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Scientific trends on Agave

Science and technology of Agave beverages and other derivatives

Biological effects of Agave fructans and other by-products

Industrial processing of Agave waste and byproducts

Social and ethnobotanical aspects
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SIVEA: A SCIENTIFIC-TECHNOLOGICAL SYSTEM OF PHYTOSANITARY 

MANAGEMENT OF BLUE AGAVE. 
 

SIVEA: UN SISTEMA CIENTÍFICO-TECNOLÓGICO DE GESTIÓN  
FITOSANITARIA DEL AGAVE AZUL.  

 
 Gustavo Mora-Aguilera, Gerardo Acevedo-Sánchez, Eduardo Guzmán-Hernández,  

Oscar E. Flores-Colorado, Edgar Padilla Ramírez, COLPOS-LANREF Montecillo, México. 
Pedro Carranza Vázquez, Jesús García Feria, Rigoberto González Gómez, Abel López Buenfil, 

 
SADER SENASICA-DGSV. México. morag@colpos.mx  

 
México ostenta la Denominación de Origen del Tequila (DOT) conformada por 181 municipios de los estados de 
Guanajuato (7), Michoacán (30), Nayarit (8), Tamaulipas (11) y la totalidad de Jalisco (125). La DOT representa 
el 73.4% (81,053 ha) del agave azul (Agave tequilana Weber var. Azul) cultivado a nivel nacional, siendo Jalisco 
el más representativo con 64,499 ha (SIAP 2018). Las exportaciones de la industria tequilera muestran una 
tendencia creciente ubicándose en 2017 en el quinto lugar de productos agroalimentarios con un valor de 1340 
mdd (SIAP 2018). Sin embargo, a partir de los 90´s, los inventarios productivos de agave han sido fuertemente 
afectados por problemas fitosanitarios entre los que destacan el picudo (Scyphophorus acupunctatus), la 
marchitez por Fusarium spp., y la mancha gris causada por Cercospora agavicola. Adicionalmente, ante el 
recurrente desabasto de hijuelos para siembra y el aumento del precio de la piña, se ha elevado el volumen de 
hijuelos movilizados dentro y entre estados incrementando los riesgos fitosanitarios, por lo que es importante 
fortalecer estrategias sanitarias integrales de ámbito regional. Con este propósito, la Campaña oficial Contra 
Plagas Reglamentadas del Agave (CCPRA) inició en 2012 y a partir de febrero 2016 opera mediante SIVEA 
(Sistema Integral de Vigilancia Epidemiológica del Agave), un sistema de gestión fitosanitaria implementado por 
SENASICA-DGSV (www.sivea.org.mx). SIVEA es un desarrollo científico-tecnológico concebido bajo la asunción 
de que un sistema efectivo de vigilancia epidemiológica y manejo regional aplicable a la región DOT-agave debe 
incluir criterios de accionabilidad fitosanitarios y productivos que garanticen la sustentabilidad y rentabilidad 
mediante la comprensión de factores de vigor de planta en relación a la supresividad biológica del suelo, 
estabilidad genética de A. tequilana, variabilidad climática y relaciones bióticas. Científicamente, SIVEA tiene 
como base racional de investigación el sistema epidemiológico conformado por la planta, plaga, suelo, clima y 
manejo agronómico para generar variables, parámetros e indicadores que permitan la codificación automática de 
algoritmos y modelos espacio-temporales para toma de decisiones con fines de prevención y manejo de riesgos 
fitosanitarios. La optimización operativa de CCPRA y la calidad del dato regional y parcelario se garantizó 
mediante el desarrollo y validación de metodologías de monitoreo, muestreo, protocolos de diagnóstico físico-
químico y biológico basados en criterios de inductividad epidémica. Complementariamente, la etiología de 
agentes biológicos restrictivos para la sanidad del agave se determinó con técnicas biológico-moleculares con el 
objetivo de precisar prevalencia regional, carga de inóculo, presión de organismos antagónicos, relación con 
tipologías e intensidad de síntomas y estrategias de control de precisión. Tecnológicamente, SIVEA representa 
una innovación computacional, la cual incluye el desarrollo de aplicaciones móviles (App) para Android ver ≥ 4.4 
y una plataforma web con tecnología PHP, HTML, CSS, Java, JavaScrip y otras. SIVEA fue diseñada para enviar, 
almacenar, analizar y comunicar riesgos en tiempo real a partir de un modelo operativo de campo aplicado por 
técnicos de CCPRA y de empresas tequileras participantes de la región DOT-agave. App-SIVEA permite el 
registro de 25 variables de usuario, plantación, trampeo de picudo y daño por plagas previo geoposicionamiento 
y autenticación del usuario. Las App´s garantizan la estandarización, oportunidad, confiabilidad y 
representatividad regional de datos. En adición, SIVEA contiene registros de temperatura, HR y punto de rocío 
de 41 sensores climáticos HOBO Pro U23. En total, SIVEA tiene un ´´big data´´ de 8.5 millones de registros de 
2016 al presente provenientes de Jalisco y a partir de 2019 operará en el resto de entidades DOT. Se presentará 
la operatividad SIVEA mediante el análisis espacio-temporal del estatus fitosanitario del agave azul; se mostrarán 
algoritmos y modelos de alertas tempranas para picudo y Cercospora; perspectivas del uso de drones para 
inventarios productivos y estimación de riesgos; el desarrollo y uso de sensores climáticos (CIVECLIM), y se 
discutirá la complejidad etiológica de la marchitez del agave e implicaciones en el control.   
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THE MEASURE OF EXPECTATIONS: AN ART OR SCIENCE? 

 
LA MEDIDA DE LAS EXPECTATIVAS: ¿UN ARTE O UNA CIENCIA? 

 
 Luis Guerrero Asorey 

 
Institute of Agrifood Research and Technology, IRTA Centro de Tecnología de los Alimentos. 

Finca Camps i Armet, E-17121 Monells (Girona), España. 

 
  lluis.guerrero@irta.es  

 
 
La capacidad de prever o esperar algo no es una característica exclusiva de los seres humanos, de hecho, está 
íntimamente relacionada con la evolución de todas las especies animales puesto que este “aprendizaje” facilita 
su supervivencia permitiendo anticiparse a lo esperable antes de que ocurra. Esa capacidad para capturar 
información externa, procesarla e integrarla como una parte más de nuestro proceso cognitivo e incluso de nuestro 
inconsciente, constituye nuestras expectativas.  
 
Cualquier aspecto relacionado con un producto, incluyendo el contexto en que se utiliza y como interacciona con 
el usuario, contribuye a crear su imagen y condiciona las expectativas que genera. Las expectativas modulan el 
comportamiento humano hasta el punto de ser las responsables de emociones como la sorpresa, la decepción o 
la frustración dependiendo de si éstas se confirman o desconfirman positiva o negativamente.  
 
En este trabajo se revisa la importancia de las expectativas en la aceptación de un producto o concepto y se 
analizan los aspectos más importantes a considerar para su adecuada medida e interpretación. Así mismo se 
muestra un ejemplo práctico sobre la percepción de los consumidores mexicanos de dos derivados importantes 
del agave como son el tequila y el mezcal. 
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THE NATIONAL COLLECTION OF AGAVACEAE AT THE 

BOTANIC GARDEN, UNAM. 
 

LA COLECCIÓN NACIONAL DE AGAVÁCEAS DEL  
JARDÍN BOTÁNICO, UNAM.  

 
 Abisaí Josué García-Mendoza 

  
IB-Universidad Nacional Autónoma de México.  

 
abisai@ib.unam.mx  

 
 
En el Jardín Botánico, una de las colecciones de mayor relevancia es aquella conformada por los agaves o 
magueyes, junto con las yucas o izotes, los amoles, pitas y sacamecates, todos pertenecientes a la familia 
Agavaceae o más recientemente -y con bases moleculares-, propuestos dentro de la familia Asparagaceae 
subfamilia Agavoideae. La colección comenzó por iniciativa del Dr. Faustino Miranda en 1959, estando a cargo 
del biólogo Arturo Gómez-Pompa, su formación y crecimiento. En dicho proceso se tuvieron las contribuciones 
de los doctores Eizi Matuda, Helia Bravo y Howard Scott Gentry. 
 
 En 1989 se inició la remodelación de la misma, lográndose conformar una colección científica que tiene la mayor 
diversidad del grupo, está debidamente documentada, es la base para proyectos de investigación, sirve para 
realizar difusión y educación ambiental y está a cargo de un especialista en la familia. Estos atributos fueron la 
base para ser considerada como Colección Nacional de Agaváceas, distinción otorgada por la Asociación 
Mexicana de Jardines Botánicos, A.C., el 27 de octubre de 1994.  
 
La colección muestra el fruto de muchos años de trabajo y es ejemplo no solo de la diversidad vegetal que existen 
en México, sino que, como resultado de las salidas de colecta, se ha conformado la mayor y mejor colección 
herborizada de agaváceas mexicanas en el mundo, resguardada en el Herbario Nacional MEXU. Ambas 
colecciones son el punto de partida y de respaldo para investigaciones en taxonomía, biología molecular, 
anatomía, citogenética, biogeografía, etnobotánica, medicina, micropropagación, nuevos materiales para la 
industria, etc. Se espera continuar elaborando el inventario de estas nativas de México e incidir mediante la 
divulgación en la conservación de nuestra diversidad vegetal. 
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AGAVE, A MASTER PIECE OF EVOLUTION. 

 
AGAVES, LA OBRA MAESTRA DE LA EVOLUCIÓN.  

 
 Luis E. Eguiarte Fruns 

 
Departamento de Ecología Evolutiva, Instituto de Ecología.  

Universidad Nacional Autónoma de México. 
 fruns@unam.mx  

 
 
Con más de doscientas especies, el género Agave es uno de los grupos de plantas más interesantes y complejos 
del mundo, debido no sólo a su gran diversidad en especies, sino a sus características y adaptaciones, algunas 
realmente notables en el reino vegetal. Dentro de sus adaptaciones podemos mencionar las reproductivas y 
fisiológicas, ya que tiene una reproducción suicida, donde después de crecer por muchos años, producen  las 
inflorescencias más grandes del mundo y después mueren; su notable coevolución con sus principales 
polinizadores, los murciélagos nectarívoros,  proceso evolutivo donde cambiaron recíprocamente tanto los agaves 
(en la gran producción de néctar y polen y en su única floración suicida, por ejemplo) como los murciélagos 
nectarívoros (son de los pocos animales que pueden sobrevivir alimentándose solo de néctar y polen); su notable 
metabolismo fotosintético que les permite usar de manera muy eficiente el agua; o su gran suculencia, que les 
ayuda a almacenar agua y recursos para su floración suicida. 
 
 Además, ecológicamente los agaves son especies clave, de las que dependen numerosas especies animales 
para su subsistencia, especialmente debido a las grandes cantidades de polen y néctar que producen en su 
floración, recursos que mantienen a muchos otros polinizadores (incluyendo aves percheras, colibríes, polillas, 
abejas, avispas, etc.), no sólo a los murciélagos. También en muchas regiones de México y el suroeste de los 
Estados Unidos, los agaves son especies dominantes de sus ecosistemas.  
 
Estas características han hecho de los agaves un componente indispensable de la cultura de México desde 
tiempos inmemoriales, ya que han sido usados para producir alimento, bebidas y fibras, y más recientemente 
grandes fortunas se han basado en su uso y explotación. Actualmente existe mucho interés en desarrollar y 
optimizar aspectos de su biotecnología, desde para producir bebidas alcohólicas hasta para diferentes 
aplicaciones biotecnologías y para producir combustibles. Adicionalmente sus adaptaciones los han convertido 
en importantes especies invasora en diferentes partes del mundo. Todo esto hace a los agaves una verdadera 
obra maestra de la evolución.  
 
En esta plática vamos a revisar avances recientes sobre la genética, genómica, fisiología y ecología del género 
Agave, mostrando con diferentes ejemplos la complejidad de su proceso evolutivo y de su taxonomía, y como sus 
adaptaciones han evolucionado gracias a un intrincado juego entre la selección natural, la adaptación local y el 
azar, así como otros procesos evolutivos a medida que las especies han ido adaptándose a los diferentes 
escenarios climáticos de nuestro país en el pasado, así como sus perspectivas de conservación a futuro. Esta 
complejidad ha generado no sólo a las diferentes especies y sus adaptaciones, sino todo un mosaico de 
poblaciones intermedias que tanto han complicado y confundido a los taxónomos y a los biólogos desde que 
Linneo describió al género Agave hace más de 250 años.   
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IMPORTANCE OF BATS IN THE CONSERVATION OF WILD AGAVES  

AND MEZCAL PRODUCTION IN OAXACA, MEXICO. 
 

IMPORTANCIA DE LOS MURCIÉLAGOS EN LA CONSERVACIÓN DE AGAVES 
SILVESTRES Y PRODUCCIÓN DE MEZCAL EN OAXACA, MÉXICO. 

 
Miguel Ángel Briones-Salas 

 
Centro Interdisciplinario de Investigación para el Desarrollo Integral Regional,  

Unidad Oaxaca. Instituto Politécnico Nacional. 
 

mbriones@ipn.mx 
 

 
Los agaves son especies vegetales de importancia ecológica, socio-cultural y económica para numerosos pueblos 
indígenas y mestizos en México. El centro de mayor riqueza y diversidad del género Agave se encuentra en 
nuestro país con 159 especies. En el estado de Oaxaca, diversas especies silvestres de Agave son utilizados 
principalmente para la elaboración de mezcal. A pesar de su amplia distribución, la mayor producción se obtiene 
en la “región del mezcal”, zona localizada en parte de las regiones de los Valles Centrales y la Sierra Sur, 
principalmente en los distritos de Yautepec, Miahuatlán, Sola de Vega, Tlacolula, Ejutla, Ocotlán y Zimatlán. 
 
La polinización es un proceso de suma importancia para el mantenimiento de la “salud” de los ecosistemas. La 
disminución en la abundancia de alguno de los miembros interactuantes, visitantes florales o plantas que 
proporcionan recursos florales consumidos por dichos visitantes, determina cambios en la demografía del otro 
miembro que participa de la interacción.  
 
Debido al incremento en la demanda de bebidas alcohólicas basadas en la fermentación del Agave, y dados los 
procesos de producción, algunas especies han sufrido una fuerte sobreexplotación y una severa disminución en 
su variabilidad genética, lo cual las hace susceptibles a enfermedades. La sobreexplotación de estas plantas ha 
provocado una reducción en las poblaciones silvestres, así como la fragmentación de hábitats para el cultivo y 
explotación de dichas especies. Para la propagación de la materia prima en la producción de destilados de agave 
frecuentemente se utilizan los brotes clonales derivados de estolones, llamados hijuelos, para replantar los 
campos agaveros cosechados. Esto implica que cada generación reduce la diversidad genética de los agaves en 
cada predio. Debido al manejo en los cultivos y producción de mezcal, no se permite que ésta desarrolle 
inflorescencias, lo cual ha impedido que se conozca la identidad de los visitantes florales que de manera natural 
llegarían a consumir los recursos ofrecidos por las especies que se utilizan en esta producción. 
 
En la mayoría de los estudios sobre agaves se ha determinado que los murciélagos nectarívoros son los 
polinizadores más eficientes de las especies de agaves, aunque se registran decenas de especies de otros 
gremios que también visitan sus flores, cuyo papel es variable, y va desde ser excelentes polinizadores. Los 
murciélagos nectarívoros del género Leptonycteris y otros géneros relacionado son los principales responsables 
de la polinización y dispersión de semillas de numerosas de especies de plantas en México.    
Esta propuesta busca estudiar la interacción que mantienen tres de las especies más importantes de agaves que 
se utilizan para la producción de bebidas alcohólicas y sus visitantes florales, así como documentar la biología 
floral y entender las interacciones murciélago-planta en esos campos de agave cultivados. 
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MORPHOMETRIC CHARACTERIZATION OF MICORRHIZA TRAINING  

FUNGI ASSOCIATED TO Agave nussaviorum GARCÍA- MENDOZA, FROM OAXACA 
Diana Nancy Cruz Luna1, Claudia López-Sánchez2 y Felipe de Jesús Palma-Cruz3 

 dianita.lunacruz18@gmail.com 
Keywords: Agave nussaviorum, micorrhiza 

 
Introduction. Mycorrhizae are beneficial associations 
that are established between the various species of 
fungi and the roots of most vascular plants, this 
symbiosis is biotrophic in nature, in which the plant 
provides carbon compounds, from photosynthesis to 
the fungus, and this to its once protected microhabitat, 
among many other benefits. There have been reports 
of AMF species associated with different Agaves within 
the State of Oaxaca, such as A. Angustifolia, A. 
Potatorum, etc. The objective of the work was to identify 
at a gender level the AMF associated with A. 
Nussaviorum and compare its diversity in two regions: 
the Mixteca Oaxaqueña and the Sierra Juárez. 
 
Methods. The sampling was completely random. The 
collection was carried out in two municipalities, San 
Juan Tamazola (N1), Nochixtlan, Oaxaca and San 
Miguel del Rio (N2), Ixtlán de Juárez Oaxaca. The 
technique of Jenkins (1964) was used to extract the 
spores. The isolated spores were assembled in 
preparations based on the technique of Schenck and 
Pérez (1990), figure 1. The characteristics that were 
used to determine the genus and species of the AMF 
were: the color and size of the spore, the color observed 
in the stereoscopic microscope, the coloration and 
number of the layers. The results were compared with 
the INVAM database. 
 
Results and discussion. Mounts of 20 morphotypes 
were made, 10 of each AMF site associated with A. 
nussaviorum, some of which are shown in figure 2, of 
the genera found in samples N1 and N2, are: a) 
Glomus, b) Dentiscutata, c) Gigaspora, d) 
Rhizophagus, e) Glomus and f) Diversispora, to 
mention a few. Of these for N1, 3 genera are reported: 
Ambispora, Septoglomus and Gigaspora; and for N2, 4 
genera are reported: Dentiscutata, Rhizophagus, 
Diversispora and Racocetra (Table 1). 

Fig 1. HMA insulation technique 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. a) Glomus, b) Dentiscutata, c) Gigspora d) 
Rhizophagus e) Glomus, f) Diversispora. 

 
 

Table 1. Comparison of genres between sampling sites. 

N1 N2 
Ambispora Dentiscutata 
Gigaspora Rhizophagus 

Septoglomus Diversispora 
 Racocetra 

 
Conclusions. 5 different genera of AMF associated 
with A. nussaviorum are reported, it is stressed that 
there is no report on the association of this agave with 
AMF since this agave was not known until 8 years ago. 
It is also important to highlight the importance of these 
fungi, since this association provides benefits for most 
plants, especially when they are not in favorable 
situations in terms of climate and soil conditions. It 
should be noted that this research continues as there is 
still more to discover about this agave and its 
association with mycorrhizal fungi. 
 
Acknowledgements. We are grateful for the 
collaboration of CIIDIR- Unidad Oaxaca and the Faculty 
of Medicine of the UABJO for the spaces that facilitated 
us to carry out the research 
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ANALYSIS OF GENES INVOLVING IN CELLULOSE AND LIGNIN PATHWAYS 
 IN Agave tequilana Weber 

Fulgencio Alatorre Cobos1*, Luis F. Maceda López1, Emmanuel Ávila de Dios2, Dalia C. Moran 
Velázquez1, José L. Villalpando Aguilar1, Maribel Loera Quezada1, Francisco Vilaplana3, June 

Simpson2 and Elsa B. Góngora Castillo4 

 
1Conacyt fellow-Colegio de Postgraduados (Colpos), Campus Campeche. Carretera Haltunchén-

Edzná Km 17.5, Champotón, Campeche, 24450, México. 
2Centro de Investigación y Estudios Avanzados del  IPN –Irapuato. Libramiento Norte Carretera 

Irapuato León Kilómetro 9.6, Carretera Irapuato León, Irapuato, 36821, México. 
3Royal Institute of Tecnology (KTH), Glycoscience Department, Stockholm, Sweden. 

4Centro de Investigación Científica de Yucatán, Calle 43, 130 x32 y 34, Chuburná de Hidalgo, Mérida, 
97205, México * fulgencio@colpos.mx  

 
Keywords: Agave, lignocellulose, genes 

 
Introduction 
Cellulose and lignin shape plant cell walls and they 
together are the most abundant biopolymers at earth. 
Cellulose is found in primary and secondary cell walls. 
It is a polymer of glucose units linked in long chains 
called microfibrils. Lignin adds rigidity mostly to 
secondary cell walls. It is a mix of different monolignols 
units that are formed in the phenylpropanoid pathway. 
Recently, there is a growing focus is on Agave 
tequilana Weber for biofuel production. Carbohydrates 
and lignin analysis have shown Agave plants contain 
high levels of soluble sugar (31%) and relatively low 
amount of lignin (17%)1. These data and its ability to 
grow in arid and poor soils arise agave as a potential 
energy crop.     
 
Methods 
Here, orthologous genes involving with cellulose and 
lignin biosynthesis in A. tequilana were identified by a 
data mining approach. For this, RNAseq data of 8 
different transcriptomes of A. tequilana Weber (J. 
Simpson lab, unpublished data) were used. Sequenced 
transcriptomes were from primary and/or secondary 
cell wall-enriched tissues. For orthology analyses, 
genes annotated to both oligocellulosic compounds in 
Arabidopsis thaliana, Zea mays and Oriza sativa were 
used as references. Experimental assays and 
carbohydrate profiles in course will allow to corroborate 
our in silico identification of biosynthetic genes.   
  
Results and discussion  
Recently, high throughout RNA sequencing and 
evolution analyses have allowed to know that genetic 
circuits controlling the biosynthesis of structural cell      
 
 

wall compounds are well conserved through different 
taxonomical classes in plants. Here, by using 
OrthoFinder software we identified orthologous genes 
encoding to enzymes for each step during cellulose or 
lignin biosynthesis. Agave genes show high homology 
levels compared to those reported in A. thaliana and 
monocots as maize and rice. Additionally, 
transcriptomic profiles for Agave cellulose and lignin 
genes in primary or secondary cell wall-enriched 
tissues are according as expected for their roles in cell 
wall metabolism. Expression gene patterns and its 
effect on lignocellulosic composition during growth or 
cell wall formation disruption by drugs are being also 
evaluated in A. tequilana and A. fourcroydes. 
 
Conclusions 
Our results suggest than genetic pathways involving in 
cellulosic and lignin biosynthesis are highly 
evolutionary conserved in A. tequilana compared to 
model plants and crops as Arabidopsis and maize or 
rice, respectively. Further studies are required to know 
how both types of biosynthetic genes are being 
upstream modulated to control cellulosic and lignin 
deposition in Agave plants. 
 
Acknowledgements 
FAC is funded by Conacyt Grant 1049 Frontiers in 
Science and Colpos. LFML and DCMV are covered by 
Conacyt scholarships and BIOSAT-Colpos. MLQ is a 
Conacyt Postdoctoral fellow. 
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SOCIOPRODUCTIVE MANAGEMENT AND GENETIC  

VARIABILITY OF MAGUEY SACATORO 
Emir Lenin Serafin Higuera, Elias Hernández Castro, Guillermina Barrientos Rivera,  

Perla Ivonne Gallegos Flores and Edgar Leon Esparza Ibarra. 
Autonomous University of Guerrero and Autonomous University of Zacatecas. 

lenin1015@hotmail.com, edgarzac@gmail.com 
 

Keywords: Agave angustifolia, mezcal, RAPDS. 
 
Introduction. The magueyes have been used in the 
manufacture of fibers, fodder and fermented and 
distilled beverages, which has generated various 
physiological and morphological variations. Traditional 
agronomic practices maintain a wide variety of 
magueyes, in contrast to the Tequila agroindustries that 
have a narrow genetic base, obtaining a genetic 
erosion. In the state of Guerrero handmade mezcal 
based on Agave angustifolia (maguey Sacatoro) is 
elaborated, however the increase in the demand of this 
product would show a substantial change in the 
agronomic practices, in the standardization of 
phenotypic characteristics and in the valuation of the 
maguey, putting at risk the production of mezcal, the 
cultural perception and the genetic variability of the 
populations of maguey Sacatoro. 
The aim of the work was to know the socioproductive 
management and genetic variability of maguey 
Sacatoro (Agave angustifolia). 
 
Methods. Agave collections were collected and semi-
structured interviews were conducted with mezcal 
producers from the communities of the state of 
Guerrero (1). The validation of the information collected 
was carried out using the data triangulation method (2). 
The interviews were analyzed and interpreted through 
Atlas ti 8 software. The collected maguey were cleaned 
and disinfected, then 3 cm sections of the leaf were 
taken and subsequently ground with liquid nitrogen. 
The extraction of DNA was carried out using the 
QIAGENTM DNeasy® Plant Mini extraction kit. For the 
RAPDS analysis, six primers were randomly used: OPA 
02 (5'-TGC CGA GCT G-3 '), OPA 11 (5'-CAA TCG 
CCG T-3'), OPA 20 (5'-GTT GCG ATC C -3 '), OPA 06 
(5'-GAA CGG ACT C-3'), OPG 07 (5'-GAA CCT GCG 
G-3 ') and OPH 19 (5'-CTG ACC AGC C-3'). The 
genetic distances were determined through the Jaccard 
index. The result was presented in a dendrogram and 
the level of confidence was determined with a bootstrap 
analysis of 5000 repetitions. The statistical and 
visualization analyzes were carried out using two Free 
Tree and Tree View softwares and the dendogram was 
edited with the ITOL online tool (3). 
 
 

Results and discussion. The diverse mechanisms of 
asexual reproduction of the maguey Sacatoro, are an 
advantage for the producers, the propagation practices 
based on seeds, the collection and the reforestation of 
wild species maintain the genetic variability, in addition 
to this the different pollination species are conservation 
indicators. In the analysis of RAPDS, six primers 
generated a total of 819 bands, the OPA initiators 02 
and 11 had the highest number of amplified bands as 
shown in figure 1.  
 

 
Fig. 1. Electrophoresis of RAPDS amplified with OPA 02 

primer in populations of Maguey Sacatoro. 
 
Conclusions. The RAPDS markers allowed to 
evaluate the genetic variability of the Sacatoro maguey, 
finding a polymorphism of 100% and which could be 
related with traditional practices by mezcal producers 
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Introduction. Agaves are one of the most important 
crops for Mexico, since they are part of our culture and 
tradition. It has been reported that in Mexico there are 
approximately 200 species of agave. So, the 
conservation of the genetic reserve (DNA) is necessary 
for the subsistence of the plants, since they contain the 
information for their development, ability to resist pests 
and diseases, among others. In addition, it is necessary 
the genetic variation for their evolutionary capacity (1). 
The agave weevil (Scyphophorus acupunctatus Gyll) 
stands out as a pest, because of it affects many wild 
and cultivated agave species (2,3). The objective of this 
study was the integral management and control of the 
agave weevil in the National Agave Collection of the 
UG-SAGARPA, receiving the assistance of the 
Committee of Plant Health of Guanajuato State, A.C. 
(CESAVEG, A.C.). 

Methods. The National Agave Collection of UG-
SAGARPA has different agave species, such as: A. 
angustifolia, A. atrovirens white, A. mapisaga, A. 
salmiana, A. salmiana green, A. tequilana, among 
other. The collection has a plant density of 400 per ha. 
To carry out the integral management of the agave 
weevil, poisoned baits were placed (six per ha.), which 
were constituted by the pieces of agave leaves sprayed 
with Malation® [(10 ml L-1), Fig. 1A], in the upper part 
of the trap was placed the aggregation pheromone 
(Agavenol®) (Fig. 1B); the trap was installed in the 
rows, at ground level (Fig. 1C), and changed every 15 
days. After counting weevils (if they exceeded five per 
trap), chemical products were used, such as Malation® 
or Lorsban® PH (1 L or 1 kg per 1,500 plants). In 
addition, to avoid the agave weevil propagation, lime 
applications were made on the dead plants (Fig. 1D) 

 

Results and discussion. A record of the different 
samplings was obtained, from February to December 
2017. It was observed that the agave weevil population 
had different increases according to the sampling and 
the area within the plot in the National Agave Collection 
of the UG- SAGARPA. The traps placed in the southern 
area of the Collection had a greater number of adult 
weevils, compared to the other areas, therefore, extra 
traps were installed in that area, and more care was 
given to the dead plants, adding lime to avoid the 
volatilization of secondary metabolites and control the 
entry and presence of weevils. 
 
Conclusions. According to the obtained data, at the 
National Agave Collection of the UG-SAGARPA, it was 
possible to know the different infestation states in the 
field, as well as to apply the measures to reduce the 
incidence of the agave weevil pest. In the same way, 
with the integral control of the weevil, it will be possible 
to avoid the loss of plants, maintaining the national 
genetic information of the agave. 
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Fig. 1. Integral management and control of agave weevil. A) 
poisoned baits, B) aggregation pheromone, C) trap at ground 
level, and D) lime application on agave residues. 
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Introduction. All agaves are thought to be succulent 
plants with CAM photosynthesis, among other 
adaptations that lead to water conservation1. These are 
considered productive plants under harsh conditions for 
exploitation of biomass and carbohydrates. While the 
water-soluble carbohydrates (WSC) are the main 
photosynthates, water in leaves is the resource to be 
saved2. Both resources, succulence and carbohydrate 
productivity, are unique characteristics to be exploited 
in the agave plants that should be better understood 
among different species.  

Here, anatomical traits that are differentially expressed 
in A. tequilana, A. striata and A. victoriae-reginae, in 
relation to water and carbohydrate patterns in leaves, 
were determined and related to the unique CAM 
physiology of agaves. 

Methods. Biological material was obtained from ~3 
years-old greenhouse grown plants. Novel imaging 
techniques of MSI and THz spectroscopy were applied 
to identify carbohydrate and water pattern distribution. 
Traditional measurements of succulence and other 16 
traits at the macro and microscale3 were carried out 
including carbohydrate profiles which complemented 
the study. Statistical analysis and data processing were 
performed in R and Matlab respectively. 

Results and discussion. Delf’s coefficient and 
succulence are correlated to the blade area (r2=0.997) 
and these parameters to leaf thickness (r2=0.975). 
While PCA results revealed that some traits can 
address the ability of saving water of agave plants in a 
novel way. Independent carbohydrate and water 
distribution in leaves seem to delimit each other. This is 
specific to the species and doesn’t correspond to 
conserved anatomical characters (Fig.1).  

Conclusions. Even though WSC represent the major 
proportion in agave leaves, independent distribution of 
carbohydrates and water throughout agave leaves was 
visualized. Succulence was manifested fundamentally 
at the cellular level and is not translated to 
morphological succulence. Our results give an 
overview of Agave adaptation to low water conditions 
and can provide new approaches for exploitation of 
agaves.  

 
 
Fig. 1. Water and carbohydrate profiles across agave leaves 
of A. victoria-reginae (Avr), A. striata (Ast) and A. tequilana 
(Atq) species. Image of each species (A), 35x micrograph of 
PAS staining in leaf cross sections (B), cartoon representation 
of leaves (C and E), and TLC of WSC (D). 
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Introduction. Blue agave (Agave tequilana) is mainly 
propagated through offsets due to its long-life cycle and 
low seed fertility. Nevertheless, this generates some 
disadvantages such as the reduction of variability and 
increased vulnerability to some diseases. Thus, there 
are investigations focused in the develop of a 
transformation protocol in agave that could help to 
modify characteristics of agronomic interest as well as 
the study of certain processes (1, 2). To date there is 
no report of an efficient protocol for the transformation 
of A. tequilana, but previously a protocol by direct 
organogenesis using Agrobacterium tumefaciens has 
been implemented in our laboratory with good potential 
(unpublished data). 
 
Based on this protocol, the aim of this work is to 
increase the rate of transformation through 
overexpression of two transcriptional factors named 
AtqKNOX1 and AtqKNOX2.  
 
Methods. Bulbils collected in Irapuato, Gto. were used 
in micropropagation assays to test the effect of timentin 
and cefotaxime during in vitro regeneration, using 
different concentrations (100 mg/L - 500 mg/L). 
Moreover, an agar diffusion test was performed to 
assay the sensitivity of A. tumefaciens strain GV2260 
to the different antibiotic concentrations mentioned 
above. Once the best option of antibiotic and 
concentration was selected, the transformation assays 
were set up using a variety of strains of GV2260: 
without expression vector and with AtqKNOX1, 
AtqKNOX2 and AtqSST1 as expression vectors. 
Characterization phenotypically and genotypically of 
regenerants will be done to confirm transformation. 
Additionally, a histological analysis and 
immunolocalizations will be carried out to understand 
the organogenesis process at an anatomic level and 
determine whether KNOX is present in in vitro tissue 
during regeneration, respectively. 
 
Results and discussion. Timentin at 500 mg/L was 
determined as the best option to be used during the 
transformation protocol. According to a statistical 
analysis, tissue exposed to the bacteria with the 
AtqKNOX1 expression vector showed a better 
response   in   relation  to  the  number  of  regenerants  
 
 

 
(fig.1), although there were a greater number of shoots  
surviving which were developed under cultures with 
bacteria containing the AtqKNOX2 expression vector. 
This response is in contrast to results described for 
Arabidopsis thaliana (3).   
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. a) Statistical analysis of means among assays,  
b-d) Response after two months under selection media 

 
Conclusions. Preliminary results give us some 
information about the differential responses obtained in 
the transformation protocol between the AtqKNOX1 
and AtqKNOX2 constructs. 
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Introduction. The reduction of Agave cupreata wild 
populations have been the result of an increase in the 
demand of mezcal because of the Denomination of 
Origin in Michoacán state [1]. Making strategies for 
avoid the loss of these genetic resources is necessary 
(Ledig, 2004). Two half sib families tests were 
established in greenhouse in 2011 (Morelia and 
Zinapecuaro), a year later a common garden test was 
established in Morelia with all plants, and two years 
later this plants were established in two field tests 
(Charo, site 1 and Tzitzio, site 2). The goal of this work 
was the evaluation of the families of Agave cupreata 
throughout quantitative genetic for selection purposes. 
 
Methods. Plants of 24 half sib families were measured 
at height, diameter and volume in the common garden 
test (before and after the rainy season) and in the field 
tests (after plantation). All data were analyzed with the 
SAS 9.4 program. Analysis of variance (GLM 
procedure) for each variable was calculated and 
heritability at the individual level (h2i) and at means of 
family level (h2f) was estimated [2]. 
 
Results and discussion. Significant differences 
between the measurements 1 and 2 in the common 
garden were found, and significant differences were not 
showed between sites a month after the plantation 
(Table 1). 
 
 Table 1. Comparison of variables of common garden on two 
dates and between plantations. 

*significance α<0.05 
 
The analysis in the common garden test shows higher 
heritabilities in the second measurement (height: 0.51; 
diameter: 0.71; and volume: 0.76), that in the first one 
(height: 0.39; diameter: 0.64; and volume: 0.71) 
because the σ2f were higher during the dry season at 
both, individual (h2i) and mean of family level (h2f).  The  
 

diameter showed a more different behavior because 
the principal growth was in this trait and the 
differentiation was more evident in the second 
measurement (dry period) in both heritability levels. The 
h2i is high, because the environmental variance is low. 
 

 
Fig. 1. Values of heritability obtained in a common garden in 

the locality of Arroyo Colorado, municipality Morelia. 
 
 

Conclusions. The response of different families to 
assessment allows us to propose a selection of families 
who excel in common garden. There is an increase in 
heritability h2i and h2f in the date two of common garden 
(Fig. 1), who is more evident for the diameter, due to a 
differentiated response to stress. 
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Height Diameter Volume Tukey 

A. Colorado 1 13.14 * 19.77* 1538.65* A 
A. Colorado 2 11.27* 12.90* 642.99* B 
Charo S1 11.70 17.03 1048.82 A 
Tzitzio S2 11.52 17.59 1119.57 A 



34

 

 

APPLIED CRYOBIOTECHNOLOGY FOR THE LONG-TERM CONSERVATION 
 OF AGAVE SOBRIA SPP FRAILENSIS.  

Josette Tin and Raquel Folgado. The Huntington Library, Art Collections and Botanical Gardens, 
91108, San Marino, e-mail: rfolgado@huntington.org. 

Keywords: Cryobiotechnology, droplet-vitrification, agave conservation. 
 
Introduction. Agaves have an enormous impact in the 
culture and economy of Mexico, and many are 
threatened. Botanical gardens, such as The Huntington 
can contribute to ex-situ conservation (field, seed and 
tissue culture collections). Agave sobria spp frailensis 
Gentry is the most restricted of the three sobria 
subspecies and occurs only in a few localities along the 
Gulf of California (Webb and Starr, 2015). Besides the 
tissue culture techniques, cryobiotechnological 
methods can help to long-term conservation of agave 
genetic resources. Tissues can be stored in small 
spaces at ultra-low temperatures (i.e., liquid nitrogen 
LN, 196 °C) and they can be regenerated into a plant 
when needed. A protocol for cryopreservation of shoot 
tips of A. sobria spp frailensis was developed. 
 
Methods. Shoot tips (1 mm in size) from 6-week old in 
vitro donor plantlets of Agave sobria spp frailensis were 
dissected and cryopreserved using a modified droplet-
vitrification technique (Panis et al, 2005). Prior to the 
procedure, donor plants were pretreated in two different 
media for 3 weeks: control medium consisting of basal 
medium with 30 g/L sucrose and a sucrose enriched 
medium with 102.7 g/L sucrose.  
After dissection, shoot tips were exposed to loading 
solution for 20 min at room temperature (RT), 
dehydrated with plant vitrification solution 2 (PVS2) 
(Sakai et al, 1990) for 15 min at 0 °C, transferred to 
aluminum foil strips and then plunged into liquid 
nitrogen. For re-warming, shoot tips were rinsed in 
unloading solution for 20 min at RT and they were 
transferred to the recovery medium (kept in the dark for 
the first week).  Survival and growth of shoot tips were 
recorded (expressed as percentages) every 7 days and 
the recovery (percentages of shoot tips that developed 
leaves and roots) was recorded 8 weeks after the 
cryoprocedure. 
 
Results and discussion. From previous trials, a 15-
min PVS2 treatment was selected. There was no 
significant effect of the liquid nitrogen. However, a 
significant effect of the sucrose pretreatment, when 
compared to control conditions, was found.  After 
rewarming, there was a significant difference in the 
plant recovery; shoot tips from sucrose treated donor 
plants recovered double (85%) than those from control 
plants (35%) (Fig. 1). Sucrose has been shown to 
enhance the cryopreservation response when donor 
plants are acclimated (Folgado et al, 2015). Our results 

indicate that a sucrose pretreatment improves the 
tolerance to the cryoprocedure in the studied agave. 
 

  
Fig. 1. Response of meristems (Survival, Growth and 
Recovery) from Agave sobria spp frailensis 8 weeks after 
rewarming. Donor plants were  pretreated in (a) control and 
(b) sucrose media for 3 weeks; Different letters indicate 
significant difference at p≤0.05 (ANOVA test). Error bars 
indicate standard deviation. 
 
Conclusions. Droplet vitrification is a suitable method 
for the long-term preservation of Agave sobria spp 
frailensis. The treatment of donor plants with sucrose 
enriched medium have a positive effect on the plant 
recovery after cryopreservation and this will be used to 
test other Agave spp.  
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Introduction. Magoya do Cerrado is a morphological 
variety of Agave salmiana grown in the Brazilian 
Cerrado biome. The differentiating descriptors of the 
Magoya do Cerrado ecotype were divided into four 
stages: 1. Phenological, ecological and botanical 
review of Agave salmiana; 2. Taxonomic identification 
(1); 3. Identification of differentiating characters; 4. 
Determination of the Magoya do Cerrado ecotype. The 
aim of this work is to present the differentiating 
descriptors of the Magoya do Cerrado ecotype 
cultivated in the Midwest region of Brazil. 

 
Methods. 250 specimens of Agave were located, 
quantified and mapped. The plants were grouped by 
species, identified, georeferenced and the data 
collected was included in a specific database. The 
taxonomic identification was based on the descriptors 
of SNICS/2014 (2). 
 
Results and discussion. The morphological 
characteristics of the 250 specimens studied were 
compatible with the combination of characters for 
Agave americana and Agave salmiana. The specimens 
studied maintained uniform, homogeneous 
characteristics compatible with the descriptors listed in 
the Varietal Description Technical Guide for Agave 
(SNICS, 2014).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Combination of characteristics of the Agave 
salmiana grown in Goiânia, GO, Brazil.  
 
 

Morphological modifications that were present in a 
constant way in all the plants evaluated were identified. 
Such modifications are compatible with the resources 
of structural adaptation for water redistribution identified 
in other plant species that develop in the Cerrado 
biome. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Combination of characteristics of the Agave 
americana cultivated in Goiânia, GO, Brazil. 
 
Conclusions. The combination of the morphological 
characteristics found in the plants coincide with those 
belonging to the species Agave americana and A. 
salmiana. The characteristics of adaptation to the 
environment (structural and functional) were 
interpreted as adaptations for greater efficiency in water 
uptake and lower energy expenditure. It is possible to 
affirm that the local population of Agaves presents 
typical ecological characteristics, as a consequence of 
in. 
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Introduction. A. tequilana is vegetatively propagated 
by rhizome offshoots. Plants are cultivated to reach 
physiological maturity (5 or 6 years), and during this 
time are vulnerable to pathogens and adverse 
conditions. It has been reported economic losses as 
consequence of fungal or bacterial diseases (1). Also, 
it has been described beneficial roles of native bacteria 
in the nutrition, the drought tolerance and the plant 
growth promotion (2). In addition, it has been 
demonstrated the importance of the plant compartment 
(i.e rhizospheres) on the prokaryotic composition on 
Agave species (3). Therefore, this study explores the 
prokaryotic composition in the rhizosphere and bulk 
soils associated to healthy and stressed rhizome 
offshoots of A. tequilana. 
 
Methods. Rhizome offshoots (15-20 cm) were 
collected and greenhouse acclimated during 1 year.  
These were sown in pots with sterile earth, only 
conserved the earth associated to their roots. Bulk and 
rhizosphere soils were collected from 30 randomly 
selected plants and, of according to their disease 
symptoms, classified as healthy or stressed (Fig. 1A). 
Metagenomic DNA was extracted using the Power Soil 
DNA Isolation Kit and barcodes based on 16S rRNA 
V2-V3 libraries were obtained. Ion 314 Chip Kit v2 and 
Ion Torrent PGMTM platform were used to sequence. 
Sequences were processed by QIIME-1.9.0-
amd64.vdi. Alpha, Chao1, Shannon and Simpson 
indices were calculated by Mothur. Beta diversity by a 
hierarchical cluster tree by using UPGMA. A principal 
co-ordinates analysis plot was obtained by Mothur. 
OTUs at genus level (< 1%) were used to build a Heat 
Map chart using an R script. 

Results and discussion. Structure community to 
phyla and class level showed changes in all treatments. 
Alpha, Shannon, Simpson and Chao1 estimators 
reduces its values in bulk or rhizospheric soils of 
stressed plants. Heat map of the main genera allows 
grouped two main (healthy or stressed) clades (Fig. 
1A). Beta diversity analysis (UniFrac) allows grouped to 
healthy and stressed samples. In general, healthy and 
stressed samples were closely grouped in the left 
(healthy) and to the right (stressed) of the graph along 
PC1. 
 
 

A) 
 
 
 
 
 
 
 
 
 
B) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. (A) Experimental design and (B) Heat map analysis 
considering most abundant genera. 

 
Conclusions. Prokaryotic composition may influence 
the stress tolerance in rhizome offshoots of A. 
tequilana. 
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Introduction. Wild plants for mezcal production have 
been overexploited for hundreds of years in the Central-
Eastern region of the Michoacán state, this has affected 
notably to species populations that only spread 
sexually. The agave plants propagation by seed and 
the establishment of plantations began in the 2000's. 
The stress and the presence of diseases and pests in 
plants has been because little knowledge about 
appropriate agricultural practices and the excessive 
use of agrochemicals in agave plants produced by 
seeds (1). The immobilization of Zn, Ca, Mn, Mg, Fe 
and Ni involved in the resistance to diseases are 
indirect effects of glyphosate, as well as the 
predisposition to diseases and pests, the reduction of 
growth and plant vigor (2,3). The goal was to evaluate 
the use of agrochemicals with agricultural management 
(with recording the effect of glyphosate on the 
development of A. cupreata plants) and without 
agrochemicals with agro-forestry management. 
Methods. In A. cupreata plantation from 5 to 7 years 
old, two plots were established, one with agricultural 
management (monoculture and application of 
pesticides) and the other with agro-forestry 
management (without the addition of agrochemicals). 
The incidence of pests and diseases was evaluated. 
Six quadrants of 15x30 m were established in the plot 
under agricultural management, with the application of 
only glyphosate and six without application (control). 
The size of the plants was recorded. Tissue samples 
were analyzed to detect diseases. Protection treatment 
with "Caldo Bordels" and tobacco. 
Results and Discussion. 90% was registered in a 
state of serious deterioration, the morphology of the 
leaves was curved and withered and a generalized 
yellow color was observed in the plantation under 
agricultural management. The analyzes recorded the 
presence of Erwinia and Fusarium. The study area 
came from the excessive use of agrochemicals and the 
detoxification took 8 months, differentiating it is shown 
in figure 1 where the application of glyphosate showed 
no growth. The effects of glyphosate cause 
immobilization of micronutrients involved in disease 
resistance, reduced growth and vigor of plants (2,3). 
Wan et al. (1998) reported the harmful effect of 
glyphosate on beneficial Glomus intraradices infections 
in carrot roots. The agave-forestry is proposed as an 

alternative to solve environmental disturbances, 
generate vigorous plants and organic products (5). 
 

 
Fig 1. Effect of glyphosate on the development of plants 

 
Conclusions. Glyphosate caused reduced growth in 
plants and serious indirect damage. Agave-forestry 
gives benefits to the environment and to the products 
generated. 
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Introduction. Plants have developed diverse defense 
mechanisms against the pathogens attack. The 
Effector Triggered Immunity (ETI) are one the most 
important. This codes for R proteins able to recognize 
pathogens and trigger the immune response (1). Most 
R genes codes for a group of genes called NBS-LRR 
(2) which can be classified based on its N-terminal 
domains as TIR (Toll-interleukin receptor), non-TIR or 
CC (domain coiled and coil) (1). In A. tequilana plants, 
little is known on these genes (3). Therefore, the main 
aim of this study was the identification and 
characterization of new NBS-LRR genes in A. 
tequilana. 

Methods. It were used NBS-LRR primers previously 
reported for Agave species (3) on A. tequilana DNA to 
build amplicon libraries. Sequences from at least twenty 
clones were blasted against of A. tequilana TSA (taxid: 
386106) to identify full transcripts with probably NBS-
LRR domains by using the NCBI CD-search. Domain 
organization and signature identification was 
accomplished by using the MEME program. NBS-LRR 
gene family delimitation was done by using MEGA 9. 
 
Results and discussion. Experimental and TSA 
retrieved sequences have an identity of 37% to 41% 
regarding to other plant R proteins, particularly, with 
putative NBS-LRR proteins of Oryza punctate (Fig. 1). 
These sequences are phylogenetically grouped with 
non-TIR sequences of other plant species and included 
clades for CNL, CN, NL and N (C: coiled and coil; N: 
Nucleotide binding site; L: leucine-rich repeat) domains. 
Characteristic motives as P-loop, RNBS-A, RNBS-B, 
RNBS-C, Kinase-2 and GLPL were also identified. 
Seven NBS-LRR families were obtained and signatures 
for all mentioned domains were identified in different 
synteny according MEME analysis. Finally, signatures 
reliable for specific PCR primers were identified. 
  
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Phylogenetic identity of NBS-LRR proteins of A. 
tequilana in relation to other species.  

 
Conclusions. Experimental and in silico approach 
allows identify seven NBS-LRR gene families covering 
all the N-terminal domains of non-TIR class in A. 
tequilana. 
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El mezcal es una bebida regional con denominación de origen. La fermentación es una etapa crítica de la calidad 
y la productividad, sin embargo, durante la producción artesanal se lleva a cabo sin control, provocando 
fermentaciones de diferentes duraciones, presencia de productos indeseables, una elevada concentración de 
azúcares residuales, baja producción de etanol y una calidad variable. Se han realizado trabajos en la búsqueda 
de cultivos iniciadores que contribuyan a estandarizar este proceso, a partir de levaduras nativas. Para la 
selección se ha considerado la capacidad fermentativa, tolerancia al etanol y fenotipo killer, usando como 
variables de respuesta el consumo de azúcares, producción de etanol, producción de ácido acético, así como 
variables cualitativas como aroma y sabor en estudios de evaluación sensorial. 
 
 Tanto las condiciones del proceso como los microorganismos utilizados tienen un alto impacto en estas 
características, por lo que se pretende el desarrollo de inoculantes que las potencien. Un inoculante debe 
garantizar un rápido inicio de la fermentación, evitar las paradas de la fermentación y asegurar la reproducibilidad 
del producto final. Para ello es necesario que las levaduras inoculadas crezcan activamente y se impongan sobre 
las especies de levaduras nativas presentes en el mosto. Las alternativas para conservación de inoculantes 
comerciales son variadas y con diferentes ventajas y desventajas. Lo más común es que esto microorganismos 
sean tratados bajo técnicas de secado, para favorecer que los cultivos sean más estables, facilitar su transporte 
y almacenamiento a temperatura ambiente. Sin embargo, estos procesos impactan en el estado fisiológico, la 
viabilidad y la vitalidad de los cultivos, lo que repercute directamente en la capacidad de implantarse y llevar a 
cabo adecuadamente la fermentación alcohólica. 
 
 Una técnica común es el secado por aspersión, pero el secado y posterior rehidratación implican condiciones de 
estrés que impactan negativamente sobre la viabilidad y vitalidad de las levaduras, lo que se ha relacionado con 
el contenido intracelular de diferentes moléculas como el contenido de proteína, trehalosa, ergosterol y ácidos 
grasos insaturados. En particular, la trehalosa se ha descrito como una fuente de carbono y energía de reserva, 
así como un estabilizador y protector de la membrana, por lo que la viabilidad y vitalidad de las levaduras puede 
protegerse aumentando la concentración de trehalosa. La acumulación de este metabolito puede inducirse por 
estrés térmico, ya sea con un aumento o disminución de la temperatura, encontrando condiciones en las cuales 
este importante factor para conservar la viabilidad se ve potenciado. 
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Introduction. Fructans are the major sugars in Agave 
tequilana and are mainly composed of fructose (1), 
these polysaccharides need to be hydrolyzed so that 
fermentation takes place. Currently the industry uses 
two processes for hydrolysis, the first is the traditional 
process in which the stems of agave are steamed in 
ovens or autoclaves and then, the hydrolyzed juice is 
extracted (T1-T4). The second process uses diffusors 
to extract the raw juice to hydrolyze the sugars using 
acids (D1), enzymes and temperature (D2) or the 
mixture of them (2), however, the chemical nature of 
these juices is different and influences the relationship 
between bacteria and yeasts, as well as the diversity of 
species present (3). In the present work the genetic 
diversity of the microorganisms isolated from these 
juices was determined. 
 
Methods. The concentration of the microbial population 
was determined using WL medium, incubation at 30 °C 
for 2 days. Then, colony forming units (CFU) were 
determined. The identification of the microorganisms 
was carried out by mass spectrometry. To determine 
the variability of the strains, the rep-PCR technique (4) 
was used to obtain the banding patterns to generate a 
binary matrix and submit it to UPGMA analysis using 
the Dice coefficient to generate a dendrogram. 
 
Results and discussion. In all the processes the 
bacteria concentration was greater than yeasts 
concentration except in the hydrolyzed diffuser juice by 
autoclave (D2, Fig. 1) so it is suggested that it could 
contain a high number of inhibitory compounds. 
 

 
 
Fig. 1. Concentration of microbial populations in different 
agave juices. 

 
 

 
The greater variability in the strains of Saccharomyces 
cerevisiae was observed in the diffuser juice with a 
thermo-acid hydrolysis (D1). Therefore, it is supposed 
that this is the juice with lowest inhibitory compounds. 
 

 
Fig. 2. Genotypic variability in strains of S. cerevisiae based 
on rep-PCR, lower variability (red circle), greater variability 
(blue circle). 
 
Conclusions. The hydrolysis process of agave juice 
has an impact on the microbial diversity observed at the 
beginning of fermentation, influencing the relationship 
of bacteria and yeasts, as well as the diversity of 
species and strains. These results suggest that the 
evolution of fermentation and the generation of volatile 
compounds will be different in each type of juice. 
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Introduction. The intervention of yeasts in industrial 
processes is becoming a common practice, some of the 
different application areas are, bio-fuels, cellular 
proteins, fodder, enzymes and low molecular weight 
metabolites [1]. Nowadays, non-Saccharomyces 
yeasts have gained importance due to their capability 
of producing several interesting metabolites, mainly 
enzymes and aromatic compounds [2], making them a 
tool to give added value to alcoholic beverages such as 
beer, wine and distillates [3]. 
The aim of this work was to make a physiological 
characterization of strains from the same species which 
were isolated from different environments.  
 
Methods. The behavior of 19 Pichia kluyveri strains 
was evaluated. The strains were isolated from three 
different traditional fermentation processes, Mezcal, 
Cocoa and Tejuino. Thermo-tolerance, Osmo-
tolerance and ethanol tolerances assays were 
performed in solid media based on experiments 
presented by [4].  
 
Results and discussion. 
 

 
Fig 1. Thermotolerance assay results in YPD agar at different 
temperatures with the 19 Pichia kluyveri strains. 

 
Fig 2. Osmo-tolerance assay results with increasing 
concentrations of glucose with the 19 Pichia kluyveri strains. 

 

 
Fig 3. Ethanol tolerance assay results in YPD medium with 
increasing concentrations of ethanol with the 19 Pichia 
kluyveri strains. 

Some of thermo-tolerance (Fig 1), osmo-tolerance (Fig 
2) and ethanol tolerance (Fig 3) results are presented 
above. This is useful since it can give a perspective of 
potential processes in which strains can be used. 
 
Conclusions. It is interesting that yeast belonging to 
the same species and even to the same process and 
region they may present different response to external 
factors such as the carbon source or a toxic agent like 
ethanol.  
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Introduction.  Mezcal is a traditional distilled beverage 
produced   from the fermented juices of the cooked 
agave plant core in some regions of Mexico (1). In the 
state of Durango, mezcal is made by traditional 
fermentation of the Agave durangensis plant (2).This 
beverage involves a complex of microorganisms during 
the fermentation, where yeasts are responsible for the 
production of various chemical compounds (1).  
 
The aim of this research was to study yeasts involved 
in traditional mezcal fermentation in Durango, Mexico. 
 
Methods. Samples were taken at different times during 
fermentation (beginning, middle and ending) in a 
traditional mezcal fermentation located in Durango, 
Mexico. Yeasts were isolated in YPDA. Genomic DNA 
was obtained by using the Wizard Genomic DNA 
purification Kit© (PROMEGA, Madison, WI). 
Identification was conducted by sequencing of the 26S 
rDNA region on ABI 310 sequencer. The results of the 
sequences were confirmed with the GenBank 
database. 
 
Results and discussion. 26 isolates were obtained 
from the different times during fermentation (beginning, 
middle and ending) which were identified as five 
different yeast species: Saccharomyces cerevisiae 
(11), Kluyveromyces marxianus (10), Torulaspora 
delbrueckii (1), Hanseniaspora guilliermondii (1) y 
Pichia kluyveri (3). S. cerevisiae was the dominant 
species, representing a 42.3% of the total yeast isolates 
in the distillery. This observation is concordant with 
previous studies on fermentations of agave in the 
region, where dominance of this yeast has been 
observed (1, 2). After S. cerevisiae, the next prevailing 
species is K. marxianus. The other yeast species were 
isolated only occasionally. Páez-Lerma et al., 2013 
identified yeast species in a traditional mezcal 
fermentation process in Durango, finding 
Saccharomyces, Kluyveromyces, Torulaspora, 
Candida, Pichia and Hanseniaspora.  We found 
similarities in some species. Table 1 shows the 
evolution of each identified yeast species, observing 
that some genera maintained throughout  
 
 

the fermentation. Even, there are yeasts only present in 
one fermentation stage (beginning, middle or ending). 
 
Conclusions. Fermentation process showed a high 
yeast diversity, probably because the factory maintains 
a traditional fermentation process. A large number of 
species non-Saccharomyces have been investigated to 
improve the sensory characteristics and attributes of 
the final product, which makes it essential to know the 
native yeasts that can be used as inoculant. 

 
Table1. Characterization of yeast population  

Identified specie 
Fermentation stage 

Beginning Middle End 

S. cerevisiae ✓  ✓  ✓  

K. marxianus ✓  ✓  ✓  

T. delbrueckii  ✓   

H. guilliermondii ✓    

P. kluyveri ✓    
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Introduction.  
Tequila production has shown great growth in recent 
years due in large part to the consumption of its 
Premium products like crystalline tequila, which should 
maintain the character of a tequila that was aged in 
barrels, but with the transparency of a silver tequila. 
Sales statistics for crystalline tequilas have grown by 
40.4%, increasing the number of brands by up to 
2000% due to its wide acceptance in the market. 
However, this type of tequila is not classified in the 
Official Tequila Standard (NOM-006-SFCI-2012) yet. 
In the present study the parameters of physicochemical 
quality were determined to establish differences 
between extra aged and crystalline tequilas. 
 
Methods.  
In this investigation, six brands of tequilas 100 % Agave 
of greater commercial recognition were chosen. Of 
each brand, two types of tequila (extra aged and 
crystalline) were purchased in the liquor store. The 
physicochemical determinations of alcoholic content 
and dry extract were made according to the Mexican 
Standard NOM-006-SFCI-2012 [1]. In addition, pH, 
color, and total acidity analyzes were also carried out.  
 
Results and discussion.  
 

Table 1. Results of the physiochemical analysis of tequilas.  
 

 
Determination 

Extra-aged 
tequila 

Crystalline 
tequila 

Min. Max. Min. Max. 

% Alcohol (v/v) 38 42 35 36 

Dry extract (g/L) 0.16 1.89 0.16 6.22 
Acidity  (mg of 
acetic ac./100 

mL of a. a.) 
47.74 115.03 43.94 140.87 

pH 3.92 4.42 3.76 4.50 

 
Color 

L* 75.10 93.47 97.30 99.98 

a* -1.80 12.88 -0.76 -0.15 

b* 21.55 67.72 0.97 3.17 

L*a *b *: chromatic coordinates.  L * = luminosity, a * (+ indicates red, - indicates 
green) and b * (+ indicates yellow, - indicates blue).  

 
 

 
Higher content of dry extract was determined in a 
sample of crystalline tequila, even outside the limits 
established by the Mexican Standard of Tequila, with 
respect to extra aged tequilas (Table 1). For the color, 
lower luminosity values in extra aged tequilas, but 
higher in the transition of the yellow-blue chromaticity 
(b*) objectively showed the differences between the 
types of tequila evaluated, where extra aged tequilas 
have the color acquired during their permanence in 
barrels, while in crystalline tequilas the color has been 
removed. The alcoholic content values were within 
what is established by the Mexican Standard for both 
types tequilas. In the case of pH and acidity, similar 
results were observed in some tequila samples, but 
greater acidity was observed in crystalline tequila 
samples. 
 
Conclusions.  
Among the different types of tequilas, large differences 
were observed mainly for total acidity, dry extract and 
color. Although some physicochemical characteristics 
for crystalline tequila are consistent with the Official 
Mexican Standard for matured tequilas, their 
physicochemical characterization could serve as a 
reference to establish their composition ranges for 
inclusion in a future update of the corresponding 
Tequila Mexican Standard. 
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En el 2003 sugerimos por primera vez la estructura base de los fructanos de agave, además, mencionamos que 
definitivamente no eran del tipo de la inulina. Tres años después, publicamos una serie de estructuras encontradas 
en diferentes especies de agave a las que se les llamó AGAVINAS. Desde entonces, hemos explorado diferentes 
aspectos de la vida y que hacer de estos fructanos, entre los resultados más interesantes podemos destacar no 
solo el potencial que tienen las agavinas como prebióticos, basado en estudios in vitro e in vivo, sino también con 
una serie de experimentos utilizando sistemas murinos.  
 
Por otra parte, también hemos investigado la biosíntesis de estas agavinas, su potencial como suplemento en 
diversos productos, entre otros. En este seminario se dará énfasis al impacto que las agavinas han mostrado y 
que impactan en problemas de salud como osteoporosis, obesidad-saciedad, hígado graso y microbiota intestinal, 
por mencionar algunos.   
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En esta conferencia se abordan diversos aspectos relacionados con las fructanas de agave, su estructura y 
diversidad en función de la especie y su impacto actual y potencial en la alimentación. En una primera etapa se 
presenta un panorama general sobre los polisacáridos funcionales existentes en la naturaleza y en la industria de 
impacto en la alimentación humana.   
 
En particular, se analiza la forma en la que las fructanas de agave son modificadas/hidrolizadas en los procesos 
biológicos a los que usualmente son sometidas, teniendo como base comparativa lo que sucede con otras 
fructanas de origen vegetal (inulinas y levanas), esto en el contexto de la obtención de productos funcionales 
(fibra soluble y prebióticos). Una pregunta que inquieta al consumidor es si existe una ventaja selectiva en el 
consumo o de efecto selectivo en el consumo de una u otra forma de fructana (levana, inulina o agavina), ya sea 
en forma de polisacárido o de fructo-oligosacárido.  
 
En este mismo sentido, y tomando como base el conocimiento cada vez más amplio de la fisiología bacteriana, 
se analiza la forma en la que una bacteria ampliamente caracterizada como probiótico (eg Bifidobacterium 
longum) consume fructanas, y los mecanismos que emplea para su asimilación. Se revisan algunos de los 
resultados más importantes reportados hasta la fecha y el potencial que podría representar el contar con 
estructuras específicas de oligosacáridos dentro de las fructanas de agave. 
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Introduction. In Hidalgo State, maguey honey is 
produced by hand, which is made from the 
concentration of aguamiel (AM) of different agave 
species from the upper mezquital region, and thus the 
quality and composition of the honey depends directly 
on the quality of the AM used. The AM is the sap that 
contains the bud of the plants commonly known as 
magueyes; belonging to the family of the agaves. The 
collection is done every 12 h after scraping the stem of 
the agave, and the production lasts from 4 to 6 months. 
The main component of AM are carbohydrates, 
although the presence of amino acid, ascorbic acid and 
iron also has been reported (Ortíz-Basurto et al., 2008). 
Differences in AM composition due to the region, agave 
species, weather, among other, are still not clear. 
In this work was studied the carbohydrate profile of 
maguey honey and AM from different agaves of the 
upper mezquital region in Hidalgo State. 
 
Methods. The samples of AM were collected from 
Agave salmiana (var. salmiana or Manso, var. ayoteco) 
and A. atrovirens (Penca larga) in the upper mezquital 
zone, they were pasteurized and stored in freezing. 
Samples of honey were obtained from the sale in San 
Andrés Daboxtha, Cardonal, Hgo. Physicochemical 
parameters such as color, pH and Brix degrees were 
analyzed for each sample. The carbohydrate profile 
was determinate using HPLC methods. Using an 
Aminex 87C column to quantify the amount of glucose, 
fructose and sucrose; an Ultrahydrogel DP column to 
determine the presence of fructans and 
fructooligosaccharides (FOS) according to 
methodology proposed by Moreno Vilet (2017). 
 
Results and discussion. Glucose, fructose and 
sucrose represent more than 90% of the 
carbohydrates, however there is a great difference in 
the profiles observed for AM from agaves of different 
species or varieties (see Fig. 1). The amount of fructans 
GP> 10 varied between 1 and 12.6%, while for FOS it 
varied between 1 and 12% of the total carbohydrates 
(see Table 1). 
 

 Maguey honey contain on average 159 g/L sucrose, 
142 g/L glucose and 168 g/L fructose. 

Table 1. Carbohydrate profile of samples 
 AM Manso  

% d.b. 
Maguey Honey 

% d.b. 
G + F 23.8 ± 23.33 58.29 ± 1.95 
Sucrose 68.22 ± 24.69 28.46 ± 2.22 
FOS DP <10 3.68 ± 3.29 5.55 ± 0.03 
Fructans DP >10 4.31 ± 3.29 7.7 ± 0.3 

G: glucose, F: fructose, DP: degree of polymerization, d.b: dry basis. 
 

 
Fig. 1. Sugar concentration in aguamiel (AM) from different 

agaves 
Conclusions. Large variations were found in the 
different parameters evaluated, which may affects the 
sensory and nutritional quality of maguey honey. 
Studies of AM composition based on agave species, 
growing area or harvest period as well as the honey 
processes standardization are needed. 
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Introduction. Agave fructans have shown antiobesity 
effects, in animal models, they decrease fat mass, 
body, liver weight, and generate satiety in rodents [1]. 
While in clinical trials ingestion of Agave fructans 
showed a decrease in body mass index, total body fat 
percentage, and a decrease in triglyceride levels in 
obese individuals [2]. 
The mechanism associated for these activities is 
unknown. 
The aim of the work was to explore pancreatic lipase 
inhibitory activity of Agave fructans. 

 
Method. Agave fructans were obtained from Agave 
tequilana Weber, juice was filtered, spray dried and 
processed with tangential flow filtration to obtain 
fructans with a degree of polymerization of less than 10 
[3]. 
The porcine pancreatic lipase inhibitory activity was 
determined using 4-nitrophenyl β-D-glucopyranoside 
(4-NP) as a substrate. The enzyme under the reaction 
conditions hydrolyzes 4-NP to release p-nitrophenol, 
which is a colored substance and can be monitored at 
410 nm. In a test tube, 1 g/mL sample (or, Orlistat) was 
mixed with 0.5 mL lipase solution previously dissolved 
in a buffer at 10 mg / mL. It was incubated for 30 min at 
37 °C. Then, 1 mL substrate 4-NP was added to it. After 
incubation, its absorbance was recorded at 410 nm 
against a blank. 
The percent inhibition was calculated using the 
following formula: %Activity= (Ac-As) x100 
Where Ac and As is the absorbance of control and 
sample, respectively. The control contained all 
constituents except a test sample. Orlistat was used as 
a positive control. 

 
Results and discussion. Agave fructans were 
analyzed in concentration that was used for previous 
clinical essays. 
The pancreatic lipase inhibitory percentage was 49%. 
This is a good value when compared to 58% inhibition 
of positive control orlistat. Inhibition of pancreatic lipase 
is a viable strategy to combat obesity with natural and 
safe natural products. 
Pancreatic lipase is a key enzyme in dietary 
triacylglycerol absorption, hydrolyzing triacylglycerol to 
2- monoacylglycerol and fatty acids. It is well known that 
dietary fat is not directly absorbed from the intestine 
unless it has been subjected to the action of pancreatic 
lipase [4]. 

 
These results suggest that Agave fructans prevents the 
hydrolysis of dietary fat possibly in the small intestine 
and reduces the subsequent intestinal absorption of 
dietary fat. 

 

Inhibition of pancreatic lipase 
80.000 

60.000 

40.000 

20.000 

0.000 
Agave fructans Orlistat (positive 

control) 

Fig. 1. Percentage of Inhibition of pancreatic lipase of Agave 
fructans in comparison with Orlistat (n=3) 

 
 

Conclusion. The mechanism proposed of antiobesity 
activity of Agave fructans is through inhibition of 
pancreatic lipase. Whereby, could be used as an 
alternative for lipids control. 
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Introduction. Inulin (I) extracted from chicory complies 
with certain technological and functional properties 
required by the food industry; in addition, as part of the 
diet causes a beneficial systemic effect on health [1], a 
decrease of the abdominal adipose tissue and serum 
metabolic parameters such as glucose and cholesterol 
[2]. The chicory fructans used industrially in Mexico are 
all imported [3]; therefore, it is important to compare the 
metabolic effects of inulin with the fructans extracted 
from the two most abundant maguey species in Mexico.  
Thus, the objective of this project was to compare some 
metabolic effects of the fructans of Agave salmiana 
Otto ex Salm-Dyck (S) and those of A. tequilana F.A.C. 
Weber, commercial (TC) and extracted in our 
laboratory (TE) [4], with those of Cichorium intybus L. 
(I) on healthy Wistar rats.  
Methods. A completely random experiment was 
carried out with five treatments resulting from two levels 
[zero (Z) and 10%] of each type of fructan (S, TC, TE 
and I), assigned each to nine male Wistar rats during 
21 weeks. During this experimental period, serum 
samples were obtained to quantify glucose and 
cholesterol. At the conclusion of the experimental 
period, the abdominal adipose tissue was dissected 
and weighed. In addition, the liver and colon were 
dissected and stained with hematoxylin-eosin for 
microscopic observation (40X).  
Results and discussion. At the end of the experiment 
the average glucose concentration (mg/ dL) was 131.67 
(Z), 110.38 (TE), 108.34 (I), 105.32 (TC) and 94.61 (S), 
significantly higher in (Z), but without statistical 
differences between the different types of fructans. The 
total cholesterol (mg/dL) also decreased significantly in 
the animals supplemented with fructans (Z, 86.17; I, 
66.48; TC, 68.04; TE, 68.74; S, 68.04), but also without 
differences between the different fructans. These 
results support the assertion [2] about the fructan 
function of regulating the hormonal level of insulin and 
glucagon, through the regulation of lipid and 
carbohydrate metabolism. As for the abdominal 
adipose tissue (g), the rats accumulated 9.91 (Z), 9.20 
(TE), 8.04 (TC), 7.80 (S) and 6.01 (I); inulin was the only  
 

treatment that significantly decreased the abdominal 
adipose tissue weight. In this regard, it has been found 
[5] that the consumption of fructans affects the 
expression of the proglucagon gene on the levels of 
incretin GLP-1 (glucagon-like peptide), which reduces 
caloric intake and generates satiety, resulting in a 
reduced body weight gain and lower adipose tissue. 
Regarding histology, the nuclear size (μm) of the 
hepatocytes of S (9.19) and TC (9.44) were statistically 
similar to Z (9.25), so that supplementation with these 
fructans does not affect the functioning and metabolism 
of the liver. In the colon it was measured the mean 
length (μm) of the cryptic foci and it was found that in Z 
(40.01) it was statistically similar to the other treatments 
47.23 (S), 41.69 (TE), 43.62 (I) and 34.60 (TC); in 
addition, in the treatments supplemented with fructans, 
it was observed as intact the morphology of the crypts 
and epithelium, and a greater quantity of Goblet cells.  
Conclusions. The supplementation with fructans of 
maguey to healthy Wistar rats maintained the serum 
concentrations of glucose and cholesterol, without 
differences between the types of fructans. Only inulin 
significantly reduced the accumulation of abdominal 
adipose tissue. The liver and the colon maintain their 
functioning and morphology after the consumption of 
fructans. In general, the evaluated fructans showed 
similar effects.  
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Introduction. Traditional extraction presents different 
drawbacks such as: long extraction times, use of large 
quantities of toxic solvents; besides low yields of the 
active compounds of interest. The microwave-assisted 
extraction (MAE), has demonstrated a superior 
extraction efficiency compared to conventional 
extraction methods, with a short extraction time, in 
addition to using environmentally friendly solvents [1]. 
The aim of this work was to develop a precise, 
efficient and rapid extraction method for phytosterols 
of Agave angustifolia Haw through of MAE.  
 
Methods. The plant material used was the stems and 
the leaves of A. angustifolia, 5 years old, dried and 
powdered. The MAE extraction conditions for the 
phytosterol were: 200 W of microwave power, using 
ethanol as solvent, at 70°C, for different extraction 
times (7’30”,10',12’30”and15'). This treatment was 
compared with maceration extraction (MAC) with 
ethanol as solvent for 48 hours. All samples were 
lyophilized.  HPTLC chromatographic technique was 
used to the identification and quantification of β-
sitosterol β-D-glucoside using VisionCATS 2.4 [2,3].  
 
Results and discussion. The figure 1 confirms the 
presence of β-sitosterol β-D-glucoside and a fraction 
of β-sitosterol in the ethanolic extracts obtained from 
the stem and leaves by MAE, obtaining the same Rf 
value of the references. 
 

  
Fig. 1. HPTLC plate of β-Sitosterol β-D-glucoside and 

ethanolic extracts by MAE and maceration (MAC) of A. 
angustifolia 

 

The results of this work (table 1) showed that the 
highest yield was obtained in lower extraction times, in 
comparison with the examples of maceration with 
other investigations, whose hexane extract of 
Sisymbrium irium had 0.00210 mg / g of β-sitosterol β-
D-glucoside [4].  

 
 
 
 

  

  
Conclusions. It was possible to obtain better 
extraction yields of phytosterols from A. angustifolia, 
using ethanolic-MAE extraction to reduce from hours 
to minutes extraction time. 
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Extraction 
time 

Leaves Stem
MAE  7'30'' 121.43 178.57
MAE 10' 119.84 146.83
MAE 12'30" 110.32 121.43
MAE 15' 107.14 118.25
MAC 40.48 64.29

mg of ß-sitosterol ß-D- glucoside / 1 g 
of dried extract

Table 1. Concentrations of β-sitosterol β-D-glucoside 
obtained with different times of MAE and extraction by 
maceration (MAC) of 48 h, of leaves and steams of A. 

angustifolia. n = 3 
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Introduction. 
Agave fructans are fructose polysaccharides of enormous 
cultural and economic value due to their role as carbon and 
energy sources in well stablished traditional alcoholic 
fermentation industries. However, during the last decades its 
prebiotic properties demonstrated by several research 
groups, both in México and abroad, have been the basis of 
agave diversification and creation of new agro-industries with 
potential effects in consumer’s health. Interestingly, the fate 
of fructans in the single alcoholic fermentation which does not 
involve fructans thermal degradation (pulque fermentation) 
has not been extensively studied, including fructans 
accumulation in aguamiel the substrate of pulque 
fermentation. Although several authors have indeed reported 
the fructan content in aguamiel, little attention has been paid 
to its variation during its accumulation and collection in the 
plant1. There is evidence of fructan content variations in 
aguamiel  during the year 2 and that changes occur also in 
terms of simple sugars during the harvesting period 3.  
In this work we report the observed changes in fructan content 
in aguamiel during the productive life of three agave plants, 
starting from the initial castration step. We present data 
reporting accumulation, collect to collect, day to day, and 
week to week changes sugar composition changes, through 
the entire plant productive life.  
 
Methods.  
Agave plants and aguamiel were from Huitzilac, in the state 
of Morelos, corresponding to A. mapisaga and A. salmiana 
species. Aguamiel samples were taken at several times 
during the productive life as indicated. Aguamiel samples are 
described as fresh (the first volume collected after scraping), 
and/or accumulated (as usually extracted from the plant). 
Samples were frozen in the field and immediately   sterilized 
in the laboratory through microfiltration in nylon membranes 
and stored until analysis through chromatography (TLC, 
HPLC and HPAEC-PAD). Samples of metzal, the pine tissue 
scrapped from the cavity or cajete after aguamiel collection, 
were also taken for analysis. Sugars in the metzal were 
extracted with water 1:2 w/v in a mixer.  
 
Results and discussion.  
As expected, carbohydrate concentration in aguamiel varied 
during collection. Fructans (mainly as oligosaccharides) 
increased until the third part of its productive life, as illustrated 
in Fig. 1. We also show that important changes take place in 
aguamiel during accumulation in the plant, mainly due to the 
activity of microorganisms. We demonstrate that scraping is 
essential in terms of sugar composition in fresh aguamiel. 
During a single day (eg from 7:00 to 14:00 hrs), sucrose 
concentration remains rather constant whether the plant is 
scraped or not. However, FOS are exclusively obtained after 
scraping, as shown in Figs. 2 and 3. 
 
 

 
a)                                              b) 

 
 
 

 
 
 
Fig. 1. Samples of the HPAEC-PAD  FOS profile in fresh aguamiel 
(a) and metzal (b), at different stages of the agave productive life.  
 
 
  
 
 
 
 
Fig. 2. Sucrose and FOS HPAEC FOS profile in fresh aguamiel during 
a single day (from 7:00 to 14:00 hrs), Scraping was carried out only 
before the first sample was taken. In all cases accumulated aguamiel 
was retired previous to sampling. 
  

 
 
 
 
 
 
Fig. 3. Sucrose and FOS HPAEC FOS profile during a single day 
(from 7:00 to 14:00 hrs), Scraping was carried out again before each 
sample was taken, before elimination of the accumulated aguamiel. 
 
Conclusions.  
Many conclusions derive from this study: significant 
differences were found in fresh aguamiel composition during 
its productive life. However, sucrose composition in fresh 
aguamiel remains constant during daily accumulation. 
 
Fuctans are extracted only through scraping of the cajete’s 
wall and are carried with the fresh agave nap. A dilution effect 
takes place in FOS during collection and an important amount 
of FOS and simple sugars is lost in metzal.  
Aguamiel sugars change during accumulation. Changes 
depend on microorganisms, including sugar hydrolysis as 
well as microbial oligosaccharides synthesis. 
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Introduction. Agave salmiana Otto ex Salm-Dyck has 
traditionally been used for the production of fermented 
beverage known as “pulque” that has recently gained 
acceptance as a functional food. However, the plant 
requires up to 10 years to be used as raw material [1]. 
The objective of this work was to evaluate the 
antioxidant and bioactive principles of Agave salmiana 
during different stages of development. 
 
Methods. Wild grown plants from Coahuila, Mexico, 
were identified based on leaf and spine traits to obtain 
a representative sample from six different stages of 
development (I-VI) from 1 to 7 years old. Total phenolic 
content (TPC), antioxidant activity (AOX) [2], as well as 
composition and content of flavonols and saponins by 
HPLC-MS-TOF and HPLC-ELSD-PDA [3] were 
evaluated. 
 
Results and discussion. Kaempferol, quercetin and 
five saponins were identified. Similar to AOX, flavonols 
presented a negative concentration tendency with a 
reduction of 65% between the stage I and VI. Plants of 
stage III and IV presented the highest content of 
saponins, particularly chlorogenin glycoside, containing 
3.19 and 2.90 mg protodioscin equivalents/g, 
respectively. All flavonols and saponins were previously 
reported in Agave salmiana [4]. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 1. Kaempferol and quercetin content of methanolic leaf 
extracts at different stages of development in A. salmiana. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

  
Fig. 2. Content of the saponins identified in methanolic 

leaf extracts at different stages of development of Agave  
salmiana. CG1-2, chlorogenin glycoside 1 and 2; TG,  

tigogenin glycoside; HG1-2, hecogenin glycoside 1 and 2.  
 
Conclusions. Many differences were observed in A. 
salmiana plants during development. The bioactivity of 
methanolic leaf extracts decreased as plant age 
increased. Saponin concentrations showed a 
significant increase at stage IV, suggesting that these 
plants were preparing to enter the reproductive stage. 
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En México se generan grandes cantidades de residuos agroindustriales, que presentan potencial para ser 
empleados en biorefinerías. Este proyecto, se centra en el estudio del bagazo de agave como materia prima para 
su conversión en productos de valor agregado bajo el concepto de biorefinería. Las actividades de refinación del 
petróleo marcaron la segunda mitad del siglo pasado, y hoy en día se resienten los efectos relacionados con esta 
industria. Una alternativa a la economía del petróleo corresponde a la energía renovable basada en recursos 
agroindustriales cuyo desarrollo se fundamenta en el concepto de biorrefinería. Sin embargo, en los últimos años, 
los procesos existentes de transformación bioquímica de biomasa a combustibles han demostrado que el objetivo 
económico no es alcanzado bajo este esquema, pues los procesos están desarrollados desde un punto de vista 
de gran escala.  
 
Por lo que, para hacer económicamente viable dicho proceso es necesario desarrollar productos de valor 
agregado sustitutivos o complementarios a los productos petroquímicos. En este estudio se desarrolla el diseño 
conceptual, la evaluación técnica y económica de múltiples escenarios para la producción stand alone y 
combinada de bioetanol, xilitol, furfural, ácido láctico y ácido succínico utilizando microorganismos nativos y 
modificados genéticamente, a partir de material lignocelulósico procedente de agave Tequilana Weber, 
empleando el software de simulación Aspen Plus V8.4. con el objetivo de construir un modelo sistemático que 
permita analizar el proceso de producción desde un punto de vista de viabilidad económica a baja escala. Está 
desarrollado bajo el marco del proyecto SMIBIO (Small-scale Integrated BIOrefineries) en el cual participan un 
consorcio de países europeos y países latinoamericanos liderados por el Laboratorio Nacional de Energía y 
Geología (LNEG) de Portugal. 
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En años recientes, la biotecnología anaerobia ha aumentado considerablemente su aplicación, gracias a los 
avances sobre aspectos fundamentales del proceso y al desarrollo de nuevas tecnologías. Es claro que los 
tiempos y las tendencias han cambiado y ahora el agua, la biomasa y la energía son un trio dinámico e 
indisociable. La biotecnología anaerobia permite, por un lado, el tratamiento de efluentes y valorización de 
biomasa residual y, por el otro, la producción de energía en forma de metano o hidrógeno y metabolitos de valor 
agregado, todo esto usando recursos renovables. 
 
 En la conferencia se presentarán y discutirán algunos de los avances más relevantes en el tema de producción 
de biocombustibles gaseosos, con especial énfasis en biogás e hidrógeno, que ha tenido el grupo de 
investigación, a la par de las nuevas áreas de investigación y desarrollo tecnológico en el marco de la biorrefinería 
usando bagazo de agave como materia prima. 
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Introduction 
During the production of tequila, 10 L of vinasse are 
generated per liter of tequila [1]. A common practice is 
to dispose of the vinasse in the soil as fertilizer because 
of its high organic load [2]. However, there are negative 
and positive effects reported on the soil, and little is 
known about their effects on the rhizosphere [3].  

The primary objective of this investigation was to 
evaluate the effect of the application of tequila vinasse 
on the rhizosphere of maize a) assessing how vinasse 
pH and organic load affect to commercial and native 
arbuscular mycorrhizal fungi (AMF) and b) comparing 
different vinasse concentrations. 
 

Material and methods 
EXP. I) Pots with sterile soil and corn seedlings were 
irrigated with two pH levels (3.5 and 4.5) and vinasse 
organic matter concentrations (30% and 60%) for 90 
days. Either a commercial (CI) or native (NI) AMF 
inoculum was added; EXP. II) Pots with corn seedlings 
were irrigated with different vinasse concentrations 
(25%, 50% and 75%) or water (0%) for 120 days. 
Height, biomass, spore density, relative abundance 
(RA) and colonization of AMF, soil pH, EC, PT and 
phenols in the rhizosphere were recorded in both 
experiments. 
 

Results and discussion 
EXP. I. The final average height of the plants was 63 
cm. A decrease in height and biomass was observed in 
the plants treated with vinasse against the control. The 
application of vinasse increased pH (Fig 1.a), EC, PT, 
and phenols in soil. Colonization was decreased in both 
inocula, and spore density decreased in CI only. The 
population composition of AMF in NI was disturbed.  
 

 
Fig.1. a) EXP I. Soil pH at initial time t0 and 3 months (t3). Fig.2. b) EXP II. 

Soil EC for 3 months. 

 

EXP. II: The final average height of the plants was 63 
cm. Soil pH, EC (Fig 1.b) and phenols increased. 

No benefit from the use of vinasse in plant height or 
biomass was observed. A decrease in root colonization 
and RA in some AMF species was observed. 
 

In both experiments, the results showed that the 
composition of the vinasse has negative effects soil 
characteristics, and the AMF, independently of the 
inoculum used. On the one hand, high concentrations 
of salts inhibit the growth of corn plants [4], while 
increases in salinity affect the AMF [5]. Besides, some 
phenolic compounds disturb AMF populations [6], 
which is further detrimental to plants because they help 
alleviate stress. 
 

Conclusions 
The application of vinasse did not favor plant growth, 
but it did decrease AMF colonization compared to the 
water control, regardless of the pH and vinasse organic 
load and at any concentration of vinasse while soil EC 
and the amount of phenols increased. 
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Introduction. The application of biohydrogen as 
energy vector has been studied as an alternative of the 
fosil fuels due to its desirable characteristic as clean 
energy, its high energy value, its null generation of 
contaminant gasses and the feasibility of been 
produced from residual organic matter or wastewaters 
with high concentrations of carbohydrates [1]. 
The tequila vinasses had been studied as a potential 
substrate for the fermentative-way biohydrogen 
production due to its availability and high residual sugar 
concentration. Nevertheless, the TV’s also have a high 
concentration of phenolic compounds that can 
potentially inhibit the fermentation process [2,3]. 
The main objective of the present work was to study the 
effect of the application of an adsorption pretreatment 
using activated charcoal to remove the phenolic 
compounds of the TV’s on the biohydrogen production. 
Methods. The adsorption pretreatment was made 
using a glass column XK 50/60 General electrics 
packed with activated charcoal Darco 20-40 mesh. 
The biohydrogen production potential was evaluated 
with the automatic methane potential test system 
(AMPTSII) Bioprocess Control Sweden. 
In order to improve the results precision, a totally 
randomized blocks design was chosen as experimental 
design, studying the initial concentration of chemical 
oxygen demand (COD) and the inoculum/substrate 
ratio as block factors: dephenolized tequila vinasses 
(DTV’s) and raw tequila vinasses (RTV’s) were studied 
at three initial concentrations of COD (5, 15 and 30 
gCOD/L) and two different inoculum substrate ratio (2.7 
y 7.2 gTVSInoculum/gTVSsubstrate). 
A thermally pretreated anaerobic sludge was used as 
seed inoculum. The composition of the generated gas 
was qualitatively analyzed to discard methane 
formation via gas chromatography coupled with a 
thermal conductivity detector. The volatile fatty acids 
generated during the assays were quantitatively 
determined via high efficiency liquid chromatography 
coupled to a refraction index detector. 
Results and discussion. The multifactorial analysis of 
variance showed that the pretreatment had statistically 
significative effects (p>0.05) over the cumulative 
biohydrogen production (Hmax), the maximum 
production rate (Rmax), over the lag phase and over the 
hydrogen production yields calculated in mol of total 
sugar and liters off vinasse basis. 
 

The multiple range tests allowed to compare the mean 
values of both vinasses excluding the block factors 
effects. (Table 1).  
 

Table 1 Mean values showed for each treatment. 
Vinasse Hmax Rmax lag Ymol Y 

vinasse 
mLH2/L mLH2/

L*h 
h molH2/mol

T.S. 
LH2/Lvinas

se 
DTV 1085.63 77.68 17.6

9 
1.90 2.08 

RTV 1248.69 63.36 23.1
2 

1.69 3.04 

LSD* 45.64 5.66 1.98 0.13 0.14 
*Least significant difference. 

Conclusions. The pretreatment significatively 
improved parameters of the biohydrogen production 
like the maximum production rate, the lag phase and 
the molar biohydrogen production yield, this result 
could be very useful to optimize economics and spaces 
by building smaller reactors for the biohydrogen 
production using TV’s. In contrast the negative effects 
over the maximum cumulative hydrogen production and 
its subsequent diminution over the productivity 
calculated on liter of vinasses basis shown the 
necessity of optimize the adsorption process focusing 
in avoid substrate loses, using more selective 
adsorbents or studying the influences of operational 
factors like pH or temperature over the adsorption 
process. 
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Introduction. 
The tequila production in Mexico reaches 167 million 
liters per year. Approximately 3 kg of bagasse per liter 
produced is generated, which is considered a waste [1]. 
Hydrogen has an energy efficiency of 122 KJ/g, 2.75 
times more than hydrocarbons, with water being the 
only by-product [2]. When residues from the production 
of tequila are used as a substrate, the yields of 
hydrogen production are low, due to the presence of 
compounds with an inhibitory effect, mainly phenolic 
[3]. The neutral adsorbents use such as activated 
carbon and adsorption resins for phenolic compounds 
elimination has been studied in different substrates [4]. 
The purpose of this work is to characterize the 
adsorption process of at least two different adsorbents 
obtaining its isotherms and kinetics, as a function of the 
saturation time of the adsorbents, characterizing the 
total phenols as an inhibiting agent in the agave 
bagasse hydrolyzate. 
 
Methods. 
To determine the parameters of adsorption isotherms, 
two adsorbents (activated carbon Darco® [CA] and 
Amberlite XAD4® resin) were used in batch at different 
concentrations, 0, 0.5, 1, 1.5, 2 and 2.5% w/v 
maintaining constant the temperature to 23º C and 240 
RPM agitation and 24 h contact time until reaching 
balance. The hydrolyzate was centrifuged at 10,000 
RPM for 5 min. Phenols concentration of  was 
determined by the 4-aminoantipyrine colorimetric 
method and reducing sugars by Miller DNS technique 
and the parameters referring to the Langmuir and 
Freundlich isotherms were calculated by linear 
regression analysis. 
For adsorption kinetics, contact times of 5, 15, 60, 360 
and 1440 minutes were used with centrifuged 
hydrolyzate at concentrations of 1.5% w/v. Phenols 
concentration and reducing sugars were determined 
once the balance was reached when no significant 
measurement differences were detected. 
 
Results and discussion. 
Adsorption process behavior based on the isotherm 
parameters values are shown in Table 1. Both materials 
conform to an isothermal Freundlich model. Adsorption 
kinetics balance for both materials is reached after 360 
min, shown in Table 2. 
 
 

Table 1. Isotherm parameters. 

 
Tabla 2. Kinetics remotion differences (%). 

 
Conclusions.  
Activated carbon Darco® was identified as the 
adsorbent that has a better behavior in detoxification of 
this type of substrate than Amberlite XAD4® resin, this 
based on its greater load capacity as well as on 
adsorption time, price and availability. Although the 
resin has a greater affinity towards phenolic 
compounds and a lower affinity towards sugars, this 
difference is not significant. 
 
Acknowledgements. This work was supported by 
Fondo Sectorial CONACYT Secretaria de Energía-
Sustentabilidad Energética, project 247006 “Clúster 
biocombustibles gaseosos”. 
 
References. 
1. Íñiguez, G., Acosta, N., Martínez, L., Parra, J. & González, 
O. (2005). “Utilización de subproductos de la industria 
tequilera. Compostaje de bagazo de agave y vinazas 
tequileras”. Environmental Pollution International Journal, 21, 
37-50 pp. 
2. Classen, P. (2005). “Utilization of biomass for the supply of 
energy carriers”. Applied Microbiology Biotechnology, 52, 
741-755 pp. 
3. Rodríguez-Félix, et al. “Identification of volatile compounds 
found in Tequila vinasses”. in III Simposio Internacional de 
Agave (ed. Gutiérrez-Mora, A.) 175–180 pp (Centro de 
Investigación y Asistencia en Tecnología y Diseño del Estado 
de Jalisco, 2016). 
4. Cheng, J. et al. “Enhancement of fermentative hydrogen 
production from hydrolyzed water hyacinth with activated 
carbon detoxification and bacteria domestication”. Int. J. 
Hydrogen Energy 40, 2545–2551 pp (2015). 

Material CA 
 

XAD4   
Isotherm Phenols Sugars Phenols Sugars 
Langmuir 

    
Kl (L/mg) 0.0119 -84,563 3.67E-07 -41,178 

qm (mg/g) 13,568 373.63 167,850 211.54 
Freundlich 

    
kf (mg/g) 0.8352 92.353 0.0058 34.75 
n (L/mg) 2.1288 15.429 0.6677 1.328 

Material XAD4 
 

CA 
 

t (min) Phenols Sugars Phenols Sugars 
0 - 5 2.64 0.32 1.32 1.60 
5 - 15 3.96 2.24 3.96 4.17 

15 - 60 7.91 6.09 7.91 15.38 
60 - 360 32.97 11.22 29.01 5.77 

360 - 1440 0 0.96 1.32 3.21 
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Introduction. The volumes of vinasse generated by the 
industry of maguey spirits (tequila and mezcal) are so 
large and potentially polluting that it is advisable to 
recover from them the rainwater captured by the 
maguey during it is life, as well as it’s is organic matter 
and minerals. The biological treatment of the organic 
matter of the vinasse does not eliminate the problem of 
the final destination of the sludges; in addition, the 
opportunity to obtain high quality water is lost (1), since 
the water that results from the biological treatment can 
only be used for cleaning floors and irrigation, or to be 
legally discharged to the drainage. Therefore, the 
objectives of this work was to extract vinasse water 
(VW) from mezcal vinasse to be used as dilution water 
in three contrasting maguey spirits, and to evaluate its 
effects on their organoleptic qualities.  
 
Methods. The VW was obtained from one batch of dry 
cooked maguey and another cooked with steam, 
because the mezcal and the VW of these batches have 
different organoleptic qualities. In the laboratory, the 
VW were evaporated and condensed in an 
impregnation equipment (J.P. Selecta Gastrovac) at 41 
° C and 75% of its vacuum capacity, until extracting 
75% of the initial volume (Fig. 1). With these two waters 
plus a commercial one and three natural or non-
refinement spirits of maguey were diluted to 38 ° GL, 
and an experimental blind tasting was carried out. For 
this evaluation, a completely random tasting with a 3 x 
3 factorial arrangement of treatments, where factor A 
corresponded to the type of spirit and factor B to the 
type of water used to dilute the mescal, was applied, 
following the procedures of Bárcenas et al. 2007 (2). 
The aroma, flavor and general acceptance of the nine 
resulting treatments were numerically qualified by 27 
evaluators familiar with the consumption of spirits of 
maguey, to avoid the bias of beginner. Data for each 
estimated parameter were analyzed according to a 
completely randomized design with 27 repetitions per 
treatment. An ANOVA (SAS, 1999) was performed 
using the PROC GLM procedure and a multiple 
comparison of means was made with the Tukey test; it 
was considered a p ≤ 0.10 as the level of statistical 
significance, suitable for this case. 
 
Results and discussion. As show in Table 1, only the 
type of spirit of maguey had a significant effect on 
aroma (p <0.10); instead, different type of dilution water 
(p = 0.2900)  as  well  as it  is  interaction  (p = 0.6337)  

lacked of statistical significance. This means that 
regardless of the type of dilution water used, the natural 
aroma of the spirit of maguey is preserved.  

 
Fig. 1. Raw vinasse, water and wet sludge of vinasse from 

the potosino mezcal production. 
 

 
 

Table 1 Effect of the type of spirit of maguey (A) and the 
dilution water (B) on the appreciation of the evaluated 

attributes. 

The lack of statistical differences in the results of taste 
and general acceptance may be due to the fact that the 
spirits of maguey used in the experimental tasting were 
of outstanding similar quality, so that the evaluators 
were unable to differentiate them by their taste. 
 
Conclusions. The vinasse water obtained by low 
pressure evaporation showed that it can replace the 
commercial water for dilution of spirits of maguey. In 
addition, certain tendencies in the improvement of 
aroma, taste and acceptance were recorded although 
without statistical significance. 
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 Facto
r Variable Mean (p < 0.10) 

Aroma 
A Spirit of maguey 11.12 0.0215* 
B Dilution water 10.93 0.2900 

A x B Interaction 9.94 0.6337 

Flavor 
A Spirit of maguey 10.63 0.9493 
B Dilution water 10.55 0.4743 

A x B Interaction 10.47 0.5771 

Acceptation 
A Spirit of maguey 21.67 0.2572 
B Dilution water 21.56 0.3484 

A x B Interaction 20.41 0.6961 
* Significant effect (p<0.10) 
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Introduction. Mexico is a traditional mezcal-producing 
country, its alcohol industry thus generating large 
amounts of bagasse, a raw material with a high 
lignocellulosic content and potential industrial 
applications such as food additives, organic acids and 
biofuels. Second-generation bioethanol 2G or ethanol 
produced from agroindustrial waste is one of these 
applications. However, due to the complex 
lignocellulosic biomass structure, it is necessary to 
search for the appropriate processes to transform it into 
a renewable energy source.  
Agave angustifolia bagasse, due to its lignocellulosic 
composition, has a potential for the generation of 
industrial value-added products; however, because of 
the complexity of its lignocellulose structure, it is 
necessary to optimize each stage of the pre-treatment 
process, to obtain a higher production of fermentable 
sugars during the enzymatic stage. Therefore, the 
general objective of the work was to obtain the best 
conditions of peroxide-alkaline pretreatment (PAP) 
using a Box-Behnken design experiment. To this end, 
H2O2 concentration (v/v), solid-liquid ratio (SLR, g:mL) 
and reaction time (h) were evaluated. In PAP, the 
conditions that removed the most lignin were 6% H2O2 

v/v,15: 1 SLR and 45 h at room temperature, removing 
up to 70% lignin.  
Therefore the aim of this study was the optimization of 
the peroxide-alkaline stage for the delignification of the 
pretreated material in order to expose the fiber to the 
enzymatic attack and to obtain efficiencies of >80% in 
fermentable sugars. 
 
Methods. A Box-Behnken design experiment 
considering three variables with three levels for each 
factor was proposed: H2O2 concentration (2-6% v/v), 
SLR (5:1-15:1) and reaction time (25-45 h) with a total 
number of 15 experimental runs. The experiment was 
carried out using 5g samples of Agave bagasse 
pretreated with sulfuric acid according to the optimal 
conditions reported by Morán-Aguilar, M.G. (2018) (1).  
Then, each sample was supplemented with the 
respective SLR per 1g bagasse, using  a  concentration  
 

of 2, 4 and 6% (v/v) H2O2 at different reaction times (25, 
35 and 45h) at room temperature according to the 
experimental design. Experiments were carried out in 
triplicate.  
Each sample of residual bagasse was filtered and 
washed with distilled water until neutralizing its pH (7-
8), then each sample was dried at 50°C for 48h to 
reduce the humidity (<15%) of the pretreated material. 
The residual lignin of each experiment was quantified 
according to NREL (National Renewable Energy 
Laboratory) methodology for the characterization of 
lignocelullosic composition.  
 
Results and discussion. The results obtained after 
PAP show a delignification range between 18-69% in 
the pretreated bagasse; by increasing peroxide 
concentration from 4 to 6% v/v, up to 69% lignin is 
eliminated. This occurs due to the higher H2O2 

concentration producing a greater formation of reactive 
radicals (OH-) and superoxide anions (O2-) responsible 
for the fractionation of lignin lignocellulosic material (2). 
 
Conclusions. The optimal conditions for alkaline 
hydrolysis were 6% v/v H2O2, 15: 1 SLR and 45h 
reaction time obtaining 10.3% residual lignin after PAP, 
which generated 70% removal of lignin initial.  
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Introduction. The production of tequila generates 
enormous quantities of wastewater—so-called tequila 
vinasse. According to the Bureau for Regulation of 
Tequila, about 248 million liters of tequila were 
produced in the last lustrum [1]. Tequila vinasse, which 
is generated in the range of 10–12 L per each liter of 
tequila produced, possesses a high content of organic 
matter together with other features which make it 
harmful to the environment2. Therefore, tequila vinasse 
must be depolluted before its discharge.  
 
The anaerobic digestion (AD) process has emerged as 
an environmental-friendly and cost-effective 
biotechnology for the treatment of vinasse [2]. However, 
tequila vinasse’s features make the AD difficult, leading 
to a reduction in efficiency in terms of biogas production 
and organic removal [3]. This problem has been widely 
addressed by using two-stage processes, obtaining 
different degrees of success [4]. However, the high 
sensitivity of hydrolytic/acidogenic bacteria to the milieu 
imposed by tequila vinasse itself jeopardizes the 
feasibility of applying two-stage processes. In this 
context, more research is required to overcome this 
obstacle. Thus, it is the objective of the present study 
to investigate the feasibility of using raw tequila vinasse 
as feedstock to produce value-added products through 
a robust anaerobic biorefinery concept.  
 
Methods. A series of batch culture experiments were 
performed using raw tequila vinasse as feedstock. An 
in-house acidogenic mixed culture was used as 
biocatalyst. Fig. 1 shows a photograph of the system 
used. 

 
Fig. 1 Set-up of the system (1) and  tequila vinasse (2). 

 

The fermentor was operated at mesophilic and slightly 
acidic conditions. The overall process efficiency was 
assessed in terms of product titers. 
 
Results and discussion. The spectrum of soluble 
products was mostly composed of lactate, acetate and 
butyrate, whereas only hydrogen and carbon dioxide 
represented the non-soluble ones. Based on the titers 
obtained along with the average annual generation of 
tequila vinasse, it was roughly estimated the yield of 
lactate, acetate and butyrate as 1.7x104, 7.7x103 and 
8.5x103 tons/year, respectively. Likewise, hydrogen 
yield was estimated as 1.2x107 m3/year. It should be 
noted that there exists a compromise between such 
value-added products. Furthermore, further 
methanization could be performed in order to enhance 
the overall energy recovery4. Thus, a biorefinery 
framework with different “scenarios” must be 
developed.  
 
Conclusion. The technical feasibility at a lab scale 
stage of using tequila vinasse for biorefinery 
applications was demonstrated.   
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Introduction. In México, the Agave Liquor Industry 
(ALI) includes tequila, mezcal and bacanora. Every 
year tequila industry discards 500 Ktons of agave 
leaves [1] (45% of total above ground biomass) that can 
be used to recover 20 Ktons of long fibers (ixtle) and 80 
Ktons of fermentable substrates (pulp) [2]. On the other 
hand, the supply chains of ALI have shown instability 
[3] related to the preference of producers for more 
profitable crops than agave. 
Here a social and economic assessment is made on the 
utilization of ixtle as textile fiber, and pulp as feedstuff, 
with emphasis on the rural organization that enhances 
the distribution of wealth to primary producers. 
 
Methods. Background analysis on the economic and 
social structure of ALI was based on bibliographic 
surveys using public on-line data bases. Field work was 
made in three separate regions of Sonora mountains 
and from Compañía Mexicana del Desierto, S.A. de 
C.V. in Matehuala, San Luis Potosí, México. 
 
Results and discussion. Figure 1 shows the periodic 
and reciprocal oscillations of agave stem production 
and prices in tequila industry. As said above, this 
indicates instability in the agave supply chain with 
periodicity close to 8 years, similar to agave maturation 
cycle. 
   

 
Fig. 1. Reciprocal oscillations of agave stem production (⚫) 
and prices (). Data from Consejo Regulador del Tequila. 

 
 
 

Table 1 shows the comparison of the ratios between 
sales (P) and raw material cost (M) for ixtle converted 
to artisanal bags, and pulp transformed to goat meat or 
to bio-methane. Highest, P/M ratio, is related to the 
higher added value of textiles. Ecological trends favor 
the substitution of polyethylene bags by ixtle bags with 
a potential market of 25 Ktons [4]. 
 
Table 1. Sales and costs ratios for agave leaves derivatives 

Note: calculated on 1 ton basis of leaves 

 
Conclusions. Ixtle recovery and utilization as a 
substitute of plastic bags in the food retailing market 
seems to be an attractive alternative to increase the 
profitability of the ALI supply chain. Field experience 
supports the organization of small industries where 
profit would be widely distributed to the local producers. 
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Introduction.  
Oleaginous microorganisms are those able to 
accumulate more than 20% of their dry cell weight 
(DCW) as lipids or single cell oils (SCO) [1]; among 
them yeasts stand out because they can use a wide 
variety of nutrients and their lipids have similar 
composition to plant oilseeds. In this way, yeast oils 
have many applications, such as, alternative raw 
materials to produce biodiesel and they do not have the 
ethical debate of using food crops to produce biofuels.  
On the other hand, tequila industry generates tons of 
agave bagasse, which is a lignocellulosic residue. 
Therefore, it is rich in cellulose (43%) and hemicellulose 
(19%) [2], that can be transformed into sugars through 
hydrolysis, and later used as carbon (C) source for 
yeast cultures.  
In this work, commercial enzymatic cocktails were 
studied with and without acidic pretreatment to 
hydrolysate agave bagasse which was used to produce 
SCO with two previously selected wild type oleaginous 
yeasts [3]. 
 
Methods.  
General methodology is depicted in Figure 1. Five 
commercial enzymatic cocktails and two yeasts were 
evaluated. 
 

 
 

Fig. 1. General methodology. 
 

Results and discussion.  
From five enzymatic cocktails characterized, four were 
selected for bagasse hydrolysis and hydrolysates with 
higher sugar content were tested on two yeasts to 
produce SCO.   
Figure 2 shows biomass and SCO production for the 
two yeasts. 
 
 
 
 

 
Fig. 2. Biomass and SCO production by two yeasts using 

agave bagasse hydrolysates. 
 
Conclusions.  
Pretreatment improved sugar yield by 60%. The best 
hydrolysis results were obtained with the enzymatic 
cocktail C5 with pretreatment. When cultured in the 
obtained hydrolysate, both yeasts produced over 50% 
of DCW as lipids, despite the use of acidic 
pretreatment. These are good results since for wild type 
yeasts cultured in lignocellulosic residues, the lipid 
content is usually less than 40% [4].  
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Introduction. Tequila is the emblematic beverage of 
Mexico, and according to the Tequila Regulatory 
Council (CRT: Spanish acronym)[1], in the year 2017 
there were 271.4 million liters, of which about 80% was 
exported to more than 120 countries (213.3 million 
liters). For the elaboration of this drink only the 
“pineapple” (heart of the plant) is used, leaving the 
leaves in the field without use, and according to 
Montañez et al. (2011)[2], leaves represent 48.5% of the 
total weight of the plant. This amount of biomass could 
be used for animal feed, reducing the negative impact 
of the lack of forage during the dry season of the year, 
turning a waste product into economic income for 
agave and livestock producers. The objective of this 
work was to determine the silage quality of agave 
leaves as ruminant feed. 
 
Methods. The plant material was obtained from a plot 
in the municipality of Pénjamo, Guanajuato. Silos were 
made in bags, with a weight of 40 kg. each, the leaves 
had 12 days of being harvested and came from, 
approximately, 5 years old plants. The material was cut 
using a forage chopper machine with a gasoline engine 
of 13 HP, obtaining approximately 2x2 cm. particles. To 
each bag was added 800g. of urea and 800g. of 
molasses. The air was extracted from the bags using a 
1.75 HP commercial vacuum to promote an anaerobic 
lactic fermentation, they were closed and stored for 30 
days for further analysis. 
 
Results and discussion. Preliminary results are 
depicted on table 1. The silage presented a light green 
color, a pleasant smell and slightly sour, with a pH of 
4.3, parameters that according to Wagner et al. 
(2012)[3], are indicators of good silage. The agave 
leaves had a humidity of 85% at the time of ensiling, 
which is above that reported by Montañez et al. 
(2011)[2], who reported a 79.5% on the leaves of Agave 
tequilana. The silage humidity was 77.5% and is well 
below that described by Alvarez et al. (2009)[4] who 
reported 90.2% humidity in a silage of Agave salmiana. 
 
 
 

We will continue with the bromatological analyzes to 
silage to determine protein, fiber, energy, as well as 
ammoniacal nitrogen, and an in vitro digestibility test 
will be carried out to precisely know its quality as food 
for ruminants. 
 
Table 1. Moisture content and pH of Agave tequilana Weber 

var. blue leaf, ensilaged and not-ensilaged 

SAMPLE 
 % MOISTURE Ensilaged 

pH  Not-
ensilaged Ensilaged 

1 84.3 79.43 4.16 
2 86 77 4.26 
3 85 75.97 4.43 

Average 85 74.5 4.3 
 
Conclusions. Preliminary results indicated that a good 
silage quality process was carried out, using Agave 
tequilana leaves. Additional laboratory experiments 
and subsequent works with animals should yield 
accurate results.  
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México es el país que integra la mayor diversidad de magueyes, de las 210 especies reconocidas 156 se 
identificaron en México y 40 en Oaxaca, siendo el estado mexicano con mayor diversidad, de éstas unas 25 
especies se utilizan para hacer mezcal, aunque existe otra docena que no han sido clasificadas adecuadamente. 
En general los Estados que integran la DOM se identifican con algunas especies y sus variantes morfológicas, 
Guerrero y Michoacán con Agave cupreata, Guanajuato San Luis Potosí y Zacatecas con Agave salmiana, 
Durango con el Agave durangensis, Puebla con Agave potatorum y Agave marmorata y Oaxaca principalmente 
con el A. angustifolia aunque esta última especie se está difundiendo muy rápido hacia otros estados con las 
posibles implicaciones que se deriven.  
 
Si bien el 80% del mezcal producido con certificado hoy en día proviene de magueyes cultivados, el resto se 
elabora con especies silvestres, que, aunque muchas ya se están empezando a cultivar, la realidad es que no 
hay un aprovechamiento controlado, sobre todo en el estado de Oaxaca. Por otro lado, respecto a los magueyes 
cultivados la problemática más fuerte se presenta en la producción cíclica por la Oferta y Demanda, lo que 
ocasiona exceso de materia prima en unos años y escasez en otros con el consecuente impacto en la industria y 
si a ello se agrega la creciente Industria de Jarabes e Inulina hoy segundo consumidor de agaves, la situación se 
vuelve más importante.  
 
Es evidente también la falta de un sistema de información que, de cuenta de los inventarios de agaves para los 
diferentes destilados, con fines de planeación de siembras y con ello disminuir los efectos cíclicos negativos. 
Actualmente hay una situación de escasez que ha elevado los precios en más de 1000% en 6 años y de acuerdo 
a las existencias de agaves registrados por edades, será hasta el año 2025 que la oferta supere a la demanda. 
Esto es pensando en los agaves de mayor consumo, pero el 30% se elabora ya con otros tipos de magueyes. 
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Compartiremos el proceso de recuperación y reivindicación que ha enfrentado la milenaria tradición de (l@s 
mishquer@s); término quichua con el cual se conoce a los hombres y mujeres que trabajan con la dulce savia del 
Agave. Daremos a conocer nuestras técnicas, las herramientas utilizadas en los procesos de extracción, entre 
otros conocimientos tradicionales.  
 
De igual manera nos gustaría compartir las propuestas productivas y de difusión cultural que han venido 
llevándose acabo alrededor del agave y sus derivados.  
 
Agave Spirit es un emprendimiento familiar, que tuvo sus inicios hace 15 años en la necesidad de redescubrir 
nuestras raíces y derivó en el encuentro con el maravilloso mundo del agave... Actualmente buscamos generar 
el enlace entre la tradición milenaria y las actuales generaciones, con propuestas de comercio justo, 
responsabilidad ambiental y compromiso cultural. 
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Introduction.
The feeding of the prehispanic peoples was based on 
the collection system; by means of this procedure 
diverse plants were obtained, and full or some of their 
parts were used (leaves, flowers, inflorescences, buds, 
fruits, latex, seeds, bark, roots, bulbs, tubers, etc.), 
consumed raw, cooked, boiled, roasted or fried (Casas 
et al., 2001). The majority of the edible wild plants are 
weeds or ruderal, that is, they do not depend on the 
care of man, they have occupied a very important role 
in Mexican gastronomy in the sense of the most 
creative and complex in the world (Martínez, 2007). The 
knowledge and rescue of this sword requires great 
importance as part of the studies of our natural 
resources (Araujo, 2008). However, it is very little 
known, so it is necessary to carry out basic research 
that meets the objective, to rescue information on the 
use, availability and management of plants. 
 
Methods.  
a) Bibliographical information, electronic means, theses 
and books related to the research work were collected 
 
b) A survey was prepared to ejidatarias ladies. 
 
c) Work was done in the field (delimitation of the study 
area), collection of plants, pressing. 
 
d) Cabinet work, labeling, assembly. Floristic list and 
finally the realization of a recipe book. 
 
Results and discussion.  

) 36 edible wild plants belonging to 20 families, 29 
genera and 36 species used as food were identified, all 
of them present in the Taberna del Rincon de la Vieja 
Ejido in Mochitlán, Guerrero. 
 
b) A floristic list of edible plants containing botanical 
family, subfamily, genus, species and common name. 
Its uses, forms, distribution and used parts of the plants 
were known. 
 
c) Based on the surveys carried out on ejidal women, a 
recipe  book  was  prepared   with twenty-six   recipes,

including ingredients, quantities and way of preparing 
the collected plants. 
Regarding the floristic list we can say that, of the 36 
species registered, the best represented corresponds 
to the Asteraceae family.  Based on the surveys, it was  
observed that at least the ejidatarios consume a plant 
as an alternative of food, using mainly the raw species. 
 
Conclusions.  
Thirty-six species of edible wild plants were identified in 
La Taberna Farm in Rincón de la Vieja, Ejido de 
Mochitlán, which are used as food. Taking into account 
the data obtained through the surveys, it is observed 
that the ejidatarios of this area, know, identify and 
consume edible wild plants, obtained twenty-six recipes 
that are made with wild edible plants, this recipe is will 
inform the population so that these plants are 
considered for nutrition.
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Introduction. Traditional farmers occupy and use 
territories and natural resources as a condition for their 
cultural, social, religious, ancestral and economic 
reproduction, using knowledge, innovations and 
practices generated and transmitted by tradition, as 
established in Convention 169 of the International 
Labor Organization (1). Throughout generations, the 
peoples of the Americas play an important role in the 
protection and maintenance of the biological diversity of 
plant species, sharing knowledge and experiences. 
Such knowledge, innovations and practices associated 
with biodiversity, which are generated and transmitted 
by tradition, are called Traditional Associated 
Knowledge (CTA). The individual or collective 
information of ancestral and traditional cultivation of 
plant species integrate the cultural patrimony of the 
Americas and function as a culturally structuring 
element. In this sense, the sociocultural dimension 
involved in the evolutionary processes that directly 
influence biological diversity must be safeguarded as 
intangible cultural heritage. The aim of this article is to 
describe the process of using Brazilian Mechanisms of 
Incentive to Cultural Projects as a fundamental tool for 
the accomplishment of activities of valorization, 
diffusion and preservation of traditional knowledge 
associated to genetic patrimony. In order to do so, it 
presents a project to safeguard intangible cultural 
heritage over Magoya do Cerrado - a local ecotype of 
Agave that was adapted in Brazil by traditional 
agriculture. The process of stimulating these plants to 
produce the sap, the necessary management for 
collection and gastronomic production routes are an 
integral part of a traditional ancestral knowledge of pre-
Columbian peoples that must be recognized, preserved 
and disseminated.  
Methods. Referenced in the National Policy for the 
Sustainable Development of Traditional Peoples and 
Communities (2), Incentive Mechanisms for Cultural 
Projects provided by the Ministry of Culture are used as 
a fundamental tool for the accomplishment of activities 
to safeguard the intangible cultural heritage associated 
with genetic patrimony, through the following actions of 
cultural exchange: 
 
1. valorization of socio-biodiversity enabling the 
exchange of knowledge and practices;  
2. dissemination and promotion of access to intangible 
cultural assets;  

3. Support and valorization of cultural references and 
their maintainers through the dissemination of 
knowledge and practices.  
Results and discussion. In order to encourage 
cultural formation, the "Magoya do Cerrado Debates 
Cycle: dissemination of traditional knowledge and 
practices" was planned. To foster and stimulate cultural 
production, an Ethnobotanical Survey was carried out 
on ancestral knowledge in food production from the 
Maguey Pulqueiro. In order to support and value 
cultural references and their maintainers, educational 
actions are carried out aimed at sensitizing the 
population to the importance of identifying and 
recognizing intangible heritage. Despite the existing 
legislation, the concepts and instruments that organize 
and facilitate the safeguarding of intangible cultural 
assets linked to genetic heritage are still relatively 
unknown to the general public. Many of the traditional 
cultural expressions are so embedded in daily life that 
their patrimonial value is not rightfully attributed. This is 
the relevance of a public policy that recognizes these 
knowledges, crafts, celebrations and forms of 
expression as immaterial patrimony representative of 
several groups that elaborate and reproduce it.  
Conclusions. Public cultural funding through tax 
incentive laws has been central to the analysis of the 
development of the cultural sector. The strengthening 
of these manifestations of our culture depends directly 
on the valuation of the individuals and groups that hold 
them and practice them, as well as on the maintenance 
or improvement of the socio-environmental conditions 
that propitiate them. The projects approved for 
fundraising through Tax Incentive feature products 
such as Catalogs, Training Workshops, Exchange 
Activities and Audiovisual Products.   
All cultural products are free and focused on 
sustainable development.  
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Introduction. One of the most emblematic Mexican 
cultural manifestations is the artisanal production of 
utilitarian and ornamental objects. Each of these 
objects created with a strong cultural influence and 
special beauty are part of the daily lives of the 
inhabitants of different regions of Mexico and are the 
witnesses of the preservation of culture and national 
identity. The protection of biodiversity is a way to link 
authentic traditions, identity and cultural practices. 
More than 200 varieties of agaves distributed 
throughout the national territory make of this plant one 
of the icons of Mexico. For centuries men and women 
have dedicated their lives to the cultivation of agave to 
take advantage of it as food, to produce pulque, tequila, 
mezcal and other beverages; to build their houses and 
even to dress with its fibers. 
The objective of this work is to present the creation of 
garments as a means of diffusion and as a space for 
artistic creation in which the knowledge and culture of 
agaves are expressed. 

Methods. This project began in 2012 with a field 
research and data collection about the mezcal from 
Oaxaca. In 2016 the information was extended with a 
series of workshops called Mezcologia in which the 
topic was analyzed more comprehensively with 
specialists from different areas. Finally, the project of 
clothing was materialized in 2017 in the third edition of 
the course of industrial design offered by the Arts 
Center of San Agustín in Oaxaca -CASA- in 
coordination with the Center for Research in Industrial 
Design, of the National University of Mexico –UNAM- 

Results and discussion. “Agavera” is a collection of 
clothing, inspired by the shapes and textures of the 
agaves. It was designed to extend in a diversity of 
models that reflect the reality of the agaves, its natural 
environment, the language with which we refer to them, 
their benefits and problematic. From the perspective of 
the design, each piece of clothing is a display of 
information in which with embroidery, it has been 
synthesized the image of the agaves in varieties of 
species at different stages of its growth. Women, from 
the Tlacolula Valley, made sewing and embroidery of 
the garments. They have the sensitivity to print on each 
creation a part of her personal history. In Oaxaca 
agaves are present on the traditional embroideries of 
Santa María Tlahuitoltepec, on the huipiles of 
“cadenilla” made in San Juan Guichicovi and in the 
cotton tissues from the Coast and Mixteca regions. In 
other places of Mexico, agave fibers with textile use are  

almost extinct but fortunately the basic processes to 
obtain them are still remembered. The project 
“Agavera” has many facets of development feasible to 
explore with specialists linked to the topic. Under this 
idea it is possible to consider options in yarn and fabrics 
of different natural fibers. Prints made with organic inks, 
fabrics and finishes of new generation. Silhouettes, cuts 
and trends for clothing design. One of the goals of 
"Agavera" is include in its production yarns and fabrics 
containing agave fibers and use them to create 
comforting fabrics and useful to produce clothing. 

 
Fig. 1. Texture detail on the "Agavera". Piña model. 

Conclusions. To wear an “Agavera” emphasize the 
belonging and identity through the subtle handcrafted 
details, made by Mexican hands, which are its 
distinctive of origin, and that will make the "Agavera" an 
icon of Mexican clothing. It is a proposal to talk about 
the other richness of Mexico without use words. Each 
piece is a tribute to the country of magueys and to its 
own people. It is a product of contemporary design 
mixed with the Mexican textile tradition in which literally 
are distilled the knowledge, culture and the realities of 
those who day by day keep alive the work of the agave 
and fire. 
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Introduction. Currently, with the resurgence and 
consolidation of mezcal as an emblematic and 
traditional drink of Mexico, a great demand has been 
generated in the national and international markets. 
However, this phenomenon has made it an object and 
reason for struggles and disagreements before the 
incorporation of several states that were originally 
excluded from the Appellation of Origin Mezcal (AOM), 
a legal figure that gives exclusivity to a territory for its 
elaboration, particularly those attached to the 
Regulatory Council of Mezcal (CRM). As the state of 
Oaxaca in which more than 80% of this drink is 
produced (1), and whose producers claim their 
paternity. However, historically, mezcal has been 
produced in more than 20 states (2), most of them not 
included in the AOM. The mezcal produced in the 
mexican territory has particular characteristics that 
differentiate between them from each other, however, it 
is important that the consumer knows in addition to the 
place of origin, the process, type of agave and 
distillation techniques, which can be achieved by 
making a typification based on some of these and other 
characteristics, associated with a name and surname 
that reflect their origin and identity. 
The objective of this work is to provide elements that 
allow to differentiate the mezcal produced in the 
territory covered by the AOM and to provide them a 
proper name based on their origin and characteristics. 
 
Methods: Through a documentary analysis, the 
different species of agave used in the elaboration of 
mezcal, its geographical distribution and uses by 
indigenous communities and rural population, whose 
relationship is a very important cultural element having 
a connotation of Parallel identity. These are related to 
both the Declaration of Appellation of Origin Mezcal (3), 
and the Official Mexican Standard NOM-070-SCFI-
2016 (4), which define its physical-chemical 
characteristics as its class. And different types provide 
key elements for its classification based on a 
regionalization that reflects its origin and identity.  
 
Results and discussion: Derived from this analysis, 
elements of  identity associated with the  geographical  
Origin      (Provenance),        Demonym         (Identity),  
 
 

Characteristics (Distinctive), Process (Technique), 
Specificity (Type of agave), were detected among 
others that the diversity of mezcal have. At the time of 
affinity and diversity of a polychrome mosaic that make 
our culture a powerful sign of Mexican identity. 
 
Conclusions. Given the expansion of the territory 
covered by the AOM, there is a need for mixers to be 
differentiated, so that, on one hand, their region of 
origin is highlighted, and on the other, the consumer 
has the option of choosing according to their 
preference. In both cases exist different criteria, either 
by the type of agave used in its preparation, the process 
under which is manufactured, the region from which it 
comes, its category and class. Consumers, promoters, 
researchers and other types of experts have suggested 
that mixers be classified by means of a name and 
surname that reflects their originality based on the 
criteria to differentiate them (5). 
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Introduction. The intensive production of Agave 
tequilana, although advantageous in the short term, has 
reduced the genetic diversity of blue agave crops (1). 
Increasing the genetic diversity of blue agave crops 
theoretically can bring benefits for producers (2), 
however, these benefits are public and privately may 
not be enough for a change in production practices 
because it entails the total loss of the agave plant for 
tequila production (i.e. genetic diversity needs 
production of seeds). Therefore, the intervention of a 
conservation policy that facilitates a change in the form 
of production becomes necessary. 
The objective of this study is to find which policies are 
the most appropriate for a change in production 
practices that allow the recovery and conservation of 
the genetic diversity of blue agave being the producers 
of this species the main actor involved. 
 
Methods. A preliminary analysis was conducted 
through interviews with agave producers in order to 
explore their interests towards conservation practices. 
With this analysis, three policies that could encourage 
the recovery and conservation of the genetic diversity 
of the blue agave were determined. 
To know the impact that each of these policies has on 
the decisions taken by blue agave producers, an 
election experiment was carried out, which is a tool that 
allows to compare and measure the preferences of the 
individuals. According to the model of random utility 
maximization, when humans are confronted with 
multiple alternatives of choice, the choice can be 
explained by a utility maximization behavior which 
depends on characteristics of the alternative and an 
unknown element by the researcher (3). Based on this 
theory, a Multinomial Logit model was fitted to the data 
to find the effects in the utility of the individuals of each 
policy evaluated in the experiment. 
By including a cost in each choice alternative, the 
marginal effects of each policy can easily become 
estimates of willingness to pay (WTP) by changes in 
policy levels (4). 
 
Results and discussion. The positive values of the 
policies generate a positive and statistically significant 
effect on the utility, as expected, the cost (investment) 
generates a negative effect on the utility (table 1). This 
first result, which is in line with economic theory, 
indicates that the policies proposed have a certain level 
of acceptance in the agave producer population. 
 

Monetary aid is the best perceived attribute, maybe due 
to the lack of security that exists in the price of blue 
agave. The positive effect generated by an increase in 
crop productivity reveal a preference of the agave 
producers for generating a public good thanks to the 
genetic diversity that they themselves are recovering 
and conserving. The latter opens the need for further 
research on how genetic diversity can benefit 
productivity and ultimately the agave and tequila 
productive chain.  
 

Table 1. Multinomial Logit model´s results and Marginal 
Willingness to Pay.  

Variable Coefficient (EE)  MWTPa (EE)  

ASC -0.8504 (0.2478) *** -119.79 (67.528) . 
Productivity 

Raise 0.6578 (0.1519) *** 92.66 (31.252) ** 

Non-monetary 
aid (Yes) 0.5018 (0.1855) ** 70.69 (22.263) ** 

Monetary aid by 
20%b (vs 0%) 0.9126 (0.1970) *** 128.56 (48.455) ** 

Monetary aid by 
50%b (vs 0%) 1.2718 (0.2156) *** 179.15 (73.796) * 

Investmenta -0.0071 (0.0027) ** -1.00 -----------  
Significance levels: 0 ‘***’, 0.001 ‘**’, 0.01 ‘*’, 0.05 ‘.’  
a One unit equals one plant of A. tequilana destined to the production of seeds 
b Percentage with respect to flowering plant investment 

 
Conclusions. Works such as the one presented here 
analyze in detail which are the incentives that will allow 
us to recover and conserve the genetic diversity of the 
blue agave and to work hand in hand with the first link 
in the productive chain: blue agave producers. 
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Introduction.  
In the Meseta Comiteca, it has learned to harness the 
agaves as a natural resource for the comiteco, which is 
a beverage produced in Chiapas from mid XIX century 
as an economic activity on a small scale [1]. Comiteco 
is a fermented and distilled drink that is made from 
Agave americana L. and Agave salmiana Otto ex Salm-
Dyck [1]. The history of comiteco begins with the arrival 
of the Dominican friars and with them the distillation, its 
elaboration is strongly linked to the traditions of the 
Meseta Comiteca, and its production continues to 
preserve the artisan level because the industrial 
production is limited to a few producers [2]. This 
beverage is a distillate of the fermentation of agave 
mead or "honey" of agave, brown sugar or brown sugar 
and water that can be found in different degrees of 
aging and flavors.  
Since this is a popular beverage in Chiapas, this paper 
aims to describe the general context of the importance 
of the comiteco for artisan producers of the Meseta 
Comiteca and to record the current problem of it. 
 
Methods.  
A qualitative study was conducted with modified 
interviews of another author [3] with key questions to 
know the general situation, in addition to live in the 
months of important production (March-April) for two 
consecutive years to perform an analysis and 
description of the answers. 
 
Results and discussion.  
After the analysis of the responses obtained in the 
surveys, the relationship between the mead producers 
and the comiteco producers was found, as shown in 
Figure 1, the results obtained suggest that as well as 
other drinks derived from agave [4], the comiteco has a 
long tradition of heritage and adaptation to the changing 
historical conditions and demands, as well as the 
environmental and socioeconomic conditions of each 
producing region. 
 
 

 
 
 
 

 

 
Fig. 1. Main aspects that relate to the producers of aguamiel 
and artisanal comiteco in Chiapas. 

Conclusions. Artisanal producers have little sales and 
low prices, and they do not have an establishment so 
it’s necessary to establish a management plan for the 
raw material to make profitable the use of maguey for 
its greater use that impacts the level of 
commercialization that currently it’s on a small scale by 
most producers. 
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Introduction. Is proposed a methodology like the base 
to measure the intensity of the use of natural resources 
that they have, as well as to measure the grade of 
sustainability in the agro-industry of mezcal under 
conditions so-called rural which are characterized for 
being units of productions which low investment of 
capital and infrastructure, but with extensive knowledge 
and tradition in the obtaining of mezcal, using different 
wild species and cultivated.  
 
Methods. It was designed a method of evaluation of the 
sustainability in the management of natural resources for 
the production of mezcal. With field information collected 
in 2011, 2014 and 2016 the methodology was adapted 
at the specific conditions of the rural producers of mezcal 
selected and consists in the integration of variables that 
correspond to six axes of analysis. There is a variety of 
approaches and methods for the evaluation of 
sustainability which are based on the preparation of lists 
of indicators (1) as well as the elaboration of indexes and 
frames of evaluation (2,3). To make comparable 
variables of different nature, are used ordinal scales of 
measurement that are from 0 to 10 in function of grade 
of convenience or optimal situation; a value of 10 would 
indicate an optimal situation; 0 indicates that the variable 
is too far from optimal or convenient condition. The 
integration of variables is achieved with an index of 
sustainability (IS). In the potential lines, the analysis can 
detect strengths, opportunities, weaknesses and threats. 
The development strategies can be oriented in general 
lines towards the planning of the rational use of 
resources and the productivity. 
 
Results and discussion. It is shown that the index of 
sustainability is high, although the analysis of the 
indicators shown the different areas of opportunity and 
weaknesses that need to be attended to reach a high 
level of sustainability.   
 
In the use of natural resources there is evidence of 
strength, and the weak areas refers to the technological 
innovation, competitivity, rentability and associated risks. 
 
Conclusions. The productive conditions of the small 
producers in Mexico as well as accelerated deterioration 
of the natural resources make relevant accord to the 
specific conditions of the region. With this methodology. 
Is designed   a  planning   matrix   that   allow   to  value    
 
 

the strengths just like the weaknesses of the production 
system that show low levels of capitalization and 
infrastructure but is compensated with an extensive 
knowledge of generations in the elaboration of mezcal. 

 
 
Table 1. Indicators of sustainability in the production of Mezcal 

Relation B/C 7.5 
Investment risk 5 
Economic profitability 5 
Access to services  7.5 
Technical assistance 7.5 
Income differential  7.5 
Technology in use  7.5 
Planning and technical 
innovation 5 
Tecnological dependence 
index  7.5 
Organization 7.5 
Regulation rules 7.5 
State support 7.5 
Multifuncionality and ecologic 
value 10 
Conservation and use of the 
soil. 10 
Vegetable cover 7.5 
Price system 7.5 
Competitivity 5 
Index of specialization 7.5 
Index of Sustainability 72 

                Source: Self made. Field work 2014-2016 
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Introduction.  
The research work is developed in the doctoral program 
Sustainability for Development. Its objective is to 
analyze the agave-mezcal production system, its 
components and functioning, as well as its negative 
economic externalities and its environmental, 
social and cultural implications. The study region 
includes four municipalities in the state of Mexico, two 
in the state of Morelos and one in the state of Guerrero. 
Around 26 master distillers and 359 agave mezcalero 
producers are involved. The mezcal activity in the study 
region represents the second generation of family 
income. One of the main problems faced by this 
production system is the shortage of Agave spp., The 
main input and on which the functionality of the activity 
depends. 
 
Methods.  
To carry out the research, it is proposed to use some of 
the principles of the Economy of the Environment and 
the Economics of Natural Resources, as well as some 
tools of Technocentrism under the premises of the 
Moderate Environment. In addition, the connectivity 
index and a sustainable regional productivity index will 
be developed. 
 
Results and Discussion.  
The research is at 25% (protocol). According to field 
trips, the territory to be studied was identified, the 
research problem and multidimensional and scalar 
problems. Contact was made with producers and some 
ejido and municipal authorities. The type of theoretical 
literature was determined for the analysis of the 
research problem. The objectives and the work route 
were determined, that is, there is a doctoral research 
protocol to address the issue. In general, it was 
determined that the study region has commercial, 
cultural, social and physiographic links, on which the 
agave activity depends to a great extent. The shortage 
of agave has been caused generally by an over 
exploitation of this resource. In addition, there are other 
factors that have been integrated into the productive 
system, such as technology and other forms of 
organization. As well as pests and other nonnative 
pathogenic organisms. 
 

Conclusions.  
There are the cultural, ecological, economic and social 
conditions to promote a sustainable regional 
development in the study area, with agave activity 
being an articulating axis. However, 
the access and availability of this resource puts 
productive performance at risk due to various 
multidimensional and scalar problems. Besides the 
mezcalero agave, there are other inputs (natural 
resources) that are also being over-exploited and there 
are no actions or measures to moderate their use. The 
present work of investigation will have like slopes to pay 
to the state of the art on the sustainability and the 
development of instruments that can improve the 
system of production to regional scale. 
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The purpose of this research is to examine the 
relationship between citizen trust in institutions and 
political culture in Oaxaca, México. We compare results 
from areas that grow agave with areas that do not grow 
agave for mezcal distillation purposes, using statistic 
data from national surveys and field work information 
derived from interviews. We deepen in the social 
factors and structures that can influence trust 
relationships and thus the profitability of the agave 
growers and mezcal makers. 
 
Introduction. According to data from SAGARPA[2], 
five of the eight regions of the entity grow agave (122 
municipalities of 570 that have denomination of origin): 
isthmus, Mixteca, Sierra Norte, Sierra Sur and Valles 
Central; the regions without crops are Cañada, Costa 
and Papaloapan. We found differences between these 
regions in the variables that show trust in government 
institutions and in social structures. 
 
Methods. The information was obtained from field 
experiences carried out within the framework of the 
Agave Mezcal Project NP-1406, and crossed with the 
analysis of the National Survey on Political Culture and 
Citizen Practices[1], which incorporates various 
qualitative variables that govern the perception of 
political, economic, administrative and organizational 
life of society in general. We focus on contrasting the 
results of trust levels and factors in regions with agave 
plantings with those that do not.  
In addition, variables of the Agrifood and Fisheries 
Information Service[2] were related to the social 
characteristics of the regions, on trust to institutions and 
relationships in the productive system. 
 
Results and discussion. The results show low levels 
of acceptance and confidence of Oaxacan people 
society toward local government institutions in regions 
that do not grow agave. It should be noted that the 
Costa region, which is not characterized as a mezcal 

producing area, presents a greater approval of citizen 
trust in the institutions. 
In contrast, agave-producing localities in Oaxaca 
present an important work cohesion based on family 
structures and social organization but scarce towards 
government institutions.  
The institutions that stand out with greater confidence 
in both type of regions are the military and the family; 
the latter strengthens trust and collaboration between 
small producers and local and regional institutions. 
 
Conclusions. The confidence that is generated within 
and among agave producing families is a fundamental 
factor for the interrelationship of camaraderie between 
people because it facilitates communication, not only in 
the productive activities of mezcal, but also for the 
commercialization and cultural actions that prevail in 
the different cultures of the producing localities. In 
short, trust and collective participation among 
producers strengthens relationships between 
communities and even reaches the foundations to 
support each other both tangibly and intangibly (labor 
exchange, hours of work, commitment and social 
responsibility). Confidence with respect to institutions in 
non-agave regions tends to be higher. 
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Introduction. The genus Agave is endemic to the 
American continent and comprehends approximately 
200 species, from which 75% are found in Mexico [1]. 
One of the critical challenges today is the conservation 
of the agave diversity, being necessary the developing 
of strategies for their conservation and sustainable use 
[2].  
The objective of this work was to compare the suitability 
of two in vitro culture methods, temporary immersion 
system (TIS) and semi-solid medium culture (S-SM), for 
the conservation of five agave species. 
 
Materials and methods. The agave plants from five 
varieties were surface-sterilized using standard 
disinfection methodologies. The vegetal material was 
planted in culture flasks containing 50% Murashige and 
Skoog (MS) basal medium. Axillary buds from each 
specie were transferred to temporary immersion 
system or semi-solid medium (8 g/L of agar) 
supplemented with 0.5 mg/L of BAP. The flasks were 
maintained in the growth chamber at 26 ± 2⁰C and at 
16:8 h of photoperiod (37.5 μmol m-2s-1). Several 
growth parameters and survival were determined after 
12 months.  
 

Results and Discussion. Measuring explant lengths 
revealed the effectiveness of slow-growth in both 
culture systems, although it was slightly higher in TIS. 
Shoot regeneration was obtained in all the cultures. 
Irrespective of the media, rooting also occurred (Table 
1). 
 

Table 1. Effects of the culture type on agave growth. 

 
In 12-month-old cultures, higher survival (91–100%) 
was observed on TIS, without subculturing. With the 
increase in age of the cultures, survival rates marginally 
declined in S-SM (77-88%) (Fig. 1 and 2). 

 
Fig. 1. Survival (%) of Agaves species on two culture 

systems. 
           

                       
 

Fig. 2. Cultures of A. vilmoriniana on TIS (a)  
and gelled media (b). 

 

The current method of in vitro conservation of agave 
germplasm is laborious due to the high number of 
subculture (fourth subcultures a year using semisolid 
medium). Other authors [3] added mannitol and sorbitol 
to achieve delayed growth for 10 months. In the present 
study, the agave plants were maintained for up to 
twelve months on TIS, without any sub-culture. 
 
Conclusions. Conservation of germplasm of five 
Agave species in Temporary immersion systems was 
established for the first time. Using TIS was possible to 
conserve the Agave germplasm in the mid-term, 
avoiding the periodic subcultures and the use of 
expensive reagents such as agar. 
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Agave specie 

Length 
increment 

(cm) 

Shoot 
production 

(%) 

Root 
production 

(%) 
MSS TIS MSS TIS MSS TIS 

A. weberi  1.85 1.74 100 100 100 100 
A. mitis 1.47 0.83 87 64 100 97 
A. vilmoriniana 2.31 1.75 96 83 100 100 
A. sisalana 2.49 2.44 82 73 100 99 
A. celsii 2.57 2.28 99 94 100 100 
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Introduction  
In Mexico and around the world, the demand for agave 
drinks has increased, this being part of Mexican 
traditions and culture. Commonly, almost all species of 
agave are propagated by means of suckers. This 
method has the limitation of not preserving the genetic 
variability, being an alternative the propagation through 
seeds (1). Scarification is any process that breaks, 
scrapes, alters or softens the covers of the seeds to 
make them permeable to water and gases. A large 
number of species do not germinate because the 
seminal cover is thick and hard and prevents the entry 
of water and the seed does not germinate unless it is 
scarified (2). 
Due to the demand that exists for agave plants, the 
objective of this work was to find an efficient 
germination method (greater germination and vigor). 
 
Methods  
Seeds of Agave salmiana were collected directly from 
fruits in the field. In a first experiment, the following 
treatments were used for seeds before placed on wet 
filter paper in petri dishes for germination at room 
temperature: a) Control (no pretreatment). b) Soaked in 
water for 24 h. c) Soaked in water for 30 min at 45 °C. 
d) Soaked in 3% hydrogen peroxide (HP) for 30 min. e) 
Soaked in 3% HP for 24 h. f) Cutting on the curved side 
of the seed coat. g) Cutting on the seed coat and 
soaked in 3% HP for 24 h.  
A second experiment was carried out with the 
evaluation of HP under different exposure times (10, 
15, 30 y 45 min) and different concentrations (1, 2 y 
3%). 11 seeds were used per repetition and three 
repetitions per treatment. 
 
Results and Discussion  
In the first experiment, it was observed that treatment 
(d) had a favorable effect with 100% of seed 
germination, compared to the other treatments. As for 
Physalis ixocarpa, the pregerminative treatments had 
different effects influenced by exogenous and 
endogenous factors (3).  
 
In the second experiment, the highest percentage 
(100%) of germination (p = 0.0003) was observed in the 
treatment of 3% HP with an exposure period of 10 min.  
 
 
 

 
was reached on three days and the fresh weight (p = 
0.0110), cotyledon size (p = 0.0000) it was the 
treatment that stood out (Table 1).  

 
Table 1. Effect of Hydrogen Peroxide on germination and 
vigor of cotyledon in agave seeds.  
Treatment    GA CW (g) CL (cm) 
 30 min + 1% 3.7 a* 0.085 ab 0.11 a 
 30 min + 3% 5.0 ab 0.063 a 0.09 a 
 Control 9.0   bc 0.096   bc 1.68      c 
 30 min + 2% 9.0   bc 0.100   bc 0.79   b 
 15 min + 3% 9.0   bc 0.112     c 1.61      c 
 45 min + 3% 9.3     c 0.097    bc 0.97    b 
 10 min + 3% 11.0   c 0.106    bc 1.78       c 
*data with different letter are statistically different. GA = 
germination average. CW = Cotyledon weight. CL = 
Cotyledon length 
.  
 
García-Mendoza (2007), mentioned/reported that when 
the seeds germinate, the seedlings are highly 
vulnerable to climatic conditions for which they require 
a nurse plant, that is why it is considered that the small 
advantages that are observed with the use of hydrogen 
peroxide can benefit the adaptation to the environment 
that surrounds them, in addition to obtaining a greater 
number of germinated seeds in short periods of time. 
 
Conclusions  
In the case of agave seeds, the hydrogen peroxide it 
was the improvement of the germination process was 
observed by increasing the percentage of germination 
and vigor, but you have to considering the exposure 
time and concentration right.    
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Introduction 
Mexico has a large variety of agave species, and many 
of them are endemic and micro-endemic, the latter are 
cataloged in this way because they are present in a very 
small area in the wild. This is the case of “maguey 
plateado” (Agave guiengola) which is present only in 
the Sierra of Guiengola municipality of Tehuantepec, 
Oaxaca. This species is in a threatened status due to 
illegal looting because this plant has a high ornamental 
potential that makes it attractive to collectors.  
This study aims at the method of mass propagation of 
this species through plant tissue culture. 
 
Methods  
The plant material were seeds that were disinfected 
with commercial bleach at different and different 
exposure times (Table 2).  
 
Table 2.  Treatment for seeds disinfection 

Treatment  Concentrations 
bleach 

Exposure times 

1. 25 % 10 min 
2. 25 % 15 min 
3. 50 % 10 min 
4. 50 % 15 min 

 
The seeds were grown in 50% of MS culture medium. 
After 60 days, the germinated seedlings after 
elimination of the root were transferred to MS medium 
supplemented with 3% sucrose and different 
concentrations of 6-N-Benzylaminopurine (BA) (3, 5 y 8 
mg/L).  
 
Results and Discussion 
The most effective method of disinfection of seeds was 
25% bleach with 10 min of exposition. 
The proliferation response of axillary buds was 
observed after 45 days in culture. BA is a growth 
regulator of the cytosine group which has an effect to 
stimulate the proliferation of axillary buds (1).  
 
There were no significant differences among all 
treatments after 90 days in culture (p = 0.6150), with an 
average of 29 buds per explant.  
 
 
 
 

 
Table 2. Statistical analysis of Proliferation of axillary buds 90 
days. 
 
BA mg/L Reps Average Standard Deviation 
3 10 33.0 18.1 
5 10 26.5 13.9 
8 9 27.3 15.0 
Total 29 29.0 15.5 

 
 

 
 
Fig. 1 In vitro culture of Agave guiengola. a) Proliferation of 
axillary buds at 45 days. b). Proliferation of axillary buds at 
90 days. c) Proliferation of axillary buds at 90 days ex vitro. 
d) Germinating Agave guiengola seeds. 
 
Conclusions 
By means of these observations it is possible to 
emphasize that the use of the BA can be a good 
alternative for the massive in vitro propagation of Agave 
guiengola.  
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Introduction. Magoya do Cerrado is a morphological 
variety of Agave salmiana grown in the Brazilian Cer-
rado biome. The second stage of the project consisted 
in determining structural, functional and qualitative 
characteristics of adaptation to the environment (Cer-
rado biome). Goiânia, capital of the State of Goiás, has 
a territorial area of 789 km² and a population of 1,4 mil-
lion inhabitants. In order to guarantee similar environ-
mental conditions during the field research, a spatial 
delimitation was made focusing on a polygon which cor-
responds to 2.5% of the urban area of Goiânia, subdi-
vided into 20 groups that cross seven neighborhoods.  
 
Then, a quantitative survey of the number of cultivated 
specimens was made. The plants were grouped by 
species, quantified, georeferenced and the data col-
lected was included in a specific database. 
 
This study was conducted in the years 2015 to 2017 
and aimed to locate, quantify, map and identify two ex-
otic species of Agave introduced in landscape projects 
of residential neighborhoods in Goiânia (GO). 
 
Methods. The evaluation was made through observa-
tion of several plants and parts of individual plants, fol-
lowing the SNICS (1) guidelines. The collected data 
was inserted in sheets, systematized, analyzed, com-
pared with the respective identifier keys proposed by 
Gentry (2) and the pertinent characters were deter-
mined according to the SNICS guidelines. 
 
Results and discussion. Of the 250 specimens eval-
uated and compared to the respective descriptors, 200 
were identified as Agave americana and 50 as Agave 
salmiana. Consistent morphological modifications were 
identified, which can be interpreted as structural and 
functional resources of adaptation to the specific cli-
matic conditions of the Cerrado, which presents long 
periods of water restriction. Such adaptations enable 
greater efficiency in water capture and lower energy ex-
penditure. The structural and functional modifications 
identified are considered efficient adaptation strategies 
since, despite the hydric deficit, the plants presented 
excellent physical development with well-demarcated 
ripening cycles and efficient propagation.  
 

Another indicator of adaptation to the environment is 
the functional response to the daily stimulus of agua-
miel production, presenting abundance in volume pro-
duction (2l/day) and production time (6 months). 

 
Fig. 1. From the population of Magueys found in the study, 
250 specimens that live within the same geographic space 

were selected. 
 
Conclusions. The 250 specimens studied presented 
characteristics compatible with the descriptors of Agave 
salmiana and A. americana listed in the SNICS. The 
qualitative indicator of adaptation to the environment 
can be measured by the quality of the sap produced by 
local plants, rich in polysaccharides, simple sugars and 
alcohol. 
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Introduction. Micropropagation systems have been 
development in different Agave species for several 
purposes, and some reports about regeneration are 
confused. In this study comparations of cellular 
structures in histological tissues from organogenesis 
and somatic embryogenesis to several reports in 
literature, as reference of future regeneration process, 
are presented. 
 
Methods. Explants of buds, thin cell layer cuts, and 
leaves of Agave tequilana were stimulated and/or 
induced for proliferation and/or expression of the 
micropropagation systems. Shoot proliferation (5 mg/L 
benzylaminopurine -BA), organogenesis (5 mg/L BA 
plus 0.2 mg/L 2,4,5-Trichlorophenoxyacetic acid -
2,4,5-T), and indirect somatic embryogenesis (8 mg/L 
picloram -PIC plus 0.75 mg/L BA). All samples were 
boiled for 15 min and embedded in polyethylene glycol 
1450 (PEG), 1:4 proportion (PEG:deionized water). 
Samples in PEG were sectioned by a rotation 
microtome (cuts of 10 μm) following of staining 
treatment with safranin and blue astral, both 1%, 1:2 
proportion. Tissues analysis were performed by light 
microscopy. Results were compared to those from 
other reports in literature.  
 
Results and discussion. In shoot proliferation 
system (Fig 1A), meristemoids (organogenic points) 
can be observed with dividing cells, close and similar 
to original meristem (Fig. 1D) [1]. The organogenic 
system (Fig. 1B and E) showed unipolar structures 
with connection to the parent tissue, originated from 
meristemoids. The somatic embryo system (Fig 1C) 
had asymmetric divisions (Fig 1F), autonomy from 
parent cells, and embryoids showed bipolar structure, 
allowing germination of both, root and caulinar apex at 
the same time; then their origin must be unicellular, 
not from meristemoids. In some papers on 
regeneration in Agave, in a repeated way, the 
organogenic points are confused with embryogenic 
clumps, and thus, the adventitious shoots are 
erroneously confused as embryoids [2, 3, 4]. 
Organogenesis is a relatively easy process to achieve 
within Agave species, favored by the presence of 
these meristemoids. However, for somatic 
embryogenesis, it should be necessary confirming the 
unicellular origin, not only with  asymmetrical  division,  

since this process occurs in both regeneration process 
(organogenesis and somatic embryogenesis). Then 
morphological comparisons between zygotic and 
somatic embryos becomes an important part, as well 
histologic cuts.  
      
 
 
 

 
 

 
 
 
 
Figure 1. Propagation systems in Agave tequilana. A) Shoot 
proliferation. Bar = 2 cm. B) Organogenesis by thin cell 
layer. Bar = 5 mm. C) Indirect somatic embryogenesis. Bar = 
2 mm. D) Meristem (black arrow) and meristemoid (white 
arrow) with cellular division points. Bar = 500 µm. E) Division 
stage in morphogenic process. Bar = 300 µm. F) Anatomic 
structure of an early somatic embryo. Bar = 100 µm 
 
Conclusions. Histological sections showed different 
cellular structure in each micropropagation system. In 
shoot proliferation there are meristemoids generating 
adventitious shoots at the same time. All organogenic 
shoots always presented connection to the parental 
cells and repeatedly are confused to somatic embryos. 
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Introduction. To date, there is little knowledge about 
the microbial associations on Agave leaves, and how 
these can be beneficial or cause damage to these 
plants (Desgarennes et al., 2014). Some bacteria 
(Erwinia cacticida, E. carotovorum, Pantoea 
agglomerans) and fungi (Fusarium oxysporum, 
Cercospora agavicola, Asterina mexicana and 
Alternaria sp.) has been described as pathogens in 
Agave species (Vega-Ramos et al., 2013). However, 
more efforts must be done to clarify the specific 
pathogenic potential of these, and of other 
microorganism associated to the agaves.  
The aim of this work was the isolation, identification and 
characterization of the pathogenic activity of fungi 
associated to leaves of A. tequilana Weber Azul by 
using molecular tools and enzymatic activity tests. 
 
Methods. Fungi isolation was carried out in plants with 
disease symptoms. Leaves sections (1 cm2) were cut 
and transported in sterile saline solution. Fungi were 
isolated on PDA plates from the saline solution. 
Identifications were conducted by using ITS1-ITS4 and 
26S rDNA amplifications. Pectinolytic assays were 
performed through a modified DNS method on crude 
extracts, and necrosis potential was verified on 
deattached Agave leaves. 
 
Results and discussion. Twenty-five fungi isolated 
from diseased leaves were identified, twelve genera 
were identified, of which most belong to the 
Ascomycota phyllum and to a lesser extent to the 
phyllum Basidiomycota. Concatenated ITS1-ITS4 and 
26S rDNA analysis allows a reliable identification of the 
genera detected. Main genera identified are: 
Lasiodiplodia Neoscytalidium, Cladosporium, 
Penicillium, Valsa, Fusarium, Purpureocillium and 
Flavodom. For the in vitro pathogenicity test, the 
necrosis percentage in the tissue was calculated. The 
strains that causes the highest percentage of necrosis 
are those of the genus Lasiodiplodia when they are 
inoculated by puncture. While Fusarium showed a 
higher percentage of tissue necrosis that were infected 
by the mycelium without previous mechanical damage.  
 
 

Pectinolytic activity was highest for Lasiodiplodia 
strains as compared to the Fusarium strains. 
 

 
Table 1. Pectinolytic activity of the selected fungal strains 

and necrosis on deattached Agave leaves.  

Strains 
Pectinolytic activity Necrosis infection(%)  

YPD YPD-A YP-A Mycelium Puncture  

H9  42.7±0.14 22.9±0.04 40±0.05 11±3 38±23 

H30 80.7±0.2 130±0.3 30.3±0.04 97±3 100±0 

H18 89.4±0.4 143.5±0.6 46.3±0.06 33±5 98±3 

H20 57.7±0.03 29±0.1 121±0.2 21±15 99±1 

H29 85.5±0.4 642±0.1 16.5±0.02 96±4 96±9 

H8 22.6±0.06 23.9±0.01 4.3±0.03 99±0.3 99±53 

 
Conclusions. Twelve fungal genera were identified by 
using the LSU D1-D2 rDNA and ITS15.8S-ITS2 regions 
in Agave leaves with disease symptoms. The genera 
identified were Cladosporium, Cytospora, Eppicoccum, 
Flavodon, Lasiodiplodia, Myrmaecium, Neoscytalidium, 
Penicillium, Peniophora, Purpureocillium, Trametes, 
Neoscytalidium, Fusarium and Lasiodiploidia. Strains 
of these last two genera exhibited different pathogenic 
profiles depending on the method of infection used and 
pectinolytic activity. All Lasiodiplodia strains display a 
pathogenicity profile which is suggested an important 
strains specificity effect on Agave leaves. 
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Introduction. Wild plants produce a large amount of 
seeds and yet less than 1% of them can reach an adult 
stage. This is due to the stress factors to which they are 
subject in the early stages (1). In agaves that clone, for 
example Agave tequilana, the mother plant maintains 
the scions until it reaches intermediate sizes, unlike 
those that are generated from seed where they register 
high losses of individuals in early stages of 
development. This type of studies, in which the effect of 
stress is evaluated, have been used for the selection of 
genotypes resistant to extreme environmental factors 
(2).  
The objective of this research was to evaluate the effect 
of stress on individuals of different sizes established in 
the field. 
 
Methods. Plants from 24 families generated from 
seeds of free pollination were developed under 
common garden conditions and subsequently 
established in a historically natural environment when 
they had a diameter between 10 and 25 cm. To 
evaluate the effect of stress on individuals, the 
yellowish green coloration of the leaves and their red 
edges, their flaccidity, as well as the presence of solar 
radiation damage were taken into account. Values 
ranging from 1 to 6 were assigned, where 1 represents 
plants without changes, while 6, individuals very 
affected by environmental stress. This evaluation was 
carried out 45 days after its transfer to the field. For the 
statistical part, an ANOVA and a linear regression index 
were performed to determine if there is a relationship 
between the volume of the plant according to the family 
and the vigor index. Proc GLM and Pruc REG were 
used, from the SAS program (3) 
 
Results and discussion. Based on the results of the 
statistical analysis, it can be observed that there is an 
inversely proportional relationship between the size of  
the Agave cupreata individuals and their response to 
stress. In the case of Agave potatorum, plants 
produced in nursery and moved to 2 years of age, had 
almost 100% survival, developing more under nurse 
plants than in open sites because in the latter, they had 
less vigor (4). 
 
 
 

  
Fig.1. Expected and observed stress index in the 24 
families of Agave cupreata. An inversely proportional 
relationship is observed between the average volume of 
each family and the stress index 
 
Conclusions. On average, plants that had larger sizes 
were less susceptible to stress conditions than smaller 
individuals. 
These results may allow us in later studies to make a 
selection of individuals that develop better under 
environmental stress conditions. 
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Introduction. Agave cupreata does not clone naturally 
and A. inaequidens has an inefficient cloning system. 
The establishment of clones by somatic non-
meristematic tissue in agaves and other 
monocotyledons has already been reported 
successfully (Rodríguez-Garay et al., 1996, Guillén et 
al., 2015). The cloning of plant culture has been 
reported for A. victoriae-reginae (Martínez-Palacios et 
al., 2003). Applying this technique in the cloning of 
higher plants will be an important alternative in future 
plantations and mezcal production in the region. 
 
Methods. Leaf base of wild superior plants was used. 
The disinfection process was carried out using different 
solutions (soapy water, alcohol, fungicide, bactericide 
and rinsing with sterile water added with antioxidants). 
Cuts were made in the plant extracts of 5 cm long x 3 
cm wide by removing and leaving the parenchyma to 
later plant the extracts in 50% MS medium with growth 
hormones. They were incubated for 7 days in total 
darkness at 25 °C, then they were put into soft light and 
finally the oxidized parts of the tissues were removed 
after a month and subcultured to fresh medium. 
 
Results and discussion.  The asepsis of both species 
was established (fig.1). A percentage of contamination 
and oxidation was presented in both plants registered 
in Table 1. The next step is the morphogenetic 
response, Rodríguez-Garay et al. (1996) and Martínez-
Palacios et al. (2003) describe the regeneration of 
plants through direct somatic embryogenesis of laminar 
leaf explants and stem segments of A. victoriae-
reginae, on the other hand, Guillen et al. (2015) cite that 
the leaf explants of Beaucarnea inermis were used for 
the generation of organs and somatic embryos. 
Contamination decreased when the parenchyma was 
removed from the plant extracts (Table 1). 
 
Conclusions. A high percentage of disinfection was 
obtained in both species. Oxidation decreased 
considerably by applying or removing the factors that 
stimulate the oxidation of tissues, as well as applying 
continuous subcultures. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1. Explant of A. inaequidens in vitro, without 
parenchyma. And top plant tissue donor. 

 
 
Table 1. Percentage of contamination-oxidation registered in 

the species according to the presence of parenchyma. 
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- oxidation  
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A. inaequidens. + 80-100 

A. inaequidens. _ 20-20 
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Introduction.  
Mexico, China, India, Colombia and Peru are among 
the five countries called megadiverse, collectively 
between 60% and 70% of the planet's known biological 
diversity, representing 12% of the world's diversity. This 
diversity is due to the complex topography and geology, 
so the different types of climate are found in the 
Mexican territory and because of its geographical 
location it is a union of two biogeographic regions, the 
Nearctic and the Neotropical (CONABIO, 2017). 
 
Methods.  
The collections of the biological material were carried 
out from June 2016 to 2017. After the collection was 
carried out, dehydration was carried out, the 
identification was made with dichotomous keys and by 
comparison. 
 
Results and discussion.  
57 families are reported distributed in 125 genera and 
160 species. We determined 9 uses and 6 biological 
forms of the flora of the Taberna del Rincón de la Vieja, 
Ejido de Mochitlán, Guerrero.  
 
According to NOM-059-SEMARNAT-2010, Zinnia 
violácea Cav. (Herb of San Juan), Tabebuia chrysantha 
(Jacq.) Nicholson (Yellow oak) and Sideroxylon capiri. 
(Capire) and for the first time the species Hymenocallis 
vasconcelosii (Spider Lily) is reported for the state of 
Guerrero. 
 
Conclusions.  
Performing floristic studies is important in little or no 
explored geographic areas. Considering that the 
environment is very variable by natural processes or by 
activities induced by man.  
 
The Municipality of Mochitlán, Guerrero, is known for its 
great ancestral and cultural heritage, where plant 
resources such as Agave cupreata and Brahea dulcis 
are  exploited,   for   the   elaboration  of   mezcal,  it   is  
 

 
necessary to know the natural resources of the region 
for an adequate management the native species and of 
ecological risk, for their subsistence and conservation. 
 
References.  
1. Ávila, C. L. P. (2011). Flora nativa de jardín botánico Esther 
Pliego De Salinas de Acapulco, Gro. México. 
Tesis de doctorado. Unidad de Ciencias de Desarrollo 
Regional. Universidad Autónoma de Guerrero. 
 
2. Cano, N.N. (2012) Listado de la flora vascular de las áreas 
verdes de la empresa de cementos holcim Apasco 
planta Acapulco en Acapulco de Juárez, Guerrero. 
 
3. García-Mendoza, A. J. 2010. Especie nueva de 
Hymenocallis (Amaryllidaceae) de Oaxaca y Puebla, México. 
Revista Mexicana Biodiversidad. 81: 625-628. 
 
 
 
 
 
 
 
 



89

 
DIURNAL FLUCTUATIONS OF ORGANIC ACIDS IN EARLY STAGES OF  

AGAVE DEVELOPMENT.  
Itzel Valtierra, Arely Pérez and June Simpson  

CINVESTAV Irapuato km 9.6 Libramiento Norte, Carr. Irapuato-León 36821 Irapuato, Gto., México, 
Tel: +52(462) 623-9600 ext. 9431, azulkvioleta@gmail.com

 

Keywords: Acidification, CAM metabolism, Diurnal fluctuations. 
 

Introduction. Agaves are perennial plants with CAM 
photosynthesis, that are mainly reproduced in a 
vegetatively from aerial bulbils and offsets from 
rhizomes1. This Crassulacean Acid Metabolism (CAM), 
present in around 6% of land plants, directs the CO2 
assimilated towards acid synthesis at night, leading to 
decarboxylation and refixation of carbon during the day. 
Nocturnal acidification was the first CAM trait observed, 
where C-skeletons are transiently storage in form of 
carboxylic acids in the central vacuole2. CAM is related 
to environmental conditions, endogenous circadian 
signals2, and to the developmental stage of the plant1. 
Even in early ontogenetic phases of development after 
germination, agaves can carry out nocturnal acidity3. 
However, it is unclear if the parent-offset connection 
can synchronize the diurnal acidification, in the same 
way that translocation of water and nutrients occurs.   
 
Our aim is to evaluate diurnal acidification in early 
stages of A. tequilana and A. desmettiana 
development, where in vitro and greenhouse plantlets 
will be analyzed. 
 
Methods. Micropropagated plants, both in vitro and in 
the greenhouse, are the biological material of reference 
to evaluate agaves in vegetative reproduction with 
offset formation under greenhouse conditions. Acidity 
of two species: A. tequilana and A. desmettiana, will be 
measured by acidity titration and pH during diurnal 
cycles3, enzymatic quantification of malic acid will also 
be performed. Finally, histological analysis with Neutral 
Red (a vital a pH indicator), will help us to visualize the 
in situ patterns of acidification. 
 
Results and discussion. It has been observed that A. 
desmettiana produces more offset plants than A. 
tequilana. The later also possess larger vacuoles and 
capacity for water storage, which may correlate to the 
acidic fluctuation range. Significant differences in the 
malic acid quantification are expected between 
species, while a profile conservation between parent 
and offsets should be observed, even when these are 
still underground.  
 
 
 

 

 
Fig. 1. Comparison of A. desmettiana (left) and A. tequilana 
(right). Cross section of leaves, control (A) and neutral red 

staining (B). Photograph of 3 years old plants (C). 
 

In vitro conditions can limit the CAM conditions due to 
air, light and nutrient restriction during this type of 
micropropagation, while plantlets in soil should present 
diurnal patterns of CAM from early ontogenetic 
development3. 
 
Conclusions. Agaves are considered obligate CAM 
species, that are capable of performing this metabolism 
since early growth stages, when the CAM traits are still 
developing. This study can elucidate novel information 
about how CAM metabolism depends on anatomy and 
physiological maturity. Future findings in acidic 
fluctuation patterns can be considered during agave 
propagation and acclimatization process of offsets. 
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Introduction. Microorganisms carry out most of the 
cellulose degradation in nature [1]. For many years, 
cellulose-degrading bacteria have been isolated and 
characterized for obtaining more useful cellulases from 
a variety of sources such as soil, decayed plant 
materials, organic matter, feces of ruminants and 
composts. Nonetheless, attempts to isolate and 
characterize cellulose-degrading bacteria in soils 
cultivated with maguey espadín (Agave angustifolia 
Haw.) are scarce. Maguey espadín is a basic ingredient 
in the production of “mezcal”, a traditional alcoholic 
beverage. This work aimed to isolate, characterize and 
identify the cellulose-degrading bacteria in the 
rhizosphere of maguey espadín. 
 
Methods. The study area is located in Tlacolula, 
Oaxaca, Mexico. Three tillage systems are used in 
maguey espadín cultivation. Minimum tillage is 
predominant in mountainous zones; animal drawn 
ploughing in hilly zones and disk ploughing in valleys. 
In each topographic area, five maguey plants including 
the roots and the soil attached were extracted and 
maintained at a temperature of 4-5 °C until cellulose-
degrading bacteria isolation. Cellulolytic bacterial were 
isolated from soil by using serial dilutions and spread 
plate technique. The medium used for isolation of 
cellulolytic bacteria was carboxymethylcellulose (CMC) 
[2]. After incubation at 37°C for 48 h, the CMC agar 
plates were flooded with 1% Congo red and allowed to 
stand for 15 min at room temperature. A 1 M NaCl was 
thoroughly used for counterstaining the excess of 
Congo red in plates. Cellulose-degrading potential of 
the positive isolates was qualitatively estimated by 
calculating hydrolysis capacity (HC), that is, the ratio of 
diameter of clearing zone and colony. Isolates selected 
were identified biochemically using the API 20 NE and 
API 20 E kits (bioMerieux, USA). 
 
Results and discussion. The cellulose-degrading 
bacteria population density in maguey espadín 
rhizosphere soils ranged from 1.0 × 102 to 2.5 × 102 

CFU ml-1 and was the highest in valley soils. A total of 
54 cellulose-degrading bacteria isolates were found to 
be positive on screening media (CMC) producing clear  
 
 
 

zone. Of the 54 isolates, 23 isolates morphologically 
different were selected based on the largest diameter 
of the clearing zone. The clearing zone and HC value 
of the isolates selected ranged from 4.0 to 13.0 mm and  
1.6 to 13.0, respectively. Emmyrafedziawati [3] 
reported higher values of clearing zones ranging from 
2.2 to 3.18 cm in three strains of Bacillus subtilis 
isolated from oil palm empty fruit bunch compost. 
Hatami et al. [4] found the hydrolytic value ranged from 
1.38 to 2.33 and 0.15 to 1.37 of cellulolytic bacterial 
isolates from farming and forest soil, respectively. 
Morphologically, all the bacterial isolates were Gram-
negative bacilli (26.0%), coccobacilli (44.0%) and cocci 
(30.0%). Based on the biochemical and morphological 
tests, cellulose-degrading bacteria were predominantly 
Burkholderia cepacia, only two isolates were identified 
as Sphingomonas paucimobilis and Pseudomonas 
putida. 
 
Conclusions. The soils cropped with maguey espadín 
support a high cellulose-degrading bacteria population; 
nevertheless, biochemical and morphological tests 
have not indicated a high genetic diversity among the 
strains. Burkholderia cepacia was the dominant 
cellulose-degrading bacterium in the rhizosphere of 
maguey espadín. 
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Introduction. The use of Agave durangensis has 
caused a decrease, increasingly evident, of its natural 
populations [1], coupled with its propagation is 
insufficient and has slow growing; for these reasons, it 
is important to look for new technologies for nursery 
production. The aim of this research was to know the 
response of morphological development of Agave 
durangensis to the application of different sources of 
nutrition and types of container in a nursery stage. 
 
Methods. Evaluated treatments were two sources of 
nutrition and one control (irrigation only with water): (1). 
Control, (2). Chemical Fertilization (149-32-123 ppm of 
N-P-K) and (3). Chemical Fertilization + Biostimulant 
(Phosphite); and three different containers: (A) 
Container with fifty four cylindrical rigid polyethylene 
cavities, (B) Container with seventy seven cylindrical 
expanded polystyrene cavities (C) Container with 
seventy eight pyramidal (inverted) expanded 
polystyrene cavities.  
All containers had 160 ml of capacity per cavity. The 
treatments were distributed in a completely randomized 
experimental design, with four repetitions each one. To 
know the morphological conditions of the plant, a 
destructive sampling of five plants per experimental 
unit, was carried out 10 months after the stablishment 
the experiment. Evaluated variables were plant height, 
diameter and biomass of true stem, number and 
biomass of unfolded leaves, root biomass and sugar 
concentration (° Brix). 
 
Results and discussion. All evaluated variables had 
significant differences (P <0.05) due to effect of the 
sources of nutrition and the different containers used for 
production of Agave durangensis in the nursery. Plant 
height presented two treatments in the upper statistical 
group, 3-A and 3-B with averages of 6.67 and 6.79 cm, 
respectively.  
The best treatment for true stem´s diameter was 3-C, 
with 27.79 mm. In following variables was observed a 
similar trend, presenting the 3-C treatment in the upper 
statistical group (Table 1). 
 
 
 
 
 

Table 1. Evaluated variables in Agave durangensis at the 
age of ten months in nursery. 

Treatment Height 
(cm) 

True stem´s 
diameter 

(mm) 

Leaves 
number 

°Brix 
(%) 

1-A 5.65 24.40 7.10 07.44 
1-B 5.73 21.65 6.20 11.50 
1-C 5.13 23.63 6.35 12.45 
2-A 6.01 26.28 7.20 09.30 
2-B 5.94 23.83 7.05 10.68 
2-C 5.51 25.83 6.95 13.30 
3-A 6.67 25.88 7.85 09.60 
3-B 6.79 26.54 7.55 09.85 
3-C 5.65 27.79 8.15 13.80 

 
Dry biomass production tended to be higher in 
treatments of Chemical Fertilization + Biostimulant (Fig. 
1). 
 
Fig. 1. Dry biomass production of Agave durangensis at the 

age of ten months in nursery. 
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Conclusions. The agave plant using containers with 
seventy eight cavities and applying Chemical 
Fertilization + Biostimulant, allowed to obtain better 
morphological characteristics. 
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Introduction. 
 Mexico is the center of origin of the Agavacea 
family, to which eight genera belong, among 
them the genus Agave. There is the greatest 
diversity with 205 species, of which 151 are 
endemic. The states richest in number of 
species are Oaxaca, Chihuahua, Sonora, 
Coahuila, Durango and Jalisco (García A, 
1995). In Durango state around 12 species are 
registered. The Ejido Nicolás Romero, 
municipality of Durango, has the presence of 
two species with economic importance such 
as A. durangensis (maguey cenizo) and A. 
salmiana (green maguey), whose use is 
basically to obtain mezcal. 
 
Methods.  
In order to achieve the objectives established 
in the present work, it was decided to use a 
stratified random sampling design. With the 
help of aerial photographs with a scale of 1: 
50,000, a dasocratic division of the study area 
was carried out, based mainly on its. 
Topographic characteristics such as 
exposure, altitude, presence of streams etc. 
and encompassing all those areas where the 
presence of agave was detected. From the 
dasocratic division, 26 strata were defined. 
Within each stratum a sampling intensity of 3% 
was established to calculate the number of 
sites, in a circular manner and with a surface 
of 1000 m2.  
 

Results and Discussion.  
The estimate of A. durangensis for each site in 
the Nicolás Romero Ejido was a total of 3,962 
plants in the 181 sites considered. 
 
Conclusions.  
The density of the population varies depending 
on the slope, the exposure and the soil texture. 
The results of this work show that in the 
Nicolás Romero ejido on the average slope of 
11-20% with the northwest exposure and the 
clay-sandy texture is the greatest 
development of A durangensis, these being 
the ecological factors that are recommended 
for the production of A. durangensis plants. 
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Introduction. Agave salmiana Otto ex Salm-Dyck is 
one of the most plastic species of the Agave genus, and 
thus has a greater number of varieties, able to survive 
in anthropogenic environments as rangeland and 
plantations (1). Today is one of the most economically 
important species; because all components of the plant 
and the associated fauna (including its pests) are 
utilized and have immeasurable ecological value (2). 
However, reproduction and morphological diversity has 
been modified by the type of management, making field 
identification difficult (3). 
Therefore, the present study aims to characterize and 
compare the levels of phenotypic variation within and 
between three taxa of Agave salmiana (maguey 
pulquero) in the Puebla-Veracruz region, Mexico. 
 
Methods. Plant morphometric characters were 
recorded in an experimental plantation, along with the 
number of leaves and tillers produced per plant. 
Phenotypic variation through these morphometric 
variables was assessed using principal component 
analysis and discriminant analysis. 
 
Results and Discussion. The results showed that over 
75% of the total cumulative variance is explained by the 
first four major components (Table. 1). 
 

Table 2. Main Components 16 phenotypic characters of 
three varieties of Agave salmiana. 

Component % Variance % Cumulative variance 

I 51173 51173 
II 8,267 59,440 
III 8,055 67,495 
IV 7,599 75094 

 
The height, diameter, coverage of the plant, the length 
of the apical meristem and leaf length comprising the 
first component and explain 51.17% of the total 
variability for the three varieties of Agave salmiana, (P 
<0.05). The discriminant functions show that except the 
length, width and number of leaves, most characters 
are grouped better in the first discriminant  
 
 

function and allow to distinguish the three 
separateallow to distinguish the three separate groups 
(Fig. 2), similarly to the reported by Alfaro-Rojas et al in 
2007 (4).  

 
Figure 1. Agave salmiana taxa clustering by the discriminant 
functions 1 and 2. 
 
Conclusions. It is concluded that in the region, the 
study allowed to recognize the presence of the three 
taxa as different. This suggests the immediate 
usefulness of morphological characters in the selection 
of promising material for use as parents in breeding and 
conservation programs.  
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Introduction. Mezcal is a drink with a sui generis smell 
and flavor, of wide acceptance and character. It is 
colorless or slightly yellowish when it is resting, aging 
or prepared. Denomination of Origin of the Mezcal 
(DOM) exists since November 28, 1994, published in 
the Official Gazette of the Federation, is supported by 
the Official Mexican Standard NOM-070-SCFI-1994: 
Bebidas Alcohólicas-Mezcales-Especificaciones, and 
for the operation of this account with the Mezcal 
Regulatory Board as a regular body (Carrillo, 2007). 
When producers adhere to the DOM they are 
committed to maintaining the quality of their products 
and also certain traditional uses in production; where 
the final consequence of these actions allow to revalue 
prices, promote the organization and rules of the 
productive sector, as well as facilitate the access of 
their products to more competitive and better 
remunerated markets. In Guerrero a production of 
approximately 1,400,000 liters of mezcal has been 
sustained annually, produced by around 450 factories 
of which the majority are not certified, conditioning the 
product to local commercialization and at low cost. The 
accomplishment of this study allows to have a very 
precise panorama of the quality of the mezcal that is 
commercialized in the Central Zone of the State. 
 
Methods. The determinations of the parameters 
measured in the analyzed samples were made based 
on the Official Mexican Standard NOM-070-SCFI-1994: 
Bebidas Alcohólicas-Mezcales-Especificaciones. 
(NOM-070-SCFI-1994) 
 
Results and Discussion. The 59 batches of mezcal 
from 6 municipalities in the central area of the State are 
analyzed in Figure 1. With respect to the 5 quality 
parameters indicated by the standard, it is highlighted 
that there is no homogeneous behavior in the quality of 
the final product and marketed in bulk. The parameters 
of methanol and total acidity, have been those that 
mostly exceed the upper range and with it, the product, 
fails to meet the quality required by the Regulatory 
Council of the Mezcal. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Percentage distribution of the samples analyzed 
according to the mezcal quality parameters according to 
NOM-070-SCFI-1994. 
 
Conclusions Within the physicochemical parameters 
that were determined, methanol and total acidity stand 
out as the most critical for this beverage produced in 
the Central Zone of the state of Guerrero since in a high 
percentage of samples (36% and 42% respectively) 
were found values above the upper limits indicated by 
NOM-070-SCFI-1994: Bebidas Alcohólicas-Mezcales-
Especificaciones. 
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Introduction. The Comiteco is a mexican alcoholic 
beverage obtained by distillation of musts formulated 
from the sap extracted from Agave americana L. or 
Agave salmiana Otto ex Salm-Dyck, enriched with 
brown sugar (piloncillo) or cane panela in a proportion 
of at least 70% of reducing sugars from these agave 
species. Its artisanal-type production has been 
concentrated in the Meseta Comiteca region of the 
state of Chiapas, Mexico [1,2]. 
Due to the scarce information available about the 
chemical composition of this alcoholic beverage, the 
objective of this work was to evaluate the main 
physicochemical parameters of the Comiteco related to 
its quality. 
 
Methods. Six samples of Silver Comiteco were 
provided by producers in Comitán, Chiapas. Alcoholic 
content and dry extract were determined according to 
the Official Mexican Standard [3]. Total acidity was 
carried out as described in [4], and the major volatile 
compounds were quantified by GC according to [5]. 

Results and discussion. Table 1 and Figure 1 
summarize the results obtained in the samples 
evaluated. Composition limits for dry extract and total 
acidity are not established for the drink Comiteco in 
NOM-199-SCFI-2017, however, they were below the 
permitted values for other agave distilled beverages 
such as Mezcal and Bacanora, respectively. 
Among the samples evaluated, 83% complied with the 
alcohol content established for the Comiteco. Major 
volatile compounds in Comiteco showed large 
differences in its composition with respect to other 
agave distilled beverages, mainly in methanol (7-17 
mg/100 ml of anhydrous alcohol) and esters 
concentration (137-387 mg/100 ml of anhydrous 
alcohol). 
 
Conclusions. Preliminary evaluation of the 
physicochemical quality of different Comitecos has 
allowed to determine important differences in its 
composition, mainly in the concentration of some 
volatile components, due to its special elaboration 
process.  
 
 

Table1. Physicochemical results of different Comitecos. 

 
amg de ácido acético/100 ml de alcohol anhidro. bValores máximos 
y mínimos establecidos en la NOM-199-SCFI-2017 para Comiteco. 
 

 
Fig. 1. Major volatile profile in Comiteco samples. 
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Introduction. The name “invertase” was given to 
enzymes that hydrolyze sucrose to a mixture of glucose 
and fructose (1). One unit of invertase is defined as the 
amount of enzyme required to release 1 μmol of 
glucose from sucrose per minute (2). In the Mezcal 
fermentation there have been found microorganisms 
with the ability to hydrolyze sucrose (3).  
 
In this work, invertase activity was measured as a first 
step to identify those yeasts that could be useful for 
FOS synthesis. 
 
Methods. Samples of fermentation must and cooked 
agave heads were collected using “Quick Swabs 3M™” 
from 6 different artisanal “palenques” in Matatlán, 
Oaxaca. The isolation and selection of the yeasts was 
carried out by preparing 10-base dilutions of each 
sample and plating onto PDA medium supplemented 
with chloramphenicol (0.01%), performing reseeding 
until obtaining pure colonies, which were preserved in 
40% glycerol. The hydrolysis of sucrose was verified 
using a BBL Crystal Anaerobe kit (fig 1). The selected 
strains were cultured in an RPMI-1640 medium (R1383 
Sigma Powder pH 7.02) adding 4% sucrose and 
incubating at 37 ° C for 24 h, the CFU/ml were 
determined by direct counting and the concentration of 
glucose in the supernatant was determined using  a 
6705 Jenway UV/Vis spectrophotometer. The invertase 
activity was determined to the cell-free supernatant 
using the Sigma MAK118 Kit. 

 
Fig. 1. Isolation and selection of yeast 

 
Results and discussion. In this study 49 yeasts were 
isolated from the different samples analyzed, of which 
5 strains showed growth in the sucrose substrate. In fig. 
2 it is observed that the strain with the highest invertase 
activity was strain 2F2 (3.54x107±0.24 CFU/ml) with 
 

61.2±2.75 U/mg. And the growth (CFU/ml) of the yeasts 
is not related with the invertase activity, because yeast 
2F2 had elevated activity and growth but 3FC had low 
activity and high growth. Veana et al.,(4) isolated a 
filamentous fungus Aspergillus niger strain that gives 
high invertase activity of 293 U/mg in 6 days, and 2F2 
gives 61.2±2.75 U/mg in 24 h.  

 
Conclusions. The strain identified as 2F2, from the 
fermentation must of the “Palenque” 2, presented 
greater invertase activity (61.2 Uinvertase/mg), and the 
growth is not related with the invertase activity. 
Subsequently it is important to determine if the yeast 
accumulate glucose to decide if it competes in the 
industry.  
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Introduction. One of the strategies for control of 
diseases is through the use of elicitors, whose function 
is to stimulate the plant to protect from the attack of 
pathogens. The fructans are a group of molecules that 
reported to generate protection in plants, with a 
beneficial effect in various crops by the induction of 
defense mechanisms and plant resistance. Fructans as 
fructooligosaccharides Burdock and inulin from dahlia 
tubers have been reported as molecules with protective 
activity and resistance to pathogens such as in chili, 
grapes, cucumber, banana, and others (1). This study 
shows agave fructans impact as potential elicitors, 
depending on their structure and polymerization 
degree, on the control of P. capsici in chili pepper. 
 
Methods. Fructans from Agave tequilana var. cenizo 
with three degrees of polymerization were used; low 
polymerization degree (LPD=2-10), intermediate 
polymerization degree (IPD=10-22), high 
polymerization degree (HPD=22-60), which were 
provided from the laboratory ex-vivo digestion of 
CIATEJ, and they were obtained by Lopez et al. (2), 
Aldrete-Herrera (3) and García-Gamboa et al. (4). 
The fructans were prepared at 0.01%, 0.05%, and 0.1% 
concentrations and were applied in a foliar sprays and 
in the root of 30 days old serrano chili pepper (cv. 
Camino Real). Ten days after the application of 
fructans, plants were inoculated with 10 ml of a 
zoospore suspension 1x106 zoospores/ml of 
Phytophthora capsici, a strain belonging to CIATEJ. At 
the end of the experiment, growth parameters (height 
and weight), viability of the roots, and colonization by 
oomycete were measured, in order to verify the 
protection with the implementation of fructans. 
 
Results and discussion. The most susceptible plants 
were those in which the elicitor was applied by foliar 
way, it is associated with the infection caused by P. 
capsici due to the necrosis that was observed in the 
stem of the infected plants and to the severe defoliation. 
Furthermore, the plants treated with fructans of low 
polymerization degree presented the greatest 
symptoms of the disease compared with the fructans of 
high polymerization degree.  
 

The protective effect was mainly reflected in plants with 
a high polymerization degree in both foliar and root 
application. A differential response was also found in 
root growth and plant height with the application of 
fructans of different polymerization degrees and the 
inoculation of P. capsici. 

 
Fig. 1. Incidence of the disease. The treatments correspond 
to PHC: Plants infected with P. capsici, L: low polymerization 

degree, I: intermediate polymerization degree, H: high 
polymerization degree. All treatments with fructans were 

inoculated with P. capsici. 
 
Conclusions. The application of agave fructans has a 
beneficial effect on the control of P. capsici. The effect 
of fructans depends on the method of application, the 
polymerization degree, and its concentration. 
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Introduction. Agave plants contain secondary 
metabolites such as saponins (1). These had 
pharmaceutical properties like hemolytic, 
antiinflammatory, antifungal, antibacterial, antiparasitic, 
antitumor, and antiviral (2). The researches about 
Microwave Assisted Extraction on medicinal plants has 
been majorly on the design and development of 
optimum conditions for the maximum yield of bioactive 
compound extraction followed by comparison with 
conventional techniques as maceration or Soxhlet (3). 
The objective of the work was to compare Microwave 
Assisted Extraction (MAE) with a conventional 
extraction technique (maceration) for obtaining and 
quantifying saponins from Agave angustifolia. 
 
Methods. The MAE was using 18g leaves dried/180mL 
acetone, 45°C, 150 W and the extraction times 5, 7,10 
minutes. For maceration: 18g leaves dried/180mL 48h 
at room temperature. The extracts were analyzing by 
high-performance thin-layer chromatography (HPTLC), 
using silica gel RP-18W/254 plates, mobile phase 
acetonitrile/H2O (50/50, v/v). To quantify, a reference 
standard and vanillin-H2SO4 were using for the 
derivatization process. Detection was using UV 366 
nm, 254 nm, and the quantification at 524 nm using a 
TLC scanner 4, with Vision Cats software (CAMAG). 
 
Results and discussion. The extraction yields 
obtained by MAE and maceration method (Table1 and 
Fig.1 ) shown, the lowest value for extraction was by 
maceration (1.38%) while the highest yield was 3.8% in 
10 min for MAE extraction method. The results of the 
quantitative analysis showed 1.1626 mg / mL (10 min.) 
for MAE and 0.5092 mg / mL for maceration. 
 
Table 1. Yield in weight dry and quantification (mg/mL) 

 
 
 

 
 
 
 

 
 

 
Fig. 1. Identification of saponins in four different extracts. 
Description: 254 nm. Track of 1-10 Saponins reference 
standard, track 11 MAE 10 minutes, track 13-14 MAE 7 

minutes, track 6 MAE 5 minutes, 7-8 extraction by 
maceration. 

Conclusions. MAE method presented higher 
extraction yields and was higher respect to maceration 
method. Thus, the “green technique” MAE provides a 
convenient technology for the extraction of saponins of 
A. angustifolia.  
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Method  Yield(%) Sample mg/mL 

MAE 3.8 EAM 10min (track12) 1.1626 
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Maceration 1.38 MAC (track 18)      0.5092  
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Introduction. Agave mapisaga Trel. is located 
predominantly in Michoacan, Morelos, Puebla and 
Zacatecas. This maguey is used for aguamiel, pulque 
agave syrup and mixiote production [1]. Fructo-
oligosaccharides (FOS) has been quantified in 
aguamiel extracted from Agave mapisaga [2]. 
Nevertheless there are no reports on agave fructans 
characterization from this agave.  
The extraction and molecular weight distribution of 
fructans extracted from Agave mapisaga leaves was 
performed.  
 
Methods. Water soluble carbohydrates were extracted 
from the bottom Agave mapisaga leaves. Extracts were 
subjected to a thermal shock and clarified by 
centrifugation and filtration. The sugars extracted were 
spray dried and stored until their analysis. Glucose, 
fructose and sucrose content were quantified by HPLC. 
Molecular weight distribution of fructans were 
determined by HPLC-SEC [3]. 
 
Results and discussion. Soluble carbohydrates 
extracted from leaves were quantified, the 1.14% of the 
total weight were sugars. The extract was spray dried 
reaching drying efficiencies of 60%. The powder 
obtained contains 25% of mono and disaccharides and 
75% of fructans. The fructans were distributed in low 
molecular weight or FOS (68%) and high molecular 
weight fructans (32%) (Table 1). Relative abundance of 
fructans according to polymerization degree was 
analyzed (Figure 1) low molecular weight fructans were 
most abundant than high molecular weight. The 
average molecular weight in number was 2214 g/mol 
with an average polymerization degree of 14. 
Commercial agave fructans, extracted from Agave 
tequilana stems, have a similar content of low and high 
molecular weight fructans [4].  

 
Fig. 1. Histogram, relative abundance of agave fructans. 

 
 

Table 1. Fructans characterization. 
Parameter Content  
Mn, g/mol 
Mw, g/mol 
Dpn 
Dpw 
P 
DP>10, % 
(FOS) 3<DP<10, % 
Sucrose, % 
Glucose, % 
Fructose, % 
Soluble sugars, % 

2214 ± 9 
4577 ± 9 
14 ± 0.5 
28 ± 0.5 
2 ± 0.1 

32 ± 0.1 
68 ± 0.1 
1.4 ± 0.5 
9.7 ± 0.5 
14.1 ± 0.5 
1.14 ± 0.1 

 
Conclusions. The feasibility to extract fructans from 
Agave mapisaga leaves was evidenced. Agave 
fructans extracted were mainly low molecular weight 
fructans with an average polymerization degree of 14 
which are lower compared to commercial agave 
fructans extracted from stems of Agave tequilana.  
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Introduction. Encapsulation is a process that allows to 
include an active agent or a substance inside another 
which constitutes the wall material. The encapsulation 
improves the incorporation of bioactive molecules, 
living cells (probiotics), pharmaceutical products, 
among others (1). There are different types of 
biopolymers used for the formation of wall material 
because it contains hydroxyl groups, such as cellulose, 
starch and alginates (2). Another type of 
polysaccharides that have hydroxyl groups are fructans 
type agavinas obtained from Agave plants, most 
research in fructans has focused on the study of these 
as prebiotics, however, fructans having these types of 
reactive groups can be take advantage of studying 
them as wall materials for the release of bioactive 
compounds (3). 
The aim of this work, was studied the morphological 
changes in microbeads, made with fructans, 
lignocellulosic material and alginate in different 
potencial of hydrogen. 
 
Methods. Fructans and lignocellulosic material was 
extracted from Agave angustifolia Haw. The 
microbeads were elaborated with Ionic gelation 
method, using a mixture of fructans, lignocellulosic 
material and alginate. Subsequently, a morphometric 
analysis was in the beads and parameters such as: 
area, perimeter, and diameter of feret were evaluated 
and the change of these was observed at different 
potential of hydrogen (pH). 
 
Results and discussion. Infrared spectroscopy was 
used to observe the structure of fructans (Figure 1). The 
absorption band of 3400-3200 cm-1 is due to the 
stretching of the hydroxyl groups, while in the region of 
2900-2970 cm-1 it is due to the stretching of the C-H 
bonds of the carbohydrates.  

 
 
 
 
 

 
 

 
 

 
Fig. 1. Infrared spectrum of fructans of A. angustifolia Haw. 

In the spectral region of 1200-900 cm-1, bands were 
observed which are attributed to a stretching of the C-
C, C-O bonds and a flexion belonging to the C-O-H, C-
O-C bonds, which are characteristic of several 
oligosaccharides and polysaccharides. Through the 
morphometric analysis of the microencapsulated 
(beads) it was observed that the microencapsulated 
alginate-fructans had the smallest area and the 
smallest perimeter due to this the pearls are more 
compact (Table 1), it was also observed that the 
turmeric oleoresin does not affect the shape of the 
pearls in the alginate.  
Table 1. Morphometric analysis of microencapsulates (beads) 

 
 
 
 
 
 
 
 

 
Alginate with turmeric oleoresin (AlgC), fructan alginate with oleoresin 
(AlFruC). 

In the acid pH (4) as in the basic pH (9), the influence 
that they have on the size and shape of the pearls is 
seen, while in the neutral pH the pearls did not present 
this variation. This indicates that the encapsulated ones 
change their structural conformation to basic pH (9 or 
more) or to acid pH (4 or less) with the alginate network 
favored at neutral pH.  
Conclusions. The used of fructans and lignocellulosic 
material for encapsulation by ionic gelation was useful 
to obtain beads that are more regular and with more 
chance to liberate in controlled way curcumin in to 
hydrophilic solution. 
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Introduction. Agaves are succulent plants that 
synthesize compounds called secondary metabolites, 
such as: terpenes, nitrogen compounds and 
polyphenolic (PP) compounds, the latter with aromatic 
rings hydroxyl groups. They are associated with 
important activities, biological against phytopathogens 
and recently of pharmaceutical importance (1). Agave 
species synthesize an important richness and 
abundance of phenolic compounds, the concentration 
of polyphenols is related to antioxidant responses of 
plants against stress conditions. Few species of the 
agave genus have been studied for their polyphenol 
composition and related biological activities. 
The aim of the present work was to determine the 
profile of polyphenolic compounds of different parts of 
the agave plant: leaf, stem and root in six wild agaves 
species from Oaxaca and their antimicrobial activity. 
 
Methods. Mature plants without floral stem employees 
to produce mescal were collected in three localities of 
the state of Oaxaca: Santa Maria Zoquitlan, San Isidro 
Yucuyoco and Santa Maria Añuma. Mature plants of 
Agave angustifolia, A. rodhacantha, A. potatorum, A. 
karwinski, A. nussaviorun and Dasyliro serratifolia, 
were collected and a portion of the root, leaves and 
stem were separated for the study. The polyphenolic 
compounds were extracted of dry material in 80% 
ethanol in a ratio of 1:10 (w/v). Total polyphenols was 
quantified using the Folin-Ciocalteu methodology. The 
results were expressed as gallic acid equivalents (GAE) 
of dry plant matter. Separation of the PP was done 
using high-resolution thin-layer chromatography 
(HPTLC) on silica gel 60F256 TLC plates, 
chloroform:ethanol:acetic acid (90:10:1) was used as 
mobile phase. The antioxidant profile was determined 
spraying with 0.05% solution of 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) on silica gel plates. Antimicrobial 
activity of the methanol extract was determined by 
using the disc diffusion method on Mueller-Hinton agar 
with different concentrations of PP, the microorganisms 
tested were: Micrococus luteus, Serratia marcescens, 
Pectobacterium carotovorum and Aspergillus niger. 
 
Results and discussion. The average amount of 
polyphenols found in leaves was 0.68, stem 1.45 and 
root 6.19 mg GAE/g where A. potatorum was the 
highest in all the extracts. 
 

Total leaf phenolic values of 7.7 mg/g have been 
reported for Agave americana and 0.10-0.39 mg/g in 
Agave attenuate (2, 3). In the TLC they separate an 
average of seven PP in root two of them with strong 
antioxidant activity (Fig 1). In general, the root extracts 
have antibacterial activity with a zone of inhibition of 18 
mm for P. carotovorum in leaf of A. potatorum extract 
D. serratifolia showed the lowest activity. No antifungal 
activity was detected in any extract. 
 
Conclusions. The roots of agave contains the major 
quantity of polyphenolic compounds and high 
antioxidant activity. The polyphenols of agave might 
perform great importance in the agricultural and 
pharmaceutical sector. 
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Fig. 1. HPTLC chromatogram of the ethanol extract in 
six species of agave A) at 365 nm, B) Antioxidant 
activity revealed with a 0.05% DPPH solution. P: Stem, 
H: Leaf, R: Root. 
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Introduction. Heteropolysaccharide formulations such 
as Aloe vera mucilage (AVM) and Agave fructans are 
used in the food industry for their ability to modify the 
functional properties of food systems [1].  
The aim of this work was to study the rheological 
properties of standardized mixtures of AVM and agave 
fructans of high degree of polymerization (HDP) on their 
use as wall materials for the microencapsulation of 
probiotics by spray drying (SD). 
 
Methods. AVM was obtained from plants cultivated in 
greenhouse, HDP fructans were obtained by 
membrane ultrafiltration technology. Three 
formulations (T1: 80-20, T2: 60-40, T3: 50-50 % w/w) 
of this two polysaccharides prepared by mechanical 
homogenization were spray dried (SD), the 
physicochemical, morphological and rheological 
properties were determined. A probiotic microorganism 
(Lactobacillus plantarum) suspended in the best 
formulation was SD and the survival measured. 
 
Results and discussion.  
The obtained powders 
had a maximum 
humidity content of 
10.7%, an aw of 0.254 
and a yield of 9.25 %. 
The particle size 
distribution is 
monomodal, SEM 
showed well-defined 
morphologies but 
some of the 
formulations presented collapsed structures.  
The viscoelastic properties of the reconstituted 
powders show the predominance of the viscous module 
over the elastic in low angular frequencies (ω<10 
rad/s), this behavior is inverted at high angular 
frequencies which show that the structures of the 
formulations are random coil entanglements that can be 
deformed such in those of a weak gel [2].  
 
 

The reconstituted powders also showed a shear rate 
dependence of viscosity, meaning a non-Newtonian 
shear thinning behavior [3]. The selected formulation 
(T1) was able to protect the 70 % of the suspended 
probiotics after the process of SD at 150°C of inlet 
temperature, 1.8L/h and 27000 RPM. 

Conclusions. These findings support the use of new 
heteropolysaccarides for the microencapsulation of 
probiotics by SD and show a promising future for 
symbiotic formulations in foods.  
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Fig. 2 Frequency dependence of the storage modulus G’ (filled 
symbols) and loss modulus G” (empty symbols), of T1 and T3. 

Fig.1 SEM of formulation T2  
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Introduction. Anaerobic degradation of organic matter 
is a complex and multi-step process in which several 
key groups of bacteria participate; the biochemical 
pathway is divided into three biological steps: 
acidogenesis, acetogenesis and methanogenesis. For 
this reason, mathematical modeling using Anaerobic 
Digestion Model No. 1 (ADM1) [1] is subject of intensive 
research. Up to date, ADM1 has been tested for 
municipal wastewater sludge, agriculture waste and, in 
less, different kinds of vinasses. This study presents the 
principles of calibration of the ADM1 model; kinetic 
parameters for reactions of acidogenesis, aceto- and 
methanogenesis steps during anaerobic digestion of 
agave vinasses are verified. 
 
Methods. Sensitivity analysis is a systematic study of 
how variations of the incoming data affect the outputs 
of a model. In dynamic and complex models, such as 
the ADM1, this type of analysis is important because 
allows checking the internal logic of the model and 
understand its operation [2]. 
 
Results and discussion. The analysis was focused on 
the methane production (in mass units) because it is 
one of the most common indexes used for estimating 
the efficiency of the anaerobic digestion process [3]. 
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Results obtained from the sensitivity analysis of the 
variables (Table 1) provide better understanding about 
the impact that each variable on the anaerobic 
digestion process, and determine the ranges in which 
the ADM1 could display unreliable results. From the 
sensitivity analysis, productivity of biogas adjusted 
satisfactorily CO2; however methane has shown to be 
difficult to adjust (Fig. 1). 
 
Conclusions. In this work, a sensitivity analysis of the 
anaerobic digestion model ADM1 including its 26 
variables of the liquid phase and three variables of the 
gas phase was presented. The ADM1 facilitates the 
design of  new  biogas  plants  and   allows   validating  
 

hypothesis and optimizing designs. In addition, to 
present the sensitivity analysis of ADM1 it was decided 
to change the value of the input concentrations one at 
a time maintaining the other parameters equal to the 
base case. 
 

Table 1. Substrate characteristics - Input vector of the ADM1. 

 

 
 
 
 
 
 
 

Figure 1. Biogas production. Markers: experimental data, 
Line: ADM1 output. 
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i Variable Description 
Value 
base 
case 

Range of 
variation 

No. of 
variation 

1 Sch4 Dissolved methane gas 1E-5 1e-8-0.01 7 

2 Xch Carbohydrates 5 0.1-200 32 

3 Xpr Proteins 20 0.1-200 38 

4 Xli Lipids 5 0.1-200 36 

5 Xh2 Hydrogen degrades 0.01 0.1-1 15 
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Introduction. Edible wild mushrooms have been 
collected and consumed by people for thousands of 
years [1]. The world production of edible mushrooms is 
in continuous expansion, among the main mushroom 
producing countries are China (with more than 50% of 
the world production), later the United States, Asia and 
Japan. The three most produced species are 
Champiñón (Agaricus bisporus) with 71.9%, Shiitake 
(Lentinula edodes) with 14% and (Pleurotus spp.) With 
2.7% in the year 1979. In 1997 the values were 31.8% 
for mushroom 25.4 % for (Lentinula edodes) and 14.2% 
for species of Pleurotus spp. [2,3]. The cultivation of 
fungi (mycoculture) is possible on agricultural waste 
and other activities [4], such as those generated in the 
production of mezcal, from several species of Agave, 
being the Agave cupreata Kunn an endemic species of 
the state of Guerrero. 
 
Methods. In the present investigation, 9 samples of 
substrate with fiber or bagasse of Agave cupreata were 
planted with Pleurotus ostreatus, 3 kg of inoculum or 
seed (sorghum), 45 kg of maguey A. cupreata bagasse 
and 9 plastic bags with capacity were used of 5 kg. The 
evaluation of the production of the cultivation of 
Pleurotus ostreatus, in the solid residue generated 
during the production of mezcal from the (Agave 
cupreata) was carried out. 
 
Results and discussion. These residues are an 
excellent substrate that allows the growth of Pleorotus 
ostreatus, since in the biological efficiency of the three 
cuts that were made it was obtained in the first 86% of 
biological efficiency, in the second cut 78% and in the 
third 64% These results indicate that the solid waste 
and / or a measure of mitigation and solution can be an 
alternative to the generation of unused waste. 
 
Conclusions. These residues are an excellent 
substrate that allows the growth of Pleorotus ostreatus, 
since in the biological efficiency of the three cuts that 
were made it was obtained in the first 86% of biological 
efficiency, in the second cut 78% and in the third 64%. 
These results  indicate  that  the  solid  waste  and/or a  
 

measure of mitigation and solution can be an 
alternative to the generation of unused waste. 
 

 
 
Fig. 1. Harvest of Agave cupreata Kunn, obtaining the heads 
of maguey, ready to be baked in well furnace. 
 
 
Acknowledgements. At to University Autónoma de 
Guerrero 
 
References.  
1. Martínez-Carrera;D.N.Curvetto, M. Sobal, P. Morales &. 
V.M.Mora. 2010 Hacia un Desarrollo Sostenible del Sistema 
de Producción- Consumo de los Hongos Comestibles y 
Medicinales en Latinoamérica; Avances y perspectivas en el 
Siglo XXI. Red Latinoameicana de Hongos comestibles y 
medicinales COLPOS-UNS-CONACYT-AMC-UAEMUAPEP- 
IMINAP. Puebla, Pue. 
2.Chang,S.T.y W.A. 1978. The Biology and Cultivation of 
edible mushrooms. Academic Press, New York. 
3.Aguilar, A., D. Martínez-Carrera, A. Macias, M. Sánchez, 
L.I. de Bauer, A. Martínez, (2002). Fundamental trends in 
rural mushroom cultivation in México and their significance for 
rural development.In: Sánchez, J.E., G. Huerta, E. Montiel 
(eds.), Mushroom biology and mushroom products, Proc. 4th 
Intern. Conf. Cuernavaca, México, pp. 421-431. 
4. Aparicio (2009) Cultivo de Pleurotus ostreatus sobre la 
planta de melón (Cucumis melón L.) mezclada con la planta 
de frijol (Phaseolus vulgaris L.). Tesis de Licenciatura. 
Universidad Autónoma de Guerrero. 
 



108

 

 
BIOHYDROGEN PRODUCTION FROM TEQUILA VINASSE 

DEPENDING ON THE PRODUCTION PROCESS OF TEQUILA 100% AGAVE 
Alejandra Rivera Tostado, Oscar Aguilar Juárez 

Unidad de Tecnología Ambiental. CIATEJ, Av. Normalistas # 800, Col. Colinas de la Normal. 
C.P. 44270, Guadalajara Jalisco. oaguilar@ciatej.mx 

Keywords: Production process, tequila vinasse, biohydrogen. 
 
Introduction. The tequila industry is currently one of 
the main agroindustries in the country; nowadays, 
dominates the production "with cooking process" where 
the pineapple of agave is cooked in ovens to later go to 
the milling, fermentation, distillation and bottling or 
aged, and the process "without cooking process", more 
recent, where the pineapple agave is torn and passed 
through a diffuser which extracts the juices that are 
subsequently cooked. 
The objective of this research is to quantify the effect of 
the production process of 100% agave tequila on the 
physicochemical characteristics of the resulting vinasse 
and its repercussion in the biohydrogen producing 
potential. 
 
Methods. The parameters used to determine the 
characteristics of the vinasses are: COD, BOD, TOC, 
total nitrogen, nitrates, nitrites, total phosphorus, 
phosphates, total sugars, total phenols, solids, pH, 
acidity, furan derivatives and phenolic compounds [1], 
[2]. To evaluate the hydrogen producing potential an 
AMPTSII system was used following the guidelines of 
the specific hydrogen production protocol [3] and the 
gases produced by each reactor were analyzed by gas 
chromatography. 
 
Results and discussion. Table 1 shows the 
characterization of the vinasse. Apparently the vinasse 
of the process "with cooking process" has greater 
potential for hydrogen production. 
 

Table 1. Characterization of vinasse. 
Parameter 

(mg/L)  
With cooking 

process 
Without cooking 

process 
Total sugars 18,225 5,263 

TOC 33,930 10,940 
VTS 37,610 20,170 

TS 39,910 22,070 
Total COD 59,683 90,900 

Soluble COD 56,372 89,400 
 
Table 2 shows that probably the presence of 
biohydrogen production inhibitors have a significant 
effect on vinasses gasification from the process "with 
cooking process" since in laboratory results 1.760 ± 
0.360 liters  of  biohydrogen  per   liter of  vinasse were  

produced, while for the process "Without cooking 
process" was obtained 2.224 ± 0.219 liters of 
biohydrogen per liter of vinasse after 120 h. 
 

Table 2. Potential inhibitors. 
Parameter 

(mg/L)  
With cooking 

process 
Without cooking 

process 
HMF 119 5 
Total 

phosphorus 
275 17 

Total Acidity 6,277 2,471 
Total Nitrogen 244 144 

Total phenols 1,466 883 
 
Conclusions. The results obtained in the laboratory 
indicate that it is potentially feasible to produce 
biohydrogen from tequila vinasses of 100% agave 
tequila with higher yield in the production process 
"without cooking process" of the agave pineapple, 
however, it is necessary to evaluate the effect of 
inhibitors elimination on the biohydrogen production in 
both tequila production processes. 
 
Acknowledgements. This work was supported by 
CONACYT, project 2015-01-1214 “Utilización de 
efluentes agroindustriales para la producción continua 
de acarreadores de energía sustentable: un estudio de 
prospección y optimización”. 
 
References. 
1. Rivera Tostado, A. (2017). Efecto del proceso de 
producción de tequila sobre las características fisicoquímicas 
y el potencial productor de hidrógeno de las vinazas 
tequileras. Tesis de licenciatura. Universidad de Guadalajara. 
59 pp. 
2. Rivera Tostado, A.; Aguilar Juárez, O. (2017). Prospección, 
caracterización y evaluación del potencial productor de H2 en 
cultivos en lote de vinazas tequileras. 2° Congreso de la 
AMEXCarb 2017. Asociación Mexicana de Carbono, A.C.  
S.L.P., México. 14 a 17 de noviembre de 2017. 136-139. 
3. Carrillo-Reyes J., I. Moreno-Andrade, G. Buitrón, P. Bovio, 
A.F.M. Braga, L. Braga, E. Castelló, L. Chatellard, C. 
Cisneros-Pérez, C. Etchebehere, L. Fuentes, V. Ortega, R. 
Palomo-Briones, E. Razo-Flores, G. Ruiz-Filippi, E. Tapia-
Venegas, E. Trably, J. Wenzel, M. Zaiat. (2017). Protocol to 
evaluate biohydrogen production by dark fermentation in 
batch test: an international interlaboratory study. 15th IWA 
World Conference on Anaerobic Digestion; Beijing, China. 



109

 

 
CHARACTERIZATION OF AGAVE BAGASSE WITH AND WITHOUT  

OZONE PRETREATMENT FOR BIOHYDROGEN PRODUCTION  
Elia Cristina Castellanos López, Oscar Aguilar Juárez 

Unidad de Tecnología Ambiental. CIATEJ, Av. Normalistas # 800, Col. Colinas de la Normal. 
C.P. 44270, Guadalajara Jalisco. oaguilar@ciatej.mx 

Keywords: Agave bagasse, pretreatment, ozone. 
 
Introduction. Agave bagasse is the fiber produced as 
a byproduct of the tequila industry. It represents 
aproximately 40% of the total weight of agave 
processed. Anually, around of 1.78x108 kg are 
generated [1]. The main interest on this feedstock is 
due to its high sugar content and low lignin content [2]. 
This study has as an objetive identify the presence of 
inhibitory compounds for the biohydrogen production in 
agave bagasse hydrolisates, with and without ozone 
pretreatment. 
 
Methods. Agave bagasse was pretreated with O3 and 
after that, enzymatic hidrolisis was performed. The 
pretreatments are described below, the feedstock was 
provided by [3]:  
1. Enzymatic hydrolysates of avage bagasse with  O3 

pretreatment. Ozone bubble-diffuser reactor was used 
to perform the ozonation of AB at 1.44 L/min during 62 
min, at room temperature (27 °C ± 2). Reactor was fed 
with AB at 45% w/w of humidity, using a particle size 
less than 0.6 mm. 
Pretreated Agave Bagasse (5% w/v) was subjected to 
Enzymatic Hydrolysis in a complete-mix reactor (3 L 
working volume) at 50 °C, 0.1 M sodium citrate buffer 
(pH 4.8), 120 rpm using Celluclast® (0.2% w/w) and 
Viscozyme® (5% w/w). 
2. Enzymatic hydrolysates of agave bagasse without O3 

pretreatment. Agave Bagasse (5% w/v) was subjected 
to Enzymatic Hydrolysis in a complete-mix reactor (3 L 
working volume) at 50 °C, 0.1 M sodium citrate buffer 
(pH 4.8), 120 rpm using Celluclast® (0.2% w/w) and 
Viscozyme® (5% w/w). To identify the inhibitory 
compounds, the analytic techniques of [4] and UPLC 
were used. 
 
Results and discussion. The samples used are 
described on the (Table 1), two enzymes were used for 
the hydrolysis, each enzyme was used on the 
ozonolysate bagasse and the untreated bagasse. 
Results are showed (Table 2).  
The effect of the ozonolysis is mainly observed on the 
COD results. The potentially inhibitory compounds are 
shown on table 2. 
Sample B presents a smaller amount of inhibitory 
compounds. 
 
 
 

 

Table 1. Processed Samples. 
Sample Pretreatment  Enzyme 

A With O3 Celluclast® 
B Without O3 Celluclast® 
C With O3 Viscozyme®+Celluclast® 
D Without O3 Viscozyme®+Celluclast® 

 
Table 2. Results (mg/L). 

Sample COD NO3- Gallic 
acid 

4- hydroxybenzoic 
acid 

A 33,973 40 16.1 11.9 
B 20,207 25.5 <0.5 5.8 
C 40,373 42.2 <0.5 12.3 
D 29,107 25.3 24.9 14.6 

 
Conclusions. To take advantage of the agave 
bagasse, and other lignocelullosic biomass, is 
important to determine not only parameters such as 
COD or the amount of sugars, but also the presence of 
compounds (weak acids, HMF, phenol, etc.) that, 
during the fermentation, might affect  the total 
biohydrogen production.  
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Introduction. 
The capacity for producing ethanol from lignocellulosic 
waste still represents a challenge for the scientific 
community (1). There are several critical steps in this 
bioprocess prior to fermentation. This can be achieved 
through physical, chemical or biological methods (2). 
After the pretreatment step, a saccharification process 
is required, with an optimal temperature around 50 °C 
(3). The focus is to find strains able to resist extreme 
culture conditions, which could allow developing a 
simultaneous saccharification and fermentation 
process. Recently, there has been a growing interest in 
yeasts able to grow under high temperatures. 
In the present work, yeast strains were isolated from 
Agave salmiana aguamiel in order to evaluate their 
ability of growth under high temperature conditions and 
their performance in the ethanol production. 

Methods.  
The first stage comprised the isolation process of yeast 
strains present on aguamiel through of serial dilutions 
using saline solution at 0.9%. 100 µl of solution were 
used to inoculate plates with YPD agar, which were 
incubated at 30 °C for 72 hours. On the second stage, 
four out of the 20 isolated strains were selected, 
considering color, shape and growth rate as selection 
criteria, in order to evaluate the effect of temperature in 
growth kinetics. A range from 30 °C to 50°C was 
analyzed, considering 5 temperatures within this range. 
For the last stage, the top two performing strains were 
selected for evaluation the ethanol production, using 
synthetic fermentation medium adding 20 g/l of 
glucose. Fermentation was carried out at pH of 4.8, 150 
rpm at 30 and 40 °C. The growth and fermentation 
media pH were adjusted at 4.8. 
 

Results and discussion.  
Out of the strains evaluated, strain 4 showed the best 
performance in both cell growth at 30, 40 and 50 °C, 
and ethanol production at 30 and 40 °C (Fig. 1). 
 

 

 
Fig 1. - Growth kinetics and ethanol production of strain 4 at 

different temperatures. 

 

Conclusions. 
Four strains isolated showed satisfactory growth up to 
40 °C. Two out of these strains presented ethanol yields 
higher to 50%, showing promise for future research in 
the ethanol production process. 
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Introduction. Consumption of vegetables is an 
important part of a healthy diet of the population in 
recent decades has increased the demand for these 
natural products, however different natural phenomena 
and manipulated by man alterations have caused 
irreversible damage, such as the fragmentation of the 
environment, the soil erosion, loss of nutrients because 
of the use of chemicals that has been implemented too 
in horticulture, but not only in the environment if not in 
human health, causing diseases long-term to consume 
products with this type of chemical. Vertical gardens 
represent a sustainable option and a green alternative 
to improve ecosystems, soils and the quality of life of 
people, using natural resources to the preparation of 
the land such as bagasse of Agave cupreata in organic 
compost (1). 
 
Objective. To implement a technique for taking 
advantage of existing natural resources in the locality, 
which allows guaranteeing food sovereignty and 
security through vertical gardens in the ejido of 
Mochitlán in Guerrero. 
 
Methods. It seeks to know the opinion of the uses and 
customs of native vegetation, diet and use medicine. 
Distribution maps: will be useful to collect geographic 
information in a visual way to monitor the distribution 
and installation. Workshops: allow the active 
involvement of stakeholders, to train, inform, and 
recognize the use of this technique. Guide: it is a tool of 
complementation that will help in the process of 
installation of vertical gardens. Having accessible 
information and practical guidance. 
 
Results and discussion. The earth was prepared; 
elaborating organic compost based on Agave cupreata 
bagasse to obtain the essential nutrients for growth, 
obtained favorable results after 3 and a half months of 
growth. The different species of vegetables grew until 
they were able to be consumed. Proving that vertical 
gardens are useful for domestic use and provide a lot 
of benefits to people who collaborate. 
 
 
 
 

 
Fig. 1. Vertical orchards and Mochitlan ejido. 

 
Conclusions. A pilot test was performed in the green 
area of the phytotherapeutic products research 
laboratory and food where the vertical garden was 
installed and planted 8 different vegetables: onion, chili, 
lettuce, radish, epazote, beet, carrot and coriander 
which grew over 4 months using organic substrate to 
basis of Agave cupreata bagasse, and pest control was 
used herbs. were visits from training to the ejidatarios 
for the installation of the orchards, has caused great 
motivation primarily in young women and older, by 
having products harvested by them and mostly organic 
foods that benefit the health of their families, this also 
represents a cost savings to their pockets. 
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Introduction. The mezcal industry in Mexico demands 
a production of millions of liters of mezcal per year, 
however, in addition to this production process, there is 
also the generation of large volumes of waste, with 
agave bagasse being one of the main, so it has become 
an environmental problem. (Gonzales & et al 2005). At 
present the use of Agave fiber is very limited and almost 
unknown for the production of paper because the paper 
industries prefer to use raw material from long fiber 
trees leaving aside the agroindustrial waste that should 
have an advantage and application. 
Objective. Make handmade paper for the use of the 
bagasse (fiber) of Agave cupreata Trel. & A. Berger. 
 
Methods. The elaboration of bagasse paper Agave 
cupreata Trel. & A. Berger is done in an artisanal way, 
going through a process of selecting the raw material, 
to later be subjected to two methods (cooking and 
soaking) with three treatments (water, lime and ash) at 
the end of this, it is washed with running water. Next, 
the bagasse is crushed and 1 kg dissolved in 20 L of 
water to form a homogenous mixture and mold the 
leaves with the help of a frame. On a flat surface the 
molded sheets are placed and the excess water is 
removed, they are dried in a dehydrator and once dry, 
the thickness, width and length of each one is 
measured to know the amount in approximate meters 
resulting from 1kg of bagasse. 
 
Results and discussion. You get 23 sheets of paper 
of 1kg of bagasse dissolved in 1L of water. The leaves 
have different characteristics according to the method 
and treatment to which they were subjected, vary from 
a dark coffee to light brown color, with a light to medium 
flexibility, texture from very fibrous to smooth, the 
thickness of each sheet goes from an interval between 
0.1 and 0.9 mm, the sum of the length and width of the 
leaves gave a total of approximately 25.3M. The results 
described here are the product of relevant tests, 
difficult to make an accurate comparison with other 
investigations because there are no studies that 
perform craft paper from the bagasse of Agave 
cupreata. Research has been found indicating that the 
processing of the agave fibers is subjected to chemical 
treatments, according to (Pérez Escobar & et al 2015) 
determined  that  for  the softening  of  the  fibers  it  is  
 

necessary to remain in cooking with sodium sulphate 
for several hours, however in this study sodium 
sulphate was replaced by lime used as a softener and 
for less time giving good results as it is considered a 
catalyst not harmful to the environment. 
 
 
 
 
 
 
 
 
 
 
   Figure 1. Paper sheet made with Agave cupreata bagasse. 
 
Conclusions. The methods and treatments with which 
the bagasse was treated improve the characteristics of 
color, flexibility and texture of the paper sheets making 
them favorable for painting and writing in some cases. 
By means of the above and the measurements 
obtained, it was determined that the bagasse (fiber) of 
A. cupreata Trel. & A. Berger is high performance and 
feasible for the production of craft paper. 
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Introduction. Due to the increase in environmental 
pollution, the interest in biomass (bagasse) use for 
biofuel production has grown [1], [2]. Lignocellulosic 
biomass has been studied for decades, being the most 
generated agroindustrial waste, with the intention of 
reducing CO2 emissions [2], [3]. Mexico is considered 
the country of origin of Agave with between 72-136 
species, being used in the food industry, as fiber, in 
medicine and mainly in alcoholic beverage production 
[4] where large amounts of lignocellulosic biomass are 
obtained. In the present work the optimization of 
enzymatic hydrolysis was studied using of Agave 
tequilana Weber var. Azul (AT) and Agave karwinskii 
(AK) bagasses for bioethanol production. 
 
Methods. The optimization was carried out using a 
Box-Benhken design of 3 variables with 3 levels each: 
Cellic Ctec3 enzyme (1, 3 and 5 % p / v), hydrolysis 
time (24, 36 and 48 h) and liquid-solid ratio LSR (6:1, 
8:1 and 10:1). 
 
Results and discussion. Figure 1 shows the effect of 
the treatments on the percentage of cellulose 
conversion for Agave tequilana Weber var. Azul and 
Agave karwinskii, 94.82% and 71.45% in AT and AK, 
respectively.  

 
Fig. 1. Effect of treatments on cellulose conversion  

 
The results obtained for the treatments were subjected 
to an optimization using NCSS 12 Data Analysis 
software, where optimum conditions for each bagasse 
was provided. Table 1 shows the results obtained for 

the model value (MV) and the experimentally validated 
value (EV).  
  

Table. 1. Optimization conditions for maximum 
cellulose concentration.  

 

 
Conclusions.  Enzyme concentration, LSR and 
hydrolysis time are factors that have an effect on 
cellulose conversion. The models obtained from the 
optimization have an adjustment higher than 95% in the 
studied bagasse. 
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Introduction. Mexico has unsuccessful attempted to 
introduce bioethanol into the market during the last 
years (1,3). Anecdotal evidence suggests potential 
producers are unwilling to bear the fixed costs of setting 
up production systems because they doubt policies will 
endure, mainly when facing unfavorable market 
conditions like current low oil prices. Mexico, however, 
has a high biomass potential that could be converted to 
bioenergy. Some of them may have an impact on the 
land use, like sugarcane, which has reported surplus in 
several recent years, but no industrial-scale 
fermentation or distillation facilities to turn it into 
biofuels. Most of the bioenergy sources, however, have 
a small or none impact on land use and will not compete 
with any food crop. This paper is aimed to develop a 
mathematical programming framework to analyze 
impacts on environment, fuel, and agricultural markets 
in Mexico about a decade ahead of different policy 
scenarios. Especially, it is assessed the possibility of 
developing biorefineries based on residues from agave 
and tequila production. Additionally, biofuel production 
from sugarcane, corn and sorghum stover, and barley 
and wheat straw is considered. 
 
Methods. Technically, this work develops a partial 
equilibrium mathematical programming model 
emphasizing the Mexican agricultural and energy 
sectors similar as (2). This model includes a module for 
the United States (Mexico's main trade partner) and 
another for ROW. For the domestic production side, 
Mexico is disaggregated in 304 municipalities at the 
Western region, where tequila region is located, and 
162 agricultural districts for the rest of the country. 
Production functions are specified for main crops and 
pasture including sugarcane and agave. Fossil fuels 
production are also modeled in detail. As usual, the 
model assumes all markets are competitive so that the 
economy maximizes the sum of producer and 
consumer surplus subject to resource limitations, 
material balance, technical constraints, foreign offer 
surfaces and policy restrictions.  
 
Consumers’ surplus is derived from consumption of 
agricultural commodities and. The model is calibrated 
to 2015 market conditions. GHG emissions are 
calculated based on CO2 emissions factors for each 
crop, fuel or other products specified. 
 
 

Results and discussion. This work considers three 
policy alternatives as well as a business-as-usual case 
in which, as now, most of the energy sources are 
derived from fossil sources. The first alternative 
consists of subsidies to bioenergy producers, the 
second of blending mandates and the third of both 
combined. Projecting market conditions to 2025 show 
losses for fuel and agricultural consumers, offset by 
biofuel producer gains. The subsidy and mandate 
combined scenario display the highest ethanol 
production, of which the agave/tequila industry would 
be accountable for important part of the production. 
Finally, the reduction of GHG emissions results in a 
small social welfare gain for Mexico. 
 
Conclusions. From this research can be concluded 
preliminary that biofuel potential in Mexico is 
moderated. 
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Introduction. The determination and understanding of 
the meaning that consumers have of a food product, 
that is, the images, values and terms associated with 
the product in question is crucial for the estimation of 
acceptance and / or preference by consumers, even 
more so when these consumers have different cultural 
profiles [1]. Therefore, this work was oriented to compare 
the words that define a traditional product such as 
mezcal in two representative Mexican populations, both 
in production and consumption of beverages 
representative of the country. 
 
Methods. Through a directed and representative 
sampling of the populations, 226 consumers of Mezcal 
in Oaxaca and the Metropolitan Area of Guadalajara 
were surveyed during May and June of 2018. An 
instrument was designed to show a list of 25 concepts 
generated based on a theoretical framework robust [2]. 
From this, the respondents were asked to indicate 
which concept or concepts were related to the "Mezcal" 
based on their own opinion. The mentioned frequencies 
were obtained and analyzed by means of a Chi-square 
test.    
 
Results and discussion. The Chi-square test showed 
that globally there were significant differences between 
the words that were used in each city (p <0.0009). In 
Figure 1 the frequencies of mention for each city are 
shown. 
 

 
Figure 1. Frequency of mention for each city concept. 

Source: Own elaboration with information from consumer surveys in 
Oaxaca and Guadalajara (May-August 2018). 
 

It was observed that in Oaxaca, all previously 
established concepts were more frequently indicated. 
In 5 of them, significant differences were observed: 
artisan, bottle, culture, strong and Mexican. It is 
important to point out that even when they are 
consumers of the same product, a cultural nuance is 
presented, which is reflected in the use of the words 
that define the drink 
  
Conclusions. The list of concepts used allows to 
demonstrate an effect of the culture using the words 
that the consumers of both cities use to define mezcal. 
The results suggest that it is necessary to consider the 
differences that may arise due to the cultural profile of 
consumers, even when they are consumers of the 
same product.    
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Introduction. The participation of women in the 
productive activities of agave mezcal represents an 
important factor that generates cultural and social value 
and in rural regions. At present, there are no precise 
data on patterns of women who are part of the 
productive system. However, it is estimated that 20% of 
family heads in Oaxaca oriented to the activity are 
women and, 58% in Michoacán, both would represent 
22% based on a population with approximately 50,000 
families in the country [1]. 
The objective of this work is to examine the conditions 
of social life carried out by woman of mezcal 
(mezcaleras), challenges and perspectives. The female 
sector that carries out agave mezcal production 
activities presents vulnerable situations of poverty and 
dependency. Namely, among the women who 
participate in the production of agave mezcal in Oaxaca 
and Michoacán, 75.41% of the total (heads of family) 
live in localities with a high rate of marginalization (IMG) 
and 24.59% with a low IMG. In the case of Oaxaca, 
stand out Zapotec women of the region of Valles. 
Emigration is a factor that affects the productive system 
and is evidenced by the average age of women, which 
fluctuates on average between 77 years. 
 
Methods. Research carried out in the field is analyzed 
in the framework of the Agave Mezcal Project PN-1406 
CONACYT CIATEJ for the state of Oaxaca and, 
information obtained from direct communication with 
organizations representing women in Michoacán [2]. In 
addition, to support the findings, the national survey [1] 
corresponding to the entities and regions under study is 
examined. 
 
Results and discussion. The social conditions in 
which women engaged in the production of critical 
agave mezcal live, since their work incorporated into 
the productive system is not valued. The low levels of 
income obtained as a contribution of their work and 
human resources do not reach a decent life. 
Increasingly, the average age of women in productive 
activities increases, with the new generations migrating 
to the cities in search of better income and well-being.  
 

Undoubtedly, education (Fig. 1), training, 
entrepreneurial spirit will promote the sector.  

Fig. 1. Percentage of the population with education in the agave 
mezcal sector. 
Source: Own elaboration based on the MCS, 2015. 
 
Conclusions. Women represent a labor, cultural and 
social force to enhance the productive system of agave-
mezcal. Public policies of entrepreneurship, innovation 
and education are required to increase their 
empowerment, creating and obtaining greater value 
added to the products and compensation for them. 
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Introduction. Currently, there is a concern on the part 
of small producers of agave mezcalero in the state of 
Oaxaca to identify what are the economic profits in the 
sector. Although most of the traditional mezcal 
communities elaborate their product more by culture 
and tradition, which, for the sake of profit, do not assign 
any economic value to indicators such as the cost of 
maguey, firewood, rent of plots, water or labor (Cost 
Male Hours used throughout the process) [1] y [2]. 
Therefore, it would be thought that because these are 
part of the ecosystem, the production costs will always 
be greater than the sale price given to the product, a 
situation that is wrong because many external factors 
influence the influence of the local, national and 
international market, although, there are small 
producers with successful experiences and great profits 
for the activity.  
In this context, this research aims to measure the level 
of costs and profits obtained by small producers 
considering a baseline for a plantation of six years. 
 
Methods. The methodology used to prepare the cost 
indicators is aimed at small producers. Variables 
include the opportunity cost of renting land in 
conjunction with its production, inputs, domestic factors 
(seed / labor / cultural work), machinery and equipment, 
government revenues, services and supplies, among 
others. Work groups were organized with 
representative small producers in the municipalities of 
Ocotlán, Sola de Vega, Yautepec, Tlacolula and 
Matatlán. Thanks to the participation of the group, 
where it was possible to generate together the cosies. 
Three types of plant production scenarios were 
considered as baseline (E1 55 kg, E2 40 kg and E3 20 
kg) that were analyzed with 2,500 plants per hectare. 
 
Results and discussion. Figure 1 summarizes the 
income that an average producer would achieve at real 
prices according to the region and the projections of 
reduction in the number of kilos per hectare caused by 
different factors. In this regard, the region of Matatlán 
and Tlacolula stands out with a greater competitiveness 
of the sector. During the field work in Matatlán, Oaxaca 
(in the second semester of 2017) an activity was 
developed with small producers to revalue the use of 
the byproducts obtained from the production of mezcal.  

 
Fig. 1. Income per capita per producer in various regions of 

Oaxaca. 
 

Conclusions. Among the main localities with the 
highest levels of profitability are Matatlán and Tlacolula, 
which on average a producer can obtain a daily income 
of $ 577 pesos (Base = 100 2Q Dec 2010 INPC), being 
Yautepec a less competitive region (data from average 
income per producer in a productive cycle). Although, 
only the tangible costs were analyzed it is necessary to 
point out that the production process mentioned the 
intangibles related to the a) valuation of the 
environmental cost, considering that nature subsidizes 
the primary process; b) the valorization of the cultural 
cost, and c) the social cost that implies the medium- and 
long-term relationships for the generation of pollutants. 
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