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REVISTA MEXICANA DE CIENCIAS PECUARIAS

La Revista Mexicana de Ciencias Pecuarias es un érgano
de difusion cientifica y técnica de acceso abierto, revisada
por pares y arbitrada. Su objetivo es dar a conocer los
resultados de las investigaciones realizadas por cualquier
institucion cientifica, relacionadas particularmente con las
distintas disciplinas de la Medicina Veterinaria y la
Zootecnia. Ademas de trabajos de las disciplinas indicadas
en su Comité Editorial, se aceptan también para su
evaluacion y posible publicacién, trabajos de otras
disciplinas, siempre y cuando estén relacionados con la
investigacion pecuaria.

Se publican en la revista tres categorias de trabajos:
Articulos Cientificos, Notas de Investigacion y Revisiones
Bibliograficas (consultar las Notas al autor); Ia
responsabilidad de cada trabajo recae exclusivamente en
los autores, los cuales, por la naturaleza misma de los
experimentos pueden verse obligados a referirse en
algunos casos a los nombres comerciales de ciertos
productos, ello sin embargo, no implica preferencia por los
productos citados o ignorancia respecto a los omitidos, ni
tampoco significa en modo alguno respaldo publicitario
hacia los productos mencionados.

Todas las contribuciones seran cuidadosamente evaluadas
por arbitros, considerando su calidad y relevancia
académica. Queda entendido que el someter un
manuscrito implica que la investigacion descrita es Unica
e inédita. La publicacién de Rev. Mex. Cienc. Pecu. es

trimestral en formato bilingiie Espaiiol e Inglés. El costo
total por publicar es de $ 7,280.00 mas IVA por manuscrito
ya editado.

Se publica en formato digital en acceso abierto, por lo que
se autoriza la reproduccion total o parcial del contenido de
los articulos si se cita la fuente.

El envio de los trabajos de debe realizar directamente en el sitio
oficial de la revista. Correspondencia adicional debera dirigirse al
Editor Adjunto a la siguiente direccién: Calle 36 No. 215 x 67 y 69
Colonia Montes de Amé, C.P. 97115 Mérida, Yucatan, México.
Tel/Fax +52 (999) 941-5030. Correo electronico (C-ele):
rodriguez_oscar@prodigy.net.mx.

La correspondencia relativa a suscripciones, asuntos de
intercambio o distribucion de niUmeros impresos anteriores, debera
dirigirse al Editor en Jefe de la Revista Mexicana de Ciencias
Pecuarias, Campo Experimental Mococha, Km. 25 Antigua
Carretera  Mérida—Motul, Mococha, Yuc. C.P. 97454;
garcia.arturo@inifap.gob.mx o arias.alfonso@inifap.gob.mx.

Inscrita en la base de datos de EBSCO Host y la Red de Revistas
Cientificas de América Latina y el Caribe, Espafia y Portugal
(RedALyC) (www.redalyc.org), en la Red Iberoamericana de
Revistas Cientificas de Veterinaria de Libre Acceso
(www.veterinaria.org/revistas/ revivec), indizada en el “Journal
Citation Report” Science Edition del ISI (http://thomsonreuters.
com/) y en los Indices SCOPUS y EMBASE de Elsevier
(www.elsevier.com)

VISITE NUESTRA PAGINA EN INTERNET
Articulos completos desde 1963 a la fecha y Notas al autor en: http://cienciaspecuarias.inifap.gob.mx

Revista Mexicana de Ciencias Pecuarias is an open access
peer-reviewed and refereed scientific and technical
journal, which publishes results of research carried out in
any scientific or academic institution, especially related to
different areas of veterinary medicine and animal
production. Papers on disciplines different from those
shown in Editorial Committee can be accepted, if related
to livestock research.

The journal publishes three types of papers: Research
Articles, Technical Notes and Review Articles (please
consult Instructions for authors). Authors are responsible
for the content of each manuscript, which, owing to the
nature of the experiments described, may contain
references, in some cases, to commercial names of certain
products, which however, does not denote preference for
those products in particular or of a lack of knowledge of
any other which are not mentioned, nor does it signify in
any way an advertisement or an endorsement of the
referred products.

All contributions will be carefully refereed for academic
relevance and quality. Submission of an article is
understood to imply that the research described is unique
and unpublished. Rev. Mex. Cien. Pecu. is published
quarterly in original lenguage Spanish or English. Total fee
charges are US $ 425.00 per article in both printed
languages.

Part of, or whole articles published in this Journal may be
reproduced, stored in a retrieval system or transmitted in
any form or by any means, electronic, mechanical,
photocopying or otherwise, provided the source is
properly acknowledged.

Manuscripts should be submitted directly in the official web site.
Additional information may be mailed to Associate Editor, Revista
Mexicana de Ciencias Pecuarias, Calle 36 No. 215 x 67 y 69 Colonia
Montes de Amé, C.P. 97115 Mérida, Yucatan, México. Tel/Fax +52
(999) 941-5030. E-mail: rodriguez_oscar@prodigy.net.mx.

For subscriptions, exchange or distribution of previous printed
issues, please contact: Editor-in-Chief of Revista Mexicana de
Ciencias Pecuarias, Campo Experimental Mococha, Km. 25 Antigua
Carretera  Mérida—Motul, Mococha, Yuc. C.P. 97454;
garcia.arturo@inifap.gob.mx or arias.alfonso@inifap.gob.mx.

Registered in the EBSCO Host database. The Latin American and
the Caribbean Spain and Portugal Scientific Journals Network
(RedALyC) (www.redalyc.org). The Iberoamerican Network of free
access Veterinary Scientific Journals (www.veterinaria.org/
revistas/ revivec). Thomson Reuter’s “Journal Citation Report”
Science Edition (http://thomsonreuters.com/). Elsevier ‘s SCOPUS
and EMBASE (www.elsevier.com) and the Essential Electronic
Agricultural Library (www.teeal.org)
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NOTAS AL AUTOR

La Revista Mexicana de Ciencias Pecuarias se edita
completa en dos idiomas (espafiol e inglés) y publica tres
categorias de trabajos: Articulos cientificos, Notas de
investigacion y Revisiones bibliograficas.

Los autores interesados en publicar en esta revista
deberan ajustarse a los lineamientos que mas adelante se
indican, los cuales, en términos generales, estan de
acuerdo con los elaborados por el Comité Internacional de
Editores de Revistas Médicas (CIERM) Bol Oficina Sanit
Panam 1989;107:422-437.

1.

Soblo se aceptaran trabajos inéditos. No se admitiran
si estan basados en pruebas de rutina, ni datos
experimentales sin estudio estadistico cuando éste
sea indispensable. Tampoco se aceptaran trabajos
que previamente hayan sido publicados condensados
0 in extenso en Memorias o Simposio de Reuniones o
Congresos (a excepcion de Resimenes).

Todos los trabajos estaran sujetos a revision de un
Comité Cientifico Editorial, conformado por Pares de
la Disciplina en cuestion, quienes desconoceran el
nombre e Institucién de los autores proponentes. El
Editor notificara al autor la fecha de recepcion de su
trabajo.

El manuscrito debera someterse a través del portal de
la Revista en la direccién electrénica:
http://cienciaspecuarias.inifap.gob.mx, consultando
el “Instructivo para envio de articulos en la
pagina dela Revista Mexicana de Ciencias Pecuarias”.
Para su elaboracion se utilizara el procesador de
Microsoft Word, con letra Times New Roman a 12
puntos, a doble espacio. Necesariamente el autor
que postule el manuscrito en la plataforma debera
fungir como autor para correspondencia, con quien
Unicamente el Comité Editorial tendrd comunicacion
con él. Asimismo, se deberan llenar los formatos de
postulacion, carta de originalidad y no duplicidad
disponibles en el propio sitio oficial de larevista.

Por ser una revista con arbitraje, y para facilitar el
trabajo de los revisores, todos los renglones de cada
pagina deben estar numerados de manera continua a
lo largo de todo el documento; asimismo cada pagina
debe estar numerada, inclusive cuadros, ilustraciones
y gréficas.

Los articulos tendrdn una extensién maxima de 20
cuartillas a doble espacio, sin incluir paginas de Titulo,
y cuadros o figuras (los cuales no deberan exceder de
ocho y ser incluidos en el texto). Las Notas de
investigacién tendran una extension maxima de 15
cuartillas y 6 cuadros o figuras. Las Revisiones

10.

VI

bibliograficas una extension maxima de 30 cuartillas y
5 cuadros.

Los manuscritos de las tres categorias de trabajos que
se publican en la Rev. Mex. Cienc. Pecu. deberan
contener los componentes que a continuacion se
indican, empezando cada uno de ellos en pagina
aparte.

Pagina del titulo

Resumen en espaiiol

Resumen en inglés

Texto

Agradecimientos y conflicto de interés
Literatura citada

Pagina del Titulo. Solamente debe contener el titulo
del trabajo, que debe ser conciso pero informativo; asi
como el titulo traducido al idioma inglés. En el
manuscrito no se debe incluir informacién como
nombres de autores, departamentos, instituciones,
direcciones de correspondencia, etc., ya que estos
datos tendran que ser registrados durante el proceso
de captura de la solicitud en la plataforma del OJS
(revisar el Instrucctivo para envio de articulos en la
direccion: http://ciencias pecuarias.inifap.gob.mx.

Resumen en espaiiol. En la segunda pagina se debe
incluir un resumen que no pase de 250 palabras. En

él se indicaran los propositos del estudio o
investigaciéon; los procedimientos basicos y la
metodologia empleada; los resultados mas

importantes encontrados, y de ser posible, su
significacion estadistica y las conclusiones principales.
A continuacién del resumen, en punto y aparte,
agregue debidamente rotuladas, de 3 a 8 palabras o
frases cortas clave que ayuden a los indizadores a
clasificar el trabajo, las cuales se publicaran junto con
el resumen.

Resumen en inglés. Anotar el titulo del trabajo en
inglés y a continuacion redactar el “abstract” con las
mismas instrucciones que se sefalaron para el
resumen en espafol. Al final en punto y aparte, se
deberan escribir las correspondientes palabras clave
(“keywords").

Texto. Las tres categorias de trabajos que se publican
en la Rev. Mex. Cienc. Pecu. consisten en lo
siguiente:


http://cienciaspecuarias.inifap.gob.mx/
http://ciencias/
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11.

12.

a) Articulos cientificos. Deben ser informes de trabajos
originales derivados de resultados parciales o finales
de investigaciones. El texto del Articulo cientifico se
divide en secciones  que llevan estos
encabezamientos:

Introduccién

Material y Métodos

Resultados

Discusién

Conclusiones e implicaciones

Literatura citada

En los articulos largos puede ser necesario agregar
subtitulos dentro de estas divisiones a fin de hacer
mas claro el contenido, tanto en Material y métodos como
en las secciones deResultados y de Discusion, las
cuales también pueden presentarse como una sola
seccion.

b) Notas de investigacion. Consisten en
modificaciones a técnicas, informes de casos clinicos
de interés especial, preliminares de trabajos o
investigaciones limitadas, descripcidon de nuevas
variedades de pastos; asi como resultados de
investigacion que a juicio de los editores deban asi ser
publicados. El texto contendra la misma informacion
del método experimental sefalado en el inciso a),
pero su redaccion sera corrida del principio al final del
trabajo; esto no quiere decir que sdlo se supriman los
subtitulos, sino que se redacte en forma continua y
coherente.

c) Revisiones bibliograficas. Consisten en el
tratamiento y exposicion de un tema o topico de
relevante actualidad e importancia; su finalidad es la
de resumir, analizar y discutir, asi como poner a
disposicion del lector informacién ya publicada sobre
un tema especifico. El texto se divide en:
Introduccion, y las secciones que correspondan al
desarrollo del tema en cuestion.

Agradecimientos y conflicto de interés. Siempre
que corresponda, se deben especificar las
colaboraciones que necesitan ser reconocidas, tales
como a) la ayuda técnica recibida; b) el
agradecimiento por el apoyo financiero y material,
especificando la indole del mismo; c) las relaciones
financieras que pudieran suscitar un conflicto de
intereses. Las personas que colaboraron pueden ser
citadas por su nombre, afiadiendo su funcion o tipo de
colaboracién; por ejemplo: “asesor cientifico”,
“revision critica de la propuesta para el estudio”,
“recoleccién de datos”, etc. Siempre que corresponda,
los autores deberdn mencionar si existe algin
conflicto de interés.

Literatura citada. Numere las referencias
consecutivamente en el orden en que se mencionan
por primera vez en el texto. Las referencias en el
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texto, en los cuadros y en las ilustraciones se deben
identificar mediante nOimeros arabigos entre
paréntesis, sin sefialar el afio de la referencia. Evite
hasta donde sea posible, el tener que mencionar en el
texto el nombre de los autores de las referencias.
Procure abstenerse de utilizar los resimenes como
referencias; las “observaciones inéditas” y las
“comunicaciones personales” no deben usarse como
referencias, aunque pueden insertarse en el texto
(entre paréntesis).

Reglas basicas para la Literatura citada

Nombre de los autores, con mayusculas solo las
iniciales, empezando por el apellido paterno, luego
iniciales del materno y nombre(s). En caso de
apellidos compuestos se debe poner un guién entre
ambos, ejemplo: Elias-Calles E. Entre las iniciales de
un autor no se debe poner ningln signo de
puntuacion, ni separacion; después de cada autor solo
se debe poner una coma, después del tltimo autor se
debe poner un punto.

El titulo del trabajo se debe escribir completo (en su
idioma original) luego el titulo abreviado de la revista
donde se publico, sin ningln signo de puntuacion;
inmediatamente después el ano de la publicacion,
luego el nimero del volumen, seguido del ndmero
(entre paréntesis) de la revista y finalmente el nimero
de paginas (esto en caso de articulo ordinario de
revista).

Puede incluir en la lista de referencias, los articulos
aceptados, aunque todavia no se publiquen; indique la
revista y agregue “en prensa” (entre corchetes).

En el caso de libros de un solo autor (o mas de uno,
pero todos responsables del contenido total del libro),
después del o los nombres, se debe indicar el titulo
del libro, el nimero de la edicion, el pais, la casa
editorial y el afio.

Cuando se trate del capitulo de un libro de varios
autores, se debe poner el nombre del autor del
capitulo, luego el titulo del capitulo, después el
nombre de los editores y el titulo del libro, seguido del
pais, la casa editorial, afio y las paginas que abarca el
capitulo.

En el caso de tesis, se debe indicar el nombre del
autor, el titulo del trabajo, luego entre corchetes el
grado (licenciatura, maestria, doctorado), luego el
nombre de la ciudad, estado y en su caso pais,
seguidamente el nombre de la Universidad (no el de
la escuela), y finalmente el afio.
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Emplee el estilo de los ejemplos que aparecen a
continuacion:

Revistas

Articulo ordinario, con volumen y nimero. (Incluya el
nombre de todos los autores cuando sean seis o
menos; si son siete 0 mas, anote sélo el nombre de
los seis primeros y agregue “et al.”).

I) Basurto GR, Garza FID. Efecto de la inclusién de grasa
o proteina de escape ruminal en el comportamiento
de toretes Brahman en engorda. Téc Pecu Méx
1998;36(1):35-48.

Solo nimero sin indicar volumen.
II) Stephano HA, Gay GM, Ramirez TC. Encephalomielitis,
reproductive failure and corneal opacity (blue eye) in

pigs associated with a paramyxovirus infection. Vet
Rec 1988;(122):6-10.

III) Chupin D, Schuh H. Survey of present status of the use
of artificial insemination in developing countries.
World Anim Rev 1993;(74-75):26-35.

No se indica el autor.
IV) Cancer in South Africa [editorial]. S Afr Med ]
1994,84:15.

Suplemento de revista.

V) Hall JB, Staigmiller RB, Short RE, Bellows RA, Bartlett
SE. Body composition at puberty in beef heifers as
influenced by nutrition and breed [abstract]. J Anim
Sci 1998;71(Suppl 1):205.

Organizacion, como autor.

VI) The Cardiac Society of Australia and New Zealand.
Clinical exercise stress testing. Safety and performance
guidelines. Med J Aust 1996;(164):282-284.

En proceso de publicacion.

VII) Scifres CJ, Kothmann MM. Differential grazing use of
herbicide treated area by cattle. J Range Manage [in
press] 2000.

Libros y otras monografias
Autor total.

VIII) Steel RGD, Torrie JH. Principles and procedures of
statistics: A biometrical approach. 2nd ed. New
York, USA: McGraw-Hill Book Co.; 1980.

REVISTA MEXICANA DE CIENCIAS PECUARIAS

Autor de capitulo.

IX) Roberts SJ. Equine abortion. In: Faulkner LLC editor.
Abortion diseases of cattle. 1rst ed. Springfield,
Illinois, USA: Thomas Books; 1968:158-179.

Memorias de reuniones.

X) Loeza LR, Angeles MAA, Cisneros GF. Alimentacion
de cerdos. En: Zlfiga GIL, Cruz BJA editores.
Tercera reunion anual del centro de investigaciones
forestales y agropecuarias del estado de Veracruz.
Veracruz. 1990:51-56.

XI) Olea PR, Cuarén IJA, Ruiz LF], Villagdmez AE.
Concentracién de insulina plasmatica en cerdas
alimentadas con melaza en la dieta durante la
induccion de estro lactacional [resumen]. Reunion
nacional de investigacion pecuaria. Querétaro, Qro.
1998:13.

XII) Cunningham EP. Genetic diversity in domestic
animals:  strategies for conservation and
development. In: Miller RH et al. editors. Proc XX

VI eltsdille Symposium: Biotechnology’s role in genetic
improvement of farm animals. USDA. 996:13.

L

Tesis.

XIII) Alvarez MJA. Inmunidad humoral en la anaplasmosis
y babesiosis bovinas en becerros mantenidos en una
zona endémica [tesis maestria]. México, DF:
Universidad Nacional Auténoma de México; 1989.

XIV) Cairns RB. Infrared spectroscopic studies of solid
oxigen [doctoral thesis]. Berkeley, California, USA:
University of California; 1965.

Organizacion como autor.

XV) NRC. National Research Council. The nutrient
requirements of beef cattle. 6th ed. Washington,
DC, USA: National Academy Press; 1984.

XVI) SAGAR. Secretaria de Agricultura, Ganaderia y
Desarrollo Rural. Curso de actualizacion técnica para
la aprobacién de médicos veterinarios zootecnistas
responsables de establecimientos destinados al
sacrificio de animales. México. 1996.

XVII) AOAC. Official methods of analysis. 15th ed.
Arlington, VA, USA: Association of Official Analytical
Chemists. 1990.

XVIII) SAS. SAS/STAT User’s Guide (Release 6.03). Cary
NC, USA: SAS Inst. Inc. 1988.

XIX) SAS. SAS User’s Guide: Statistics (version 5 ed.).
Cary NC, USA: SAS Inst. Inc. 1985.

VIII
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Publicaciones electronicas

Jun Y, Ellis M. Effect of group size and feeder type
on growth performance and feeding patterns in
growing pigs. J Anim Sci 2001;79:803-813.
http://jas.fass.org/cgi/reprint/79/4/803.pdf.
Accessed Jul 30, 2003.

XXI) Villalobos GC, Gonzalez VE, Ortega SJA. Técnicas

para estimar la degradacion de proteina y materia
organica en el rumen y su importancia en rumiantes
en pastoreo. Téc Pecu Méx 2000;38(2): 119-134.
http://www.tecnicapecuaria.org/trabajos/20021217
5725.pdf. Consultado 30 Ago, 2003.

XXII) Sanh MV, Wiktorsson H, Ly LV. Effect of feeding level

13.

on milk production, body weight change, feed
conversion and postpartum oestrus of crossbred
lactating cows in tropical conditions. Livest Prod Sci
2002;27(2-3):331-338.  http://www.sciencedirect.
com/science/journal/03016226. Accessed Sep 12,
2003.

Cuadros, Graficas e Ilustraciones. Es preferible
que sean pocos, concisos, contando con los datos
necesarios para que sean autosuficientes, que se
entiendan por si mismos sin necesidad de leer el texto.
Para las notas al pie se deberan utilizar los simbolos
convencionales.

14 Version final. Es el documento en el cual los autores

15.

16.

17.

18.

ya integraron las correcciones y modificaciones
indicadas por el Comité Revisor. Se les enviara a los
autores un instructivo que contendra los puntos
esenciales para su correcta elaboracién. Las
fotografias e imagenes deberan estar en formato jpg
(o compatible) con al menos 300 dpi de resolucion.
Tanto las fotografias, imagenes, graficas, cuadros o
tablas deberan incluirse en el mismo archivo del texto.
Los cuadros no deberan contener ninguna linea
vertical, y las horizontales solamente las que delimitan
los encabezados de columna, y la linea al final del
cuadro.

Una vez recibida la version final, ésta se mandara para
su traduccién al idioma inglés o espafiol, segun
corresponda. Si los autores lo consideran conveniente
podran enviar su manuscrito final en ambos idiomas.

Tesis. Se publicaran como Articulo o Nota de
Investigacion, siempre y cuando se ajusten a las
normas de esta revista.

Los trabajos no aceptados para su publicacion se
regresaran al autor, con un anexo en el que se
explicaran los motivos por los que se rechaza o las
modificaciones que deberan hacerse para ser
reevaluados.

IX
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Abreviaturas de uso frecuente:

cal caloria (s)

cm  centimetro (s)

°C  grado centigrado (s)
DLso dosis letal 50%

g gramo (s)

ha  hectarea (s)

h hora (s)

i.m. intramuscular (mente)
i.v. intravenosa (mente)

] joule (s)
kg kilogramo (s)

km  kildmetro (s)

L litro (s)

log logaritmo decimal
Mcal megacaloria (s)
MJ  megajoule (s)

m metro (s)

msnm metros sobre el nivel del mar
Mg  microgramo (s)

1] microlitro (s)

MM  micrometro (s)(micra(s))
mg  miligramo (s)

ml mililitro (s)

mm  milimetro(s)

min  minuto (s)

ng nanogramo (s)

P probabilidad (estadistica)

p pagina

PC  proteina cruda

PCR reaccion en cadena de la polimerasa
pp  paginas

ppm partes por millén

% por ciento (con numero)
rpm revoluciones por minuto
seg segundo (s)

t tonelada (s)

TND total de nutrientes digestibles

UA  unidad animal

Ul unidades internacionales
VS  versus

Xg  gravedades

Cualquier otra abreviatura se pondra entre paréntesis
inmediatamente  después de la(s) palabra(s)
completa(s).

Los nombres cientificos y otras locuciones latinas se
deben escribir en cursivas.


http://jas.fass.org/cgi/reprint/79/4/803.pdf
http://www.tecnicapecuaria.org/trabajos/20021217
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INSTRUCTIONS
FOR AUTHORS

Revista Mexicana de Ciencias Pecuarias is published in its
entirety in two languages (Spanish and English) and
publishes three categories of papers: Scientific Articles,
Research Notes and Bibliographic Reviews.

Authors interested in publishing in this journal must
comply with the guidelines indicated below, which, in
general terms, are in accordance with those developed by
the International Committee of Medical Journal Editors
(ICMIJE) Bol Oficina Sanit Panam 1989;107:422-437.

1. Only unpublished works will be accepted. They will not
be admitted if they are based on routine tests, or
experimental data without statistical study when this
is indispensable. Nor will works that have been
previously published condensed or /in extenso in
Proceedings or Symposium of Meetings or Congresses
(with the exception of Abstracts) be accepted.

2. All papers will be subject to review by a Scientific
Editorial Committee, made up of Peers of the
Discipline in question, who will not know the name
and Institution of the proposing authors. The Editor
will notify the author of the date of receipt of their
work.

3. The manuscript must be submitted through the portal
of the Journal at the electronic address:
http://cienciaspecuarias.inifap.gob.mx, consulting
"Instructions for submitting articles on the web
page of Revista Mexicana de Ciencias Pecuarias". For
its preparation, the Microsoft Word processor will be
used, with Times New Roman font at 12 points,
double-spaced. The author who submits the
manuscript on the platform, must only serve as
corresponding author, Editorial Committee will have
only communication with him. Likewise, the forms of
submission, letter of originality and non-duplicity,
which are available on the official website of the
journal, must be completed.

4. Because it is a peer-reviewed journal, and to facilitate
the work of the reviewers, all the lines of each page
must be numbered continuously throughout the
document; each page must also be numbered,
including tables, illustrations, and graphs.

5. The articles will have a maximum length of 20
double-spaced pages, not including Title pages, and
tables or figures (which must not exceed eight and
must be included in the text). The Research Notes will
have a maximum length of 15 pages and 6 tables or
figures. Bibliographic

10.

Reviews a maximum length of 30 pages and 5 tables.

6. The manuscripts of the three categories of papers
that are published in Rev. Mex. Cienc. Pecu. must
contain the components indicated below, each of
them starting on a separate page.

Title page

Abstract in Spanish

Abstract in English

Text

Acknowledgments and conflict of interest
Literature cited

Title Page. It must only contain the title of the work,
which should be concise but informative, as well as
the title translated into Spanish. The manuscript
should not include information such as names of
authors, departments, institutions, correspondence
addresses, etc., since these data will have to be
registered during the process of capturing the
application on the O0JS platform (look at the
Instructions for submitting articles at the address:
http://ciencias pecuarias.inifap.gob.mx.

Abstract in Spanish. On the second page, an
abstract that does not exceed 250 words must be
included. It will indicate the purposes of the study or
research; the basic procedures and methodology
used; the most important results found, and if
possible, their statistical significance and main
conclusions. After the abstract, and on a separate line,
add, properly labeled, 3 to 8 key words or short
phrases that help indexers classify the work, which will
be published along with the abstract.

Abstract in English. Write down the title of the work
in English and then write the "abstract" with the same
instructions that were indicated for the abstract in
Spanish. At the end, and on a separate line, the
corresponding keywords must be written.

Text. The three categories of papers that are
published in Rev. Mex. Cienc. Pecu. consist of the
following:
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11.

12.

a) Scientific Articles. They must be reports of original
works derived from partial or final results of studies.
The text of the Scientific Article is divided into sections
that have these headings:

Introduction

Material y methods

Results

Discussion

Conclusions and implications
Literature cited

In long articles, it may be necessary to add
subheadings within these divisions in order to clarify
the content, both in Material and methods and in the
Results and Discussion sections, which can also be
presented as a single section.

b) Research Notes. They consist of modifications to
techniques, reports of clinical cases of special interest,
preliminary work or limited research, description of
new grass varieties, as well as research results that,
in the opinion of the editors, should be published. The
text will contain the same information as the
experimental method referred to in subparagraph (a)
but will be worded continuously from the beginning to
the end of the work; this does not mean that
subheadings are only deleted, but that it is written in
a continuous and consistent manner.

c) Bibliographic Reviews. They consist of the
treatment and presentation of a topical and important
theme or issue; they purpose is to summarize, analyze
and discuss, as well as to make available to the reader
information already published on a specific theme.
The text is divided into: Introduction, and the sections
that correspond to the development of the topic in
question.

Acknowledgements and conflict of interest.
Where appropriate, collaborations that need to be
recognized must be specified, such as a) technical
assistance received; b) appreciation for financial and
material support, specifying the nature of the support;
¢) financial relationships likely to give rise to a conflict
of interest. People who collaborated can be cited by
name, adding their function or type of collaboration;
for example: "scientific advisor", "critical review of the
proposal for the study", "data collection"”, etc. Where
appropriate, authors should mention if there is any
conflict of interest.

Literature cited. Number references consecutively
in the order in which they are first mentioned in the
text. References in the
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text, tables, and illustrations must be identified by
arabic numerals in parentheses, without indicating
the year of reference. Avoid, as far as possible, having
to mention in the text the name of the authors of the
references. Try not to use abstracts as references;
"unpublished observations" and "personal
communications" must not be used as references,
although they may be inserted in the text (in
parentheses).

Basic rules for Literature cited

Name of the authors, with capital letters only the
initials, starting with the paternal surname, then
initials of the maternal one and name (s). In case of
compound surnames, a hyphen must be put between
them, example: Elias-Calles E. Between the initials of
an author, no punctuation mark, or separation should
be placed; after each author, only a comma must be
placed; after the last author, a period must be placed.

The title of the paper must be written in full (in its
original language) then the abbreviated title of the
journal where it was published, without any
punctuation mark; immediately after, the year of
publication, then the volume number, followed by the
number (in parentheses) of the journal and finally the
number of pages (this in the case of an ordinary
journal article).

The list of references may include accepted articles,
even if they are not yet published; indicate the journal
and add "in press" (in square brackets).

In the case of books by a single author (or more than
one, but all responsible for the total content of the
book), after the name or names, the title of the book,
the edition number, the country, the publishing house,
and the year must be indicated.

When it comes to the chapter of a book by several
authors, the name of the author of the chapter must
be indicated, then the title of the chapter, then the
name of the editors and the title of the book, followed
by the country, the publishing house, year, and the
pages covered by the chapter.

In the case of a thesis, the following must be
indicated: name of the author, the title of the work,
then the degree (bachelor’s, master’s, doctorate) in
brackets, then the name of the city, state and, where
appropriate, country, followed by the name of the
University (not the school), and finally the year.



= (B
Instituto Nacional de Investigaciones
Forestales, Agricolas y Pecuarias

Use the style of the following examples:

Journals

Ordinary article, with volume and number. (Include the
name of all authors when they are six or less; if there
are seven or more, write down only the name of the
first six and add "et al.").

I) Basurto GR, Garza FID. Efecto de la inclusion de grasa
o proteina de escape ruminal en el comportamiento
de toretes Brahman en engorda. Téc Pecu Méx
1998;36(1):35-48.

Only the number without indicating the volume.
II) Stephano HA, Gay GM, Ramirez TC. Encephalomielitis,
reproductive failure and corneal opacity (blue eye) in

pigs associated with a paramyxovirus infection. Vet
Rec 1988;(122):6-10.

III) Chupin D, Schuh H. Survey of present status of the use
of artificial insemination in developing countries.
World Anim Rev 1993;(74-75):26-35.

The author is not indicated.
IV) Cancer in South Africa [editorial]l. S Afr Med J
1994;84:15.

Journal supplement.

V) Hall JB, Staigmiller RB, Short RE, Bellows RA, Bartlett
SE. Body composition at puberty in beef heifers as
influenced by nutrition and breed [abstract]. J Anim
Sci 1998;71(Suppl 1):205.

Organization as author.

VI) The Cardiac Society of Australia and New Zealand.
Clinical exercise stress testing. Safety and performance
guidelines. Med J Aust 1996;(164):282-284.

In the process of publication.

VII) Scifres CJ, Kothmann MM. Differential grazing use of
herbicide treated area by cattle. J Range Manage [in
press] 2000.

Books and monographs
Total author.

VIII) Steel RGD, Torrie JH. Principles and procedures of
statistics: A biometrical approach. 2nd ed. New
York, USA: McGraw-Hill Book Co.; 1980.
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Chapter author.

IX) Roberts SJ. Equine abortion. In: Faulkner LLC editor.
Abortion diseases of cattle. 1rst ed. Springfield,
Illinois, USA: Thomas Books; 1968:158-179.

Meeting proceedings.

X) Loeza LR, Angeles MAA, Cisneros GF. Alimentacion
de cerdos. En: Zlfiga GIL, Cruz BJA editores.
Tercera reunion anual del centro de investigaciones
forestales y agropecuarias del estado de Veracruz.
Veracruz. 1990:51-56.

XI) Olea PR, Cuarén IJA, Ruiz LF], Villagdmez AE.
Concentracién de insulina plasmatica en cerdas
alimentadas con melaza en la dieta durante la
induccion de estro lactacional [resumen]. Reunion
nacional de investigacion pecuaria. Querétaro, Qro.
1998:13.

XII) Cunningham EP. Genetic diversity in domestic
animals:  strategies for conservation and
development. In: Miller RH et al. editors. Proc XX
A eltsville Symposium: Biotechnology’s role in
genetic improvement of farm animals. USDA.
996:13.

Thesis.

XIII) Alvarez MJA. Inmunidad humoral en la anaplasmosis
y babesiosis bovinas en becerros mantenidos en una
zona endémica [tesis maestria]. México, DF:
Universidad Nacional Auténoma de México; 1989.

XIV) Cairns RB. Infrared spectroscopic studies of solid
oxigen [doctoral thesis]. Berkeley, California, USA:
University of California; 1965.

Organization as author.

XV) NRC. National Research Council. The nutrient
requirements of beef cattle. 6th ed. Washington,
DC, USA: National Academy Press; 1984.

XVI) SAGAR. Secretaria de Agricultura, Ganaderia y
Desarrollo Rural. Curso de actualizacion técnica para
la aprobacién de médicos veterinarios zootecnistas
responsables de establecimientos destinados al
sacrificio de animales. México. 1996.

XVII) AOAC. Official methods of analysis. 15th ed.
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Abstract:

Concentrate supplementation can affect multiple parameters in grazing dairy systems. In
mixed pastures (Medicago sativa L. and Dactylis glomerata L.) grazed by New Zealand
Holstein cows, a study was done of the effects of concentrate supplementation timing on
individual production, stocking rate and milk production per hectare. Two experiments were
done, one in winter and another in spring-summer. Experimental design was 3x3 crossover
with treatments defined by concentrate (5.0 kg DM cow™ d) supplement administration
times: after morning milking (AM), after afternoon milking (PM), and equally divided
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between both milkings (AM-PM). The experimental units were batches of six (winter) or five
cows (spring-summer), which received the treatments, and their respective grazing areas. The
rotational grazing management criterion was 8 cm residual forage height in all treatments,
which allowed estimation of the effects of the treatments on stocking rate. Stocking rate did
not differ (P>0.05) between treatments. Milk production per cow in the AM treatments was
an average of 10.2 % higher than the other two treatments, both in winter (8.6 %, P=0.0002)
and spring-summer (11.7 %, P<0.0001). The increase in milk production per hectare (9 %)
was due to individual response and not to differences in stocking rate. Use of a uniform
residual forage height was a simple way of estimating the response in stocking rate and thus
milk production per hectare.

Key words: Concentrate, Individual production, Grazing Management, Crossed design.

Received: 07/05/2024

Accepted: 05/08/2024

Introduction

In research models, improvements in management of grazing dairy production systems have
driven increases in milk production per hectare®. Two of the main interrelated factors
responsible for this increased productivity are stocking rate® and use of concentrate
supplements®. Though already thoroughly studied®, use of concentrate supplements
continues to receive broad attention®6.7,

Concentrate supplementation is commonly used in grazing systems. It increases energy
intake, which helps to optimize animal nutritional status and body condition®, as well as
individual milk production®. Supplementation can lead to changes in milk composition in
terms of nutraceutical feed™®. Animals consuming supplements generally reduce forage
intake in the pasture, allowing greater forage utilization efficiency through increased stocking
rates (SR). This in turn raises milk production per unit area, and improves milk
composition®?, In grazing systems, SR is vital to calculating system efficiency*. Increasing
forage utilization efficiency leads to greater milk production per hectare, a principal goal in
maximizing profitability per grazed area®®.

Rises in milk production per hectare in response to the higher SRs allowed by
supplementation®, are more affected by changes in SR than by changes in individual
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production®®. Responses to supplementation can also be influenced by the timing of
concentrate administration because this variable influences pasture forage substitution®),
fiber digestion, and other ruminal fermentation variables”. Since ruminal environment,
forage composition, and cattle feeding behavior follow circadian cycles, the effects caused
by supplementation timing are attributed to changes in the diurnal routine®?.

Cows graze more intensively before sunset, regardless of the supplement provided in their
diet™®. Afternoon or evening grazing is therefore longer and more important for forage
intake, due to the effect of circadian rhythms in photosynthesis, and accumulation of dry
matter (DM), carbohydrates, and fatty acids, which facilitates forage particle decomposition
during the initial phases of digestion®®. Considering this, it was hypothesized that morning
supplementation would result in greater individual milk production than afternoon
supplementation or morning/afternoon supplementation (the most common practice). The
study objective was to evaluate the impact of concentrate supplementation timing in a dairy
grazing system as a tool to increase individual productive performance, SR, and consequently
milk productivity per hectare.

Material and methods

Study location

In 2022, two grazing experiments were done at the Grazing Module of the Universidad
Autonoma Chapingo, Texcoco, Estado de Mexico (19° 29’ N, 98° 54° W; 2,240 m asl). The
first ran from February 4 to March 26 (winter), and the second from June 6 to July 26 (spring-
summer). Regional climate is temperate subhumid with summer rains, 636 mm average
annual precipitation, and 15.2 °C average annual temperature®®.

The experimental units were batches of six (winter) or five (spring-summer) lactating New
Zealand Holstein cows in 17-d periods, and their respective grazing areas. The batches were
homogenized based on initial live weight, number of births, days lactation and milk
production during the two weeks prior to batch creation.
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Pastures and grazing management

Ten pastures in a 4.5 ha total area were used. Forage was alfalfa (Medicago sativa L.)
associated with orchard grass (Dactylis glomerata L.) of between two and three years age.
Grazing was intensive and rotational, with an average of five days grazing followed by 42
days’ rest in winter and 40 days’ rest in spring-summer. Each pasture was divided into three
equal sections corresponding to the three experimental treatments. A residual forage height
(RFH) of 8 cm was maintained in the three treatments by controlling access to specific
pasture areas for each batch of cows using a mobile electric fence. Forage was measured with
a descending disc. Controlling RFH was essential because SR was a response variable.

Experimental design and treatments

The experimental design was 3 x 3 crossed®, using three treatments corresponding to three
post-milking supplementation timings: divided between morning and afternoon (AM-PM),
morning (AM) and, afternoon (PM). A twenty-day, pre-experimental adaptation period was
implemented during which the batches were formed, and the animals accustomed to grazing
management practices and concentrate composition. Each experiment lasted 51 d, divided
into three, seventeen-day periods. Each period was divided into two phases: a) a twelve-day
adaptation to treatment concentrate level, and b) a five-day response variable data-recording
phase. Based on previous results from the same site*®, a 5.0 kg DM cow™ d™* concentrate
supplementation level was administered. Concentrate composition was calculated
considering previously reported average forage compositiont*, and prepared in the Grazing
Module. The formulation was based on rolled corn, ground sorghum, gluten meal, bypass
fat, molasses and minerals; average concentrate chemical composition in both experiments
was 16.65 % crude protein (CP), 20.43 % neutral detergent fiber (NDF), and 4.98 % acid
detergent fiber (ADF).

Measurement and experimental procedure

Pasture access was controlled using mobile electric fencing. Following a previously reported
pasture management method2?2) every day each batch of cows was initially given access
to a 12 x 4 m area. Residual forage height (RFH) was measured frequently in 12 m-wide
strips. When RFH reached 8 cm, an additional 2 m-wide area was opened, and RFH
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measurement continued. This required that during a single day a batch of cows be moved
several times within the same pasture unit.

Each pasture was divided into thirds of equal width, ensuring that grazing progress was
similar between the batches of cows. Grazed area was measured before (night progress) and
after (day progress) the daytime grazing period. The daily area grazed per experimental unit
was used to calculate SR (Equation 1).

The concentrate supplement was administered in individual feeders in a separate pen, after
each milking, and at the times corresponding to each treatment. When grazing in the pastures,
the animals had free access to water in mobile containers located at one end of the grazing
area (Table 1).

Table 1: Average times of dairy cow management activities in a grazing system with
concentrate supplementation at different times of day

Activity Time
Morning milking 06:00-07:00
Morning period in supplementation pen 06:30-07:30
Grazing (daytime) 08:00-15:00
Afternoon milking 15:00-16:00
Afternoon period in supplementation pen 15:30-16:30
Grazing (nighttime) 17:00-06:00 (+1 day)

Samples of offered forage (OF) and residual forage (RF) were collected from each
experimental unit. Samples were collected by mowing five strips averaging 0.50 x 5 m to an
8 cm height using a mower (Truper®, Mexico)??. Residual forage samples were paired with
the corresponding OF samples. All samples were dried in a circulating air oven at 50 °C to
constant weight.

Composition of consumed forage was estimated based on samples collected by experimental
unit. Each sample consisted of ten subsamples collected using the simulated grazing
technique®; this was modified in that samples were collected at 8 cm above ground level.
For measurement of nutritional composition, the forage samples and the concentrate were
first dried at 55 °C to constant weight, then ground to 1 mm in a mill (Thomas model 4
Wiley®, USA). Following AOAC methods®), CP was measured using the Micro-Kjeldahl
method; NDF and ADF were estimated using a fiber analyzer (ANKOM 200, Ankom
Technology, USA); and acid-insoluble ash (AlA) was also determined.
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During the five-day measurement phase, milk production was recorded per cow using Alfa
Laval® automatic meters during the morning and afternoon milkings. Milk composition was
quantified individually using samples taken with an Alfa Laval® automatic sampler and
plastic vials. Fat, protein and total solids in milk samples were measured with a milk analyzer
(MilkoScan®, Foss, Denmark). Milk production per hectare was estimated using individual
milk production and grazing cycle SR per pasture. Stocking rate (SR) was estimated using
the weighted mean of the instantaneous stock density for occupied and rest periods, with
Equation 1.

SR = ISD * OP/(OP + RP) (Equation 1)

Where: SR= stocking rate [cows™ ha? (grazing cycle)]; ISD= instantaneous stock density
(cows™ ha'); OP= occupied period (days); RP= rest period (days).

Cow live weight (LW) was measured using an electronic scale (TruTest®, New Zealand; 1
kg accuracy, 1,000 kg capacity) after morning milking, for 2 d at the beginning and two days
at the end of each experimental period. After each weighing, body condition (BC) was
estimated by two trained observers using a 1-to-5 scale®®®. Changes in LW and BC were
calculated as the difference between the measurements taken at the beginning and end of
each period, for each variable.

Statistical analysis

The statistical model includes the effects of period, batch and treatment:
Yijk = p + Periodi + Batch; + Treatmentx + Eijk (Equation 2)

Where: Yijk is the average value of LW, BC, SR, individual production, and fat, protein and
total solids content across cows and measurement days. Period, batch and treatment were
fixed effects. The experimental error was the interaction between these three factors, and it
was assumed that this interaction was not of biological or practical importance. Due to
differences in climate, forage growth and, in some cases, lactation stage, analyses were run
within each experimental period. Response variable analysis was done using the GLM
procedure in the SAS package®”). The means were compared between treatments with
LSMEANS using the Tukey-Kramer test.
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Results and discussion

Residual forage height (RFH) did not differ between treatments (P>0.05), and averaged 8.4
cm in both experiments. This allowed forage utilization to remain at the same efficiency in
all treatments. It also served as the basis for estimating the effect of concentrate
administration timing on SR, and thus on milk production per hectare. Assigned areas
averaged 210 m? per day per batch in winter and 233 m? in spring; no differences were
observed between treatments.

No differences (P>0.05) between treatments were observed for OF, either in winter (average
= 2,183 kg DM ha) or in spring-summer (average= 2,630 kg DM ha)(Table 2). The lower
figure in winter is to be expected since environmental conditions in winter such as low
temperatures, frost, and low solar radiation and shorter photoperiod, result in a lower rate of
forage accumulation®?9, In a study of an alfalfa-orchard grass association, decreased
growth rates in winter were caused by low temperatures (<10 °C)®%, In contrast, forage
accumulation is greater in spring-summer because the forage growth season begins in late
April and ends in mid-October. One study reported an accumulation 2,333 kg DM ha? in
spring-summer®Y, which is comparable to the 2,630 kg DM ha! in the present results.

Neither were differences observed in RF (P>0.05), which is due to the 8 cm residual height
criterion used here. Using this criterion, grazing efficiency was 76 % in winter and 80 % in
spring-summer. Average grazing efficiency was 78 %, similar to the 75.3 % reported for
smaller pastures.
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Table 2: Offered and residual forage (kg DM ha') above 8 cm height, in pastures grazed
by cows administered concentrate supplementation at three different timings, in winter and
spring-summer experiments

Experiment Parameter Treatment Mean SE
AM-PM 2140
OF AM 2201 34
. PM 2206
Winter AM-PM 495
RF AM 527 14
PM 528
AM-PM 2624
OF AM 2672 35
Spring-summer PM 2655
AM-PM 512
RF AM 506 10
PM 517

OF = Offered forage, RF = Residual forage, AM-PM, AM, PM = concentrate supplement administration
timing, SE= standard error; € (P<0.05) = significance level.

The OF nutritional composition results showed decreases in NDF, ADF and CP between
morning and afternoon measurements (Table 3). In the winter experiment, NDF decreased
by 7.5 %, ADF by 3.8 % and CP by 7.7 %. In the spring-summer experiment, NDF decreased
by 9.6 %, ADF by 8.1 % and CP by 10.4 %.

Table 3: Nutritional composition (% DM) of forage offered to grazing dairy cows
administered a concentrate supplement at different timings during the day

Winter Spring-summer
Forage Forage
Component AM PM SE AM PM SE
DM 223" 2552 0.41 21.6% 24.8 0.44
NDF 3948  37.9° 0.33 49.5% 45.5Y 0.87
ADF 29.28  27.0° 0.33 34.4% 31.1Y 0.72
Ash 9.7 9.4 0.20 9.9 9.4 0.17
CP 19.52 18.0° 0.26 20.3% 18.2Y 0.11

AM, PM= sample time; DM=dry matter; NDF= neutral detergent fiber; ADF= acid detergent fiber; CP=
crude protein; SE= standard error; (P<0.05) = significance level. ® * Different letter superscripts in the same
row and season indicate significant difference (winter= ®, spring-summer= ) (P<0.05).
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The decreases observed in NDF, ADF and CP between the morning and evening OF samples
(Table 3) may be due to dilution of these components caused by diurnal fluctuations in
soluble carbohydrates concentration as a product of plant photosynthetic activity®?. These
levels are similar to those reported previously. For example, in Lolium perenne, between
08:00 and 19:00 h, non-structural carbohydrates (not studied here) were found to increase by
30 % while NDF decreased 8.7 % and CP by 6.1 %, the latter in response to the rise in non-
structural carbohydrates®?. This coincides with reported higher ADF and CP contents in
alfalfa forage harvested in the morning than in that harvested in the afternoon®®. Fluctuations
in photosynthetic product concentrations exhibit higher diurnal fluctuations in the leaves than
in the stems and pseudostems®),

Changes in LW were minor over the experimental period, the highest being 45 g cow™ d* in
the winter/AM-PM treatment (Table 4). This is greater (P<0.05) than in the winter/AM and
winter/PM treatments. In contrast, the spring-summer/AM-PM treatment exhibited greater
(P<0.05) LW gain than in the spring-summer/PM treatment but did not differ (P>0.05) from
LW in the spring-summer/AM treatment. Changes in LW caused by supplementation are a
function of lactation period; during the first third of lactation, supplementation can reduce
weight loss, while later in lactation it can lead to increased weight gain®Y. No changes in
body condition were observed between treatments (P<0.05).

Table 4: Changes in live weight and body condition in grazing dairy cows administered
concentrate supplements at different times

. Treatment
Experiment Parameter AM-PM AM PV Mean SE
Winter Change LW 2.3 1.8° 1.8° 2 0.17
Change BC 0.012 0.003? -0.006° 0.002 0.005
Spring- Change LW 1.9¢ 1.7% 1.2 1.6 0.20
Summer Change BC -0.004 0.008 -0.004 -0.00002 0.004

LW= live weight (kg); BC= body condition (units); AM-PM, AM, PM= concentrate supplementation timing;
SE= standard error; '€ Different letter superscripts in the same row indicate significant difference (winter= %,
spring-summer= %) (P<0.05).

In both experiments, milk production in the AM treatment was higher than in the other two

treatments (Table 5): 6.1 % in winter (P=0.0002) and 8.5 % in spring-summer (P<0.0001).
The overall average increase in milk production (both experiments) was 7.3 %.
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Table 5: Milk production and composition in grazing dairy cows administered concentrate
supplements at different times

. Treatment

Experiment Parameter AN-PM AM BM Mean SE
Milk production, 217 238 218" 225  0.24

L cow-d
Winter Protein, % 35 3.6 3.4 35 0.02
Fat, % 3.9 4.0 3.9 3.9 0.03
Total solids, % 13.3 135 13.2 13.3 0.04
Milk production, 203¢ 226 196 208  0.29

Spring- L COVY d
summer Protein, % 3.6 3.5 3.5 3.6 0.03
Fat, % 4.0 3.9 3.9 4.0 0.03
Total solids, % 13.5 13.2 13.3 13.3 0.07

AM-PM, AM, PM= concentrate supplementation timing; SE= standard error; ™€ Different letter superscripts
in the same row indicate significant difference (winter= 2 [P=0.0002], spring-summer=* [P<0.0001]).

In a similar study (same study site, cow type, pastures, concentrate supplement level and
grazing management criteria)*®, a winter/AM-PM treatment had 21.4 L cow™* d* production,
slightly higher than the 20.3 L cow™ d*! in the same treatment in the present study. However,
the present spring-summer/AM treatment produced 23.8 L cow™ d, 10 % higher than in the
previous study. This coincides with a similar study in which morning administration of
concentrate increased (P<0.07) individual milk production by 0.5 L cow d* compared to
other timings®®. In another study, milk production was 2.1 L cow™ d* higher (P<0.001)
when grazing dairy cows were administered concentrate in the afternoon than in the
morning®?.

Milk protein, fat and total solids contents did not differ (P>0.05) between treatments. In the
literature, milk composition results vary widely. For instance, one study found that milk
protein content was higher (P<0.05) with evening supplementation than with morning
supplementation or none at all®. This may have been caused by a restricted daily forage
allowance, since a reduction in diet forage proportion in dairy cows increases milk production
volume and protein concentration®®. Another study reported that milk fat content was lower
when supplements were administered only in the morning®®. Finally, a third study found no
differences in milk production, milk solids production or fat and protein concentration and

771



Rev Mex Cienc Pecu 2024;15(4):762-777

amount were observed with treatments with and without corn silage supplementation, and
different grazing time allowances®”.

Concentrate administration timing had no effect (P<0.5) on SR in either experiment (Table
6); average SR in winter was 6.7 cows ha and in spring-summer it was 5.1 cows ha™.
Stocking rate is normally described as the number of cows per surface unit and time (SR annual
= cows™ ha year?, or SRpaiy = cows™ ha' d1)®®; however, in the present study it was
quantified as SRarazing cycle-

Table 6: Stocking rate (cows ha™* / grazing cycle) in grazing dairy cows administered
concentrate supplements at different times

Experiment AM-PM SE AM SE PM SE
Winter 6.5 0.39 6.9 0.05 6.7 0.29
Spring-summer 51 0.38 5.2 0.23 4.9 0.22

AM-PM, AM, PM = concentrate supplementation timing; SE = standard error; (P<0.5).

The substitution effect caused by supplementation can allow increases in SR and
consequently milk production per hectare@®?. At higher supplementation levels, the
substitution effect reduces forage consumption in the pasture and, as a result, forage
utilization efficiency®. If SR did not respond to changes in supplementation timing, no
differences occurred in the substitution effect. This may be due to the fact that total
supplementation level did not differ between the three treatments®®). Treatments can cause
changes in circadian rhythms in grazing activity and thus in forage intake®®; only this type
of effect could have caused differences in the substitution effect in the present study, but
none were detected.

Milk production per hectare (Figure 1) was the result of individual production per SR. In the
AM treatment of both experiments, this parameter exceeded the average of the other two
treatments by 8.4 % during winter and 11.3 % during spring-summer. These differences were
similar between experiments and originated in differences in individual production, since SR
did not differ between treatments.
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Figure 1. Milk production per hectare in grazing dairy cows administered concentrate
supplements at different times

—o—Winter Spring-Summer
180
163
160
142 146
—
- 140
T 118
< 120 é
X 104 L
= 96
€ 100 L T
- 1
80
AM-PM AM PM
Timings during the day of offering a concentrate
supplement

Offering concentrate once daily in the morning improved system productivity. This approach
took advantage of changes in forage composition throughout the day such that, as mentioned
elsewhere“®, maximum use of forage occurs in the afternoon, when its nutritional value is
highest®. The improved milk production in the AM treatments was due to increased
individual production, without changes in SR. This contradicts previous reports indicating
that increases in milk production per hectare when SR varies respond to increases in SR
rather than improvements in individual production®1%29,

The advantage of quantifying responses to supplementation in terms of milk production per
hectare instead of milk production per cow is that this approach includes this technology’s
impact on the production system (production unit)®+*® allowing more accurate estimation
of its effect on system economic performance.

Conclusions and implications

Use of concentrate supplementation timing helped in attaining uniform forage utilization
efficiency in the pasture, and consequently estimating stocking rate and milk production per
hectare. Providing concentrate supplementation only after the morning milking increased
individual milk production an average of 10.2 % and improved milk production per hectare
by 9.9 %. This strategy raised production system efficiency without increasing inputs because
it was based on circadian changes in forage composition and forage intake behavior.
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Abstract:

The present research evaluated the productive response, carcass traits, and meat quality
of sheep fed with increasing levels of crushed dry fruits of Acacia farnesiana (CDFAC).
Thirty-two sheep (20 £ 2.5 kg and age 70 £ 15 d) were used. Four levels of CDFAf
(T0=0.0, T1=1.5, T2=3.0, and T3=4.5 %) were evaluated. The stages of growing (21 d)
and finishing (49 d) were assessed. Initial and final live weight (ILW and FLW), dry
matter intake (DMI), daily and total weight gain (DWG and TWG), and feed efficiency
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(FE) were measured. On d 70, the animals were slaughtered to determine carcass traits
(CaT), carcass morphometry (CaM), primal cut weight (PrCW), viscera weights (ViW),
and meat quality parameters (MeQ). The addition of CDFATf did not affect the DMI; it
positively affected DWG and TWG in the growing stage (P<0.05). No differences
(P>0.05) were found in the productive variables during the finishing stage. The PrCWs
differed (P<0.05), with T1 and T3 registering the highest weights in the loin and neck,
respectively. The MeQ shows significant differences in the shear force and water
retention capacity at 24 and 72 h. Better tenderness in the meat was observed in T1, and
a greater loss of water and greater shear force was observed in T3. It is concluded that
CDFATf improves weight gain and yield of primal cuts.

Keywords: Sheep, Safety, Meat quality, Huisache.
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Introduction

Currently, intensive sheep production systems are affected by the increase in the cost of
inputs used in feeding, such as energy ingredients (corn and sorghum) and protein
ingredients, such as soybeans and rapeseed™, a situation that has an impact on the
production costs of small-scale sheep systems®. Given this situation, it is necessary to
incorporate nutritional strategies that reduce the use of external inputs, such as the use of
local forage resources from trees® and leguminous shrubs, which have nutraceutical
properties (protein and bioactive compounds) that, at low concentrations (50 g/kg of DM)
in the diet, could improve the productive response of the animals. Forage plants that have
a high concentration of condensed tannins, flavonoids, saponins, organosulfur
compounds, and essential oils have the ability to favorably modify rumen fermentation
by reducing the oxidation of amino acids®, antimicrobial action on some intestinal
microorganisms, improving intestinal health and consequently the absorption of nutrients,
increasing propionic acid production®, increasing food palatability, and stimulating
intake by decreasing lipid oxidation®. In addition, these plants can continue to produce
biomass under conditions of low soil moisture content®. Acacia farnesiana is a shrubby
legume distributed in tropical and subtropical climates of Mexico, and one of its best
adaptive agronomic benefits is that it is one of the first plants to appear in soils once they
have been degraded by anthropogenic activities, giving rise to ecological succession to
plants that are more demanding in nutrients”). This plant species represents a source of
nutrients mainly of protein origin (up to 20 % of CP)® and high digestibility of organic
matter("); its fruits are rich in secondary metabolites (condensed tannins, flavonoids, and
polyphenolic compounds), chemical compounds that benefit animal health by improving
its productive performance and meat quality®*®. Likewise, it has been reported that some
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secondary metabolites present in A. farnesiana, such as flavonoids and tannins, contain
antimicrobial, anti-inflammatory, antioxidant, and anthelmintic properties®-®), There is
evidence that adding inclusion levels of up to 12 % of A. farnesiana dry fruits in diets
(dry basis) for sheep does not affect production parameters(. For this reason, the present
research aimed to evaluate the inclusion of increasing levels based on the amount of an
organic fraction (EtOAc-F) present in crushed dry fruits of A. farnesiana in sheep feed
during the growing and finishing stages in pen on the production parameters, carcass
traits, primal cuts, carcass quality, and changes in viscera weight.

Material and methods

Experimental site

The study was conducted out at the Metabolic Unit of the UAEM-Temascaltepec
University Center, located at 19° 2’ 40” N and -100° 2’ 42" W, at 1,800 m asl, in
Temascaltepec de Gonzélez, State of Mexico, Mexico. With rains in summer and an
average annual temperature of 18 °C7),

Plant material

Ripe fruits of A. farnesiana were collected in seven different localities (7 shrubs per site)
in the municipality of Tejupilco (latitude 18°90" 58" N and longitude -100°1527" W) in
the southwestern area of the State of Mexico, Mexico, during the spring. The fruits were
collected between 0600 and 0700 h and transferred to the Animal Nutrition Laboratory
of the UAEM-Temascaltepec University Center, where they were dried in the shade until
they reached a constant weight and then ground in a hammermill (New Holland, 2315) to
a particle size of 5 mm. This research group®**® previously reported the anthelmintic
activity and identification of the main secondary metabolites of the plant material used in
the present study.

Animals and feed

Thirty-two (32) crossbred male sheep (Katahdin x Charollais; LW 20 + 2.5 kg and age
70 + 15 d) were used; upon arrival at the Metabolic Unit of the UAEM-Temascaltepec
University Center, they were weighed to group them according to their weight from
highest to lowest and form eight homogeneous blocks of four animals each. Each animal
was housed in an individual pen (0.8 x 1 m), which was equipped with a feeder and
drinker. In each block, treatments were randomly assigned. After this, the sheep received
intramuscularly one milliliter of ADE vitamin complex (Vigantol ®), equivalent to
250,000 IU of vitamin A, 37,500 IU of vitamin D3, and 25 mg of vitamin E, and 2.5 ml
of 8-way bacterin (BOBACT 8 ®) for the prevention of clostridial diseases and
pneumonia.
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All animals received experimental diets (Table 1) for the growing stage (15 % CP and 2.9
Mcal/kg) and another for the finishing stage (14 % CP and 3.0 Mcal/kg), according to
their nutritional requirements®®. Both diets underwent proximate chemical analysis®®
and fiber fractionation®? (Table 2). The diet was administered at three frequencies: 0700,
1300, and 1900 h, under the following proportions: 30, 30, and 40 %. All animals were
fed throughout the experiment, considering their voluntary consumption, and they
received clean and fresh water at will.

Table 1: Experimental diets for growing and finishing sheep added with different levels
of crushed dry fruits of Acacia farnesiana

Growing Finishing

Ingredients (%
gredi (%) ¥Control T1 T2 T3 *Control T1 T2 T3

Rolled corn 37.8 37.1 36.3 353 50.0 50.0 50.0 50.0
Soybean meal 9.0 90 90 90 7.0 70 70 7.0
Rapeseed meal 6.0 60 60 60 75 75 75 75
Whole sorghum 9.0 90 90 90 93 85 75 65
CDFAf¥ 0.0 15 30 45 00 15 30 45
Molasses 8.0 80 80 80 80 80 80 80
Urea 0.5 05 05 05 05 05 05 05
Alfalfa hay 225 21.7 21 205 10.0 93 88 83
Corn stover 5.0 50 50 50 50 50 50 50
Mineral premix 2.0 20 20 20 20 20 20 20
Calcium carbonate 0.5 05 05 05
Common salt 0.2 02 02 02 02 02 02 0.2

¥ Treatments: Control: 0.0, T1: 1.5, T2: 3.0, and T3: 4.5 as % inclusion (BD) of the diet, YCDFAT,
crushed dry fruits of Acacia farnesiana.

Table 2: Chemical composition (%) of experimental diets and crushed dry fruits of
Acacia farnesiana

Nutrient Growing Finishing A.

(%) *Control T1 T2 T3  *Control T1 T2 T3  farnesiana
DM 91.89 9199 9195 9184 91.65 91.39 91.64 91.03 87.54

CP 15.17 15.45 1535 15.06 14.32 14.04 1412 14.08 12.52

EE 3.81 385 338 396 4.06 436 414 404 327

NDF 25.08 29.31 33.06 34.62 19.12 20.08 20.46 22.37 38.80

ADF 21.25 2486 26.67 28.76 16.31 17.43 16.87 18.46 34.22

oM 89.80 90.20 90.05 90.20 91.10 91.40 91.10 90.60 91.30
Minerals  10.20 980 995 9.80 890 860 890 940 8.70

¥ Treatments: Control: 0.0, T1: 1.5, T2: 3.0, and T3: 4.5 as % inclusion (BD) of the diet; DM= dry matter,
CP= crude protein, EE= ethereal extract, NDF= neutral detergent fiber, ADF= acid detergent fiber; OM=
organic matter.
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Experimental test

The feeding test lasted 80 d, of which 10 were for adaptation to the pen and diets, and
there were two experimental periods: growing stage for 21 d and finishing stage for 49 d
of feeding. The treatments were different levels of crushed dry fruits of A. farnesiana
(CDFAf): Control: 0, T1: 1.5, T2: 3.0, and T3: 4.5 %, of the basal diet (BD) both in the
growing stage and the finishing stage. For the inclusion levels of CDFATf, they were based
considering the bioactive compounds of an organic fraction (EtOAc-F), using the same
batch of pods as those of the present study. The specific chemical compounds within this
fraction were: gallic acid, ethyl gallate, naringin, and naringenin®®. The yield of EtOAc-
F was 3.75 %, which was equivalent to 562, 1,125 and 1,687 mg of EtOAc-F in T1, T2,
and T3, respectively.

Evaluation of the productive response

After the 10 d of adaptation to the individual pens and feeding, the animals were weighed
for three consecutive days (with prior fasting) to know the initial live weight (ILW), then
they were weighed on d 21 (growing phase) and d 70 (finishing period). Dry matter intake,
total weight gain, daily weight gain, feed conversion, and feed efficiency were recorded
throughout the experimental phase.

Post mortem variables

On d 70 of the experimental period, the animals were transferred to a private
slaughterhouse in the municipality of Capulhuac, State of Mexico, to be slaughtered
according to NOM-033-SAG/Z00-2014 and Colomer-Rocher et al®). The live weight
(LW) of the animals when leaving the farm and arriving at the slaughterhouse was
recorded to estimate the farm yield (farm yield, %= (LW arrival at the slaughterhouse,
kg/LW exit of the farm, kg)*100. Twelve (12) hours after arrival at the slaughterhouse,
the LW was previously recorded to determine the commercial yield (%)= (hot carcass,
kg/LW at slaughter, kg)*100.

Viscera and byproducts

Once the animal was slaughtered, the weights of blood, skin, head and legs, red viscera
(heart, liver, lungs, and trachea) and empty green viscera (rumen, reticulum, omasum and
abomasum, and large and small intestines) were recorded. The weight of some organs of
the reproductive system (testicles and penis) and the weight of the total internal fat of the
thoracic and abdominal cavities were also recorded.
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Carcass traits and quality

At 45 min post mortem, the weight of the hot carcass (portable digital scale, Rhino), pH
and temperature (Hanna potentiometer) of the Longissimus thoracis muscle between the
12th and 13th ribs were recorded®®. The carcass was then taken to the cold chamber
(4 °C) and at 24 h, the weight of the cold carcass, pH, and temperature were recorded.
The color of the Pectoralis profundus muscle and the color of the superficial fat of the
Gluteus medius muscle were measured; this variable was evaluated by the L* (lightness),
a* (reddish), and b* (yellowish) system®® with a Minolta colorimeter (Chroma Metro
CR-200, Minolta Camara C., Osaka, Japan)®?. GR grades were also measured, which
indicate the total depth of tissue (mm) between the carcass surface and the rib, over the
12th rib region and at a point 11 cm from the midline; this indicator estimates
subcutaneous fat: little or no fat cover (GR 0 to 4 mm), moderate fat cover (GR to 9 mm),
abundant fat cover (GR 10 to 15 mm), excessive fat cover (GR >15 mm)®*. Between the
12th and 13th rib, the area of Longissimus thoracis muscle was determined; the area under
the rib was measured in the 12th rib by using a plastic grid or by tracing the eye on acetate
paper and then using a grid (GRID-USDA\) to determine the area in centimeters®®.

Morphometric characteristics and primal carcass cuts

Cafieque et al® and Colomer-Rocher et al®® methodologies were used to measure
carcass length, rump perimeter, leg length and circumference (tape measure), and the
greatest and smallest width of the thorax (metric compass). The entire carcass was divided
to record weight (Torrey digital scale with an accuracy of 0.05 g) of commercial parts:
legs, neck, shoulder, rack, ribs, and loin®®.

Water loss, shear force, and meat color

For the meat quality analysis, 350 g of meat was taken from the Longissimus thoracis
muscle from the 6th to 3rd rib of the cold carcass. The sample was deposited in a cooler
to be transported to the meat quality laboratory of the UAEM-Temascaltepec University
Center, which was used to determine the variables: drip water loss, shear force, and meat
color (24, 48, and 72 h). Honikel’s?”) technique was used to determine drip water loss.
Two fat-free samples of 50 g each with a thickness of 1.5 cm were taken. Each sample
was hooked and placed in an airtight bag, so that the meat was suspended inside the bag.
In this way, all samples were hung inside a refrigerator at 4 °C. Weights were recorded
at 24, 48, and 72 h later (analytical scale, Ohaus £ 0.05 g). Drip water loss was calculated
using the following formula:

Sample final weight (g)
. o) —
Drip water loss (%) Sample initial weight (g) X 100
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In meat shear force, Bratzler’s®® methodology was used. Samples 4 cm long x 4 cm wide
and 2.5 cm thick; these samples were previously vacuum packed and refrigerated at 4 °C
for 3 d in order to reach 80 % softening. After that period, the samples were unpacked
and placed in a plastic bag, sealed, and cooked in a double boiler (70-75 °C) for an hour
and a half; at the end, the internal temperature was recorded, they were left to cool (30
min in clean water), and the shear force (kg) parallel to the muscle fibers was determined
with the help of a texture meter (TAXT2, Stable Microsystems Corp, NY, USA) equipped
with WarnerBrazler shear blades at a speed of 50 mm/min.

Meat color was determined with a Minolta CR-20 colorimeter, Konica Minolta, Osaka,
Japan, using the CIE methodology@®. It measures the color with the Hunter system: high
values of L* are associated with pale colors: 0 (black), 100 (white); a*, high values
determine a higher intensity of red: a*>0 (red), a*<0 (green); b*, high values are
associated with a more yellowish tone of the meat: b*>0 (yellow), b*<0 (blue). These
measurements were made during the 24 h post mortem using a sample of 4 x 4 cm with a
thickness of 2.5 cm. The same sample was refrigerated at 4 °C for the determinations at
48 and 72 h. Readings were taken at three sample sites free of excess intramuscular fat
and blood spots.

Experimental design and analysis of results

The results obtained were subjected to an analysis of variance using the GLM procedure
of SASCY under a randomized complete block design, taking the animals’ initial live
weight (ILW) as a blocking factor, which was used as a covariate in the statistical
analyses. The comparison of means between treatments was determined with Tukey’s
test; significant differences were declared when P<0.05 and trends when 0.05 <P<0.1.

Results

Productive response

Dry matter intake was not affected (P>0.05) by the addition of the different levels of
crushed dry fruits of A. farnesiana (CDFAf) in both evaluation periods. During the
growing period of the animals, CDFAf increased (P<0.05) DWG, TWG, and FLW, while
FE tended (P=0.1) to improve (Table 3). During the finishing stage, no significant
differences or trends (P>0.1) were found between treatments.
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Table 3: Productive behavior of sheep during the growing and finishing stages
receiving different levels of crushed dry fruits of Acacia farnesiana

. Treatments P-
Stage/Variable Control T1 T2 T3 SEM value
ILW, kg 22.87 2294 2279 2276

FLW, kg 28.36°  29.95% 20.83% 30.43% 0.44 0.02
. DMI, kg/d 1.50 153 149 162 017 045
Growing b ab ab a
DWG, kg/d 0.26 0.33% 0.33% 0.36* 0.05 0.02
TWG, kg 5.52P 7.10%  6.99% 759 125 0.02
FE, kg 0.17° 0.22  0.22*8 0.222 0.04 0.10
ILW, kg 28.05 29.28 29.65 30.91
FLW, kg 45.69 4570 46.88 4623 279 0.81
Finishing DMI, kg/d 1.52 150 150 1.63 017 052
DWG, kg/d 0.33 033 035 034 005 0.82
TWG, kg 16.29 16.28 1745 16.82 278 0.82
FE, kg 0.21 021 023 021 030 0.06

¥ Treatments: Control: 0.0, T1: 1.5, T2: 3.0, and T3: 4.5 as % inclusion (BD) of the diet, ILW= initial live
weight, FLW= final live weight, DMI= dry matter intake, DWG= daily weight gain, TWG= total weight
gain, FE= feed efficiency. SEM= standard error of the mean.
® Different literal in the same row indicates differences (P<0.05).

Carcass traits, primal cuts, and viscera weight

Carcass traits (Table 4) and morphometry (Table 5) were not affected (P>0.05) by the
addition of CDFATf. In the commercial primal cuts (Table 6), T3 tended to improve
(P=0.09) neck weight. The addition of CDFAT at the 1.5 % level improved (P<0.01) the
weight of the loin. No significant differences (P>0.05) were found in the non-meat
components between the treatments evaluated.
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Table 4: Carcass traits of sheep finished in pens added with different levels of crushed
dry fruits of Acacia farnesiana

. Treatments
Variable Yeortrol 1 T2 T3 SEM P-value
FY, % 46.63 48.35 48.37 48.50 2.03 0.24
CY,% 50.93 52.70 52.87 52.81 1.95 0.17
L* carcass 38.72 39.22 40.17 41.52 2.90 0.26
a* carcass 10.45 12.43 10.42 10.20 2.03 0.13
b* carcass 8.15 9.94 6.02 7.24 2.90 0.09
L* fat 70.92 69.62 69.62 70.65 3.05 0.75
a* fat 1.72 1.68 2.18 2.20 0.82 0.45
b* fat 10.39 10.67 10.97 11.03 1.25 0.73
pH45 6.61 6.62 6.60 6.49 0.17 0.44
pH24 5.83 5.66 5.65 5.80 0.21 0.26
T°45 28.34 29.18 28.82 29.60 1.48 0.39
T°24 1.72 2.43 2.06 2.31 1.03 0.54
Back fat, mm 2.43 2.79 3.26 2.92 0.88 0.34
GR Grades 10.94 12.06 12.75 12.48 2.89 0.62
RIEA, cm? 21.9 23.7 23.0 22.7 2.71 0.64

¥ Treatments: Control: 0.0, T1: 1.5, T2: 3.0, T3: 4.5 as % inclusion (BD) of the diet, FY= farm yield, CY=
commercial yield, RIEA=rib eye area.

Table 5: Morphometry of carcasses of sheep finished in pens added with different
levels of crushed dry fruits of Acacia farnesiana
Treatments

Variables YControl  T1 T2 T3 SEM P-value
HCW, kg 21.75 23.11 23.29 23.29 1.65 0.22
CCW, kg 21.19 22.44 22.65 22.61 1.67 0.27
CL, cm 66.27 65.07 66.52 66.69 2.01 0.39
LL, cm 35.56 34.58 36.23 34.89 1.81 0.30
LD, cm 41.14 41.49 43.33 42.33 1.97 0.16
RP, cm 61.62 62.18 63.18 59.49 5.12 0.54
RW, cm 21.34 22.05 21.85 22.00 1.04 0.52
LWT, cm 23.47 24.45 23.59 24.51 1.73 0.50
SWT, cm 19.23 19.67 19.54 19.53 0.91 0.80

¥ Treatments: Control: 0.0, T1: 1.5, T2: 3.0, and T3: 4.5 as % inclusion (BD) of the diet. SEM= standard
error of the mean. HCW= hot carcass weight, CCW= cold carcass weight, CL= carcass length, LL= leg
length, LD= leg diameter, RP= rump perimeter, RW= rump width, LWT= largest width of the thorax, and
SWT= smallest width of the thorax.
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Table 6: Weight of primal cuts (kg) of sheep added with different levels of crushed dry
fruits of Acacia farnesiana

. Treatments
Variable (kg) Control T1 T2 T3 SEM P-value
Legs 6.74 7.09 6.65 7.18 1.14 0.75
Neck 1.01° 0.98" 1.02° 1.3 0.18 0.09
Shoulder 6.07 6.44 7.01 6.91 1.24 0.43
Rack 1.98 2.11 2.12 2.12 0.33 0.82
Ribs 3.51 3.34 3.29 3.26 0.50 0.75
Loin 1.88P 2.328 2.17% 2.16% 0.25 0.01
¥ Treatments: Control: 0.0, T1: 1.5, T2: 3.0, T3: 4.5 as % inclusion (BD) of the diet. SEM= standard error
of the mean.

® Different literal in the same row indicates statistical differences (P<0.05).
Meat quality

In the meat quality variables (Table 7), differences (P<0.05) were observed on drip water
loss at 24 and 72 h, with T1 having the lowest water loss with 6.76 %, while T2 presented
the highest runoff with 8.99 % at 72 h. The shear force also showed significant differences
(P<0.05), where the control group obtained a lower shear force compared to the other
treatments.

Table 7: Quality parameters of meat from sheep finished in pens added with different
levels of crushed dry fruits of Acacia farnesiana
Treatments

Variable/Treat Hour YControl T1 T2 T3 SEM  P-value
L* meat 29.45 28.93 2829 28.00 242 0.64
a* meat HO  8.45 8.03 829 7.68 1.20  0.60
b* meat 9.04 870 880 836 1.19  0.72
L* meat 33.22 3269 326 31134 287 051
a* meat H24 8.35 9.06 9.13 8.80 1.59 0.75
b* meat 10.90 11.10 10.20 9.80 238  0.67
L* meat 32.83 3296 3245 3215 235 0.90
a* meat H48 9.61 1026 10.67 10.31 127 0.42
b* meat 11.27 1159 1217 11.71 154 0.71
L* meat 32.03 3230 3093 3133 188 048
a* meat H72 9.61 1026 10.67 1031 101 0.13
b* meat 12.56 12.49 1317 1236 1.38 0.66

H24  2.19% 2.34% 328 175" 0911 0.02

H48 4.71 439 555 3.88 1.38 0.14
DWL (%)

H72  7.95%® 6.76° 899 761* 119 0.01
SF (ko) 3.07° 3.60% 4.79* 374® 093 0.1
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¥ Treatments: Control: 0.0, T1: 1.5, T2: 3.0, T3: 4.5 as % inclusion (BD) of the diet. SEM= standard error
of the mean, DWL= drip water loss, SF= shear force.
 Different literal in the same row indicates statistical differences (P<0.05).

Discussion

Productive behavior

Dry matter intake (DMI). The DMI is one of the most critical parameters when using
ingredients rich in phenolic compounds (condensed tannins, hydrolyzable tannins, and
flavonoids) as part of the animals’ diet. Previous studies carried out by this research group
on the same CDFATf samples found that they contain phenolic compounds, such as ethyl
gallate, methyl gallate, gallic acid, naringin, and naringenin*1_ These compounds could
be interacting in the metabolism of dietary nutrients and modifying the productive
response of animals; this coincides with other studies that have reported that the total
phenols of A. farnesiana fruits may be around 397.5 g/kg of dry matter®. In general,
phenolic compounds have different bioactive effects when consumed by animals, for
example, flavonoids, such as naringin and naringenin that were found in the same dried
pods of A. farnesiana that were used in the present study and those of previous
studies*%® could increase the digestion of structural carbohydrates (cellulose and
hemicellulose) of the plant cell walls, and they could also modify microbial protein
synthesis, favoring cellulolytic species and inhibiting methanogenic protein®2,
Biologically, this can be explained by the fact that phenolic compounds, such as
flavonoids and condensed tannins, due to their molecular weight, can form complexes
with dietary proteins and carbohydrates through four chemical reactions: a) hydrogen
bonds between the hydroxyl radicals of the phenolic groups and the oxygen of the amide
groups of the peptide bonds of the proteins, which can be reversible depending on the pH
of the medium, b) hydrophobic interactions between the aromatic ring of the phenolic
compounds and the hydrophobic regions of the protein, c) ionic bonds between the
phenolate ion of gallic acid and the cationic site of the protein; this type of complexes are
exclusive to hydrolyzable tannins and are reversible®?). The gallic acid found in CDFAf
is part of the chemical structure of hydrolyzable tannins and could form complexes with
dietary proteins, modifying the site of digestion and absorption of nutrients, and finally,
d) when polyphenols oxidize to quinones, they can form complexes with dietary proteins
through covalent bonds; this type of complex is reversible®®). Considering that the highest
inclusion level of CDFAT in the present study was 45 g/kg DM and 39.7 % of that amount
is total phenols, it is estimated that the diet only had 17.86 g of bioactive compounds, a
concentration that could have a synergistic effect with the metabolism of dietary nutrients.
Additionally, in the present study, the addition of CDFATf did not show differences
between treatments for dry matter consumption in both production stages (Table 2),
which could be related to the levels of inclusion in the diet of the bioactive compounds
that were used, as they were below 50 g/kg DM, a concentration that has been considered
beneficial as it does not have a negative effect on the voluntary consumption of animals.
Intakes greater than this amount can negatively affect dry matter intake and,
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consequently, the productive response of animals®®®. Other studies have also reported no
negative effect of including A. farnesiana in the diet when 120 to 240 g/kg of DM were
used; on the contrary, when the inclusion was 300 g/kg of DM, consumption in sheep was
increased”*4, It is important to consider that, in this type of study, the specific bioactive
compounds found in the DM of plants must be determined because the biological
response in animals will depend on the chemical nature and concentration of each of them.
In this sense, Quiroz-Cardoso et al® mention that the condensed tannins in fruits of A.
farnesiana do not influence consumption or palatability index, but the amount of total
phenols does affect this parameter. The concentration of secondary compounds in A.
farnesiana can be variable and depends on the state of maturity of the fruits, the soil and
environmental conditions in which they develop, and the morphological and chemical
nature of the type of compound®1%%), Therefore, for future research, the state of ripeness
of the fruits and the quantification of specific bioactive compounds should be considered.

Weight gain. Both daily weight gain (DWG) and total weight gain (TWG) in the growing
stage were positively affected by treatments that included CDFAf, which were reflected
in the final live weight (FLW) of the animals. The DWG found in this study was 260,
330, 330, and 360 g/d for the growing period and 330, 330, 350, and 340 g/d in the
finishing stage for the control, T1, T2, and T3, respectively. The increase in production
variables during the growing stage could be attributed to the fact that the animals
consumed a diet higher in protein, and if it is considered that the phenolic compounds
(ethyl gallate, methyl gallate, gallic acid, naringin, and naringenin) present in CDFAf are
chemical compounds of high molecular weight® and complex chemical structure with a
large number of hydroxyl groups, which can form complexes®® with the amino acid
proteins and reserve and structural polysaccharides of the diet®, which at neutral pH are
insoluble, which, when passed to the abomasum, dissociate due to the effect of acidic
pHE”-38) “increasing the pool of metabolizable protein to the duodenum, thus increasing
the availability of amino acids for muscle protein synthesis, which translates into greater
weight gain, as happened in the animals that received CDFAT in the present research.

Another mechanism may be the alteration that they generate on the bacterial populations
of the rumen since they can inhibit the growth of protozoa and fibrolytic bacteria, and in
turn, stimulate the proliferation of amylolytic bacteria such as Succinimonas amylolytica
and Selenomonas ruminantium, which produce propionate®. Likewise, adding saponins
from some species improves the efficiency of microbial protein synthesis, leading to a
more energy-efficient fermentation process®®. In this context, future studies on rumen
fermentation parameters, bacteria count, and secondary metabolites in rumen will be
considered. In many tropical and subtropical regions of Mexico and the world, there are
various trees and shrubs rich in these bioactive compounds, which could be used as a
nutraceutical strategy to improve animal productivity in rural areas of the world where
the use of concentrated protein or energy feeds is not widely available. There are other
studies that have included tree and shrub forages in animal feed; specifically, when
Guazuma ulmifolia®® was included, there was an improvement in weight gain; the same
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happened in Garcia-Winder et al’s(”) research when including 12 % of A. farnesiana fruits
in the diet of growing Pelibuey ewe lambs.

Carcass traits, primal cuts, and viscera weight

Carcass quality is one of the most important parameters to evaluate in sheep production
and marketing processes because it largely determines the selling price.

Carcass color. In the present study, the color of the carcass was similar to that reported
by Jaborek et alY for L* with 40.91; in this sense, L* values are affected by myoglobin
concentration, which varies with the age of the animals“?; in contrast, the values of a*
and b* differ from those reported by Jaborek et al®Y. This variation in the results found
in this study and previous studies is possibly due to the age of the animals and the type of
diet),

Fat color. The color of the fat in this study did not show significant differences between
treatments compared to the control; the values found for L* coincide with those reported
in other studies®V, while the values of a* of the same authors (8.63) were higher than
those found in this study, an effect attributed to the type and level of energy in the diet
and age and sex of the animals evaluated; however, they also mention that handling during
slaughter can be important. Regarding the values of b*, those found in the present study
were slightly higher than those found by Jaborek et alY; this yellowish color could be
attributed to the carotenoids and xanthophylls commonly present in all green forages,
which cause yellowing in fat; these compounds could be present in the CDFAf that were
used in the present study.

PH. The carcass pH values (5.65-5.83) obtained in this study at 24 h for all treatments
were similar to those reported by other studies“? for sheep from the Dorset x Hampshire
cross. In contrast, they were slightly higher than those observed by Partida de la Pefia et
al®, who reported average pH values of 5.5 at 24 h after slaughter. The variation in this
parameter depends on different factors, such as the handling of the animals at the time of
slaughter and the age of the animals®?-*4). Similarly, some authors have reported variation
due to the type of diet since carcasses from animals finished with high-grain diets may
present higher values compared to animals whose diet was based on forage®V,

Back fat. The fat cover in the carcass is the main factor that determines its commercial
value since it prevents the carcass from drying out, influences the tenderness and juiciness
of the meat, and, in the case of sheep, interferes with the aroma and flavor of the meat?®.
The back fat obtained in this experiment was low (2.43, 2.79, 3.26, and 2.92 mm,
respectively) compared to what was reported in another study“®, where they obtained
6.33 mm. This characteristic is due to the exit weight of the animals, which indicates that
the slaughter weights can be increased®. In this sense, the Mexican standard for the
classification of carcasses allows up to 6.9 mm of subcutaneous fat cover in heavy lambs
to be considered in the “MEX EXT” classification.
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GR Grades. The thickness of the dorsal subcutaneous fat is an objective parameter highly
correlated with most of the tissue of the carcass, mainly the three pieces of the highest
commercial value®®. In this sense, the measurements of the GR point are another
alternative related to the amount of fat in the entire carcass, which facilitates its
implementation without interfering with the slaughter line of the animals®®). In this study,
no differences (P>0.05) were found for this variable due to the effect of the treatments
(10.94, 12.06, 12.75, and 12.48) for TO, T1, T2, and T3, respectively; these results are
within the ranges proposed by Bianchi”) for carcasses weighing 18.5 to 22 kg.

Rib eye area. The Longissimus dorsi muscle is an important variable in determining
carcass quality since it is highly correlated with the total amount of muscle in the carcass
and corresponds to the rack and loin, which are the pieces with the highest economic
value®. In this study, although no differences were found (P>0.05), there was an
increase in the treatments compared to the control (Table 4). Likewise, the values found
in the present study for this parameter are higher than those reported in a study with
Katahdin sheep (17.4 cm?) and the average data reported by Partida de la Pefia et al®® for
intensively finished sheep, which is due to the genotype of the animals studied.

Carcass yields. The yields found in this study are largely consistent with Partida de la
Pefia et al®, who reported an average of 50.9 % of carcass yields for sheep finished in
intensive systems, which coincides with what was found in this study for TO; the yields
of T1, T2, and T3 were higher than those reported by these authors.

Primal cuts. The yield of primal cuts is an important factor for the marketing of sheep
meat when it comes to cuts since each of them receives a different value. In this study,
the weights of the primal cuts were similar (P>0.05) for legs, neck, shoulder, rack, and
ribs (Table 6), which coincides with what was reported in Pelibuey sheep fed with waste
chickpeas® and in hair sheep fed with different proportions of Tithonia diversifolia®®.
Nonetheless, statistical differences were observed in the weight of the loin (P<0.05)
(Table 6). The weight and yield of primal cuts are associated with the slaughter weight
and the feeding system®).

Morphometry. The measurements corresponding to this item agree with what has been
reported by other authors®® for carcasses from the Katahdin-Charollais cross and with
Partida de la Pefia et al®¥ in carcasses from intensively finished sheep. In this sense, these
variables were not affected by the levels of inclusion of A. farnesiana pods since these
depend to a large extent on the breed and age of the animals@¥.

Viscera. It is believed that the workload of absorption, rather than the amount or
characteristics of the digestion in the small intestine, has a significant impact on the
intestinal mass, just as the weight, texture, or chemical composition of the digestion
affects the mass of the gastrointestinal tract®. In this study, the weight of the different
components of the digestive tract was not affected, which is consistent with various
studies that included supplementation with legume fruits“>%Y. The weight of the different
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organs (heart, liver, lungs) was not affected by the inclusion of A. farnesiana fruit meal,
which indicates that it is a suitable supplement for animal consumption. The weight of
total fat was high due to the use of isoenergetic and isoprotein diets, which resulted in the
accumulation of fat in the kidneys and pericardium®2),

Meat quality

Flesh color. In this study, no significant differences (P>0.05) were observed in the values
of L*, a*, and b* for treatments containing A. farnesiana fruits. Nevertheless, the L* color
values were lower than those reported by Smeti et al®®, a* values were below the
standards mentioned by Alberti et al®?, and b* values were within the standards®®® of the
UNE 48-103-94 standards, where they indicate the thresholds of the color of pink flesh
L* 44.0-51.6, a* 11.6-15.1, b* 9.8-17.6, and DFD (dark — firm — dry) meat L*25.1-32.8,
a* 17.0-21.3, b* 7.2-16.9. These color changes after cutting (hour 0) will vary when they
come into contact with oxygen and reach their maximum values after 48 h®. Other
authors point out that the acceptable standard for the color of lamb meat is equivalent to
a L*value 34-35 and a* value < 19; these color thresholds indicate that lamb meat with
an L chromatic value between 34 and 35 (showing lightness) and a redness value (a)
below 19 (indicating less redness) would be acceptable®. However, these criteria may
differ according to the rating of regional standards and consumer preferences®®®). This
performance coincides with that reported by Luciano et al®® for b*; although the pH of
the meat was not recorded, the pH of the carcass at 24 h was >5.6, possibly due to the
stress of transport and pre mortem handling of the sheep, which affected the pH and DFD
meat as a consequence®®. On the other hand, other authors®® reported a similar behavior
for a* values on the ninth day of maturation. With storage time, b* values correlate
positively with sensory appreciation of meat degradation, while a* correlates negatively
with sensory color degradation®®. These color changes in meat can be affected by the
oxidative processes of myoglobin in contact with oxygen (the amount of myoglobin in
the muscle determines the color saturation: purple-red myoglobin, bright red
oxymyoglobin, brown metmyoglobin)©®. The color of the fat will be the deposit of
pigments from the food (xanthophylls, carotenes, etc.)®.

Drip water loss. According to the results obtained in the present research, the lowest level
of CDFAT inclusion presented the lowest values of drip water loss (hour 72) if it is
considered that the water in meat can be found bound, immobilized, and free and the
distribution of its electrons is not neutral but has a positive and a negative charged end,
which means that they can be associated with reactive groups of various chemical
compounds, such as proteins and phenolic compounds of A. farnesiana, due to their
complex chemical structure and the large number of free hydroxyl groups, they can form
complexes with water at the tissue level and increase the water retention capacity of the
muscle®®),

Shear force. Texture is a variety of sensations related to chewing, cutting, and penetration
of meat and is the parameter most respected by consumers®. The differences found in
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this study show a tendency to increase the shear force as the levels of inclusion of A.
farnesiana fruits increased. As the shear force in the treatments where CDFAf was
included increased, it can be hypothesized that intramuscular fat decreased since this
gives tenderness to the meat; these findings are good from the point of view of lean meats.
It is considered that one of the most critical factors influencing meat quality is the
oxidative process, which is decreased when the meat has less fat, increasing shelf life,
which has been reported to be possible by including antioxidant phytochemicals in the
animals’ diet®?. Other studies support this scientific justification by mentioning that
phenolic compounds in the diet have been proposed to be effective in improving the
antioxidant status of meat, contributing to the stabilization of color and flavor, and
preventing rancidity(®53),

Conclusions and implications

According to the results obtained in this study, CDFAf can be included in diets for
growing and finishing sheep because no adverse effect was found on dry matter intake; it
can improve weight gain in the growing stage and increase the weight of cuts of high
commercial value, such as loin. The use of the fruits of this shrub species represents a
potential option as a feed to improve ruminant production and reduce the use of feed
inputs external to the production unit.
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Abstract:

The objective of this study was to predict months in production at 84 mo of age (MIP84) to
include information from still-living animals in the genetic evaluation of longevity based on
productive and reproductive information to establish complete longevity as MIP84. The
records were obtained from animals born between 1986 and 2020 from the Holstein
Association of Mexico. To predict MIP84, a linear regression model was fitted for 1st, 2nd,
3rd, 4th, and 5th calving before 84 mo of age. The model included information from cows
with complete longevity, such as milk production in kilograms adjusted to 305 d ME (SP) at
current calving, cumulative months in production before current calving (MACL), months in
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production at current calving (MLCC), pregnancy index at current calving (PRI), lactation
status index at current calving (LAS), and age at first calving in months (AFC) in its linear
and quadratic effects (AFC?). The model explained 44 to 98 % of the variation observed in
MIP84. Most regression coefficients for expanding longevity were significant and positive
(P<0.01). The mean coefficient for PRI was negative in all calving’s (-0.7159 + 0.0171 and
-2.0632 + 0.0732). The proposed model allowed the inclusion of cows that have not yet
finished their productive life, being of interest in genetic longevity assessments.

Keywords: Prediction model, Longevity, Holstein cows.
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Introduction

Longevity in dairy cattle is an important economic characteristic that presents genetic
variability, generally low but sufficient for genetic progress in subsequent generations*?),
Countries that evaluate longevity in dairy cattle have measured it as herd life®, productive
life®4), functional longevity®®), true longevity®®, productive lifespan”), longevity at 84 mo
of age®, longevity before culling or censorship®, permanence™?, life expectancy®**?, and
milking life*®). The low heritability estimates (0.02 to 0.11)“* are the result of relatively
high residual variability, which can be explained by the complexity of the trait and the
considerable influence of environmental factors such as management. The productive life of
dairy cows is difficult to improve genetically because, among other factors, complete data
are available too late for the animals of interest, so an early selection of longevity, which
would be appropriate, is impossible. Different authors have mentioned that improving
longevity by identifying superior animals early is possible using correlated traits, as is the
case of Maugan et al*®, who included, in their model, characteristics correlated with each
other and with functional longevity, such as udder composition, fertility, somatic cell index,
and incidence of mastitis, in order to include young animals in the early genetic evaluation
of longevity in Holstein cattle; on the other hand, 13 type characteristics have been studied
in Italian Montbeliarde cows, which were correlated with survival, allowing their early
prediction®®):; other researchers used correlations of 15 type characteristics with herd life at
48 mo of age in Guernsey cattle®. Early selection can also be achieved with a nonlinear
evaluation of censored data®®® or using predicted longevity for live cows in addition to
complete longevity data®'?. The latter methodology is used in the United States of
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America® to evaluate the longevity of dairy cattle measured as months in production at 84
mo of age (MIP84) because it allows the use of incomplete records from cows that are still
alive at the time of evaluation, commonly called censored records. The process is based on
the phenotypic prediction of MIP84 of animals not yet discarded based on population
regressors to extend the productive lifespan and their subsequent adjustment to homologate
variances, a process similar to that applied to the extension of incomplete lactations for the
milk production trait!®. In addition, since MIP84 is a continuous variable, it better represents
the lifespan of a cow and brings the distribution of the variable closer to the normal
distribution, allowing to have both complete data until the disposal of very old cows and
censored data from younger cows®. In Mexico, the evaluation of longevity in Holstein cattle
is done only for males using a survival model®?; this is a limitation because early life
indicators are needed to help farmers in the selection of animals that are more likely to reach
their full potential; therefore, the use of MIP84 and a linear model will not only allow the
evaluation of females to be carried out directly but will also allow genomic information to be
included shortly. The first step to implement the evaluation of MIP84 in the Holstein
population of Mexico is the prediction of the variable in animals that are still active or those
whose true longevity is unknown for any reason; therefore, the objective of this study was to
predict the months in production at 84 mo of age based on complementary productive and
reproductive information in records of Holstein cows from Mexico, using the simple linear
regression model developed by VanRaden and Klaaskate® and evaluating the fit of this
model.

Material and methods

Information from the production control system of the Holstein Association of Mexico was
used. The information included corresponded to the observed productive life of a total of
70,314 cows with 1 to 5 calving’s because there were no cows that started their sixth lactation
before 84 mo. The dependent variable was established as the months in production at 84 mo
of age, establishing a maximum of 10 mo in production for each lactation so as not to
indirectly favor cows with extended lactations®. In order to predict MIP84, the independent
variables included in Van Raden and Klaasklate’s® statistical model and those available at
the end of each calving from 1 to 5 were used, which consisted of the accumulated months
in production (MACL), months in production at the last calving (MLCC), the lactation status
at the time of culling or termination of lactation (LAS), the pregnancy index at the time of
culling or termination of lactation (PRI), the interaction of the herd-year and season of first
calving and the age at first calving, and milk production measured in kilograms adjusted to
305 d mature equivalent (SP). Although this model® included the variable of dry days, these
were not included in the model because they showed significant unexplained variations
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(analysis not presented in this study). The PRI was equal to 1 if the cow was pregnant; the
cow was considered pregnant if it was more than 70 d after being artificially inseminated, it
had a diagnosis of pregnancy, or it had a subsequent calving to the one analyzed, or zero in
any other case. The lactation status index (LAS) was coded as zero when the cow was dry or
in milking for more than 305 d and as one if the cow was in milking within 305 d. Age at
first calving in months was also considered in its linear and quadratic effects.

Five scenarios were considered for the calculations, which represented the amount of
information that the cow had for its prediction and depended on the number of complete
lactations it had. That is, if it had finished its first or second lactation and so on until its fifth
lactation. The number of cows that presented a complete calving was 26,704, two complete
calvings 18,351, three complete calvings 10,496, four complete calvings 5,115, and up to
five complete calvings 3,065. This differentiates the MIP84 calculated in this study from that
obtained in the population of the United States of America, where the information they
considered was obtained from different age groups®. In other words, separate models were
fitted for animals removed during their second, third, fourth, or fifth lactation, using the
information generated up to the previous calving. Current calving was considered to be
lactation during which the cow was removed.

The statistical model used for the prediction of MIP84 was as follows:

MEP84ijkimnopg= M + hyfci + Bimacl; + Bamlcck + Bapriz + Balasm + Bsspn + Beafco + Brafc?y

+ Eijkimnopq

Where,

hyfc is the herd-year of first calving,

macl are the months in production accumulated until the previous calving,

mlcc are the months in production at the current calving,

pri is the pregnancy index at the current calving,

las is the lactation status at the current calving,

sp is the standardized milk production at 305 days ME at the current calving,

afc is the age at first calving,

afc? is the quadratic effect of age at first calving.

€ijkimnopq 1S the random error,

B1i, B2, B3, Bar Bs, Be, and [, are the coefficients of linear regressions for the variables
described above. The GLM procedure of the SAS statistical software?) was used to perform
the analyses.
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Results and discussion

Table 1 shows the regression coefficients, their probability value, and the coefficients of
determination obtained from the model to predict MIP84 based on information from the first,
second, third, fourth, and fifth calving. The model explained 98, 96, 92, 79, and 44 % of the
variation from the effects included for MIP84 for the first to fifth calving, respectively.

Table 1: Coefficients of determination, regression coefficients, and P-value of the variables
used in the prediction model for MIP84 in the first five calvings

MIP84
First Second Third Fourth Fifth
calving calving calving calving calving
Variable _ __
Regression coefficient

MACL, m  0.8951***  (.8188*** 0.6669***  0.4123***  (0.1414***
MLCC, m  0.0034Ns 0.0265*** 0.0714***  0.1329***  0.1348***
LAS (0,1)  -0.0579**  0.0166NS 0.1330NS 0.1801NS 0.1781NS
PRI (0,1) -0.7159***  -1.1221*** -1.7292%**  -2.0632***  -1.4743%**
SP, kg 0.0001***  0.0001*** 0.0001***  0.0002***  0.0002**
R? % 98 96 92 79 44

MACL= months in production accumulated until the current calving, MLCC= months in production at the
current calving, LAS= lactation status index (0= milking, 1= dry), PRI= pregnancy index (0= empty, 1=
pregnant), SP= milk production in kg adjusted to 305 d ME at the current calving, R?= coefficient of
determination.

***= less than 0.001, **= between 0.001 and 0.01, *= between 0.011 and 0.05, NS= above 0.05

To explain the effect of the independent variables used in the model to predict MIP84 through
the five calvings, MIP84 are shown directly since they are months in production already
completed, and this is reflected in an increase in the MIP84 forecast. One-month increases
were reported for the same variable®. The MLCC were significant from the second calving
to the fifth and indicated that when increasing one month in milk in the current calving, the
MIP84 increased by 0.026 for the second calving, by 0.071 for the third calving, by 0.133 for
the fourth calving, and by 0.135 for the fifth calving; it may be due to two factors: one is the
relationship between days in production and total milk production, since the higher the milk
production, the lower the probability of discarding; and the other is that a cow with more
months in production in the last lactation is closer to reaching the end of it and the possibility
of starting a new lactation increases, and with this, the expectation of a higher MIP84
increases, in addition to the fact that, in general, these cows have a lower probability of
having locomotion or health problems, they become pregnant more easily and have higher
milk productions, which is consistent with what Dallago et al@? stated.
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Figure 1: Effect of the months in production accumulated until the current calving
(MACL) on MIP84
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Figure 2: Effect of months in production at current calving (MLCC) on MIP84
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The MLCC was not significant at first calving probably because of the distance in time
between the MLCC of the first lactation and the date of discarding the cow. As the cow
approaches the end of its productive life, MLCC tends to be important in predicting MIP84
because having more months of production in the previous lactation would predict that the
cow stayed longer in the productive herd because it had a high production or greater fertility
or better health; on the contrary, when there is a cow with a short previous lactation, in
principle, it should have lower MIP84; this could be because the productive or reproductive
conditions within the herd were not the best for the cow and caused it to have fewer months
in production with a greater probability of being culled in the subsequent lactation. Although
lactation status (LAS) regression coefficients were similar in magnitude to those of other
characteristics, such as MLCC for calvings 2 to 5, they were only significant for the first
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calving. In the case of the first calving, when the cow is in milking, the prediction of MIP84
decreases by 0.06 months compared to when the cow is in the dry period (Figure 3). This
could be because when the cow is primiparous and finishes its lactation without drying off,
it is at a disadvantage against cows that end their cycle and become dry because they are less
prepared to start a new productive cycle and thus decrease their expectation of MIP84.
Contradictorily, when the cow finished its third lactation without drying off, the MIP84
prediction increased by 0.13 mo (P<0.05), probably because the cow is already close to
reaching its actual MIP84 measurement, and the fact that it does not have information on the
date of dry-off at this time is not as critical in the prediction of MIP84. On the other hand,
when the cow was not pregnant (PRI) at the end of the previous lactation, the prediction of
MIP84 was negative in the five calvings (P<0.0001), with a trend that indicates that it
decreases as the number of calvings increases until it decreases by 2.06 mo at the fourth
calving (Figure 4), which suggests that the fact that the cow has not ensured an upcoming
calving at the time of prediction drastically decreases the predicted MIP84, which is
consistent with what has been reported by several authors®224, Finally, the effect of SP on
MIP84 was significant in the five calvings, indicating that when milk production increases
by one kilogram, the predicted MIP84 increases by 0.0001 mo for the first three calvings and
0.0002 mo for the fourth and fifth calvings (Figure 5). This may reflect the fact that when
cows have higher milk production, farmers tend to give them more opportunities to stay in
the cowshed, increasing their MIP84?%. However, the large variation that exists in this
variable makes the effect small compared to those of the other variables in the study. Age at
first calving in its linear and quadratic effect was not significant in any calving.

Figure 3: Effect of lactation status (LAS) on MIP84
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Figure 4: Effect of pregnancy index (PRI) on MIP84
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Figure 5: Effect of milk production at 305 days of ME (SP) on MIP84
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Conclusions and implications

According to the results obtained in this study, it is possible to predict with high accuracy
MIP84 in Holstein dairy cows, with at least one lactation completed, based on the milk
production in kilograms adjusted to 305 days ME, the accumulated months in production,
the months in production of the last lactation, whether the cow is in production or dry and
whether it is pregnant or not, common variables in milk production controls. On the other
hand, the predicted MIP84 was higher for cows with more months in production at their last
recorded full lactation, cows that were in production at their last record (except second-
lactation cows), or cows that were pregnant at the end of the last lactation. The prediction of
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MIP84 will allow animals that have not finished their productive life to be included in the
genetic evaluation of this population, information that will help producers in the genetic
improvement of longevity in their herds.
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Abstract:

Increasing gastrointestinal nematode resistance to conventional anthelmintics (AH) is a
growing worldwide problem. Among various sources, the search for alternative AH has
focused on plant secondary metabolites such as curcumin. The in vitro AH activity of
curcumin (CUR) was evaluated against three isolates of the ruminant nematode Haemonchus
contortus with different susceptibilities to conventional AH. Four in vitro tests were run: egg
hatching inhibition (EHI), larval migration inhibition (LMI), larval exsheatment inhibition
(LEI) and 72 h mortality of unsheathed Lz. Curcumin (CUR) concentration range was 0 - 8.5
ug CUR/mL in the EHI, LMI and mortality tests. In the LEI test it was 0 - 17.3 ug CUR/mL.
Concentration-response curves were generated using a log-logistic regression. Experimental
design was completely random and results were analyzed with an ANOVA. Curcumin did
not exhibit AH activity in the EHI, LMI and mortality tests, but had a significant AH effect
in the LEI test. This effect was strongest against the FMVZ-UADY isolate (ECso=1.9 ug/mL,
95%CI=1.58-2.31), followed by the Paraiso isolate (ECso= 3.2 ng/mL, 95%CI = 2.69-3.81)
and the CENID-SAI, INIFAP isolate (ECso= 7.0 ug/mL; 95%CIl= 6.58-7.43). At the
evaluated doses, curcumin had an AH effect against exsheatment of H. contortus Ls, but no
effect on egg hatching, Lz migration or mortality of exsheathed La.

Key words: Polyphenol, Anthelmintic, Larval exsheathed, Polymeric stabilizers.
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Introduction

Gastrointestinal nematodes (GIN) are a major health problem in grazing ruminants2. Small
ruminants with high GIN infections suffer digestive disorders that cause growth retardation
or decrease productivity parameters. These parasites can also cause anemia, edema and, in
very severe cases, death®#. Haemonchus contortus is one of the most important GIN due to
its pathogenicity and worldwide distribution in tropical and subtropical regions®.

Control of H. contortus is based on commercial dewormers that can, over time, select for
populations with anthelmintic resistance (AR)®. Increasing AR is the driving force behind
the search for alternative helminth control measures”). Plant secondary metabolites,
particularly polyphenolic compounds, have an anthelmintic (AH) effect against different H.
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contortus life stages®®). Turmeric Curcuma longa L., a member of the Zingiberaceae family
and native to Asia, contains polyphenols. The main polyphenol in C. longa extracts is
curcumin (CUR) (60-75 %), although smaller proportions of desmethoxycurcumin and
bisdesmethoxycurcumin are also present%1D Curcumin has confirmed pharmacological
activities such as antioxidant, anti-inflammatory, anticancer, antiviral, antibacterial, and
antiparasitic®?%8), Its antiparasitic activity has been evaluated using extracts produced with
solvents of different polarity, and different elements of C. longa plants. These extracts’ AH
activity has been evaluated using different concentrations (mg/mL) against H. contortus
adults, Ls and eggs®®2Y. High doses are used because CUR exhibits low hydrosolubility,
poor absorption, and rapid degradation, which reduce its bioavailability@®®,

Research has focused on increasing CUR solubility by encapsulating secondary metabolites
in lipid nanoparticles, nanoemulsions, nanoliposomes, biodegradable polymers and
dendrimers, and hydrogels, with the use of casein and cyclodextrins®223). A combination of
CUR and polymeric stabilizers such as polyvinylpyrrolidone (PVP) in a solid dispersion
(CUR/PVP) has recently been proposed®*2®, This combination improves CUR solubility and
provides low toxicity in cells and tissues®52®), Few studies have evaluated the in vitro AH
activity of C. longa, and none mention the CUR metabolite concentrations used in the
bioassays; indeed, they assume that any observed AH effect is caused by CUR and other
curcuminoids®-2Y, Therefore, the AH activity of CUR against H. contortus has yet to be
unequivocally demonstrated. The present study objective was to evaluate the in vitro AH
activity of CUR against three H. contortus isolates with different AR status.

Material and methods

Experimental ethics

All experimental animals were handled following applicable laws for germplasm collection
(NOM-051-Z00-1995 and NOM-062-Z00-1999) (www.gob.mx/senasica). The
experimental design and procedures followed the ethical guidelines of the Bioethics
Committee of the Faculty of Veterinary Medicine and Zootechny of the Autonomous
University of Yucatan (Facultad de Medicina Veterinaria y Zootecnia de la Universidad
Auténoma de Yucatan - FMVVZ-UADY) (Permit No. CB-CCBA-D-2021-005).
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Study area

Production of H. contortus in donor animals with monospecific infections, and all in vitro
bioassays, were performed at the FMVZ-UADY, Xmatkuil, Mérida, Mexico.

Haemonchus contortus isolates

Three H. contortus isolates were used in the tests. The AH resistance status of each was
determined before their use.

(1) The Paraiso isolate originated from a commercial sheep farm in Uman, Yucatan, Mexico.
It is reported to exhibit resistance to ivermectin (IVM; fecal egg count reduction: 64 %),
albendazole sulfoxide (ABZ; fecal egg count reduction: 0%), and levamisole (LEV; fecal egg
count reduction: 92 %)®@:

(2) The FMVZ-UADY isolate originated from a farm in Merida, Yucatan, Mexico. It has
been reported as resistant to ABZ (fecal egg count reduction: 89 %) and LEV (fecal egg count
reduction: 87 %)C?, but susceptible to IVM (fecal egg count reduction: 99 %)®;

(3) The CENID-SAI-INIFAP isolate was provided by the Helminth Department of the
National Center for Disciplinary Research in Animal Health and Food Safety (Centro
Nacional de Investigacion Disciplinaria en Salud Animal e Inocuidad - CENID-SAI) of the
National Institute of Forestry, Agriculture and Livestock Research (Instituto Nacional de
Investigaciones Forestales Agricolas y Pecuarias - INIFAP). In vitro resistance assays were
performed at the FMVVZ-UADY. Based on the egg hatch methodology described by Von
Samson-Himmelstjerna et al®Y, this isolate was found susceptible to thiabendazole (TBZ)
(ECso= 0.050 pg/mL), and using the larval migration technique®? it was found susceptible
to IVM (ECso=1.09 uM)®®). In a separate study using the in vitro mortality technique, it was
found susceptible to IVM (79.22 % mortality at 11.42 mM)©),

Donors and collection of monospecific Haemonchus contortus isolates

Donor animals were six goats aged 3 to 4 months, 15 kg live weight (LW), raised GIN-free
from birth. For each H. contortus isolate, two donor animals were infected with 7,000 L3 per
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0s®®, At all times, the animals were kept in individual cages with raised floors located inside
individual pens with concrete floors at the FMVZ-UADY facilities.

Beginning at 24 d post-infection, fecal samples were collected directly from the rectum of
each donor animal in new polyethylene bags®®. The fecal samples were processed following
the McMaster technique to quantify the number of eggs H. contortus eggs and quantify them
as eggs per gram of feces (EPG)®"). Each test was performed with 2 g of feces and 28 mL
saturated sugar solution (density = 1.28, 50 EPG sensitivity). Third stage larvae (L3) were
obtained from stool cultures maintained in clean plastic jars incubated at 28 °C for 5 to 6
days. The larvae were recovered using the Baermann technique®, and identified as
Haemonchus using morphological keys®.

Haemonchus contortus egg collection

Egg collection was done following the MAFF (1986) procedure®®). Feces were collected
directly from the rectum of donor animals using polyethylene bags. In the laboratory, the
feces were placed in a plastic strainer over a porcelain mortar. For every 10 g of feces, 100
mL water was added and the mixture macerated. The feces/water suspension was filtered
through a double layer of gauze placed in a funnel, and the liquid recovered in a flask. This
liquid was filtered through a 25 um mesh with a minimal amount of dechlorinated water.
Eggs were recovered from the mesh and placed in 50 mL tubes (5810R, Eppendorf,
Germany). These were centrifuged at 453 g for 5 min, and the supernatant removed. A
saturated sugar solution (25 mL, density= 1.28) was added to the sediment, The latter was
resuspended in a vortex mixer and the tubes centrifuged again. The surface layer of the
solution was recovered with a bacteriological loop and placed in another plastic tube
containing water purified by reverse osmosis. This procedure was repeated several times to
recover the largest possible number of eggs. Concentration per milliliter was estimated and
adjusted until attaining a 200 eggs/mL suspension.

Haemonchus contortus Lz production

Third stage larvae (L3) were produced in feces collected every 24 h in polyethylene bags
from a mesh placed under each cage. In the laboratory, the feces were washed with running
water to remove detritus, and the recovered washed feces were used to perform separate
coprocultures for each isolate with a Baermann apparatus®®, and placed in culture bottles
with ventilated lids. The bottles were identified with harvest date, isolate name and
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concentration (Ls/mL). The larvae were stored under refrigeration (6-10 °C) until used in the
in vitro migration and exsheathing inhibition tests, and the exsheathed L3 larvae mortality
test.

Curcumin dispersion in polyvinylpyrrolidone (CUR/PVP)

Curcumin has poor solubility®®4%, Therefore, prior to the in vitro studies, an established
procedure was applied to improve turmeric E solubility and absorption®®. Turmeric E
(52.28% CUR; Laboratorios Mixim S.A. de C.V., Naucalpan, Mexico) was combined with
PVP K30 (Agrimer K-30 Ashland, Columbus, Ohio, U.S.) at a 1:7 ratio. This produced a
turmeric E dispersion with a 6.2 % final CUR concentration (CUR/PVP). This procedure was
done at the Pharmaceutical Development Testing Laboratory (LEDEFAR), Cuautitlan
Higher Education Faculty, National Autonomous University of Mexico (Universidad
Nacional Auténoma de México — UNAM).

Preparation of CUR/PVP dispersion stock solutions

For the egg hatching inhibition (EHI), larval migration inhibition (LMI) and 72 h mortality
tests of exsheathed L3, a stock solution was prepared with 32.4 mg CUR/PVP dispersion in
20 mL purified water and stirred with a magnetic bar for 2 h. This suspension was centrifuged
(BHG, Germany) at 1.057 g for 5 min and the supernatant used in the different bioassay
concentrations. For the larval exsheathing inhibition (LEI) test, a stock solution was prepared
with 64.8 mg CUR/PVP dispersion in 20 mL purified water.

Curcumin concentration

Because of CUR’s low solubility, real CUR content was quantified in the supernatant
suspension used in the bioassays. Suspension CUR concentration was measured following
methodologies described in Buchi note No. 7474V and FSSAI“?, Briefly, the supernatant
was analyzed with a UV/VIS spectrophotometer (Lambda 25, Perkin Elmer, Beaconsfield,
UK) at 425 nm transmittance. A calibration curve (0 - 6 mg/L) of CUR (Sigma Aldrich®
standard cat. C7727, 91% purity) in ethanol was prepared. Pure ethanol (Sigma Aldrich® cat.
E7148) was used to correct the background reading. The stock solution prepared with 32.4
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mg CUR/PVP was found to contain 11.3 pg CUR/mML, and the stock solution prepared with
64.8 mg CUR/PVP contained 23 pg CUR/mL.

Egg hatching inhibition test

The EHI test was run following Coles et al*®. The egg suspension (200 eggs/mL) was evenly
distributed in 24-well plates (1 mL per well). Using the CUR/PVP stock solution containing
11.3 pg/mL CUR, serial dilutions (%) were made to four final concentrations in the wells:
2.3 (20 %), 4.0 (35 %), 5.7 (50 %) and 8.5 (75 %) pg/mL CUR in a 2,000 pL final volume.
The positive control was 10 pL Lugol’s solution (0.5 % incubated volume), and the negative
control was 1,000 pL purified water. The plate was incubated at 28 °C in a bacteriological
oven. After 48 h, egg hatching was stopped by adding 50 pL Lugol’s solution per well. A
total of two replicates were performed with three repetitions per concentration. The content
of each well was counted using McMaster chambers and a compound microscope (10x). In
the bottom of the chamber, per sample counts were done of morulated eggs (ME), eggs
containing unhatched larvae (UL) and L; larvae. The following formula was used:

o ) unhatched eggs
% Inhibition hatching = vmhatched eggs+ L x 100
1

Larval migration inhibition

The LMI test was run to evaluate IVM in dimethyl sulfoxide according to Demeler et al®?),
modified as follows for testing with CUR/PVP. The 11.3 pg CUR/mL concentration of
CUR/PVP stock solution was used. A serial dilution (%) was done of the stock solution to
produce seven final concentrations in the wells: 0, 0.6 (5 %), 1.1 (10 %), 2.0 (17.5 %), 3.7
(32.75 %), 5.7 (50 %) and 8.5 (75 %) ug CUR/mL. In a 24-well plate, 0 - 500 uL purified
water plus 0 - 750 uL stock solution were placed in each well. The positive control was 100
uL (10 %) Lugol’s solution, and the negative was 500 uL purified water. In wells with an 8.5
png CUR/mL final concentration, 250 pL of a larval suspension containing 600 La/mL was
added, with a 1,000 pL final volume. In the remaining wells, 500 pL of a larval suspension
containing 300 La/mL was added, with a 1,000 pL final volume. Two replicates and three
repetitions were done for each CUR concentration, and the positive and negative controls.
The plates were incubated at 28 °C for 24 h. To prepare the migration plates, 500 uL 1.5 %
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bacto agar were added to alternating rows, that is, one row with bacto agar and the next
empty. A 25 um mesh was placed in each well containing bacto agar. After incubation in
CUR, the L3 content of the working wells and control wells was transferred onto the mesh.
The migration plates were incubated at 28 °C for 24 h to allow the Ls to migrate through the
mesh. After incubation, the mesh was removed, leaving the migrated L3 larvae in the
corresponding wells. Those L3 that did not migrate and remained in the mesh were transferred
to the empty wells in the adjacent rows of the same plate. The mesh was washed with 1,000
pL purified water to recover all Lz in the corresponding well. One drop Lugol’s solution was
added to all wells, and the contents of each well poured into a McMaster chamber to count
Ls per well. The number of migrated and non-migrated Ls in each concentration was counted
and percentage of migration calculated using the formula described by Demeler et al®?:

) S non migrated L3
% migration inhibition = — - x 100
migrated Lz + non migrated Ls

Larval exsheathment inhibition

Inhibition of larval exsheathing (LEI) was quantified following Jackson and Hoste®®. A
suspension containing 1,000 Ls per mL, and CUR/PVP dispersion stock solution containing
23.0 pg CUR/mL were used. The Lz were incubated for 3 h at 23 °C in seven different
concentrations, obtained by serial dilution of the stock solution in 15 mL tubes: 0.6 (2.5 %),
2.3 (10 %), 3.5 (15 %), 4.6 (20 %), 8.1 (35 %), 11.5 (50 %) and 17.3 (75 %) pg CUR/mL.
Additionally, Lz were incubated in the respective concentrations of PVP K-30 to rule out any
AH activity from the polymer. In the positive control, Lz were incubated with LEV (120
mg/mL, Laboratorios Aranda S.A. de C.V., Mexico), and in the negative, they were exposed
to purified water. The tubes were centrifuged at 453 g for 5 min and washed with purified
water three times. Larvae exposed to the different treatments were divided into four 200 pL
aliquots containing 200 L3 each. Prior to the LEI test, calibration curves were generated for
each isolate by inducing gradual exsheatment in five dilutions of a sodium hypochlorite
(2 %) and sodium chloride (16.5 %) solution (1/300, 1/400, 1/480, 1/600 and 1/800) in
phosphate buffer solution (PBS, pH 7.4). Exsheatment was monitored every 20 min (0, 20,
40 and 60 min) in 50 pL aliquots (25-50 Ls) using a microscope (10x and 40x). Exsheatment
was stopped by flaming the slides covered with coverslips containing the La. Four replicates
were run for each CUR concentration, and %LEI calculated with the formula:
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% Inhibiti heathing = L3 not exsheathed 100
0 Inhibition of exsheathing = L3 not exsheathed + L3 exsheathed

Mortality in exsheathed L3

Mortality in exsheathed Lz caused by CUR was tested following Reyes-Guerrero et al®¥,
with some modifications. When the Lz of each H. contortus isolate were 3 to 15 wk of age,
five mortality trials were run using exsheathed Lz with 0.187 % commercial sodium
hypochlorite®®. Using a CUR/PVP dispersion stock solution containing 11.3 pg/mL CUR,
exsheathed L3z were exposed to five different concentrations: 1.1 (10 %), 2.3 (20 %), 4.0
(35 %), 5.7 (50 %) and 8.5 (75 %) ug CUR/mL. Lugol’s solution (10 uL) was used as the
positive control and purified water (50 uL) as the negative control. Using 96-well microtiter
plates, two replicates and three repetitions were done for each CUR concentration, and the
positive and negative controls. In wells with an 8.5 ug/mL CUR final concentration, 25 puL
containing 100 Ls were added to each well. In the remaining wells, 50 uL containing 100 Lz
were added to each well. Final volume in all wells was 100 uL. The plates were incubated at
28 °C for 72 h. After incubation, the live and dead L3 in each well were counted by collecting
the entire well in 10 uL drops that were deposited on slides for counting with an optical
microscope (4x). Mortality was calculated as a percentage using the formula:

dead Lj

% Mortality = x 100
% Mortality dead Lz + live L3

Data analysis

The data produced in the assays involving eggs (EHI) or Lz (LMI, LEI and mortality) were
used to generate concentration-response curves in a log-logistic regression with two
parameters; the drc extension in the RStudio software was used“®4”). Each test’s ECso and
95% CI were calculated. The percentage data for EHI, LMI, LEI and mortality were analyzed
per test with a completely randomized design, using an ANOVA and the GLM function of
the mass extension in the RStudio software®?4®), Two factors were included: the three
isolates (Paraiso, FMVZ-UADY and CENID-SAI, INIFAP) and the CUR concentrations in
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each test. Comparison of the means was run with a Bonferroni test at a P<0.05 significance
level.

Before running the ANOVA, a Kolmogorov-Smirnov normality test was run and confirmed
that the EHI, LMI and LEI data did not meet the assumption of normality. A Breusch-Pagan
heteroscedasticity test found that the same data did not comply with homogeneity of variance.
Therefore, the data was transformed with the Box-Cox transformation using the mass
extension of the RStudio software®’*®). Analyses were then done using the transformed
values, after confirming the assumptions of normality and homogeneity of variance.
However, the results are presented transformed to normal values to facilitate interpretation.

Results

CUR inhibition of egg hatching and L: development

Of the four tested CUR concentrations, only the 5.7 pg/mL CUR achieved 99 % inhibition
of hatching in the Paraiso and FMVZ-UADY isolates (Table 1); morulated eggs and larvae
were observed (Figure 1 ay b). Inhibition did not decrease significantly for these two isolates
even at the highest (8.5 ng CUR/mL) concentration (Table 1). At this same concentration,
the L1 exhibited morphological changes that may be associated with larval damage or non-
viability (Figure 2 a and b). In the CENID-SAI, INIFAP isolate, the EHI percentages were
low (< 10 %) at all concentrations. The ECso could not be calculated for any of the tested H.
contortus isolates.

Table 1: Egg hatching inhibition (%, average * standard deviation) at five curcumin (CUR)
concentrations in three Haemonchus contortus isolates with different susceptibilities to
commercial anthelmintics

0 pg 2.3 pg 4 ng 5.7 ng 8.5 ng
Isolate CUR/mL CUR/mL CUR/mL CUR/mL CUR/mL
Paraiso 51+25 6.6 +3.6 16.4+105 100%x0°* 34.8 £50.6
FMVZ-UADY 3.3%£0.9 8.3x4.9 74+24 99.8+0.3% 8.7+35
CENID-SAI
INIFAP 32+1.2 6.5+22 76x21 65+1.9° 6.6+1.2

ab Different letter superscripts in the same column indicate significant difference (P<0.05).
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Figure 1: Eggs of the Haemonchus contortus Paraiso isolate (40x) in 5.7 ug/mL CUR
concentration in egg hatching inhibition test
c

(a) Larvated egg, (b) morulated egg, (c) egg from positive control containing thiabendazole.

Figure 2: L larvae of the Haemonchus contortus Paraiso isolate (40x) in 8.5 ug/mL CUR
concentration in egg hatching inhibition test
a

(a) Degraded larva, (b) degraded larva with cuticle separated from body, (c) normal L, larva in negative
control.
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CUR inhibition of Lz migration

Of the six tested concentrations, only the 5.7 pg/mL CUR concentration notably inhibited
migration compared to the negative control (P<0.05): 64 % inhibition against the Paraiso
isolate and 53 % against the FMVZ-UADY isolate (Table 2). The highest inhibition against
the CENID SAI, INIFAP isolate was only 20.3 % in the 8.5 pg/mL CUR concentration,
which did not differ from the negative control. As occurred with the EHI results, the ECso
could not be calculated for CUR inhibition of migration in the three isolates.

Table 2: Lz migration inhibition (%, average + standard deviation) at seven curcumin
(CUR) concentrations in three Haemonchus contortus isolates with different susceptibilities
to commercial anthelmintics

0pg 0.6 pg 1.1 pg 2.0 pg 3.7 ng 5.7 ug 8.5 ug
Isolate CUR/mL CUR/mL CUR/mL CUR/mL CUR/mL CUR/mL CUR/mL

114+ 152 + 18.8 = 13.2 12.7 = 64.1 18.1 =
Paraiso 3.6 3.6 14 1.8 3.8 22.1% 7.1
FMVZ- 111+ 19.2 + 10.8 = 108 + 12.1 53 % 189
UADY 4.5 10.5 3.5 3.5 6.8 23.1% 12.9
CENID-SAI 84+31 93+74 84+27 8724 146% 136+ 20.3 +
INIFAP 4.3 2.4° 12.8

3 Different letter superscripts in the same column indicate significant difference (P<0.05).

CUR inhibition of exsheatment in L3

Exsheatment was inhibited in Lz from 60 to 100 % at 8.1, 11.5 and 17.3 ug CUR/mL. The
ECso of each isolate differed from the others since their 95%CI did not overlap. The lowest
values were for the FMVZ-UADY isolate (ECso= 1.9 pg/mL, 95%CI = 1.58-2.31), followed
by the Paraiso isolate (ECso= 3.2 ug/mL, 95%Cl= 2.69-3.81), and CENID-SAI, INIFAP
(ECs0= 7.0 ng/mL; 95%CI= 6.58-7.43).

CUR-caused mortality in exsheathed L3

Mortality in exsheathed Lz of all three isolates was less than 10 % at all the tested CUR
concentrations. Therefore, CUR had no apparent effect on mortality in exsheathed L3 in these
isolates.
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Discussion

CUR inhibition of egg hatching

All but one of the tested CUR concentrations had no AH effect on hatching of H. contortus
eggs; indeed, no ECso could be determined for CUR in the three isolates. However, a 99%
decrease in hatching was observed with the 5.7 ug CUR/mL concentration in the Paraiso and
FMVZ-UADY isolates. Apparently, conditions at this concentration were favorable for
solubility of CUR in water and its diffusion through the layers protecting the H. contortus
egg. This effect was not observed at the highest concentration (8.5 pg CUR/mL). Why this
occurred is unclear. It may be due to high solute saturation in the bioassay liquid, or to a
hormetic effect. In the latter, a biphasic response occurs in which low doses have no effect,
moderate doses cause change, and high doses exhibit little or none of the expected effect
(when graphed it has the shape of an inverted “J”” or “U”)“%. This phenomenon is a central
theme in the biological, adaptive and repair response, and has implications in pharmacology
and toxicology®”. Hormesis is known to occur in different cell types as curcumin
concentrations change®52. A C. longa methanol:water extract (70:30) is reported to have
an AH effect on H. contortus eggs, with an ECso of 69.75 ng/mL®?. In another study, H.
contortus eggs were affected by a hydroalcoholic (1:9) extract of C. longa rhizome (ECso =
100.9 mg/mL), as well as by an aqueous one (ECso= 83.7 mg/mL)®%. In neither of these two
studies was the role of CUR determined in the AH effect of the C. longa extracts against H.
contortus eggs. The solvents used in both studies for compound extraction were of varying
polarity and the extracts were not purified for identification of the main compounds.
Therefore, any effect of curcumin can only be assumed, since this is the main component in
C. longa extracts. However, a synergistic effect between different curcuminoids cannot be
discounted. For instance, in a study of curcuminoids’ effects on Toxocara canis, CUR alone
exhibited an AH effect on Lo, but this was augmented when CUR was combined with
desmethoxycurcumin, bisdesmethoxycurcumin and cyclocurcumin, suggesting that
synergism improved its effectiveness®.

Of note in the present EHI results is that CUR may cause loss of cellular continuity in L1 at
the internal organ level, and these changes may undermine viability in this larval stage. This
effect on L1 has not been reported previously, suggesting the need to use the larval
development methodology to evaluate the effects of CUR on larvae at different stages®®.
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CUR anthelmintic activity against L3

In both the LMI and EHI tests, CUR had no AH effect and the ECso could not be calculated
for any of the three evaluated isolates. As in the EHI test, the best inhibition of Lz migration
was with the 5.7 ug CUR/mL concentration, though even at this concentration inhibition
percentages were only 50 to 60 %. Results in the EHI and LMI tests were inconsistent,
possibly due to degradation of CUR. Indeed, the CUR solution in the wells had changed from
a light yellow at the beginning of the bioassay to a brown color at the end (48 h)®657), As far
as is known, no previous research exists on in vitro LMI testing evaluating any C. longa
extract against H. contortus Ls.

The most outstanding result is that the evaluated CUR extracts blocked exsheathment in
H. contortus Ls. This blockage, which is known to occur in ruminal fluid®®, may prevent L3
from invading the crypts in the abomasum, and consequently make larvae incapable of
transitioning to later stages, including Ls, Ls and adult®®. Blockage of exsheathment is
associated with the activity of polyphenols in plant extracts from leaves and other
elements®59, Curcumin is a polyphenol structurally related to caffeic acid and ferulic acid®Y.
Both these acids have been evaluated against H. contortus in EHI and LEI bioassays®.
Ferulic acid has ovicidal activity at 200-400 ug/mL, and in the LEI test caffeic acid exhibited
activity at 7.8 ug/mL and ferulic acid at 20.6 pg/mL. In the present results, CUR inhibited L3
exsheathment at concentrations < 7 pg/mL, lower than polyphenols mentioned above.

The mechanism by which CUR inhibits exsheathment in the three evaluated H. contortus
isolates is unknown. The effectiveness of CUR’s inhibition of exsheathment varied between
the three isolates. How effective CUR is at blocking exsheathment may depend on how it
interacts with enzymes, proteins, nucleic acids, biomolecules and different receptors types in
the sheath of H. contortus®?. A recent metabolomics study reported a panel of metabolites
directly responsible for Lz exsheathment, which were associated with amino acids and with
the purine and pyruvate metabolism pathways in H. contortus®®). Further research is needed
on the possibility that CUR’s effects on one or more of these metabolic pathways is
responsible for its inhibition of exsheathment.

The present results confirm that CUR does not affect mortality in exsheathment Ls. The low
mortality observed here in exsheathment Lz (<10 %) coincides with the low mortality
(<10 %) reported elsewhere with a C. longa extract at 100 pg/mL®??, and the absence of any
effect on Ls mortality with two C. longa extracts®®. These studies contrast with the work of
Nasai et al®?, in which an ethanolic C. longa extract increased Ls mortality (78 %) at doses
of 200 mg/mL. However, a large amount of extract was used in this study, which is unfeasible
under in vivo conditions. Nonetheless, even though no ECsp could be estimated for CUR in
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the Lz mortality assay, the EHI test demonstrated that CUR can cause changes compatible
with non-viability of H. contortus L;.

Finally, the results confirm that H. contortus isolates from different geographic regions
exhibit different in vitro susceptibility to natural plant compounds, both in the EHI and LEI
tests(646%), These previous studies suggest parasites implement an adaptive process to survive
in the presence of secondary compounds with AH activity ingested by the ruminant during
grazing. In the present study, the isolates had varying responses at the evaluated CUR
concentrations in the different in vitro bioassays. This was most evident in the LEI tests in
which the three isolates’ responses differed notably from each other. It is unclear why the
CENID-SAI, INIFAP isolate exhibited the lowest sensitivity to the CUR extract
concentrations compared to the two isolates from Yucatan.

Conclusions and implications

The evaluated curcumin extract had no in vitro anthelmintic activity against egg hatching, Ls
migration or mortality in exsheathed Lz in any of the evaluated H. contortus isolates (FMVZ-
UADY, Paraiso, CENID-SAI, INIFAP). However, it did inhibit exsheathment in Ls, with
variable responses in each of the isolates.
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Abstract:

The effect of spent coffee grounds (SCG) aqueous extract and butylated hydroxytoluene
(BHT) on color deterioration, lipid oxidation, and antioxidant status of uncooked pork patties
during refrigerated storage (4 °C/9 days, under dark) was investigated. Polyphenols content
and antiradical activity of SCG extract were evaluated. Pork patties were evaluated for pH,
color parameters and lipid oxidation (LOX), as well as total antioxidant activity of meat.
Results showed that SCG extract is an important source of polyphenols and exerts antioxidant
activity. Their inclusion in meat samples mitigated undesirable changes in pH, color, and
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LOX values and increased the antioxidant stability during storage (P<0.05). In conclusion,
using SCG extract as a natural antioxidant can improve raw pork patties' quality and shelf
life.

Keywords: Natural extract, Coffee residues, Antioxidant activity, Pro-oxidation, Meat
quality.
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Introduction

Lipid oxidation (LOX) of meats leads to the development of undesirable compounds that
undermine nutrient composition (e.g., essential amino acids and fatty acids) and sensory
attributes (color, odor, flavor, and texture), thus compromising the purchase intentions and
acceptability of ultimate consumers. Therefore, to reduce LOX process in meat and meat
products, synthetic antioxidants (e.g., butylated hydroxytoluene and butylated
hydroxyanisole) have been used extensively. Nevertheless, increasing concerns about the
health risks posed by synthetic antioxidants are forcing their replacement for natural
antioxidant compoundsV.

Natural antioxidant compounds have been extracted from each anatomical structure of plants,
such as flowers, fruits, leaves, among others. However, by-products derived from the fruit
processing industry have also been considered an important source of polyphenols with this
property®. The insoluble residue obtained after filtering the drink is a by-product commonly
known as spent coffee grounds (SCG). SCG is usually discarded when it is not used as a
fertilizer®.

Instead of treating SCG as a waste, other processing industries have taken advantage of this
raw material as a substrate for fungal growth® and as a food additive for bakeries®. In this
context, roasted ground coffee residue extract added at 15 % to salted mackerels has
decreased LOX during 15 d of refrigerated storage®. SCG has also been proposed as an
ingredient for the meat industry to reduce LOX). However, the assessment of SCG and their
extracts as an antioxidant additive for developing novel meat products to enhance shelf life
needs further examination.
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Therefore, the inclusion of SCG aqueous extract as a functional ingredient to enhance
antioxidant status of raw pork patties during refrigerated storage was investigated.

Material and methods

Polyphenols extraction

SCG was procured (Caffenio®, dark Coffea arabica L.) and subjected to thermal
sterilization. Polyphenols compounds from SCG were extracted with water as a solvent by
an ultrasound-assisted method (42 KHz/25 °C/30 min), using a 1:10 SCG-solvent ratio
(ultrasound bath, Bransonic 3800; Jeju, Korea). The resultant mixture was filtered (Whatman
1 filter paper) under vacuum (vacuum pump, MVP 6; Jeju, Korea), evaporated at 100 rpm/60
°C (Yamato RE301BW; Tokyo, Japan), and dried (Yamato DC401; Tokyo, Japan). The
resulting SCG extract was stored at -20 °C/under dark conditions”.

Polyphenols content

Chlorogenic acid content (CAC) was determined, as reported previously®. SCG extract (100
pl, 500 pg/mL) was mixed with 200 pL of urea (0.17 M) and 200 uL of glacial acetic acid
(0.1 mol/L), then 500 pL of dH20 were added. The resultant mixture was homogenized with
500 pL of NaNO2 (0.14 mol/L) and 500 pL of NaOH (0.5 mol/L) and centrifuged (2,250
xg/4 °C, 10 min). At 510 nm was measured the absorbance and results displayed as mg of
chlorogenic acid equivalents (CAE)/per gram of extract.

Total phenol content (TPC) was determined by the Folin-Ciocalteu procedure”. SCG extract
(10 pL, 500 pg/mL) was mixed with 80 uL of dH20 and 60 pL of Na;COs (7 %, w/v), then
40 pL of Folin-Ciocalteu reagent (2 M) was added. The resultant mixture was homogenized
with 80 pL of dH>O and incubated (25 °C/1 h, under dark). At 750 nm was measured the
absorbance and results displayed as milligrams of gallic acid equivalents (GAE)/g.

Total flavonoids content (TFC) was determined by the NaNO2-AlI(NO3)3:-NaOH
procedure®®. SCG extract (500 pL, 500 pg/mL) was homogenized with 1 mL of NaNO;
(5 %, w/v), 10 mL of NaOH (1 mol/L), and 1 mL of AICI; (10 %, w/v). Then 25 mL of
ethanol (70 %, v/v) was added. The resultant solution was incubated (25 °C/15 min, under
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dark). At 510 nm was measured the absorbance and results displayed as mg of rutin
equivalents (RE)/g.

Total tannins content (TTC) was determined by the vanillin procedure®. SCG extract (0.2
g) was mixed with 10 mL of methanol and centrifuged (10,000 xg/4 °C, 20 min). Then
180 pL of the supernatant was mixed with 900 uL of vanillin (1 %, w/v) and 900 uL of HCI
(8 %, v/v) and incubated (25 °C/20 min, under dark). At 500 nm was measured the
absorbance and results were displayed as mg of (+)-catechin equivalents (CE)/g.

Antioxidant assays

Free-radical scavenging activity was determined by the radical DPPH" (1,1-diphenyl-2-
picrylhydrazyl) procedure?. Then 100 pL of SCG extract (500 pg/mL) was homogenized
with 100 pL of radical solution (300 uM/kg) and incubated (25 °C/30 min, under dark). At
520 nm was measured the absorbance and results displayed as (%) inhibition: DPPH" (%) =
[(Radical absorbance at 0 min) — (Antioxidant-radical absorbance at 30 min) / (Radical
absorbance at 0 min)] x 100.

Radical-cation scavenging activity was evaluated by the radical ABTS™" (2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid radical cation) proceduret*®). The radical cation (0.8
absorbance) was mixed with SCG extract (500 pg/mL) in a ratio of 99:1 and incubated (25
°C/6 min, under dark). At 734 nm was measured the absorbance and results displayed as (%)
inhibition: ABTS™ (%) = [(Radical absorbance at solution at 0 min) — (Antioxidant-radical
absorbance at 6 min) / (Radical absorbance at solution)] x 100.

Reducing power was determined by the Ferric-reducing antioxidant power (FRAP)
procedure®®. Then 5 pL of SCG extract (500 pg/mL) were homogenized with 150 pL of
FRAP solution [10:1:1, 300 mM/kg of buffer sodium acetate in glacial acetic acid and 10
mM/kg of TPZ reagent in 40 nM/kg of HCI and 20 mM/kg FeCls] and incubated (25 °C/8
min/under dark). At 595 nm was measured the absorbance and results displayed as mg of
iron equivalent (Fe")/g.

Reducing power was also determined by the RPA procedure**). Then 100 pL of SCG extract
(500 pg/mL) were homogenized with 300 pL of phosphate buffer (0.2 mol/L, pH 6.6) and
300 pL of CsFeKaNs (1 %, w/v). The resultant mixture was incubated at 50 °C for 20 min.
After that, 300 pL of TCA (10 %, w/v) were added, and the samples were centrifuged at
4,200 xg/4 °C, 15 min (Sorvall ST18R, Thermo Fisher Scientific; Waltham, USA). The
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supernatant was homogenized with 100 pL of dH2O and 250 pL of FeCls (0.1 %, w/v). At
700 nm was measured the absorbance and results displayed as absorbance.

Pork patties elaboration

Fresh pork minced meat (Semimembranosus muscle) was procured (Norson®) and mixed
with 1.5 % salt (NaCl, w/w) and back fat (20 %, w/w). Pork patties were assessed in four
treatments (in triplicate) as follows: Control (samples without antioxidant); T1 (samples with
0.05 % of SCG extract, w/w); T2 (samples with 0.1 % of SCG extract, w/w); T3 (samples
with 0.02 % of BHT, w/w). Sixteen patties (40 g per patty) per treatment were elaborated,
packaged in Styrofoam™ trays (expanded polystyrene), and overwrapped with polyvinyl
chloride film (17,400 cm® O2/m?/23 °C, 24 h). The packaged patties were refrigerated (4 °C/9
days/under the dark), and on each sampling day, four packages per treatment were opened
for due analysis.

Meat quality measurements

The proximate chemical composition (moisture, fat, protein, ash, and carbohydrate content)
of the meat product was determined following standard procedures®®).

The pH of the meat product was determined by mixing the samples with dH>O (1:10 ratio)
at 4,500 rpm/5 °C, 1 min (T25, IKA®; Staufen, Germany), and using a potentiometer
(pH211, Hanna; R1, USA)(9),

Thiobarbituric acid reactive substances procedure was used to measure the lipid oxidation
(LOX)“®). The meat product (1 g) was homogenized with 2,000 pL of TCA (10 %, wiv)
(4,500 rpm/5 °C, 1 min) and centrifuged (2,300 xg/4 °C, 20 min). Then 200 pL of the filtered
(Whatman 1 filter paper) solution was homogenized with 200 uL of TBA reagent (0.02
mol/kg) and incubated at 98 °C, 20 min. At 531 nm was measured the absorbance and results
displayed as mg of malondialdehyde (MDA)/g.

The meat product color was measured spectrophotometrically (CM-508d, Konica Minolta
Inc.; Tokyo, Japan). Samples were exposed to O2 under refrigeration at 4 °C, 30 min. After
that, 10 readings were performed on the samples surface to record: L*, lightness; a*, redness;
b*, yellowness; C*, chromaticity; h*, hue angle®?.
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The meat homogenate was obtained after pork patties were homogenized with dH>O (1:10
ratio) at 4,500 xg/4 °C, 10 min. Thereafter, the supernatant was filtered and subjected to
polyphenols content, antiradical and reducing power activity measurements.

Statistical analysis

Polyphenols and antioxidant activity data (n=6) were analyzed by a one-way ANOVA, while
meat quality measurements were subjected to a two-way ANOVA. A Tukey test was
performed (P<0.05). In addition, a multivariate analysis was used to determine the
relationship among all parameters (SPSS version 21).

Results and discussion

Polyphenols content and antioxidant activity of SCG extract

The presence of polyphenols in SCG extract was demonstrated by the obtained results,
including CAC (205.03 + 4.13 mg CAE/qg), TPC (562.71 + 20.04 mg GAE/qg), TFC (756.38
+11.82 mg RE/g), and TTC (12.50 £ 3.33 mg CE/qg). In addition, mean values of antioxidant
activity also showed that SCG extract displays high DPPH" (84.95 + 0.61 %) and ABTS™*
antiradical activity (43.93 + 2.08 %), although the standard (BHT) showed the highest
(P<0.05) antioxidant values respect to SCG extract (89.12 £ 2.10 % and 81.20 = 1.15 %,
respectively). Furthermore, SCG extract displays moderate FRAP (0.21 + 0.10 mg Fe?*/g)
and RPA (0.11 + 0.01 abs) values concerning BHT (0.53 + 0.15 mg Fe?*/g and 0.60 + 0.10
abs, respectively) (P<0.05).

In previous works, it has been demonstrated that these agro-industrial by-products are a key
source of polyphenols, including flavonoids and phenolic acids, widely correlated with their
in vitro antioxidant effect®. However, the absence or presence of these components in coffee
residue extracts could be associated with the variety (C. arabica and C. robusta), extraction
system (solid-liquid, Soxhlet, among others), and the solvent type (water or ethanol) used for
the compound extraction®%, In addition, the presence of polyphenols in SCG extract is
related to their antiradical effect; hence, a promissory strategy to enhance the antioxidant
stability of pork meat products during storage could be the addition of SCG extract.
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Pork patties quality

According to the results, the proximate composition of meat samples did not vary with the
inclusion of 0.05 and 0.1 % of SCG extract (P>0.05). The average values obtained were
55.73 % (moisture), 19.5 % (protein), 22.5 % (fat), 1.8 % (ash) and 0.53 % (carbohydrates).
It had been observed that adding 1 and 2 % of extracts from agro-industrial residues in
formulations of pork patties did not significantly affect the original proximate
composition©@?,

Figure 1 illustrates raw pork patties' pH and LOX changes (A and B, respectively). The
treatment x storage time interaction significantly affected (P<0.05). On the initial day of
storage (d 0), the incorporation of antioxidant treatments did not affect pH and LOX values
(P>0.05). However, pH values decreased, and LOX values increased during storage time
(P<0.05). Atd 9 (end of storage), meat samples treated with T1 and T2 exerted the highest)
pH values, and the lowest LOX values (P<0.05).

Figure 1: pH (A) and LOX (B) values (Mean = SD, n = 6) of raw pork patties during
storage time
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T1=pork patties with 0.05 % of SCG extract; T2= pork patties with 0.1 % of SCG extract; T3= pork patties
with 0.02 % of BHT.
abedef | gwvercase superscripts indicate significant differences when considered treatment x storage time
interaction effect (P<0.05).
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Meat quality evaluation indicates antemortem and postmortem changes occurring in
slaughter animals; pH and LOX are key properties in meat quality perceptions influencing
the meat purchase intention associated with quality losses in meat industry products®®2%),
However, it has also been demonstrated that the inclusion of non-synthetic sources rich in
polyphenols improves food quality®?.

In this investigation, initial pH values in pork patties remained within the typical range for
fresh pork meat (pH 5.5-5.9). A reduction in pH values of pork patties was observed during
cold storage when synthetic or natural (date pits) antioxidant extracts were added@®),
Additionally, in agreement with the results of this study, a 42 % decrease in LOX of cooked
pork patties added with light and dark SCG extract (1 g/kg or 10 %), stored under freezing
conditions for three months, was observed®®. When adding 0.05 and 0.1 % of SCG ethanol
extract reduced LOX in raw pork-meat system stored at 37 °C/12 h(®9), Also, a LOX reduction
of ground (top round) beef added with 0.1 % of ground roasted coffee (light, medium, and
dark) through storage (4 °C/6 d) has been demonstrated @),

According to the obtained results (Table 1) the treatment x storage time interaction had a
significant effect on color values (P<0.05). Atd 0, the antioxidant incorporation did not affect
these parameters (P>0.05). However, L*, a*, b*, and C* values were reduced during storage
time, while h* values were increased (P<0.05). On d 9, meat samples treated with T1 and T2
exerted the highest L*, a*, b*, and C* values and the lowest h* values (P<0.05). Color is
another key parameter in meat quality perceptions®?. In agreement with the study, a
reduction in L*, a*, and b* values through refrigerated storage (4 °C/6 d) has been reported
in control meat samples compared to their counterparts treated with 0.1 % of ground roasted
coffee®,
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Table 1: Colour changes of raw pork patties treated with the aqueous extract of SCG
during storage time
Storage time days

Item Treatment

0 3 6 9
L*  Control 57.14+1.36° 5151+157% 51.77+1.36® 49.39 + 1.35°
T1 56.83+1.16° 54.40+1.74° 54.06+1.93" 54.63+ 156"
T2 56.97 +0.86° 53.61+0.90° 53.24+1.39° 5318 +1.98"
T3 56.35+ 1.56° 56.01+0.63° 54.31+1.86" 53.25+1.31°
a* Control 10.56 + 1.37°  7.55+1.39° 6.27 + 0.97° 4.15 + 0.942
T1 9.60 + 0.88° 9.33 +1.14° 8.28+1.39°  7.25+0.83°
T2 10.79+1.18° 10.12+1.67° 8.25+0.74° 852+ 1.01%
T3 9.22 +0.68° 9.10 + 1.79° 7.68 +£0.82° 4.75 + 1.382
b*  Control 18.09+1.37¢ 1568+1.43° 1456+0.95* 12.28 + 1.65°
T1 18.20+0.97° 16.67+1.05° 16.34+1.01° 15.84 +1.35°
T2 19.08 +1.21°¢ 17.21+1.65° 16.95+1.40° 16.11+1.50°
T3 17.62 +1.03° 16.16+1.34° 1575+0.90° 14.95+1.112
C*  Control 21.15+1.49° 1735+1.77° 16.74+1.29° 13.54 +0.86°
T1 20.35+1.08° 18.62+1.61°° 18.45+1.80* 16.77 +1.32°
T2 21.25+1.29° 19.45+1.60° 18.84+1.44* 17.78+1.71°
T3 19.06 £+1.17¢ 1752+1.69° 1651+1.72° 15.64 +1.68%®
h*  Control 61.41+1.16% 63.62+151* 66.17+1.72> 72.75+1.02°
T1 63.80 +1.60* 63.10+2.06* 65.74+1.46® 67.83+1.88"
T2 62.21+ 153 62.47+1.90° 63.01+146° 64.45+ 149
T3 62.51+1.86° 65.09+1.84* 66.44+151° 71.73+2.06°

Results expressed as mean + SD (n = 6); T1= pork patties with 0.05 % of SCG extract; T2= pork patties with
0.1 % of SCG extract; T3= pork patties with 0.02 % of BHT.
abc | owercase superscripts indicate significant differences when considered treatment x storage time effect
(P<0.05).

Polyphenols content and antioxidant activity of meat homogenates

According to the obtained results (Table 2), the treatment x storage period interaction
significantly affected the meat homogenates' polyphenols content (P<0.05). Non-differences
(P>0.05) were detected in TTC (average value 0.87 mg CE/g), ABTS™" (49.58 %), and RPA
values (0.87 abs) during storage. At d 0, chlorogenic acid (CGA), TPC, and TFC values
increased (P<0.05) in meat samples treated with SCG extract (T2>T1). Yet CGA, TPC, and
TFC values significantly decreased (P<0.05) during storage period, and at day 9, the highest
(P<0.05) CGA, TPC, and TFC values corresponded to T2.
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Table 2: Polyphenols content of pork patties treated with the aqueous extract of SCG
during storage time

Item Day Treatments
Control T1 T2 T3

CGA, 0 31.01 £0.50* 8599 +1.50% 110.15+2.78% 31.43+0.50%
mg CAE/g 9 31.20+£0.62% 33.10+0.42° 75.72+0.33°  31.60 + 0.44%
TPC, 0 31.70 £3.01° 33.17+2.50° 42.84+210°  38.67 +1.15¢
mg GAE/g 9 23.20+1.04* 21.20+1.30* 27.10+1.23° 26.62 +1.00"
TFC, 0 34.01+£0.90% 34.46+1.50% 46.20+0.80°  22.27 +1.98°
mg RE/g 9 15.60 £ 1.13%° 20.30+1.55° 31.91+256° 20.16+1.13"
TTC, 0 1.00 +0.50 0.96 +0.15 1.06 +0.42 0.78 +0.28
mg CE/g 9 0.80 + 0.45 0.74 +0.31 0.79+0.30 0.84 +0.33

Results expressed as mean + SD (n= 6); T1= pork patties with 0.05 % of SCG extract; T2= pork patties with
0.1 % of SCG extract; T3= pork patties with 0.02 % of BHT.
abede | gyvercase superscripts indicate significant differences when considered treatment x storage time
interaction effect (P<0.05).

According to the obtained results (Table 3) the treatment x storage period interaction
significantly affected the meat homogenates' antioxidant status (P<0.05). Regarding the
antioxidant activity, at d 0, DPPH" and FRAP values increased (P<0.05) in meat samples due
to SCG extract. However, antioxidant values were reduced (P<0.05) during storage in the
Control and T3 samples. On d 9, T1 and T2 showed the highest DPPH" and FRAP values
(P<0.05).

Table 3: Antioxidant status of pork patties treated with the aqueous extract of SCG during
storage time

Item Day Treatments
Control T1 T2 T3

DPPH: 66 0 30.10 £ 2.70° 41.97 +1.009 48.65+ 1.54°  43.92 +2.99¢
’ 9 13.50 £ 0.55% 43.70 +1.60% 45.08 +2.04% 15.37 +1.02°
ABTS™ 0% 0 50.40 + 1.55 51.98+1.83% 48.68+2.75%  48.52 + 3.00?
’ 9 49.10 + 1.52%  48.95+1.45% 49.25+3.22%  49.83 +2.99?

FRAP, 0 4.64+052°  12.09+1.13° 17.03+050° 3.89 +0.55°

mg Fe?*/g 9 3.97+050° 10.62+0.55° 18.42+1.74° 4.64+0.52°

0 1.10 £0.30 1.03 +£0.05 0.91+0.30 0.92 +0.25

RPA (Abs) 9 0.80 +0.20 0.70 +0.30 0.81+0.30 0.70 +0.30

Results expressed as mean = SD (n= 6); T1= pork patties with 0.05 % of SCG extract; T2= pork patties with
0.1 % of SCG extract; T3= pork patties with 0.02 % of BHT.
abed | owercase superscripts indicate significant differences when considered treatment x storage time

interaction effect (P<0.05).
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Oxidative reactions in foods, including meat and meat products, are considered the principal
non-microbial cause of quality deterioration, and it is associated with a loss of endogenous
antioxidants postmortem. Animal species, breed, muscle type, and anatomical location can
influence endogenous antioxidant content®?. Concerning exogenous antioxidant content, the
presence of phenolic compounds in meat and meat products may result from the animal’s
diet®®, while the extraction and incorporation of bioactive compounds from natural sources
into meat formulations can increase the antioxidant status of meat products®?. In this context,
the phenolic content and antioxidant status of raw and cooked pork patties stored (4 °C/6 d)
and added with 2 % of a natural ethanol extract was increased®”.

Multivariate analysis

Figure 2 shows a principal component analysis to determine the differences among analyzed
variables and treatments. The first and second components showed a 57.57 and 24.55 %
variance, respectively. In this context, 82.12 % of the total variation was explained by both
components. In addition, a separation of the treatments concerning the variables was
observed; for example, the T2 treatment, loaded towards the right quadrant, presented the
highest polyphenols and antioxidant activity content.
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Figure 2: Principal component analysis of evaluated parameters and treatments

1.5+
TFC
1.049
o ° hets
TPC
TTC o
F 057 DPPH
h o
2 o
o o o Ob
~ TBARS c
E 00 CGA o
2 9 H
s Frap_ P
& RPA
5 o
QO 054
-1.0
154
T T T T T T
-15 -1.0 05 0.0 05 1.0 15
Component 1 (57.57%)
1.5 P
1.0
.
w
‘n
-
[~
~
HI 72
= [e]
e
=
E
S 5 Control
o
T
[
-107]
1.5+
T T T T T T
-15 -1.0 -5 .0 5 1.0 15

Component 1 (57.57%)

Control, samples without-antioxidant; T1= pork patties with 0.05 % of SCG extract; T2= pork patties with 0.1
% of SCG extract; T3= pork patties with 0.02 % of BHT.

Conclusions and implications

SCG extract is a novel source of antioxidant components, including polyphenols. SCG
extract incorporation into pork patties elicits desirable responses in pH values, color, and
lipid oxidation stabilities during storage times. Moreover, SCG extract increases polyphenols
content and the antioxidant status of meat samples. SCG extract can be used in the

formulation of pork patties to prevent oxidation reactions and mitigate meat quality losses
during refrigerated storage.
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Abstract:

Dogs offer multiple benefits in their relationship with humans, but they can also be carriers
of zoonotic parasites that affect human and animal health. Zoonoses account for about 58%
of all human infectious diseases. The objective of this study was to assess intestinal
parasitism in dogs with owners in the City of Barranquilla in the years 2016 to 2018. A
retrospective descriptive study was carried out that included 3,279 reports of parasitological
evaluation of feces from a clinical laboratory that serves a network of veterinary services in
the city of Barranquilla. 49.2 % of the dogs had some type of intestinal parasite. The most
frequent were helminths: Strongyloides sp. 9.6 %, Toxocara canis 7.7 % and Ancylostoma
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caninum 6.2 %; and the protozoa: Entamoeba spp. 10.0 %, Isospora spp. 6.9 % and Giardia
spp. 5.7 %. The Principal Component Analysis of the parasite profiles by year showed
significant differences. The presence of zoonotically transmitted intestinal parasites in dogs
evidenced the need to establish corrective and preventive measures in the field of public
health that allow their control, since they constitute a significant risk of disease in the
community.
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Introduction

Companion animals such as dogs offer multiple benefits in their relationship with humans,
but in this close and millennial association of collaboration and affection between species,
there are also zoonotic transmission parasites that can represent a potential risk to human and
animal health. Zoonoses account for about 58 % of human infectious diseases, and of the 177
pathogens considered by the WHO to be reemerging, 73 % are related to human contact with
an animal source®™?), The transmission of zoonotic parasites between humans and pets, such
as dogs, is linked to the inadequate handling of excreta. The presence of dog feces in parks,
streets, and public spaces where pets walk with their owners is an important source of
contamination for humans and animals. The physical contact of children and adults during
the game with their pets allows the exchange of parasites present in the hair and paws of the
animals. In the feces of dogs that live with humans in both rural and urban environments, it
is possible to find, in addition to canine intestinal parasites such as Toxocara canis,
Ancylostoma caninum, Echinococcus sp., and Dipylidium caninum, among others, parasites
typical of humans such as Ascaris lumbricoides or Strongyloides stercolaris as occasional
findings®.

Protozoa such as Giardia sp., Entamoeba histolytica/dispar, Cyclospora, and
Cryptosporidium sp., commonly found in the world human population as the cause of
gastrointestinal disorders and diarrhea in both healthy and immunologically compromised
people, are considered parasites of zoonotic transmission™®). Intestinal parasites are a global
public health problem that has social, economic, and cultural effects associated with
poverty®. In Colombia, the national parasitism surveys of the years 1965, 1980, and 2014
coincide in reporting intestinal parasitism in more than 80 % of the population®.
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The impact of zoonoses on human health makes it pertinent and opportune to conduct studies
that help to understand and define the possible risks of transmission of these pathologies,
even more so when they involve animals that live as closely with our families as dogs. In
Colombia, according to data from the National Administrative Department of Statistics
(DANE), pet ownership increased significantly in the last few years. Actuality 57 % of
households live with at least one pet (4.4 million families); dogs are the preferred pet in
71 % of these households®. The climatic and environmental conditions of the Colombian
Caribbean, where the city of Barranquilla is located, are appropriate for the transmission of
intestinal parasites. The objective of this work was to determine the frequency of intestinal
parasites in dogs with owners, including 3279 results of coprological analyses performed on
pets during the years 2016 to 2018 in the city of Barranquilla, Colombia.

Material and methods

Description of the study area

Barranquilla, located in the northeastern vertex of the department (province) of Atlantico,
Colombia. This urban center borders the Caribbean Sea to the north, the Magdalena River to
the east, and other municipalities to the southwest. It has a dry tropical climate; the average
temperature ranges between 24 °C and 28 °C, and humidity ranges between 65 % and
85 %®. There are no exacting data on the dog population in Barranquilla in 2016 — 2018
period, but it is calculated that in 2016 there were 82,386 dogs™?, and if it is considered that
the estimated human population was 1°223,616 people in Barranquilla for the same year
according to the National Department of Statistics™?, it can be inferred that there is a dog for
every 15 inhabitants, approximately.

Sample collection and evaluation

A retrospective descriptive study in which were linked 3,279 reports of feces parasitological
analysis of dogs with owner from a clinical laboratory that attends a network of veterinarian
services in the city of Barranquilla. The fecal samples were provided by the dog owners as a
routine control examination of their pets and the parasitological diagnosis was carried by an
expert bacteriologist through direct microscopic examination of the fecal samples with saline
and lugol solution to for the identification of parasitic forms.

Statistical analysis
For the analysis of the results, the dogs were classified into two categories: mongrels, as those

animals of unknown ancestry with characteristics of two or more types of breeds, and
purebred animals, according to the classification of the International Cynological Federation
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(FCI) of the Organization Canine World (Table 1). An exploratory descriptive analysis of the
results was carried out to establish the absolute and relative frequency of the parasites present
in the samples and to compare, using the Chi-square test for categorical variables, the results
between purebred and mixed-breed dogs and between the years evaluated. (It is considered
significant if the value of P<0.05) Using a Principal Component Analysis (PCA), the parasite
profiles by breed and by year were compared (XLSTAT program for Excel Addinsoft Inc.,
Paris, France).

Table 1: Classification of the dog population according to the breed groups established by
the International Cynological Federation (FCI)

Animals (n) Sections by group (n)

Total dogs (3,279)
Mixed-breed dogs (861)

Purebred dogs (2,418)
GROURP I. Sheepdogs and Cattledogs (74) Sheepdogs (74)
GROUP I1. Pinscher and Schnauzer (574) Molosoides (150)
Pinschers and Schnauzers (424)
GROUP II. Terriers (344) Companion Terriers (258)
Bull Terriers (86)
GROUP 1V. Dachshunds (6) dachshunds (6)
GROUP V. Spitz and Primitive(192) Alaskan Malamute (6)

Nordic sled dogs (95)
Asian Spitz and similar (16)
European Spitz (72)
Primitive Type - Hunting Dogs (3)
GROUP VI. Hound and trail (115) Hound type dogs (115)
GROUP VII. Scent hounds and related breeds (16) Continental samples (13)

Sample English and Irish (3)

GROUP VIII. Retrievers - Flushing dogs (289) Hunting Retrievers (200)
Hunting lifting dogs (89)
GROUP IX. Companion and toy dogs (808) Bichons and similar breeds (42)
Poodle (404)
Chihuahua (43)
Small Molossian type Dogs (157)
Tibetan breeds (162)

The table shows the number of animals for each group and section in the FCI classification.
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Results

Of the 3,279 fecal samples analyzed, 73.7 % came from dogs of breeds identified and
classified by the FCI (n= 2,418) and 26.3% (n= 861) were mixed-breed dogs. 49.2 % of the
animals had intestinal parasites, without significant differences between purebred and mixed-
breed dogs, only in the Toxocara canis helminth was a significantly higher prevalence
observed in mixed-breed dogs in relation to purebred dogs (P=0.010 Chi square) (Table 2).
Table 3 shows the parasite profiles for the total population studied, purebred and mixed-breed
dogs, and by year.

Table 2: Prevalence of parasitism in dogs by race and year of evaluation

Total % Purebred Mixed-breed 2016 2017 2018
(n3,279) (n2,418) (n 861) (n 997) (n1,428) (n 854)
Positive 49.2 (1,614) 49.0 (1,184) 49.9(430) 51.2(510) 47.8(683) 49.3 (421)

1parasitt  41.8 (1,371) 41.4(1,002) 42.9(369) 43.2(431) 41.0(586) 41.5(354)
2 parasite 6.6 (215) 6.9 (167) 5.6 (48) 77(77)  57(82)  6.6(56)
3> parasites  0.9(28) 0.6 (15) 1.5 (13) 0.2 (2) 11(15)  1.3(11)
Helmintes  28.2(925) 27.4(662)  30.5(263) 23.12(230) 31.5° (450) 28.7°(245)
1helminte  25.5(836) 25.0(604) 26.9(232) 20.6 (205) 27.6(394) 27.8(237)
2 helmintes ~ 2.3(77) 2.2 (52) 2.9 (25) 25(25) 33(47)  06(5)
3helmintes 0.4 (12) 0.2 (6) 0.7 (6) 0.0 (0) 0.6 (9) 0.4 (3)
Protozoa  24.2(794) 24.9(602) 22.3(192) 31.3%(312) 18.6°(265) 25.4°(217)
1protozoa  22.3(731) 22.8(551) 20.9(180) 29.0 (289) 17.5(250) 22.5(192)
2 protozoa  1.8(60) 2.0 (49) 1.3 (11) 22(22) 10(14)  2.8(24)
3>protozoa 0.1 (3) 0.1(2) 0.1 (1) 0.1 (1) 0.1 (1) 0.1 (1)

Parasitism

e Frequencies (%) in the same row that do not share the superscript letter are different (P< 0.05).
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Table 3. Prevalence of parasitism by groups of breeds and by year

Parasite Total Purebred Mixed-breec 2016 2017 2018
n(3,279) n(2,418) n (861) n(997) n(1,428) n (854)

Nematodes

Toxocara canis 7.7 (254) 7.0°(170)  9.8°(84)  9.28(92) 8.2°(117) 5.3°(45)

Trichuris spp. 0.1(3) 0.1(3) 0.0 (0) 0.0 (0) 0.2 (3) 0.0 (0)

Ancylostoma 6.2(200) 6.0(140) 6.2(54)  3.1°(31) 7.8°(112) 6.7°(57)

caninum

Diphylobothrium spp 0.0 (1) 0.0(1) 0.0 (0) 0.0 (0) 0.0 (0) 0.1(1)
Capillaria spp. 0.3 (11) 0.3(7) 0.5 (4) 0.4 (4) 0.4 (6) 0.1(1)
Strongylus spp 9.6 (314) 9.0(218) 11.1 (96) 6.9%(69) 12.8°(183) 7.3%(62)
Uncinaria spp. 6.1 (200) 6.0 (144) 6.5 (56) 5.7 (57) 6.4(91) 6.1(52)
Ascaris spp. 1.1 (35) 1.2 (28) 0.8 (7) 0.0 (0) 0.1(1) 4.0 (34)
Cestodes

Dipylidium caninum 0.3 (9) 0.4 (9) 0.0 (0) 0.2(2) 0.2 (3) 0.5 (4)
Protozoa

Entamoeba spp (%3%3) 105(253) 8.8(76) 13.3°(133) 7.1(102) 11.0°(94)
Giardia spp. 5.7 (188) 6.0 (144) 5.1 (44) 742 (74) 3.6°(52) 7.32(62)
Isospora canis. 6.9 (225) 6.7 (163) 7.2 (62) 76(76) 7.1(101) 5.6(48)
Coccidia sp* 3.0(99) 3.3(81) 2.1(18) 4.4%(44) 1.3°(19) 4.2%(36)
Balantidium coli 0.0 (2) 0.0(1) 0.0 (0) 0.1(1) 0.0 (0) 0.0 (0)
Eimeria spp. 0.0 (2) 0.0 (0) 0.1(2) 0.1(2) 0.0 (0) 0.0 (0)
Thichomonas spp. 0.3 (11) 0.4 (9) 0.2 (2 0.3(3) 0.5(7) 0.1(1)
Chilomastix spp. 0.2 (4) 1.4 (1) 0.2 (2) 0.4 (4) 0.0 (0) 0.2 (2)

* Different species of Coccidia infect dogs: Isospora burrowsi, I. canis, I. neorivolta, and I. ohioensis, only 1.
canis can be identified by the oocyst structure; the others were classified as Coccidia sp.
ae Frequencies (%) in the same row that do not share the superscript letter are different (P<0.05).

Principal component analysis (PCA) allows to summarize and to visualize the relationship
between the parasite profiles and dog breeds according to FCI and mixed-breed dogs using
the Pearson correlation coefficient. Figure 1, is the graphical representation of factors 1 and
2 with an accumulated variance of 50.89 %; the main components of factor 1 (variance
29.11 %) are Isospora sp. (17.9 %), Entamoeba (15.5 %), Coccidia sp. (12.2 %), and
Trichomonas (12.1 %); the main components of factor 2 (Variance 21.79 %) were
Ancylostoma sp. (21.3 %), and Giardia (17.2 %); the addition of factor 3 results in an
accumulated variance of 68.1 % for the components Ascaris sp. (20.0 %) and Strongyloides
sp. (17 %). It is not observed that there are relationships between the parasitic profiles of the
dog groups of breeds.
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Figure 1. PCA analysis relates parasite profiles between the groups of dogs studied
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When parasitism by year was compared, it was observed that there are no significant
differences in the number of animals with intestinal parasites per year; however,
contamination by helminths and by trophozoans shows significant differences (P<0.05 Chi-
square test). 2017 is the year with the highest prevalence of helminthiasis, and 2016 is the
year with the highest contamination with protozoa (Table 2). The main helminths that
establish the difference between years are Toxocara canis, Ancylostoma caninum, and
Strongyloides sp.; the protozoa Entamoeba spp., Giardia spp., and Coccidia sp. show
significant differences between the years evaluated (P<0.05) (Table 3). The PCA analysis of
the parasitary profiles by year (Figure 2), shows that 100 % of the variance is reached with
factors 1 and 2, being the main variables of factor 1 (variance 59.3 %), Giardia sp. 10.8 %,
Strongyloides sp. 10.8 %, Trichuris sp. 10.8 %, and Coccidia sp. 10.8 %; and for factor 2
(variance 45.7 %), Isospora sp. 12.2 %, Toxocara canis 12.1 %, Dipylidium 10.3 %, and
Ascaris sp. 10.1 %. It is observed that the parasite profiles per year are different.
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Figure 2: PCA analysis of the parasite profiles by year
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Discussion

Recently, a large number of studies have been carried out in many parts of the world to
determine the presence of intestinal parasites in companion animals that live with human
families. The results of these studies have been heterogeneous and largely dependent on
environmental and climatic factors that facilitate the transmission of parasites. Furthermore,
the socioeconomic conditions of poverty and poor hygiene facilitate the transmission of
zoonotic parasites. La Torre et al® found in urban areas such as the city of Rome a
prevalence of parasitism of 9.7 % when evaluating 493 dogs with owners, with Trichuris
vulpis (5.5 %) and Toxocara canis (4.3 %) being the most frequent parasites®?. In the city
of Villahermosa in Tabasco, Mexico, it was observed that 26.5 % of the 302 evaluated feces
of domestic dogs contained gastrointestinal parasites, with Ancylostoma caninum being the
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most common parasite®™®. And in Argentina, the evaluation of 1,944 samples of dog feces
collected in rural and urban areas showed the presence of parasites in 37.86 % of the samples,
with rural areas having 40.06 % and urban areas having 33.44 %, with significant differences
between the parasite profiles of both areas®®.

In Barranquilla city, was found 49.2 % of parasitism prevalence in dogs with owners; the
most frequent parasites were the helminths Strongylus sp., Toxocara canis, and Ancylostoma
caninum, and the protozoa Entamoeba spp., Isospora spp., and Giardia spp. One previous
study in Barranquilla in the year 2015 found parasitism in 73.3 % of 925 dogs analyzed; the
most prevalent parasites were Entamoeba sp. 34.1 %, Isospora sp. 21.1 %, Giardia 18.1 %,
and Toxocara canis 12.3 %, showing a reduction in the number of parasitized animals in
comparison with the actual study but maintaining a similar parasite profile®®. The public
health importance of the protozoa found in this study is evidenced by their zoonotic potential
and their significant pathogenicity in both humans and animals. Isospora canis and Isospora
ohioensis are the most common species of coccidia that affect dogs. I. canis in the canine
gastrointestinal tract results in enteritis and mucosal damage causing hemorrhagic diarrhea,
vomiting, tenesmus, inappetance, and respiratory and neurologic signs. Human infection is
associated with ingesting fecally contaminated food with dog feces®®).

The prevalence of Giardia in people and dogs as asymptomatic carriers and as a cause of
pathology represents a constant risk to the health of both species; continuous treatment and
reinfection can cause resistance to antiparasitic that make it increasingly difficult to eliminate
the parasite®”. Giardiasis is the cause of diarrhea and malnutrition in children and has a
global distribution, with more than 200 million cases annually. Giardia has been included in
the "neglected diseases initiative" by the World Health Organizationt*®). A systematic review
reporting what the prevalence of Giardia in Colombian, analyzed by microscopy is between
0.9 and 48.1 %9, In the metropolitan area of Barranquilla, the prevalence of giardiasis in
2015 was 15.2 % in children under 10 yr of age®®?. Entamoeba is the third most common
parasitic disease responsible for mortality worldwide; it is the cause of human amoebiasis
and invasive liver abscesses. About 90 % of human amoebiasis cases are asymptomatic,
leading to continuous transmission of the parasite. Entamoeba is a zoonotic protozoan that
colonizes the digestive tract of humans and animals and is considered a worldwide public
health problem®@®. The prevalence of Entamoeba spp. in the Barranquilla human population
in 2015 was 6.1 %%, Toxocara infection in humans may cause visceral larva migrans and,
together with Ancylostoma spp., is associated with cutaneous larva migrans in poor
communities®®?. The dogs are susceptible to experimental infection with S. stercoralis of
human origin, although infection from dogs to humans has not been fully demonstrated 3.

Balantidium coli is considered a neglected zoonotic disease in tropical areas. This protozoan

infects the intestinal tract, causing severe diarrhea and other gastrointestinal abnormalities in
domestic animals. B. coli is considered a finding of zoonotic significance®®. In this study,
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one of the animals had Balantidium, which represents a risk to the health of the pet and its
owners. Other infrequent findings in this study include Eimeria sp., which was found in one
of the animals, this species of coccidia parasite, which causes diarrhea and gastrointestinal
disorders mainly in immunosuppressed people, was also found in domestic dogs in Peru with
a prevalence of 10.68 %>, Trichomonas that are occasionally observed in the feces of dogs
with diarrhea, although considered opportunistic, were found in eleven of the samples
analyzed in this study even though the feces were not diarrheal. Using molecular and
sequencing techniques, Gookin et al®, demonstrated that Trichomonas fetus and
Pentatrichomonas hominis are present in canine samples and that this protozoan causes
human gastrointestinal infections.

The PCA analysis of the parasite profiles for each year evaluated showed significant
differences, which could be attributed to slight variations in climatic conditions from one
year to another in the same geographical area. This has been previously observed in the same
geographic area, but when comparing human parasite profiles in areas with very similar
environmental and cultural characteristics®?). Cultural factors could also cause variations and
favor or inhibit the possibility of infection at each moment of the complex life cycle of each
parasite. The proper disposal of human and animal excrement is essential. Diverse studies
have demonstrated in urban and rural areas of different countries that the presence of
infective parasitic forms in the soil from the feces of humans and parasitized animals is a key
factor in the infection of pets. In Chile, in 48.3 % of 83 parks in the city of Temuco, parasite
eggs were found with Toxocara sp. (12.4 %) were the most frequent®”. In the Tunja city,
Colombia, 60.7 % of canine fecal samples collected in city parks and 100 % of soil samples
had parasite eggs and larvae, mainly Toxocara sp., Ancylostoma spp., Trichuris sp., and
Strongyloides sp.?®. The viability of Toxocara sp. in the soil depends on factors such as
temperature, pH, humidity, among others. However, it is known that they are very resistant
to climatic conditions and that, depending on the condition, they could be infective for 6 to
12 mo or even up to several years at low temperatures®®,

Conclusions and implications

This study found that 49.2 % of the animals had intestinal parasites. It is not observed that
there are relationships between the parasitic profiles of the dog groups for breeds, but it is
observed that the parasite profiles per year are statistically different. The presence of
intestinal parasites with zoonotic potential found in owned dogs observed in this work
demonstrates the need for new studies to define the factors associated with this public health
problem, and implement corrective and preventive measures to control them.
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Abstract:

When a country imports a good or service, it is subject to prices determined by the world
market; therefore, domestic market prices change when international prices do. This study
aimed to estimate the degree of price transmission between the producer price of milk in
Mexico at the national and regional levels and that of the United States (spatial transmission)
and between the retail price of milk and the producer price in Mexico (vertical transmission).
An econometric analysis of monthly time series of milk prices from January 1990 to
December 2021 was performed, applying unit root tests, cointegration tests, and an error
correction vector model. The results indicate that there is a long-term relationship between
United States prices and producer prices at the national and regional levels, as well as
between the retail price and the producer price. It was found that the spatial transmission of
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international prices to the producer price at the national level and in the regions of Jalisco
and Veracruz is symmetrical and asymmetrical with the producer price in the state of
Coahuila. There are differences between regions in the speed of adjustment when
international prices increase and when they decrease. The vertical transmission was also
symmetrical, unidirectional, from the producer to the retail market, and incomplete.

Keywords: Price transmission, Milk market, Error correction model.
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Introduction

Historically, Mexico has been an importer of powdered milk because domestic production is
insufficient to cover domestic demand. In 2022, imports accounted for 23.3 % of national
consumption®. In 2021, imports of powdered milk represented 40 % of the total value of
dairy imports. Mexico’s main supplier of these imports is the United States®3%. For the
national dairy subsector, imports historically exceed exports, i.e., the trade balance is in
deficit@®9,

When a country imports a good, it is subject to prices determined by the world market;
therefore, domestic market prices change when international prices do. In an import scenario,
those who benefit are the consumers, and these benefits represent a loss for the producer
because the imported products are obtained in the international market at lower prices than
what is paid in the domestic market®®). The United States can offer competitive prices of
powdered milk to the international market since it has high productivity: the yield (liters of
milk/cow/d) in Mexico in 2021 was 13.3, and for the United States in the same year, it was
29.787). In addition, both production and marketing in the United States receive high
subsidies, which distorts product prices in world markets®®),

In Mexico, there is a high concentration of both production and industry. Fifty-three (53)
percent of milk production is concentrated in four states, Jalisco (21 %), Coahuila (11.3 %),
Durango (11.4 %), and Chihuahua (9.4 %)®@; within the milk chain, in the industrialization
link, there are 130 companies that process 86 % of the national production, with an employed
staff of 42 thousand people®. The dairy industry is not only an important source of price
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change but also acts as a mediator of price signals originating from different parts of the food
chain®9),

The national milk industry is an oligopoly characterized by a high degree of concentration of
firms, significant barriers to entry, and dynamic product differentiation®. In the latter, prices
determine the allocation of resources and the production decisions of economic agents?.

Price transmission is the process through which information is transmitted between market
participants“?; its study allows to know if the markets are integrated. A theoretical
framework used in the literature is the law of one price, which states that when there is a
commercial exchange between two spatially separated regions, under conditions of perfect
competition, price shocks in one market are transmitted completely and symmetrically to the
other market and equilibrium prices differ only in transfer costs**16). Markets that transmit
price information quickly and comprehensively are said to be perfectly integrated and often
efficient®®,

Specifically, price transmission studies analyze the form and speed of adjustment of domestic
prices in the face of changes in international prices4"). The speed with which prices are
transmitted, the magnitudes of the transmission, and the non-linear behavior in the
transmission of prices are indicators of market inefficiency®.

The results obtained through a meta-analysis“® suggest that asymmetric price transmission
in producer-retailer relationships is more likely in sectors in countries with a more
fragmented agricultural structure and greater government support. In Mexico, studies have
been carried out on the transmission of fluid milk prices from the international market to the
national market and even to the regional and local markets4%®, put in a single geographical
point, and there is no study of transmission in the largest producing regions, both spatial and
vertical. This study aimed to estimate the degree of spatial transmission between United
States milk import prices and the producer price of milk in Mexico at the national level and
in the main producing regions and between the retail price of milk and the producer price at
the national level (vertical transmission).

Material and methods

The econometric analysis performed used monthly time series of fluid milk prices from
1990:01 to 2022:12. The data for Mexico at both the national and regional levels are those
paid to the producer (average rural price), obtained from the website of the Agri-Food and
Fisheries Information Service of the Secretariat of Agriculture®®. The regional prices
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correspond to those paid to the producer in the states of Jalisco, Coahuila, and Veracruz. The
states that rank first in the production of bovine milk in their respective regions were selected;
Jalisco is the first producing state in the Central-Western region and ranks first nationally
(21 %), Coahuila is the first producing state in the Northeast region, ranking second
nationally (11.8 %), and Veracruz is the first producing state in the South-Southeast region
and ranks sixth nationally (6 %)@,

The international milk price corresponds to the export prices of skimmed milk powder from
the United States to Mexico, transformed into milk equivalent, obtained from the USDA-
AMS website®?. Consumer prices correspond to the average consumer price per liter of
pasteurized fluid milk provided by the National System of Information and Integration of
Markets®® of the Secretariat of Economy and adjusted by the national consumer price
index®). The price series were expressed in dollars per liter using the exchange rate
published by the Bank of Mexico®). The data were transformed into natural logarithms in
order to perform the econometric analysis and interpret the coefficients as elasticities.

The stationarity tests used were the Augmented Dickey-Fuller (ADF)®@® and Phillips-Perron
(PP)®@7 tests, with which the order of integration of each series was verified. The long-term
relationship was then estimated using two-stage cointegration®® and confirmed with the
Johansen test®. Finally, it was estimated an Asymmetric Vector Error Correction Model
(AVECM), a test to select the order of lag for an AVECM, and an F-test for equality of ECT+
and ECT- coefficients (positive and negative changes in the error term, respectively). The
null hypothesis (Ho) of symmetry is rejected if B and B; (price adjustment coefficients)
differ significantly.

Cointegration tests

The cointegration test was applied in both the spatial and vertical price transmission models.
The cointegration between variables — once the existence of unit roots has been demonstrated
— is a necessary condition for the existence of a long-term equilibrium relationship in the
series. A vector of variables that have a unit root is cointegrated if a linear combination of
these variables is stationary®®. The two-step Engle-Granger cointegration test®® and the
Johansen test®® were used to test the long-term relationship. The first approach is to estimate
the cointegration regression (equation 1) using OLS:

out —

P =a+bop’+m (1)
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Where ptout is a firm’s production price in period t, pti” and is the price of inputs in period t.
The residual Uy is obtained from the cointegration regression, and an ADF unit root test is

applied to it. The failure to reject the null hypothesis of non-stationarity allows us to estimate
equation 2.

Dm =a+bm_+b,0m_ (2)
A negative coefficient of the error term (between -2 and zero) confirms a long-run
relationship between the milk price paid to the producer and the international milk price. On
the other hand, the Johansen test derived the distribution of two test statistics for the null
hypothesis of non-cointegration: the tests of eigenvalues and trace®®. Once the cointegration
between prices was verified, an Error Correction Model (ECM) was applied to capture the

out out

short- and long-run effect of ptin on ", and the rate of adjustment at which p,™ returns to

equilibrium after a change in pti".

Asymmetric spatial transmission of prices between international and
domestic prices

Considering that producer and international prices are cointegrated, an Asymmetric Vector
Error Correction Model (AVECM) was estimated to investigate the possible interdependence
of import prices on domestic prices (spatial transmission). The division of the Error
Correction Term (ECT) into positive and negative components allowed to verify the
existence of asymmetric price transmission; following this approach, equation 3 was used to
study spatial asymmetric price transmission®?),

k . L .
Apl®™ = o+ z (B D7 Apé’f§-+1)+z' 1(31.- D™ Ap™, )+ @F ECT, +
j= j=

O"ECTZ, +V; (3)

Where A is the first difference of the operator; Rfarm: producer price; Fi”“zimport price, D*

and D are fictitious variables by means of which the price of inputs is divided into a variable
that includes only increasing prices and another that includes only decreasing prices; ﬁj* and

B, are price adjustment coefficients; g™ and g~ are constant parameters; ECT is the error
correction term. An F-test was used to verify the null hypothesis of symmetry.
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Asymmetric vertical price transmission

Equation 4 was used to estimate asymmetric vertical transmission and an F-test was used to
verify the null hypothesis of symmetry®2).

k .
W[ =t ) (BAPI 0" ECTE + 07ECTE, +e @
]:

Results and discussion

According to the results of the ADF and PP unit root tests on the price series, the statistical
value of t does not allow to reject the null hypothesis of unit root with a confidence level of
95 %, i.e., the price series are non-stationary (Table 1). Recent studies of milk price
transmission obtained similar results of non-stationarity between time series*>17%9, The non-
stationarity result of the time series justifies the use of cointegration tests. Cointegration
allows a combination of non-stationary variables to be stationary. It can be seen as a long-
term equilibrium relationship between variables despite the fact that in the short term, they
go through situations of disequilibrium®D. To determine if the series are cointegrated (long-
term equilibrium), the residuals (ut) of the cointegration regression must be stationary; this is
achieved by applying the ADF test to determine the stationarity of the time series.

Table 1: Results of ADF and PP tests on the milk price series corresponding to imports,
domestic producer, regional producer, and consumer

. . 5% 5% critical
Price series ADF test critical value PP test value
Import price -2.328 -3.425 -20.865 -21.406
Consumer price -2.032 -3.425 -13.350 -21.406
Production price, National  -3.409 -3.425 -37.672 -21.406
Production price, Jalisco -3.339 -3.425 -24.447 -21.402
Production price, Coahuila -2.830 -3.425 -15.919 -21.402
Production price, Veracruz -3.301 -3.425 -22.482 -21.402
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Long-term co-integration of the national and regional spatial model

The results of the ADF test of the error term indicate that the null hypothesis of non-
stationarity is rejected (Table 2), which means that the import price series is cointegrated in
the long run with both the national and regional price series.

Table 2: Results of the ADF test of the error term

Price pairs ADF test of the error 5% critical value
lep_PnationaI prod -4.174 -2.875
pimp_pJal -3.450 -2.875
p!mp_pCoah -3.344 -2.875
plmp._ pVer -3.598 -2.875

Engle and Granger®® confirmed a long-term relationship between the producer milk price at
the national level and the milk import price (Table 3), as well as between the producer price
in Jalisco, Coahuila, and Veracruz and the international price (Table 4).

Table 3: Results of the two-step Engle-Granger cointegration test of the spatial model
between the import price and the domestic producer price

Variable Coefficient Standard error  t-value P>|t|
m_, -0.118624 0.0179831 -6.60 0.000
Drm_, 4825031 0.044505 10.84 0.000
Constant 0.0000821 0.0021071 0.04 0.969
F-test 69.26

R-squared 0.2677

Table 4: Results of the two-stage Engle-Granger cointegration test of the spatial model
between the import price and the regional producer price

Jalisco Coahuila Veracruz
t t t
Variable Coef. SE value P>|t| Coef. SE value P>|t| Coef. SE wvalue P>t
m_, -0.0657 0.0169 -3.87 0.000 -.0640 .0169 -3.77 0.000 -.0692 .018 -3.82 0.00
D/77t_1 1426 00510 279 0006 .1366 .0512 267 0.008 .0762 .051 148 0.13
Constant -0.0005 0.0024 -0.21 0.831 -.0004 .0021 -0.21 0.832 -.0007 .002 -0.29 0.77
F-test 9.94 9.27 7.66
R-squared  0.506 0.42 0.39

SE= standard error.
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Like the Engle-Granger test, the Johansen test determines the existence of a stable and long-
term equilibrium relationship. The results of the Johansen test of cointegration of the import
and domestic producer price series yielded a trace statistical value (5.9169) higher than the
critical value of 5 % (3.76), as did the values for the series of prices in Jalisco, Coahuila, and
Veracruz (6.8901, 4.7077, 5.0788, respectively); therefore, the null hypothesis of non-
cointegration between prices is rejected, i.e., import prices influence the behavior of producer
prices at the national level and in the states of Jalisco, Coahuila, and Veracruz in the long
term.

Similar studies®™! conducted in Mexico with milk price data confirmed the long-term
cointegration between the import price and the price paid to the producer, suggesting that the
import price influences the behavior of producer milk prices in the long run. In addition to
the long-term relationship of Mexican prices with prices in the United States, this relationship
with prices in Oceania and the European Union was also verified®®). This relationship of
cointegration of import prices with domestic prices does not always follow a long-term
relationship, especially in countries where exports are higher than milk imports®©),

Given the confirmation of cointegration between the import price and the producer price of
milk at the national and regional levels, an Error Correction Model (ECM) was estimated,

which relates the changes in F{"“ with the changes F{fa”“ in the case of the spatial model and

the so-called error correction term (ECT), the lagging residuals of the cointegration equation
were calculated.

Spatial vector error correction model: national

The values of ECT;* ; and ECT,_, reflect that when the import price changes, the producer
price at the national level changes in different proportions when it increases compared to
when it decreases. When import prices increase, producer prices increase by 8 %, but when
import prices decrease, producer prices decrease by 14 % (Table 5).
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Table 5: Results of the spatial vector error correction model (VECM) of the import price
series and producer price series at the national level

Symmetric spatial model Asymmetric spatial model
Independent variable Coef. SE t p>|t| Coef. SE t p>t]
Pint 0.1140 0.0365 3.12 0.002 ---
Pint, 0.2438 0.1004 2.43 0.016
Pint; 0.2493 0.0949 2.63 0.009
Pfarm, , 0.5741 0.0486  11.82 0.000 0.5685 0.0486 11.68 0.000
Pfarm,_, 0.1047 0.0503  -2.08 0.038 -0.097 0.0504 -1.94 0.053
Pint, , 0.0105 0.0402 0.26 0.793 0.0149 0.0459 0.33 0.745
Pint,_, -0.0428 0.0376  -1.14 0.255 -0.0385 0.0376 -1.03 0.306
ECT:_4 -0.1135 0.0182  -6.22 0.000 ---
ECTH, -0.0861 0.0235 -3.66 0.000
ECT_4 -0.1487 0.0262 -5.66 0.000
Constant 0.00031 0.0019 0.16 0.875 -0.0003 0.0019 -0.16 0.876
Normality: (Prob>2) 0.963 0.96389
LM test (Prob>Ji?) 0.863 0.049
DW test 2.012 1.9148
R-squared 0.3937 0.3985
Test: H : b = b] F(1,374)=2.35
Test: H : b, = b, F(1,372) =3.41

SE= standard error.

Similar results are reported in Chile®? in a study of the spatial transmission of international
prices to domestic prices, where negative effects or shocks are passed on more quickly than
positive effects, which could be explained by the oligopsonic structure in the reception of
fluid milk. As reported in previous studies, for the 1990-2016 period™®, in this study, the
contemporaneous exchange coefficients are significantly less than one in both equations,
indicating that producer prices do not fully react in one month to changes in international

prices. The F-test indicates that the null hypothesis of symmetry H, : b; = b is accepted at
a significance level of 5 % (Prob > F=0.065).

Studies of milk price transmission in Mexico are scarce™*!® and have yielded different
results in error correction models. In the present study, the speed of adjustment of the national
price in the event of deviations from equilibrium shows a lower value than in the preliminary
studies (-0.113). The evidence of symmetry in the spatial transmission of prices at the
national level differs from that found by previous studies in Mexico for the period 1990-
20164, This is probably because the period of analysis is different. Nonetheless, the findings
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of the present research coincide with other recent research in Mexico® for the period 2001-
2019. On the other hand, in a similar study carried out in Chile®?), they found evidence of
asymmetry in the spatial price transmission between markets.

Spatial vector error correction model: regional

The values of the coefficients associated with the ECT of the regional models were negative
and significant. The result of the F-test indicates that the null hypothesis of symmetry:
H,: B, =, is accepted at the significance level of 5 % for the response of producer prices

in Jalisco (F=1.01) and Veracruz (F=0.02); however, it is rejected for the case of Coahuila
(F=7.71; P>F=0.0058), suggesting evidence of asymmetry in the price response in this state
(Table 6). The symmetry results for the transmission of international prices to the producer
in Jalisco coincide with what was reported by a recent study carried out in the same region®®,
in which they analyzed the transmission of prices from three international markets to the
national market, regional market in Jalisco and local market in Chicontepec, Veracruz.

The present study also found differences in the transmission of producer prices from one
region to another; the values of ECT;"; and ECT;_, reflect that when the import price
changes, the producer price in Jalisco, Coahuila, and Veracruz changes in different
proportions when it increases compared to when it decreases.

Unlike national and regional (Jalisco) prices, import prices affect prices in the state of
Coahuilain different ways; when import prices increase, producer prices in Coahuila increase
by 10 %, but when import prices decrease, producer prices decrease by 1 %, i.e., the speed
of adjustment is significantly greater when prices rise than when they decrease. The speed of
adjustment for producer prices in Veracruz did not show significant differences when prices
rise or when they fall (Table 6).

These variations in price transmission and in the response of producer prices in the three
regions to changes in import prices may be associated with the market structure within each
region. Coahuila is part of La Comarca Lagunera, which together with the state of Durango
contribute 22.5 % of the national production®?; in this region, the specialized system
predominates and the market structure is of the oligopsony type; here are the two companies
with the largest share in the dairy market in Mexico, LALA and Alpura. Both companies
maintain a close relationship with their partners from whom they buy milk at a comparatively
high price®®, which could explain why positive changes in import prices are reflected faster
than negative changes in producer prices. The importance of the study of market structure as
part of the analysis of price transmission in the milk market has already been addressed in
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other studies®?. Studies carried out in Mexico® and in the milk market between countries
that make up a sector at the international level®® have emphasized the need to consider the
analysis of price transmission at the regional level since differences in the response to price
transmission between regions can be identified.

Long-term cointegration of the vertical model

For the vertical transmission model between the producer price of milk (PP%) and the retail
price (P®"), the hypothesis that the retail price is caused by the producer price was tested.
Since the time series were non-stationary, was necessary to proceed to perform the long-term
cointegration tests using equation (1).

The results of the estimation of equation (1) showed an R? of 0.14, a statistical value of t of
16.72, and a statistical value of F of 279.58. The ADF test of the error term showed a test
statistic of -3.646, compared to the 5 % critical value of -2.875, indicating that the null
hypothesis of non-stationarity is rejected. The results of the two-stage Engle-Granger
cointegration test show a negative coefficient of error, confirming the long-term relationship
between prices (Table 7).

Table 7: Results of the two-stage Engle-Granger cointegration test for the vertical price
transmission model

Variable Coefficient Standard error  t-value P>|t|
m_y -0.0963809 0.0155752 -6.19 0.000
D7, 0.5261937 0.0435508 12.08 0.000
Constant 0.000011 0.0021777 0.01 0.996
F-test 81.75

R-squared 0.3014

A study of vertical price transmission in the milk market in Russia®” found that there is no
long-term cointegration relationship between producer prices and retail prices; nevertheless,
a change in retail price has a significant effect on producer price and vice versa, i.e., there is
a bidirectional effect.

The value of the trace statistic (3.3776) of the Johansen test was less than the 5 % critical

value (3.76), which does not allow us to reject the null hypothesis of cointegration, i.e., it
confirms that the price series are cointegrated.
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Vertical vector error correction model

Once the cointegration of retail and producer milk prices was verified, a Vector Error
Correction Model®? was estimated and an F-test was used to test the null hypothesis of
symmetry. Error correction models allow to quantify what proportion of the price is
transmitted throughout the marketing chain and the speed with which this occurs®?. The

result of the F-test indicates that the null hypothesis of symmetry (H, : 8, = f3,) is accepted

at the significance level of 5 % (P>F= 0.5534); this result differs from that found in a previous
study in Mexico¥ for the 1990-2016 period, in which they identified evidence of asymmetry
in the transmission response of producer prices to the retail market. In contrast to this study,
the ECT,_, values obtained induce a slightly greater change in the retail price than the ECT;* ,

(Table 8).

Table 8: Results of the error correction model: symmetrical and asymmetric vertical

Symmetric model

Asymmetric model

Independent variable Coef. SE t p>[tf] Coef. SE t p>[t|
Pprod 0.0326 0.0593 0.55 0.583 ---

Pprod.1 0.6234 0.0489 12.75 0.000 0.6248 0.0489 12.75 0.000
Pprod-2 -1419 0.0511 -2.77 0.006 -0.1441 0.0513 -2.81 0.005
Pcont.1 0.0572 0.0596 0.96 0.338 0.0454 0.0642 0.71 0.480
Pcont.2 -0.0222 0.0592 -0.38 0.708 -0.0222 0.0593 -0.38 0.708
ECT:_4 -0.0780 0.0153 -5.08 0.000 ---

ECT -0.0692 0.0211 -3.28 0.001
ECT{_, -0.0865 0.0213 -4.06 0.000
Constant 0.0002 0.0020 0.13 0.899 0.00007 0.0020 0.04 0.969
Normality test (Prob>z) 0.99330 0.9933

LM test (Prob>Ji?) 1.011 0.996

DW test 2.013912 2.0144

R-squared 0.3440 0.3451

Test: HO:[JZ+ = b

F (1,372) = 0.35

SE= standard error.

Studies of the vertical transmission of milk prices in other countries such as Slovakia®®39),
Hungary®“®, and Uruguay®® found evidence of asymmetry in the transmission of prices in
different links of the chain. One of the factors causing asymmetry, common in these studies,
is the market power of the industry; however, the fact that producers are more integrated into
the production chain (being part of the industry through cooperatives, for example) makes
them react more quickly to changes in prices®?.
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Conclusions and implications

There is a long-term cointegration relationship between import prices of powdered milk and
the producer price at the national level and in the regions of Jalisco, Coahuila, and Veracruz,
and between retail and domestic producer prices. Import prices of powdered milk are
transmitted symmetrically to the producer at the national level and in the regions of Jalisco
and Veracruz, indicating that there are no significant differences in the response of the
producer price whether import prices increase or decrease. Nevertheless, evidence of
asymmetry in the transmission of international prices to producer prices in the state of
Coahuila was found, where an increase is transmitted more quickly than a decrease. The
speed of adjustment to deviations in long-run equilibrium behaved differently between
regions. No evidence of asymmetry was found in the vertical price transmission between the
retail price and the domestic producer price; the adjustment speed shows that the response of
retail prices is faster when producer prices decrease than when they increase. Understanding
the dynamics of the spatial and vertical transmission of prices can guide public policy
designers to design more comprehensive and regionally differentiated dairy support
programs, thereby ensuring a better distribution of welfare and income throughout the chain.
This study contributes to the literature on the transmission of milk prices in Mexico; likewise,
it also identifies possible differences in the spatial transmission of milk import prices at the
regional level, highlighting the importance for public policy designers to consider regional
differences when formulating strategies to serve the sector to ensure a better distribution of
welfare and income along the chain. Finally, given the constraints of the model used, it is
suggested, in subsequent studies, to extend the linear VECM model to a threshold VECM
incorporating the Momentum-Threshold Autoregressive (M-TAR) model since they allow
the identification of profound changes in the price series, in addition to the fact that
asymmetries in price adjustments can be obtained in the face of positive or negative
deviations.
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Table 6: Results of the Regional Asymmetric Spatial Model

Jalisco Coahuila Veracruz
Independent variable  Coef. SE t p>t|]  Coef. SE t p>[t|]  Coef. SE t p>[t|
P intt‘ -0.0326  0.126 -0.26  0.796 -0.0028 0.105 -0.03 0.978 -0.0258 0.134 -0.19 0.847
P intf -0.0284  0.119 -0.24 0.796 0.0029 0.099 0.03 0976 -0.0318 0.126 -0.25 0.801
PfarmH 0.1563 0.052 2.99 0.003 0.1086  0.052 207 0.039 0.0838 0.053 159 0.114
Pfarm_z -0.0337  0.052 -0.65 0516 -0.0182 0.051 -0.36 0.723 -0.0029 0.052 -0.06 0.954
P intt_1 0.0648 0.057 1.13 0.259 0.0768 0.047 162 0.107 0.0762 0.061 125 0.210
P inttf2 -0.0220  0.046 -048 0.631 -0.0158 0.038 -0.42 0.678 -0.0470 0.048 -0.97 0.334
ECT, -0.0497  0.023 -2.14  0.033 -0.1037 0.022 -4.70 0.000 -0.0737 0.024 -3.10 0.002
ECT,, -0.0847  0.027 -3.17 0.002 -0.0105 0.025 -0.42 0.674 -0.0690 0.028 -2.47 0.014
Constant -0.0008  0.002 -0.33 0.743 -0.0008 0.002 0.39 0.697 -0.0004 0.003 -0.17 0.867
Normality test (Prob>z) 0.8032 0.8554 0.7778
LM test (Prob>Ji?) 1.546 1.706 0.303
DW test 1511 1.668 0.296
R-squared 0.637 0.855 0.550
Test: H : b, = b, F(1, 366) = 1.01 F(1,366) = 7.71 F(1, 366) = 0.02

SE= standard error.
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Abstract:

Beef cattle production systems in Mexico are socially and economically important because
they contribute to economic development by generating employment and income.
Profitability and competitiveness in this subsector have been negatively affected by
structural changes in government support as part of the economic integration of Mexico
with the United States and Canada. An evaluation was done of the competitiveness and
comparative advantages of beef cattle production systems in the Sierra Norte region of the
state of Puebla, Mexico. Technical and productive information from 116 beef cattle
production units were used in the policy analysis matrix method to identify benefits,
restrictions and opportunities. Three production systems were identified: cow-calf (79 %),
grower (13 %) and mixed (8 %). The private cost ratios (0.22 for cow-calf systems, 0.45 for
grower systems, and 0.23 for mixed systems) indicated high competitiveness. The internal
resources cost ratios (0.11 for cow-calf systems, 0.08 for grower systems, and 0.14 for
mixed systems) implied they all have a comparative advantage. The effective protection
quotients (0.55 for breeding systems, 0.16 for grower systems, and 0.64 for mixed systems)
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indicated that beef cattle production in this region lacks protection. The studied beef cattle
production systems are profitable for the producers and for Mexico, but could clearly
benefit from policy modifications aimed at generating positive incentives for production.
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Introduction

Livestock production in Mexico generates employment and income, which support national
economic development, and provides food security, and household subsistence*?). In 2022,
national beef production was 2,175,576 t, valued at 163,811,754 thousand Mexican pesos
(MXP) (approximately USD 9.1 billion)®. Since this production does not meet national
beef demand, about 8.5 % of the beef consumed in Mexico is imported, mostly from the
United States of America, Nicaragua, and Canada®®). This production deficit is the result of
structural changes and adverse public policies applied to the livestock sector in the form of
trade liberalization®, privatization of government-owned companies, a reduction in credit,
and elimination of subsidies”). Over the last ten years, these policy changes have created
disadvantages such as high input costs, livestock theft, higher transportation costs, and
limited extension services®. COVID-19 containment measures further aggravated these
tendencies®!9), Beef cattle production dynamics in these main importing countries directly
impact the beef cattle subsector in Mexico®V, affecting producer competitiveness and
productivity, and consumer purchasing power(®?. Understanding the actual situation of
producer competitiveness and their comparative advantages is essential to implementing
policy instruments that help to minimize the impact of foreign competition on different
types of producers in Mexico, especially small-scale producers®®.

In beef cattle production, competitiveness is defined as the capacity of this sector to face
international competition, remain in international markets (mainly the United States),
maintain production quality and efficiency, and generate greater profits from available
resources. Other factors to consider include exchange rate fluctuations, marketing
infrastructure availability and availability of relatively low-cost productive factors19),
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Various methods exist to measure competitiveness, but the policy analysis matrix (PAM) is
a robust methodology that encompasses different approaches for measuring
competitiveness and comparative advantage®®. It is widely used and accepted®’-2Y). This
tool is fundamentally based on analysis of budgets at market prices and social prices
(opportunity cost) to quantify the competitiveness and comparative advantages of
production systems and the policy instruments that affect that competitiveness“®. Research
to date on competitiveness and comparative advantages in different economic sectors in
Mexico is insufficient®®. Existing studies using PAM to measure competitiveness in dual-
purpose livestock® and in feedlot beef production systems®¥ have shown negative
competitiveness, good competitiveness or developing competitiveness.

Analyses need to be done of the trade policies that impact the competitiveness of regional
beef production systems so as to identify efficient production and pricing patterns and
therefore make relevant recommendations to policy makers. In the Sierra Norte region of
the state of Puebla, Mexico, there is an apparent lack of protection for beef cattle producers,
and their competitiveness and comparative advantages are negatively impacted by the costs
of feed input, internal factors, and production system technical services. The present study
objective was to use income, costs, tradable inputs prices, and internal factors to evaluate
competitiveness and comparative advantages in beef cattle production systems in the Sierra
Norte region of Puebla.

Material and methods

The study was done among calf breeders and growers in six municipalities in the Sierra
Norte region (20°34 and 20°51° N, 97°44° and 98° 01’ W; 60 to 940 m asl). Regional
climate is warm humid with 1,400 to 2,600 mm annual rainfall, and 22 to 25 °C average
annual temperature®2®, Using National Livestock Registry information for the Sierra
Norte of Puebla®”, a structured questionnaire was applied to a random sample of beef
cattle production units; reliability was 95 % and accuracy was 9 %. The sample was
distributed proportionally among the six selected municipalities which account for the
largest livestock inventory in the region (45.5 %): 4.4 % of the sample was in Francisco Z.
Mena; 6.6 % in Pantepec; 4.4 % in Venustiano Carranza; 6.2 % in Xicotepec de Juérez;
7.1 % in Jopala; and 9.3 % in Jalpan. Sample size was calculated with the formula:

- () (g)(N)(z%)
E*(N—1) + z*(p)(q)
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Where N= total population of study area (4,453 production units), n= sample size, p=
estimated positive variability (%): 50%, g= 100-p (negative variability), E= error or
allowed estimation accuracy (9%), Z= confidence level, and Z from tables = 1.96

Inserting the appropriate values generated this calculation:

B (0.50)(0.50)(4,453)(1.96%)
" T 0.092(4,453 — 1) + 1.962(0.50)(0.50)

= 116 interviews

Final sample size was 120 producers. Questionnaire items addressed technical production
data, income, costs and profits of each production system (Table 1). The data was
organized into five categories: tradable inputs, production factors, materials, indirectly
tradable inputs and expenses. All were expressed in their corresponding units to identify the
technical coefficient matrices of the private budget. The private prices were then specified,
which, based on the collected data, were the market prices received or paid by the producer
to carry out the activity, both for inputs, and products and by-products. Within this budget,
the loan for supplies represented the short-term refinancing loan producers can obtain to
acquire inputs, raw materials and materials, pay wages and salaries, as well as other direct
production expenses; with the approximate figures used by the Agricultural Trust Funds
(Fideicomisos Instituidos Relacionados con la Agricultura - FIRA), the cumulative value of
these concepts was MXP 280,000 (USD 15,556). The surveyed producers stated that banks
offered an 18.23 % average rate. The costs of livestock depletion were calculated using the
private prices considered in the internal factors, which include initial values, the use life of
each system and annual recovery. The private budget was then generated by multiplying the
amounts by the prices, and including income from total sales, total costs and producer
profits.

Calculation of the social budget was done using the coefficients recorded initially and
replacing the private prices with the economic or social efficiency prices of inputs, products
and by-products. These are the prices that would exist in the absence of policy interventions
and market distortions of factors and products®®. For inputs, yellow corn was considered to
be the main component of balanced feed, and the costs per dose for internal and external
dewormers were estimated separately. For this purpose, the world-wide prices in the
Agricultural Marketing Service® were used, adjusted for freight, insurance and tariff
costs. Border (CIF - Cost, Insurance and Freight) prices were calculated to generate import
parity prices. The FoB (Free on Board) prices for cattle, as well as the costs for bridge tolls,
transport to distribution center and delivery were then added in. To this end, a balanced
exchange rate was used calculated based on a 20.1 MXP/USD nominal exchange rate®?; a
rate adjustment was done for 2022 with 2018 as the base year, and referencing the producer
and consumer price indexes for Mexico and the USA.
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Long-term expected values were utilized to prevent data distortion due to global
fluctuations and foreign policies. For the internal production factors, social value was
estimated at a national level equivalent to its opportunity cost focused on the best
alternative use, such as sheep farming. Unlike the private budget, short-term credit for
supplies in the social budget considered the interest and inflation rates of Mexico (24 % and
7.82 %, respectively)®V, and the United States (4.75 % and 6.50 %, respectively)®?; the
resulting nominal parity interest rate was 14.36 %. The economic cost of water was
quantified as the equivalent of payment of a fixed annual fee for livestock activities levied
by the Agua de Puebla water company®. Finally, livestock import parity prices were
calculated assuming entry at the Texas, USA, border®%. This represented a producer’s cost
to import livestock to the location of consumption, that is, the social prices of this activity’s
products. After including the subsidies, taxes and exchange rate distortions that affect
products and input prices, the quantities were multiplied by the prices to generate the social
budget (1The complete calculations of the systems’ private or social budget values are
available).

The resulting data was processed with the PAM (Table 2). The values calculated from the
previous budgets were replaced. First, private profitability (D) was calculated as the
difference between total income (cattle sales and available stock in total herd: surplus
heifers, culled calves and bulls) and costs (tradable and indirectly tradable inputs), and
internal factors and other miscellaneous materials or expenses. Social profitability (H) was
calculated as the difference between income and costs, but evaluated using social prices to
analyze comparative advantage. Eliminating these effects allowed calculation of national
beef cattle production profitability, which could be evaluated versus that of other countries
to determine if it is competitive or not. Finally, the effects of policy (I, J, K and L) were
estimated as the differences between the private and social evaluations for income, costs
and profits. Under this premise, the differences between the private prices and social prices
can be explained by the effects of policy distortions or imperfect markets.

Table 2: Policy Analysis Matrix

| Costs Profi
NCOME  Tradable Internal rofits

Inputs Factors

Private prices A B C D!
Social prices E F G H?
Effects of differences and efficient policy I3 J K5 LS

! Private profits, D= A-B— C; 2 Social profits, H= E-F-G; 3 Product transfer, I= A- E; 4 Input
transfer J= B—F; 5 Factor transfer, K= C-G; 6 Total transfer, L= D-H = I-J-K.
Source: Monke & Pearson),
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Once private profitability was calculated, the private cost ratio (PCR) could be calculated.
This is the quotient between the costs of production internal factors and the value added in
private prices [PCR = C/(A-B)], which shows how much the system can afford to pay for
internal factors and consequently if the producer is competitive.

Using each system’s net social profitability, the internal resource cost ratio (RCR) was
calculated by dividing the cost of internal factors valued at social prices (without subsidies)
by the social value added [RCR = G/(E-F)]. This is the difference between a product’s
internationally-priced production value and the costs of tradable inputs at international
prices. It indicates if the value of domestic resources is lower or higher than the value of
earned or saved foreign exchange, and thus if there is any comparative advantage in beef
cattle production.

Finally, an estimation of whether or not pricing policies encourage domestic beef cattle
production was done by contrasting product market prices with product social prices
(Pi/Pi* or A/E) using the Nominal Protection Coefficient for products (pNPC). The contrast
of tradable inputs at private and social prices (Pj/Pj* or B/F) was done using the Nominal
Protection Coefficient for inputs (iNPC). The Effective Protection Quotient (EPQ), another
indicator of incentives, was defined as the ratio between value added at private prices and at
social prices (i.e. without subsidies) [EPQ = (A-B)/(E-F)]. Finally, the Producer Support
Estimate (PSE) was calculated as a proportion of total gross income to private prices (L/A)
as a way of showing net policy transfer.

Results

Beef cattle production systems

Three beef cattle production systems were identified in the Sierra Norte. Most (79%) of the
surveyed producers were engaged in cow-calf systems (CCS). This involves intermediate
management with sufficient space for pasture rotation with an average stocking rate of 65
head. Minimal feed supplementation is used and calves are weaned at between 160 and 180
kg. A smaller proportion (13%) were using grower systems (GS). They purchase calves and
finish them in intensive (6 mo), intermediate (12 mo) or slow (18 mo) systems. Finished
animals are sold at 300 to 350 kg, and average general inventory was 33 head per producer.
The smallest proportion (8%) were using a mixed system (MS) which combines the cow-
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calf and grower systems. This allows them to manage the complete lifecycle in the same
production unit. It requires a good finishing plan, and can have an average of up to 90 head.

The dominant breeds in all three systems were zebu crosses with Swiss and Brahman, used
In an attempt to maximize reproductive efficiency through continuous natural mating. Feed
was based on grazing grass directly in pastures, with very few production units using
supplementation with balanced feed and mineral salts. Consequently, most units reported
low weight gain. Water was supplied from natural sources (rivers, streams and springs),
was freely available to the animals and thus represented no cost to producers. Disease
control depended largely on application of vaccines against rabies, brucellosis, blackleg,
malignant edema, and clostridial infections. Parasites were controlled internally and
externally through permanent and continuous doses of dewormers, and flea/tick baths.
Producers incurred no electricity costs because they used grazing systems. Neither were
there fuel costs because both weaned and grown cattle were sold at the ranch gate;
purchasers directly assumed transportation costs. However, a transport cost for materials
and inputs to the production unit was included.

Profitability and competitiveness

The assessment of production process profitability identified the main production costs for
the resources and factors used in each system (Table 3). Tradable inputs (feed, medicine)
were the highest cost item per kilogram of meat in all three production systems (CCS, GS
and MS), accounting for from 56 to 60 % of total costs. Internal factors such as labor
represented 25 % in the CCS, 17% in the GS and 26 % in the MS. Labor included total
daily wages per hectare for pasture maintenance (i.e., hoeing, herbicide and fertilizer
application), as well as daily wages for herd care and management.
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Table 3: Average production costs for inputs in beef cattle production in the Sierra Norte
of Puebla, at private prices in constant values

Private budget

Concept CCSss GS MS
$ (%) $ (%) $ (%)
Tradable inputs 4764333 5671 4085585 595  680,558.8 594
Feed 461,7473 544 398,709.9 5go 661,339.6 5g
Medicine 14,686.0 1.7 9,848.6 1.4 19,219.2 1.7
Internal factors 213,044.0 251 1167220 170 2994440 262
Labor 162,000.0 191 91,2000 133 248,400.0 013
Credit 51,044.0 6.0 25,522.0 3.7 51,044.0 4.5
Water 0.0 0.0 o0 00 o0
Misc. materials 21376 03 24430 04 21376 02
Indirectly tradable inputs 153,5233 181 1559456 728 1548788 136
Breeding stock 93,8693 111 1234074 180 70,3688 62
Installations 59,653.9 7.0 32,538.2 4.7 84,510.0 7.4
Administration and services 57000 o7 39000 op 62000 o5
Total Income 1,632,141.0 831,600.0 2,159,879.0
Total cost (excluding land) 848,700.5 1000 6851261 1000 11410816 100.0
Net profit (excluding land) 783,440.5 146,473.9 1,018,797.4

8CCS = Cow-calf system; GS = Grower system; MS = Mixed system.

Indirectly tradable inputs accounted for 18 % in the CCS, 23 % in the GS, and 14 % in the
MS. This parameter considers depreciation values of breeding stock and calf values, as well
as the recovery costs of equipment, assets and some implements not marketed
internationally.

The highest effective income from cattle sales (47.9 %) was observed in the CCS, followed
by the MS (47.1 %), and the GS (17.3 %) (Table 4). Both the CCS and MS were the most
profitable systems because they sold breeding stock and controlled the complete weaning
and/or finishing cycle, thus limiting and exploiting some input costs.
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Table 4: Policy analysis matrix for beef cattle production systems in the Sierra Norte of
Puebla

Costs

Income Tradable inputs Internal factors Profits (net)
Cow-calf System
Private budget 1,632,141 635,657 (38.9%) 215,182 (13.2%) 781,303 (47.9%)
Social budget 2,426,316 604,038 (24.9%) 207,789 (8.6%) 1,614,489 (66.5%)
Divergences (794,175) 31,618 7,393 (833,186)
Grower System
Private budget 831,600 568,404 (68.4%) 119,165 (14.3%) 144,031 (17.3%)
Social budget 2,035,388 747,034 (36.7%) 137,268 (6.7%) 1,151,086 (56.6%)
Divergences (1,203,788)  (178,630) (18,103) (1,007,056)
Mixed System
Private budget 2,159,879 841,638 (39.0%) 301,582 (14.0%) 1,016,660 (47.1%)
Social budget 2,843,329 791,749 (27.8%) 294,189 (10.3%) 1,757,391 (61.8%)
Divergences (683,450) 49,889 7,393 (740,731)

In the CCS, total production costs (tradable inputs and internal factors) accounted for 52 %
of the budget, resulting in a 48 % profit. In the MS, these costs accounted for 53 % of the
budget, resulting in a 47 % profit. However, in the GS these costs were 82.7 %, with
particularly high tradable inputs costs ($568,404), resulting in less than half the profits of
the other systems (17.3 %). In the private budgets, the profitability indicators showed that
all three systems were profitable due mainly to the use of up-to-date technology, current
market prices, and transfers or taxes generated by economic policy measures.

The prices of yellow corn and medicine (triple bacterin, amitraz, and ivermectin) were
included in the social budget analysis. The best social budget among the three systems was
for the CCS, which had an almost 67 % profit and just 25 % tradable inputs costs. In the
GS, the tradable inputs costs (36.7 %) kept profits below 57 %, even considering price
changes due to exchange rate adjustments.

The above shows that the GS exhibited negative transfers of both products (1) and inputs
(J). This was due to two main distorting policies that cause divergences between observed
prices and world prices. The first are taxes, subsidies and commercial policies applied to
breeding or growth calves in Mexico, which affect private profitability. The second refers
to the social foreign exchange rate policy which differed from the observed rate such that it
was undervalued by -0.08 %, resulting in a real exchange rate of 18.57 MXP/USD. This
constitutes an implicit support for producers since it generates an indirect saving on inputs.

887



Rev Mex Cienc Pecu 2024;15(4):879-897

In summary, the sum of the negative incomes for the inputs (J) and internal factors (k)
divergences reflect a positive net transfer (L) to the system.

This is confirmed by the PCR and RCR, as well as the EPQs. With values near zero, the
PCRs of all three systems confirm that the surveyed producers were competitive (Table 5),
mainly because sales of calves and breeding stock allowed them to pay the value of the
production factors and still generate a profit.

Table 5: Profitability and protection indicators for beef cattle production systems in the
Sierra Norte of Puebla

Production system

Concept

Cow-calf Grower Mixed
Private Cost Ratio 0.22 0.45 0.23
Internal Resources Cost Ratio 0.11 0.11 0.14
Producer Support Estimate (0.51) (1.22) (0.34)
Product Nominal Protection Coefficient 0.67 0.41 0.76
Inputs Nominal Protection Coefficient 1.05 0.76 1.06
Effective Protection Quotient 0.55 0.20 0.64

Given that their PCR was the lowest (0.22), the CCS were the most competitive of the three
studied systems. The higher PCR (0.45) for the GS showed that their profits were
negatively affected by the extended growth time in the corral.

Both the CCS and GS had a low RCR (0.11), highlighting their social profitability. Their
low RCR indicates they have comparative advantages, and that beef cattle production can
be profitable in Mexico if resources are used efficiently; in other words, the value of the
internal resources required for production was lower than the savings in foreign currency.

All three system types had EPQ values lower than 1.0, confirming the disincentives
originating in policy interventions and the consequent lack of protection. The negative PSE
values in all three system types represent their high private costs versus social costs due to
prevailing economic policies. For example, gross income taxes imposed on GS producers
were 121 %, an artifact of policy distortions and market imperfections in internal
production factors.

Overall, the pNPC values were less than one, confirming a lack of protection for beef cattle

production in the study area and suggesting that current policies inhibit national production.
For the INPC, both CCS and MS had values greater than one, indicating protection of
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negative price policies; that is, they benefit from an indirect subsidy not reflected in the
iINPC for the GS.

Discussion

Beef cattle production systems

Beef cattle production systems in the Sierra Norte region of Puebla are similar to others
reported in Mexico. In one study, full cycle and cow-calf-to-weaning systems in Tizimin
municipality in the state of Yucatan® were reported to use zebu breeds and crosses with
European breeds, extensive grazing and corral feeding, although the systems were stratified
based on number of head and stocking rate. Another study, of small and medium
production units in the southern portion of the State of Mexico®®, identified three systems
based on livestock production surface; all the producers used zebu, Brahman and Swiss
breeds and crosses between them, and, generally, grazing with complementary
supplementation.

Profitability and competitiveness

The present results for the percentage participation of costs is similar to that reported in a
study of corral-grown cattle production in Tejupilco and Amatepec, in the State of
Mexico®¥. In this study, costs were primarily (80 %) tradable inputs, followed by internal
factors (10 %) and the remaining production costs (10 %). Feed, health and fuel costs
represented more than 86% of variable costs in a study of dual-purpose cattle production
systems in Jamapa municipality, in the state of Veracruz®". Labor costs accounted for up to
60 % of fixed costs, meaning that these factors generated the greatest economic and
productive impact. The CCS had the highest effective income compared to MS and GS.
This is supported by a study on calf grazing in the state of Sonora®® which observes that
traditional extensive cow-calf systems better utilize natural land conditions as long as they
are extensive enough. They allow for adequate management because calves are left in
pastures after weaning where they can gain various kilograms per day.

Indeed, as supported in the present results, grazing is an effective way of controlling total

costs. This is further supported by a study of the beef production model in Chile, in which

estimates showed that in mixed systems grazing is an effective and economic source of

feed®?). In these systems, supplementation is only needed in months of low pasture biomass
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production or during the finishing stage to ensure efficient weight gain and maintain
producer profitability.

Among the three systems studied here, the GS had the lowest percentage of effective
income. This is similar to a report on intensive, semi-intensive, and extensive cattle grower
systems in Gowa, Malaysia®®. In these systems, total income from cattle sales varied
according to sale price, and price was influenced by growth duration. Income was
consequently highest for producers using a slow growth strategy (48 %), compared to those
using intermediate (33 %) and intensive (18 %) strategies; suggesting that the strategy used
may affect profits.

The profitability results for the three systems studied here are similar to those reported for
three types of corral grower systems in the southern portion of the State of Mexico®®. As
observed in the present results, each producer type used efficient input management to
generate additional income for each peso invested, meaning all production factors
contributed to creating added value.

The present social budget results are comparable to those in a study of grower systems in
Bali, Indonesia®® in which profits were generated at both the private and social levels.
However, non-tradable input costs were much higher in this study due to producer
dependence on internal production inputs.

The negative transfers observed here in both the products (1) and inputs (J) affecting private
profitability were probably the result of changes in federal agricultural policies in Mexico
after ratification of the North America Free Trade Agreement (NAFTA) in 1993. Tariffs
were reduced, and support and subsidies for agricultural activity were progressively
withdrawn. This treaty has prevented strengthening of beef cattle production in Mexico
through public policy®).

Although all three studied systems were deemed economically efficient, their
competitiveness results were lower than the 0.51 to 0.52 PCR reported for three types of
corral cattle systems in Tejupilco®?.

The comparative advantages for the three studied systems were similar to the 0.31 reported
in a study of ruminant systems in Malaysia®?; as observed in the present results, these
advantages were created through efficient use of domestic inputs and resources in
production, and the saving or earning of foreign currency.

The present EPQs results were similar to a study using PAM®“9 to identify federal livestock
policy as an example of weak governance, since, beginning in the 1980s, the Mexican
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government has eliminated or reduced support for livestock and agricultural production.
This contrasts with the 1.71 EPQ reported for grower systems in Gowa®®, a manifestation
of the impact of government policies supporting domestic productive activities. In this
study, the ESP was positive (0.15) indicating that government policies allowed the studied
grower systems to incur lower private costs than social costs.

Overall, the present PAM results confirmed that the studied CCS, GS and MS are efficient
and profitable for producers since they have a comparative advantage and are competitive.
However, despite their efficiency, government policy exploits their comparative advantage
to keep prices low, meaning they are relatively unprotected. This lack of protection may be
due mainly to an absence of public policy support for the livestock subsector aimed at
strengthening national production. The absence of support allows foreign products to at
least partially substitute domestic production, negatively affecting producers in Mexico.

Conclusions and implications

Application of the policy analysis matrix to beef cattle production systems in the Sierra
Norte region of Puebla identified the cow-calf systems as having the best private
profitability, the grower systems as having the highest comparative advantage and the cow-
calf systems as the most competitive. In all three systems, tradable inputs (food and
medicine) accounted for most of the costs in the production cost structure per kilogram of
meat. The ratio between production value at domestic market prices and international prices
showed that pricing policies discourage domestic production. Through changes in policy
that distort efficiency, as well as direct subsidies, domestic production systems could
improve their market participation in private and social terms, with a consequent increase in
income.
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Table 1: Technical and production data

Variables Measurement unit Definition Interpretation Formula
Inputs required for cattle production,

Tradable inputs pesos/ton available domestically and (+) feed

pesos/treatment internationally (+) medicine
(+) labor

pesos/work day Production factors without an These coefficients show (1) credit

Internal factors pesos ; international price (land, labor, the amounts used and (+) water _
pesos/m capital) prices paid by the producer (+) misc. materials

pesos/equipment

. . in the regional market for
Inputs untradable internationally (€.9. jnputs, products and

Indirectly tradable  pesos/head implements and basic equipment) byproducts (+) breed stock
Inputs pesos/infrastructure ’ (+) installations
pesos/hour Factors with no international price, (+) containers
Administration needed to manage and support (+) veterinarians
and services pesos/service production (+) hauling
pesos/ha (+) taxes
Income from sale of breeding stock, Financial resources (+) sale weaned calves
Total income grown calves (slow, intermediate or received by producers (+) sale grown calves
intensive), surplus or culled animals ~ from cattle sales (+) other sales
. +) tradable inputs
Total value paid for goods and Sum of all input and 8 internal facﬂors
Total cost . . . product costs for - .
pesos services required for production . (+) indirectly tradable inputs
production NS X
(+) administration and services
Financial profit or earnings
in beef cattle production
Profit Total difference between income and  units

production cots (+) total income

(-) total cost
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Abstract:

Phenological data observed on Earth, along with satellite data, are crucial tools for identifying
the growing season of vegetation. Using a geostatistical approach, this study aimed to
determine the seasonal dynamics of sideoats grama [Bouteloua curtipendula (Michx.) Torr.]
in Chihuahua and their relationship with climate variability. The metrics of the start (SOS)
and end (EOS) of the growing season of this species in the state of Chihuahua were
calculated. In addition, the effect of air temperature and precipitation on the dynamics of SOS
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and EOS during the 2000-2010 and 2011-2019 periods was evaluated. The treatments
considered the three ecological regions (desert, central valleys, and mountain) and the years
of recording. The state was studied through three ecological zones: desert (D), central valleys
(CV), and sierra (S) for comparison. The SOS and EOS of sideoats grama in each zone were
defined annually from Landsat data during the 2000-2019 period based on the dynamics of
the Normalized Difference Vegetation Index (NDVI). The SOS ranged from May to June
[average Julian day (doy)=174], while the EOS ranged from October to November [average
Julian day (doy)=283]. There was a delay in SOS in zone D; the stunted growth of sideoats
grama in the spring season may be due to a relative scarcity of water; however, the higher
temperature in spring makes it easier to meet the thermal requirements for the species’
growth. These findings suggest that climate variability significantly impacts the seasonal
dynamics of sideoats grama, which may influence the management strategies of these
ecosystems.

Keywords: Geomatics, Environmental variability, NDVI, Chihuahua.

Received: 12/09/2022

Accepted: 30/07/2024

Introduction

Climate variability, including changes in air temperature and precipitation, significantly
impacts the seasonal dynamics of vegetation. Seasonal dynamics refers to the periodic
changes in the biological processes of plants throughout the year, influenced by
environmental factors?. Recent studies have shown that variability in rainfall and
temperatures can significantly alter plant growth and senescence patterns®?. It is highlighted
how the increase in global temperature and the decrease in rainfall® has led to an extension
of the growing season in various regions, highlighting the need to adapt agricultural practices
to these new conditions®®),

For vegetation monitoring, typical methodologies include recording species-level terrestrial
data to perform plant-specific analyses at the local scale(”). At the regional and global levels,
satellite data are used to define characteristics and periods of vegetation or landscapes®®).
Both in situ and satellite phenological data are commonly used to identify the growth phase
of vegetation at different scales. Several satellite-derived vegetation indices, such as the
normalized difference vegetation index (NDVI) and the enhanced vegetation index (EVI),
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have been developed to extract phenological parameters from vegetation@®V), The
abovementioned indices focused on analyzing the spatial-temporal differences of
phenological phenomena between different biomes or geographical zones23),

In the state of Chihuahua, grasslands, including sideoats grama [Bouteloua curtipendula
(Michx.) Torr.], are essential for providing resources for livestock and the ecological stability
of the region. Research has shown that changes in patterns, such as flowering and fruiting
time, are early signs of the effects of climate variability®™®. Conversely, in places where
consecutive rainfall events occur sporadically, the increase in temperature may not have
significant effects on spring phenology®19). Increased rainfall has not shown significant
effects on triggering the flowering phase in grasslands®”; in contrast, reduced rainfall
induced earlier growth and flowering of herbaceous species in field experiments®,
Therefore, the study of phenology and its relationships with climatic factors would serve to
adopt appropriate strategies for grazing activities with a view to the sustainable use of
grasslands.

In Chihuahua, rainfall in 2011 was only 156 mm, representing a third of the annual average
(i.e., 470 mm), causing huge economic losses. In addition, frost events recorded during the
same period in the state were not typical. These events destroyed pastures and caused the
death of more than 300,000 head of cattle®®?%), The objectives of this research were to
analyze the phenological metrics of the start (SOS) and the end (EOS) of the growing season
during 2000-2010 and 2011-2019, which are periods before and after 2011. Additional
objectives included determining which climate factor is involved in the dynamics of the SOS
and identifying possible trends of change in SOS and EOS during the 2000-2010 and 2011-
2019 periods. This will make it possible to assess whether a disturbing phenomenon
determines or alters seasonal dynamics and affects grassland growing periods, providing vital
information for their sustainable management in the region.

Material and methods

Study area

To organize the information, it was decided to classify the state of Chihuahua into ecological
zones: Desert (D), Central Valleys (CV), and Sierra (S) according to the climatic conditions
they present (Figure 1). Zone D has a dry and semi-warm climate, with daily maximum
temperatures of 40 °C or higher in the summer and daily minimum temperatures of -5 °C or
lower in the winter. On the other hand, the CV zone has a temperate semi-desert to subhumid
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climate, with daily minimum temperatures of up to -20 °C in winter, commonly the most
extreme minimum temperatures in the state. Annual rainfall ranges between 300 and 550 mm
in this region. Finally, the S has a climate with a humid, semi-cold-to-temperate summer and
winter with snowfall. Minimum temperatures can drop to -10 °C, while maximum
temperatures can reach 30 °C. The climate responds, among other factors, to the altitude
above sea level, which on average is 2,400 m, and plains surrounded by peaks 200 to 1,000
m above the plain floor®V,

Figure 1: Study area
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Data collection

Precipitation and temperature data were obtained from CONAGUA®? for the period from
2000 to 2019. On the other hand, the Normalized Difference Vegetation Index (NDVI) was
calculated from scenes obtained from the Landsat ETM+7 and Landsat OLI8
(https://glovis.usgs.gov/). In addition, 196 verified records of the presence of sideoats grama
[Bouteloua curtipendula (Michx.) Torr.] in each of the three ecological regions into which
the state was divided were used.

The calculation of the NDVI (equation 1) was performed on the Google Earth Engine

(http://earthengine.google.com/) platform. Scene information was obtained every 16 days for
the 2000-2019 period at a spatial resolution of 30 m (WRS Path/Row 32/34 38/42).
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NDVI = (NIR — Red)
~ (NIR + Red)

Where: NDVI is the Normalized Difference Vegetation Index. NIR and Red are the

reflectance values in the near-infrared and red ranges of the electromagnetic spectrum,

respectively.

NDVI was obtained from compounds of maximum values, choosing observations with
minimal cloud cover and near-nadir views®. Additional corrections were applied for
atmospheric gases, clouds, and aerosols®®. Time series were created with valuable
information from NDVI. Although the highest-quality reflectance measurements were
selected, likely, the low-quality measurements will still be part of the time series due to
cloudy periods. Removing these low-quality values in the NDV1 time series was crucial to
obtaining a credible phenological metric. There are usually some sequential low points that
occur at the beginning and end of the time series, as well as abrupt and extreme low points
in the middle of the growing period. First, the issue of the abrupt points [NDVI (1)]
corresponding to the middle of the station was addressed; if the difference between NDVI (t)
and NDVI (t = 1) was greater than (NDVImax - NDVImin)/2, then NDVI (t) was replaced
by the mean of NDVI (t - 1) and NDVI (t + 1). The entire time series was then smoothed
with a 9-point moving average filter. Finally, the low values at the beginning and end of the
time series were replaced by the average NDV1 value for March, when most NDVI values
are similar to the NDVI1 value of bare soil, due to the limited presence of vegetation on the
surface. In this case, NDVI values during the non-growing season are assumed to be constant.

Analysis of phenological function

The typical logistic function retrieves phenological metrics during spring and fall separately;
in contrast, the dual logistic function can extract phenological events of spring and fall
simultaneously. In this study, equations 2 and 3 were used to obtain SOS and EOS,
respectively®):

S0S = M +S (Equation 2)
E0s = 223 | g (Equation 3)

Where SOS and EOS denote the day of the year (doy) of the start and end of the season, |
and D represent the maximum ascending and descending slopes (inflection points) on the
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adjusted NDVI curve, respectively, while S and E represent doy when | and D occur on the
adjusted NDVI curve.

Statistical analysis

SOS and EOS data were compared at the start and end of the study period rather than
calculating the mean multi-pixel trends of SOS and EOS. This was decided to reduce
miscalculations. To eliminate the effects of abnormal years on SOS and EOS, the global
mean of SOS and EOS during 2000-2010 and 2011-2019 was first obtained separately for
each time series. To infer the possible causes of the variations in SOS and EOS, temperature
and precipitation records were obtained from the meteorological stations closest to the
sampling point®®. The records corresponded to dates before SOS and EOS and the 2000-
2010 and 2011-2019 periods.

SPD and EPD data were compared for their differences between zones D, CV, and S with a
univariate analysis of variance (ANOVA). This was done through a 3x2 factorial
arrangement, three regions: D, CV, and S, and two periods: 2000 to 2010 and 2011 to 2019.
Of the 196 records of the presence of grasslands, a coordinate of each ecological zone was
randomly selected in order to compare the vegetation in different areas and how it responds
to changes in climatic conditions (Figure 1). In addition, a correlation analysis was performed
to evaluate the relationship between SPD and EPD with the climatic variables of each region
and period.

Results and discussion

Environmental conditions

The environmental conditions average (precipitation and temperature) during the 2000-2019
period showed that the spring temperature in zone D, where the record of the sideoats grama
was analyzed, was higher than in zones CV and S. Meanwhile, the precipitation of the spring
season was higher in zone D than in zones CV and S.

As reported in previous studies, spring phenological events are particularly sensitive to

temperature, and the warming experienced in recent decades has already shown effects on
phenology, triggering earlier spring phenological events and extending the growing
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period®”). Zone D was also warmer and drier in autumn than zones CV and S. In all three
ecological zones, autumn is cooler and wetter than spring (Table 1). Authors stated®® that
temperature is the main climatic factor affecting plant phenology. They also reported that
increased air temperature affects phenology and can be easily detected in phenological data.

Table 1: Environmental conditions in the Sierra, Central Valleys, and Desert

Ecological zone ST (°C) SP (mm) AT (°C) AP (mm)
Sierra 22.27 48.56 21.6 117.2

Central Valleys 24.42 64.52 20.7 56.76

Desert 21.14 20.51 15.02 106.16

ST= spring temperature; SP= spring precipitation; AT= autumn temperature; AP= autumn precipitation.

General comparison of SOS and EOS between ecological zones

The averages for SPD and EPD were on the 174th and 283rd days of the year, respectively;
locating these days in months, they would be May-June and October. In zone D, SPD and
EPD occurred on the 172nd and 265th d of the year, respectively, earlier (P<0.05) in the year
compared to the other two zones (doy 180 and 286). The SOS occurred earlier in zone D than
in zones CV and S. Both SOS and EOS occurred significantly (P<0.05) earlier in zone D
(doy 172 and 265, respectively) than in zones CV (doy 180 and 286, respectively) and D (doy
179 and 297, respectively). Regarding the annual fluctuations of SOS and EOS, the mean
standard deviation (SD) of EOS (25.47 d) was greater than that of SOS (18.53 d). The highest
SDs of SOS and EOS corresponded to zone D (21.6 and 25.15 d, respectively) compared to
zones CV (19.5 and 25.05 d, respectively) and S (11.5 and 12.41 d, respectively).
Phenological models based on satellite data indicate water availability as a determining
environmental condition in SPD in North American meadows”); for its part, temperature was
a determining factor in triggering spring phenological events in woody plants of temperate
ecosystems®®® and herbaceous plants of alpine ecosystems©,

SOS and EOS response rates to temperature and precipitation

Although there was a 0.33-d delay for SOS in zone D during 2000-2019, SOS occurred 0.20
and 0.09 d earlier for zones CV and S, respectively (Figure 2a). Meanwhile, the decrease in
spring precipitation, which happened before the start of the season, caused an SOS delay of

904



Rev Mex Cienc Pecu 2024;15(4):898-912

0.42, 0.24, and 0.32 d mm™ for zones D, CV, and S, respectively (Figure 2b). For zone D,
the sensitivity of SOS to the preceding temperature and precipitation, which were recorded
before the start of the season, was significantly higher than in zones CV and S. In autumn,
warmer temperatures delayed SOS at rates of 0.94 and 0.35 d °C* for zones CV and S,
respectively, while extending SOS by 0.72 d °C* for zone D (Figure 2c).

Figure 2: SOS response to preceding temperature (a) and precipitation (c), and SOS
response rates due to preceding temperature (b) and precipitation (d) at EOS
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1, period from 2000 to 2010; 2, period from 2011 to 2019. D= desert; S= sierra; CV= central valleys.

Some authors®V reported that, during 1959-1996, the spring phenological events of a large
number of species were 6.3 days early on average, while those of autumn experienced a delay
of 4.5 days on average; thus, the growing season extended by 10.8 days on average©?33, The
reduction in rainfall caused a delay of 0.89, 0.02, and 0.45 d mm™ in EOS for zones D, CV,
and S, respectively (Figure 2d). Finally, zone D showed a significantly lower sensitivity to
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the preceding temperature but a significantly higher sensitivity to the preceding precipitation
than zones CV and S. Anticipated phenological patterns could alter the distribution of
sideoats grama plant resources, have implications for pollination systems, and increase the
size, species richness, and intraspecific genetic diversity of the soil seed bank®.

SOS and EOS change trends

To report overall SOS and EOS changes in the ecological zones studied, the annual mean
SOS and EOS between 2000-2010 and 2011-2019 were compared. During 2010-2019, SOS
and EOS were delayed by 16 (P<0.05) and 18 (P<0.05) days, respectively, compared to
2000-2019 (Figure 3).

The sideoats grama results showed that the mean 2011-2019 SOS was 16 d later (P<0.05)
than the 2000-2010 SOS mean for zone D (Figure 3). On the other hand, SOS was 42 d early
for zone CV (P<0.05) and 3 d early for zone S (P<0.05). Meanwhile, EOS showed no
significant changes (P>0.05) when comparing the two periods for zones CV and S.
Nonetheless, a significant lag was identified for both SOS and EOS from 2000-2010 to 2011-
2019 (P<0.05) in zone D. During 2011-2019, SOS and EOS were 6 (P<0.05) and 18 (P<0.05)
days late, respectively, compared to 2000-2010.
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Figure 3: General changes in SOS and EOS in three ecological zones affecting the species.
1, period from 2000 to 2010; 2, period from 2011 to 2019.
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1, period from 2000 to 2010; 2, period from 2011 to 2019. D= desert; S= sierra; CV= central valleys.

This study found significant negative correlations (P<0.05) between SOS and preceding
precipitation and temperature. This means that higher temperatures and rainfall recorded
before the start of the season can bring forward the start of the growing season (SOS).
Nevertheless, the zones showed significant correlations (P<0.05) between SOS and the
preceding precipitation than between EOS and the antecedent temperature. Therefore,
recorded precipitation rather than temperature may primarily control the start of the growing
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season in most of the study area. This is consistent with the results of previous studies based
on data from greening dates, derived from satellites, and terrestrial meteorological data®®.
On the other hand, some experimental and phenology modelling studies have highlighted the
critical effects of water availability on SOS in the North American meadows(*® and
Mongolian meadows®!D, Temperature has been reported to be a key factor in triggering
spring phenological events of plants in temperate ecosystems®” and herbaceous species in
alpine ecosystems®®). The predominant role of temperature in SOS has also been observed
in grasslands in the Middle East and in the Tibetan Plateau®®4?,

Likewise, the ecological zones of the study area showed significant positive correlations
(P<0.05) between EOS and the preceding temperature, indicating that temperature may be
the most critical factor in regulating seasonal vegetation dynamics in grasslands. Although
temperature was the dominant factor, precipitation was also positively correlated with EOS.
Therefore, warmer and wetter autumn conditions could lead to a delay in the process of leaf
senescence.

Behavior of SOS and EOS between ecological zones during 2000-2010 and
2011-2019

Factor analysis revealed that the average day of the year (doy) for the start of the growing
season (SOS) of the species was 160.55 (P<0.05). Significant effects in the factorial design
depended on the zone (D, CV, S) for both SOS and the end of the growing season (EOS).
The factor that caused the biggest change in SOS and EOS (i.e., variability in doy) was the
ecological zone in which the vegetation grows. The interaction between the ecological zones
and the periods analyzed significantly influenced both SOS and EOS (P<0.005).

Conclusions and implications

This research has provided a detailed understanding of the seasonal dynamics of sideoats
grama [Bouteloua curtipendula (Michx.) Torr.] in different ecological zones of the state of
Chihuahua, Mexico, using a geostatistical approach supported by satellite data and in situ
phenological observations. The results show that climate variability, particularly in
temperature and precipitation, affects the start (SOS) and end (EOS) of its growing season.
It was observed that in the desert zone (D), SOS occurs earlier due to higher temperatures.
In addition, decreased precipitation delayed SOS in all zones, while in autumn, warmer
temperatures extended EOS in zone D. Understanding the seasonal dynamics of this species
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is essential to develop sustainable management practices that ensure the resilience of these
ecosystems to climate change. The results obtained provide a robust scientific basis for
informed decision-making in the management of natural resources in the region, promoting
sustainability and adaptation to new environmental conditions.
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Abstract:

The objective was to evaluate the effect of the leqgume kudzu (Pueraria phaseoloides) on
the dry matter yield and nutritional value of the pasture and the weight gain of grazing
heifers. The study was conducted from Dec-19-2019 to Jul-21-2020 on 4 ha at INIFAP-
Pichucalco, Chis., with 2 ha of Mombasa Guinea grass (Megathyrsus maximus var.
Mombasa) and 2 ha of the Mombasa-kudzu association. Each pasture had six heifers in
rotational grazing. The dry matter yield, protein, neutral detergent fiber, lignin, and daily
weight gain were evaluated. A completely randomized split-plot design was used for dry
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matter yield and nutritional value, and a completely randomized design was used for animal
weight gain. The lowest dry matter yield was in the dry season with 2,963 kg ha® for
mombasa, and 3,771.5 kg ha™* for mombasa-kudzu. The highest yield was in rainfall with
10,092 kg ha for mombasa and 8,977 kg ha* for the association. Kudzu registered the
highest yield in the north winds season with 763.4 kg ha™ and 19.4 % cover. Kudzu
registered 1.7 times more protein than mombasa, maintaining its concentration at 146.26 ¢
kg™ DM during the study period mombasa-kudzu registered 31.9 g kg™t DM more protein
than mombasa, and higher neutral detergent fiber (44.3 g kg™t DM more) and lignin (8 g
kg™t DM more). The highest animal weight gain was registered in the north winds season,
in association with 504 g animal™ d vs 333 g animal™* in monoculture.

Keywords: Animal production, Dry matter yield, Grazing, Dry matter yield, Megathyrsus
maximus, Nutritional value, Pueraria phaseoloides.
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Accepted: 27/08/2024

Introduction

Seasonal forage production is the main issue for the efficient utilization of forage grasses by
grazing animals. In tropical areas, grasslands are the basis of cattle feed for beef, milk, or calf
production; however, they have a marked seasonality of biomass production due to climate
variations during the year. Most pasture production occurs during the rainy season,
characterized by high temperatures in June through September, after which forage production
decreases over the months®. There are records of up to four times less forage yield reduction
in the dry season (mid-March to mid-June) compared to the rainy season®. This leads to
changes in the availability of forage and animal-carrying capacity of the pastures during the
year. Another problem with seasonality is that forage plants of the same age may have
different nutritional values depending on the time of year, which leads to variations in animal
production®.

Different strategies have been evaluated for managing the seasonal distribution of forage
production. One of them is the use of associated pastures, in which the use of legumes
associated with grasses is usually considered®. In soils of low fertility, the evaluation of the
dry matter yield (DMY) and protein concentration in a Brachiaria humidicola pasture in
monoculture and in association with the legume Arachis pintoi showed that, during the dry
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season, both pastures had the lowest yield of the year, but the association registered a higher
DMY with 0.8 t ha* more than the monoculture pasture®. Also, the humidicola grass in
association recorded 19.21 g kg of DM more protein than in monoculture. This decrease in
the DMY of the associated grassland and the higher protein concentration of the associated
grass had been previously reported® under the same environmental conditions when
studying a humidicola-Stylosantes guianensis association. Although forage legumes are well
known to have a higher concentration of protein (and minerals) than grasses®, previous
research shows that legumes also benefit when accompanying grasses with nitrogen, which
is taken from the atmosphere and fixed to the soil by bacteria found in the root nodules of
these species(”.

The decrease in the DMY or the greater stability of production of a grass-legume association
results from the genetic diversity of the species that make up the association, since the
association of different species exhibits short-term morphological changes, giving the
grassland greater stability over time®9, As a result of their higher protein content and greater
DMY stability, grass-legume associations can improve animal nutrition and production in
pasture®®. In this regard, it has been observed that young cattle attain higher values with the
grass-legume associations, yielding higher daily weight gains in steers (602 g d!) than in
heifers (573 g) with the grazing of Andropogon gayanus associated with Stylosanthes
capitata?. The effect of the time of year on weight changes was not measured. Studies on
animal production with grazing of associated grass-legume pastures under tropical conditions
are still limited. Forage legumes are hypothesized to improve the stability of grassland
biomass production and protein availability for livestock. Therefore, the objective of the
present study was to evaluate the impact of legumes on the dry matter yield and chemical
composition of the pasture, and on the weight gain of grazing animals at different times of
the year.

Material and methods

Environmental conditions and evaluated grasslands

The study was conducted at the “Pichucalco” Experimental Site belonging to Instituto
Nacional de Investigaciones Foestales, Agricolas y Pecuarias (INIFAP) and located in
Pichucalco, Chiapas. The soil was loam textured, high in organic matter (3.59 %), Fe (83
ppm), Zn (5.05 ppm), Mn (39.4 ppm), and Cu (6.37 ppm), and low in Al (3.93 ppm) and Mg
(164 ppm), with a bulk density of 1.2 g cm and a slightly acidic pH (6.0). In June through
August 2018, over an area of 4 ha, secondary vegetation was eliminated by cutting with
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machetes and burning of the cut material. In August of the same year, the invasive grass
Paspalum virgatum was eliminated with a glyphosate herbicide [N-(phosphonomethyl)
glycine], applying 1 kg of the active ingredient per hectare. Once the weeds were removed
in September, seeds of two types of grass were sown: Mombasa guinea grass in monoculture
(Megathyrsus maximus var. mombaza) and Mombasa guinea grass in association with a
legume (Mombaza-Pueraria phaseoloides). The planting was carried out with seeds both of
the grass and the legume. As it was a hilly terrain, the two pastures were sown with a spiked
stick with a separation of 50 cm between strokes (approximately 5 cm deep) on a line drawn
with sisal twine, and at 1 m between rows.

Two hectares were used for each pasture. The monoculture pasture was sown with 7 kg ha!
of commercial seed. In the associated pasture, the sowing rate of Mombasa was 6 kg ha™* and
that of kudzu was 3 kg ha*; the grass was sown mixed with the legume. In October, there
was an ant attack on the seeds of both pastures; the seeds were carried out of the study area,
which strongly affected their establishment. Consequently, the pastures were reseeded in
November, and the seeds were impregnated with an organophosphate/pyrethroid insecticide
powder and received no fertilizers. Both the monoculture and the associated pastures were
established in June 2019. Table 1 shows the climate data that prevailed during the study
period.

Table 1: Average weather data during the study period at three times of the year
Season of the year

North winds Dry Rains
(2019 and (2020) (2020)
2020)

Period covered Nov-Feb Mar-May Jun-Jul
Accumulated rains, mm 580 250 450
Average monthly rains, mm 145 84 225
Maximum temperature, °C 27 34 34
Minimum temperature, °C 19 24 24

Note: Maximum and minimum temperatures are seasonal averages.

In July through September 2019, it was proceeded to the perimeter delimitation of the entire
experimental area and the separation of the two types of grasslands with barbed wire, using
four wires, thus forming two plots of 2 ha each: one plot for monoculture grassland
(mombasa), and one plot for associated grassland (mombasa+kudzu). In October and
November, each type of pasture was divided into four paddocks for rotational grazing within
each pasture using electric fences with two wires per fence posts spaced 10 m (33 ft) apart
from each other.
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Animal management

A total of 12 Brahman (Bos indicus) calves averaging 9 mo of age were selected and divided
into two homogeneous groups of 6 animals; each group was randomly assigned to one of the
two plots. Each calf was considered a repeat. Group 1 averaged 206 kg + 22 kg and was
assigned to the mombasa-kudzu association plot, and Group 2 averaged 210 kg + 25 kg and
was assigned to the mombasa monoculture plot. From December 9 to 18, adaptive grazing
was carried out. The evaluation began on December 19, 2019, and ended on July 21, 2020.
Grazing was rotational and consisted of 14 d of occupation and 42 d of rest, and the animals
were weighed at the end of each grazing cycle, i.e., every 42 d. Due to failures of the
electronic livestock scale, the first weighing was carried out 48 d after the start of the study.

Response variables

Animal weights were measured at the end of the north winds season (February-March), the
dry season (March to May), and the beginning of the rainy season (end of May-June).
Samples of the forage available for each treatment were taken every 42 d at the entrance of
the animals to each of the paddocks that made up the pastures; that is, at the end of each
grazing cycle. In this manner, the available forage, after a 42-d pasture rest, was determined
by the m? method?, which consists of cutting the forage within four steel squares of 1.0 m?
each, randomly assigned in each of the paddocks of the Mombasa pasture in monoculture, as
well as in each of the paddocks with the mombasa-kudzu association. Thus, four replicates
were used as the harvests (or samples) of both types of grasslands; this meant collecting four
replicates per treatment on the dates of December 19, 2019, January 23 and February 28,
2020, for the north winds season; April 4 and May 10 for the dry season, and June 15 and
July 21 for the rainy season.

The sampling consisted of harvesting all green biomass or green matter (GBM) within each
square with cuts at 15 cm above ground level in both grasslands. When m? covered individual
kudzu plants, they were harvested at 7 cm above ground level. Additional samples of kudzu
were also collected from the associated pasture for their individual evaluation in terms of
yield, chemical composition, and their proportion in the associated pasture. The harvested
plant material was weighed on a portable electronic scale with a capacity of 10 + 0.001 kg.
To determine the dry matter yield (DMY, kg ha') of each paddock, subsamples of 300 g of
VM were separated, dried in forced-air ovens at 65 °C for 48 h, and dried at 65 °C for 48 h.
Thus, the available dry matter (ADM) yield was calculated based on the dry matter yield of
the 300 g of VM as well as on the total green matter yield of 1 m?. A second subsample of
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200 g separated into grass and legume components was utilized to determine the DM yield
(kg ha) or proportion of legume in the total biomass. The proportion of the legume (%) in
the total biomass was obtained by dividing the dry weight of the legume by the dry weight
of the total biomass (grass + legume).

Concentrations (g kg*DM) of protein, neutral detergent fiber (NDF), and lignin were
determined only on three sampling dates (December 19, 2019, May 10, and July 21, 2020)
representative of each time of year, the samples consisting of leaves and stems. These
determinations were quantified from dry samples of 300 g of MV, which were previously
ground to a particle size of 1 mm in a Wiley Mill. The protein concentration was determined
by the Kjeldhal method®®, by multiplying the N content by the conversion factor 6.25. The
NDF was determined using sodium lauryl sulfate at neutral pH®®.

Statistical analysis

The analysis of variance applied to determine the available forage and the nutritional value
and weight gain of the calves was based on the SAS GLM software®). The effects of the
harvest date, grassland type, and date x DMY interaction were analyzed in a totally random
design in a split-plot arrangement; the large plot was the harvest date, and the small plot was
the grassland type. For the study of the chemical composition, a representative date was
analyzed for both treatments and for each of the three seasons of the year. Thus, the dates
analyzed for the chemical composition were January 19, May 10, and July 21, 2020, in
relation to the north winds, dry, and rainy seasons. The means were compared using Tukey's
method (P<0.05). The calf weight gain was analyzed separately under a completely
randomized design with six replicates, in which the effects of treatments (pasture types) on
the average daily gain were analyzed. The animals were used as replicates, with a comparison
of means with Tukey's test (P<0.05).

Results and discussion

The climate conditions varied significantly during the grazing period. The total accumulated
rainfall in the north winds season was 330 mm higher than in the dry season and 130 mm
higher than in the rainy season. However, the average temperature was higher and similar in
the dry and rainy seasons, while the average temperature in the north winds season was 6 °C
lower than in the dry and rainy seasons (Table 1).
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Available dry matter (ADM) yield

Data are presented for the DMY of mombasa in monoculture, mombasa-kudzu association,
and kudzu separately. There was a harvest date x grassland type interaction (P<0.05) for the
available DMY (Table 2). The chronological pattern of the available DMY was similar in
both grassland types throughout the evaluation period.

Table 2: Mean squares per pasture of available dry matter (DMY) yield, associated pasture,
legume, and chemical composition of available forage, at regrowth age 42 days after
grazing, harvested on seven different dates and in two types of pastures

Variables measured Mean Date (D) Pasture (P) DxP
DMY, kg ha? 5337.07 383 x 10°NS 107 x 10°*** 685 x 10°*
Legume, kg ha* 660.12 156 X 10%***  comeeeeee s
DF 6 1 6

Protein, g kg DM 98.75 2975.9%** 4585.6*** 635.4**
NDF, g kg DM 716.42 43.44 NS 8831.2*** 805.72*
Lignin, g kg* DM 52.87 610.33*** 11.20 NS 162.00 NS
DF

NDF= neutral detergent fiber. DF= degrees of freedom. *, **, *** Sjgnificance level at 0.05, 0.01, and 0.001,
respectively. NS= not significant.

From December 19 to April 4 and at harvest on June 15, there were no differences (P>0.05)
in DMY availability between both types of pasture (Figure 1), with average DM yields of
3,769, 4,079, 4,444, and 5,279 kg ha'!, with respect to the dates Dec 19,2019, Jan 23, 2020,
Feb 28, 20--20 and Apr 04, 2020, and with a yield of 6,885 kg ha™ for the June 15 date.

Differences in DMY between the two types of pasture occurred in the dry season (May 10
harvest), and in the rainy season (July 21 harvest). During the dry season, the mombasa-
kudzu association was the pasture with the highest MSY, with a value of 3,771 vs 2,963 kg
of DM ha? of the grassland consisting of Mombasa (Figure 1). When comparing an
associated Brachiaria humidicola-Arachis pintoi pasture vs B. humidicola in monoculture, it
was observed that the associated pasture was more stable because it registered a higher DMY
than the monoculture pasture in the dry season of the year in very acid soils (pH of 4.6) of
low fertility®.
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Figure 1: Dry matter yield (DMY) of a Mombasa pasture in monoculture, Mombasa in
association with kudzu, and kudzu separately, at the regrowth age of 42 days after grazing
at different sampling dates
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A greater production stability of the associated pastures during periods of difficult plant
growth had also been observed in other studies“®!". This production stability of the
association was explained above®: The diversity of species in a pasture has been proven to
regulate its productivity and stability by inducing complementary effects. On the other hand,
the fixation of nitrogen to the soil by the legume may have been used by the grass resulting
in a higher DMY in association with kudzu than in monoculture®®. During the rainy season,
particularly in the July 21 harvest, the DMY were reversed; the monoculture pasture then
registered the highest yield, with 1,115 kg ha* more than the yield recorded in the associated
pasture (Figure 1). Similar results were reported before®, when 1,200 kg ha™* more of DM
production was registered in a Brachiaria humidicola pasture in monoculture than in the B.
humidicola-Stylosanthes guianensis association during the rainy season.

When observing the behavior of DMY between harvest dates, changes were recorded
throughout the study period for the two types of grasslands (Table 3). In the first stage, there
was stability in the DMY of both types of pasture from Dec19, 2019 to Apr 04, 2020, i.e., no
differences (P>0.05) in DMY were observed between harvest dates in this period.
Subsequently, this pattern of available DMY included a decline from April to May (dry
season of the year), which coincided with a decrease of more than 300 mm of accumulated
rainfall in both grassland types. The DMY of the monoculture pasture decreased by 2,232 kg
ha't from April 4 to May 10 (42-d period), while in this same period the associated pasture
registered a smaller decrease, of 1,593 kg ha® (42-d period). This meant an DMY reduction
rate of 53 kg ha'* d* for the monoculture pasture, and only 38 kg for the associated pasture.
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This higher DMY of the association in the dry season was also found by another study®®, in
which higher yields were observed in the dry season when grass and legume mixtures were
utilized. At the end of the dry season, particularly from May 10, 2020 to July 21, 2020 (rainy
season), the monoculture pasture registered the greatest increase in DMY, of 7,129 kg ha,
with the lowest increase for the associated pasture in this same period, of 5,206 kg ha. This
increase coincided with an increase of 200 mm in cumulative rainfall, compared to the
cumulative rainfall of the dry season.

Table 3: Available forage (DM) in two types of pasture, available legume forage in the
pasture associated with protein, neutral detergent fiber (NDF), and lignin of the available
forage on seven harvesting dates

Type of Sampling Available Legume Chemical composition (g kg DM)
pasture date forage (kg (kgDM hal)

DM ha?) Protein NDF Lignin
Monoculture Dec-19-2019  3843.3°¢ 80.4° 704.32 60.8 2

Mombasa Jan-23-2020 4111.3¢e€ .
Feb-28-2020 43855« e e
Apr-04-2020 5195.0¢ e e e

May-10-2020 2963.0 ¢ 96.7 2 691.82 41.2°
Jun-15-2020 70765 e e e
Jul-21-2020 10092.0 @ 71.2° 686.7 @ 4370
Mean 5380.8 82.7 694.2 48.6
Dec-19-2019  3695.8 ¢ 773.8 (21) ® 121.8° 722.3% 67.82
Mombasa Jan-23-2020 4047.3¢ 788.2(20) %  ----—- e e
associated Feb-28-2020  4503.0 % 7283 (A7) e e e
with kudzu ~ Apr-04-2020  5364.3 ¢ 561.1 (11) % e e e
May-10-2020 37715 ¢ 335.1(9) ¢ 142.72 74462  494°
Jun-15-2020  6694.3° 519.0 (8) ®  woem e e
Jul-21-2020 8977.02 915.2 (11) ® 79.53°¢ 748.73 2 54.16
Mean 5293.2 660.10 114.7 738.5 57.1

Numbers in parentheses indicate the proportion of the legume in the associated pasture, calculated based on
the harvested samples and measured as a percentage.
abed Averages with different letters within a column by pasture type are statistically different (P<0.05).

Kudzu, present in the associated pasture, maintained a low DMY —which implied a low
proportion of this legume in the pasture— through the various harvesting dates (Table 3).
During the months with minimum temperatures and favorable environmental humidity
(Dec19, 2019 to Feb 28, 2020), kudzu registered the highest DMY, averaging 763.4 kg ha™?,
which amounted to 19.4 % of the pasture’s yield. This proportion declined considerably
during the dry period of the year, from February 28 to May 10, when the DMY decreased to
335 kg ha (9%). Subsequently, at the end of the study (July) and during the rainy season,
the kudzu DMY increased to 915 kg ha™* but maintained its proportion in the pasture at 11.0
% due to the high increase in biomass of the pasture (mombasa + kudzu), which went from
3,771.5 kg ha! in the dry period to 8,977 kg DM ha! at the end of the study (in the rainy
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season). Similar results in terms of legume yield have been reported in the past®?, with a
three-fold increase in kudzu from the dry season to the rainy season. However, the mombasa
grass (plant C4), expressed its potential to convert photoassimilates into biomass more
efficiently under favorable conditions of humidity, compared to kudzu (C3).

Chemical composition

There was a harvest date x pasture type interaction for protein and NDF concentration, but
not for lignin concentration (Table 2). In the case of protein, the interaction originated in the
rainy season (Jul 21, 2020), when the two types of pastures exhibited no differences in protein
concentration, both of them averaging 75 g kg™* of DM. conversely, in the north winds season
(Dec 19, 2019) as well as the dry season (May 10, 2020), the protein concentration was higher
in the associated pasture, registering 41 and 40 g kg of DM plus protein than the
monoculture pasture, in those periods, respectively (Figure 2). The mombasa-kudzu pasture
registered a higher protein concentration, as a result of kudzu having 1.7 times more protein
than mombasa grass, whereby this legume maintained a high protein concentration
throughout the study, with an average of 146.2 g kg™ of DM (Table 4).

Between harvest dates, variations in the protein concentration differed between the
monoculture and associated pastures (Table 3). Both pastures registered the highest
concentrations in the dry season (May 10, 2020), and the lowest in the rainy season (July 21,
2020). In the monoculture pasture, average values of 16 and 25 g kg™ DM of protein were
higher in the dry season than in the north winds and rainy seasons, respectively. The decrease
in protein in the two types of pastures in the rainy period of the year may have resulted from
the higher plant growth induced by the higher rainfall, which caused a dilution of protein
with the increase in grassland biomass. This phenomenon of protein dilution has been
explained in tropical pastures®? and consists in a decrease of the concentration of protein per
unit of dry matter accumulated in the plant during its growth.

The harvest date x pasture type interaction for NDF (Table 2) was recorded in the dry season
(May 10, 2020), as the associated pasture then had a higher concentration and there were no
differences between the two pastures in the two remaining seasons of the year. In the dry
season, the associated pasture registered 52.8 g kg of DM more NDF than the monoculture
pasture. In the north and rainy seasons, there were no differences in NDF concentration
between the two types of pasture, with average values of 713.3 and 717.3 g kg™ of DM for
Decl19, 2019 and Jul 21, 2020, respectively (Figure 2). Between harvest dates or times of the
year, the mombasa pasture both in monoculture and associated with kudzu, exhibited no
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change in its NDF concentration (Table 3). Throughout the study period, the DM averaged
694.5 g kgt in the monoculture pasture, and the NDF, 738.5 g in the associated pasture.

Given the absence of harvest date x grassland type interaction for lignin concentration (Table
2), the highest concentrations throughout the study period were recorded in mombasa-kudzu
grassland (Figure 2). This associated pasture recorded 7.0, 8.2 and 10 g kg™ of DM more
lignin than the monoculture pasture for the north, dry and rainy seasons, respectively. The
higher lignin concentration in the associated pasture is the result of the high lignin
concentration recorded in kudzu, registering an average value of 89.5 g kg* DM for the three
seasons of the year (Table 4). These high lignin values are in agreement with another study@?
where the nutritional value of kudzu was evaluated at different ages for animal consumption,
with the result that, at 40 d of age, kudzu registered average concentrations of 90 g kg of
DM, with a lower concentration of lignin before 40 d of age.

Variations in lignin concentration between sampling dates were observed in both grassland
types. In both monoculture and association pastures, lignin concentration was higher in the
north winds and was similar in the dry and rainy seasons (Table 3). This higher concentration
in the northeast was due to the favorable availability of water in the soil, which probably led
to an increase in the number of stems of the plants, but with slow growth due to the minimum
temperatures during this period. Slow-growing stems accelerate the process of lignification
of vegetative organs®®. The monoculture pasture recorded 18.3 g kg™t of DM more lignin in
the north winds compared to the average value (42.4 g) of the dry and rainy seasons. In
addition, the associated grassland recorded 16 g more lignin in the north winds season than
the average (51.7 g) recorded in the dry and rainy seasons.
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Figure 2: Concentration of protein, neutral detergent fiber (NDF), and lignin of a mombasa
pasture in monoculture, and of the mombasa + kudzu association, at the regrowth age of 42
days after grazing in three sampling dates, representative of the north winds season (Dec
19, 2019), dry (May 10, 2020) and rainy (Jul 21, 2020) seasons
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Table 4: Crude protein, neutral detergent fiber (NDF), and lignin of the association kudzu
at 42 days of regrowth on three different harvest dates

Sampling dates Protein NDF Lignin
g kg' DM

December 19, 2019 152.4 2 667.7 89.4%
May 10, 2020 144.9° 663.5° 88.6 2
July 21, 2020 141.4° 679.7 2 90.4%
Mean 146.2 670.3 89.5

DF Mean squares
Harvesting date 2 93.65** 210.68* 2.44 NS

DF= degrees of freedom.
a Averages with different letters within a column are different (P<0.05); *, **, *** Significance level at 0.05,
0.01, and 0.001, respectively. NS= not significant.

Daily animal weight gain (DWG)

Changes in nutritional value and available forage yield as the seasons progressed were
reflected in the DWG of grazing calves (Figure 3). In the February-March grazing cycle, the
DWG differed (P<0.05) between the two types of pasture, with gains of 333 and 504 g
animal™ d* for the monoculture and association pastures, respectively. In the following
grazing cycle, in the months of March to April, there were no differences in weight gain
(P>0.05), but the average of both pastures was high, with 813 g animal™ d! In the two
subsequent cycles, April-May and May-June, DWG declined by 416 and 367 g, respectively,
and averaged over the two pasture types. From March to early May, the two pastures
registered an increase in the protein concentration and a reduction in the lignin concentration
(Table 3). This increase in the values of chemical composition may have been due to the
increase in temperature and the favorable availability of soil moisture, especially in March
and April, since, in these areas, the soils still maintain sufficient moisture until April, which
may have induced an increase in the resprouting or the sprouting of new young plants with
higher nutritional value. In the May-June cycle, despite the high increase in forage production
brought about by the increased rainfall (200 mm more than in the previous cycle, Table 1),
the calves maintained a low DWG (445 g animal™ d1). This was related to a decrease in
protein concentration (Figure 3), and an increase in NDF (Table 4). With these changes in
the chemical composition of the pasture, it can be deduced that the higher forage production
that occurred in this last grazing cycle consisted mainly of stems, that is, in a decrease in the
leaf/stem ratio, as has been observed in other studies®*?®. But also, it could be a consequence
of the impoverishment in the proportion of the legume in the pasture over time. Only in the
first grazing cycle (north winds season), the mombasa-kudzu pasture registered the highest
DWG of calves, with a value of 171 g d™! above that of the calves that grazed the mombasa
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monoculture pasture. This was due to the higher kudzu DMY registered in February (728.4
kg ha't) compared to April (561 kg) or May (335 kg). In the remaining cycles, there were no
differences in DWG between the two types of pasture (Figure 3). The average total gain per
animal for the associated pasture was 80.26 kg vs 70.08 kg for the monoculture pasture;
however, this difference was not significant (P>0.05).

Figure 3: Daily weight gain (DWG) of calves grazing Mombasa in monoculture pastures
and in association with kudzu on four grazing dates
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Conclusions and implications

The mombasa-kudzu association showed greater stability in the production of dry matter
throughout the experimental period and a higher protein concentration than the Mombasa
pasture in monoculture during the north winds and dry seasons, unlike during the rainy
season. The concentration of neutral detergent fiber was similar in the north winds and the
rainy seasons between the two types of pastures, and the concentration of lignin was higher
in the association in all three seasons. The favorable results of the associated pasture in terms
of yield and protein concentration were reflected in the higher daily weight gain of the
animals at the end of the north winds season (February-March).
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Abstract:

Dairy sheep breed genetic improvement programs have responded to the increasing market
demand and popularity, especially for cheeses made from sheep's milk. These milk
derivatives are an important source of bioactive substances for human health. Therefore, it is
very important to learn about milk production (MPROD) and the factors that influence its
variation. The typical pattern of MPROD during the period when an ewe is lactating is known
as the lactation curve (LC), and this can be typical (TLC) or atypical (ACL). TLCs are
characterized by reaching a maximum MPROD (lactation peak, LP) within a few days after
parturition, and then gradually decreasing until the end of lactation, or lactation drying, is
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reached. ALCs are those that show some deviation from the normal pattern. It is important
to know the graphical representation of lactation behavior, as, in addition to predicting
MPROD, it makes it possible to identify health and feeding issues, as well as to select females
that will excel in MPROD. Persistence of lactation (PER) has been defined as the rate of
decline in MPROD after the LP was reached, and it is highly desirable for ewes to have a
high PER. Mathematical models have been developed for the study of LCs and PER. There
are genetic and environmental factors that influence LCs.

Keywords: Milk production, Peak lactation, Persistence, Typical curves, Sheep breeds.
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Introduction

Over the last 150 yr, genetic selection and improvements in management have led to
improved breeds of sheep for milk production (MPROD), responding to growing market
demand and popularity, especially for cheeses made from sheep's milk®. There are currently
an estimated 1 billion sheep in the world®; the main breeding areas are located within
latitudes 35-55 degrees north in Europe and Asia, as well as between 30 and 45 degrees south
in South America, Australia and New Zealand®. Products derived from sheep's milk, such
as cheese, cottage cheese, yogurt, etc., constitute the typical diet of sheep farmers® and are
an important source of bioactive substances that benefit human health®. About 1,500 sheep
breeds have been described; of these, only 180 are identified as milking breeds because of
their zootechnical purpose (milk), although many are local breeds used for meat, wool, and
milk production where milk is not the main product of interest®. Some of the most important
breeds of dairy sheep in the world are East Friesian(”), Lacaune®, Chios®, Sarda®®, and
Manchega®?.

The productive level of the ewe is the most important economic characteristic in the flock,
as it provides information used in the estimation of biological indexes that facilitate selection
decisions in genetic improvement programs“?. Therefore, one of the most important criteria
for evaluating female productivity is MPROD, since it directly affects the efficiency of the
production system and has very important effects on farm profitability®®. Therefore,
knowledge of the behavior of the lactation curve (LC) is very important, since it will allow
adequate planning of general management and genetic improvement programs. The objective
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of this review is to describe the main characteristics of LCs and to enumerate the factors that
influence their variation. This review has included studies conducted in sheep; however, the
vast majority of studies in the scientific literature that address this topic are focused on
describing LCs in dairy cattle.

Definition of lactation curve

MPROD during the lactation period in mammals and domestic ruminants is the result of
physiological processes developed by specialized cells of the mammary gland, which
synthesize and secrete organic and inorganic compounds through active and passive blood
filtration®®. MPROD begins when gestation is nearing completion through expansion of the
mammary gland tissue, and ends when the mammary gland volume decreases, due to
secretory regression that ends with the cessation of lactation, or drying®®. All these
physiological mechanisms result in a typical pattern of MPROD over time known as the
“lactation curve” (LC), which can be defined as the graphical representation of the time
period in which MPROD occurs, although it is also expressed as a continuous physiological
function describing milk secretion over time®. According to the criteria of certain
authors®”, and taking Assaf dairy ewes as an example, lactation can be divided into three
periods: early lactation, which considers the period from lambing until month 2, mid
lactation, which covers months 3 to 7, and late lactation, from month 8 to dry-off.

Importance of knowing lactation curves

Knowledge of a LC allows prediction of the total milk production®, the characteristics of
the curve (discussed below), and, finally, the future performance of the breeding animals
(cattle, sheep, goats) or their progeny™®. In addition, by understanding the behavior of the
LC’s shape, it is possible to make decisions regarding such aspects as nutrition, health, and
management of the herd. Above all, knowledge of these curves is useful for identifying and
selecting superior ewes for MPROD and, therefore, valuable for the producers@®.

Lactation curve types

According to their shape, there are two types of LCs: typical (TLC) and atypical V) (ALC).
A TLC reaches its maximum milk production (peak production, lactation peak, LP) a few
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days after lambing (2-6 weeks), and thereafter shows a steady decline until it reaches the
drying stage, or end of lactation?. The typical pattern of a LC (Figure 1) is regular and
continuous, and constitutes the expression of physiological mechanisms from the onset of
MPROD®®. An ALC is one represented by slight deviations from the TLC due, for example,
to the presence or absence of an inflection point in the decreasing lactation; others decline
steadily and lack the LP?%, as shown in Figure 2; they are represented by deviations from
the regular pattern, which can be attributed to various factors such as nutrition, health status
of the animal, and environmental disturbances®. For example, in Wood's model®, a
characteristic that differentiates TLCs from ALCs is that the “b” and “c” parameters are
positive in TLCs, and negative in ALCs®?®).

Figure 1: Schematization of typical lactation curves, according to Wilmink’s and Wood's

models
Wilmink Wood
MP MP
TIME TIME
o Wood
Wilmink
MP /\ —_—\
MP
TIME TIME

Adapted from Palacios Espinosa et al®
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Figure 2: Schematization of atypical lactation curves, according to Wilmink and Wood's

models
Wilmink Wood
wiP MP
TIME TIME
Wilmink Wood
MP
MP
TIME TIME

Adapted from Palacios Espinosa et al®®?

Stages (phases) of a lactation curve

The typical stages of a LC are: an initial gradual increase from lambing until reaching a point
of maximum milk production that represents the LP is reached, which occurs within the first
days after lambing (or days in milk), generally in the range between 2 and 6 wk, and which
is also a criterion used in the selection of breeding females®®. Subsequently, the decreasing
phase begins until the MPROD ceases, or until the drying of the animal, when the MPROD
is minimal. Drying, in dairy sheep breeds such as the East Friesian, generally takes between
180 and 210 d, and, in exceptional cases, it can take up to 260 d®®. Great care must be taken
with the method used to dry the animal, due to the possibility of infections in the mammary
gland, such as mastitis®®3. Drying can be abrupt: stopping milking on a given day, or
gradual, with a reduction of the frequency of milking over days or weeks®?. In dairy cows,
some management practices have been recommended to carry out the drying process®®34),
which could also be put into practice with sheep. At the end it has a CL that graphically
represents the total MPROD, which can be estimated based on the area under the curve,
defined as the total amount of milk produced during the whole lactation and determined by
the shape of the curve®®,
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Lactation curve models

The first mathematical models to characterize LCs were developed in studies of dairy cows;
however, several of these have also been used to characterize LCs of sheep and goats. These
models are classified as a) empirical and b) mechanistic. In relation to lactation, empirical
models are based on actual MPROD data; e.g., test day records, whereas mechanistic models
are based on the biology of lactation; e.g., mammary gland growth and regression, or nutrient
flux®®, In other words, the theory of the empirical model refers to the level of reality in which
the phenomenon under consideration is expressed, while the mechanistic one is characterized
by a deeper theoretical assumption®”. Describing and discussing these models is not an
objective of this review. Therefore, and for illustrative purposes only, Tables 1 and 2 show
examples of empirical and mechanistic models, respectively.

Table 1: Examples of empirical models and their parameters used in sheep lactation curves,
expressed as a function of t

Model Parameters | Author(s)
Y = ae Pt 2 Brody et al.
(1923)
Y, = at? exp(—ct) 3 Wood (1967)
Y; = a— bt — aexp(—ct) 3 Cobby & Le
Du (1978)
Y, = at? exp(—ct) 3 Dhanoa (1981)
Y, = a+ bt + c exp(—wt) 4 Wilmink
(1987)
Y; = ag + ait + a,t? + azlog(1/t) + azlog(1/t)? 5 Ali &
Schaeffer
(1987)
Y, = %[a;bi[1 — tanh?(by(t — c))]] 3 per phase | Grossman &
Koops (1988)
Y, = exp(a + bt + ct? + d/t) 4 Morant &
Gnanasakthy
(1989)
Yt = a,b;(tanh?(b,(t — ¢;))) + ayb,(1 6 Gipson &
~tanh? (b (t - ¢))) sy
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Y, = atPexr(=cH 3 Cappio-
Borlino et al.
(1995)

Y, = U/q + bt + ct? 3 Nelder (1996)

Y, = Y a. P 5 Brotherstone et
al. (2000)

Adapted from Bilgin et al.®® and Macciotta et al."

Table 2: Examples of mechanistic models and their parameters used in sheep lactation

curves
Model Parameters | Author(s)
tL 14 Neal & Thornley (1983)
j Ry (t)det.
0
dY/dt = a{ exp[ -exp(Go— bt)]} [exp (-ct)] 4 Emmans &  Fisher
(1986)
Yi=a explbd-exp-cifc-di 4 Dijkstra et al. (1997)
Y=a{l/[1+(1-b)/b exp®]-1/[1+(1-d)/d exp®"]} | 5 Pollot (2000)
| = SEN(de ™2t + lee%e' + 1767Y) 8 Vetharaniam et  al.
(2003)

Source: Neal & Thornley®?, Friggens et al“?, Adediran et alY, Vetharaniam et al“2,

In order to carry out genetic improvement programs for CL, it is necessary to know the
magnitude of the additive genetic variance of CL parameters. Based on the above, some
studies have been carried out in sheep to estimate the heritability (h?) of CL parameters.
Pollot and Gootwine™® found in improved Awassi ewes low values of the additive genetic
variance for LP and day on which the LP occurs (DPL), resulting in h? values of 0.11 for PL
and 0.032 for DPL, explaining that these results indicate that environmental factors exert a
greater effect on the manifestation of these parameters. In the USA, a group of
researchers(20) analyzed first lactations of Dorset, Romanov, Targhee, Rideau Arcott,
Polypay, Booroola Merino, Suffolk, Rambouillet, Finnsheep and East Friesian ewe crosses
to investigate genetic variation in CL parameters using a Bayesian analysis of Wood's
model®, The h? values obtained for parameters “a”, “b”, and “c” were 0.35, 0.35, and 0.27,
respectively, so these authors concluded that part of the variation in lactation curves among
ewes is heritable. In another study on Yankasa sheep®, and also with Wood’s model®®, h?
values of 1.4, 0.3, and 0.2 were found for parameters “a”, “b”, and “c”, respectively. With
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respect to the irregular value of the parameter “a”, these authors explained that this value
could be subject to large sampling errors and, moreover, overestimated, due to the
participation of non-additive genetic effects. Reviewing the magnitude of the h? estimators
in the previous studies, it is inferred that, by virtue of being in the low-medium range, a
positive response to CL selection in ewes could be expected.

Lactation persistence

A phase of lactation closely related to CL is what is known as “lactation persistency” (or milk
production, PER), which was initially defined as “the rate of milk secretion indicating the
initial value at parturition and its change with advancing lactation”®®, and whose first
numerical measure was given, in cattle, as a percentage of the MPROD in the previous
month. Subsequently, it was defined as*® “a function of CL flattening”; i.e., a female has a
higher PER the more flattened her CL is. One year later another definition was published in
the literature®”: “the ability to maintain the level of MPROD during lactation” and that it
can be extended to milk components, including fat and protein. Finally, with a different
approach®®, PER was said to be: “the rate of decrease in MPROD after reaching the LP”.

Most of the information on lactation PER, especially mathematical models, comes from
larger species, particularly dairy livestock®". However, in studies with dairy sheep, PER has
been studied with the same approach as dairy livestock*®5%, Under this scenario, PER has
an important impact on dairy cattle, which has benefits both in feed costs®V, as well as
reproductive aspects®?). Therefore, the current trend in MPROD in cattle is to improve the
PER and extend it, rather than to increase MPROD in the LP®®, which also applies to sheep
and goats.

Lactation persistence models

Different criteria have been proposed to measure the PER®® which involve the use of
different mathematical models. However, as in the case of the LC models, describing and
discussing PER models is not an objective of this review. Therefore, for illustrative purposes,
Table 3 shows some mathematical models that have been proposed for cattle, according to
the definition of PER.
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Table 3: Some mathematical models and their parameters for measuring lactation
persistence in dairy cows

Persistence model Reference

P = (3 + 4 + 5th months yield) — (7 + 8 Ludwin (1942)
+ 9th months yield) /12

P = Total yield (sum of 7 months)
/milk yield of last 3 months

p Z(Vi 8 % (d; — dy) Cole & VanRaden (2006)
P = EBV,9y — EBVy, Cobuci et al. (2007)
300 Harder et al. (2006)
P= Z EBV — 240 x EBV,,
i=61
305 DeRoos et al. (2001)
P = Z EBV — 245 X EBVy,
i=61

P = (milk270 /mllkgo) X 100

P = (milkyys / milkys) X 100 Weller et al. (2006)
150

P = (Z milk /maximum milk yield) X 100

i=1
P =305 day milk yield / the first 50 day milk yield Yilmaz & Koc (2013)
P = maximum milk yield / average milk yield Atashi et al. (2006)

P = EBV,g, / EBVs Togashi & Lin (2004)

280 65
P = Z EBV / EBV
=5

i=66 i
P = (((EBVg0 — EBVgo) + Yag0)/ Ye0) * 100 Mostert et al. (2008)
3 Jamrozik et al. (1997)

P = Z milkzgo - milkéo

i=61

i=350 i=70 Kistemaker (2003)
P =155 > milk yieldi~1/,; ) milk yield i
i=255 i=50
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200 100 305 100 Johansson & Hansson
P= ) mill/ Y milk P= ) milk/ ) milk (1940)

i=101 i=1 i=201 i=1

100 100

p= Z milk / (MAXZ milk x 200)
i=1 i=1

279 Jakobsen et al. (2002)
P = Z Dpim — Dago P = EBV;g0 — EBVy
DIM=60
P=—-(+1lnc Wood (1970)
P =100 (1 +2y;) Kamidi (2005)

Source: Torshizi et al®¥

As in the case of LCs, studies have also been carried out in sheep to estimate the h? of PER,
although for this parameter, in smaller numbers compared to dairy cows. In order to estimate
the h? of PER, a group of researchers in Greece®® used Sfakia dairy ewes using
MMP2:MMPP1 (MPROD month 2:MPROD month 1), MMP3: MMP1 (MPROD month
3:MPROD month 1), MMP4: MMP1 (MPROD month 4: MPROD month 1), MPR (measure
of the reduction in an ewe's MPROD relative to MPROD level in early lactation, in percent),
and VC (measure associated with the variation in an ewe's MPRODs on the test day, in
percent), with results, respectively, of 0. 26, 0.16, 0.14, 0.24, y 0.28. In a study with improved
Awassi ewes™? the h? of PER was estimated, measured as the daily loss of MPROD between
DPL and the end of lactation, thus obtaining a value of 0.11. Kominakis et al®® estimated
the h? of PER in Boutsiko dairy ewes from Greece, for which they used three measures of
PER: B (measures the rate of decline of MPROD following an ewe's LP, in kg/day), in
addition to the MPR and VC measures (already described), having obtained values of 0.15,
0.10, and 0.13, for the B, MPR, and \VC measures, respectively. As with LCs, h? estimators
of PER are in the low-medium range, which is encouraging for use in selection programs to
improve PER in ewes.

Factors affecting the lactation curve

Genetic

Lactation behavior is largely determined by the genotype of the individual; i.e., the shape of
the CL is genetically determined®”. A group of researchers®® used a mechanistic
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mathematical model of the milk secretion process, based on the physiological theory of the
mammary gland, where the model output can be a monoexponential or biexponential
function. Using 64 Sarda dairy ewes, the biexponential function fitted regular LCs (R?=0.87),
while the monoexponential fitted decayed LCs (R?=0.80). The authors concluded that LC
dimorphism was not due to environmental factors (production level, type of birth, and udder
health status), but did have a genetic influence.

A study using crosses between several dairy sheep breeds researched genetic variation in LC
traits®? using a three-stage Bayesian hierarchy: 1) Wood's model was utilized, 2) inter-sheep
variation was described, and 3) a priori distributions of all unknown parameters were
included. The results showed that some of the variation in LCs between ewes is heritable. On
the other hand, genetic correlations were negligible, suggesting that there is sufficient scope
for modifying LCs genetically.

The MPRODs of Araucana and Romney Marsh ewes were tested®®, also characterizing their
LCs and relating MPROD to the growth of their lambs. The LCs in both breeds were typical,
however, the MPROD of Araucana ewes was characterized by an ascending phase until d 30,
with a maximum production of 2.18 L d, while Romney Marsh ewes reached the LP on day
20 of lactation, with a maximum MPROD of 2.47 L d.,

Komprej et al® analyzed the LCs for daily MPROD, fat, and protein content in Bovec,
improved Bovec, and Istrian Pramenka dairy ewes, estimated with a repeatability animal
model that included records of the test days. The shape of the LCs for the daily milk
production of Bovec and improved Bovec ewes was a good fit (51.35 %) for the general
lactation curve of dairy ewes. In Istrian Pramenka ewes, the shape of the LCs was more or
less atypical, with a lower peak production and a decreasing daily MPROD during almost
the whole lactation. The shapes of the LCs for fat and protein contents were opposite to those
of the LCs for daily MPROD in all three breeds.

In order to determine the MPROD and the LC characteristics, 863 weekly MPROD records
from 70 lactations were analyzed®® in six genetic groups of ewes: East Friesian (EF), Criollo
(Cn), %2 EF x % Cr, % EF x % Cr, ¥ Suffolk x %2 Cr, and Corriedale (C). Wood's function
(WF) was used to calculate the total observed MPROD (TLP°*) and the estimated 180-d
MPROD (TLP*%), the peak lactation (PL), the time to peak lactation (TPL), and the PER.
The genetic group significantly (P<0.05) influenced the TLP®®, TLP, LP, and parameter
“b” of Wood's model, with higher values in 2 EF x /2 Cr ewes. In all cases, the LCs were
typical, although with varying degrees of PER. The authors concluded that differences in
productive performance due to the genetic group may be associated with the adaptability of
EF ewes to local climatic conditions.
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Environmental

Before addressing the results found in the literature concerning this type of factors, a group
of researchers®” in dairy cattle pointed out that linear mixed models are an adequate
mathematical tool for the evaluation of environmental effects, as they can take into account
factors that could affect each test-day record differently. These authors presented the basic
structure of these models as follows: y = HTD + F + DIM + L + e; where y= daily MPROD;
HTD= interaction between herd and test date taking into account the peculiar effects of a
specific date; F= fixed factor (lambing season, production region, lambing number); DIM=
fixed effect of days on MPROD groups, whose least squares solutions allow generating
lactation curves corrected for other effects included in the model; L= individual random
effect of the cow (ewe, goat) associated with a variance component (62L); e= residual
random effect associated with the variance component 6.

In a study on Sarda dairy ewes®?, LCs were estimated and predicted LCs by age at lambing,
in addition to seasonal effects for milk, fat, and protein yields. Trends in seasonal effects
showed a spring peak for MPROD, milk, fat, and protein yields. The seasonal effects on fat
content were very irregular, while in the case of the protein content they were small and
constant over time. The predicted LCs showed an increasing effect of age at lambing on all
variables. From these results, the authors concluded that the trend of seasonal effects on milk
yields within herd-years could be an important tool for improving management techniques.

Using Sarda dairy ewes with different levels of milk production (in grams), lambing type,
and udder health, a modified nonlinear version® of Wood’s model (y=at*®®V) was tested
The results showed that the modified version (“a”=702.3 + 56.2, “b”=1.29 + 0.09, “c”=0.133
+0.013) of the model fitted the LC very well (R?= 0.905; residual standard deviation= 145.3)
with few iterations required for convergence (<5). Milk yield, production level, and lambing
type influenced all the parameters, while udder health only influenced parameter “a”.

In a study on Comisana dairy ewes®), MPROD data were fitted with Wood's model, and the
effect of environmental factors on the LC was assessed. The interaction between the lambing
number and the lambing season had a strong influence on the lactation parameters. The LCs
for winter-lambing ewes had a higher LP than for those for fall-lambing ewes. The lambing
number correlated positively with the peak milk production and negatively with the milk
production decrease (MPD) and PER. The lambing type did not significantly influence the
shape of the LC.

In the case of Valle del Belice dairy ewes®, test-day models were used to estimate the LC

and assess the influence of environmental factors on MPROD and fat and protein
percentages. Three flocks were analyzed. In each flock, two groups of ewes were formed;
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one group received no feed supplement, while the other group received 500 g d* of a
commercial concentrate. The lambing number affected the LC for MPROD, which was lower
and flatter for first-time ewes; the effects on the fat and protein contents were smaller. The
time of the lambing affected all variables. Seasonal productivity had the greatest effect on
the milk composition, resulting in an imbalance between fat and protein percentages. Herd
and dietary supplementation effects affected only the LC for MPROD.

A study was conducted in Mexico®®® with crossbred dairy ewes from four commercial farms
to research those environmental factors that influence LC parameters using Pollot's 5-
parameter additive model. The crossbred ewes were the progeny of East Friesian as the
paternal line, and Suffolk, Pelibuey, Blackbelly, and Hampshire as the maternal line. The
parameters estimated were the maximum milk secretion potential (MSmax), the relative rate
of decline in cell number (DR), and the proportion of dead parenchyma cells at delivery. The
effects of birth type, lambing number, herd, and lambing season on the total milk yield
(TMY), lactation length, and estimated parameters of the Pollot model were analyzed. The
herd had a significant effect (P<0.05) on most of the analyzed variables; the TMY was higher
(P<0.05) in double lambing lactations than in those of single lambing. First-lambing ewes
had a lower TMY than fourth-lambing ewes (P<0.01).

Likewise, in order to characterize the LC of ewes from the Bulgarian synthetic dairy
population, taking into account the MPROD of the test day and the number of lambing, the
following MPROD records of the Agricultural Institute-Shumen during the 2009-2019 period
herd were analyzed®”). For this purpose, a linear mixed model was used where the analytical
hypothesis included the effects of year and month of lactation, lambing number, lambing
type, test day (related to the LC), lactation period, permanent effect of environmental
changes, genetic value of the animal, and residual environmental effects. A typical, relatively
flat curve was found, which varied according to the day of the test and the number of births.

Climatic factors such as temperature, humidity, wind speed, and radiation are environmental
elements that influence animal welfare and stress®® and can affect various productive aspects
such as growth, reproduction, and MPROD in ruminants®®. In a study with Churra dairy
ewes("?, these same factors, in addition to precipitation, affected the total milk production
and milk quality, which exerted a direct influence on the LC.

A study was carried out in the Mediterranean region® to investigate the effect of heat stress
on the MPROD of Valle del Belice sheep. The results indicated that there was an antagonistic
effect between MPROD and heat stress, as the selection to increase the MPROD reduced the
heat tolerance.

Similar results to the previous study were found in dairy cows from two regions of the
USA(?), given that the selection to increase the MPROD remained constant up to a certain
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point (threshold) and then exhibited a linear decreasing behavior as the value of the
temperature-humidity index (THI), designed to measure heat stress, increased.

Cold stress has also been found to have a significant effect on the MPROD. In a study with
Mediterranean Manchega dairy ewes("™® the effect of the exposure to adverse climate
conditions (exposure to heat and cold) on MPROD was analyzed to measure the
thermotolerance capacity of the sheep, as well as the degree of decrease in MPROD outside
the thermal comfort zone. The results showed that cold stress had a greater negative effect
on MPROD than heat stress.

Conclusions and implications

A lactation curve is the graphical representation of the behavior of the level of milk
production of an individual, or a group of individuals, throughout lactation. The knowledge
of a lactation curve is of utmost importance since it allows predicting the total milk
production and making decisions on nutrition, health, and farm management, but, above all,
it allows identifying the superior females in terms of milk production to be used in the herd
as breeders. According to their shape, lactation curves can be typical (normal) and atypical.
Lactation persistency is a phase closely linked to the lactation curve and represents the rate
of decline in milk production after the peak lactation has been reached. Mathematical models
have been developed to characterize lactation curves and study lactation persistence, mostly
in cattle, although several have also been used in sheep. For selection purposes, both for the
lactation curve and persistence, the heritability estimates reported in sheep show values that
are in the low-medium range, which gives the confidence to expect positive responses in
genetic improvement programs; these should be designed with clear, well-defined objectives,
in addition to using the appropriate program methodology, based on the characteristics of the
variables to be measured, the animal population, and the environment, and, finally, they
should consider the potential influence of genetic and environmental factors in the response
of the sheep to lactation curves. The scarcity of information on the lactation curves in ewes
indicates the need to carry out more research on this species —not only on ewes of dairy
breeds, but also on ewes of meat-producing breeds—, since the maternal ability to produce
milk significantly influences the pre-weaning growth and survival of the offspring and
impacts the profitability of the production system directly.
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Abstract:

White-tailed deer (Odocoileus virginianus texanus) is widely distributed in the desert
scrublands of Mexico and is both ecologically and economically important. Knowledge about
forage production in deer habitat is essential to designing effective management plans. It was
used aboveground biomass production in microphyllous desert scrub to calculate carrying
capacity (K) for white-tailed deer as a reference in extensive management of this species in
the municipality of Monclova, Coahuila, in northern Mexico. Data were collected at the
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Rancho San Juan Wildlife Conservation Management Unit during a full seasonal round:
October 2018 to August 2019. The Adelaide method was used to estimate production in high,
middle and low vegetation strata. Estimation of K was based on the Holechek model. Average
seasonal biomass production was 621.19 kg DM ha'!. Production was highest in the middle
stratum (377.77 + 73.92 kg DM ha'!), and lowest in the high stratum (37.59 + 23.59 kg DM
ha-1). Production was highest in summer (744.35 kg DM ha™!) and fall (607.93 kg DM ha™!).
Estimated K was 4.94 ha per deer annually, equivalent to 209 deer in a 1,030 ha area. Aerial
census of the deer population in October 2020 recorded a density of 1.77 ha per deer, or 582
deer in the same area. Although this is more than double the calculated K for the study area,
it highlights the role of supplementary feed and water in maintaining deer population growth.

Key words: Aecrial biomass, Density, Microphyllous desert scrub, Adelaide method,
Holechek model.
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Sustainable management of white-tailed deer (Odocoileus virginianus texanus) habitat
involves assessing its carrying capacity (K). This parameter, linked to habitat conditions, is
defined as the number of animals that rangeland can support per unit of surface area without
causing deterioration in the plant community or other resources'!. It is useful for identifying
fluctuations in natural forage production and quality'®. Carrying capacity varies constantly
in time and space. It is influenced by density-independent factors such as the availability of
food, water, cover and usable space, as well as by density-dependent factors related to animal
density per unit area®.

Of the models used to estimate K, those that incorporate forage production generate values
useful to rangeland managers in northern Mexico(!*. Trends in plant biomass production and
forage utilization, the latter defined as the amount of organic matter per unit of surface area
used as an energy source by herbivores"), are significant elements in the concept of K
because, for deer, a decline in forage production indicates that animal density is exceeding
K®. Unlike climate, the habitat elements of forage availability and production can be
influenced by habitat improvement techniques. Of course, model results are estimates®. It is
also best to produce region-specific estimates to calculate K in managed white-tailed deer
populations and, because forage production conditions vary by region, to avoid utilizing K
results from one region in other regions and ecosystem types®.
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White-tailed deer population density varies geographically. For example, in the United
States, the Edwards Plateau in the state of Texas boasts the highest density of white-tailed
deer in the world: more than 0.45 deer ha''®. In contrast, parts of the High Plains and Rolling
Plains regions support less than 0.15 deer ha'. Deer densities in the Cross Timbers and South
Texas Plains regions range from 0.15 to 0.30 deer ha'®. Although poaching and habitat
degradation in northern Mexico drove white-tailed deer near extinction in the 1970s, current
population densities are estimated to range between 0.10 and 0.20 deer ha'®. In Tlachichila
in the Sierra El Laurel mountains, in the state of Zacatecas, Mexico, deer density is 0.03 deer
ha'®,

Carrying capacity also varies within Mexico. In the La Michilia Biosphere Reserve, in the
state of Durango, estimated K is 0.22 deer ha'”. In dry tropical forest in the state of Jalisco,
estimated K is 0.16 to 0.18 deer ha'®, and in the Mixteca region, it is 0.10 deer ha'®. White-
tailed deer may be one of the most studied herbivore species in North America, but it is still
essential to individually assess each area where it is managed extensively. This is particularly
relevant in fragmented habitats because K is influenced by the size and connectivity of
preserved habitat fragments®.

Available forage directly influences herbivore population trends, so K based on forage
production provides the most practical conceptual foundation for extensive deer
management®?). The present study objective was to estimate seasonal forage production in
microphyllous desert scrub vegetation in eastern Coahuila, Mexico, and calculate K for
white-tailed deer to produce data for use in management plans and habitat conservation
strategies for this species in northeastern Mexico.

The study was done in the Rancho San Juan Wildlife Conservation Management Unit (UMA)
(26° 49’ 31.11” N, 101° 01’ 57.77” W), in the municipality of Monclova, in the state of
Coahuila, Mexico. This UMA is located 38 km east of the municipal seat and 43 km west of
the municipality of Candela. The predominant vegetation types in this area are microphyllous
desert scrub and rosetophyllous desert scrub, with some open medium grassland
associations!?. The climate is dry (BSohw), with an average temperature of 21°C. Annual
precipitation varies from 200 mm to 900 mm, and elevation ranges from 600 to 1,000 m
asl!D. Extensive management of a population of Texas white-tailed deer is done in a 1,030
ha area at this UMA.

To estimate K values, forage production was evaluated over a full seasonal round: fall
(October 2018), winter (February 2019), spring (May 2019) and summer (August 2019).
Using the Adelaide method, forage production was expressed as the amount of aerial biomass
per plant stratum?. Forage production in the high stratum (>1.5 m) was quantified in 18
parcels covering 50 m?, and for the middle stratum (<1.5 m) 18 plots of 25 m* were used. To
estimate the number of units of each specimen and the sampled species in each plot, a
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representative unit of each plant per species was selected considering its leaf shape and
density. In the lower stratum, grasses and herbaceous plants, production was quantified by
completely harvesting 18 plots of 1 m? according to the methodology proposed by
Chavez("®. All biomass samples (grasses and herbaceous plants, plus the reference units)
were placed in paper bags, labeled and dried in an oven (120VAC 60HZ INOX) at 75 °C to
constant weight. After drying, sample dry weight was measured using a scale (ENTRIS 8201-
1S). These data were used to calculate biomass production with the equation!?:

Bt = Wd * ni

Where: Bt = total aerial biomass (kg DM ha'); Wd = dry weight of each manual sample; ni
= number of replicates of species i inside each parcel.

Seasonal differences in biomass production were calculated using a non-parametric Kruskal-
Wallis test (0. < 0.05) run with RStudio¥.

Carrying capacity was calculated with the forage production results, and expressed as the
number of animals per hectare (deer ha') per year. Only 25 % of the area’s total biomass
production was used in the calculation because this conservative value allows for a
sustainable estimation of animal load with the goal of maintaining long-term, stable forage
production'?), Calculation of K was done using study area surface area, available biomass,
live deer weight and daily dry matter intake (%), with the equation‘V:

_ LW x DIDM x GC
" DMP x 0.25

Where: K= carrying capacity (deer ha''); LW= animal live weight (kg); DIDM= daily intake
dry matter (3 % LW); GC= grazing cycle (365 d); DMP= dry matter production (kg ha™');
0.25= forage utilization percentage (25 %).

Average annual forage production in the studied microphyllous desert scrub was 2,484.77 kg
DM ha'!. Estimated average biomass production per season was 621.20 £+ 85.08 kg DM ha!.
Biomass production was highest in the summer (744.36 = 44.20 kg) and fall (607.93 = 57.77
kg), and lowest in the winter (553.36 + 50.12 kg) (Figure 1). All these seasonal production
levels are relatively low compared to the 1,501 + 492.35 kg DM ha™! per season reported in
a study in the state of Tamaulipas'!¥, and the 929.2 + 401.64 kg reported in Zacatecas®.
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Figure 1: Aerial biomass production by vegetation stratum and season at the Rancho San
Juan UMA, Monclova, Coahuila, Mexico.
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Habitat biomass production directly affects deer development and, therefore, the low
production observed here had a direct impact on vegetation K. An adult deer requires a daily
biomass intake of 2 to 4 % of its body weight (60 kg average for adult animal and 0.13 animal
unit)®*!9 However, this intake varies in response factors such as physiological state, animal
age, nutritional value of available plants, forage species composition and forage spatial
distribution!?.

An example of this is that adult male body weight increases rapidly during spring, which
increases their forage intake!!®. But this coincides with the season of lowest natural forage
availability (Figure 1). To stabilize the deer population during this time of year, food
supplementation strategies are implemented at the Rancho San Juan UMA. A total of 39
feeders are installed to supplement nutrients from natural sources at critical times of the year,
normally from the first half of March to the end of October. During this period, the forage
species preferred by deer are scarce. At the feeders, deer have free access to feed consisting
of pellets containing 18 % crude protein (CP) and cotton seed. This feed helps to promote
muscle gain, antler development, and milk production®.

The seasonal variations in above-ground biomass production observed here (Figure 1)
coincide with seasonal fluctuations in forage intake by deer reported for South Texas. In this
region, a drop in forage intake occurs in the summer, followed by an increase in the fall, and
another decline in the winter!®,
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Among the three vegetation strata, the middle stratum contributed the most to aboveground
biomass in all four seasons. This stratum’s contribution was highest in the summer (Figure
1; 1,858.52 kg DM ha!), largely due to relatively high rainfall (80 mm) in July 2019. The
low stratum (grasses and herbaceous plants) produced the largest amount of aboveground
biomass during the winter (Figure 2; 1,032.70 kg DM ha™!). The high stratum produced the
lowest contribution overall: <250 kg (Figure 1).

Figure 2: Seasonal dry matter production of grasses and herbaceous plants at the Rancho
San Juan UMA, Monclova, Coahuila, Mexico
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During the spring, the plants Euphorbia antisyphilitica and Agave lechuguilla provided the
highest vegetal biomass contribution (Figure 3), but in conjunction only represented 3.86 %
of the white-tailed deer diet in this season'”. However, the cactus Opuntia engelmannii, an
important forage species for white-tailed deer in northeastern Mexico™*!?), was among the
ten species with the highest biomass production in spring. In contrast, the perennial shrub
Eysenhardtia texana, another important deer forage plant, made the lowest biomass
contribution (0.06 kg DM ha™') in spring.
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Figure 3: The ten high- and middle-stratum plant species with the highest seasonal biomass
contribution at Rancho San Juan UMA, Monclova, Coahuila, Mexico
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In summer, 4. lechuguilla and O. engelmannii made the greatest contribution to biomass
(Figure 3; 265.35 kg DM ha''), although O. engelmannii accounted for a relatively low
proportion (4.29 %) of the deer diet!"”). Acacia rigidula, another important forage species in
the summer (12.57 %)), did not have a particularly high biomass production.

In autumn, O. engelmannii contributed most to total biomass production (40.87 %) (248.49
kg DM ha') and accounted for 15.40% of the deer diet (Figure 3)"'®. In winter, O.
engelmannii contributed 16.95 % (93.80 kg) of the biomass production, and 14.90 % of the
deer diet'. Although important as a deer forage in autumn¥, 4. rigidula contributed only
2.44 % (14.85 kg DM ha'!) of the biomass production in this season. Similarly, Leucophyllum
frutescens provided only 0.01 % (3.07 kg DM ha'!) of biomass production in autumn but was
10.61% of the deer diet!*2?.

White-tailed deer show a marked preference for consumption of shrub leaves and stems since
these plant elements have a higher protein content and relatively lower fiber and lignin
levels™. Scrubland is a major source of shrub biomass year round (Figure 1), but primarily
in the summer, when does require more forage to produce milk for fawns®. Grass and
herbaceous plant production is also essential since deer resort to them when facing
competition for food®. Grasses with high lignin content and a low digestibility percentage
(1.4) show a higher average aboveground biomass production (187.11 + 45.28 kg DM ha™!)
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per season, and represent up to 43.84 % of total winter biomass production (Figure 2). Of
note is that Acacia berlandieri and A. rigidula, both scrubland plants preferred by deer™®!%-20),
have average seasonal biomass production (18.79 + 15.13 kg DM ha™!) that is <5.5 % of their
average seasonal aerial aboveground biomass production (621 + 85.08 kg DM ha™').

Aboveground biomass production was used in estimating K for white-tailed deer. In the
present results, overall K was calculated as 0.2 (= 0.15) deer ha!, equivalent to 209 deer in
1,030 ha (Figure 4). It was higher in spring (0.76 deer ha!) and winter (0.73 deer ha!). An
aerial deer population survey done in October 2020 (parallel N/S transects of variable length
at 200 m spacing) estimated a density 0.57 deer ha™! (i.e., 582 deer) in 1,030 ha. This deer
density is over twice the calculated K for this UMA. The studied population has apparently
grown beyond habitat K in response to the supplementary feed and water supplied by unit
managers, however, deer in this UMA have been documented eating native grasses,
suggesting forage overuse®. In addition, plant species known to be key in the deer diet, such
as A. rigidula and A. berlandieri, contributed significantly less to biomass production than
the grasses.

Figure 4: Carrying capacity (K) for white-tailed deer at the Rancho San Juan UMA,
Monclova, Coahuila, Mexico
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The K calculated in the present study (0.2 deer ha™') is lower than the 0.03 deer ha™! reported
for the Sierra El Laurel, in Tlachichila, Zacatecas®, but similar to the 0.22 deer ha™! reported
for the La Michilia Biosphere Reserve, Durango'”. Lower K values have been reported for
dry tropical forest in Jalisco (0.16 and 0.18 deer ha))® and the Mixteca region (0.16 and
0.18 deer ha')®; in both these regions deer population density is below K.

Sampling methods can introduce error into estimates of K based on forage biomass. For
example, sampling strategies often do not consider herbivore grazing patternsV. In addition,
the 25 % standard forage use value (considered a conservative value because it prevents
overestimation of the number of animals per unit area that a habitat can sustainably
support)??2% included in calculation of K does not contemplate losses due to trampling, and
forage contamination by feces, rodents and insects. In a study done in the state of Utah,
United States of America, 23 % trampling losses of available forage were reported®, and in
a study in desert grasslands, small mammals were found to consume up to 20 % of the forage
available to large herbivores®.

Estimates of K should be considered as approximations, but are useful as indicators to guide
management decisions for white-tailed deer habitat®). Management decisions should be
based on temporal trends in K capacity; a decrease in K means animal load could need to be
reduced®?. In addition, calculations of the relationship between forage production in forage
species and forage nutritional value are useful in refining estimates of K, and should be done
annually.

Estimates of animal carrying capacity and aboveground biomass production are valuable in
extensive management of white-tailed deer populations in northeastern Mexico. Forage
production varies by vegetation stratum and season of the year, with the highest values
observed in the middle stratum in summer and fall. The carrying capacity calculated for the
Rancho San Juan UMA during the study period was higher than some previous reports in
Mexico. Although the population density exceeded the ecosystem’s carrying capacity, feed
supplementation strategies may have been acting as buffers, preventing forage overuse and
consequent population decline. Future research can focus on evaluating how the use of
supplemental feed and water might affect ecosystem carrying capacity.
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Abstract:

The present study aimed to evaluate the production and chemical composition of elephant
grass (Pennisetum purpureum syn. Cenchrus purpureus cv. Mott) intercropped with Cajanus
cajan (Mandarim and Fava Larga) and Stylosanthes guianensis (Bela) compared to its
cultivation in monoculture under irrigated management in the semi-arid region. The
experiment was conducted at the Campus of Agricultural Sciences of the Federal University
of the S&o Francisco Valley, Petrolina, Brazil. The experiment consisted of the following
treatments: elephant grass intercropped with each legume and two monoculture types, one
with nitrogen fertilization (200 kg ha*) and the other without. The legumes helped to improve
the quality of the forage canopy, with high levels of crude protein. Nitrogen fertilization
increased the mass of forage produced by elephant grass. The cumulative analysis of all the
cuts showed that the intercropping between elephant grass and the Bela cultivar achieved the
highest yield, with 13.49 Mg ha?, mainly due to the increase in the population of the Bela,
which proved to be superior to the other legumes over the cuts. Based on the results, the
intercropping of elephant grass with the Bela cultivar is recommended as the most effective
strategy for maximizing forage production in the semi-arid region.

Keywords: Cajanus, Stylo, Grass, Forage mass, Crude protein.
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Semi-arid regions suffer from seasonality in forage production caused by water scarcity and
irregular rainfall®. In addition, the soils of this region exhibit little organic matter, which
reduces the fraction of essential nutrients and soil moisture®®, aggravating the production of
food for the nutrition of domestic ruminants. Another point of attention is the limited number
of native forage resources with phenotypic plasticity for this region.

To overcome this situation, it is crucial to introduce cultivated forage plants. One promising
option is elephant grass (Pennisetum purpureum syn. Cenchrus purpureus). When the sum
of all cuts is performed to evaluate forage yield, up to 40 Mg ha of forage mass can be
obtained®. Another advantage is its versatility, which can be used as fresh or preserved
fodder animal feed®®.

However, elephant grass is very demanding in its fertilization management since it exhibits
maximum production potential when between 100 and 200 kg ha* of nitrogen fertilization is
provided®®). Therefore, maintaining this grass can be costly for the production system.
Despite this, there is a strategy that can be adopted to reduce the maintenance costs of
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elephant grass: the introduction of forage legumes from tropical climates, as this type of
forage can increase nitrogen in the soil by 120 to 150 kg ha* yr*(, reducing dependence
on chemical fertilizers, as well as promoting sustainability in the production system.

The introduction of forage legumes, in addition to improving the chemical composition of
the soil, will positively influence other agronomic parameters, as observed by Rezende et
al®. When pigeon pea (Cajanus cajan) was intercropped with Paiaguas palisade grass
(Urochloa brizantha, cv. BRS Paiaguéas) in the Brazilian Cerrado region, it was they found
that this cultivation strategy boosted the efficiency of macronutrient use in the grass,
generating increases in forage yield®. In the same region, Epifanio et al®® observed that the
intercropping of Stylosanthes with two cultivars of Urochloa brizantha (Piata palisade grass
and Paiaguas palisade grass) promoted increases in the forage mass values of the grasses, as
well as improvements in the chemical composition of the forage produced.

Based on the benefits provided by the forage legumes in the aforementioned systems, the
following hypothesis was formulated: tropical climate forage legumes (Cajanus cajan and
Stylosanthes), when intercropped with elephant grass will promote increases in forage yield
compared to grass monoculture. In addition, the intercropping will positively impact the
chemical composition of the forage produced in the semi-arid region.

This study aimed to evaluate forage availability and the chemical composition of elephant
grass intercropped with forage legumes, compared to the monoculture managed irrigated in
the semi-arid region.

The experiment was conducted in the experimental area at the Campus of Agricultural
Sciences of the Federal University of the Sdo Francisco Valley (UNIVASF), in Petrolina,
Brazil (09°23'55" S, 40°30'03" W, an altitude of 391 m). The experiment began in December
2020 and ended in June 2021.

The climate of the region is semi-arid, with rainfall concentrated in the summer, low annual
rainfall (435 mm), high potential evapotranspiration rates (1,520.9 mm), and a significant
water deficit over the year. The weather data for the period studied (Figure 1) was monitored
by the UNIVASF weather station, located approximately 50 m from the experimental area.
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Figure 1: Rainfall and average, maximum, and minimum temperatures during the
experimental period
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The experimental design was randomized blocks with four blocks (replication) and five
cultivation systems associated with four cuts. The treatments were: elephant grass
(Pennisetum purpureum Schum., cv Mott) intercropped with the Mandarim cultivar (Cajanus
cajan cultivar Mandarin); Elephant grass intercropped with Fava Larga (Cajanus cajan cv.
Fava Larga); Elephant grass intercropped with Bela (Stylosanthes guianensis cv. Bela);
Elephant grass in monoculture with nitrogen fertilization (200 kg ha* yr1); Elephant grass
in monoculture without fertilization.

The soil in the area is classified as Argissolo Amarelo, sandy/medium texture®®. For the
chemical characterization of the soil, samples were collected at the 0-20 cm soil layer at
random points in the area. These were sent for analysis in the laboratory to determine the
chemical parameters. Based on the analysis results, there was no need to correct the active
acidity of the soil (Table 1).

Table 1: Soil chemical characteristics in the 0-20 cm layer

pH OM P K Ca Mg Na Al H+Al SB CEC V
gkg?! mgdm= cmol dm™3 %
6.80 8.80 31.0 0.07 230 0.60 0.04 0.00 0.33 298 3.31 90

pH= active acidity; OM= organic matter, P= phosphorus, K= potassium, Ca= calcium, Mg= magnesium, Na=
sodium, Al=aluminum, H+Al= potential acidity, SB= sum of bases, CEC= cation exchange capacity, V=
base saturation.

The elephant grass was established in March 2018 utilizing horizontal cuttings in furrows 20

cm deep and spaced 100 cm apart. The legumes were sown in October 2020 between the
rows of elephant grass in a system of pits with a spacing of 20 cm between pits. Five seeds

966



Rev Mex Cienc Pecu 2024;15(4):963-978

were sown per pit for the cultivars of pigeon pea (Madarim and Fava Larga). For the stylo
(Bela), 0.5 grams of seed were sown per pit. The area of the plots was 2 x 5m (10 m?).

The evaluation cuts were made at 45-d intervals, totaling four cuts in 6 mo. Irrigation was
conducted by drip irrigation, with two rows per block arranged 0.5 m from the edge and 1.0
m between rows, with an average flow rate of 1.3 L h'%, applying an average water depth of
6.5 mm h'. The irrigation shift was 24 h, four hours at a time, five days a week.

Morphogenesis evaluations were conducted on three tillers of elephant grass in each
experimental unit, starting seven days after each cut, with a 7-d interval between evaluations.
Each tiller was marked with a colored ribbon and new tillers were selected at each cut.

The data collected was the number of live leaves (expanded and expanding), the number of
senescent and dead leaves by manual counting, the length of the pseudostem (stem + ligule)
from the base of the soil to the ligule of the last expanded leaf, and the length of the leaf blade
(expanded and expanding), from the ligule to the apex of the leaf blade. The data collected
was used to estimate the Leaf appearance rate (LAR, leaf tiller d1) - the difference between
the number of final and initial leaves divided by the interval of days between measurements;
the leaf elongation rate (LER, cm tiller d%) - calculated as the difference between the sums
of the final and initial leaf lengths (expanded and expanding) divided by the interval of days
between measurements; stem elongation rate (SER, cm tiller d!) - calculated as the
difference between the final and initial length of the stem divided by the interval of days
between measurements; leaf lifespan (LLS, days) - the interval from leaf emergence to 50 %
senescence; and phyllochron (Phyl, days) being the inverse of the LAR rate.

To analyze the structural characteristics, the tiller population density (TPD, m?) was first
measured by manual counting at three different points in a known area (0.25 m? quadrant),
and six tillers close to the ground were collected from each experimental unit. The following
were measured on the tillers: number of live leaves (NLL, leaves tiller™) by manual counting
and final leaf length (FLL, cm) from the base of the ligule to the end of the leaf blade using
a graduated ruler.

For the height assessments, the canopy height (CH, cm) of the elephant grass and the plant
height (PH, cm) of the legumes were measured using a stick graduated in centimeters at three
representative points in each plot. The CH corresponded to the average height of the
curvature of the leaves around the stick from ground level. The PH corresponded to the apical
bud of the highest branch.

The cutting height adopted for the grass was close to the ground, while the legume cultivars

were 20 cm above the ground. All the material contained in the central rows (5 m?) of the
plot was collected and weighed to quantify the green weight. From this, a sub-sample of
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approximately 1 kg was taken for each cultivar to determine the dry mass and separate it into
leaf blade, stem, and senescent material fractions.

After separation, the components were placed in a forced circulation oven at 55 °C for 72 h.
Once the dry weight was obtained, the dry matter (DM) content was calculated, and the
forage mass (FM, kg ha™) and botanical components were determined: leaf forage mass
(LFM, kg ha'l); stem forage mass (STFM, kg ha); dead material forage mass (DMF, kg ha
1y; forage mass to stem forage mass ratio (F:ST). During the experimental period, four cuts
were made, so at the end of data collection, the four cycles were added together to quantify
the production of the systems evaluated (Mg ha™).

The chemical composition of the forage was assessed on the whole plant obtained by cutting
and drying in a forced circulation oven for 72 h. After drying, they were ground in a mill,
identified, and submitted for analysis at the Multiuser Animal Nutrition Laboratory at the
Jundiai Agricultural School, Specialized Academic Unit in Agricultural Sciences of the
Federal University of Rio Grande do Norte. The samples were evaluated for dry matter (DM),
crude protein (CP, g kg™), ash (g kg1), neutral detergent fiber (NDF, g kg™?), acid detergent
fiber (ADF, g kg™), and lignin (g kg™). All the analyses followed the recommendations of
Detmann et al®Y,

The data was analyzed using three models: model I (Yijk = p + Gi + Bk + eijx) was used to
analyze the characteristics of the elephant grass; model Il (Yijk = p + Li + Bk + eijj) was used
to analyze the characteristics related to the forage legumes; model 11 (Yix = p + Ai + Bk +
eijk) was used to analyze the production of forage mass during the experimental period.

The model parameters are represented by: Yijk represents the characteristic evaluated; p
model constant; G; effect of the cultivation system (Elephant grass + Mandarin, Elephant
grass + Fava Larga, Elephant grass + Bela, Elephant grass with fertilizer, Elephant grass
without fertilizer); Bk block effect (I, 11, 111, 1V); Li forage legume effect (Mandarin, Fava
Larga, and Bela); Aj represents the cumulative effect of the intercropping and monocultures;
eijk random error observed in each model.

The factors of cropping systems and forage leguminous plants were considered fixed effects,
while the block was considered as a random effect. Mixed model analyses were then
conducted using the Ime4 package®®. The means were calculated by least squares using the
emmeans package™®, and when a statistically significant effect was observed (P<0.05), the
means were compared using the Tukey test. All analyses were conducted using R software®.

The condition with fertilizer generated the highest FLL and SER values compared to the
other systems evaluated (Table 2). There was no cultivation system effect for the other
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characteristics. Therefore, for elephant grass, the average values obtained were as follows:
LAR of 0.166 leaf tiller d*, LER of 7.05 cm tiller d*, Phyl of 6.78 d, LLS of 57.54 d, NLL
of 8.65 leaves tiller and TPD of 194 m2,

Table 2: Morphogenesis and tiller structure of elephant grass in different cropping systems
LAR LER SER Phyl LLS NLL FLL TPD

(leaf (cm  (cm (days) (days) (leaves (cm)  (m?)
Cultivation tiller  tiller  tiller tiller™)
systems dah dYH dP
Elephant grass + ) 16 6g6:  0.172%  6.96° 56200 8.34°  40.10° 185.10°
Mandarin

+
Elephant grass 0164 6.96°  0.149b 679° 5930° 8.88° 4050 184.70°
Fava Larga
E:;Ehant grass 0.159* 6.292  0.143° 7.032  58.30* 8.442 37.40° 196.50°

Elephant grass

with fertilizer

Elephant grass

without fertilizer

SEM 0.004 0.376 0.011 0.205 1.50 0.099 0.870 7.50

P-value 0.375 0.060 0.001 0.424 0546 0.209 <0.001 0.292
LAR= leaf appearance rate; LER= leaf elongation rate; SER: Stem elongation rate; Phyl= Phyllochron; LLS=
leaf lifespan; NLL= number of live leaves; FLL= final leaf length; TPD= tiller population density. P-value=

probability of significant effect. SEM= Standard error of the mean.
3 Means followed by distinct lowercase letters in the column differ by the Tukey test.

0.178* 8.37% 0.206% 6.16* 54.30° 8.92% 44.30* 204.70%

0.160* 6.76°  0.139" 6.99° 59.60° 8.67% 39.20% 197.30°

When checking the CH, FM, LFM, STFM, and DMF of elephant grass, the scenario with
fertilization generated the highest values (Table 3). The cultivation systems had no effect on
F:ST, with an average value of 2.98.
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Table 3: Structural and botanical characteristics of elephant grass in different cultivation

systems

Cultivation systems

CH FM (kg LFM (kg STFM

DMF (kg [.or

(cm)  ha™) ha™) (kgha™) hal)

Elephant — grass — + 59 10p 193gc  gaoe 3550 51100 2,943
Mandarin

Elephant grass + Fava o chp 35300 gogee 380° 51600  2.97°
Larga

Elephant grass + Bela ~ 40.30° 1227¢ 828¢ 345P 53.90° 3.16%
Elephant grass with o ca 5o0ga 14750 6512 83.30° 2798
fertilizer

Elephant grass without 5y 16010 11080 4847 71.80% 3,032
fertilizer

SEM 0757 8093  46.08 35.02 4.94 0.136
P-value <0001 <0.001 <0001  <0.001  <0.001  0.452

CH= canopy height; FM= forage mass; LFM= leaf forage mass; STFM= stem forage mass; DMF= forage
mass of dead material; F:ST= ratio of forage mass to stem forage mass. P-value: probability of significant
effect. SEM: Standard error of the mean.

abe Means followed by distinct lowercase letters in the column differ by the Tukey test.
The Mandarin and Fava Larga cultivars had the highest PH values, while the Bela cultivars
had high LFM, PD, and FSM values (Table 4). The cropping systems did not affect LFM,

with an average value of 1,041 kg ha™.

Table 4: Structural and botanical characteristics of forage legumes intercropped with

elephant grass

Cultivation systems PH PD FM LFM FSM
y (cm)  (m?)  (kgha?) (kgha™) (kg ha™)
+
Elephant — grass 104.90° 6.99° 1551 987° 564°
Mandarim
+
Elephant grass + Fava oo g0 go70  14g00 983° 499
Larga
Elephant grass + Bela 55.00° 59.77% 21452 11532 9912
SEM 4.27 0.279 121.56 56.42 3,70
P-value <0.001 <0.001 0.008 0.268 <0.001

PH= plant height; PD= plant density; FM= forage mass; LFM= leaf forage mass; FSM= forage stem mass. P-
value: probability of significant effect. SEM: Standard error of the mean.
ab Means followed by distinct lowercase letters in the column differ by the Tukey test.

The cultivation systems affected the forage yield (Figure 2), where it can be seen that the
intercropping involving elephant grass and the Bela cultivar had the highest cumulative
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production (13.49 Mg ha). When no fertilization was applied, the elephant grass in
monoculture generated the lowest yield, with a value of 6.72 Mg ha™.

Figure 2: Forage yield obtained in the cultivation systems during the evaluation period.
Lowercase letters in the columns differ by Tukey test

P-value <0.001
Elephant grass without fertilizer | b SEM =0.702
Elephant grass with fertilizer | ab
Elephant grass + Mandarim | ab
Elephant grass + Fava-Larga | ab
Elephant grass + Bela | a

00 20 40 60 80 100 120 140
Forage vield (Mg ha™!)

P-value: probability of significant effect. SEM: standard error of the mean.

The highest ash value is observed when elephant grass is intercropped with the Bela cultivar
(Table 5). As for the other chemical characteristics of the grass in the different cultivation
systems, averages of 73.10 g kg of CP, 676.20 g kg™ of NDF, 374.80 g kg of ADF, and
62.12 g kg™ of lignin. The Mandarim and Fava Larga cultivars had the highest CP, ADF, and
lignin values. On the other hand, there were increases in ash values for the Bela cultivar. The
highest concentration of NDF was found in the Mandarim cultivar.

By analyzing the morphogenesis and structure characteristics of elephant grass, such as LAR,
LER, Phyl, LLS, and TPD, the cultivar evaluated (Elephant grass - Mott) in the semi-arid
region shows remarkable phenotypic plasticity, enabling it to integrate effectively with
different forage resources. This adaptability is highly advantageous, as it significantly
expands the opportunities for diversification in forage production. In different climatic and
soil contexts, as found by Silva et al *® and Seibt et al *®, elephant grass has demonstrated
its ability to coexist with other forage legumes, such as forage peanuts (Arachis pintoi),
arrowleaf clover (Trifolium vesiculosum), and Asian pigeonwings (Clitoria ternatea).

The FLL is one canopy characteristic that reflects leaf area gain”. In the case of elephant
grass, it was observed that the greatest leaf length was achieved under monoculture
conditions and with chemical nitrogen fertilization. In this management, the absence of other
forage species that could restrict leaf area dynamics allowed for an increase in leaf size. In
addition, the supply of chemical nitrogen fertilizer guarantees the immediate availability of

971



Rev Mex Cienc Pecu 2024;15(4):963-978

this nutrient, optimizing the dynamics of leaf area®® and SER®?, justifying the higher values
of FM, LFM, and STFM in the monoculture.

As some researchers mentioned@®2%, the NLL is a genetically predetermined trait. Therefore,
the tillers maintain a constant number of leaves in ideal conditions without stresses that could
inhibit the plant potential. Even in monoculture management without nitrogen fertilization,
when the soil has good fertility parameters (Table 1), creating an environment conducive to
expressing this constant pattern in the NLL is possible. Likewise, the NLL measurement
observed is similar to the results of other authors®®?, who obtained a value of 8.58 leaves
tiller? in elephant grass, cultivar Pioneiro (Pennisetum purpureum Schum. cv. Pioneiro).

When adding up the FM of elephant grass and legumes, it can be seen that the potential of
monoculture is limited, as the intercropping of elephant grass and Bela had the highest forage
production (Figure 2). In the literature, it is reported that intercropping between different
forage resources promotes increases in the efficiency of utilization of abiotic resources,
resulting in increases in plant production (grain and biomass) and soil utilization
efficiency@,

This increase in production can only be achieved by carefully selecting the forage resources
that make up the intercropping, so when selecting the forage plants to form this production
system, the decision must be based on various agronomic parameters. In the case of the Bela
cultivar, despite having the lowest PH, there was a higher PD compared to the guandu bean
cultivars, which allowed the stylo cultivar to increase its FM.

This shows that this cultivar can be good option for forage production in the semi-arid region
when intercropped with elephant grass. Another advantage of using stylo in intercropping
with grasses is the positive residual effect on the soil. Even if this legume disappears from
the area, the increase in nitrogen and organic matter ensures forage production in future
crops®@),

Grasses from tropical climates naturally exhibit a lower protein fraction in the composition
of the FM, and it is common for this group of plants in the vegetative phase to exhibit a CP
value ranging from 72.43 g kg™ to 119.30 g kg™2®>2%)_ On the other hand, high values of NDF
and ADF are observed in the chemical composition of DM from tropical climate
pastures”:28.29),

Higher NDF and ADF values generate a forage resource, a potential limiting factor for forage
consumption when fed to animals. In addition, increases in fibrous and lignin fractions are
associated with forages with high STFM fractions in the forage canopy, impacting a low
F:ST ratio®?,
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In astudy by Lima et al®?, different genotypes of elephant grass showed F:ST values ranging
from 0.95 to 1.43 when the forage was harvested 56 d after regrowth from the previous cut.
In the cutting management adopted for elephant grass intercropped and monocultures in the
semi-arid region, a better F:ST ratio was observed when cutting was conducted at the height
of 20 cm above the ground, reducing the share of stem in FM. These results indicate that this
management strategy was suitable for harvesting elephant grass in the different cropping
systems evaluated.

The legumes are expected to have a higher CP content in their composition, making it
possible to produce a better-quality feed for animal nutrition. Ligoski et al®? found that the
intercropping of pigeon pea (Cajanus cajan cv. Super N) with Xaraes palisade grass
(Urochloa brizantha cv. BRS Xaraés) and maize (Zea mays) not only had a higher protein
content compared to maize monocropping, but also resulted in a forage that contributes to
lower methane emission rates.

The intercropping between the Bela cultivar and elephant grass increased ash fractions for
the grass and the legume. Prado et al®® observed that the intercropping of the Bela cultivar
with Tamani guinea grass (Megathyrsus maximus cv. BRS Tamani) produced FM with
higher ash values than monocultures. The introduction of forage legumes through
intercropping with other forage resources directly impacts the chemical composition of the
soil, where this form of cultivation promotes increases in the bioavailability of essential
nutrients. As a result, the grasses in this type of cultivation develop in an environment that
enables greater nutrient absorption for the aerial part, which alters the mineral composition
of the produced forage®=3%.

It was recommended to intercrop-elephant grass with the cultivar Bela, as it resulted in
significant increases in total forage production, which highlights the potential of this
cultivation system to optimize forage production in the semi-arid region.
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Table 5: Chemical composition of elephant grass and forage legumes (g kg™)

“Elephant grass “Forage legumes
Cultivation systems CP Ash NDF ADF Lignin CP Ash NDF ADF Lignin

Elephant grass + Mandarin 74.602 124.00® 6817 3812 61.40° 1682 45.40° 6162 4342 178.0°
Elephant grass + Fava Larga  76.20% 124.00%° 6692 3712 58.50*  165? 38.8° 611% 4302 178.90%
Elephant grass + Bela 72.707 135.002 6732 3702 62.30°  147° 77.207 557° 357° 99.30°
Elephant grass with fertilizer ~ 71.10% 112.00° 683? 375% 67.60* - - - - -

Elephant grass without 7090° 11800 675 377 60.80° - : - - .

fertilizer
SEM 0.743 2.59 6.40 3.34 1.79 6.58 3.65 10.02 11.95 8.31
P-value 0.108 0.010 0.894 0.250 0.371 <0.001 <0.001 0.006 <0.001 <0.001

* Values expressed concerning dry matter. CP= crude protein, NDF= neutral detergent fiber; ADF= acid detergent fiber. P-value: probability of significant effect. SEM:
Standard error of the mean.
¢ Means followed by distinct lowercase letters in the column differ by the Tukey test.
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Abstract:

The objective was to evaluate a method to reduce the calcium nitrate release rate in a
simulated rumen fermentation environment, and to determine its effect on dry matter
degradation and methane production. In the in vitro experiment, kikuyu grass (Cenchrus
clandestinus, Hochst ex Chiov) (KK) was used as the base feed and the addition of protected
nitrate (PN), free nitrate (FN) and urea (KU) to the fermentation environment. The amount
of nitrate added corresponded to 3 % of the incubated dry matter. The data were analyzed
with repeated measures over time considering treatment and time as fixed effects and the
rumen inoculum donor animal as a random factor. After 24 h of incubation, FN and PN
reduced dry matter degradation by 11.4 and 15 %, respectively. The addition of nitrate
significantly reduced methane production. The difference in methane production rates
expressed in ml/g of degraded dry matter between the FN (21.0) and PN (31.2) treatments at
48 h of incubation indicates a lower nitrate release rate as a consequence of the protection
method employed. The results of this trial show that the inclusion of protected nitrates at
levels corresponding to 3 % of the incubated dry matter can reduce methane production by
53 %.
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Among the greenhouse gases (GHG) caused by human activity, methane (CHa) is the second
most emitted gas, after carbon dioxide (COz), although CH4 remains in the atmosphere for a
shorter period of time and is emitted in smaller quantities. Its global warming potential is 25
to 34 times greater than that of CO,. CH4 accounts for 30 % of the global enteric emissions
of this gas. Because CHg is a short-lived climate pollutant, reducing enteric CHs emissions
can help mitigate climate change within our current lifetime®.

In ruminants, CH4 production occurs during the enteric fermentation of organic matter, due
to the need to remove hydrogen from the rumen in order to maintain a low redox potential at
the fermentation site. Nitrate (NO®), an electron acceptor, has been studied as a potential
pathway to route reduced equivalents away from methanogenesis, presenting itself as a
hydrogen dissipating pathway that is useful to the animal and to the environment®. In the
rumen, NOs™ is reduced to nitrite (NO?") (NO*" + Hz — NO?” + Hy0), which in turn is
reduced to the ammonium ion (NH4s") (NO*™ + 3H; + 2H" — NH4* + 2H,0) —a process that
captures four moles of hydrogen per mole of reduced NO*®. The reduction of NO* to NO*
has a AG=-130 kJ, while that of NO* a NH4* exhibits a AG=-371 kJ, which is energetically
more favorable than the production of methane (AG= -67 KJ)®. The reduction of NO2™ to
NH4* is a slow step, due to the low production of the enzyme nitrite reductase by rumen
microorganisms, which can lead to an increase in nitrites at the rumen level. These nitrites
cross the rumen wall and pass into the blood circulation, binding to hemoglobin and forming
methemoglobin, which affects oxygen transport in the blood and may eventually lead to death
by hypoxia®. Considering that the supply of pure NO* can present risks to animal health,
several studies have been carried out with encapsulated NO®* to release it slowly to ruminal
microorganisms and reduce its potential toxic effect®9). The purpose of this work was to
evaluate a method for reducing the calcium nitrate release rate in a simulated rumen
fermentation environment and determining its effect on dry matter degradation and methane
production.

The experiment was carried out in the Nutrilab-Grica laboratory, at the University Research
Headquarters (SIU) of the University of Antioquia - Colombia.

A sample of kikuyu grass (Cenchrus clandestinus, Hochst ex Chiov) at 45 d of regrowth was
collected at the “La Montafia” farm located in the municipality of San Pedro de los Milagros
(Antioquia - Colombia), at an altitude of 2,470 m asl and an average temperature of 16 °C,
corresponding to a Low Montane Humid Forest life zone.

The grass sample was partially dried in a forced ventilation oven at 60 °C for 72 h, ground
through a 1 mm sieve and stored for subsequent chemical analysis. Dry matter (DM), crude
protein (CP), and ash concentrations were determined on the partially dried grass sample®),
The proportions of neutral detergent fiber (NDF) and acid detergent fiber (ADF) were
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determined as described by Van Soest et al®?. Table 1 describes the chemical composition
of kikuyu grass.

Table 1: Chemical composition of kikuyu grass (Cenchrus clandestinus)

Chemical composition Value
Dry matter (DM), % 23.5
Crude protein, % DM 20.6
Neutral detergent fiber, % DM 57.2
Acid detergent fiber, % DM 30.3
Ashes, % DM 115

The NOz— source utilized in this study was calcium nitrate (CALCINIT, 15.5-0-0, YARA,
Bogota, Col.). The NO* was protected using a handmade soap produced by the
saponification of commercial soybean oil with sodium hydroxide (NaOH, Merck N° 106462)

The treatments evaluated were kikuyu grass incubated as a control treatment (KK), kikuyu
grass + nitrate without protection (FN), kikuyu grass + protected nitrate (PN) and kikuyu
grass + urea (KU). NOs- treatments were adjusted to provide 3% nitrate/g DM incubated.
The urea treatment was included as a control to demonstrate the effect of nitrogen addition
on dry matter degradation and CH4 production.

The nitrogen content present in the additives was determined by the Kjeldahl method®®; for
urea 48.1, unprotected nitrate 13.0, and protected nitrate 3.9.

The rumen fluid for in vitro incubation was obtained from three non-lactating adult Holstein
cows, equipped with the one-stage ruminal cannula described by Castillo and Hernandez®V).
Donor animals were managed in a rotational grazing system with kikuyu grass, free access
to fresh water, and mineral supplementation. The ruminal fluid was collected in the morning
hours (0600) and transported to the laboratory in thermal containers previously heated with
water at 39 °C. The ruminal fluid was gassed with CO> and filtered through four layers of
absorbent cotton and kept in a water bath at 39 °C for the inoculation process.

One day prior to the start of the experiment, a buffer solution was prepared as described by
McDougall®?. This solution was mixed with each of the collected inocula at a 9:1 ratio
(buffer: inoculum). A 0.5 g sample of kikuyu grass and the additives to be evaluated were
weighed and placed in 100 ml glass bottles. Subsequently, a volume of 50 ml of the buffer-
inoculum solution was added to each flask; during the process, it was continuously gassed
with CO- to ensure anaerobic conditions and sealed with rubber stoppers. The sealed flasks
were kept in a forced ventilation oven at 39 °C and removed from the incubation process at
24 and 48 h post-incubation to determine DM degradation and CH4 production.
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A total of 60 flasks were incubated: 48 flasks with substrate and inoculum (4 treatments * 3
repeats/treatment * 2 reading times * 2 repeats/schedule) and 12 flasks corresponding to the
blanks (2 reading times * 3 inocula * 2 blanks per schedule). The blanks are flasks with buffer
solution and inoculum without substrate or additive, whose function is to correct gas
production and DM degradation generated by the inoculum.

Total gas production was measured at 24 and 48 h of incubation by measuring the pressure
generated in each flask using a digital transducer (Ashcroft 2089QG- Precision Digital Test
Gauges, USA) described by Posada et al*®). After the measurement, a gas sample was taken
to determine the concentration of CH4 gas. A valve with three outlets was used. The first
outlet was connected to a needle (0.6 mm); the second, to the pressure transducer, and the
third, to a plastic syringe that was used to extract the gas sample. The needle attached to the
valve was inserted through the rubber cap for pressure measurement, and, subsequently, the
gases accumulated at the top of the bottle were withdrawn with the syringe to the point where
the pressure recorded on the transducer reached zero. The gas collected in the syringe was
stored in Clear Flex type co-extruded polyolefin bags (Baxter, USA). After finishing the
sampling, CH4 concentrations were measured by gas chromatography. A subsample of 100
uL of gas was taken from each bag with the help of a syringe to be injected into a Thermo
Trace GC Ultra gas chromatograph (Thermo Scientific, USA). CHs production was
established as the product of the total gas volume recorded over the incubation time (24 and
48 h) and the CH4 concentration determined in the sample by gas chromatography.

After gas sampling at each measurement time, the flasks were opened to measure the
degraded dry matter (DDM), determined by the difference in weight between the incubated
DM (IDM) and the residue after incubation. In order to determine the DDM by gravimetry,
the contents of each vial were filtered through glass crucibles (porosity 1, 100 - 160 pum)
using a vacuum pump. The crucible-residue set was dried in a forced ventilation oven at 60
°C for 48 h and subsequently weighed. After deducting the weight of the crucible, the value
of the degraded DM was obtained as the difference between the DM of the residue and the
DM of the blank, divided by the value of the initially incubated DM®%. The liquid fraction
of each incubation bottle was preserved by adding sulfuric acid (98 % v/v) drop by drop until
an average pH of 2 was achieved; each sample was centrifuged at 4,000 rpm for 10 min and,
finally, a subsample of 1.5 ml of supernatant was collected for the measurement of volatile
(acetic, propionic, and butyric) fatty acids (VFA) by gas chromatography. The remaining
liquid fraction was used to determine the ammoniacal nitrogen (N-NH3) concentrations with
the Kjeldahl method®?,

The effect of treatments on gas production, CH4 and DM degradation were analyzed with a
repeated measures model over time, using the PROC MIXED procedure of SAS®® where the
fixed effects corresponded to treatment and time (schedules), and the random effect
corresponded to the source of rumen inoculum (animal). Comparison of means was
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performed with the Tukey - Kramer test (P<0.05). Differences between treatments with
respect to VFA and N-NH3 production at 24 h were measured with a completely randomized
model, using the GLM procedure of SAS®®. Differences between means were determined
with Duncan's multiple comparisons test (P<0.05).

The effect of NO3- on DM degradation, gas production and CHa production in vitro at the 0
to 24 hand 0 to 48 h measurement intervals are presented in Table 2. NOs- treatments showed
a reduction in DM degradation at 24 h of incubation. The PN caused a 24 % reduction of
DDM, while the reduction caused by the FN was 18 % compared to the control treatment
(KK). At 48 h of incubation, there were no differences (P>0.05) between treatments. When
the DDM was expressed in percentage terms, clearly the treatments that included nitrates
exhibited lower degradations at 24 and 48 h of incubation (P<0.01) than the KK treatment
(P<0.01). The comparison between the KU and KK treatments shows that the addition of
urea to the fermentation environment had no effect on DDM or CH4 production, indicating
that the nitrogen supply in the control treatment (KK) was sufficient to maintain microbial
activity during the incubation process.

Table 2: Effect of nitrate with and without protection on total gas production, methane
production and degraded dry matter (DDM) in two in vitro fermentation schedules

Variable Schedule Treatments Effects
KK FN PN KU T Ti TxTi
a bc c ab
DDM, g 0a24h 0.266% 0.218° 0.202° 0.248 001 001 0.03

0a48h 0.271 027 0.267 0.30
0a24h 555%® 492 47.0° 56.1°
0a48h 64.6®® 585" 605" 67.92
Gas production, 0a24h 46.9% 35.2% 234" 4512

DDM, % 0.01 0.01 0.33

0.01 0.01 0.01

ml 0a48h 84.22 57.1° 60.1° 84.42
Gas production, 0O0a24h 177.8 161.0% 115.3° 181.5°
ml/g DDM 0a48h 313.8%2 211.2° 225.6° 279.7% 0.01 001 001

0a24h 822 26° 1.6° 7.8
0a48h 17.7¢ 57° 83" 16.35%
Methane, ml/100 0a24h 17.5% 7.4° 6.8  17.22

Mehtane, ml 0.01 0.01 o0.01

0.01 0.01 0.05

ml gas 0a48h 21.0° 9.7° 138" 19.4°
Methane, ml/g 0a24h 30.9° 12.0° 7.8° 31.28
DDM 0a48h 66.00 21.0° 31.2° 5422 001 001 001

KK= kikuyu grass (Cenchrus clandestinus); FN= kikuyu grass + free nitrate; PN= kikuyu grass + protected
nitrate; KU= kikuyu grass + urea; T= effect of the treatment; Ti= effect of the incubation; TxTi= effect of the
interaction between the treatment and the incubation schedule.
¢ Means of treatments with different letters in the same row show differences (P<0.05).
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Total gas production was significantly reduced (P<0.001) with the PN treatment at 24 h of
incubation, compared to the KK and KU treatments. After 48 h of incubation in vitro, PN
and FN treatments decreased total gas production by an average of 30 % compared to KK
and KU treatments (P<0.05). When gas volume was expressed in ml/g DDM, the PN
treatment produced 35 % and 28 % less gas than KK during 24 and 48 h in vitro.

The FN and PN treatments reduced total CH4 production by 68 and 80 % with respect to KK
(P<0.05) at 24 h (P<0.05). At the end of 48 h, the FN treatment maintains a 68 % reduction
in CH4 volume, and PN achieves a 53 % reduction compared to the control.

Table 3 shows the effect of the addition of protected and unprotected NOs- on the production
of VFA and ammonia nitrogen (N-NHz3) in an in vitro fermentation system. The production
of VFA and N-NH3z was not affected by the addition of NOs- or urea to the fermentation
environment (P>0.05).

Table 3: Effect of nitrate on the production of volatile fatty acids, and ammoniacal nitrogen
(N-NH3) with and without protection at 24 hours of in vitro fermentation

Variables Treatments

KK FN PN KU P value
Acetic, mmol/L 62.9 58.9 76.7 98.2 0.29
Propionic, mmol/L 16.9 14.5 12.3 20.3 0.44
Butyric, mmol/L 8.5 7.7 7.1 8.5 0.20
N-NHz mg/L 14.0 10.5 10.5 11.7 0.69

KK= kikuyu grass (Cenchrus clandestinus); FN= kikuyu grass + free nitrate; PN= kikuyu grass + protected
nitrate; KU= kikuyu grass + urea.

The decrease in DDM occurring with the PN treatment may be due to the soap used for
protection. There is evidence that soy soap has a high dissociation in mediums with a pH of
approximately 6.51®. This characteristic of soybean soap may lead to an increase in the
polyunsaturated fatty acid content, which significantly depresses cell wall digestibility*".
When a high dissociation of the soap has occurred, it enhances the release rate of NOs-,
potentially reducing the DDM®7). Therefore, the use of PN may have prompted an additive
effect of the unsaturated fatty acids and NO2- on the reduction of DDM. On the other hand,
the decrease in DDM with the FN and PN treatments may have been caused by the toxic
effect of nitrites (NO2-), which inhibit growth and promote the abundance of methanogens
and other bacteria, such as F. succinogenes and R. flavefaciens, that play an important role
in the degradation of dry matter in the rumen®&19),

Mitigation of the CH4 production through the inclusion of NOs- in vitro has been reported by

in previous research®2%21_ In the present study, the use of a 3 % dose of NOs- with the FN
treatment reduced the production of CH4 /g DDM by 68 % during the 48 h of incubation. The
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reduction in the CHs production observed with FN may be a consequence of the high
reducing capacity of NOs- in anaerobic media®*?®. NOs- behaves as an alternative hydrogen
sink in the rumen, through its reduction to NHs+ —an energetically more favorable process
(AG =-501 kJ) than the reduction of CO, to CH4 (AG= -67 KJ)®). Furthermore, the NO,-
resulting from the reduction of NOs- may have exerted a toxic effect on the population of
methanogens and certain cellulolytic bacteria®?®, as mentioned above, which may have
favored the trend in the reduction of the DDM.

The PN treatment brought about a 74 % reduction in CH4 production in ml/g of DM, affecting
DM degradation by 21 % at 24 h, compared to the control treatment (KK). Natael et al*®,
assessed a similar dose of PN (3 % of the incubated DM), in an 80:20 (forage/concentrate)
diet and found a 10 % reduction in CH4 production during the same incubation time that did
not affect the degradation of the incubated organic matter. With a 15 % inclusion of PN in
24 h in vitro, Lee et al® obtained a 45 % reduction in the produced CH4 volume with respect
to the control.

The purpose of utilizing PN is to slow down the dissolution rate of NO* in order to favor the
growth of NO* and NO? that reduce the bacteria which accelerate NH4+ formation®. The
increase in this type of bacteria favors the reduction rate of NOs- to NO? as well as of NO*
to NH4+, which would imply a decrease in the risk of NO»- toxicity for both for ruminal
microorganisms and the host animal. Theoretically, the reduction of 0.015 g of NO* should
result in a decrease of CHy4 by 5.32 mI®42%: however, with PN, a total reduction of 9.4 ml of
CHa4 was obtained, which is 76 % more than expected. This behavior was possibly due to a
factorial effect of polyunsaturated fatty acids resulting from the dissociation of soap and NO*
from the reduction of NO*, on the decrease in DDM, which finally favored the reduction in
CHs production in vitro. The dissociation of the soap made with soybean oil may have
favored the reduction in CH4 production, as was the case in another study®® where a strong
correlation was found between the high degree of soybean oil establishment and a significant
reduction in the number of methanogens and density of rumen protozoa. This correlation
favored the reduction in CHa4 production by 60 % with respect to the control at 36 h in vitro.
In an analysis of eight in vitro and four in vivo experiments on the potential of medium-chain
fatty acids on CH4 production, Machmiiller®” reported a significant decrease in the number
of methanogens and a reduction of up to 40 % in CH4 release with the use of soybean oil.

The present study found no significant differences (P>0.05) in the fermentation profile due
to the use of NOz-; however, there was a numerical difference of 28 % in the production of
propionic acid with FN, and 40 % with PN, compared to the treatment with urea (Table 3).
The addition of NOs- in the rumen can reduce the production of CH4 and of propionate, as it
diminishes the availability of hydrogens, since many NO* reducing bacteria can utilize them
as a substrate®®: Therefore, this may generate competition not only with methanogenesis but
also with propiogenesis®®. The inclusion of protected NOs- at the rate of 3 % of the incubated
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DM in an 80:20 (concentrate/forage) diet reportedly®® resulted in a linear reduction in
propionic acid production and an increase in acetic acid production. Contrary to this, Lund
et al®® report that VFA production was not statistically affected by the addition of NOs- at
any of the concentrations used (6.66, 13.3, and 20 g/kg DM).

The concentration of N-NHz at 24 h of incubation did not vary between treatments. Contrary
to what was found in other studies®?®), where diets containing urea showed an increase in N-
NH3 concentration compared to treatments containing FN and PN. The KU treatment did not
show a significant increase in NHs concentration after 24 h possibly because, although urea
is a highly available source of nitrogen, it is rapidly hydrolyzed to NH3 and is utilized by
ruminal microorganisms for growth and development during the first three hours of
incubation®V. This causes a reduction of NH3 levels and, possibly, an increase in the bacterial
population and fermentative activity —a behavior that coincides with the increase in DDM
observed with KU.

The fact that there were no differences in N-NHs concentration between the FN and PN
treatments with respect to the control may be due to the type of metabolism of NO*. The
rumen NO?* is metabolized mainly by assimilatory reduction to NHs; however, depending on
the balance of enzymatic activities, nitrous oxide (N2O) can be formed through
denitrification. Because the rumen inoculum used in the current study was obtained from
animals that were not adapted to NO*, NO? may have been accumulated in the system and,
instead of being reduced to NHs, it was diverted to the denitrification pathway, converting
NO? to N2O; this is the main source of N2O under anaerobic conditions®?). With an inclusion
of 2 and 2.5 % NO? in the total DM incubated for 24 h, Welty et al®® observed that NO*"
had a minimal effect on NHs concentration, which registered a significant increase only one
hour after starting the in vitro test, while the values decreased the rest of the time and
remained low during incubation.

The results of this in vitro test show that the inclusion of protected nitrates at levels
corresponding to 3 % of the incubated dry matter can reduce methane production by 53 %
after 48 h of in vitro incubation. The use of soaps with soybean oil as a nitrate protection
method should be considered in greater detail, as the dissociation of the soap with a pH of
approximately 6.5 favors the release of unsaturated fatty acids, potentially altering thereby
the dynamics of the fermentation and degradation of feed in the rumen.
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Abstract:

The physical characteristics of honeys are important attributes for consumers when choosing
one honey over another; because of this, knowing these parameters and their botanical origin
are essential to determine their quality and price. The present study determined the color,
moisture, and pollen content of honeys collected in the mangrove area on the coast of the
state of Tabasco, Mexico. Seventeen (17) samples were collected and their color and moisture
content were determined, and a sample from each locality was selected to perform a
melissopalynological analysis. Five honey colors were found with values from 12 to 120 mm
Pfund, with extra light and white amber being the predominant colors. In relation to moisture
content, there were samples with values of 18 to 23 %, of which 53 % of them comply with
the limit (20 %) established in the regulations; finally, all the samples were multifloral, with
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the Fabaceae, Poaceae, and Asteraceae being the most important botanical families. In
conclusion, in the mangroves of the coast of Tabasco, Mexico, multifloral honeys of light
shades are produced, where those of extra light amber and white colors predominate, with a
moisture content between 18 and 23 %; therefore, these honeys could be suitable for entering
more specialized markets if a maximum moisture of 20 % is ensured.
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Honey is a natural product that bees produce from the nectar of flowers, secretions of living
parts of plants, or from excretions of plant-sucking insects that remain on them and that bees
collect, combine with their own specific substances, deposit, dehydrate, and store in the
honeycomb so that it matures and ages®. This process gives honey unique properties that
define its physicochemical, sensory, and microbiological characteristics®.

The study of the organoleptic properties and botanical origin of honeys has been important
in recent years since their analysis provides commercial added value and allows to know the
interaction of Apis mellifera with plants®, facilitating their characterization since these
parameters are decisive for consumers when choosing a honey®. The color of honey is
determined by its botanical origin, the composition of the nectar of the flower of origin, the
extraction process, temperature, time, and storage conditions®. Nonetheless, geographical
origin, climatic conditions, soil conditions of the plant of origin, exposure to light, heat
treatment, and crystallization processes, as well as the content of minerals, antioxidants, and
sugars, also influence this attribute®®),

In recent years, there has been an increase in reports linking honey color with the presence
of phytochemicals, such as ascorbic acid, phenolic compounds, amino acids, enzymes,
tocopherols, carotenoids, and flavonoids, with dark-colored honeys having the highest
content of pigments with greater antioxidant potential"®. In color determination, the Pfund
technique is one of the most widely used due to its fast, economical, and simple
characterization; it classifies honeys into seven shades of amber (water white, extra white,
white, extra light amber, light amber, amber, and dark)©. In Mexico, the study of the color
of honeys has revealed that this attribute varies from month to month, demonstrating the
change in floral resources throughout the year, with the lightest honeys coming from the
months with the highest flow of nectar (October-November)®?. Likewise, a strong
correlation has been found between antioxidant activity and color, with dark honeys having
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the highest capacity; this is similar to what has been reported in honeys from Tabasco®?),
where they show extra-light amber and light amber colors®®. Another fundamental factor in
the physicochemical characteristics of honeys is the pollen content® since, as it is
distinguished by its high content of proteins, vitamins, minerals, carotenes, xanthophylls,
phenols, and antioxidants, among others, its analysis is decisive to evaluate the quality of the
honey and botanical origin®4.

The state of Tabasco has several geographical areas that offer an important beekeeping
potential, where the mangrove is one of the ecosystems that can be exploited since it is
possible to obtain sweet and perfumed honey, even with a salty and bitter touch®®). According
to CONABIO®®), Tabasco has 49,225 ha of mangrove, where red mangrove (Rhizophora
mangle L.), black mangrove (Avicennia germinans L.), and white mangrove (Laguncularia
racemosa L.) are the species with the greatest presence, developing on Solonchak soils and
histosols generally rich in organic matter and nutrients®”). These mangroves are distributed
in the municipalities of Huimanguillo, Cardenas, Comalcalco, Jalpa de Méndez, Paraiso, and
Centla, where they offer important environmental and socioeconomic benefits, developing
as important productive systems®. Due to the fact that there are gaps in information in
research that documents and characterizes the honeys produced in these ecosystems, the
color, moisture, and pollen content in honeys from the mangrove area on the coast of the state
of Tabasco were determined and their characteristics are described in order to classify them
according to these parameters.

The honeys were collected from July to September 2022 through random sampling,
considering, for this purpose, the beekeepers of the Beekeepers Registry registered in the
Office of the Secretariat of Agriculture and Rural Development of the state of Tabasco, who
are located in the mangrove areas, as well as their availability to collaborate in this study.
The mangrove on the coast of the state is located approximately between the coordinates
18°00'31” and 18° 38' 53 N and 92° 25' 26 and 94° 07' 40” W; it is bordered to the north
by the Gulf of Mexico, to the south by Plan Chontalpa, to the east by the San Pedro and San
Pablo Rivers, and to the west by the Tonala River.

The samples were stored in 500 ml translucent plastic containers, labeled according to their
geographical origin, and transferred to the Food Laboratory of the College of Postgraduates,
Tabasco Campus, for analysis. The color was determined using a Hanna colorimeter, model
C 221, with direct readings in mm Pfund. The equipment was calibrated using glycerin as a
reference target and the readings were taken in triplicate. The honeys were classified
according to NOM-004“9, which classifies them according to the values of mm Pfund as
water white (0-8), extra white (9-16), white (17-34), extra light amber (35-50), light amber
(51-84), amber (85-114), and dark (115-140). Moisture percentage was measured in triplicate
using an ATAGO PAL-22S digital refractometer, Honey Moisture (12~30 %). The data
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obtained were used to perform a descriptive analysis of the qualitative variables of interest
(color and moisture) through the statistical software of R Core Team®?,

To characterize the pollen, a sample was chosen from each locality (10 in total), of which 50
g of each one was taken and analyzed using the melissopalynological method described by
NOM-00419, The identification of pollen grains was carried out by comparison with the help
of the pollen keys from the Reference Collection of the Palynology Laboratory of CIATEJ]
(Center for Research and Assistance in Technology and Design of the State of Jalisco, A.C.)
and specialized scientific papers®*2%. Honeys were characterized as monofloral when their
composition presented a pollen species with a percentage > 45 % or multifloral with several
pollen species present, sub-classified into: (a) oligofloral, dominated by two or more taxa of
a plant family with 16 to 44 %, (b) bifloral, with two relevant taxa from different botanical
families present from 16 to 44 %, and (c) strictly multifloral, with three or more taxa from
different families with percentages > 10 %. Finally, the most important pollen families were
identified based on their dominance in each sample.

To determine color and moisture, 17 samples were collected in the municipalities of Paraiso,
Comalcalco, Centla, and Cardenas; the localities of origin and the percentage of samples by

municipality is reported in Table 1.

Table 1: Number of honey samples collected, percentage by municipality, and localities of

origin
Municipality No. of Percentage Localities
samples

Paraiso 9 53 R/a. Las Flores 1st section, Ejido Carrizal
Puerto Ceiba, El Bellote, Ejido La Solucion
Somos Todos.

Comalcalco 5 29 R/a. L&zaro Cérdenas 1st section, R/a. José
Ma. Pino Suérez 3rd section R/a. Chicozapote.

Centla 2 12 La Union, Villa Vicente Guerrero.

Cérdenas 1 6 Ejido la Azucena 2nd section.

Figure 1 shows the location of the localities where the honey samples were collected, as well
as the municipalities of origin.
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Figure 1: A) Location of the localities where the honey samples were collected on the
coast of the state of Tabasco (Modified from SOTOP, 2019), B) Cardenas, C) Comalcalco,
D) Paraiso, E) Centla.

According to the values of mm Pfund in the honeys analyzed, the following colors were
found: extra light amber (47 % of the samples), white (29 %), light amber (12 %), amber
(6 %), and dark (6 %); this is similar to what was reported for multifloral honeys from
Guerrero, Mexico, where the variety of shades is attributed to the diversity of nectar-
polliniferous plants and the metabolites they contain®, originating from the floristic
composition of the ecosystem that changes throughout the year9). Figure 2 shows the shades
of the honeys collected: white (A, B, C, D, E), extra light amber (F, G, H, I, J, K, L, M), light
amber (N, N), amber (0), and dark (P).
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Figure 2: Colors of honey collected in the mangrove area of the state of Tabasco

A B C D E F G H | J K L M N N 0 P

The lightest shade was found in a white honey (12+0.6 mm Pfund), whereas the darkest shade
was for a dark-colored honey (120£1.2 mm Pfund) from Paraiso, as shown in Table 2. These
values are similar to those reported in honeys from Peru, where it was found that the color of
the honeys varied from extra light amber (44 mm Pfund) to dark amber (107 mm Pfund),
attributing this variation to melanoidins (pigments generated in the Maillard reaction), which
were also found in light, light amber, and dark honeys from Poland, these being the ones that
establish the differences between a light and a dark honey©%3D,

The light shades are characteristic of black mangrove (A. germinans) honeys®?),
accompanied by sweet and bitter flavors, even a little salty®®. In Tabasco, extra-light amber
and light amber honeys (46 to 68 mm Pfund) from different geographical areas have been
reported™®. These light shades have been linked to low mineral content, mild flavors, and
subtle aromas, whereas dark shades are associated with strong flavors and aromas, and high
content of pigments, antioxidants, and minerals®?. Therefore, the color of honey can be used
as an indicator of certain phytochemical compounds®:33:34),
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Table 2: Color and moisture of honey samples collected in the mangrove area of the state

of Tabasco
Sample mm Pfund Color® Moisture, %
(Mean = SD) (Mean = SD)
A 12+0.6 White 19.8+0.2
B 21+0.0 White 196+0.1
C 28+0.0 White 204 0.2
D 32+0.0 White 19.3+£0.2
E 32+1.2 White 21.3+£0.3
F 38+0.0 Extra light amber 21.9+0.2
G 40+ 0.6 Extra light amber 20.2+0.5
H 42 +£5.2 Extra light amber 228+0.1
I 45+ 0.0 Extra light amber 18.6 +0.1
J 45+£1.0 Extra light amber 19.3+0.2
K 46 +£6.4 Extra light amber 205+£0.3
L 48 £5.5 Extra light amber 205+0.1
M 49+3.1 Extra light amber 208+0.1
N 57+9.8 Light amber 19.1+05
N 76+9.0 Light amber 19.6+0.1
@) 114+ 0.6 Amber 18.9+0.1
P 120+ 1.2 Dark 189+0.2

The honeys analyzed had an average moisture of 20.1 %; however, 47.1 % of these (Table
2) do not comply with the provisions of NOM-004"% and the Codex Alimentarius® (20 %
maximum for Apis mellifera honeys). The highest values were for samples H, F, and E (22.8
+ 0.1, 21.9 £ 0.2, and 21.3 + 0.3 %, respectively), which could indicate that they were
harvested from uncapped honeycombs®, causing a short shelf life due to fermentation
problems®®. The variability in the moisture content (18.6 + 0.1 to 22.8 + 0.1) of the samples
could be influenced by the moisture of the nectar of the floral source and the conditions of
the environment since, in addition to the fact that the honeys are bifloral and multifloral
(Table 3), they come from the 2022 spring harvest, so the increase in temperatures and the
onset of rains in June®® increase the relative humidity of the environment and therefore that
of the nectar of the floral source®.

In relation to the light shades of the honeys produced by beekeepers in this area, 59 % of
them mention that this characteristic generates distrust in local consumers, so they have
resorted to mixing them with darker honeys from other apiaries, areas, or seasons;
nevertheless, it is important to preserve their original characteristics since each type of honey
has its market and price, so these honeys could be suitable for markets such as the United
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States, where they are preferred®’). Therefore, even though it represents more work for
beekeepers, it is important to keep honey from different apiaries, hives, and microregions
separate, allowing a wide variety of shades and physical, chemical, and microbiological
properties, targeting more specialized and demanding markets®%). In addition to this, good
beekeeping practices must be guaranteed to avoid dark tones generated by bad beekeeping
practices, such as heating®¥,

The melissopalynological analysis allowed to identify 34 pollen types, belonging to 7 plant
families; none of the samples was considered monofloral (with some dominant taxon
> 45 %), so all the samples were multifloral (Table 3), of which samples H and M were
subclassified as bifloral, where Fabaceae, Poaceae, and Asteraceae were the most important
botanical families (16 to 44 %); finally, sample P was subclassified as strict multifloral with
three taxa from different botanical families, where Myrtaceae, Fabaceae, and Sapindaceae
presented percentages > 10 %.

Table 3: Pollen classification of honey harvested in the mangrove area of the state of
Tabasco
Municipality Sample Locality Pollen Pollen families
classification

A El Bellote Multifloral -
Paraiso E Eji_do Carrizal Puerto ~ Multifloral -
Ceiba
H R/a. Las Flores 1st Bifloral Fabaceae, Poaceae
section
P Ejido La Solucion SomosStrict multifloral ~ Myrtaceae,
Todos Fabaceae, and
Sapindaceae
| R/a. Lazaro Cardenas 1stMultifloral -
section
Comalcalco K R/a. José Ma. PinoN/ID -
Suarez 3rd section
N R/a. Chicozapote Multifloral -
Centla M La Unidn Bifloral Poaceae and
Asteraceae
@) Villa Vicente Guerrero  Multifloral -
Cardenas C Ejido la Azucena2nd  N/ID -

section
N/ID= not identified due to low pollen content.

In Paraiso, there were multifloral samples that were subclassified as bifloral and one strict
multifloral (Table 3), which differs from what was reported in previous research for honeys
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in this municipality®®, where two monofloral samples of Cocos nucifera and Mimosa albida
were identified, respectively; nonetheless, a bifloral sample was also found, with C. nucifera
and Psidium guajava being the important pollen species. In Comalcalco and Cardenas, there
were honeys that were classified as multifloral, whereas for the municipality of Centla, a
bifloral sample was found, where the Poaceae and Asteraceae were the important botanical
families (16 to 45 %). In the case of samples K and C, they did not contain enough pollen
particles to determine their frequency, so they could not be classified. Figure 3 shows some
of the pollen types identified in the samples analyzed.

Black mangrove pollen was present in seven samples from the four municipalities, being
found as secondary pollen in sample E (26.6 %), which is a white honey from Paraiso, as
well as in sample N (17 %), which has a light amber coloration and is from Comalcalco. No
pollen from other mangrove species was found, which could be attributed to the abundance
of flowers from other plant species in the area and season since bees tend to discriminate and
select flowers by color, smell, or by type of pollen. Because of this, it is necessary to carry
out studies that allow the identification of these granules in the harvests of other seasons.

According to the total diversity of palynomorphs found in the honeys collected from the
coastal mangroves, nine important taxa were found, considering their presence in the honeys
in a percentage >10 %, the most representative being Poaceae type 1 (Poaceae), Asteraceae
type 1 (Asteraceae), Eugenia (Myrtaceae), Avicennia germinans L. (Acanthaceae), Mimosa
tenuiflora (Fabaceae), Mimosa albida Humb. & Bonpl. Ex Willd. (Fabaceae), Bursera
simaruba Sarg. (Burseraceae), Thouinia paucidentata Radlk. (Sapindaceae), and
Lonchocarpus punctatus Kunth (Fabaceae). Previous studies have identified important taxa
in these areas, such as Acanthaceae, Poaceae, and Fabaceae, among others®®),
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Figure 3: Pollen types found in honey samples collected in the mangrove area of the state

of Tabasco
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In conclusion, the honeys collected in the mangrove area of the coast of Tabasco and from
the 2022 spring harvest are multifloral honeys with light shades, where those of extra-light
amber and white colors predominate, with an average moisture content of 20.1 % (between
18 and 23 %), so these honeys could be suitable for entering into more specialized markets
if the moisture content established by the regulations to guarantee their quality from
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production to consumption is complied with. Likewise, although they could not be
considered as mangrove honeys in terms of pollen, black mangrove pollen grains were found
in 70 % of the samples analyzed, and as secondary pollen in 2 of them, so the mangrove is
an ecosystem that can be considered important for beekeeping production in the area.
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