
 

 

RINOE® 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Journal-Agrarian and Natural Resource Economics 

        
                                            ISSN-On line: 2524-2091 

 
 

Volume 7, Issue 12 - January - June - 2023 



 

RINOE® Western Sahara 

 

Editor in chief 

SERRANO-PACHECO, Martha. PhD 

 

Executive director 

RAMOS-ESCAMILLA, María. PhD 

 

Editorial Director 

PERALTA-CASTRO, Enrique. MsC 

 

Web designer 

ESCAMILLA-BOUCHAN, Imelda. PhD 

 

Web Diagrammer 

LUNA-SOTO, Vladimir. PhD 

 

Editorial Assistants 

SORIANO-VELASCO, Jesús. BsC 

 

Philologist 

RAMOS-ARANCIBIA, Alejandra. BsC 

 

 

 

 

 

 

RINOE Journal-Agrarian and Natural 

Resource Economics, Volume 7, Issue 

12, January - June 2023, is a journal 

edited semestral by RINOE. Agueinit # 4, 

Wilaya de Awserd, Sahara Occidental, 

Western Sahara. WEB: www.rinoe.org 

journal@rinoe.org. Editor in Chief: 

SERRANO-PACHECO, Martha. PhD. 

ISSN: 2524-2091. Responsible for the 

latest update of this number RINOE 

Computer Unit. ESCAMILLA- 

BOUCHÁN, Imelda. PhD, LUNA-

SOTO, Vladimir. PhD, last updated June 

30, 2023. 

 

The opinions expressed by the authors do 

not necessarily reflect the views of the 

editor of the publication. 

 

It is strictly forbidden to reproduce any 

part of the contents and images of the 

publication without permission of the 

National Institute for the Defense of 

Competition and Protection of 

Intellectual Property. 

  



 

RINOE Journal-Agrarian and Natural Resource Economics 
 

Definition of the Journal 

 

Scientific Objectives 

 

Support the international scientific community in its written production Science, Technology and 

Innovation in the Field of Social Sciences, in Subdisciplines of Agriculture: Aggregate supply and 

demand analysis, Prices, Micro analysis of farm firms, Farm households, and Farm input markets, 

Agricultural markets and marketing, Cooperatives, Agribusiness, Agricultural finance, Land ownership 

and tenure, Land reform, Land use, Irrigation, R&D, Agricultural technology, Agricultural extension 

services, Agriculture in international trade, Agricultural policy, Food policy; Renewable resources and 

conservation: Environmental management, Demand and supply, Environmental modeling and 

forecasting firm behavior institutions, Illegal behavior, Fishery, Forestry, Land, Water, Air, Climate, 

Noise, Recreational aspects of natural resources, Contingent valuation methods; Nonrenewable resources 

and conservation: Demand and supply, Exhaustible resources and economic development, Resource 

booms; Energy: Demand and supply,  Alternative energy sources, Energy and the macroeconomy. 

 

RINOE® is a Scientific and Technological Company in contribution to the Human Resource training 

focused on the continuity in the critical analysis of International Research and is attached to 

CONAHCYT-RENIECYT number 1702902, its commitment is to disseminate research and 

contributions of the International Scientific Community, academic institutions, agencies and entities of 

the public and private sectors and contribute to the linking of researchers who carry out scientific 

activities, technological developments and training of specialized human resources with governments, 

companies and social organizations. 

 

Encourage the interlocution of the International Scientific Community with other Study Centers in 

Mexico and abroad and promote a wide incorporation of academics, specialists and researchers to the 

publication in Science Structures of Autonomous Universities - State Public Universities - Federal IES - 

Polytechnic Universities - Technological Universities - Federal Technological Institutes - Normal 

Schools - Decentralized Technological Institutes - Intercultural Universities - S & T Councils - 

CONAHCYT Research Centers. 

 

Scope, Coverage and Audience 

 

RINOE Journal-Agrarian and Natural Resource Economics is a Journal edited by RINOE® in its Holding 

with repository in Western Sahara, is a scientific publication arbitrated and indexed with semester 

periods. It supports a wide range of contents that are evaluated by academic peers by the Double-Blind 

method, around subjects related to the theory and practice of Agriculture: Aggregate supply and demand 

analysis, Prices, Micro analysis of farm firms, Farm households, and Farm input markets, Agricultural 

markets and marketing, Cooperatives, Agribusiness, Agricultural finance, Land ownership and tenure, 

Land reform, Land use, Irrigation, R&D, Agricultural technology, Agricultural extension services, 

Agriculture in international trade, Agricultural policy, Food policy; Renewable resources and 

conservation: Environmental management, Demand and supply, Environmental modeling and 

forecasting firm behavior institutions, Illegal behavior, Fishery, Forestry, Land, Water, Air, Climate, 

Noise, Recreational aspects of natural resources, Contingent valuation methods; Nonrenewable resources 

and conservation: Demand and supply, Exhaustible resources and economic development, Resource 

booms; Energy: Demand and supply,  Alternative energy sources, Energy and the macroeconomy with 

diverse approaches and perspectives, That contribute to the diffusion of the development of Science 

Technology and Innovation that allow the arguments related to the decision making and influence in the 

formulation of international policies in the Field of Social Sciences. The editorial horizon of RINOE® 

extends beyond the academy and integrates other segments of research and analysis outside the scope, 

as long as they meet the requirements of rigorous argumentative and scientific, as well as addressing 

issues of general and current interest of the International Scientific Society. 

 

 

 

 

 



 

Editorial Board  

 

HERNÁNDEZ - CASTRO, Rigoberto. PhD 

Universidad de Cantabria 

 

CAUICH - KUMUL, Roger Gaspar. PhD 

University of Kentucky 

 

ORTIZ - LAUREL, Hipólito. PhD  

University of California 

 

ARAUJO - BURGOS, Tania. PhD  

Universita Degli Studi di Napoli Federico II 

 

ESCOBEDO - BONILLA, Cesar Marcial. PhD  

Universidad de Gante 

 

GONZALEZ, ALVARADO, Juan Manuel. PhD  

Universidad Politécnica de Madrid 

 

MEDAL, Julio C. PhD 

University of Arkansas 

 

GONZALEZ - TORRIVILLA, Cesar Castor. PhD 

Universidad Central de Venezuela 

 

GARCÍA - DE SOTERO, Dora Enith. PhD 

Universidad de Sao Paulo 

 

HERNÁNDEZ - MARTINEZ, Rufina. PhD 

University of California 

 

 

  



 

Arbitration Committee 
 

BELTRAN - MIRANDA, Claudia Patricia. PhD  

Universidad de Guadalajara  

 

XANAT, Antonio. PhD 

Universidad Autónoma de Estado de México 

 

ÁNGEL - CUAPIO, Rafael Alejandro. PhD  

Universidad Autónoma Metropolitana 

 

SÁNCHEZ - OROZCO, Raymundo. PhD   

Tecnológico de Estudios Superiores de Jocotitlán 

 

MORALES - VALENZUELA, Guadalupe. PhD  

Colegio de Postgraduados  

 

AVENDAÑO - ARRAZATE, Carlos Hugo. PhD 

Colegio de Postgraduados 

 

RUIZ - AGUILAR, Graciela M.L. PhD  

Instituto Politécnico Nacional 

 

LUNA - PALOMERA, Carlos. PhD 

Universidad Juárez Autónoma de Tabasco 

 

LIÑAN - CABELLO, Marco Agustín. PhD  

Centro de Investigación Científica y de Educación Superior de Ensenada 

 

ROVIROSA - HERNANDEZ, Ma. de Jesús. PhD   

Universidad Autónoma de Tamaulipas 

 

ACOSTA - NAVARRETE, María Susana. PhD  

Instituto Tecnológico de Celaya 

 

  



 

Assignment of Rights 

 

The sending of an Article to RINOE Journal-Agrarian and Natural Resource Economics emanates the 

commitment of the author not to submit it simultaneously to the consideration of other series publications 

for it must complement the Originality Format for its Article. 

 

The authors sign the Format of Authorization for their Article to be disseminated by means that RINOE® 

In its Holding Western Sahara considers pertinent for disclosure and diffusion of its Article its Rights of 

Work. 

 

Declaration of Authorship 
 

Indicate the Name of Author and Coauthors at most in the participation of the Article and indicate in 

extensive the Institutional Affiliation indicating the Department. 
 

Identify the Name of Author and Coauthors at most with the CVU Scholarship Number-PNPC or SNI-

CONAHCYT- Indicating the Researcher Level and their Google Scholar Profile to verify their Citation 

Level and H index. 
 

Identify the Name of Author and Coauthors at most in the Science and Technology Profiles widely 

accepted by the International Scientific Community ORC ID - Researcher ID Thomson - arXiv Author 

ID - PubMed Author ID - Open ID respectively. 
 

Indicate the contact for correspondence to the Author (Mail and Telephone) and indicate the Researcher 

who contributes as the first Author of the Article. 
 

Plagiarism Detection 
 

All Articles will be tested by plagiarism software PLAGSCAN if a plagiarism level is detected Positive 

will not be sent to arbitration and will be rescinded of the reception of the Article notifying the Authors 

responsible, claiming that academic plagiarism is criminalized in the Penal Code. 
 

Arbitration Process 

 

All Articles will be evaluated by academic peers by the Double Blind method, the Arbitration Approval 

is a requirement for the Editorial Board to make a final decision that will be final in all cases. MARVID® 

is a derivative brand of ECORFAN® specialized in providing the expert evaluators all of them with 

Doctorate degree and distinction of International Researchers in the respective Councils of Science and 

Technology the counterpart of CONAHCYT for the chapters of America-Europe-Asia- Africa and 

Oceania. The identification of the authorship should only appear on a first removable page, in order to 

ensure that the Arbitration process is anonymous and covers the following stages: Identification of the 

Journal with its author occupation rate - Identification of Authors and Coauthors - Detection of plagiarism 

PLAGSCAN - Review of Formats of Authorization and Originality-Allocation to the Editorial Board- 

Allocation of the pair of Expert Arbitrators-Notification of Arbitration -Declaration of observations to 

the Author-Verification of Article Modified for Editing-Publication. 
 

Instructions for Scientific, Technological and Innovation Publication 
 

Knowledge Area 
 

The works must be unpublished and refer to topics of Agriculture: Aggregate supply and demand 

analysis, Prices, Micro analysis of farm firms, Farm households, and Farm input markets, Agricultural 

markets and marketing, Cooperatives, Agribusiness, Agricultural finance, Land ownership and tenure, 

Land reform, Land use, Irrigation, R&D, Agricultural technology, Agricultural extension services, 

Agriculture in international trade, Agricultural policy, Food policy; Renewable resources and 

conservation: Environmental management, Demand and supply, Environmental modeling and 

forecasting firm behavior institutions, Illegal behavior, Fishery, Forestry, Land, Water, Air, Climate, 

Noise, Recreational aspects of natural resources, Contingent valuation methods; Nonrenewable resources 

and conservation: Demand and supply, Exhaustible resources and economic development, Resource 

booms; Energy: Demand and supply, Alternative energy sources, Energy and the macroeconomy and 

other topics related to Social Sciences. 

http://rinoe.org/formatos/RINOE_FORMATO%20DE%20ORIGINALIDAD.pdf
http://rinoe.org/formatos/RINOE_FORMATO%20DE%20AUTORIZACI%C3%93N.pdf
http://www.marvid.org/


 

Presentation of the Content 

 
In the first article we present, Proposal for a Circular Economy of glycerin as a by-product of 

biodiesel production by TORRES-RIVERO, Ligia Adelayda, NIEVES-RIOS, Raquel and ARROYO-

RODRIGUEZ José F., with adscription in the  Instituto Tecnológico de Cancún, as the following article 

we present, Ovum Pick Up (OPU) and in vitro embryo production in pregnant cows (Bos Indicus) at the 

Bachigualatito rancho, la Trinitaria, Chiapas by NOGUEZ-ESTRADA, Juan, CORNEJO-

CERVANTES Judith, VARGAS-MONTER, Jorge and SEBASTIAN-MEDINA Octavio, with 

adscription in the  Universidad Politécnica de Francisco I Madero, as the following article we present, 

Yahualica tree seedling chile production (Capsicum annuum) on different substrates and its behavior 

during the development of the crop by ZEPEDA-ARIAS, José de Jesús, ARELLANO-RODRÍGUEZ, Luis 

Javier, RODRÍGUEZ-GUZMÁN, Eduardo and PADILLA-GARCIA, José Miguel, with adscription in the  

Universidad de Guadalajara, as the last article we present, Use of Agroindustrial Waste of Orange to 

Obtain: Bioalcohol, Essential Oils and Activated Carbon by BALDERAS, Elvia, GUEVARA, Elsa, 

LÓPEZ, Lucia and MONTOYA, Karina, with adscription in the  Universidad Tecnológica Cadereyta. 

 

  



 

Content 

 
Article Page 

 
Proposal for a Circular Economy of glycerin as a by-product of biodiesel production 

TORRES-RIVERO, Ligia Adelayda, NIEVES-RIOS, Raquel and ARROYO-

RODRIGUEZ José F. 

Instituto Tecnológico de Cancún 

 

1-5 

Ovum Pick Up (OPU) and in vitro embryo production in pregnant cows (Bos Indicus) 

at the Bachigualatito rancho, la Trinitaria, Chiapas  

NOGUEZ-ESTRADA, Juan, CORNEJO-CERVANTES Judith, VARGAS-MONTER, 

Jorge and SEBASTIAN-MEDINA Octavio 

Universidad Politécnica de Francisco I Madero 

 

6-13 

Yahualica tree seedling chile production (Capsicum annuum) on different substrates 

and its behavior during the development of the crop 

ZEPEDA-ARIAS, José de Jesús, ARELLANO-RODRÍGUEZ, Luis Javier, RODRÍGUEZ-

GUZMÁN, Eduardo and PADILLA-GARCIA, José Miguel 

Universidad de Guadalajara 

 

14-25 

Use of Agroindustrial Waste of Orange to Obtain: Bioalcohol, Essential Oils and   

Activated Carbon  

BALDERAS, Elvia, GUEVARA, Elsa, LÓPEZ, Lucia and MONTOYA, Karina 

Universidad Tecnológica Cadereyta 

 

26-31 

  



1 

Article                                                     Journal-Agrarian and Natural Resource Economics 
        June, 2023 Vol.7 No.12 1-5 

 

Proposal for a Circular Economy of glycerin as a by-product of biodiesel production 

 

Propuesta de una Economía Circular de la glicerina como subproducto de la 

producción de biodiesel 

 
TORRES-RIVERO, Ligia Adelayda †*, NIEVES-RIOS, Raquel and ARROYO-RODRIGUEZ José F. 
 

Tecnológico Nacional de México/Instituto Tecnológico de Cancún 

 

ID 1st Author: Ligia Adelayda, Torres-Rivero / ORC ID: 0000-0002-3303-3437, CVU CONAHCYT ID: 316421 

 

ID 1st Co-author: Nieves, Rios-Raquel / CVU CONAHCYT ID:  1245445 

 

ID 2nd Co-author: José F, Arroyo-Rodriguez / ORC ID: 0000-0002-4037-5667 

 

DOI: 10.35429/JANRE.2023.12.7.1.5                     Received March 25, 2023; Accepted June 30, 2023 

 
Abstract 

 

The Circular Economy of glycerin a proposal to reduce the 

environmental impact, the economic contribution, as well 

as avoid the discharge of used edible oils into bodies of 

water, the problems towards gray water treatment plants in 

the pretreatment process, in the landfill to prevent runoff 

from contaminating the soil, due to the type of Karstic soil 

in the region.  Obtaining glycerin is one of the objectives 

of the project, part of the work is its application of fuel 

cells, as an alternative source of renewable energy. The 

proposed methodology Circular Economy of glycerin by-

product obtained from biodiesel and the uses derived from 

it, the economic contribution and sustainability of this. As 

a result, obtaining an environmental, economic benefit, 

which requires both compliance with environmental laws 

and regulations, letting the population of the northern area 

of Quintana Roo know that there are alternative places to 

the pipes, throwing it in garbage bags where they deposit 

their used oil, the use of glycerin as a component livestock 

feed supplement as soil fertilizers and use in the generation 

of biogas.  

 

 

 

Circular Economy, Glycerin, Biodiesel 
 

 

Resumen  

 

La Economía Circular de la glicerina una propuesta para 

reducir el impacto ambiental, el aporte económico, así 

mismo evitar el vertido de los aceites comestibles usados 

hacia los cuerpos de agua, los problemas hacia las plantas 

de tratamientos de aguas grises en el proceso del 

pretratamiento, en el relleno sanitario evitar que las 

escorrentías contaminen los suelos, debido al tipo de suelo 

Kárstico de la región. La obtención de la glicerina es uno 

de los objetivos del proyecto, parte del trabajo su 

aplicación de celda de combustible, como una fuente 

alterna de energía renovable. La metodología propuesta 

Economía Circular de la glicerina subproducto obtenido 

del biodiesel y los usos que de ella derivan, el aporte 

económico y sustentabilidad de este. Como resultado 

obtener un beneficio de tipo ambiental, económico, la cual 

requiere tanto el cumplimiento de leyes y normas 

ambientales, hacer saber a la población de la zona Norte 

de Quintana Roo que existen lugares alternativos a las 

cañerías, de tirarlo en bolsas a la basura donde depositan 

su aceite usado, él uso de la glicerina como un suplemento 

alimenticio de ganado componente como fertilizantes del 

suelo y del uso en la generación de biogás.  

 

Economía Circular, Glicerina, Biodiesel 
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Introduction 

 

Glycerin a by-product of transesterification in 

biodiesel production Glycerin or glycerol 

(propanetriol) in its pure state is a colorless, 

odorless, viscous and non-toxic liquid with a 

very sweet taste and has several uses. Pure 

glycerin is a polyol with a carbon chain of three 

carbon atoms and three hydroxyl groups 

(CH2OH-CHOH-CH2OH). See figure 1. Its 

molecule has a large number of possible 

reactions due to the presence of alcoholic groups 

(primary and secondary) that can be replaced by 

other functional groups and form derivatives 

such as esters, amines and aldehydes. It is stable 

against oxygen under normal atmospheric 

conditions, but against strong oxidants it is 

converted into CO2 and water. 

 

 
 
Figure 1 Glycerol propan-1, 2,3-triol - é is an organic 

compound belonging to the alcohol function. 

 

Glycerin from the canola oil 

transesterification process is normally dark 

brown in color as shown in Figure No. 2 because 

it contains most of the substances that are not 

transesterifiable. 

 

 
 
Figure 2 Transesterification process to obtain biodiesel 

and dark brown glycerin,  

Own Source 

Crude glycerin is a mixture containing 

different amounts of glycerin (higher 

percentage), detergent, alcohol (mainly 

methanol), sodium or potassium salts 

(Singhabhandhu, A. and Tezuka, T.2010) 

(Santibáñez, C.; Varnero, M. T. and Bustamante, 

M.2005) depending on the catalyst used, non-

glycerol organic matter (MONG) and water. 

 

The stoichiometric ratio for 

transesterification requires three moles of 

alcohol and one mole of triglyceride to give three 

moles of ester and one mole of glycerol; 

however, transesterification is an equilibrium 

reaction in which an excess of alcohol is 

necessary to drive the reaction to the product 

side, hence the usual conversion is 6:1, which is 

the first for which a complete reaction is 

achieved. The recovery of glycerin in the 

transesterification process is the fundamental 

part of biodiesel production, due to its industrial 

uses such as detergents, plastics, 

pharmaceuticals, studies such as Leevijit's 

suggest that the best results are achieved for 

higher ranges, between 9:1 and 12:1. In the 

production of biodiesel, glycerin is obtained as a 

by-product. 

 

Glycerin is obtained in the 

transesterification process and is easily 

separated from the ester by decantation, 

requiring a purification process before its use in 

order to achieve the appropriate quality for its 

future application. See figure 3   

 

 
 
Figure 3 The transformation of vegetable oils for 

conversion into fatty acid methyl ester or biodiesel is 

carried out through the following continuous process 

Source Biodis. 

 

Used edible oils were characterized by 

acid number, peroxide number and dynamic 

viscosity, following AOAC 940.28, AOAC 

965.33 and ASTM D2196, respectively. 

Moisture content was established by calculating 

the mass loss upon heating the oils (~ 5 g) from 

25° to 120°C in a moisture analyzer (MX-50). 

González Restrepo, D. A. (2021). 
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Both its purification and the search for 

applications of crude glycerin have surprised the 

scientific group, due to the product of the 

accelerated growth of biodiesel production and 

the marked tendency to increase it. The glycerin 

obtained from the production of biodiesel has the 

following characteristics a maximum 

concentration of 60% glycerin, is of no value, 

since it is which contains a large amount of 

soaps, alkaline catalyst and methanol and this 

compound is environmentally hazardous; in 

order to take advantage of it without prior 

treatment (Torres-Rivero, L. A., Ben-Youssef, 

B. C., & Pérez-Gasca, M. 2019). 

 

Alternative uses are being developed for 

this abundant biomaterial obtained from the 

processing of biodiesel by acid and alkaline 

catalysis. Once these technologies are 

commercialized, the potential for improving the 

economics of biodiesel production, from crude 

glycerin, would be increased to the  analysis of 

the nutritional value used in livestock feed.  

 

Uses of Glycerin by-product of biodiesel.  

 

The uses are applied in since, if it is implemented 

in different sectors of the economy, such as in 

the use of fertilizers, liquid soap to clean 

bathroom floors, H2 production from crude or 

purified glycerol.  

 

It increases the yield of biogas 

production with the addition of glycerin. The 

applications of this by-product are the 

production of handmade soaps, degreaser, it is a 

non-irritating, biodegradable and recyclable 

compound. 

 

Description of the method  

 

The generation of large quantities of used edible 

oils by the restaurant industry, economic 

kitchens, and fast food, puts us on alert due to 

the lack of knowledge of the population, the bad 

practices on the disposal of used cooking oils, 

the lack of knowledge on the reuse of used oil, 

and the lack of knowledge on the reuse of used 

oil. degreaser, floor cleaner, is a non-irritating, 

biodegradable and recyclable compound.  

 

 

 

 

 

 

 

Because the health of the population is at 

risk and, therefore, the quality of life that has 

been achieved by the process of 

industrialization, with the circular economic 

system, it is intended to replace the current linear 

system, which is only consume, use and throw 

away, this has led to an acceleration in the 

degradation of the global ecosystem. In this 

system, it is proposed to "reduce, reuse and 

recycle, and give a calm to the planet and renew 

its environment.  

 

For the collection of edible oil, 

approximately 15 liters of edible oil were 

collected in the Institute's cafeteria.  

approximately 15 liters of residual edible oil 

from the cafeteria kitchen to obtain biodiesel, the 

final destination of the crude glycerin, see Figure 

4. 

 

 
 
Figure 4 Samples of oil collected in the Institute's 

cafeteria 

Own Source 

  

The entire experimental development 

was carried out from esterification with acid 

catalyst to the esterification and 

transesterification process to obtain biodiesel, as 

well as glycerin, as shown in Figure 5 below. 
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Figure 5. A) Esterification process, b) transesterification 

process to obtain biodiesel and the by-product glycerine 

Own Source 

 

Results 

 

Crude glycerin is the main by-product obtained 

during the biodiesel production process, so its 

chemical composition contains residues of 

methanol, water, soaps and salts, see Figure 6, so 

it has to undergo a purification process to be used 

in various products.  

 

A bibliographic review was carried out, 

resulting in the fact that there is not enough 

information on the subject of eco-design 

mentioned in one of the sections, in order to 

situate this research in the most current possible 

scenario and give this glycerin a useful life, and 

prevent used edible oils from contaminating 

large quantities of water through dumping, 

disposal, as well as the contamination of the 

karst type soil that predominates in the Yucatan 

Peninsula. 

 

 
 
Figure 6 Glycerin obtained from the production of 

biodiesel in the Institute's chemistry laboratory 

Own Source 

 

 
 
Figura 7 Below shows the circular economy proposal for 

glycerin as a biodiesel by-product  
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Conclusions  

 

The glycerin obtained from the biodiesel process 

contains residues such as methanol, salts, water, 

so it is of utmost importance to purify it and 

avoid any damage where it will be used. These 

pollutants, especially alcohol, are used in fuel 

cells to obtain H2, as a source of renewable 

energy. It is of utmost importance to make this 

proposal known to people who are interested in 

acquiring the glycerin obtained from the 

biodiesel plant and give it an added value and 

obtain an additional source of income, thus 

protecting our environment from the negative 

impact of waste poured into the sewers, kitchen 

drains and garbage without prior treatment. The 

Circular Economy proposal for the use of crude 

glycerin obtained from biodiesel by-products 

will make an economic contribution and reduce 

the amount of oils used in frying and reduce the 

disposal of the AVU, and create awareness 

workshops on the disposal of these oils. 

 

 

 

 

 

 

                        

                                                                                                                                                           

 

                                                       

 

Figura No. 6. Diagrama Economía Circular de la glicerina como subproducto de la elaboración del 

biodiesel, Fuente imágenes tomadas de internet, propias, elaboración propia 
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 Annexes  

 

The EC diagram is shown in Annex 1. 
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Abstract 

 

With the objective of determining the production, quality 

and development of bovine embryos (Bos Indicus), 

oocytes were collected from 14 females distributed in two 

groups: empty females (T1; n=7) and an experimental 

group of pregnant females (T2; n=7). The two groups were 

subjected to Ovum Pick Up (OPU) using disposable 18-

gauge needles and a vacuum pressure of 100 mmHg. to 

later carry out in vitro fertilization (IVF). The study 

variables were the number of oocyte aspirated and 

fertilized and the expected embryos. A Wilcoxon test was 

performed for non-parametric data between two groups, 

finding no significant differences between treatments P> 

0.05. 250 oocytes were recovered by fertilizing out of 190, 

obtaining a fertilization rate of 77%, reaching a 

transferrable blastocyst rate of 24% (45/190). In empty 

females (7), 113 oocytes were obtained, reaching a 

fertilization rate of 75% (81/113) and 25% transferable 

blastocysts (18/81). In the 7 pregnant females, 137 oocytes 

were collected, reaching a fertilization rate of 83% 

(109/137) and 23% transferable blastocysts (27/109). 

Follicular aspiration for in vitro fertilization of embryos 

from pregnant and empty cows is viable without 

differences between them, but being more variable in 

pregnant cows. 

 

 

Bovine, Blastocyst, Oocytes, In Vitro 

 

Resumen 

 

Con el objetivo de determinar la producción, calidad y 

desarrollo de embriones bovinos (Bos Indicus), se 

recolectaron ovocitos de 14 hembras distribuidas en dos 

grupos: hembras vacías (T1; n=7) y hembras gestantes 

(T2; n=7). Los dos grupos fueron sometidos a aspiración 

folicular (OPU) utilizando agujas descartables de calibre 

18 y una presión de vacío de 100 mmHg. para 

posteriormente llevar a cabo la fertilización in vitro (FIV). 

Las variables de estudio fueron número de ovocitos 

fertilizados y la previsión de embriones. Se realizó una 

prueba de Wilcoxon para datos no paramétricos entre dos 

grupos, no encontrando diferencias significativas entre 

tratamientos P>0.05. Se recuperaron 250 ovocitos, 

fertilizando 190, obteniendo una tasa de fertilización del 

77%, con una tasa de blastocistos trasferibles del 24% 

(45/190). En hembras vacías (7), se obtuvieron 113 

ovocitos, una tasa de fertilización del 75% (81/113) y 25 

% de blastocistos transferibles (18/81). En las 7 hembras 

gestantes, se recolectaron 137 ovocitos, una tasa de 

fertilización del 83% (109/137) y un 23 % de blastocistos 

transferibles (27/109). La aspiración folicular para la 

fertilización in vitro de embriones provenientes de vacas 

gestantes y vacías es viable sin diferencias estadísticas 

entre ellas, pero con tendencias favorables con vacas 

gestantes.  

 

Bovino, Blastocisto, Ovocitos, In Vitro 
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Introduction 

 

Embryo transfer (ET) maximises herd 

reproduction through genetic improvement and 

the ability to ensure the birth of a greater number 

of offspring of the desired sex. In general, 

embryos are more resistant to heat stress than 

gametes, representing an advantage over 

artificial insemination (AI) and fixed-time 

artificial insemination (FTAI). ET together with 

the benefits of sexed semen application and in 

vitro embryo production (IVPP) are some of the 

main strategies to improve the livestock sector. 

(Zangirolamo, y otros, 2018).  

 

IVPP and applied reproductive technologies in 

livestock have shown significant progress in 

recent years. The combination of IVPP with 

sexed semen (SS) and genomic selection (GS) is 

proving successful and widely used in countries 

all over the world (Ferré, y otros, 2020). The use 

of in vitro fertilisation (IVF) in bovine embryo 

production has increased globally to accelerate 

the selection of cows with high genetic values. 

The selection of embryos with high implantation 

potential is a critical factor in establishing 

gestation (Magata, 2023).  

 

There are still unresolved aspects of 

IVEP that limit wider implementation of the 

technology, including low fertility due to the use 

of SS, reduced oocyte quality after in vitro 

maturation and low cryo-tolerance, which 

reduces gestation rates compared to in vivo 

produced embryos (Ferré, y otros, 2020). 

 

In addition, the climatic and management 

conditions of the recipient females on the 

different farms influence the gestation rate of the 

transferred embryos (Pérez-Mora, Segura-

Correa, & Peralta-Torres, 2020).  

 

IVEP is a technique that makes it 

possible for unfertilised eggs to mature, fertilise 

and develop under laboratory conditions. 

Unfertilised oocytes and semen from selected 

bulls are the raw material for this technique. 

Under optimal conditions, about 95% of the 

oocytes can reach maturation, and of these, 

about 80% can reach the two-cell stage; 

however, less than half (30-50%) reach the 

blastocyst stage seven days after fertilisation 

(Ferré, y otros, 2020).  

 

 

 

Oocyte maturation is a complex process 

involving nuclear and cytoplasmic modulations, 

during which oocytes acquire their ability to 

fertilise and support embryonic development. 

The oocyte is apparently "primed" for 

maturation during its development in the 

dominant follicle (Razza, y otros, 2019).   

 

For best results, the technical 

components of transfer must be improved: 

nutrient quality and composition, 

synchronisation protocols, freezing and handling 

during embryo transfer. The conscious 

minimisation of these factors has important 

economic implications, favouring the efficiency 

of the transfer TE (Wieczorkiewicz, Jaśkowski, 

Wichtowska, Olszewska Tomczyk, & 

Jaśkowski, 2021).  

 

The causes of low fertility in dairy cattle 

are complex and multifactorial, and may be due 

to compromised follicular development 

affecting oocyte quality, a sub-optimal 

reproductive tract environment unable to support 

normal embryo development, or a combination 

of both. (Lonergan & Sánchez, 2020).  

 

The size of the CL influences pregnancy 

rate, with a higher likelihood being observed 

when transferring the embryo into the horn 

ipsilateral to a CL3 and 2, and less likely when 

transferring into a recipient with a CL1 < 15 mm 

in diameter.  In addition, there is a greater 

likelihood of achieving pregnancy by 

transferring embryos at the BX expanded 

blastocyst and BL blastocyst stage of 

development, compared to BI early blastocyst 

and hatching developments BN (Valencia 

Ocampo, Rodríguez Colorado, & Mantilla, 

2023).   

 

Progesterone (P4) plays a key role in 

reproductive events associated with the 

establishment and maintenance of pregnancy 

through its effects on oocyte quality and its 

action on the uterine endometrium. Reduced P4 

concentrations during ovulatory follicle growth 

are associated with lower fertility, and low 

circulating P4 concentrations after ovulation 

have been associated with lower pregnancy rates 

in cattle (Lonergan & Sánchez, 2020).  
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In determining the effect of plasma 

progesterone (P4) on oocyte retrieval, oocyte 

quality and early in vitro embryo development in 

Bos indicus cows, the presence of higher P4 has 

a positive effect on oocyte retrieval, oocyte 

quality and early in vitro embryo production 

(IVEP) outcomes  (Saad , y otros, 2019).  

 

The efficiency of producing embryos 

using in vitro technologies in livestock species 

rarely exceeds the 30% to 40% threshold, 

indicating that the proportion of oocytes that fail 

to develop after fertilisation and in vitro culture 

is considerably large. The presence of cycle-

related structures in the ovaries, follicle size 

between 6 and 10 mm, large number of cumulus 

cells, large oocyte diameter (>120 microns), 

quality of cytoplasm, structure of the 

perivitelline space, zona pellucida and polar 

corpuscle morphology have been associated 

with better quality. Sorting and selection of 

oocytes in livestock species for in vitro embryo 

production and micromanipulation techniques 

may be one of the most important steps in 

achieving superior embryo development and 

quality (Aguila, y otros, 2020).  

 

In Holstein cattle, the combination of 

low oocyte recovery, young donor age and milk 

production status negatively influences IVEP. 

Oocyte quality is a key factor in obtaining a live 

calf from an in vitro embryo. Follicular wave 

synchronisation and the use of follicle 

stimulating hormone (FSH), improve oocyte 

quality and thus embryo production. Quality 

control in the laboratory and the use of high 

quality inputs are essential to reduce variability 

in production (Demetrio, y otros, 2020). 

 

Embryo production consists of three 

stages, in vitro maturation (IVM) of oocytes, in 

vitro fertilisation (IVF) and in vitro culture 

(IVC) of potential zygotes, seeking to obtain 

quality blastocysts for greater reproductive 

efficiency (Salgado Cruz & Lopera Vásquez, 

2020).  A topic of discussion over the years is the 

viability of oocytes recovered by means of the 

Ovum Pick Up (OPU) technique from pregnant 

Bos indicus females versus oocytes obtained 

from empty females, because it is believed that 

the stimulation of progesterone produced by the 

corpus luteum increases oocyte viability, 

however, at the field level no difference has been 

observed in terms of in-vitro production (IVP). 

 

 

Due to the limited information reported 

in Mexico on this subject, it is not possible to 

determine whether progesterone actually 

influences the improvement of oocyte quality 

and thus to have a better picture of embryo 

production. It is of utmost importance for the 

farmer to be aware of the advantages and 

disadvantages of subjecting pregnant females to 

follicular aspiration in order to be able to make 

decisions at crucial moments, in addition to the 

fact that this research can support a more 

accepted theory on this subject in Mexico. 

Therefore, in the present study the fertilisation 

and production of in vitro embryos obtained by 

follicular aspiration of pregnant cows (Bos 

indicus) in the Bachigualatito ranch, La 

Trinitaria, Chiapas, was evaluated.  

 

Methodology to be developed  

 

Location of the study area 

 

The study was carried out at the Bachigualatito 

S.P.R. de R.L. ranch, located in La Trinitaria, 

Chiapas; with an altitude of 1540 m.a.s.l. (Figure 

1). Fourteen Bos Indicus heifers were used in 

random stages of their estrous cycle with a Body 

Condition (CC) of 3 to 3.5 in a scale from 1 to 5, 

kept in grazing and with mineral salts supply, 

which were randomly distributed in two 

treatments: T1 empty cows and T2 Pregnant 

cows. Embryo production in the state of 

Chiapas, Mexico. 

 

 
 

Figure 1 Batch of donor females (Bos indicus) 

 

Follicular aspiration 

 

The follicular aspiration process (Figure 2) 

started with epidural anaesthesia, 5 ml of 2% 

Lidocaine to minimise peristaltic movements 

and to have a better manipulation of the ovary. 

The perineal region was washed and disinfected 

and by means of a Mindray ultrasound 

equipment with a 5 mHz microconvex 

transducer which was adapted to a guide that was 

introduced into the vagina up to the fornix 

locating the ovaries via the rectum. 
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  With the help of the mandrel the 

aspiration was performed using 18 gauge 

needles that goes from a system to a falcon tube 

(corning 50 ml.) with 10 ml. of commercial 

flushing medium. A vacuum pump with a foot 

pedal was used throughout the process, applying 

a suction of 100 mmHg.  

 

The aspirated cumulus-oocyte 

complexes (COCs) were between 2 and 10 mm 

in diameter.  

 

 
 

Figure 2 Methodology for follicular aspiration  

Own Source 

 

Selection and sorting 

 

For the search, selection and sorting process, the 

laboratory equipment was placed in a 

contamination-free, sanitised area (Figure 3). All 

materials (pipettes, Petri dishes, falcon filter, 

serological pipette, 20 ml syringe) were placed 

on a heat platen at 37°C. At the end of oocyte 

aspiration, two washes were performed, tilting 

the collection tube at 45°, using a 20 ml flushing 

syringe and using a Falcon filter, placing the 

oocytes with the help of a serological pipette in 

a 30 x 40 ml Petri dish for searching with an 

EtScope stereoscope at 100X magnification, 

with a 10 µl pipette. COCs were selected and 

classified according to their morphology 

according to String fellow and Givens (2010):  

 

Grade I are oocytes with more than three 

layers of compact cumulus cells and 

homogeneous, uniformly granular cytoplasm 

where the ooplasm filled the interior of the zona 

pellucida. Grade II are oocytes with less than 

three layers of cumulus cells and generally 

homogeneous cytoplasm. Grade III are oocytes 

with a single layer of cumulus cells and irregular 

looking cytoplasm with dark areas, the ooplasm 

is contracted, with space between the cell 

membrane and zona pellucida, irregularly filling 

the perivitelline space. No Cumulus bare 

oocytes, cytoplasm with abnormal colour and 

granulation and apoptotic cells, expanded are 

oocytes with expanded, degenerated cumulus 

that started their hatching process.  

Oocytes were transported in 12 x 16 test 

tubes with medium in a TREO incubator at a 

temperature of 37.8 ° C. 

 

 
 

Figure 3 Oocyte search, selection and classification  

Own Source 

 

Oocyte maturation 

 

For the in-vitro maturation process (IVM), only 

Grade I, Grade II and Grade III oocytes were 

selected, those with granular, homogeneous 

cytoplasm, without dark spots or clear spaces. 

The selected oocytes were transferred to culture 

plates containing HTF maturation medium, 

supplemented with 10% foetal bovine serum, 

oestradiol and follicle stimulating hormone 

(FSH), covering each cell with mineral oil, then 

placed in a NUAIRE incubator for 24 hours to 

be equilibrated in an atmosphere with 5% CO2, 

5% O2 and 90% N2, at a temperature of 39ºC 

and maximum humidity (Figure 4). The theory 

of maturation is that the oocyte completes 

meiosis in response to the ovulatory LH surge. 

In vitro maturation requires 24 hours for the 

oocyte to complete nuclear maturation and reach 

the MII stage. It is also very important that there 

is cytoplasmic maturation, as this prepares the 

oocyte to support fertilisation and provide the 

nutrients required for embryo development. 

 

In vitro fertilisation  

 

Once the oocytes were matured for 24 h, 

conventional sperm capacitation was performed. 

Motile spermatozoa were obtained by 

centrifugation through a discontinuous gradient 

of Percoll 350 µl by adding 5 µl of the prepared 

semen in a 1 ml microcentrifuge tube at 3000 

rpm for 5 minutes (Figure 4), to subsequently 

remove the seminal plasma components, 

cryoprotectants and dead or low vitality 

spermatozoa. The most motile fraction is 

enabled to penetrate the zona pellucida of the 

oocyte. Semen was added to each of the 

fertilisation cells with a pipette.  
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Fertilisation plates and media were 

prepared prior to the start of semen capacitation. 

Approximately 1 million sperm per ml of media 

were added to the fertilisation plates (Figure 4) 

within the first minute after capacitation and 

placed in the incubator at 39ºC. Equilibrated to 

5% CO2, 5% O2 and 90% N2, at maximum 

humidity, and cultured for a period of 20 hr. 

  

 
 

Figure 4 In vitro fertilisation  

Own Source 

 

The embryo cultures were removed from 

the fertilisation plates and washed in new 

Syntetic Oviductal Fluid (SOF) medium, 

evaluated and the fertilised oocytes were 

transferred to the culture plates and placed in the 

incubator at 38.8ºC, equilibrated with 5% CO2, 

5% O2 and 90% N2, at 100% relative humidity. 

On the fourth day, an evaluation of the embryos 

was carried out with the stereo microscope, 

supplementing the medium with pyruvate. 

 

The number of blastocysts obtained was 

assessed at 7 days after IVF (Figure 5).  

 

 
 

Figure 5 Blastocyst evaluation (in italics) 

 

On day 7 of IVF, embryo transfer (Figure 

6) was performed in the pre-implantation stage 

in the uterus of 45 recipient females.  

 

 

Rectal palpation and ultrasound 

evaluation was performed to locate the ovary 

and state of the CL (corpus luteum), being in the 

horn ipsilateral to the C.L. where the embryo 

was transferred, in the lower third of the uterine 

horn. A TE gun was used, taking the straw by the 

end with a cotton seal, with the A.I. technique. 

 

The TE gun was fitted with a sterile 

plastic sleeve to avoid introducing foreign 

bodies and microorganisms into the cow's 

reproductive tract. Epidural anaesthesia (5ml 

Lidocaine 2%) was applied between the sacral 

joints and the first coccygeal vertebra to block 

peristaltic movements and the anal sphincter 

muscle.  

 

 
 

Figure 6 Methodology for embryo transfer  

Own Source 

 

Variables to be measured 

 

The variables Oocytes aspirated, fertilised 

oocytes and transferable blastocysts were 

evaluated. 

 

Statistical analysis 

 

A completely randomised design was used, with 

the experimental unit being 14 cows. 

 

Yij = µ + Ƭi   +  εij  

 

Data were analysed by analysis of 

variance and comparison of means with Tukey's 

test (α ≤ 0.05) using SAS statistical software 

version 9.0. Data for all variables were analysed 

with the statistical package R Development Core 

Team (2019). R: A language and environment 

for statistical computing. A Wilcoxon test was 

performed for non-parametric data between two 

groups.  

 

Results 

 

250 oocytes were retrieved, fertilising 190 and 

obtaining a fertilisation rate of 77%, achieving a 

transferable blastocyst rate of 24% (45/190) 

(Table 1), of which 113 oocytes were retrieved 

from 7 empty females achieving a fertilisation 

rate of 75% (81/113) and a 25% transferable 

blastocyst rate (18/81).  
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From the 7 pregnant females 137 oocytes 

were obtained achieving a fertilisation rate of 

83% (109/137) and 23% transferable blastocysts 

(27/109). Similar fertilisation values of 733% 

and an embryo development rate of 35.1% were 

found in in vitro studies of oocytes collected at 

slaughterhouses (Fernández, Díaz, & Muñoz, 

2007). In Fleckvieh heifers under tropical 

conditions, a blastocyst production rate between 

41 and 58% is reported, with different aspiration 

frequencies in tropical climates (Solís-Corrales, 

Reinaldo, Morales, Ferrante, & Denis García, 

2020).  

 

N
u

m
b

er
 

D
o

n
o
r
 

Id
e
n

ti
fi

ca
ti

o
n

 

O
o

cy
te

 

a
sp

ir
a

te
 

F
e
r
ti

li
se

d
 

O
o

cy
te

s 

%
 

F
e
r
ti

li
se

d
 

E
m

b
ry

o
 

fo
r
ec

a
st

in
g
 

%
 

D
o

n
o
r
 

p
r
o

d
u

c
ti

o
n

 

1 004/01 12 9 75 3 33 

2 372 13 10 77 3 30 

3 647 3 3 100 2 67 

4 19 26 13 50 3 23 

5 393 7 4 57 1 25 

6 273 27 20 74 2 10 

7 20 25 22 88 4 18 

8* 639 15 14 93 4 29 

9* 323 35 30 86 7 23 

10* 509 16 15 99 5 33 

11* 272 20 13 65 2 15 

12* 267 35 27 77 5 19 

13* 618/8 6 5 83 3 60 

14* 1057 10 5 50 1 20 

Total   250 190 77 45 24 

 
Table 1 In vitro embryo production. Rancho 

Bachigualatito S.P.R. de R.L. *Pregnant females  

 

Figure 7 shows the total mean number of 

fertilized oocytes for each treatment, being in 

cows with an average of 11.57 fertilized oocytes 

while, in pregnant cows, the average was 15.57 

oocytes without significant differences 

(P>0.05), observing a greater dispersion of the 

data in pregnant cows. 

 

  
Figure 7 Number of fertilised oocytes per treatment 

 

Figure 8 shows the total mean number of 

transferable blastocysts per treatment. In empty 

cows an average of 2.57 transferable blastocysts 

were obtained while in pregnant cows the 

average was 3.85 blastocysts.  

Similar studies report 3.5 viable oocytes 

and 1.1 blastocysts per cow (Quispe E., Ancco 

G., Solano A., Unchupaico P., & Mellisho S., 

2018). In OPU collection, an average of 4.3 

viable oocytes is reported in Bos Taurus 

(Anchordoquy, y otros, 2013). In general, 

oocytes recovered in vivo after OPU develop 

better to the blastocyst stage than those obtained 

from ovaries in traces (Karadjole, y otros, 2010).  

 

 
 

Figure 8 Number of transferable blastocysts  

  

In studies of aspiration, procurement, selection 

and maturation of oocytes in vitro, it is reported 

that only 40% reach the blastocyst stage and of 

these, between 5 and 20% will produce 

pregnancies (Mayes M. & Sirard M., 2001). In 

the production of embryos, the aim is to make in 

vitro fertilisation more efficient and to mature as 

many oocytes as possible from in vivo aspiration 

in order to make the best use of donors with high 

genetic value without affecting their pregnancy 

status. 
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Conclusions 

 

Follicular aspiration for in vitro fertilisation of 

embryos from pregnant and empty cows is 

feasible without differences between them, 

however, the variability indicates that there are 

more factors that may be interfering and that 

need to be controlled and studied. The results are 

based on the methodology and experience to 

improve the embryo production programme in 

Zebu breeds. 
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Abstract 

 

In order to observe the differences between substrates in the 

production of Yahualica chili pepper (Capsicum annuum) seedling 

and plant, in the field and greenhouse at the University Center of Cs. 

Biological and Agricultural of the University of Guadalajara, this 

investigation was carried out, where six substrates were evaluated: 

Promix-GLX, Promix-FLX, Sunshine-3, Berger-BN2,  Germinaza 

and 50% Germinaza + 50% Earthworm Humus. In seedlings, the 

following were evaluated: Emergence Speed, Emergence 

Percentage, Stem Thickness, Seedling Length, Number of Leaves, 

Fresh Weight Aerial Part, Fresh Weight root, aerial part dry weight 

and root dry weight, and during plant development in field and 

greenhouse: Plant height, and Fresh weight of ripe fruit. Significant 

differences were found between treatments (P≤0.05) in the seedling 

and plant quality variables. Consequently with the mixture of 50% 

Germinaza + 50% Earthworm Humus, Berger BN2 and Sunshine 3, 

the best seedling quality was obtained. And moreover the best plant 

development was observed in the greenhouse, with an average plant 

height of 139 cm and a fresh fruit yield of 651 g. When germinaza 

was combined with earthworm humus (50:50), the results were 

significant to obtain vigorous plants, high percentage of emergence.   

 

 

Substrates, Emergence, Agricultural, Seedling quality, Humus, 

Significant, Capsicum annuum 
 

Resumen 

 

Con el objetivo de observar las diferencias entre sustratos en la 

producción de plántula y planta de chile Yahualica (Capsicum 

annuum), en campo e invernadero del Centro Universitario de Cs. 

Biológicas y Agropecuarias de la Universidad de Guadalajara se 

llevó a cabo esta investigación, donde se evaluaron seis sustratos: 

Promix-GLX, Promix-FLX, Sunshine-3, Berger-BN2,  (Germinaza) 

y 50% Germinaza + 50% Humus de Lombriz. En plántula se evaluó: 

Velocidad de emergencia, Porcentaje de Emergencia, Grosor de 

tallo, Longitud de plántula, Numero de hojas, Peso fresco parte 

aérea, Peso fresco de raíz, Peso seco parte aérea y Peso seco de raíz, 

y durante desarrollo de planta en campo e invernadero, las variables 

fueron: Altura de planta, y Peso fresco de fruto maduro. Se 

encontraron diferencias significativas entre tratamientos (P≤0.05) en 

las variables de calidad de plántula y de planta. La mezcla de 50% 

Germinaza+50% Humus de lombriz, Berger BN2 y Sunshine-3 se 

obtuvo la mejor calidad de plántula. El mejor desarrollo de planta se 

observó en invernadero, con altura de planta promedio de 139 cm y 

un rendimiento de fruto fresco de 651 gr. En el tratamiento de 

germinaza cuando se combinó con humus de lombriz (50:50), los 

resultaron fueron significativos para obtener plántulas vigorosas y 

alto porcentaje de emergencia. 

 

Sustrato, Emergencia, Agricultura, Calidad de plántula, 

Humus, Significancia, Capsicum annuum 
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Introduction 

 

The increase of the world population forces 

mainly the agricultural sector to generate new 

technologies in order to increase the horticultural 

yield per unit area and the quality of food 

products for the demanding market. According 

to Guimarães et al. (2002); Hartmann and Kester 

(2002), in the production of high quality 

vegetables, seedling production is one of the 

most important stages in the crop cycle, since it 

has a significant influence on the responses of 

the plant, from a nutritional and productive point 

of view, given that there is a direct relationship 

between healthy and vigorous seedlings and 

production in the field.  

 

In this respect, Abad and Noguera (2000) 

point out that soil is the natural medium for 

seedling growth, due to various factors such as: 

availability, cost, ease of obtaining, etc. 

However, it is not the most suitable material for 

seedling growth. However, it is not the most 

suitable material for the production of seedlings 

in greenhouses. From an environmental point of 

view, the most important criteria for choosing a 

material as a substrate for soilless cultivation 

are: its durability and its capacity for subsequent 

recycling. One of the most important functions 

of a substrate in a soilless cultivation system is 

to provide an "ideal" environment for the plant 

for root growth and to constitute a suitable base 

for the anchorage or mechanical support of the 

plants. 

 

The selection of the substrate is one of 

the most important factors in providing the 

appropriate conditions for root growth (Ocampo 

et al., 2005). In agriculture, a wide variety of 

substrates are used for seedling production, 

some of the best known being: rice husks, tree 

bark, coffee pulp, coconut fibre, peat, sawdust 

and shavings, sand, gravel, earthworm humus, 

leaf litter, manure, among others (Acosta et al., 

2008). Finding an ideal substrate is a difficult 

task, because each species has different 

requirements, but through experiments it is 

possible to find an optimal substrate that meets 

the minimum conditions required by the species 

to be studied (Oliverio, 2014). According to 

Gomes et al. (2008) and Moreno-Resendez et al. 

(2008), one of the most commonly used 

substrates for the commercial production of 

vegetable seedlings is peat.  

 

 

Its physical, chemical and biological 

characteristics allow excellent germination and 

seedling growth, but its high cost and 

unsustainable exploitation have begun to restrict 

its use (Fernández et al., 2006). However, in 

Mexico there are alternative materials with 

physical and chemical properties that can 

substitute Peat Moss, such is the case of coconut 

powder, whose advantages include its wide 

availability in Mexico and adequate physical and 

chemical properties (Noguera et al. 2003). 

 

One of the main horticultural crops in 

Mexico is the Capsicum annuum chilli, with a 

production of 1.85 million tonnes (López-

Baltazar et al., 2013). The development of poor 

quality seedlings is one of the production factors 

that cause the most problems for producers of 

Yahualica chilli de árbol in the region of the 

crop's denomination of origin (Yahualica, 

Jalisco); seedlings are generally produced in 

seedbeds on the ground and develop very slowly 

due to the poor root system. As a result, many of 

the plants die before they can take root in the soil 

once transplanted and have to be replanted, 

increasing production costs. Although some 

farmers are already producing their seedlings in 

trays and the problem of deficient roots has 

improved, there are still no studies on the best 

substrate available on the market to solve this 

problem. For this reason this work was carried 

out, with the aim of using the results to help 

growers in the selection of the best substrate for 

seedling production of this crop.   

 

Objective 

 

To evaluate the effects of six substrates on 

seedling production and plant productivity of 

Yahualica chile de árbol. 

 

Materials and methods 

 

The research was carried out in experimental 

fields and greenhouses of the CUCBA of the 

University of Guadalajara, in the property Las 

Agujas, municipality of Zapopan, Jalisco, 

located in the central region of the state, in the 

extreme coordinates of 20º25'30'' to 20º57'00'' 

north latitude and 103º19'30'' to 103º39'20'' west 

longitude, at an altitude of 1,548 metres above 

sea level.  
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The climate of the experimental site is 

temperate sub-humid (A) C (w1) to (e) g 

according to the Köppen climate classification, 

with an average annual temperature of 18º to 22° 

C, with an average rainfall of 851 mm and four 

days of frost in January and February (García, 

2004). 

 

Chili fruit collections. With various 

producers in Yahualica, a collection of dry and 

ripe chilli peppers was carried out, with high 

health and good physical appearance. The 

following activities were carried out in the 

CUCBA seed laboratory to ensure that the seed 

to be used had high germination power and 

vigour. 

 

Obtaining pure seed: The dried fruits 

were threshed and the seed was separated from 

the impurities using sieves and wind. The seed 

was sorted through a pneumatic separator to 

obtain seed of high specific weight. 

 

Six substrates were tested in this 

research:  

 

1. Promix GLX : Canadian Sphagnum peat 

(90-95%/vol) 2. Vermiculite - 

horticultural grade; Macronutrients; 

Micronutrients; Dolomitic and Calcitic 

lime; Wetting agent. pH range 5.0 - 6.0 

(SME). Electrical conductivity 0.7 - 1.1 

mmhos/cm (SME). Air porosity: 6-10% 

by volume. Water holding capacity: 70 - 

85% by volume. 

2. Promix FLX: Sphagnum peat moss, 

limestone for pH adjustment and wetting 

agent.  

3. Sunshine: Plug-grade Canadian 

Sphagnum Moss peat, plug-grade 

vermiculite, dolomitic limestone. 

4. Berger BN2: Selected fine-grained peat 

moss of excellent quality, fine-grained 

perlite, fine-grained vermiculite, 

dolomitic and calcitic limestone, non-

ionic humectant, initial charge of 

standard fertiliser for seedlings. 

5. Germinaza: Ground coconut tow 

6. Germinza + earthworm humus: 50% and 

50%. 

 

 

 

 

 

 

 

The research was carried out in two 

stages: 

 

A. Seedling production: 

 

The experiment was set up twice. Using 200-

cavity unicel trays. Three replicates per substrate 

and 100 seeds per replicate were sown under a 

completely randomised design. 

 

According to Reveles (2005), the 

seedling is ready when it has 3 to 4 pairs of true 

leaves and a height between 10 and 12 

centimetres, which is achieved between 40 and 

50 days after sowing.  

Variables measured:.  

 

 As a test of vigour, the variable speed of 

emergence (VE) was measured. This was 

obtained by counting the number of 

seedlings emerged daily after sowing, 

taking as emerged seedlings those that 

protrude from the substrate. The speed of 

emergence was calculated using the 

expression proposed by Maguire (1962): 

 

VE= ∑ 𝑁𝑖𝑛
𝑖=1 /𝑡𝑖  

 

Where: 

 

VE = rate of emergence; Ni= Number of 

seedlings emerged per day; ti=Number of days 

after sowing; n= Number of counts 1, 2....., n 

counts. 

 

 Emergence percentage (EP): total 

number of normal seedlings emerged at 

the end of the test per treatment and 

replicate. 

 

 Seedling length (LP): Measured from the 

insertion of the hypocotyl to the tip of the 

apex of the last leaf. 

 

 Stem thickness (GT): Using a TRUPER 

digital vernier (CALDI-6MP), the 

diameter of the seedling was measured in 

the middle part of the hypocotyl. 

 

 Number of leaves (NH). The number of 

leaves developed above the cotyledons 

was counted. 

 

 Fresh weight and dry weight of aerial 

part and root (PFRA, PFPA, PSRA and 

PSPA) of the seedlings produced: 
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 In each treatment, five subsamples of 10 

seedlings per treatment were weighed to obtain 

both aerial and root fresh weight of the seedlings. 

The seedlings were carefully cleaned by 

separating the aerial part from the roots and 

weighed on an analytical balance. 

 

 For the seedling dry weight test, five 

subsamples of 10 seedlings per treatment 

(representative of each replicate) were tested. 

The stem was then separated from the root, and 

these were placed separately in small brown 

paper bags, then taken to the oven to dry for three 

days at a temperature of 70ºC. After this time 

they were removed from the oven, allowed to 

cool and weighed on an analytical balance to 

obtain the dry weight of each treatment of both 

roots and aerial part. 

 

A. Plant production in the field and 

greenhouse 

 

Under field conditions, 30 seedlings per 

treatment/repetition were sown in a randomised 

block design with three replications. 

 

 In the greenhouse, 12 plants per 

treatment/repetition and with three replicates 

were transplanted into 10 litre pots using 75% jal 

and 25% worm castings as substrate, under a 

completely randomised design. 

 

 In these two environments, the 100% 

Stainer solution, which was prepared from 

calcium nitrate, potassium nitrate, magnesium 

sulphate, potassium sulphate and micronutrients, 

was fertilised using a venturi.  

 

 Both in field and greenhouse conditions, 

the following variables were considered: plant 

height (PA) sampled in two and three phases 

respectively, considering the measurement from 

the base of insertion in the substrate to the tip of 

the last leaves. Total fresh fruit weight (TFFW): 

The sample consisted of 10 plants per treatment 

and repetition, considering that the plant had one 

hundred percent of red fruits. 

 

 Statistical analysis: An analysis of 

variance (ANOVA) was carried out on all the 

variables and, where statistical differences were 

found, a multiple mean test was carried out using 

Tukey's test at 0.05 probability. The SAS 1981 

statistical package was used for this purpose. 

 

 

 

Results and discussion 

 

Seedling production. In research carried out by 

Momirovic et al. (2000), Guzmán and Sánchez 

(2003) and Díaz et al. (2008), the variables 

germination percentage, seedling length, root 

dry weight and aerial part dry weight are 

considered as important variables to evaluate the 

quality of seedlings in chilli. Statistical 

differences (P≤0.01) were observed in the 

variables speed of emergence (VE) and 

percentage of emergence (PE) evaluated during 

two stages. This indicates that at least one 

substrate showed differences with the rest of the 

substrates. With a mean of 83 and 82% in the 

variable percentage of emergence within the two 

evaluations. And a coefficient of variation of 

3.31% and 4.93% respectively considered as 

very good, which gives us an idea of high 

reliability in the results. On the other hand, the 

coefficients of variation of 19.6% and 15.2% 

were obtained for the speed of emergence during 

the two evaluations, and due to the nature of this 

variable, they can be considered as having good 

reliability. 

 

In the variables stem thickness (GT), 

seedling length (LON), aerial part fresh weight 

(PFPA), root fresh weight (PFRA), aerial part 

dry weight (PSPA) and root dry weight (PSRA), 

statistical differences were found (P≤0.01) 

between the substrates evaluated, only in the 

variable number of leaves (NH) there were no 

statistical differences. 

 

Means of 2.1 g, 11.45 mm, 9.7, 6.26 g, 

2.97 g, 0865 g, and 0.291g respectively were 

observed in the variables stem thickness, 

seedling length, number of leaves, aerial part 

fresh weight, root fresh weight, aerial part dry 

weight, and root dry weight. And with 

coefficients of variation that give reliability to 

the results. 

 

Mean test: 

 

a) Variable speed of emergence (as a measure 

of vigour) and percentage of emergence 

 

In table 1 for the variable speed of emergence, it 

was observed that the greatest vigour was 

presented with the combined substrate of 50% 

germination and 50% earthworm humus in the 

two tests carried out.  
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This was followed by the sunshine, 

Berger BN2 and germination treatments. It was 

observed that the substrate Promix FLX and 

Promix GTX had a negative effect on the speed 

of seedling emergence by obtaining very low 

vigour values (Table 1). 

 

In the two tests for the variable 

percentage of emergence, the substrates 50% 

germination + 50% earthworm humus, Berger 

BN2 and germination (Table 1) stood out, with 

emergence percentages of over 88%, while the 

lowest number of emerged plants corresponded 

to Promix FLX and Promix GTX, with 

germination averages of 56 and 74%. These two 

variables evaluated are the basis of horticultural 

crop production, as seedlings of high vigour and 

germination are needed to ensure high yields in 

the field. As reported by Andrade-Rodriguez et 

al. (2008) when using different substrates for 

papaya seedling production, they found that 

substrates in which earthworm humus was used 

produced better seedling growth.  

 

b). Variable seedling length, stem thickness 

and number of leaves 

 

In the variable stem length, according to graph 1, 

a marked difference is observed between the six 

substrates evaluated, where the best substrate 

corresponded to 50% germination + 50% 

earthworm humus and Berger BN2; while the 

germination substrate had the smallest seedlings. 

These results are in contrast to García et al. 

(2001), who tested substrates with rice husk, 

coconut fibre, pine bark, peat, and garden 

compost combined with inorganic materials, and 

found higher productivity and quality of 

Epipremnum aureum and Spathiphyllum wallisii 

plants when using coconut fibre, peat and peat 

with agrolite.  

 

On this point, Velasco-Velasco et al. 

(2001) point out that the improvement observed 

in the growth of seedlings by adding earthworm 

humus to the germination substrate suggests that 

it can be used as a biofertiliser, thus reducing the 

use of chemical fertilisers. It is also considered 

to improve the soil as it provides organic matter 

and modifies physical and chemical properties 

(López-Moctezuma et al., 2005). 

 

Ortega-Martínez et al. (2010), found that 

the variable seedling length in tomato, the 

information obtained at 30 days expressed 

significant differences.  

The seedlings with the greatest height 

were obtained in earthworm humus (17 cm) and 

peat (15 cm) followed by those grown in sawdust 

(12 cm). On the other hand, the treatment 50% 

germinza + 50% earthworm humus compared to 

the treatment with only germinza (where small 

and chlorotic seedlings were obtained) showed 

that the addition of earthworm humus to the 

latter had a significant effect on seedling growth 

and seedling colouring.  

 

Andrade-Rodriguez et al. (2008), in a 

study of papaya seedling production, the 

smallest seedlings were obtained when grown on 

coconut fibre/sawdust/agrolite (5:2.5:2.5) and 

coconut fibre/sawdust (7:3), where the seedlings 

showed general chlorosis due to the phenols 

released by the coconut fibre. 

 

In the variable stem thickness, the 

highest value of the seedling was observed in the 

Promix FLX treatment (2.51 mm); and the 

lowest thickness was observed in the 

germination substrate (Figure 1), showing a 

value of 1.83 mm; which when compared with 

the substrate where worm castings were added, 

an increase in stem thickness of 2.2 mm was 

obtained (Figure 1). In this regard, Ortega-

Martínez et al. (2010) found that the substrates 

worm castings, peat and sawdust significantly 

favoured a greater development in stem 

thickness. As for the number of leaves, as shown 

in graph 2, the lowest value was found in the 

germination treatment. However, when worm 

castings were added to this treatment, there was 

an increase in the number of leaves (from 8.6 to 

11.07).  

 

In this regard, Velasco-Velasco et al. 

(2001), studied the effect of the incorporation of 

earthworm humus and observed that it had a 

positive effect on the photosynthesis rate, dry 

matter accumulation and yield of tomato husk. 

According to Larqué-Saavedra et al. (2010), 

Parra-Terraza et al. (2010), and Berrospe-Ochoa 

et al. (2012), tomato seedlings at 31 to 35 d of 

age presented on average between three and 

eight leaves. Ortega-Martínez et al. (2010). They 

point out that in an investigation with tomato, the 

number of leaves produced by the seedlings in 

the period analysed, had significant differences 

caused by the treatments under study, of which 

the worm humus substrate achieved the highest 

number of leaves (7).  
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Thus, the results obtained, as well as 

previous research, indicate the need to use in the 

substrates some component that provides 

nutrients for plant growth, in addition to 

adequate support. 

 

c). Variables Fresh weight and dry weight of 

the aerial part and roots 

 

In these variables, the sunshine substrate 

presented the highest values in comparison with 

the others, followed by the substrates Promix 

FLX, Berger BM2, Promix GTX and worm 

castings 50% + germinaza 50% (Table 2). While 

the substrate germinaza showed the lowest 

values in these four variables. In this regard, 

Ortega-Martínez et al. (2010), in an investigation 

with various substrates and in tomato 

cultivation, the dry weight of tomato seedlings 

showed significant statistical differences, where 

the best substrates were peat and earthworm 

humus followed by sawdust. 

 

Higher dry matter accumulation 

indicates better seedling quality for transplanting 

and higher rooting percentage (Herrera et al., 

2008; Rosca, 2009). According to Muñoz 

(2002), it seems that one of the best parameters 

is the dry matter (DM) content, so the higher the 

dry matter content, the more resistant the plant is 

to stress. It is clear that the D.M. content has a 

significant influence on the rooting of the plant. 

This will favour the development and proper 

growth of the other vegetative structures of the 

seedlings, such as leaf area weight, number of 

leaves and stem thickness. 

 

Plant production and development under 

greenhouse and field conditions: In the analysis 

of variance, statistical differences were found in 

all the variables studied. In terms of plant height 

in the greenhouse, a greater average was 

achieved than in the field (135 cm and 109 cm 

respectively), and a greater yield of fresh fruit 

compared to that obtained in the field (651 g to 

588 g respectively). In this regard, Bowman and 

Paul (1983) point out that there are differences 

between a plant grown in the field compared to 

one grown in a pot, which is generally exposed 

to a more stressful and constantly changing 

environment. Where the volume of a pot is 

limited, the substrate and its components must 

possess physical and chemical characteristics 

which, combined with a comprehensive 

management programme, allow optimum 

growth. 

 

Comparative test of means  

 

a) Plant height 

 

Greenhouse: In the greenhouse area, two 

samples of plant height were taken in June 

(beginning of flowering) and in October 

(harvest). In the field, three samples were taken. 

Two in June and one in October (harvest). 

 

As can be seen in graph 3, the plants from 

the substrates 50% Germinaza + 50% earthworm 

humus, Sunshine and Berger BN2 obtained the 

greatest heights (145, 145 and 140 cm 

respectively). While the Germinaza and Promix 

GTX treatments had the lowest plant heights 

(123 and 121 cm respectively). 

 

Field 

 

During the first two sampling dates the plant 

height of the six treatments remained constant 

(very similar data), but on the third date we 

found a marked difference between Germinaza 

and Promix FLX with values of 113 and 99 cm 

respectively. While, Promix FLX, Berger BN2, 

50% Germinaza + 50% earthworm humus, 

Promix GTX, and Sunshine and showed the 

highest and very similar values in plant height at 

harvest (113, 113, 112, 109, and 109 cm 

respectively) (Figure 4). 

 

Comparison of greenhouse and field plant 

height 

 

When comparing the heights at harvest (fresh 

fruit) between greenhouse and field conditions, 

a marked difference is observed in the values 

obtained (Figure 5). Here, higher values can be 

seen in this variable under greenhouse 

conditions. Three groups of significance were 

formed: A AB and B, where the highest value 

corresponds to 50% Germinaza + 50% worm 

humus, Sunshine and Berger BN2, grouped in 

significance group A, and in group B the lowest 

value corresponds to Promix GTX and 

Germinaza. Under field conditions, three 

significance groups were also formed: A AB and 

B. The Germinaza treatment was placed in group 

B, it was the treatment with the lowest height 

(Figure 5). The highest values in the field were 

found in group A with the substrates Promix 

FLX, Berger BN2, and 50% Germinaza+50% 

earthworm humus. These last two treatments 

showed the most stable behaviour in the two test 

environments. 
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According to Muñoz (2002), the 

environmental conditions inside the greenhouse 

are relatively homogeneous and controlled, but 

outside in the final environment they will be very 

heterogeneous and not very or not at all 

controllable. This is demonstrated by the fact 

that a lower coefficient of variation was obtained 

in the greenhouse than in the field (4.2% and 

5.2% respectively). 

 

Fresh fruit weight: In this variable under 

field conditions, the best treatment corresponded 

to Berger BN2 (855 g), 50% Germinaza + 50% 

earthworm humus (840 g), and Promix GTX 

(614 g), and the lowest harvest value (420 g) was 

observed in the Sunshine substrate. While, in the 

greenhouse, the highest value (1163 g) was 

observed in the 50% germination and 50% worm 

castings treatment, followed by Sunshine (1011 

g), and Berger BN2 (937 g). The lowest weights 

were observed in the plants from the Germinaza 

and Promix GTX substrates (Figure 6). In both 

environments, the 50% Germinaza+50% worm 

castings treatment stood out. In this regard, 

Domínguez et al. (2010) point out that it has 

been shown that the addition of earthworm 

humus to soils and substrates considerably 

increases the growth and productivity of a large 

number of horticultural crops.  

 

According to graph 6, there are marked 

differences in fresh fruit weight in the two 

environments. In the greenhouse, yields were 

much higher than those obtained in field 

conditions, due to the fact that greenhouse crop 

production reduces the effects of extreme 

climates, allows the production of vegetables 

throughout the year and increases quality and 

yield (Rojas and Paniagua, 2015). 

 

In graph 6, it is observed that the 

Sunshine treatment, despite showing a high 

weight in the greenhouse, had a significant drop 

when produced in the field. In this regard, 

Bowman and Paul (1983) point out that there are 

many differences in a field crop and another in 

greenhouses and pots. In greenhouses, 

temperatures and humidity are controlled, 

favouring yields and crop development. Nesmith 

and Duval (1998), point out that the variability 

of models associated with the use of certain 

substrates implies different morphological and 

physiological responses in the field or in the 

greenhouse. 

 

 

A quality seedling is one that has good 

root development, a vigorous stem, no chlorosis, 

and is free of pests and diseases. To overcome 

transplanting stress, it must have adequate root 

capacity for water and nutrient uptake, as well as 

the ability to generate new roots. The growth rate 

is reduced when low quality seedlings are used 

(Leskovar, 2001). In this regard, Pérez et al. 

(2007), in a study with maize varieties, observed 

a positive correlation between vigour variables 

and grain yield and its components. The 

variables best correlated with vigour were speed 

of emergence, length and mesocotyl dry weight. 

In this greenhouse study, jal and worm humus 

were used as substrate (75% and 25%, 

respectively).  

 

The addition of worm humus in the 

growth medium and the consequent increase of 

nutrients in the tissue has been observed in 

studies with various vegetables, attributing this 

increase to the presence of nutrients in the worm 

humus, as well as to the high cation exchange 

capacity it possesses, in addition to high 

moisture retention (Pérez-Murcia et al, 2006; 

Grigatti et al., 2007). Due to these properties 

attributed to the composted materials, the 

addition of 100% Steiner's nutrient solution 

improved plant development. For their part, 

Ramos et al. (2011) report that the application of 

worm humus, in addition to adding organic 

matter, which influences aeration, humidity and 

resistance of degrading soils, improves the 

capacity to regulate pH and CEC, as well as 

favouring the availability of phosphorus, 

potassium, iron and manganese in the crop.  

 

Conclusions 

 

Differences were found in the behaviour of the 

substrates with respect to Yahualica chilli 

seedling quality, where the highest seedling 

quality was achieved with the substrates 50% 

germination + 50% earthworm humus, 

Sunshine, and Berger BN2.  

 

In the greenhouse, plant development 

reached the highest values for plant height and 

fresh fruit weight. Under greenhouse conditions, 

mean plant height values of 135 cm and fresh 

fruit weight of 652 g were obtained. In the field, 

mean plant height values were 109 cm. And with 

an average fresh fruit weight of 588 g. 
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In the greenhouse, the plants produced in 

the substrates 50% Germinaza+50% worm 

castings, Sunshine and Berger BN2 stood out for 

their height. In field conditions, seedlings 

produced on the substrates Promix FLX, Berger 

BN2 and 50% Germinaza + 50% earthworm 

humus stood out. 

 

In terms of fresh fruit yield, the plants 

produced from the substrates 50% Germinaza + 

50% earthworm humus, Sunshine and Berger 

BN2 achieved the highest yields under 

greenhouse conditions. In the field, the 

substrates Berger BN2 and 50% 

Germinaza+50% worm castings stood out. 

 

Annexes 

 
Treatments Emergency 

Speed (1) 

Emergency 

Speed (2) 

Emergency 

Percentage 

(1) 

Emergency 

Percentage 

(2) 

Promix GLX 22.61 a 22.66 c 74.00 c 75.33 c 

Promix FLX 8.38   b 09.64 d 60.00 d 52.00 d 

Sunshine 31.56 a 31.33 

abc 

86.00 b 86.00 bc 

BergerBN2 31.46 a 34.80 ab 93.00 ab 93.33 ab 

Germinaza 27.25 a 25.92 bc 88.33 b 88.33 ab 

Germinaza 

50%+Wormwormworm 

compost 50%. 

36.75 a 39.75 a 97.67 a 97.67 a 

DMS 14.18 11.41 7.56 11.01 

 
Where: Means with the same letter within columns are 

statistically equal, according to Tukey's test (p≤ 0.05), LSD= 

Least Significant Difference. 

 
Table 1 Comparative test of means (Tukey at 0.05 

probability) for the variables speed of emergence (first and 

second evaluation) and the variable percentage of 

emergence (first and second evaluation) in the six 

substrates evaluated 

 
Tratamientos PFPA PFRA PSPA PSRA 

Promix GLX 5.54 bc 2.36  b 0.628 c 0.212 b 

Promix FLX 6.26 abc 2.74  b 0.766 bc 0.262 b 

Sunshine 7.70 a 4.7 a 1.130 a 0.412 a 

BergerBN2 7.10 ab 2.84  b 0.958 ab 0.280 b 

Germinaza 2.80 d 1.00  c 0.453  d 0.185 c 

Germinaza 

50%+Humus lombriz 

50% 

4.64 c 2.22  b 0.856 b 0.290 b 

DMS 1.85 0.99 0.20 0.08 

 
Where: Means with the same letter within columns are 

statistically equal, according to Tukey's test (p≤ 0.05), 

LSD= Least Significant Difference. 

 

Table 2 Comparative test of means (Tukey at 0.05 

probability) for the variables fresh weight of aerial part 

(PFPA), fresh weight of root (PFRA), dry weight of aerial 

part (PSPA), and dry weight of root (PSRA) in the six 

substrates evaluated 

 

 

 

 

 

 

 
a 

 
b 

 
Graph 1. a) Variable seedling length (cm) and b) variable 

stem thickness (mm) in the six treatments evaluated 

 

 
 

Graph 2 Variable number of leaves in the six treatments 

evaluated in Yahualica chile seedlings 

 

 
 
Graph 3 Variable plant height (cm) on two sampling dates 

for the six substrates evaluated under greenhouse 

conditions 
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Graph 4 Variable plant height (cm) during three dates in 

the six substrates evaluated in the field 

 

 
 

Graph 5 Comparison of the variable plant height (cm) at 

harvest between greenhouse and field for the six 

treatments evaluated. Means with the same letter within 

columns are statistically equal 

 

 
 

Graph 6 Variable fresh fruit weight (gr) at harvest for the 

six treatments evaluated under field and greenhouse 

conditions 
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Abstract 

 

The generation of agro-industrial waste in recent years 

has caused a worldwide problem, which is why the 

concern arises to take advantage of its components to be 

used, since said waste can be treated until the negative 

impact that its disposal could generate is reduced; 

turning them into a useful and value-added product. The 

objective of this project is to take advantage of the agro-

industrial residues of the orange to obtain bioalcohol, 

essential oils and activated carbon, beginning with the 

collection of the residues in orchards and industries and 

through a pre- treatment to them, of which a part passes 

to a fermentation process with Saccharomyces 

cerevisiae and the 2nd. Part, it goes through an 

extraction process by hydrodistillation, the waste 

obtained from the previous processes is used to obtain 

activated carbon, in this way we generate a secondary 

product that benefits said process by significantly 

reducing any residue. 

 

 

 

Agroindustrial Waste, Essential Oils, Activated 

Carbon, Bioalcohol. 

 

Resumen 

 

La generación de residuos agroindustriales en los 

últimos años ha provocado una problemática a nivel 

mundial, por lo que surge la inquietud de aprovechar sus 

componentes para ser utilizados, ya que dichos residuos 

pueden ser tratados hasta reducir el impacto negativo 

que su disposición pudiera generar; convirtiéndolos en 

un producto útil y de valor agregado. El objetivo de este 

proyecto es aprovechar los residuos agroindustriales de 

la naranja para la obtención de bioalcohol, aceites 

esenciales y carbón activado, iniciando con la 

recolección de los residuos en huertas e industrias y 

mediante un pretratamiento a los mismos, de los cuales 

una parte pasa a un proceso de fermentación con 

Saccharomyces cerevisiae y la 2a. parte, pasa a un 

proceso de extracción por hidrodestilación, los 

desechos obtenidos de los procesos anteriores son 

usados para la obtención de carbón activado, de esta 

manera generamos un producto secundario que 

beneficia dicho proceso al disminuir significativamente 

cualquier residuo. 

 

Residuo Agroindustrial, Aceites Esenciales, Carbón 

Activado, Bioalcohol. 
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Introduction 

 

Agro-industrial waste is generated by the 

different food and agricultural industries and is 

generally not of interest in the process that 

generates it. In recent years, several 

environmental problems have been linked to its 

generation, there is a benefit in implementing 

processes that allow an efficient and integral use 

of waste, so the concern arises to take advantage 

of its components to be used, since agro-

industrial waste can be treated to reduce the 

negative impact that its disposal could generate; 

turning it into a useful and value-added product. 

In Nuevo León, orange production is 4.9% with 

326,000 tonnes, and the waste generated by 

orange production is peel and syrup. Oranges 

contain fermentable sugars such as glucose, 

fructose and sucrose as well as insoluble 

polysaccharides. 

 

Use the solid residues from the processes 

involved: 

 

1. Those generated from the fermentation 

of oranges. 

2. Those generated from the extraction of 

the essential oil. 

 

Using them to obtain activated carbon 

and thus eliminate the waste in order to reduce 

the polluting effects caused by the accumulation 

of this waste. 

 

In the disposal of citrus waste, between 

45 and 60% of its weight is obtained as waste 

and is distributed in: peels (50 to 55% of the 

waste), peel (30 to 35%) and seeds (about 10%) 

(Garzón and González, 2012). This results in 

high quality residues during processing. 

 

In 2014, the University of Antioquia 

demonstrated that orange peels are suitable for 

ethanol production because they contain high 

concentrations of soluble sugars; they are rich in 

soluble sugars and have a high content in sugars 

that can be used in the production of ethanol 

soluble sugars; they are rich in fermentable 

sugars such as glucose, fructose and sucrose. 

 

Orange peels are particularly suitable for 

conversion to biofuels such as ethanol because 

of their polymer content and soluble and 

insoluble carbohydrate content, low lignin 

content and high concentrations of fermentable 

sugars such as glucose, fructose and sucrose. 

Orange contains 9.35g/100g 

corresponding to sucrose, dextrose and levulose, 

protein 0.9g/100g, fat 0.1g/100g. The highly 

aromatic peel (exocarp) contains an essential oil 

rich in flavonoids. 

 

Lignocellulosic orange residues produce 

activated charcoal by pyrolysis through 

impregnation by chemical dehydrating agents, 

carbonised at low cost, but with textural 

properties suitable for environmental uses. 

Agro-industrial waste is usually produced in 

large quantities, so if it is not disposed of or 

managed properly, it can generate environmental 

pollution. 

 

Our geographical area belongs to the 

citrus-growing region, being the orange the most 

consumed in the municipality of Cadereyta 

Jiménez, Nuevo León, mainly used in the food 

industry to obtain products such as juices or non-

carbonated beverages. 

 

Companies do not usually take full 

control of their waste, causing a serious problem 

for society such as the increase of greenhouse 

gases, soil contamination and the production of 

carbon footprint. Small companies on the other 

hand do not have the knowledge or resources to 

sustain a correct management and handling of 

waste, therefore, they discard orange peels, 

without having taken full advantage of the 

properties that they have, generating bad odour, 

generating bad smell, and even causing the waste 

to be discarded. 

  

This generates a bad smell, an infestation 

of flies (or other animals) or even the 

incineration of the material, increasing global 

warming. 

 

Hence, the need to carry out a sustainable 

project that allows an: Integral use of agro-

industrial orange waste and use the total solid 

waste derived from the processes of oil 

extraction and alcoholic fermentation, for an 

application as activated carbon, as it has 

countless applications in the fields of: medicine, 

the biopharmaceutical industry and the 

environment. 
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Development of the sections: 

 

1. Collection of agro-industrial waste  

 

The orange waste is collected from orchards, 

small juiceries in the municipality of Cadereyta. 

 

2. Treatment of agro-industrial waste 

 

The collected oranges are washed with potable 

water to remove unwanted matter. They are then 

sorted to discard the rotting material. They 

undergo a size reduction process to obtain 

squares of approximately 1 cm on each side, then 

they are dried in an oven at a temperature of 

60°C for 72 hours until they are free of moisture 

and then ground to obtain a flour. 

 

3. Alcoholic fermentation 

 

A scheme is designed for the fermentation stage 

of the process, which allows varying the amount 

of yeast (0.10, 0.12, 0.15, 0.20) %, as well as the 

fermentation time (4, 5, 6 and 7) days 

respectively (see Table 1). In a container, 0.5 kg 

of previously crushed orange is added with 4 L 

of water, 0.1 to 0.2% of previously diluted yeast 

is added, an airlock valve is placed in the upper 

part of the container, the resting time for the 

fermentation process is 4 to 7 days, with a 

temperature range of 25°C. (See Table 1). After 

fermentation, the solids are separated (for later 

use) by a rapid filtration process and the filtered 

liquor is distilled by a simple distillation process 

to separate the alcohol. 

  

4. Extraction of essential oils 

 

A scheme for the extraction of essential oils by 

hydrodistillation is designed, with 60 g of 

sample and a time of 6 hr at 98°C, then filtered, 

the solid residues are dried at 60°C for 8 hr and 

then fermented. (See Table 2). 

 

5. Obtaining activated carbon 

 

For this stage a scheme is designed starting with 

the collection of the dry solid residues from the 

alcoholic fermentation and essential oil 

extraction processes, then we move on to 

chemical activation which is impregnation with 

an activating agent which in this case is 

phosphoric acid (H3PO4) at 30%, followed by 

agitation at 100°C for 2 hours followed by 

washing with distilled water and finally drying 

at 200°C for 4 hours (see Table 3). (See Table 

3). 

 
 
Figure 1 Obtaining bioalcohol  

 
Ensayo 

(No.) 

Residuo 

(Kg) 

Agua 

(L) 

Azucares 

(°Brix) 

S.cerevisiae 

(%) 

Tiempo     de 

fermentacion 

(día) 

Alcohol 

(%) 

1 0.5 4 13 0.1 4.0 1.8 

2 0.5 4 13 0.1 4.0 1.9 

3 0.5 4 13 0.1 4.0 1.8 

4 0.5 4 13 0.12 5.0 2.13 

5 0.5 4 13 0.12 5.0 2.2 

6 0.5 4 13 0.12 5.0 2.16 

7 0.5 4 13 0.15 6.0 2.5 

8 0.5 4 13 0.15 6.0 2.65 

9 0.5 4 13 0.15 6.0 2.5 

10 0.5 4 13 0.2 7.0 3.0 

11 0.5 4 13 0.2 7.0 2.9 

12 0.5 4 13 0.2 7.0 3.0 

 
Table 1 Bioalcohol used in the production of variables 
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Figure 2 Oil production. 

 
Essay Orange 

waste (g) 

Amount of 

water (mL) 

Essential 

oils (mL) 

1 65.0 500.0 5.0 

2 65.0 500.0 4.8 

3 200.0 600.0 15.0 

4 200.0 600.0 15.2 

 

Table 2 Variables used in the production of oils 

 
Essay Process 

waste 

(Kg) 

Phosphoric 

acid 30% 

(L) 

Distilled 

water (L) 

Activated 

Charcoal 

(g) 

1 0.1 0.250 0.4 45 

2 0.1 0.250 0.4 48 

3 0.1 0.250 0.4 47 

 
Table 3 Variables used in the production of activated 

carbon 

 

Methodology to be developed 

 

1. Collection of agro-industrial waste  

 

This starts with a plan to visit the small orchards 

and juice plantations in the municipality of 

Cadereyta, to establish the criteria for accepting 

their agro-industrial waste and to observe its 

viability for the processes, thus managing a 

permit to apply for it, for transfer to the 

processing site. 

 

2. Treatment of agro-industrial wastes 

 

This starts with the criterion of using oranges 

that are not in a state of putrefaction free of mud, 

leaves, animals, etc. They are then washed with 

potable water to remove unwanted matter.  

 

They are then reduced in size to obtain 

squares of approximately 1 cm on each side, 

after which they are dried in an oven at a 

temperature of 60°C for 72 hours until they are 

free of moisture, and then ground to obtain a 

flour using an industrial blender. 

 

3. Alcoholic fermentation 

 

A scheme is designed for the fermentation 

process stage, which allows to vary the amount 

of Saccharomyces cerevisiae yeast (0.10, 0.12, 

0.15, 0.20) %, as well as the fermentation time 

(4, 5, 6 and 7 days respectively) fermentation 

time (4, 5, 6 and 7) days, respectively (See Table 

1) 

 

In a biological reactor, 0.5Kg of 

previously crushed orange is added with 4L of 

water, 0.1 to 0.2% of previously diluted yeast is 

added, an airlock valve is placed at the top of the 

reactor, the resting time for the fermentation 

process is 4 to 7 days, in a heating bath with a 

temperature of 25°C. (See Table 1). 

 

After fermentation, the solids are 

separated (for further use) by a rapid filtration 

process and the filtered liquor is distilled by a 

simple distillation process to separate the 

alcohol. The solid residues obtained from this 

process are dried in a Shel lab oven at 60°C for 

8 hours. 

 

4.  Extraction of essential oils 

 

A scheme is designed for the extraction of 

essential oils by hydrodistillation, in a 1000mL 

Florence flask, 400mL of water is added with 60 

g of sample, which is previously cut and dried, 

in a time of 6 hrs. at 98°C, the content of 

essential oils is determined by the following 

process.is obtained by density difference with 

the help of a separating funnel. 

 

The solid residue from this process is 

filtered and dried in a Shel lab oven at 60°C for 

8 hours to be taken to the next process. 

 

5. Obtaining activated carbon 

 

For this stage a scheme is designed, starting with 

the collection of the dry solid waste from the 

alcoholic fermentation and essential oil 

extraction processes, it is weighed and we move 

on to chemical activation, which is by 

impregnation with an activating agent, in this 

case phosphoric acid (H3PO4) at 30%,  
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Then it is taken to the carbonisation stage 

in the Termoscientific muffle at 380°C for 2 

hours, followed by washing with distilled water 

in order to eliminate the remains of the acid until 

a neutral pH is reached, and finally it is dried at 

60°C for 24 hours in the Shel lab oven. 
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Conclusions 

 

Agro-industrial wastes are organic in nature and 

are practically sorted at source, which facilitates 

their recycling, thus transforming "a problem 

into an opportunity". 

 

The general objective is fulfilled with 

satisfactory results, however, one of the 

challenges of this research is to make the 

processes more efficient and to characterise the 

products from agro-industrial waste, in order to 

find their possible applications. 

 

Therefore, we can conclude that through 

biotechnology it is possible to bioconvert agro-

industrial orange waste by means of direct 

extraction processes (hydrodistillation), 

microbial transformation (fermentation) and/or 

chemical transformation (activated carbon) into 

commercial products with higher added value 

and greater impact, with the intention of 

improving environmental quality through 

technologies oriented towards a sustainable 

transformation of natural resources. 

 

Therefore, it is concluded that, from the 

agro-industrial waste of the Cadereyta, Nuevo 

León orange, and according to the results 

observed: 

 

 

 

 

 

With an initial pH between 3.0 and 4.0, 

adding yeast from 0.10 to 0.20% and extending 

the fermentation time allows us to obtain a 

greater amount of alcohol, which increases from 

1.8 to 3.0% respectively; however, the search 

continues for an alternative methodology that 

will give us a higher percentage of alcohol, for 

its characterisation and future applications that 

will mainly benefit our community. In addition, 

the percentage of essential oils obtained is in a 

very favourable range (0.1 to 0.2%) per 100g of 

orange. To culminate the processes of this 

project, apart from obtaining alcohol and oils, it 

opens up the possibility of using the waste from 

the previous processes to obtain an activated 

carbon. 
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