquite 

leaves (Prosopis velutina) in order to obtain phenolic compounds with antioxidant 

activity, thereby assessing their effect on the oxidation of pork patties during storage time 

(10 days at 4 °C), which leads to a deterioration of quality.  
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2. MATERIALS AND METHODS 

 

 

2.1. Chemical and Reagents 

 

 

All the chemical products used were of analytical grade. Folin–Ciocalteu reagent, sodium 

carbonate, aluminum chloride, 1,1-diphenyl-2-picrylhydrazyl (DPPH•), ethanol, hexane, 

2-propanol, methanol, sodium phosphate, potassium ferricyanide, iron chloride, gallic 

acid, quercetin, butylated hydroxytoluene and ascorbic acid were purchased from Sigma 

Chemicals (St. Louis, Mo., U.S.A.). 2-thiobarbituric acid and trichloroacetic acid were 

obtained from J.T. Baker®. 

 

 

2.2. MLE Preparation 

 

 

Mesquite leaves (Prosopis velutina) were collected in the Norwest of Mexico (Sonora 

state, Ures municipality; 29°7'19.72"N, 110°16'58.35" W; 476 m a.s.l.) and botanically 

indentified by specialist from the Herbarium of the Sonora University (Department of 

Scientific and Technological Research). The mesquite leaves were thoroughly washed 

with water, dried at room temperature (25 °C) and milled (20 Mesh) for subsequently 

phenolic extraction according to the method described by Kaur, Arora, & Singh (2008). 

Mesquite leaves powder (50 g) was extracted with ethanol (500 mL) by the extraction 

assisted by ultrasound method (42 Hzt/25 °C/30 min). Subsequently, the mixture was 

centrifuged (4200 x g for 10 min) to obtain the supernatant, followed by a second 

extraction period. The resulting solution was filtered through Whatman No. 4 filter paper, 

concentrated under reduced pressure in a rotary evaporator (BÜCHI R-200, Flawil, 

Switerland), lyophilized (Freeze dryer Yamato DC401) and stored at -20 °C under 

darkness, until analysis. 
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2.3. Polyphenol Contents and Antioxidant Activity 

 

 

The total phenolic content (TPC) was determined using the Folin-Ciocalteu reagent 

method described by Kaur, Arora, & Singh (2008). An aliquot of MLE (10 µL, 5 mg/mL) 

was homogenized with 160 µL of distilled water, 40 µL of Folin-Ciocalteu reagent (0.25 

N) and 60 µL of Na2CO3 (7%, w/v) and 80 µL of distilled water, and incubated for 1 h 

(25 °C/under dark). The absorbance was measured at 750 nm in a spectrophotometer 

(Multiskan FC UV-Vis, Thermo Scientific) and results were expressed as mg gallic acid/g 

(mg GAE/g). Also, the total flavonoid content (TFC) was measured based on the 

formation of aluminum chloride complexes following the method described by Popova et 

al., (2004). In summary, MLE (10 µL, 5 mg/ml) was homogenized with 130 µL of 

methanol, 10 µL AlCl3 (5 %, w/v) and incubated for 30 min (25 °C/under dark). The 

absorbance was read at 412 nm and results were expressed as mg quercetin equivalent/g 

(mg QE/g). 

Moreover, the antiradical activity was evaluated by the DPPH• method described by 

Molyneux (2004). MLE (100 µL, at 25, 50 and 100 µg/mL) were mixed with DPPH• 

solution (300 μmol) and incubated for 30 min (25 °C/under dark). The absorbance was 

measured at 517 nm and results expressed as percentage of radical inhibition (DPPH• %). 

Additionally, the reducing power assay (RP) was measured using the procedure described 

by Geckil, Ates, Durmaz, Erdogan, & Yilmaz (2005). MLE (100 μL, 5 mg/mL) was mixed 

with 300 μL of phosphate buffer (0.2 M, pH 6.6), 300 μL of potassium ferricyanide (1%, 

w/v) and incubated in a water bath for 20 min (50 °C). After, an aliquot of 300 μL of 

trichloroacetic acid (10%, w/v) was added and centrifuged (4200 x g for 10 min). The 

supernatant was mixed with 100 μL of distilled water and 250 μL of ferric chloride (0.1%, 

w/v) and the absorbance was measured at 700 nm in a spectrophotometer. The absorbance 

increase indicates an increase in the reducing power. 
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2.4. Pork Patties Preparation and Storage 

 

 

Minced pork meat (Semimembranosus m., 48 h postmortem) was purchased from a local 

processor and divided into 5 different batches, which were mixed with salt (1.5% w/w), 

and fat (10% in final formulation, w/w). In each replication (thrice) pork patties were 

assessed in 5 treatments: 1), Control (without antioxidant, CN); 2), Ascorbic acid (0.02% 

w/w, Asc); 3), butylated hydroxytoluene (0.02% fat basis, BHT); 4), MLE (0.05% w/w, 

MLE1); and 5), MLE (0.1% w/w, MLE2). A total of 40 patties (90 g) per each treatment 

were formed and placed on Styrofoam tray. The polystyrene trays with pork patties were 

wrapped with polyvinyl chloride film (17400 cm3 O2/m2/24 h at 23 °C). The patties were 

subjected to refrigerated storage for 0, 3, 7 and 10 days (4 °C, under darkness) and 

subsequently two packs of each treatment were opened for analysis. 

 

 

2.5. Meat Quality Measurements 

 

 

2.5.1. Proximate Analysis  

 

 

Moisture, fat, ash, protein and carbohydrates content was determined following the 

standard procedures of Association of Official Analytical Chemists (AOAC, 1995). 

 

 

2.5.2. Measurement of pH 

 

 

The pH of raw pork patties was measured after homogenization with distilled water at a 

ratio 1:10, with a potentiometer (Model pH211, Hanna Instruments Inc., Woonsocket, 
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R.I., U.S.A.) with automatic temperature compensation (Torrescano, Sánchez-Escalante, 

Giménez, Roncalés, & Beltrán, 2003). 

 

 

2.5.3. Color Changes 

 

 

The color measurement was performed using a spectrophotometer (model CM 2600d, 

Konica Minolta Inc. The values registered were lightness (L∗), redness (a∗), yellowness 

(b∗), chromaticity (C∗), and hue angle (h∗). The pork patties were extracted from their 

packaging and exposed at room temperature for 30 min. In total, 10 measurements were 

performed on each patties surface (CIE Commission Intl. of l’Eclairage, 1978). 

 

 

2.5.4. Metmyoglobin Formation 

 

 

The metmyoglobin formation (MMb) was estimated spectrophotometrically by measuring 

the reflectance at 572 and 525 nm with a spectrophotometer (model CM 2600d, Konica 

Minolta Inc., Tokyo, Japan). The maximum value of the quotient K/S572 and K/S525 at 

the initial day of sampling (day 0) was fixed as 0% MMb, while 100% MMb was obtained 

after oxidizing the patties with a potassium ferricyanide solution (1%, w/v). Each value 

was the mean of 10 measurements on the surface of the pork patties (Stewart, Zipser, & 

Walts, 1965). 

 

 

2.5.5. Water Holding Capacity 

 

 

The water holding capacity of patties was determined according to the methodology 

described by (Sutton et al., 1997). Samples (10 g) were place on a fine mesh nylon, 
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inserted into 50 mL tubes with a screw cap and then centrifuged at 3600 rpm at 4 °C during 

10 min. The WHC (%) was then calculated using the following formula: WHC = [(weight 

after centrifugation - weight after drying) / initial weight] x 100. 

 

 

2.5.6. Lipid Oxidation 

 

 

The lipid oxidation (LOX) was evaluated by the conjugated dienes formation (CnD) 

according to Esterbauer, Cheeseman, Dianzani, Poli, & Slater (1982), which was 

measured as increased absorbance at 233 nm of a hexane-isopropanol extract. Pork patties 

(0.5 g) were homogenized with 5 mL of hexane:isopropanol solution (3:2) for 1 min and 

centrifuged at 2000 x g for 5 min. Deionized water was used as blank and CnD was 

quantified using a molar extinction coefficient of 25200 M-1 cm-1. The results are 

expressed as µmol/mg of meat. 

The LOX was also measured by thiobarbituric acid reactive substances (TBARS) 

according the method described by Pfalzgraf, Frigg, & Steinhart (1995). Meat samples 

(10 g) were homogenized with 20 mL of trichloroacetic acid (10%, w/v), centrifuged at 

2300xg for 20 min at 5 °C, and the supernatant was filtered through Whatman 4 filter 

paper. After, 2 mL of 2-tiobarbituric acid (20 mM) was mixed with 2 mL of filtrated and 

boiling in a water bath for 20 min, and subsequently cooled. Absorbance was measured at 

531 nm in a spectrophotometer (Model 336001, Spectronic Genesys 5, Thermo Electron 

Corp.). The malondialdehyde concentration (MDA) was calculated using a calibration 

curve and the results expressed as mg MDA/kg sample. 

 

 

2.5.7. Total Antioxidant Activity of Meat Extract  

 

 

The meat extract was prepared according to the method described by Huang et al. (2011). 

Pork patties (0.5 g) were homogenized with 5 mL of distilled water and centrifuged (4200 
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x g for 10 min). The supernatant was employed to determined the total antioxidant of the 

meat extract, measured trough the DPPH• and RP trough activity (Molyneux, 2004; 

Geckil, Ates, Durmaz, Erdogan, & Yilmaz, 2005).  

 

 

2.5.8. Sensory Evaluation 

 

 

Trained panelist (n= 25, laboratory coworkers) were used to evaluated descirptive sensory 

analysis of the raw and cooked meat samples according to the method described by 

Djenane, Sánchez‐Escalante, Beltrán, & Roncalés (2001). Some pork patties were grilled 

until reached an internal temperature of 78 °C. The sensory attributes were evaluated for 

the raw patties (surface color and appearance), and for cooked patties (color, appearance, 

odor, flavor, juiciness, fat sensation and hardness) using descriptive scale from 1 to 7 (1 

= extremely poor to 7 = excellent). 

 

 

2.6. Statistical Analysis 

 

 

Three independent experimental trials (replications) were conducted and results presented 

as the mean ± standard deviation. Data of experimental patties were submitted to analysis 

of variance (ANOVA) according to a two factorial design using NCSS statistical software 

(2007). The treatments (CN, Asc, BHT, MLE1 and MLE2) and storage time (0, 3, 7 and 

10 days) were the fixed terms in the model. For sensory evaluation, panelists were 

considered as random factor as well. A Tukey-Kramer multiple comparison test was 

performed to determine significance of mean values for multiple comparisons at P ˂ 0.05. 

A principal component analysis was carried out to detail the level of association between 

the evaluated variables. 
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3. RESULTS AND DISCUSSION 

 

 

3.1. Polyphenols Contents and Antioxidant Activity 

 

 

The antioxidant activity of extracts obtained from plants is widely known and associated 

to the polyphenol constituents such as hydroxycinnamic acids, anthocyanins, tannins and 

flavonoids, which possess the ability to act as free radical scavenger and ion metal chelator 

(Ainsworth & Gillespie, 2007). Table 1 reports the results of the polyphenols contents and 

antioxidant activity of MLE, expressed as total phenolic and flavonoid content (TPC and 

TFC, respectively), as well as antiradical DPPH• activity and reducing power (RP). The 

results showed that MLE possess high values of TPC and TFC values (>200 mg GAE or 

RE/g, respectively). In agree García-Andrade et al. (2013) reported the presence of 

polyphenols in extracts obtained from mesquite leaves which ranged from 68 to 108.3 mg 

GAE/g.  

According to an Argentina normative the minimum concentration requirements for the 

development of a natural extract product are 50 mg of GAE and 5 mg RE/g of dried extract 

(IRAM, 2004), which indicate that MLE approves the established quality requirements by 

this regulation. The quantification of TPC relies on the transfer of electrons in alkaline 

medium from phenolic compounds to phosphomolybdic/phosphotungstic acid complexes 

(colorimetric reagent Folin-Ciocalteu); while TFC method is based on the formation of a 

complex between OH groups from the flavonoid with aluminum. These assays have been 

proposed as a standardized method for use in the routine quality control of natural extracts 

and measurement the antioxidant capacity of food products and dietary supplements 

(Ainsworth & Gillespie, 2007; Kaur, Arora, & Singh, 2008).  

In relation to the antioxidant activity, the results demonstrated that MLE exert in vitro 

high inhibition of the radical DPPH• and RP activity (>80% and >1.0 abs, respectively); 

while the standard ascorbic acid showed the highest antioxidant values, i.e. >90% of 

radical inhibition and >1.0 abs, respectively (P < 0.05). The antiradical DPPH• activity of 

phenolic compounds (ArOH) from natural extracts is due to their hydrogen donating 
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ability and the reaction is based on the reduction of the purple-colored DPPH• radical to 

its reduced form 1,1-diphenyl-2-picryl hydrazine, residual pale yellow-colored: i.e. 

DPPH• + ArOH → DPPH-H + ArO• (Molyneux et al., 2004; Serpen, Gökmen, & 

Fogliano, 2012). Moreover, in RP assay the reductants present in the extract promote the 

reduction of Fe3+ to the Fe2+ through electron-transfer ability (i.e. Fe3+ + ArOH → Fe2+ + 

ArOH•+), and high absorbance values indicate high RP (Berker, Güçlü, Tor, & Apak, 

2007). A linear correlation between TPC and TFC respect DPPH• and RP assays was 

observed (TPC vs TFC, 0.973; TPC vs DPPH•, 0.969; TPC vs RP, 0.994; TFC vs DPPH•, 

0.830; TFC vs RP, 0.992). This strong positive correlation between phenolic constituents 

and antioxidant assays has been reported in an extensive range of natural extracts 

(Rodríguez-Carpena, Morcuende, Andrade, Kylli, & Estévez, 2011a; Al-Rimawi et al., 

2017).  

 

 

3.2. Meat Quality Traits 

 

 

The findings from the present study highlight that MLE are promising source of phenolic 

compounds with antioxidant activity, which may be employed as an efficient natural 

additive for extending the shelf life of fresh meat and meat products. To evaluate the 

effectiveness of MLE in a meat product, the chemical composition and meat quality 

parameters during storage time (2 °C, 10 days, under darkness) were evaluated. Table 2 

reports the results of chemical composition of pork patties, which revealed that MLE 

incorporation not modified (P > 0.05), the moisture (67.2%), fat (11.1%), ash (1.7%) and 

protein (22.5%) contents. This chemical composition is consistent for pork patties 

reported by Rodríguez-Carpena, Morcuende, & Estévez (2011b). 

Table 3 reports the effect of MLE addition in pork patties and results of meat quality 

parameters such as pH values, color coordinates (L*, a*, b*, C* and h*), metmyoglobin 

formation (MMb) and water holding capacity (WHC) showed that treatment x storage 

time effect was significant (P < 0.001). Initial pH values (day 0) for all patties ranged 

between 5.85 and 5.92, which are characteristic values for fresh pork patties (Huang et al., 
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2011). In this work, the pH values decreased gradually for all treatments and at the end of 

the storage time (day 10), all patties treated with the natural antioxidants (MLE) > 

synthetic antioxidants (Asc and BHT) resulted in significantly higher (P < 0.05) pH >5.8 

and >5.7, respectively, when compared with the CN group (pH 5.5). The pH is a major 

parameter associated with the quality of fresh meat and meat products, due that pH values 

changes can affect the chemical (accelerate the myoglobin formation), technological 

(water holding capacity, cooking loss weigh and texture) and sensory properties such as 

appearance, juiciness, hardness, color, among others (Huff-Lonergan et al., 2002; Bekhit 

& Faustman, 2005; Huang et al., 2011). 

Color is a subjective psycho-physical characteristic as it exists only in the observer´s eyes 

and brain (i.e. it is not a characteristic proper to the object under observation), which is 

associated with the freshness, flavor, tenderness, safety, storage time, nutritional value 

and satisfaction level (Faustmant & Cassens, 1990; Page, Wulf, & Schwotzer, 2001; 

Girolami, Napolitano, Faraone, & Braghieri, 2013). In this study, the results of color 

showed that initial L* values (day 0) were not affected by MLE incorporation, with an 

average value of 54.2 for all treatments (P > 0.05). Also, L* values were not decreased 

during the storage time, at day 10, the patties treated with the natural and synthetic 

antioxidant showed L* values of 54.1 in comparison with the CN patties which showed 

the highest L* value > 56.0 (P < 0.05). The L* values obtained for pork patties treated 

with antioxidants were considered as normal (approximately 53-54). L* values measured 

lightness and range from 0 (black) to 100 (white) and is considered the best indicator of 

PSE (pale, soft and exudative) and/or DFD (dark, firm and dry) pork meat condition; in 

addition, L* values >53-54 are considered as PSE meat (Brewer, Zhu, Bidner, Meisinger, 

& McKeith, 2001).  

The redness (a* values) and yellowness were decreased and increased, respectively, for 

pork patties during storage time (P < 0.05). Initial a* values (day 0) showed that MLE 

incorporation reduced 35.4% the light pink color of pork patties when compared with the 

CN (P < 0.05), while b* values were increased 33.3% for MLE treatments. However, at 

day 10 of storage, the pork patties treated with MLE treatments showed the highest a* 

value (> 10) in comparison with the CN < 8 (P < 0.05), which indicate that MLE addition 

to raw meat similar to synthetic antioxidant maintained 25% the light pink color of fresh 
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pork meat. Also (at day 10), the results showed that b* values were significantly higher 

(P < 0.05) for MLE treatments (21%) when compared with CN, however, this values not 

were increased during storage time for MLE. The b* values for CN were increased 13.6% 

during storage (P < 0.05). The rate of red index (a∗) is more useful than the yellow (b∗) 

when analyzing the surface color changes in the patties, because the a∗ values measure 

color changes between red and green (Page, Wulf, & Schwotzer, 2001; Girolami, 

Napolitano, Faraone, & Braghieri, 2013). In agree with the results of this study, Kang 

(2016) found that mistitloe extract (Viscum album L.) at 0.1, 0.5 and 1.0% increased 

16.4% the redness of uncooked pork patties stored at 4 °C during 14 d.  

The chromaticity values (C) has been described as a good color change indicator, and this 

index decreases when the red index (a*) and pH values are reduced, while hue angle (h*) 

and MMb are increased (Fernández-López et al., 2003). At day 10 of storage, the pork 

patties treated with MLE showed the highest C* value (> 20) when compared with CN 

group and synthetic antioxidant (< 16), which indicate less color changes. However, 

significant high values were observed in h values for patties treated with MLE (> 70), 

which could be associated to the coloration pigment provided by this natural extract, 

although this value was not modified during storage time (P < 0.05). However, h values 

for patties from CN were increased 21.8% during storage time (P < 0.05). 

Myoglobin-Mb is the principal protein responsible of the fresh meat color (Page, Wulf, & 

Schwotzer, 2001; Bekhit & Faustmant, 2005). Meat discoloration results from oxidation 

of both ferrous myoglobin derivatives to ferric ion: Oxymyoglobin (OMb) + [oxygen 

consumption or low O2 partial pressure] – e- → Metmyoglobin (MMb) + O2
- (Page, Wulf, 

& Schwotzer, 2001). In this study, prolonged storage under oxygen during storage time 

increased significantly the transformation of OMb (bright pink color) into MMb (green-

brown color) (P < 0.05). Non-significant differences (P>0.05) were observed at the 

beginning of the experiment (day 0), between treatments < 2% of MMb formation. 

However, at the end of the experiment (day 10) all patties treated with MLE treatments 

resulted in significantly lower (P < 0.05) MMb values (< 40% of formation) when 

compared with another treatment (>70% of formation). Greene, Hsin, & Zipser (1971) 

reported that a meat product with 40% of MMb formation, the product is rejected by the 

consumer. MLE1 and MLE2 reduced 55.2 and 62.1% respectively, the MMb when 
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compared with CN (P < 0.05), which may be due to the richness in phenolic compounds 

of the MLE. In addition, plant extract addition in pork patties formulation could change 

the color of the meat samples and increase apparently MMb contents (Huang et al., 2011). 

Similarly, Haak, Raes, & De Smet (2009) found that a commercially available antioxidant 

and tocopherol reduced (~40%) OMb oxidation during refrigeration storage per 8 days. 

Potent activity in the reduction of MMb to OMb (a bright red protein of meat) it has been 

reported for phenolic compounds (kaempferol, myricetin and quercentin at 300 µmol/L; 

sinapic acid, catechin, taxifolin, morin and ferulic acid at 300 µmol/L), and a possible 

mechanism suggest the importance of a high propensity toward reduction of flavonol 

structure and rapid convertibility of the quinone form to the phenol form for OMb 

reduction and the maintenance of the level of OMb produced (Inai, Miura, Honda, 

Masuda, & Masuda, 2014). 

A pH decline in pork meat causes the denaturation of many myofibrillar proteins and 

consequently reduce the ability of linkage protein-water and decline the water holding 

capacity-WHC; consequently, a lower WHC induce the loss of soluble nutrients and 

flavor, as well as the formation of dry, hard and tasteless muscle and decreased pork meat 

quality (Mancini et al., 2017). The results showed that initial WHC values (day 0) were 

similar for all pork patties, > 94% (P > 0.05), which was reduced through storage time for 

the CN and synthetic antioxidant treatments (P < 0.05). At day 10 of storage, the MLE 

addition to pork patties preserved 5% the WHC in comparison with the CN (P < 0.05). 

These results could be due to the great number of hydroxyl groups that exist in the fiber 

of mesquite leaves, which allow more water interaction through hydrogen binding 

(Cumby, Zhong, Naczk, & Shahidi, 2008). It has been reported that the increase of water 

retention in patties treated with natural products (i.e. powders) could be associated to the 

capability of the powder to bind the water and to the antiradical effect against free radicals 

or reactive oxygen species such as •OH (hydroxyl), O2
•- (superoxide) and H2O2 (hydrogen 

peroxide), which could affect proteins and leads to the modification of meat structure 

(Mancini et al., 2017). Also, the antioxidative ability of plant extracts may retain 

membrane integrity of muscle fibers and decrease moisture loss through retarding lipid 

oxidation resulting in improved texture (Huff-Lonergan & Lonergan, 2005). 
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Dietary lipids, naturally occurring in raw meat or added during meat processing, play an 

important role in food nutrition and flavor (Shahidi & Zhong, 2005). Meanwhile, the lipid 

oxidation (LOX) is characterized by the formation of conjugated dienes, hydroperoxides 

and aldehydes. During the formation of hydroperoxides from unsaturated fatty acids 

(UFA) conjugated dienes are typically produced (intense absorption at 234 nm), due to 

the rearrangement of the double bonds (Esterbauer, Cheeseman, Dianzani, Poli, & Slater, 

1982); while aldehydic products of LOX such as malondialdehyde (MDA) offer a facile 

means of assessing lipid peroxidation in biological materials and can be estimated by the 

reaction with thiobarbituric acid-TBA (TBA + MDA → TBA-MDA adduct; intense 

absorption at 530-535 nm). So that the TBARS values are routinely used as an index of 

LOX in meat and meat products (Pfalzgraf, Frigg, & Steinhart, 1995; Shahidi & Zhong, 

2005).  

The effect of the MLE on lipid oxidation (LOX) of pork patties during storage time was 

evaluated through conjugated dienes (CnD) and thiobarbituric acid reactive substances 

(TBARS) assays and results are showed in Fig. 1. The results obtained for CnD and 

TBARS data indicate that the LOX was significantly affected by both the treatment x 

storage time (P < 0.001). Initial CnD and TBA values (day 0) for all antioxidants samples 

were significantly lower (MLE1 > MLE2 > ascorbic acid > BHT) than those for the CN 

group (P<0.05). These results suggest that MLE retarded LOX during patties formulation 

or preparation. These results agree with different studies which employed natural extracts 

with antioxidant properties to raw pork patties. At the end of sampling (day 10), pork 

patties treated with mesquite extract (MLE1 > MLE2) resulted in significantly lower CnD 

and TBA values (0.30 µM CnD/mg and 0.06 mg MDA/kg) when compared with another 

treatments (P < 0.05). MLE1 reduced the LOX values of CnD and TBA (40 and 94%, 

respectively) when compared with CN group. Similarly, Rodríguez-Carpena, Morcuende, 

& Estévez (2011b) reported a decrease in MDA formation by an average of 85% when 

avocado extract (Hass and Fuerte trademark: peel and seed extract) was added to raw pork 

patties stored at 4 °C for 15 days. Also, in agree it was employed in another work an 

extract of mistletoe (1.0%) rich in phenolic compounds, which shown to improve lipid 

stability (58.3% of MDA reduction) in un cooked pork meat (Kang, 2016). For the 

antioxidant (ArOH), the initial step involves a very rapid transfer of the phenolic hydrogen 
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to the radical: ROO• + ArOH → ROOH + ArO• (phenoxyl radical) (Huang, 1995). It has 

been reported that lipid biomembrane-phenolic interaction can occurs which reduced the 

lipid peroxidation: rutin > hesperetin > quercetin > naringenin (Saija et al., 1995). 

 

 

3.4. Meat Antioxidant Levels 

 

 

The results of total antioxidant activity of pork patties are shown in Figure 2. The results 

of initial antiradical DPPH• and RP activity (day 0) showed that treatments Asc and MLE 

were significantly higher (> 40% of inhibition and > 0.35 abs) when compared with the 

CN samples (P < 0.05). Although these values decreasing during storage time for all 

treatments (P<0.05). At the end of the experiment (day 10), pork patties treated with 

mesquite extract (MLE1 > MLE2) showed higher antioxidant properties (> 40% of 

inhibition of the radical DPPH• and > 0.2 abs) when compared with CN (P < 0.05). 

Similarly, Huang et al. (2011) incorporated extracts from lotus rhizome knot (LRK) and 

lotus leaf (LL) at 3% (w/w) during storage time (4 °C), and reported an increase of 

antioxidants levels in raw pork patties (60% of DPPH inhibition and >80% of RP, by both 

extracts), when compared with the control group. The balance between endogenous and 

exogenous antioxidant and pro-oxidant substances determined the oxidative stability of 

meat. In addition, the composition of endogenous antioxidants (i.e. non-enzymatic 

hydrophilic and lypophilic compounds such as vitamins C and E, caroteoinds, 

polyphenols, and enzymes like superoxide dismutase-SOD, catalasa-CAT and glutathione 

peroxidase-GPx) depends of animal species and diet, pre- and slaughter conditions, meat 

muscle type, storage conditions, method of cooking, among others (Serpen, Gökmen, & 

Fogliano, 2012; Martínez, Nieto, & Ros, 2014). While the exogenous antioxidants could 

be influenced positive or negatively by their chemical composition, origin or source of 

extraction, season, method used for extraction, solvent and pH of extraction, polarity of 

the compounds (hydrophilic or lypophilic), storage conditions among others (Valencia et 

al., 2012; Vargas-Sánchez et al., 2015). 
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3.5. Sensory Evaluation 

 

 

The results of sensory evaluation are shown in Table 4. The results revealed that raw pork 

patties treated with MLE had the lowest scores (MLE2 > MLE1) of color when compared 

with the CN group (P < 0.05); which indicate that MLE color could influence these 

attributes. However, non-significant differences were found in the sensory scores color, 

appearance, odor, flavor, juiciness, fat sensation and hardness of cooked pork patties 

between treatments (P > 0.05). These results showed that pork patties treated with MLE 

may be consumed without any problem regarding sensory quality. In agree with these 

results Mancini et al. (2017) indicate that ginger powder at 1 and 2% could be incorporated 

into pork patties without having a detrimental effect on their sensory attributes 

(appearance, juiciness, flavor, acceptability or global evaluation, among others), enhanced 

the shelf life and producing a healthy meat product (reducing atherogenicity and 

thombogenicity). 

Principal component analysis (Figure 3) showed that the first two principal components 

explain 94.1% of the total variability. The component 1 and 2 (84.1% and 10%, 

respectively) differentiate the pork patties from the CN-group, synthetic antioxidants and 

MLE (Figure 3A). in the bottom-right square of the loading plot (Figure 3B) is well 

represented as MLE addition increased the pH values, antiradical DPPH• and RP activity, 

while in the upper-right square of the loading plot indicated that MLE reduced the color 

changes and increased the WHC. Moreover, the CnD, MDA and MMb formation were 

plotted in the left square of the load graph, this statement highlighted the antioxidant 

power of MLE. 

 

 

4. CONCLUSIONS 

 

 

Mesquite leaves extract (MLE) incorporation in pork patties resulted in significant 

increase of pH values, color stability, water holding capacity and antioxidant levels, as 
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well as sensory acceptability. Moreover, MLE improved MMb and LOX stability of 

treated pork patties during storage time. MLE, can be applied in the meat industry to 

improve quality and prevent oxidation process during storage. 
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Table 1 

Antioxidant properties of ethanolic mesquite leaves extracts (MLE). 

Item Mean ± SD 

Polyphenols composition  

TPC (mg gallic acid equivalent/g) 278.5 ± 8.5 

TFC (mg rutin equivalent/g) 226.8 ± 8.3 

 

Antioxidant activity 

 

DPPH• (%)  

100 µg/mL 85.3 ± 0.3b 

50 µg/mL 74.8 ± 4.0a 

25 µg/mL 68.9 ± 6.6a 

Asc (25 µg/mL)  96.3 ± 2.3c 

BHT (50 µg/mL)  69.3 ± 4.1a 

RP (absorbance at 700 nm) 1.1 ± 0.2b 

Asc (25 µg/mL) 1.4 ± 0.1b 

BHT (50 µg/mL) 0.7 ± 0.2a 

TPC, total phenolic content; TFC, total flavonoids content; RP, reducing power; Asc, 

ascorbic acid; BHT, butylated hydroxytoluene. All values represent mean ± standard 

deviation of at least three independent experiments. Different superscripts (a-c) differ 

significantly (P < 0.05). 
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Table 2 

Chemical composition of pork patties. 

Treatment Moisture Fat Ash Protein 

CN 66.98 ± 0.58 11.04 ± 0.89 1.67 ±  0.11 20.54 ±  0.74 

Asc 67.59 ± 0.86 11.02 ± 0.50 1.68 ±  0.02 22.47 ±  0.54 

BHT 67.47 ± 0.70 11.10 ± 0.49 1.66 ±  0.04 23.10 ± 0.45 

MLE1 67.06 ± 0.14 11.29 ± 1.08 1.67 ±  0.03 22.96 ± 0.13 

MLE2 66.89 ± 1.26 11.05 ± 0.83 1.68 ±  0.06 23.52 ± 0.87 

P-value 0.765 0.992 0.995 0.246 

 

All values represent mean ± standard deviation of at least three independent experiments. 

CN, control; Asc, ascorbic acid; BHT, butylated hydroxytoluene; MLE1, mesquite leaves 

extract at 0.05%; MLE2, mesquite leaves extract at 0.1%. 
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Table 3 

Meat quality attributes of pork patties during storage time. 

Item Treat Storage time (days) P-level 

  0 3 7 10 Trat Time Trat*Time 

pH CN 5.86 ± 0.02e 5.78 ± 0.01c 5.76 ± 0.04bc 5.53± 0.01a 

< 0.001 < 0.001 < 0.001 

 Asc 5.85 ± 0.05e 5.87 ± 0.02e 5.82 ± 0.01d 5.72 ± 0.03b 

 BHT 5.87 ± 0.01e 5.88 ± 0.01e 5.86 ± 0.04e 5.76 ± 0.01bc 

 MLE1 5.92 ± 0.01f 5.88 ± 0.01e 5.88 ± 0.01e 5.84 ± 0.02e 

 MLE2 5.91 ± 0.01f 5.88 ± 0.01e 5.87 ± 0.02e 5.85 ± 0.01e 

L* CN 53.37 ± 0.50a 53.06 ± 0.35a 53.22 ± 0.41a 56.60 ± 0.77a,1 0.427 < 0.001 < 0.001 

 Asc 53.82 ± 0.88a 54.68 ± 0.56a 54.19 ± 0.35a 54.25 ± 1.22a    

 BHT 54.63 ± 0.79a 54.39 ± 1.02a 54.35 ± 0.29a 53.75 ± 0.50a    

 MLE1 54.52 ± 0.48a 54.31 ± 0.75a 53.99 ± 0.65a 54.40 ± 0.56a    

 MLE2 54.39 ± 0.58a 53.73 ± 0.41a 53.92 ± 0.22a 54.03 ± 0.80a    

a* CN 15.78 ± 1.08d 15.74 ± 1.22d 14.03 ± 0.46cd 7.23 ± 0.40a < 0.001 < 0.001 < 0.001 

 Asc 15.66 ± 0.44d 14.14 ± 0.25cd 14.88 ± 0.51cd 9.99 ± 0.71b    

 BHT 14.82 ± 1.06cd 14.73 ± 0.76cd 13.78 ± 0.96c 9.05 ± 0.79b    

 MLE1 12.61 ± 1.25c 12.59 ± 1.14c 12.79 ± 1.13c 10.09 ± 0.76b    

 MLE2 10.19 ± 1.41bc 10.56 ± 0.71bc 10.31 ± 0.37b 9.18 ± 0.41b    

b* CN 15.01 ± 0.99a 16.02 ± 1.10a 16.77 ± 0.28a 17.37 ± 0.15b < 0.001 < 0.001 < 0.001 

 Asc 15.18 ± 0.58a 15.02 ± 1.08a 15.54 ± 0.32a 14.52 ± 0.68a    

 BHT 15.32 ± 1.05a 15.90 ± 0.90a 15.96 ± 0.78a 14.97 ± 0.92a    

 MLE1 20.75 ± 1.02c 21.45 ± 1.10c 21.56 ± 0.84c 20.14 ± 0.66c    

 MLE2 25.94 ± 0.10e 25.74 ± 0.44e 24.40 ± 0.93de 22.67 ± 1.11cd    

C CN 21.47 ± 1.13bc 19.83 ± 1.69b 19.73 ± 0.89b 15.37 ± 0.47a < 0.001 < 0.001 < 0.001 

 Asc 21.71 ± 0.61b 20.83 ± 2.03b 21.87 ± 0.39b 16.87 ± 0.89a    

 BHT 20.66 ± 1.57b 21.92 ± 1.02bc 20.43 ± 2.02b 15.73 ± 1.16a    

 MLE1 23.61 ± 1.61cd 23.45 ± 1.07cd 23.96 ± 0.58c 21.77 ± 1.74b    

 MLE2 26.53 ± 1.67d 26.97 ± 0.60d 26.06 ± 0.94d 23.61 ± 1.06c    

h CN 43.57 ± 0.95a 44.52 ± 1.24a 46.47 ± 1.34a 55.69 ± 1.09b < 0.001 < 0.001 < 0.001 

 Asc 43.82 ± 0.53a 42.53 ± 1.70a 45.50 ± 0.38a 53.25 ± 1.10b    

 BHT 44.50 ± 1.15a 45.83 ± 1.06a 46.40 ± 1.30a 56.15 ± 1.60b    

 MLE1 61.23 ± 2.17c 60.19 ± 1.20c 60.4+ ± 2.07c 64.56 ± 1.19b    

 MLE2 70.05 ± 1.49d 70.50 ± 1.46d 69.59 ± 1.90d 72.93 ± 1.64d    

MMb CN 1.00 ± 0.18a 7.90 ± 0.45b 71.22 ± 3.10h 91.78 ± 2.93k < 0.001 < 0.001 < 0.001 

 Asc 1.70 ± 0.70a 14.67 ± 1.30c 71.70 ± 1.38h 70.12 ± 2.43h    

 BHT 1.40 ± 0.27a 8.51 ± 1.98b 79.83 ± 2.11i 80.97 ± 2.19j    

 MLE1 1.40 ± 0.18a 6.03 ± 0.60b 28.75 ± 2.65e 41.15 ± 2.63g    

 MLE2 1.20 ± 0.27a 7.73 ± 1.46b 17.19 ± 1.26d 34.81 ± 2.68f    
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WHC CN 95.83 ± 0.85b 95.08 ± 0.62b 95.77 ± 1.00b 91.20 ± 0.88a < 0.001 < 0.001 < 0.001 

 Asc 94.26 ± 0.90b 94.80 ± 0.91b 94.61 ± 1.05b 92.20 ± 0.64a    

 BHT 94.92 ± 1.34b 95.57 ± 1.01b 94.98 ± 0.22b 95.42 ± 0.59b    

 MLE1 95.04 ± 0.80b 95.34 ± 1.65b 95.68 ± 1.36b 95.86 ± 0.47b    

 MLE2 94.61 ± 0.98b 95.25 ± 0.32b 95.75 ± 0.27b 95.96 ± 0.26b    

All values represent mean ± standard deviation of at least three independent experiments. 

CN, control; Asc, ascorbic acid; BHT, butylated hydroxytoluene; MLE1, mesquite leaves 

extract at 0.05%; MLE2, mesquite leaves extract at 0.1%. Different superscripts (a-k) 

differ significantly between treatments through storage time (P < 0.05). 
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Table 4 

Sensory evaluation scores of pork patties. 

Item Treatments P-value 

 CN MLE1 MLE2 

Raw patties     

Color 6.8 ± 1.4c 5.5 ± 1.2b  4.3 ± 1.3a 0.013 

Appearance 6.1 ± 1.0 5.6 ± 1.0 5.4 ± 0.4 0.114 

 

Cooked patties 

    

Color 5.4 ± 1.0 5.1 ± 1.1 4.7 ± 1.4 0.775 

Appearance 5.7 ± 1.1 5.4 ± 1.0 4.8 ± 1.4 0.656 

Odor 5.4 ± 1.3 4.7 ± 1.2 5.6 ± 1.2 0.663 

Flavor 5.5 ± 1.2 5.4 ± 1.2 4.7 ± 1.2 0.689 

Juiciness 4.8 ± 1.2 5.6 ± 0.7 4.7 ± 1.3 0.576 

Fat sensation 5.5 ± 1.5 5.5 ± 1.0 4.7 ± 1.4 0.706 

Hardness 5.3 ± 1.4 5.7 ± 1.2 5.1 ± 1.3 0.852 

All values represent mean ± standard deviation of at least three independent experiments. 

CN, control; MLE1, mesquite leaves extract at 0.05%; MLE2, mesquite leaves extract at 

0.1%. Different superscripts (a-c) differ significantly between treatments within the same 

sensory attribute (P < 0.05). 
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Figure 1. Lipid oxidation levels of pork patties during storage time determined by the 

CnD (A) and TBA (B) assays. CN, control; Asc, ascorbic acid; BHT, butylated 

hydroxytoluene; MLE1, mesquite leaves extract at 0.05%; MLE2, mesquite leaves extract 

at 0.1%. Bars with different superscripts (a-j) differ significantly between treatments 

through storage time (P < 0.05). 
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Figure 2. Antioxidant levels of pork patties during storage time determined by the free 

radical scavenging activity (A) and reducing power (B) assays. CN, control; Asc, ascorbic 

acid; BHT, butylated hydroxytoluene; MLE1, mesquite leaves extract at 0.05%; MLE2, 

mesquite leaves extract at 0.1%. Bars with different superscripts (a-k) differ significantly 

between treatments through storage time (P < 0.05). 
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Figure 3. A) Principal component analysis of pork patties and B) loadings graph. 
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8. CONCLUSIONES GENERALES 

 

 

1.- Los extractos de hojas de mezquite (Prosopis velutina) obtenidos mediante extracción 

asistida por ultrasonido, con diferentes solventes (etanol; etanol-agua, 1:1; agua), 

mostraron la presencia de fenoles y flavonoides totales, propiedades antirradicalarias 

(DPPH•) y poder reductor. Del total de extractos obtenidos, el etanólico (EEM) mostró 

mayor efectividad, tanto en relación al rendimiento de extracción, como en actividad 

antioxidante; siendo el orden EEM>EAEM>EAM. Así mismo, mediante análisis 

cualitativo se comprobó la ausencia de compuestos fitoquímicos posiblemente tóxicos 

(alcaloides, cianógenos y saponinas). 

 

2.- De los extractos de hoja de mezquite (Prosopis velutina) obtenidos utilizando distintos 

solventes (etanol; etanol-agua, 1:1; agua) y temperaturas (35, 50 y 65°C), el extracto 

etanólico obtenido a menor temperatura (EEM a 35°C), presentó mayor contenido de FT 

y FvT, y mejores propiedades antioxidantes (DPPH• y ABTS•+). Así mismo, la actividad 

antimicrobiana (G+: Listeria innocua y Staphilococcus aureus, y G-: Salmonella typhi, 

Escherichia coli y Pseudomonas aeruginosa), pudiera estar relacionada con la 

composición del EEM a 35°C, por presentar la mayor concentración de compuestos 

fenólicos (rutina, ácido rosmarínico, hesperetina y naringenina) los cuales fueron 

analizados por HPLC. 

 

3.- El extracto EEM a 35°C mostró la mejor capacidad antioxidante y actividad 

antimicrobiana in vitro, por lo que se seleccionó para su incorporación en hamburguesas 

de cerdo que fueron almacenadas en refrigeración por 10 días. En esta parte del estudio se 

encontró que el EEM ejerce efecto protector sobre la calidad de hamburguesas de cerdo 

frescas almacenadas en refrigeración; incrementando significativamente los valores de 

pH, mejorando la estabilidad del color (a* y b*) y la CRA, así como retrasando la 

aparición de TBARS, dienos conjugados y la formación de metamioglobina. 
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4.- El análisis sensorial de las hamburguesas de cerdo frescas, adicionadas con 0.05 y 

0.1% de EEM a 35°C, mostró que los mayores cambios en la apariencia, se presentaron 

en el color en fresco. Mientras que en las cocinadas, se observó que la aplicación de EEM 

a 35°C, generó mayor jugosidad y aceptabilidad de la textura, principalmente en el 

producto adicionado con 0.05% de EEM a 35 °C. 

 

5. El EEM puede ser aplicado como agente protector de la calidad de la carne y productos 

cárnicos, y prevenir los procesos de oxidación durante el almacenamiento en 

refrigeración, dando la posibilidad de un nuevo aditivo para la industria cárnica. 
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9. ANEXOS 

 

 

9.1 Anexo 1 

 

 

Curva de secado de hojas de mezquite (Prosopis Velutina). 

 

 

El procedimiento de secado de las hojas me mezquite (Prosopis velutina), fue posterior a 

lavado con agua destilada durante una semana, mientras estaban distribuídas sobre una 

superficie plana a la sombra a temperatura ambiente (35 ⁰C). Los resultados obtenidos se 

presentan en las Figuras 1 y 2. 

 

 

 

Figura 1. Pérdida de peso de las hojas de mezquite (g) con respecto al tiempo (h) durante 

el proceso de secado a temperatura ambiente a la sombra. 
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Figura 2. Correlación (R) de los valores de pérdida de peso de las hojas de mezquite (g) 

con respecto al tiempo (h) y la ecuación obtenida (y= -220.9ln(x)-672.04).  
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9.2 Anexo 2 

 

 

Clarificado de EEM. 

 

 

Durante la obtención de los extractos se presentó una coloración verde, principalmente en 

el EEM, el cual al ser adicionado en carne de cerdo afectó su color, manifestándose 

tonalidades verdosas. Para intentar eliminar este color verde, se realizó un procedimiento 

de decoloración mediante carbón activado para clarificar el extracto, a través del 

procedimiento de filtración por gravedad. El resultado fue que se logró decolorar el 

extracto mostrando un cambio en b*; de + 0.29 a + 5.9, lo que muestra un color más 

amarillo a la vista. Sin embargo, el contenido de compuestos fenólicos disminuyó 

considerablemente, de acuerdo a lo siguiente: ácido rosmarínico, rutina, naringenina y 

hesperetina en 91, 100, 64 y 92 %, respectivamente. Las Figuras 3, 4 y 5, muestran los 

resultados de los análisis por HPLC de los compuestos eluídos, posterior al procedimiento 

de decoloración.  

 

 

 

Figura 3. Compuestos eluídos a partir del análisis cromatográfico del extracto EEM, 

posterior a un procedimiento de filtración por gravedad con carbón activado. 
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Figura 4. Compuestos eluídos a partir del análisis cromatográfico del extracto EEM, 

posterior al segundo procedimiento de filtración por gravedad con carbón activado. 

 

 

 

Figura 5. Compuestos eluídos a partir del análisis cromatográfico del extracto EEM, 

posterior al tercer procedimiento de filtración por gravedad con carbón activado. 

 

 


