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Profesor Otro profesor LGAC Revista / libro/evento Nombre Articulo/ponencia Afo Tipo
BERENICE CLIFTON, JUAN AMIDIQ 2018 AISLAMIENTO DE BACTERIAS PRODUCTORAS DE 2018
VILLAFANA, YOLANDA GONZALEZ POLIHIDROXIALCANOATOS A PARTIR DE VARIAS FUENTES DE
Orfil Gonzélez Reynoso Biotecnologia Microbiana CARBONO Congreso
Cabazos Gardufio, Jose Alonso IX Workshop SEPyP, Probiotic bacteria in human milk after spry-dried 2018
Gutierrez Padilla, Julio
Cesar Serrano Nifio, Elisa Garcia
Morales, Blanca Rosa Aguilar
Orfil Gonzélez Reynoso Uscanga Biotecnologia Microbiana Congreso
Reynaga Delgado E., Macias XIX Congreso Internacional de Inocuidad de Resistencia y suceptibilidad de seis bacterias aplicables para 2017
Rodriguez M:E:, Parra Rodriguez Alimentos recuperar suelos contaminados con TPH
F.J., Robledo Ortiz J.R., Gémez
Orfil Gonzélez Reynoso Hermosillo C.M. Biotecnologia Microbiana Congreso
AMIDIQ Estudio de la Distribucién de flujos de carbono en una 2017
Aracely Suggey Guerra Renteria simbiosis entre chlorella vulgaris y Pseudomona aeruginosa
César Gdmez Hermosillo bajo un esquema de interaccion fotoautétorfo
Karla Abigail Tavira Diaz
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
R. Ortiz, C. M. Gomez, G. Carbajal XXVI International Materials Research (IMRC) PERFORMANCE OF NANOCOMPOSITES COMPRISED OF 2017
LAYERED DOUBLE HYDROXIDES AND BIOMOLECULES
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
Evelyn Lizeth Padilla Lopez, Irma XXXVIII AMIDIQ DEGRADACION DE COLORANTES MEDIANTE EL USO DE 2017
Angélica Estrella Lopez, Valeria AGREGADOS ENTRECRUZADOS ENZIMATICOS A PARTIR DE
Figueroa Velarde, Mayra Garcia LA PEROXIDASA DEL RABANO
Sanchez, Luis Carlos Rosales
Rivera, Jorge Ramon Robledo Ortiz
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
Abril Gdmez, Sergio Jiménez, 13 th Biotechnology Congresss Evaluation of nutrient removal (NO3-N, NH3-N and PO4-P) 2016
Cesar Gémez, Victor Pérez Luna F. with chlorella vulgaris, Pseudomonas putida, Bacillus cerus
Javier Parra, A suggey Blanca Rosa and the consortium of these microorganisms in the
Aguilar, Josue Solis Pacheco secondary treatment of municipal wastewater effluentes
Orfil Gonzélez Reynoso Biotecnologia Microbiana Congreso
Aracely Suggey Guerra Renteria, 3rd Biotechnology Summit Symbiotic interaction study between chlorella vulgaris and 2016
César Gdmez Hermosillo, Abril Pseudomonas aeruginosa through the use of metabolic
Gomez Guzman extreme pathways
Orfil Gonzélez Reynoso Biotecnologia Microbiana Congreso
ABRIL IVETT PRISCILLA GOMEZ XXXVII Encuentro Nacional de la AMIDIQ EVALUACION DE REMOCION DE NUTRIENTES (NO3-N, NH3- 2016
GUZMAN, VICTOR HUGO PEREZ N, PO4-P) CON CHLORELLA VULGARIS, PSEUDOMONAS
LUNA, CESAR MIGUEL GOMEZ PUTIDA 'Y BACILLUS CEREUS EN EL TRATAMIENTO DE
HERMOSILLO, SERGIO JIMENEZ- EFLUENTES DE AGUAS RESIDUALES MUNICIPALES.
MAGANA, A. SUGGEY GUERRA
RENTERIAA, FRANCISCO JAVIER
PARRA RODRIGUEZ Y JORGE R
Orfil Gonzalez Reynoso ROBLEDO ORTIZ Biotecnologia Microbiana Congreso
Abril Ivett P. Gémez, Orfil Gonzalez XXXVI AMIDIQ " Retos de la Ingenieria Quimica en la |Inmovilizacién de Chlorella vulgaris e Hidrogeles de 2015
Reynoso, Victor Hugo Pérez Luna, Globalizacién" poli(Etilen Glicol) por foto-polimerizacidn interfacial
César Miguel Gémez Hermoaillo,
Francisco Javier Parra Rodriguez,
Jorge Robledo Ortiz
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
Valeria Figueroa Velarde, Mayra 5 congreso Internacional de Biologia, Quimica y ENZYMATIC ACTIVITY MEASUREMENT AND 2015
Garcia Sanchez, Jorge Robledo Agronomia " Ciencia e Innovacidn Tecnoldgica: CHARACTERIZATION OF PHYSICALLY ADSORBED HRP
Ortiz y Luis Carlos Rosales Rivera Estrategia para la solucion de problemas nacionales |ENZYME ON HDPE/AGAVE FIBER COMPOSITES
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
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Eire Reynaga, Jorge Ramon AMIDIQ Evaluacion de la Resistencia a Factores Ambientales y 2014
Orfil Gonzélez Reynoso Robledo Ortiz, César Gdmez Biotecnologia Microbiana suceptibilidad a BETEX de seis cepas Microbianas Congreso
M.E. Garcia Sanchez, A.A. Pérez XXXV Encuentro Nacional de la AMIDIQ Adsorcion de plomo (1) con composites PEAD-fibra de agave 2014
Fonseca, M.J. Medina, R. recubiertos de quitosana.
Manriquez, M.O. Vazquez, C.
Orfil Gonzdlez Reynoso Gomez, J.R. Robledo Ortiz. Biotecnologia Microbiana Congreso
Solis Pacheco Josué Raymundo, Biotechnology and Bioengineering Effect of cold plasma on casein 2013
Villanueva Tiburcio Juan Edson,
Aguilar Uscanga Blanca Rosa,
Macias Maria Esther
Orfil Gonzélez Reynoso Biotecnologia Microbiana Congreso
Josué Solis Pacheco, Rosa Blanca Anual Metting+Food Expo Application of Energy Plasma in Adobera Cheese as a 2013
Orfil Gonzélez Reynoso Aguilar Uscanga Biotecnologia Microbiana Sterilization Method Congreso
Fermin P. Pacheco-Moisés, Genaro XXIX Comgreso Nacional de Bioquimica El aceite de pescado y la melatonina atendan efi estrés 2012
Gabriel Ortiz, Gustavo Orozco- oxidativo y la actividad de la ciclooxigenasa 2 en mesencéfalo
Avifia, Victor M. Gomez-Rodriguez, después de la administracion de 1-metil-4fenil-1,2,3,6-
Erika D. Gonzalez-Renovado, tetrahidropiridina
Erandhis D. Torres-Sanchez,
Orfil Gonzélez Reynoso Biotecnologia Microbiana Congreso
Saber Ingenieria Quimica: Cambio Climatico Proyectos de Investigacion en Procesos Biotecnolégicos 2012
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
Aguilar-Uscanga, Reyes-Blanco, Sth Internatiional Congress: Food Science and Food |Antibacterial of bacteriocins produced by Lactobacillus 2012
Gonzénoso, Solis-Pacheco Biotechnology in Developing Countries rhamnosus HNOO1 and Lactobacillus reuteri ATCC 53608
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
Villanueva Tiburcio, Aguilar XIV Congresos Internacional de Alimentos Energia de Plasma: Mecanismo de Muerte en Escherichia coli| 2012
Uscanga, Macias Rodriguez,
Orfil Gonzélez Reynoso Viveros Paredes, Solis Pacheco Biotecnologia Microbiana Congreso
JAVIER BERNACHE,FRANCISCO J. XIV Congreso Nacional de Biotecnologia 'y CONSTRUCCION DE UN MODELO METABOLICO PARA 2011
PARRA, YOLANDA GONZALEZ Bioingenieria SIMULAR LA DISTRIBUCION DE FLUJOS DE CARBONO Y
FORMACION DE ACIDOS GRASOS EN CHLORELLA VULGARIS
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
BERNACHE-MARTINEZ, , PARRA, XXXII Encuentro Nacional y ler Congresos ESTIMACION DE LAS DISTRIBUCION DE FLUJOS DE CARBONO 2011
ROBLEDO-ORTIZ, PACHECO Internacional AMIDIQ EN CHLORELLA VULGARIS PARA LA GENERACON DE
MOISES BIOMASA Y ACIDOS GRASOS EMPLEADOS EN LA OBTENCION
Orfil Gonzélez Reynoso Biotecnologia Microbiana DE BIODIESEL Congreso
Jorge R. Robledo-Ortiz, Aida XXIV CONGRESO NACIONAL DE LA SOCIEDAD Development of P. Putida Biofilms onto Postconsumer agave 2011
Veldzquez, César Gémez, Yolanda POLIMERICA DE MEXICO fiber/DPE Composites
Gonzalez-Garcia, Daniel E. Ramirez-
Arreola, Ruben Gonzélez-Nufiez
Orfil Gonzélez Reynoso Biotecnologia Microbiana Congreso
Luz Adriana Ruiz Flores, César XIV Congreso Nacional de Biotecnologia y Estudio de la adhesion de Saccharophagus degradands sobre 2011
Miguel Gémez Hermosillo, Ruben Bioingenieria composites de fibra de agave y polietileno reciclados.
Gonzélez Nufiez, Yolanda Gonzalez
Garcia, Jorge Ramdn Robledo ortiz,
Francisco Javier Parra Rodriguez,
Michel Jiménez Moreno
Orfil Gonzalez Reynoso Biotecnologia Microbiana Congreso
Jorge R. Robledo-Ortiz, Aida Macromex 2011 Development of P. Putida Biofilms onto Postconsumer Agave [ 2011
Veldzquez, Cesar Gomez, Yolanda fiber/LDPE composites
Gonzalez Garcia, Daniel E. Ramirez-
Arreola, Ruben Gonzélez-Nufiez
Orfil Gonzélez Reynoso Biotecnologia Microbiana Congreso
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Javier Bernache Martinez, francisco XXXII ENCUETRO NACIONAL Y 1er CONGRESO ESTIMACION DE LA DISTRIBUCION DE FLUJOS DE CARBONO 2011
Javier Parra Rodriguez, Rubén INTERNACIONAL DE LA AMIDIQ EN CHLORELLA VULGARIS PARA LA GENERACIOON DE
Gonzalez Nufiez, Yolanda Gonzalez BIOMASA Y ACIDOS GRASOS EMPLEADOS EN LA OBTENCION
Garcia, Robledo Ortiz, Pacheco DE BIODIESEL
Moisés

Orfil Gonzélez Reynoso Biotecnologia Microbiana Congreso
Yolanda Gonzalez-Garcia, Jesus 45 Congreso Mexicano de Quimica Biosintesis de polihidroxibutirato a partir de almidon para la 2010
Antonio Cérdova Lépez, Ruben bacteria Saccharopahus degradans
SanJuan Duefias, Juan Carlos Meza

Orfil Gonzalez Reynoso Contreras Biotecnologia Microbiana Congreso
Robledo-Ortiz Ramirez-Arreola, XXX Encuentro Nacional AMIDIQ, Inmobilization of P. Putida F1 onto Postconsumer agave- 2009
Pérez-Fonseca, GOmez, Gonzélez fiber/polymer composites for benzene and toluene

Orfil Gonzalez Reynoso Nufiez Biotecnologia Microbiana degradation Congreso
Robledo-Ortiz, Ramirez-Arreola, XXII Congreso Nacional de la Sociedad Polimérica de |Composites espumados producidos a partir de materiales de 2009
Ramos-Quirarte, Gonzélez Nufiez México, desecho como soporte de biomasa para aplicaciones

Orfil Gonzalez Reynoso Biotecnologia Microbiana ambientales Congreso
Yolanda Gonzalez Garcia, Jesus Congreso Nacional de Biotecnologia y Bioingenieria |Produccidn Simultanea de Biopoliesters y Exopolisacéridos a 2009
Antonio Cérdova Lépez partir de varios carbohidratos por la bacteria

Orfil Gonzalez Reynoso Biotecnologia Microbiana Saccharophagus degradans Congreso

ler Coloquio Intermunicipal sobre el Manejo Manejo Ambiental de Resiuos CISMAR 2009
Orfil Gonzélez Reynoso Biotecnologia Microbiana Ambiental de Residuos Congreso
El Tequila es Jalisco Ponencia del sector cientifico: Presentacion de proyectos en 2009

Orfil Gonzalez Reynoso Biotecnologia Microbiana el drea del Tequila Congreso

Victor Hugo Perez Luna Gels Encapsulation of Biological Agents in Hydrogels for 2018
Therapeutic Applications

Orfil Gonzalez Reynoso Biotecnologia Microbiana Articulo
Abril Gdmez-Guzman, Sergio Water Science & Technology Evaluation of nutrients removal (NO3-N, NH3-N and PO4-P) 2017
Jiménez-Magafia, with Chlorella vulgaris, Pseudomonas putida, Bacillus
A. Suggey Guerra-Renteria, César cereus and a consortium of these microorganisms in the
Gdémez-Hermosillo, treatment of wastewater effluents
F. Javier Parra-Rodriguez, Sergio
Velazquez,
Blanca Rosa Aguilar-Uscanga,

Orfil Gonzélez Reynoso Josue Solis-Pacheco Biotecnologia Microbiana Articulo
Mayra Garcia, Aida Perez, Cesar Macromolecualr Synposia Improvement of Pb(ll) Adsorption Capacity by Controlled 2017
Gomez, Milton Vazquez, Ruben Alkali Treatment to Chitosan Supported onto Agave Fiber-
Gonzalez, Ricardo Manriquez-and HDPE Composites
Jorge R. Robledo-Ortiz

Orfil Gonzalez Reynoso Biotecnologia Microbiana Articulo
Solis-Pacheco, Aguilar-Uscanga, Journal of Microbiology, Biotechnology and Food EFFECT AND MECHANISM OF ACTION OF NON-THERMAL 2017
Villanueva-Tiburcio, Macias- Sciences PLASMA IN THE SURVIVAL OF Escherichia coli,
Rodriguez, Viveros-Paredes, and Staphylococcus aureus AND Saccharomyces cerevisiae

Orfil Gonzalez Reynoso Pefia-Eguiluz Biotecnologia Microbiana Articulo
Serrano-Nifio, Solis-Pacheco, Journal of Food and Nutrition Research Isolation and Identification of Lactic Acid Bacteria from 2016
Gutierrez-Padilla, Cobidn-Garcia, Human Milk with Potential Probiotic Role
Cavazos-Gardufio, Aguilar-Uscanga

Orfil Gonzalez Reynoso Biotecnologia Microbiana Articulo
Cavazos-Gardufio, Serrano-Nifio, Journal of Food and Nutrition Research Effect of Pasteurization, Freeze-drying and Spray Drying on 2016
Solis-Pacheco, Gutierrez-Padilla, the Fat Globule and Lipid Profile of Human Milk

Orfil Gonzalez Reynoso Aguilar-Uscanga Biotecnologia Microbiana Articulo
Solis-Pacheco, Peter Knauth, Lépez Microbiology Research International Differences in the amount of B-glucan and mannan in strains 2014
Zaira, Macias-Rodriguez, Gonzélez- of Saccharomyces cerevisiae and Meyerozyma guilliermondi
Alvarez, Lacroix Monique, Aguilar- isolated from agave must used in tequila production

Orfil Gonzéalez Reynoso Uscanga Biotecnologia Microbiana Articulo
Yolanda Gonzalez Garcia, Juan Revista Internacional de Contaminacién Ambiental SINTESYS Y BIODEGRADATION OF 2013
Carlos Meza; Jesus Cérdova Lépez POLIHIDROXIALCANOATOS: PLASTICS WITH MICROBIAN

Orfil Gonzalez Reynoso Biotecnologia Microbiana ORIGEN" Articulo
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Solis-Pacheco, Villanueva-Tiburcio, Journal of Microbiology, Biotechnology and Food EFFECT OF PLASMA ENERGY ON THE ANTIOXIDANT ACTIVITY,[ 2013
Pefia-Eguiluz, Cabrera-Diaz, Sciences TOTAL POLYPHENOLS AND FUNGAL VIABILITY IN
Gonzélez-Alvarez Aguilar-Uscanga CHAMOMILE (MATRICARIA CHAMOMILLA) AND CINNAMON
(CINNAMOMUM ZEYLANICUM)

Orfil Gonzélez Reynoso Biotecnologia Microbiana Articulo
Villafafia-Rojas, Alcaraz-Gonzélez, Chemical Engineering Science Asymptotic Observers a Tool to Estimate Metabolite 2013
Gonzalez-Garcia, Solis-Pacheco, Concentrations Under Transient State Conditions in
Aguilar-Uscanga, Gomez- Biological Systems: Determination of Intermediate
Hermosillo Metabolites in the Pentose Phosphate Pathway of

Orfil Gonzélez Reynoso Biotecnologia Microbiana Saccharomyces cerevisiae. Articulo
Aguilar Uscanga, Solis-Pacheco, Microbiological Research Strains of yeast isolated from the must of the tequila 2013
Lépez Zaira, Macias-Rodriguez, process: an economical alternative to obtain cell wall
Gonzalez-Alvarez,Lacroix Monique components

Orfil Gonzalez Reynoso Biotecnologia Microbiana Articulo
Robledo-Ortiz, Velazquez A, Gdmez AMIDIQ EFECTO DEL TRATAMIENTO DE FIBRAS EN EL DESARROLLO 2012
C., Gonzalez-Garcia, Ramirez- DE BIOPELICULAS DE P. PUTIDA F1 SOBRE COMPOSITES DE
Arreola, Gonzalez-Nufiez FIBRA DE AGAVE Y POLIETILENO DE BAJA DENSIDAD

Orfil Gonzalez Reynoso Biotecnologia Microbiana RECICLADO Articulo
Robledo-Ortiz, Velazquez A., AMIDIQ EFECTO DEL TRATAMIENTO DE FIBRAS EN EL DESARROLLO 2012
Gomez C., Gonzalez-Garcia, DE
Ramirez-Arreola, Gonzalez-Nufiez BIOPELICULAS DE P. PUTIDA F1 SOBRE COMPOSITES DE

FIBRA DE AGAVE Y POLIETILENO DE BAJA DENSIDAD

Orfil Gonzélez Reynoso Biotecnologia Microbiana RECICLADO Articulo
Robledo-Ortiz, Ramirez-Arreola, International Biodeterioration & biodegradation Benzene Toluene and O-xylene degradation by free and 2011
Pérez-Fonseca, Ramos Quirarte, immobilized P.Putida F1

Orfil Gonzélez Reynoso Gonzélez Nufiez Biotecnologia Microbiana Articulo
Yolanda Gonzalez-Garcia, Mario A. Engineering in life Science Polyhydroxybutyrate production by Saccharophagus 2011
Rosales, Rubén Sanjuan-Duefias, degradans using raw starch as carbon source
Jesus Cérdova

Orfil Gonzélez Reynoso Biotecnologia Microbiana Articulo
Robledo-Ortiz, Ramirez Arreola, Bioresource Technology Bacterial Immobilization by adhesion onto agave- 2010
Gomez, Gonzélez-Nufiez fiber/polymer foamed composites

Orfil Gonzélez Reynoso Biotecnologia Microbiana Articulo
Rosa Maria Camacho, Juan Carlos Extremophiles Carboxil ester hydrolases prduction and growth of a 2010
Mateos-Diaz, Dulce Maria Diaz- halophilic archaeon, Halobacerium sp. NRC-1
Montafio, Jests Cérdova

Orfil Gonzélez Reynoso Biotecnologia Microbiana Articulo
Rosa Maria Camacho, Juan Carlos J. Ind. Microbiology & Biotechnology Produccién and Characterization of esterase and lipase from 2009
Mateos, Lilia Arely Prado, Jesus Haloarcula Marismortui

Orfil Gonzélez Reynoso Cérdova Biotecnologia Microbiana Articulo
Yolanda Gonzalez-Garcia, Jesus J. Industrial Microbiology Biotechnology Biosynthesis and characterization of polyhydroxyalkanoates 2008
nungaray, Jesus Cérdova, Martin in the polysaccharide-degrading marine bacterium
Koller, Aid Atlic, gerhart Braunegg Saccharopahus degradans ATCC 43961

Orfil Gonzélez Reynoso Biotecnologia Microbiana Articulo
Rojas-Rosas, Villafafia-Rojas, Lopez-| Canadian Journal of Microbiology Production and characterization of polyhydroxyalkanoates in 2007
Dellamary, Nungaray-Arellano. Pseudomonas aeruginosa ATCC 9027 from glucose, an

Orfil Gonzélez Reynoso Biotecnologia Microbiana unrelated carbon source Articulo
Sénchez, V., Rebolledo, O., Picaso, Mycopathologia In vitro antagonism of Thielaviopsis paradoxa by 2007
R.M., Cérdenas, E., Cérdova, J., Trichoderma longibrachiatum

Orfil Gonzélez Reynoso Samuels, G.J Biotecnologia Microbiana Articulo
Aceves-Lara, Aguilar-Garnica, Water Science and Technology Kinetic parameters estimation in an anaerobic digestion 2005
Alcaraz-Gonzilez, Steyer, process using successive quadratic programming
Dominguez-Beltran, Gonzélez-

Orfil Gonzalez Reynoso Alvarez Biotecnologia Microbiana Articulo
Ifiiguez, G., Acosta, N., Martinez, Revista Internacional de Contaminacion Ambiental Tequila industry by-products utilization. Part 7. Agave 2005

Orfil Gonzalez Reynoso L., Parra, J. Biotecnologia Microbiana b and vinases composting Articulo
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Models for Oscillating Polymerization: Sctivation by Product

José Alejandro Morales Valencia Issa Katime, Juan Pérez Ortiz Biotecnologia Microbiana Wiley Online Library in a System with Flow 2014 |Articulo
Genomic signal processing methods for computation of
José Alejandro Morales Valencia Ernesto Borrayo, Biotecnologia Microbiana Open Acces alignment-free distances from DNA Sequences 2014 |Articulo
Analisis estadistico de los espectros de frecuencia de las
José Alejandro Morales Valencia O Paredes, R. Romo Biotecnologia Microbiana Revista Mexicana de Ingenieria Biomedica regiones reguladoras del ENCODE 2017 |Articulo
José Alejandro Morales Valencia Israel Romdn, Sulema Torres Biotecnologia Microbiana Open Acces Genomic signal processing for DNA sequence clustering 2017 |Articulo
An Ontology Systems Approach on Human Brain Expression
José Alejandro Morales Valencia Adolfo Flores Biotecnologia Microbiana Frontier in Microbiology and Metaproteomics 2018 |Articulo
Prevalencia de obesdad y perfil lipidico alterado en jovenes
José Alejandro Morales Valencia Claudia Gonzélez. Eunice Medina  [Biotecnologia Microbiana Nutricidn hospitalaria universitarios 2013  |Articulo
José Alejandro Morales Valencia Biotecnologia Microbiana XXXIX Congreso Nacional de Ingenieria Biomédica Dialogos Genémicos 2016 [Congreso
Noncoding sequence classification based on wavelet
José Alejandro Morales Valencia M. Strojnik, M.K. Scholl Biotecnologia Microbiana SPIE 2017 transform analysis: part | 2017 |Articulo
On DNA numerical representations for genomic similarity
José Alejandro Morales Valencia Biotecnologia Microbiana PLOS one computation 2017 |Articulo
Bagasse hydrolyzates from Agave tequilana as substrates for
Corona Gonzalez, Varela Almanza, succinic acid production by Actinobacillus succinogene in
Alvaro de Jesus Martinez Gdmez Arriola Guevara Biotecnologia Microbiana Bioresource Technology batch and repeated batch reactor 2016 |Articulo
Improving the bonding between henequen fibers and high
Aguilar Rios, Herrera Franco, density polyethylene using atmospheric pressure ethylene-
Alvaro de Jesus Martinez Gdmez Valadez Gonzalez Biotecnologia Microbiana Express Polymer Letters plasma treatments 2014  |Articulo
Plasma Enhanced modification of Xanthan and its use in
Alvaro de Jesus Martinez Gdmez Cruz Barba, Becerra Bracamontes |Biotecnologia Microbiana Polymer Engineering and Science Chitosan/Xanthan hydrogels 2014 |Articulo
Noncoding sequence classification based on wavelet
M. Strojnik, M.K. Scholl Biotecnologia Microbiana SPIE 2017 transform analysis: part Il 2017 |Articulo
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Regular article

ABSTRACT

Non-thermal plasma (NTP) is an emerging technology of great interest because the elimination of pathogens and spoilage
microorganisms and their probable use in various industrial sectors such as food and health. In this study was to evaluate the inactivation
of non-thermal plasma on the survival of Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 51811 and Saccharomyces
cerevisiae. Treatments of different microorganisms were conducted with cells exposed NTP generated dielectric barrier reactor (DBD)
able to produce atmospheric pressure plasmas. These devices operate at 13.56 MHz and are driven by a specifically built radio
frequency (RF) resonant converter. The reactors, which operate at atmospheric pressure in a He-air gas mixture at a 1.5 L min™* flow
rate, applying a 850 V voltage at different exposure times (10, 20, 40, 60, 80, 100 and 120 s). All the strains showed a reduction in
viability of < 0.001 log CFU mL™ after to exposed to plasma. The cells showed membrane damage, these effects being the main cause
for microbial inactivation, caused by the action of Non-thermal plasma, which leads to membrane and/or cell wall breakdown with

OPEN 8 ACCESS

consecutive DNA denaturation, these being the main factors inducing microorganism death.

Keywords: Non-thermal plasma, DNA damage, cell wall, membrane, microorganisms, food safety

INTRODUCTION

The non-thermal plasma is an emerging technology that is drawing attention in
different sectors of process such as food (Bermudez et al., 2013; Yong, H. I. et
al. 2015) and health (Fridman, G. et al. 2008), for the removal of
microorganisms that degrades substrate, causing diseases and economic losses for
the industry; in this sense, the control and elimination is an important challenge
(Van Houdt 2010; Skandamis 2012). The impact of modern technologies
leading to the production of minimally processed foods, both safe and of
nutritional quality after the process is relevant to the food industry (Floros 2010).
That is why in recent years new technologies have been developed to replace
physical methods characterized by using heat as a primary mode to inactivate or
kill microorganisms (Knorr 2011).

In physical sciences, “plasma” refers to the forth state of matter. The plasma
permits a flux of various active uncharged species of atoms and molecules as
well as UV. These active uncharged species generated in plasma will typically
include ozone (O3), NO, OH radicals, etc. These charges may consist of both
electrons as well as positive and negative ions. specifications permit the
disinfection or sterilization of thermosensitive materials and allow in vivo
applications, opening a new and larger spectrum of possible applications. The
first devices developed have already proven their bactericidal properties in vitro,
ex vivo, and in vivo (Klimpfl et al. 2012). Akishev et al. (2008) worked on
Atmospheric Pressure Cold Plasma APCP/ NTP sterilization and they studied
Escherichia coli and Serratia marcenses, classified as prokaryote Gram (-)
bacteria as well as Gram (+) bacteria Bacillus subtilis. They also studied the
eukaryotic fungi Candida lypolitica and Aspergillus niger. They explain that the
elucidation of the most probable inactivation mechanisms is dependent on several
considerations: 1) NTP active agents (O, OH, Os) are not obstructed in their
action on any one particular cell by other cells present in the colony; 2) cell
damage is due to active plasma agents inflicting chemical injury on cell structure;
3) damage to one cell implies no lethal consequences, but amassed injury may
inactivate the cell at the time of NTP or later on; 4) mathematical analysis
describing NTP microorganism inactivation points to cell wall and membrane
disruption by NTP leading to DNA and cell content destruction; and finally 5)
gas pressure plays a crucial role in total cell inactivation.

137

The effectiveness of non-thermal plasma to eliminate different pathogens has
been studied by Perni (2008), who used non-thermal plasma decontamination on
mango (Mangifera indica) peels and melon (Cucumis melo L) shells, reducing 3
log CFUcm™ Pantoea agglomerans and Gluconoacetobacter liquefaciensstrains
after 2.5 s of treatment, while to eliminate Escherichia coli, it was necessary to
apply plasma treatment for 5 s; for Saccharomyces cerevisiae, treatment was
longer (10 and 30 s for its inactivation on mango peel and melon shell,
respectively).

Niemira and Sites (2008) studied inactivation of Salmonella and Escherichia
coli 0157: H7 in Golden apples and oranges. They inoculated 100 uL (~10°
CFU) Escherichia coli on the surface of the apples and Salmonella on orange
surfaces, observing that a 3 min treatment with plasma reduces the Salmonella
population from 3.7 to 2.9 log CFU mL™ and from 3.6 to 3.4 log CFU mL™ for
Escherichia coli O157:H7. Similarly, Gallagher et al. (2007) investigated the
effect of non-thermal plasma on air decontamination, obtaining up to 5 Log mL™
reduction of Escherichia coli (strain K-12). A similar result was obtained by
Vaze et al. (2010) who observed up to a 5 Log mL™ reduction of Escherichia coli
in an air flow after 10 sec of exposure to plasma.

Other researchers, Dobrynin et al. (2010) subjected Bacillus cereus and Bacillus
anthracis to a non-thermal plasma treatment, observing 5 Log mL™" inactivation
of these strains after a 1 min treatment. Moissan et al. (2011) made theoretical
references about the action mechanisms of microorganism-killing non-thermal
plasma. They postulated that non-thermal plasma may cause damage to the
membrane and cell wall, with consequent damage to DNA caused by UV light
and the free radicals generated by the interaction of plasma with ambient air at
the time of exposition. Dobrynin et al. (2011) demonstrated that there was a
transport of charged molecules into the cell, such as hydrogen peroxide (OH-
(H0)n and H30(H,0)n) and that the efficiency of these radicals to promote
microorganism death is much greater than free ions, such as Oz, N3 and argon
ions.

Although microorganism decontamination caused by NTP exists There are
studies that suppose the mechanism of destruction of the cell. For this reason, the
aim of this study was to evaluate the effect of non-thermal plasma on the viability
of Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 51811 and
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ABSTRACT

The increasing commercial and biotechnological interest in yeast cell wall components has brought about
the search of low cost sources. One potential source may be the yeast cultures obtained from fermentation
processes and patrticularly, those that are usually discarded afterwards. In this contribution, we isolated five
yeast strains from the agave must and found, next to Saccharomyces cerevisiae (CTGM, CTSA) and
Meyerozyma guilliermondii (CT15, CT25, CT35), which has not been reported to be involved in the tequila
production before. All strains were grown non shaken in agave must with 30 gL"l of sugars and 5 gL'l of
(NH,),S0,. It was found that the cell wall composition was more variable among the strains than between
the species and highly depended on the growth phases. In the stationary phase, only two strains (CT15 and
CT25) had a high B-glucan content in the cell wall (~30 mg g"l) while the others yielded only 3 to 18 mg g'l,
also the control bakery yeast strain. This indicates that the specific selection of the strain and the strong
influence of the agave juice may promote a variation in the synthesis of polysaccharides in the cell wall.
Results showed that, under the great diversity of the yeasts used in the tequila industry, additional studies
must be carried out to find the most suitable and productive yeast strains for isolation of B-glucans and
mannans.

Keywords: Saccharomyces cerevisiae, Meyerozyma guilliermondii, cell wall, tequila, agave.

*Corresponding author. E-mail: agublanca@gmail.com.

INTRODUCTION

Tequila is the traditional Mexican alcoholic beverage
distiled from the fermented juice of cooked Agave
tequilana Weber (blue variety). The elaboration process
of the beverage involves five main steps: harvest of the
agave and removal of the leaves, cooking of the heart
(better known as pifia), extraction of the must,

fermentation and finally, a double distillation process (that
is, stripping and rectification) (Cedefio, 1995). In some
tequila distilleries, the fermentation occur spontaneously
while in others, the agave must is inoculated with
commercial or indigenous yeast cultures, most often
Saccharomyces cerevisiae (Cedefio, 1995). Non-
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Improvement of Pb(ll) Adsorption Capacity by Controlled
Alkali Treatment to Chitosan Supported onto Agave

Fiber-HDPE Composites

Mayra E. Garcia-Sanchez, Aida A. Pérez-Fonseca, César Gomez,
Orfil Gonzalez-Reynoso, Milton O. Vazquez-Lepe, Rubén Gonzalez-Niinez,

Ricardo Manriquez-Gonzalez, and Jorge R. Robledo-Orti.

In this study, the effect of chitosan alkali treatment supported onto agave
fiber-high density polyethylene composites over their Pb(ll) adsorption
properties was evaluated. The chitosan was placed in a beaker with a
solution of NaOH bubbling air for 24 hours and controlling the pH around
10. Afterwards the chitosan was washed, filtered and dried. Composite pellets
with 30% of agave fibers and 70% of high density polyethylene (HDPE) were
coated with untreated chitosan (UC) and treated chitosan (TC) to be used in
batch Pb(ll) adsorption experiments. The results showed that the adsorption
process was described by the Langmuir behavior and with a pseudo second
order kinetics for both, UC and TC composites. The maximum adsorption
capacities were obtained at pH =5 with values of 2.08 and 2.44 mg/g

1. Introduction

The presence of heavy metal ions in the
environment receives extensive attention
due to increased discharges, toxicity in
the environment, and other adverse
effects that heavy metal ions have on
receiving water and living organisms.
Lead Pb(II) is considered to be one of the
most toxic heavy metals.™ It can be found
in air, water, soil, rocks and sediments; it
is used in sunglasses or vitreous materi-
als, ceramics, tanned leather, ammuni-
tion, and in other types of materials such

composite for UC and TC composites respectively which represents an
improvement of 17% by the alkali treatment. FTIR and NMR analysis were
also carried out for a better understanding of the adsorption process.
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as metals, tubes, batteries, etc. Further-
more, lead has also been used as a base in
different types of inks and many coun-
tries have already prohibited its use in
domestic inks.”) Long-term drinking of
water containing high level of lead ion
would cause serious disorders, such as
nausea, convulsions, coma, renal failure, cancer, and subtle
effects on metabolism and intelligence.”®) Due to its toxicity
the US Environmental Protection Agency (EPA) has set the
maximum contaminant level (MCL) of lead ions in drinking
water to be 0.015 mg/L.[*

The most commonly used removal technologies for heavy
metals are membrane separation, ion exchange, electro
deposition, and chemical precipitation. Nevertheless, these
methods are costly and inept, especially in removing trace
amounts of heavy metals with the disadvantage of production of
sludge, which requires proper handling disposal and confine-
ment.”) Adsorption is as an effective and economic method for
removal of pollutants from wastewaters, activated carbon is one
of the most widely used adsorbents.[® Different types of zeolites,
clays and even natural macromolecules such as chitosan and
lignin are among the adsorbents less expensive than activated
carbon with promising benefits to cleanup polluted effluents.”)
For most heavy metals, chitosan-based sorbents have demon-
strated high removal efficiency and sorption kinetics.® Chitosan
contains reactive hydroxyl (—OH) groups and amino (—NH),)
groups that have the potential to bind heavy metals. Pure
chitosan tends to agglomerate and form a gel in aqueous media,
rendering most of the hydroxyl and amino groups inaccessible
for metal binding.

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Abstract: Hydrogels are materials specially suited for encapsulation of biological elements.
Their large water content provides an environment compatible with most biological molecules.
Their crosslinked nature also provides an ideal material for the protection of encapsulated biological
elements against degradation and /or immune recognition. This makes them attractive not only for
controlled drug delivery of proteins, but they can also be used to encapsulate cells that can have
therapeutic applications. Thus, hydrogels can be used to create systems that will deliver required
therapies in a controlled manner by either encapsulation of proteins or even cells that produce
molecules that will be released from these systems. Here, an overview of hydrogel encapsulation
strategies of biological elements ranging from molecules to cells is discussed, with special emphasis
on therapeutic applications.

Keywords: hydrogel; controlled release; encapsulation; biocompatible; cell therapy

1. Introduction

Polymeric hydrogels are materials consisting of crosslinked polymer chains with high affinity
for water. Their crosslinked nature confers them with adequate mechanical properties for a variety of
technological applications [1,2]. Hydrogels can be engineered to retain very large water contents while
retaining their shape. In fact, it is not unusual to find hydrogels containing more than 99% water [2].
Their large water content was proposed, very early, to result in small interfacial tensions in aqueous
environments that would make them highly biocompatible in a variety of biomedical applications [3].
In particular, hydrogels are especially useful for the encapsulation of biological agents because they
provide the natural aqueous environment required for biomolecules to function in biological systems.
Hydrogels are ideal not only for the encapsulation of proteins and other biomolecules, but also
for the encapsulation of living cells. Inherent advantages of hydrogels for these applications are
(1) the aqueous environment helps maintain the biological function of the encapsulated material;
(2) the crosslinked nature of hydrogels provide a diffusion barrier capable of allowing the passage
of molecules of a given size threshold while excluding larger molecules from interacting with the
encapsulated elements; (3) the size threshold can be tailored according to the degree of crosslinking of
the hydrogel; (4) hydrogels can be created in situ under mild reaction conditions (e.g., temperature and
pH), which make them convenient for minimally invasive surgery; (5) hydrogel properties can be
selected according to specific applications (e.g., stimuli responsive, degradable, highly or lightly
crosslinked, etcetera); (6) hydrogels can be functionalized with biological molecules in order to provide
the required biochemical cues for the encapsulated cells (e.g., extracellular matrix proteins or peptides

Gels 2018, 4, 61; doi:10.3390/ gels4030061 www.mdpi.com/journal/gels
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Human Milk with Potential Probiotic Role
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Abstract In recent years, there has been an increasing interest in the field of research into the characterization of
new probiotics with potential application to the health and disease prevention. Therefore, the aim of this study is to
isolate and identify bacteria in human colostrum and mature milk to analyze its possible probiotic potential. We
isolated and identified ten strains of bacteria in human mature milk, by molecular biology; from which, five of these
strains were selected to evaluate their ability to survive in vitro simulated conditions of gastrointestinal stress, the
antimicrobial effect, adhesion capacity and resistance to different pHs and temperatures. The results showed that
three of the five selected strains, identified as Lactobacillus fermentum JCM 3, TW56 Leuconostoc mesenteroides
and Lactobacillus delbrueckii subsp. bulgaricus, were resistant to digestive enzymes, showed resistance to low pH
values (2 and 3) having adhesion capacity and viability at temperatures of 40 °C. Therefore, these bacteria may
could be considered as potential probiotics for the pharmaceutical and food industry.

Keywords: probiotics, isolation, human milk, lactic acid bacteria
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1. Introduction

Human breast milk consists of high amounts of necessary
nutrients for infants, including carbohydrates, essential fatty
acids, proteins, vitamins and minerals, due to this has been
recognized as the gold standard of infant feeding (Sherman,
[9,23,41]. It plays an important role in supporting the
survival and development of infants not just because of
nutrient supply but due to transfer of microflora originated
in breast milk [28]. Several researchs have reported that
human breast milk contains a wide spectrum of
indigestible nutrients that are not utilized by the infants
but exert numerous potent bioactive functions on
establishment of infants” indigenous microflora [17,46].

In recent years, more than 200 different species have
been described in human milk [16]. Breast milk has been
shown to be a continuous source of commensal, mutualistic
andor probiotic bacteria to the infant gut, including
staphylococci, streptococci, bifidobacteria, and, lactic acid
bacteria [1,26,27,28,42]. The genera Lactobacillus,
Pediococcus and Lactococcus belong to the lactic acid
bacteria (LAB), and the strains of these genera are
frequently used on a large scale in the production and
preservation of many foods or as probiotics for human and
animals [15,32]. LAB with probiotic activity are generally
enteric flora and are believed to play a beneficial role in
the ecosystem of the human gastrointestinal (GI) tract.
There are many definitions of probiotics, but the

prevailing one is that adopted according to an international
scientific consensus in 2002 by the WHO and FAO. It
states that probiotics are live microorganisms which, when
they are administered in adequate amounts, provide a
benefit to the health of consumers [13].

Certain quality requirements have been established in
order to ensure efficiency, effectiveness and benefit to the
host from those microorganisms, including among those
features are non pathogenic or have toxic effects, contact
stability and bile acid and adhesion to the intestinal
mucosa [41]. Probiotics may be one of the most effective
therapies for the prevention of several diseases in the new
born. At birth, an infant’s gastrointestinal tract is sterile
and colonization of the gastrointestinal tract starts immediately
after birth with the initiation of enteral feedings and is
well established within the first few days of life [12]. It
have been considered that in breastfed infants, bacteria of
the genus Bifidobacterium and Lactobacillus predominate,
with other enteric organisms being present less frequently
[43,44]. Conversely, in formula-fed infants, it have been
reported that coliforms, enterococci, and bacteroides
predominaely colonize the intestinal tract. Moreover,
preterm infants are particularly susceptible to abnormal
colonization. A combination of antibiotic use, delayed
initiation of enteral feedings, and exposure to the unusual
microorganisms that populate the neonatal intensive care
unit may lead to abnormal patterns of colonization.
Gewolb et al., [11], reported that the gastrointestinal tract
of extremely low birth weight infants is colonized by
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Abstract Human milk is the ideal food to nourish newborn babies; it contains important nutrients: proteins,
carbohydrates, fat, vitamins and minerals, which are needed to provide agood health to the infants. Milk fat provides
about 50% of energy to infants and its fatty acids are essential for brain and retina development. Therefore, analysis
of the lipid fraction of human milk is an important task, especially when this milk is processed. The objective of this
research was to study the effect of pasteurization, freeze-drying and spray drying on some characteristics of human
milk fat. The fatty acid profile was analyzed by HPLC and gas chromatography. Fat content, globule size and
distribution were measured. The HPLC method for the analysis of fatty acids showed accuracy, precision and
linearity in the concentration range studied. Non-significant differences in fat content between the different
processes were found; however, there was a decrease of 23% in the fat content of spray dried milk. The fat mean
globule size decreased considerably in all treatments, varying from 2138 to 529 nm. The size distribution of fat
globules increased during pasteurization and drying from 0.24 in raw milk to 0.78 in pasteurized milk. With respect
to the fatty acid profile, we found that human milk samples had an elevated content of palmitic (27%), and oleic
(30%) acids and significant variations were observed in the pasteurized samples for oleic and linoleic acid.
Preservation processes applied to human milk caused a decrease on the fat globule diameter; the change in size
increased the surface area and could improve the bioavailability of the fat components. This is the first report of
human milk drying as a preservation method.

Keywords: human milk fat, fatty acids, pasteurization, lyophilization, spray drying
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1. Introduction

Human milk is recognized as a nutritional and
immunologically important food, appropriate for newborn
babies. It reduces the risk of disease and death, and
containins nutritional components such as lactose, lipids,
proteins, vitamins, immunoglobulins, hormones, growth
factors, enzymes and protective agents, which are in
suitable concentrations to contribute to the correct growth
and development of the newborn ([1,2]).

Water is the major constituent of human milk (90%),
that contains ca. 10% of solids; of which, the main
components are lactose (6.7 to 7.8 g/dL), fat (3.2 to 3.6
g/dL) and protein (0.9 to 1.2 g/dL). This composition may
be modified by factors such as, individual characteristics
of the mother, lactation cycle, diet, number and length of
gestation, seasonal and geographic factors ([3,4]). The
most variable component is fat, which provides nearly 50%

of the energy, and facilitates the transport and absorption
of fat-soluble vitamins to the infant ([4,5]).

Fat in human milk comes from fat depots of the mother
as well as from endogenous synthesis by the mammary
gland [6]. Milk fat is found in form of globules as part of a
colloidal system, which is formed in the mammary gland
by a biological mechanism of assembly of intracellular
lipid droplets through the plasma membrane of the
epithelial cells ([7,8]).

The fat globule in human milk has a size distribution
ranging from 1 to 4 um, It is formed by a triacylglycerol core
covered by a trilayer membrane composed of phospholipids,
proteins, sphingolipids, cholesterol, glycoproteins and
enzymes ([8,9]). The triacylglycerols present in the fat
globule contain fatty acids involved in brain development
and visual acuity. It is also important in the process of
synthesis of prostaglandins and eicosanoids and in the
calcium absorption process, which is necessary for infant
development [10]. Palmitic and oleic acids are found in
greater proportion in human milk. Saturated fatty acids
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Evaluation of nutrients removal (NO;-N, NH;-N and PO,-P)
with Chlorella vulgaris, Pseudomonas putida, Bacillus
cereus and a consortium of these microorganisms in the
treatment of wastewater effluents

Abril Gdmez-Guzman, Sergio Jiménez-Magana,
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F. Javier Parra-Rodriguez, Sergio Velazquez,
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Orfil Gonzalez-Reynoso

ABSTRACT

In this research removal of NH5-N, NO3s-N and PO,-P nutrients from municipal wastewater was
studied, using Chlorella vulgaris, Pseudomonas putida, Bacillus cereus and an artificial consortium of
them. The objective is to analyze the performance of these microorganisms and their consortium,
which has not been previously studied for nutrient removal in municipal wastewater. A model
wastewater was prepared simulating the physicochemical characteristics found at the wastewater
plant in Chapala, Mexico. Experiments were carried out without adding an external carbon source.
Results indicate that nutrient removal with Chlorella vuigaris was the most efficient with a removal of
24.03% of NOs-N, 80.62% of NHs-N and 4.30% of PO,-P. With Bacillus cereus the results were 8.40%
of NO3z-N, 28.80% of NHs-N and 3.80% of PO,-P. The removals with Pseudomonas putida were 2.50%
of NOs-N, 41.80 of NH3-N and 4.30% of PO,-P. The consortium of Chlorella vulgaris—Bacillus cereus—
Pseudomonas putida removed 29.40% of NO3z-N, 4.2% of NH3-N and 8.4% of PO,-P. The highest
biomass production was with Bacillus cereus (450 mg/l) followed by Pseudomonas putida (444 mg/l),
the consortium (205 mg/l) and Chlorella vulgaris (88.9 mg/l). This study highlights the utility of these
microorganisms for nutrient removal in wastewater treatments.
Key words | Bacillus cereus, Chlorella vulgaris, consortium, nutrient removal, Pseudomonas putida,
wastewater treatment
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Environmental issues are becoming profound problems
because of the possible risk of pollution of ecosystems, due
to the increasing population, urbanization and industrializ-
ation (Rawat et al. 20t). The most profound issues include
the excessive generation of wastewater and the release of
this water into freshwater resources, which are giving

doi: 10.2166/wst.2017.175

serious challenges to the scientific community, in terms of
sustainability of our planet and global warming, for the pre-
sent and the future generations. Therefore, the mixing of
untreated wastewater in aquatic bodies is one of the major
issues that are changing the stability of ecosystems
(Renuka et al. 2014). Further, the presence of excess
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Evaluation of nutrient removal (NON, NH,-N and PO -P) with Chlorella vulgaris, Pseudomonas putida,
Bacillus cereus and the consortium of these microorganisms in the secondary treatment of municipal
wastewater effluents

Abril Ivett Priscilla Gomez-Guzman, Sergio Jimenez-Magana, Cesar Gomez-Hermosillo, Victor Perez-Luna, F Javier Parra-Rodriguez, A Suggey Guerra-Renteria,
Blanca Rosa Aguilar-Uscanga, Josue Solis-Pacheco and Orfil Gonzalez-Reynoso
University of Guadalajara, Mexico

Microalgae and some bacteria offer a promising technology for the removal of nutrients such as Nitrogen and Phosphorus
in municipal wastewater. In this investigation the microalgae Chlorella vulgaris, the bacteria Pseudomonas putida, Bacillus
cereus and the consortium microalga/bacteria of these microorganism were used as model in the removal of nutrients using a model
wastewater. The results of removal of nutrients with Chlorella vulgaris was 24%, 80.6% and 4.30% for NO,-N, NH,-N and PO,-P,
respectively. For Bacillus cereus the removal of nutrients was 8.4%, 28.8% and 3.8% of NO3-N, NH3-N and PO4-P. With Pseudomonas
putida was 5%, 41.8% and 4.3% of NO,-N, NH,-N and PO-P (in 168 hours respectively). The consortium of Chlorella vulgaris,
Bacillus cereus, Pseudomonas putida were able to remove the 29.4%, 4.2% and 0% of NO,-N, NH,-N and PO,-P in 240 hours. The
highest biomass production was found with Bacillus cereus 450 mg/L followed by Pseudomonas putida 444 mg/L, the consortium
205 mg/L and Chlorella vulgaris 88.9 mg/L. This study showed that Chlorella vulgaris consume first NH3-N as a source of Nitrogen
and when it is exhausted then consume NO,-N, it happen when both compounds are available in the medium. In the removal of
phosphate (PO,-P) the microorganisms Chlorella vulgaris and Bacillus cereus were able to remove a higher amount because they can
assimilate this nutrient even in stress conditions (like changes in pH) such as happening in the municipal wastewater.
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Enzymatic activity characterization of the HRP enzyme physically adsorbed on HDPE/Agave fiber
composites
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ABSTRACT en inglés
Reactive dyes are manufactured to be stable under special conditions, making them an environmental

problem when they contaminate bodies of water, due to their toxicity and/or capacity to block the
sunlight through water thus inhibiting plant photosynthesis. Enzymatic degradation can be an
alternative to the use of physicochemical treatments for decomposing dyes dissolved at different
concentrations in water. In the present work, degradation of reactive dyes is performed using physically
adsorbed enzymes onto a foamed composite that incorporates natural agave fibers. Horseradish
peroxidase (HRP) enzyme was adsorbed physically onto high density polyethylene (HDPE)/Agave fiber
composites, characterized in terms of enzymatic activity and adsorption physicochemical conditions.
Finally, the modified composites were tested for degradation of a reactive dye. Foamed composites
were fabricated using a 30% (w/w) agave fiber in a matrix of HDPE. Azodicarbonamide was used as
foaming agent and zinc oxide as catalyst. The obtained platform was pelletized and used without further
modifications.

Several physicochemical parameters were analyzed in order to obtain the best enzymatic activity of the
HRP composites. In terms of immobilization, the best performance was obtained using 120 pg/mL of
HRP in acetate buffer at pH 4.5. Regarding enzyme stability, values of 30% of activity were maintained
after 10 cycles of reaction. Finally, a reactive dye (blue 49) was degraded to a 20% of its initial color after
40 minutes of reaction under continuous stirring.

Palabras Clave: Degradacion enzimdtica, Composites, Fibras naturales, colorantes reactivos
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Resumen

En el trabajo siguiente se muestra la preparacion de agregados entrecruzados enzimaticos (CLEAS)
para su uso en la degradacién enzimatica de colorantes industriales. Los agregados enzimaticos se
crearon usando el método de precipitacion y su posterior entrecruzamiento usando glutaraldehido. El
procedimiento fue mejorado con la adicion de la proteina albumina de suero bovino, debido a la
presencia de mas residuos de lisina permitiendo un mayor entrecruzamiento. Las mejores condiciones de
precipitacion se lograron usando las relaciones 4:9 y 1:9 de acetona como agente de precipitacion y 10
mM de glutaraldehido por distintos tiempos para verificar como afecta el tiempo la generacion de
CLEAs de HRP. Las pruebas preliminares de degradacion demostraron que se puede degradar el
colorante violeta basico 16, usando los CLEAs formados con este procedimiento.

Introduccion

Los colorantes comerciales son un ejemplo de compuestos quimicos que representan un gran problema
medioambiental en nuestros dias. Clasificados como productos toxicos y, algunos de ellos, como
mutagénicos, son usados en la industria, sobre todo en la del procesado y la impresion textil. Debido a la
escasa regulacion medioambiental existente en algunos paises, estos compuestos son desechados
directamente en cuerpos de agua, llegando a afectar a los organismos acudticos que los habitan. Su
toxicidad y su capacidad de bloquear el paso de luz solar en medios acuosos a bajas concentraciones,
inhibiendo asi fotosintesis de plantas acuéticas, los hace candidatos idoneos para ser removidos de aguas
residuales usando procesos amigables con el medio ambiente [1].

Una alternativa amigable es la biodegradacion de colorantes, esta se puede se lleva a cabo mediante
distintos procesos. Uno de ellos es la degradacion enzimatica que ofrece una gran cantidad de ventajas
en donde las células vivas se consideran como un reactor de decoloracién en miniatura. Algunas de las
enzimas que se utilizan en la degradacion de colorantes son lacasas, peroxidasas y azoreductasas [2].

Las enzimas pueden actuar sobre determinados contaminantes para modificar sus caracteristicas
transformarlos a productos inofensivos, la accion catalitica de las enzimas es extremadamente selectiva
aunque para ello requiere condiciones especificas como temperatura, pH y en algunas coasiones la
presencia de un co-substrato [3]. Las enzimas peroxidasas son conocidas por su capacidad de remover
compuesto fenolicos y aminas aromaticas de soluciones acuosas ademas de la degradacion de colorantes
textiles en efluentes [4].

Las peroxidasas son enzimas presentes en una gran cantidad de plantas y microorganismos, la HRP en
particular es producida a gran escala debido a sus aplicaciones comerciales. Es una peroxidasa clase I1I
(HRP, peréxido de hidrogeno oxidorreductasa EC 1.11.1.7). Extraida de las raices de los rabanos
picantes, la funcion principal de la enzima consiste en la generacion y el control de especies reactivas
del oxigeno, en particular el peroxido de hidrogeno, polimerizar compuestos necesarios para formar las
paredes celulares y como defensa ante patogenos [1,2]. El uso directo de enzimas en solucion representa
un aspecto fundamental a considerar debido a que su uso directo en solucién hace imposible su
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