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RESUMEN GENERAL

EVALUACION PRODUCTIVA Y ECONOMICA DE LA ADICION CON
GRASA DE SOBREPASO A LA DIETA DE OVINOS EN FINALIZACION

Las zonas aridas albergan a productores agricolas y ganaderos que tienen
esta actividad como su principal sustento. No obstante, el clima esta
cambiando y ha provocado desafios que son necesarios atender. Por lo
tanto, es necesario generar conocimiento que permita resolver los desafios
derivados del cambio climatico. En particular, para los productores pecuarios,
la alimentacién del ganado representa una parte vital en sus producciones, y
el uso de grasa en dieta puede ser prometedor. Sin embargo, es necesario
estudiar a fondo el efecto de las grasas, en particular las ruminalmente
protegidas sobre los parametros productivos del ganado. Ademas, es
necesario hacer una evaluacion econdémica de las mismas. Por esta razon,
se evaluara el uso de grasa protegida (GP) en la produccion ovina, que
permitan al productor aumentar la productividad, reducir costos de
alimentacion y mejorar la rentabilidad de Las granjas. El objetivo del estudio
fue evaluar productivamente la adicion de grasa protegida a la dieta integral
de ovinos en finalizacién. Para ello, se utilizé un disefio completamente al
azar con 3 tratamientos y 7 repeticiones (T1= 100 g de GP; T2= 50 g de GP;
T3= Sin inclusion de GP). Cada semana se midi6 la temperatura corporal en
ayunas, 1y 3 h después de servir el alimento. Asimismo, cada dia el consumo
de agua, alimento, temperatura ambiental y humedad relativa. Los resultados
mostraron que la inclusion de GP en la dieta de corderos con 50 g por dia
incremento el consumo de materia seca (p <0.01), agua (p <0.01) y peso vivo
final (p 0.04). Ademas, propicio una disminucion de la temperatura rectal (p
<0.01) y de cabeza (<0.01). Con base en ello, se concluye que, para mitigar
el estrés caldrico, se recomienda utilizar dietas altas en energia, y la
suplementacion con grasa protegida ha demostrado mejorar la
termorregulaciéon y el rendimiento productivo en corderos en ambientes
calurosos.

Palabras clave: Suplementacion, ovinos de pelo, estrés caldrico, grasa de
sobrepaso.

Tesis de Maestria en Ciencias, Posgrado en Recursos Naturales y Medio Ambiente en Zonas
Aridas, Unidad Regional Universitaria de Zonas Aridas.

Autor: Alma Berenice Jaramillo Castro

Director de tesis: Dr. Marco Andrés Lopez Santiago



GENERAL ABSTRACT

PRODUCTIVE AND ECONOMIC EVALUATION OF ADDING EXCESS
FAT TO THE DIET OF SHEEP IN FINISHING.

Arid areas are home to agricultural and livestock producers who rely on these
activities to make a living. However, climate change has created challenges
that must be addressed. Therefore, it is necessary to generate knowledge
that will help us solve these problems. For livestock producers in particular,
feed is a vital part of production, and using fat in the diet may be promising.
Nevertheless, the effect of fats, particularly rumen-protected fats, on
livestock production parameters must be thoroughly studied. An economic
evaluation of these fats is also necessary. For this reason, this study will
evaluate the use of protected fat (PF) in sheep production to help producers
increase productivity, reduce feed costs, and improve farm profitability. This
study aimed to evaluate the effects of adding PF to the complete diet of
finishing sheep on their productivity. A completely randomised design with
three treatments and seven replicates was used for this purpose (T1 = 100
g PF; T2 =50 g PF; T3 = no PF). Body temperature was measured on an
empty stomach every week, and again one and three hours after feeding.
Water and feed intake, ambient temperature and relative humidity were also
measured daily. The results showed that including 50 g of PF in the diet of
lambs per day increased dry matter intake (p < 0.01) and water intake (p <
0.01), as well as final live weight (p = 0.04). Additionally, it led to a decrease
in rectal and head temperature (p <0.01). Based on these findings, it can be
concluded that diets high in energy are recommended to mitigate heat stress,
and that supplementation with protected fat improves thermoregulation and
productive performance in lambs in hot environments.

Keywords: Supplementation, hair sheep, caloric stress, fattening.

Master’s Thesis in Science, Graduate Program in Natural Resources and Environmental in
AridZones, Universidad Auténoma Chapingo, Regional University Unit of Arid Zones.
Author: Alma Berenice Jaramillo Castro Advisor: Dr. Marco Andrés Lépez Santiago



CAPITULO 1. INTRODUCCION GENERAL

En el mundo existen 1,266 millones de cabezas de ganado ovino distribuidos
principalmente en China (IWTO, 2022). La produccion mundial de carne de ovino
aumento 1.8% llegando a 16.4 millones de toneladas en el afio 2021. China es el
mayor productor con 31% (FAO?, 2022). En México, se tiene un inventario de
8,805,206 cabezas de ganado ovino (SIAP, 20232), y una produccion de 67 mil
toneladas de carne en canal, con un incremento anual de 2.1%. Lo cual, genera
una derrama econémica de 323 millones de dolares (SIAP, 2023P). Este nivel de
produccién posiciona a México en el lugar 30° a nivel mundial (SIAP, 2023P).
Asimismo, para el pais es una actividad de gran beneficio tanto econémico como
sociocultural. Ademas, existe una demanda creciente y constante de la carne de

ovino en el pais (Calderén-Cabrera et al., 2022).

Debido a esta creciente demanda, se ha impulsado el crecimiento de la
ovinocultura en México (Devi et al., 2020). Sin embargo, la produccion nacional
no cubre la demanda de carne ovina en el pais (SIAP, 2023P). Esto abre
oportunidades para mejorar la productividad de los sistemas de produccién en
México ya que se tiene un déficit sostenido en la demanda nacional (SIAP,
2023P). En este sentido, la ovinocultura es una actividad que tiene la capacidad
de producir bajo condiciones de estrés ambiental (Barragan et al., 2021). Sin
embargo, dichas condiciones pueden afectar en forma negativa la productividad
de los animales (Zhang et al., 2020). Algunos de los efectos que se observan,
son la disminucidn en el consumo de alimento, incremento de la tasa respiratoria,
incremento en la transpiracidn y aceleracion del ritmo cardiaco, ya que se busca
encontrar la homeostasis en el animal (Vicente et al., 2020). No obstante, estos
mecanismos fisioldgicos de regulacion requieren un gasto energético en extremo
demandante, lo cual impacta la ganancia diaria de peso y puede afectar la calidad

de los productos que se obtienen (TUfekci y Sejian, 2023).

Para mitigar estos efectos negativos se han propuesto diferentes estrategias.

Una de ellas consiste en modificar el ambiente, a través del uso de extractores,



salas de bano, ventiladores, aspersores y techos elevados (Almuhanna et al.,
2021). Otro implica el manejo nutricional, en esta estrategia se hace uso de
grasas debido a su alta densidad energética, ademas de su versatilidad en el
momento del mezclado de la racién. Al respecto, Coppock y Wilks (1991) tras
incluir una grasa de sobrepaso en ovinos en engorda, sugirieron que, al aumentar
la densidad energética de la dieta, incrementa también el consumo de energia
con una ingesta constante de materia seca. Por lo que el uso de una grasa de
sobrepaso pudiera ayudar a incrementar la productividad del sistema ovino bajo

condiciones ambientales adversas, particularmente en climas calidos.

Por otra parte, se ha reportado que en ovinos de pelo las condiciones de
normotermia oscilan entre los 38.3 y 39.9 °C (Vicente et al., 2020). Sin embargo,
en el Norte de México, las temperaturas maximas ambientales que se han
reportado van de los 45 a 52 °C (CONAGUA, 2020; SMN, 2024), lo que supone
efectos negativos en la produccién ovina, pues la temperatura ambiental supera
en forma amplia la zona de normotermia de los animales. Por lo anterior, es
necesario generar o validar estrategias que ayuden a mitigar los efectos
negativos del clima para ovinos de pelo. En particular, debido a que el cambio
climatico ha ocasionado que en diversos paises se hayan superado los récords
histéricos de temperaturas maximas registradas. Por ejemplo, en Europa
Continental se registré un nuevo récord de temperatura de 48.8 °C (OMM, 2024),
en Australia y Uruguay se registraron temperaturas de 50.7 °C (Melo, 2023). En
estas regiones se realiza una produccion intensiva de ganado ovino por lo que
los efectos adversos del cambio climatico afectan la productividad de dichos
animales. Con base en ello, es necesario encaminar esfuerzos para generar
estrategias que ayuden a combatir los efectos adversos del cambio climatico en
los indicadores productivos del ganado. Por lo tanto, el objetivo del estudio fue
evaluar el comportamiento productivo y econdmico de ovinos de pelo al incluir
grasas de sobrepaso en la dieta, como estrategia para mitigar el estrés térmico

en un clima calido seco.

1.1 Justificacion



Dentro de las zonas aridas se encuentran productores que se dedican a la
agricultura y ganaderia como su principal actividad de subsistencia. Debido a
esto se esta alterando el ecosistema por lo que, se busca realizar actividades que
permitan hacer mas sostenible y sustentable el sistema de produccion y con ello
hacer mas eficiente el uso de recursos y obtener una mejora productiva,
ecoldgica y social (Feng y Fu, 2013; Tarango, 2005; Red Mexicana de Cuencas,
2022).

El potencial nutritivo de la raciéon alimenticia influye en los comportamientos
alimenticios de los animales, pues esta mejora el rendimiento de la carne en canal
(Bastos et al., 2014). Se sabe que la suplementacion en la dieta de alimento de
pequefios rumiantes es necesaria para aumentar la eficiencia productiva, pero
aun falta mucho por investigar que alimentos alternativos son utiles para lograr

tener productividad a menor costo (Oliveira et al., 2017).

Segun Herrero et al. (2013), actualmente los sistemas de produccion que se
desarrollan en regiones aridas y semiaridas exigen un enfoque en la alimentacion
estratégica y el uso sostenible de los recursos locales. Ya que existen carencias
en la calidad y cantidad de alimentos para logar una alta productividad animal.
La adaptacion que tienen los ovinos a ambientes aridos y al estrés por calor esta
dada por una interaccion entre los mecanismos de termorregulacion y la

presencia de factores genéticos.

Estudios realizados por Vicente et al. (2020) describen que en México los ovinos
de pelo se distribuyen en diferentes climas debido a que no presentan
estacionalidad reproductiva, por lo que esta caracteristica permite a la industria
ovina mantener una produccion de carne constante a través del ano. Sin
embargo, se tiene poca informacion sobre poca la habilidad para producir en

condiciones de estrés por calor.



PEREIRA (2011) realizé un estudio midiendo la inclusién de niveles crecientes
de grasa protegida (GP) en la dieta de corderos mestizos Suffolk sobre el
desempefio y caracteristicas de la canal y costos de la fase de terminacion y
obtuvo como resultados un mayor peso en la canal de los animales
suplementados con GP. Sin embargo, es necesario estudiar mas a fondo el
verdadero efecto de las grasas protegidas sobre parametros productivos en
ganaderia y ademas realizar una evaluacion economica de las mismas, ya que
la mayor parte de los trabajos publicados no contempla ese aspecto. Por esta
razon, se plantea el uso de suplementos energéticos como la grasa de sobrepaso
en la produccion ovina, que permitan al productor aumentar la productividad de

los animales, reducir costos de alimentacion y mejorar la rentabilidad del sistema.

1.2 Objetivo

Evaluar productiva y econémicamente la adicidén de grasa de sobrepaso a la dieta

integral de ovinos en finalizacion.

1.3 Hipétesis

Ha: La adicion de grasa de sobrepaso en raciones integrales disminuye la
produccion de calor y mejora positivamente la rentabilidad en el sistema

productivo ovino.



CAPITULO 2. REVISION DE LITERATURA

Las zonas aridas son sitios con escasez de agua en el suelo, con precipitacion
media anual de 350 a 600 mm y temperaturas extremas a lo largo del afio
(Tarango, 2005). Estas componen el 41% de la superficie terrestre y son
habitadas por mas del 30% de la poblacion (Feng y Fu, 2013). En el Norte de
América las superficies aridas cubren poco mas del 30% y se estima que México
cuenta con alrededor del 41% de estas zonas en su territorio, las cuales son

habitadas por el 18% de la poblacién nacional (Red Mexicana de Cuencas, 2022).

En México el 52% de las regiones aridas y semidridas se caracterizan por tener
una cobertura vegetal compuestas por matorrales. Dicha cobertura vegetal es
afectada negativamente por actividades humanas con la reduccion del 0.89% al
afo. Actualmente, estas areas enfrentan una problematica de sobreexplotacion
de sus recursos naturales y del medio ambiente. La degradacion se debe en parte

a las actividades agropecuarias intensivas (Hernandez, 2006).

El problema principal que enfrenta la ganaderia extensiva y semi-intensiva que
se practica en regiones aridas y semiaridas de México es la disponibilidad de
alimento de buena calidad, ademas del manejo tradicional que se les brinda. El
pastoreo es la principal fuente de alimento para los animales en estas zonas. Por
lo tanto, los grupos humanos que subsisten gracias a la ganaderia han aprendido
a manejar los espacios en condiciones complejas de aridez, a adaptarse a la
ausencia prolongada de lluvias y a conocer el comportamiento fenoldgico de las
especies vegetales de los agostaderos (Aguirre-Rivera y Negrete-Sanchez,
2017).

2.1 Situacién actual de los sistemas de produccién ovina a nivel mundial

Actualmente se cuenta con una poblacién de mas de 1000 millones de cabezas
de ganado (Miller y Lu, 2019). De acuerdo con lo reportado por la Food and
Agriculture Organization-FAOP (2022), la poblacién mundial de ovinos se

encuentra distribuida alrededor del mundo de la siguiente manera: Asia (49.2%),



Africa (27.9%), Europa (8.7%), Oceania (7.5%) y finalmente en América (6.7%).
Los paises con mayor numero de cabezas de ganado ovino en el mundo son
China con el 14%, luego le sigue la India y Australia con el 5% y México por su
parte cuenta con solo el 1.33% de la poblacién mundial (International Wool Textile
Organisation, 2022). La produccion de carne ovina es de 9 millones de toneladas
a nivel global y los principales productores son los paises en desarrollo (FAQO¢,
2018).

2.2 Sistemas de produccién ovina en zonas aridas.

Los sistemas de produccion de ovinos en México tienden a desarrollarse en
zonas de aridéz (Baraza et al., 2008), por lo que los sistemas estan determinados
por la disponibilidad de recursos, ademas de las tradiciones de consumo. La
produccion intensiva tiene una duracion de 120 a 150 dias, iniciando la engorda
después del destete para llegar a un peso de 35 a 40 kg en un lapso de 75 a 90
dias (SIAPd, 2024).

Actualmente la produccion ovina cuenta con 8.9 millones de cabezas de ganado
(SADER,2019) y la mayor produccion de carne ovina proviene de ganado criollo
o cruzas (SIAP, 2020). Hoy en dia el consumo per capita nacional se encuentra
en 560 g de carne por persona (SIAPd, 2024). En México la ovinocultura se centra
principalmente en la zona centro del pais y el Estado de México es el principal
productor con 9,447 toneladas de carne, seguido de Hidalgo con una produccién
de 6,853 tonleadas (SIAPd,2024), Durango por su parte cuenta 64,280 cabezas
de ganado ovino y la Regién de la Comarca Lagunera cuenta con 13,147 cabezas
(SIAPe, 2023), por lo que representa una importante actividad ganadera para las

familias de estas regiones (Calderén-Cabrera et al., 2022).

2.2.1 Sistemas de produccion ovina en la Comarca Lagunera

La Comarca Lagunera es una region caracterizada por su clima seco, bajos
recursos hidricos y temperaturas extremas que van desde los 45.3° C en verano

y 8°y 0° en invierno, ademas cuenta con sequias prolongadas en invierno y una



sequia corta en verano, por lo que segun Enriqueta Garcia su clima es
BWhw"(e"), arido seco (SADER-RL, 2024).

La actividad ganadera ovina que se desarrolla en la Comarca Lagunera se
caracteriza por la produccion intensiva, la cual se distingue porque los animales
se encuentran confinados en corral (estabulados). Los ovinos tienen una
alimentacion balanceada con la finalidad de lograr altas producciones de leche y
carne para mercados dirigidos (Haenlein, 2001). Asimismo, cuentan con
alojamiento, atencion veterinaria, dietas integrales que se componen de pastos,
ensilados, henos, vitaminas y minerales (Niderkorn et al., 2015). Por otro lado,
también se cuenta con el sistema semi-intensivo que se caracteriza por tener los
animales en pastoreo en terrenos con vegetacion natural y después son
confinados en corrales o instalaciones donde se les administran suplementos con
concentrados y forrajes (Peacocka y Shermanb, 2010). Ademas, en este sistema
se garantiza que los animales satisfagan los requerimientos de agua y alimento
(Rua et al., 2017).

2.3 Bienestar animal y comportamiento

Se entiende por bienestar animal el estado fisico y mental, asi como la relacién
con el medio ambiente en el que vive y muere un animal. El comportamiento
natural es un criterio para determinar el bienestar animal (Browning, 2019;
OMSA, 2024). De tal forma que para evaluar las necesidades de bienestar de los
animales se pueden utilizar criterios que comprenden el estado mental,
comportamiento, nutricién, medio ambiente y salud, con la finalidad de que se
reduzcan los riesgos para la sanidad animal y la salud humana a través de una
produccion adecuada (OMSA, 2017).

Hoy en dia en los sistemas de produccion ganadera, la salud y el bienestar animal
son de vital importancia, ya que estos pueden ser afectados por el medio
ambiente en el que se desarrollan los animales y por ende tener repercusiones
(Blanco-Penedo et al., 2020). Debido a esto, en los ultimos afios se ha estudiado

el vinculo que tiene la cultura y la ciencia con la calidad de vida que se les brinda



a los animales, dando como resultado argumentos soélidos y fundamentados
cientificamente sobre el impacto positivo y negativo que resulta de las
condiciones en las que se establezca la produccién animal, ya que hoy en dia
para los consumidores en mas inquietante conocer la manera en la que se

producen los alimentos que llegan a su mesa (OMSA, 2024).

La importancia del bienestar animal sobre los sistemas productivos recae en el
desempefio productivo y reproductivo del animal. Cuando el animal se encuentra
en disconfort se manifiestan ciclos irregulares en la reproduccion y produccion
lactea y carnica y en consecuencia menor ovulacion, baja tasa de gestacion y

menor ganancia de peso (Cérdova-lzquierdo et al., 2009; Munilla et al., 2019).

2.4 Cambio climatico y la produccion ovina.

Actualmente la produccién ovina enfrenta problemas debido al cambio climatico
y con ello al aumento de temperatura ambiental, por lo que este sector necesita
ser mas eficiente, sustentable y sostenible para logar el bienestar de los animales
y mantener una produccion estable (Sanchez-Mendoza et al., 2020; Sejian et al.,
2017). Las consecuencias de este fendmeno a nivel global repercuten en la salud
y la produccién, ya que viene acompanado de fendbmenos meteorolégicos que

afectan directamente al animal (Blanco-Penedo et al., 2020).

Los ovinos se adaptan a diferentes climas, sin embargo, el cambio climatico ha
generado un desequilibrio en la eficiencia reproductiva y productiva de los
animales (Sejian et al., 2017). Lo cual, se debe a multiples cambios fisiologicos
en el animal cuando este se encuentra expuesto a altas temperaturas, causando

un estrés térmico, nutricional e hidrico (Kandemir et al., 2013; Sejian et al., 2017).

Cuando el animal es expuesto a temperaturas extremas tiende a realizar
mecanismos regulatorios y compensatorios para volver a la homeoterima, por lo
que al realizar esta activacion adaptativa se ve afectado su rendimiento

productivo, debido a la utilizacién y desviacion de la energia para mantener el



equilibrio térmico corporal (Figura 1) (Indu et al., 2014; Sejian et al., 2017; Vicente
et al., 2020).
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Figura 1. Conceptos relacionados con el cambio climatico y la produccion ovina
(Sejian et al., 2017).

2.5 Importancia del estrés por calor

El Cambio Climatico es evidente ya que, se muestran alteraciones en los
patrones de distintas variables climaticas la temperatura, humedad relativa,

precipitacion y los niveles de radiacion solar a nivel mundial. Se tienen registros



de un incremento en la temperatura ambiental en los ultimos afios (Corrales-
Navarro, 2018), y debido a estos incrementos se tienen repercusiones negativas
en el sector pecuario, particularmente en zonas aridas y semiaridas del mundo
(Kadzere et al., 2002; Avendaio-Reyes et al., 2004; Martinez-Partida et al., 2011;
Vicente et al., 2020).

El estrés por calor es el conjunto de cambios fisiolégicos que se manifiestan en
los animales que se desarrollan en ambientes con altas temperaturas, de tal
manera que reducen su eficiencia productiva, por lo que disminuye la ganancia
diaria de peso, la produccién de leche y la reproduccion (Armendano, 2016). La
exposicidon de los animales a temperaturas elevadas aumenta los esfuerzos por
disipar el calor corporal, por lo que resulta un incremento en las tasas de
respiracion, temperatura corporal, consumo de agua y disminucion del consumo
de materia seca (Marai et al., 2002), de esta manera los animales se pueden
encontrar en rangos de temperaturas donde no se permite expresar su maximo
potencial genético, viéndose afectada su productividad (Cedeno, 2017). Cuando
los animales son afectados por la exposicidn a altas temperaturas las variables
fisiolégicas pueden variar de manera significativa dependiendo el sexo, raza,
composicién corporal, edad del animal y época del afio, asi como las variables

climatoldgicas (Furtado et al., 2021; De Sousa-Silva et al., 2024).

2.6 Impacto en la produccién de calor metabdlico

Cuando un animal sobrepasa los limites de temperatura termoneutral y supera la
carga total de calor, disminuye la capacidad para disiparlo y en consecuencia
provoca un estrés térmico (Bernabucci et al., 2010; Espinosa y Cordova, 2018).
Debido a esto se genera un balance energético negativo entre la cantidad de
energia neta que fluye del animal hacia el ambiente y la cantidad de energia
térmica producida por el mismo, activando asi mecanismos compensatorios
como conduccion, radiacion, conveccion y evaporacion para regular la

temperatura (St-Pierre et al., 2003; Espinosa y Cordova, 2018).



Un animal se encentra en normotermia cuando la temperatura corporal se
encuentra en los niveles adecuados para mantener el metabolismo normal, en
donde el gasto energético metabdlico es minimo para enfriar o calentar el cuerpo
del animal en funcion (De Sousa-Silva et al., 2024). Cuando estos niveles no
logran ser estables se produce un aumento de temperatura central corporal y en
consecuencia se eleva la temperatura rectal, ademas aumenta el flujo sanguineo
a través de la piel, provocando sudoraciéon excesiva y elevando la tasa
respiratoria con la finalidad de disipar el calor generado en el menor tiempo
posible (Carvalho et al., 2019; De Sousa-Silva et al., 2024).

El impacto que genera el estrés por calor en corderos de engorda se ve reflejado
en la baja tasa de crecimiento y la reduccién de la eficiencia alimenticia (Vicente-
Pérez et al.,, 2020), ademas en carneros provoca la diminuciéon en las
concentraciones de testosterona, baja fertilidad y calidad seminal y un dafo en
la morfometria y material genético espermatico (Barragan-Sierra et al., 2021). Por
otro lado, en las hembras las afecciones también se ven reflejadas en su fisiologia
reproductiva causando baja tasa ovulatoria, baja fertilidad y desarrollo del

embrion deficiente (Figura 2.) (McManus et al., 2020).
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Figura 1. Descripcién de la influencia del estrés térmico en diversas actividades
reproductivas de las ovejas (Sejian et al., 2017).

Estrés por calor

2.7 Fisiologia de la termorregulacion en ovinos.

La termorregulacién es la capacidad de conservar la temperatura corporal en las
condiciones variables del ambiente mediante la homeostasis (Sanmiguel y Diaz,
2011; AL-Ramamneh, 2023). Estudios realizados por Naves et al., 2009, indican
que la zona termoneutral para ovinos oscila entre los 12 y 27 °C considerando
una temperatura ambiental que no sobrepase los 30 °C. Sin embargo, para
ovinos de pelo adaptados a climas con altas temperaturas esta zona se ubica
entre 38.3 a 39.9 °C (Vicente et al., 2020).

La adaptabilidad de los ovinos a ambientes con variaciones extremas de
temperatura se realiza mediante mecanismos conductuales, genéticos,

fisiologicos y morfologicos. Dicha adaptacion se genera a través de una red de



genes con marcadores de ADN especificos en todo el genoma que aumentan la

tolerancia al calor (AL-Ramamneh, 2023).

Cabe mencionar que los pequefios rumiantes tienen la capacidad de adaptarse
mas facilmente a ambientes con temperaturas extremas a diferencia de otros
mamiferos (Vicente et al., 2020). La temperatura optima entre ellos varia segun
las necesidades energéticas y el medio en el que se desarrollen (Castro-Lima et
al., 2022; AL-Ramamneh, 2023), aunque esto no quiere decir que no tengan
alteraciones fisioldgicas que afecten su bienestar. Cuando el organismo
experimenta niveles elevados de calor aumenta la susceptibilidad a las
enfermedades, debilita el sistema inmunoldgico y repercute negativamente en la
produccion y reproduccion natural (Collier et al, 2008; McManus et al, 2020; AL-
Ramamneh, 2023).

La tolerancia que experimentan los ovinos de pelo al calor extremo, es el
resultado de adaptaciones fenotipicas y genéticas a lo largo de los anos
(Rashamol et al., 2018; Vicente et al., 2020). Sin embargo, la estructura de su
pelaje cumple funciones importantes, ya que favorece la perdida de calor por
conveccién y evaporacion, ademas de evitar que la radiacion solar llegue directa
al manto de la piel (Leite, 2017; McManus et al., 2020; AL-Ramamneh, 2023).
Esto permite que se activen receptores para regular la cantidad de sangre, la
ereccion del pelo y la actividad de las glandulas sudoriparas, cuando el animal

se encuentra en situaciones criticas ambientales (Sanmiguel y Diaz, 2011).

Como respuesta al estrés caldrico el ovino realiza modificaciones fisiologicas
reduciendo la tasa metabdlica basal, la estabilidad acido-base y el equilibrio
hormonal (AL-Ramamneh, 2023), por lo que se produce una disminucion de
hormonas anabdlicas y una elevacion de hormonas catabdlicas (Bernabucci et
al., 2010; McManus et al., 2020). De tal forma que entre las hormonas que
destacan se encuentra la hormona adrenocorticotrépica, somatotrdpica,

tirotrépica, prolactina y hormona foliculo-estimulante y luteinizante, las cuales se



pueden observar a nivel plasmatico para revelar el nivel de estrés en el animal
(McManus et al., 2020; AL-Ramamneh, 2023).

Cuando el animal se encuentra en situacion de estrés térmico, a nivel genético
se desarrollan mecanismo de defensa. Collier et al. (2008) mencionan que se
produce la activacion del factor de transcripcion de choque térmico, existe mayor
expresion de proteinas de choque térmico (HSP) y menor expresion y sintesis de
otras proteinas, se genera oxidacion de glucosa y aminoacidos y menor
metabolismo de acidos grasos y el sistema endocrino e inmunoldgico se activan
a través de la secrecion extracelular de HSP. De tal forma que la respuesta
geénica al estrés por calor es activada por proteinas de expresion genética como
la HSP, proteina de choque térmico que entra en funcién protegiendo al sistema
de un choque circulatorio, la hipertermia y la isquemia cerebral (Collier et al.,
2008), ademas de la HSP70 cumple la funcion citoprotectora en el rifidn,

intestinos y embridén en la hembra (McManus et al.,| 2020).

2.8 Suplementacion con grasa de sobrepaso en ovinos.

La grasa de sobrepaso es un suplemento alimenticio que proporciona energia a
los animales rumiantes, su principal caracteristica es que permanece
quimicamente estable en el rumen durante el proceso de digestion, pero su
desdoblamiento y asimilacion sucede en la parte final del sistema digestivo del
animal, por lo que los microorganismos ruminales no actuan sobre ésta (Pacheco
et al.,, 2021). Las grasas protegidas son una fuente de &acidos grasos
insaturados, principalmente de los acidos grasos linolénico (Omega 3) y linoleico
(Omega 6), los cuales son consumidos y utilizados totalmente por el animal
(Duarte et al., 2016).

La suplementacién con grasas protegidas se ha realizado en los ultimos afios con
la finalidad de obtener mejoras productivas y econdmicas para el sistema de
produccion. Paiva (2010) encontré que al suplementar con grasas protegidas la

dieta de corderos, se reduce el consumo de materia seca, pero se tiene un



aumento en el rendimiento y produccion de carne, por lo que los animales tienden

a ganar mas peso.

Estudios realizados por Giraldo y Uribe (2012) y por Hernandez y Diaz (2011)
revelan que al adicionar a la dieta algun tipo de grasa de sobrepaso se tiene un
efecto positivo en la produccidén y reproduccion de los animales, ya que se
aumenta a la racion la densidad energética. Los pequefios rumiantes son
considerados como fuente de oportunidad de mercado en México, ya que la
demanda de carne proveniente de ovinos y caprinos supera la oferta (Menocal et
al., 2006), por lo que se considera que la produccion de los mismos puede ser
una fuente de ingresos alternativa para las personas del medio rural (Martinez-
Marin et al., 2011).
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ABSTRACT

Heat stress significantly influences productivity, especially in arid regions where
temperatures often exceed the thermoneutral limits of lambs. This study evaluates
the effects of rumen-protected fat supplementation as a heat stress mitigation
strategy on productive behavior and thermoregulation of Dorper lambs in a hot,
dry climate. Twenty-one lambs were assigned to three treatments receiving 0, 50
and 100 g d-1 of rumen-protected fat. For 13 weeks, data were collected on dry
matter and water intake, body temperature (monitored by thermography and
rectal measurements) and weight gain. Lambs receiving 50 g d-1 of protected fat
showed an increase (P < 0.05) in dry matter and water intake and experienced
lower rectal and cephalic temperatures compared to the control group. However,
the study noted that high levels of protected fat (100 g d-1) could negatively affect
intake. These results suggest that protected fat is a viable dietary strategy to
improve heat tolerance in lambs, promoting productivity and welfare in adverse
thermal environments. Likewise, the use of noninvasive thermography provided
information on temperature variation in different regions of the body, although it
was less sensitive to changes under conditions of mild heat stress.

Keywords: Body temperature, Energy consumption, Sheep, Thermal equilibrium,
Thermography, Heat stress.
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3.1 Introduction

High temperatures during the summer season surpass the thermoneutral zone of
sheep, causing body temperature to rise (Nicolas-Lopez et al.,, 2021). The
increased body temperature triggers physiological and behavioral changes in the
animal, trying to reestablish thermal equilibrium (Vicente-Pérez et al., 2020). Such
changes include a decrease in feed intake and, an increase in respiratory,
transpiration, and heart rate (Macias-Cruz et al., 2016). If these mechanisms fail
to achieve thermoneutrality, the animal enters a state of heat stress (HS)
condition, negatively affecting animal productivity (Zhang et al., 2020) by
increasing energy expenditure in biological maintenance. This ultimately
decreases feed efficiency (Macias-Cruz et al., 2020) and animal quality products
(Tufekci & Sejian, 2023).

Climate change is emerging as a significant constraint on lamb production,
particularly in regions prone to rising temperatures and humidity. Although sheep
exhibit some resilience to heat, young lambs are especially vulnerable due to their
higher metabolic demands and limited thermoregulatory capacity. Rahimi et al.
(2021) project an increase in the frequency of “Severe/Danger” heat stress events
across East Africa, with implications for growth performance, immune function,
and survival rates in lambs. Heat stress can reduce feed intake, impair rumen
function, and compromise postnatal development—factors that collectively
threaten productivity and economic viability. As climate pressures intensify, it
becomes critical to implement adaptive strategies—such as thermotolerant
genetics, dietary interventions, and microclimate modifications—to ensure

sustainable lamb production under increasingly hostile environmental conditions.

Sheep are considered tolerant to HS deleterious effects (Nicolas-Lépez et al.,
2021; Barragan et al., 2021). However, to improve the welfare and productivity of
sheep suffering HS, animals should be provided with high-energy diets (Coppock
& Wilks, 1991), such as those with protected fats. Protected fats are energy-dense

ingredients that help regulate physiological response and metabolic homeostasis



(Saeed & Khalaf, 2014). Which in turn improves the thermoregulatory capacity
and productive behavior of lambs under HS. It is documented that dietary
supplementation with protected fat in ruminants induces a positive change in
cellular glucose uptake (Hotger et al., 2013; Granados-Rivera et al.,, 2017;

Halakoo et al., 2020), resulting in improved metabolic response to HS.

Although the use of protected fat in the management of lambs’ thermoregulation
under HS conditions has been studied, the results show a high variation in the
overall response on growth performance and body temperature behavior (Choi et
al., 2016; Dunshea et al., 2017; Dos Santos et al., 2019; Halakoo et al., 2020).
This generates the need for further research to optimize protected fat
supplementation as a nutritional strategy to improve the thermoregulatory
capacity and productive performance of meat-producing lambs in hot

environments.

On the other hand, it is also necessary to have tools to help determine HS in
lambs. In this regard, rectal temperature is a physiological constant that works as
an indicator of heat tolerance and health status. However, the traditional method
for the evaluation of this physiological constant implies the insertion of a manual
thermometer into the animal rectum, being an invasive activity because it requires
a firm hold of the animal. Consequently, additional stress occurs in the animal,
which can lead to an overestimation of rectal temperature (Godyn et al., 2019).
Therefore, it is necessary to make use of non-invasive techniques to evaluate the
response of dietary ingredients as a strategy to decrease the HS in animals,
without generating further stress. In this regard, the use of thermography seems

to be a viable option (Ghezzi et al., 2024).

While previous studies have established some benefits of dietary fat
supplementation in ruminants under heat stress, critical knowledge gaps remain
regarding the dose-dependent effects of protected fat inclusion on both
thermoregulation and productive behavior, the threshold beyond which fat

supplementation may impair intake or metabolic balance, and the suitability of



thermographic imaging for evaluating thermal responses under mild to moderate
heat stress, which remains an underexplored area despite the growing interest in

non-invasive physiological assessments.

Moreover, there is limited integration of thermographic monitoring with
performance outcomes to assess the thermal resilience conferred by dietary
interventions. This methodological gap constrains the development of reliable
tools for early HS detection and the validation of nutritional strategies in field

conditions.

The novelty of the present study lies in its dual approach. 1) Evaluating the
physiological and productive effects of graded levels of rumen-protected fat in
lambs under naturally occurring heat stress conditions, and 2) validating infrared
thermography as a complementary, non-invasive monitoring tool alongside
traditional temperature metrics. This approach enables a more nuanced
understanding of the nutritional-physiological interface under thermal stress and

addresses current gaps in precision heat stress management in small ruminants.

Therefore, the objective of this study was to evaluate the effects of supplementing
rumen-protected fat in the diet of fattening lambs on their productive behavior and
body temperatures using thermographic tools. The findings of this study may
contribute to the development of refined feeding strategies and non-invasive
diagnostic tools for managing heat stress in sheep production systems,
particularly in arid and semi-arid regions where thermal challenges are recurrent

and intensifying under climate change scenarios.

3.2 Materials and methods
3.2.1 Ethics statement

The animals were handled in accordance with the Mexican Official Standard
NOM-062-Z0O0-1999. Technical specifications for the production, care and use of

laboratory animals, were taken into consideration to maintain the welfare and



health of the animals during the experimental period (SENASICA, 2016) under
the institutional committee agreement SIGI: 12221936526.

3.2.2 Location, lambs, experimental design, and treatments

The study was conducted at the Zootechnical Station of the Unidad Regional
Universitaria de Zonas Aridas of the Universidad Auténoma Chapingo (UACh) in
Bermejillo, Durango, Mexico. The place is located at 25° 52'28" N and 103° 37'07"
W at 1119 m. In accordance with the Kdppen climate classification, the region is
designated as BWhw (very dry or desertic climate). The region experiences a
semi-warm climate, with cold winters. The mean annual precipitation is 240 mm.
The mean annual temperature is 25 °C in the shade, ranging from -1 °C in winter
to 44 °C in summer (Garcia, 2004).

Twenty-one 45-day-old Dorper lambs (14+2.85 kg body weight (BW)) were used
as experimental units. The lambs were assigned to one of three treatments, T1)=
100 g rumen-protected fat, n=7, BW= 14.2 4.1 kg; T2)= 50 g rumen-protected
fat n=7, BW= 13.94£2.3 kg; T3) No inclusion of rumen-protected fat, n=7, BW=
13.84+2.2 kg.

3.2.3 Feeding and health management

Dietary feed was developed in accordance with NRC (2007) guide lines to meet
the nutrient needs of sheep gaining 300g per day. The diet's components and
chemical composition are listed in Table 1.The animals were fed with a total mixed
ration (TMR) for 13 weeks. The lambs were permitted a 15-day period in which to
acclimatise to the new diet. They had ad libitum access to clean and fresh drinking
water. The animals were subjected to deworming (Endectoplex L.A + ADE®, 1ml
50-1 kg, Mediker, Gomez Palacio, Durango, México), vaccination (Clostridium
and Anthrax) and vitamin application at the beginning of the study (A-5
Mineralizer with Vit. D®, 1-5 ml animal-1 and Sel + Vit. E®, 0.25 ml animal-1;
Interprode; Zapopan, Jalisco, México). The animals were housed in individual

pens equipped with feeders and drinkers. The BW was weekly recorded and the



amount of feed offered was weekly adjusted at 5% of the BW. At day 40,
commercial rumen-protected fat ((82 % palmitic acid, 9.6% calcium and 5.95
Mcal/Kg Net Energy for Lactation; LactoMil®, Oleofinos, Monterrey, Nuevo Leon,
Mexico) was gradually added to the lamb’s ratio until 50 and 100g were reached,
depending on the assigned treatment (at 47 day). The rationale behind the
selection of this dose is twofold: firstly, the findings of earlier research conducted
in the same geographical area (northeastern Mexico) yielded favourable
outcomes in the productive variables of lambs, and secondly, the dose in question
is analogous to a protected fat that has been previously characterized in said

studies. However, the effect of heat stress on the animals was not reported.

3.2.4 Dry matter and water intake

The amount of feed offered and rejected by each animal was measured using a
digital scale (Truper©, BASE-5EP, China. Capacity 5kg+1 g). The amount of
water that each animal drank was calculated by measuring the offered and
rejected water using a graduated cylinder (BELAR11751, BEL-ART, USA,
Capacity 1L).

3.2.5 Infrared thermography measures

Rectal temperature was recorded every week by using a digital thermometer
(Deltatrak Auto-cal; Mod. 11063, Jalisco, Mexico) at 7:00, 15:00 and 19:00 h.
Infrared thermographic camera (Fluke Ti400, Everett, WA, USA) was used to
obtain the external temperatures in the following anatomical sites: head, ear, loin
and groin. The thermografical images were taken at a distance of 1-1.5 m, always
on the right side of the animal. The emissivity coefficient used to obtain the images
was 0.98. The lambs at the time of the readings were kept in the shade to avoid
the impact of solar radiation on the final value of the temperatures. Temperatures
were recorded three times on the day of sampling. Fasting, one and two hours
after offering feed and water, respectively. At the end of each sampling day,

images were downloaded using Fluke Smart View® 3.9 software.



3.2.6 Calculation of temperature and humidity index

The ambient temperature and relative humidity data were recorded each day
using a digital electronic wall-mounted thermometer-hygrometer (OEM, China),
which was installed inside of the individual pens. The information was recorded
three times per day (8:00, 15:00 and 19:00 h). In addition, the minimum and

maximum relative humidity and temperatures were recorded in a 24-hour period.

The temperature and humidity index (THI) was calculated to obtain the stress
ranges reported in the literature for arid zones (Figure 1): R1 (Comfort; THI<72),
R2 (Light heat stress THI >72-<79), R3 (Moderate heat stress; THI >80-<89) by
using the following equation (NRC, 1971):

THI= (1.8 x T+ 32) - (0.55 - 0.0055 x RH) x (1.8 x T - 26)

Where T, is the average temperature in °C, and RH is the average relative

humidity expressed in %.

3.2.7 Statistical analysis

The information was entered in Excel spreadsheets and the assumptions of
homogeneity of variances and normality were checked. The statistical analysis
was performed as a completely randomized design (CRD) with three treatments
and seven replicates per treatment in a repeated measures arrangement. The
Bayesian information criteria of Schwartz and Akaike were obtained to help
determine the most appropriate covariance structure for each trait. The least
mean squares comparison was performed through the adjusted LSD test (SAS,

2008). The general structure of the model was:
Yijklm =p+Ri(j)+TRj++THII+Tim+ TRK*Tim+THI*Tim+EijkIm.
Where:

Yijkim = dependent trait; p = overall mean; Ri(j) = random animal effect; TRj =
fixed effect of j-th treatment (j=1,2,3); THIk = fixed effect of the k-th temperature-



Humidity index (I1=1,2,3); Til= fixed effect of the I-th experimental week (=1, ...,
13); TRj*Til= Treatment*Week interaction; THIk*Tim= THII*Tim= Temperature-

Huminidty Index*Week interaction; Eijklmn= residual error

Table 1. Ingredients and chemical composition of the total mixed ratio offered to
fattening Dorper lambs.

Ingredients % MS
Rolled corn 171
Ground corn 17.1
Wheat bran 9.0
Soybean paste 9.0
Urea 1.0
Molasses 4.8
Ground triticale hay 8.0
Ground alfalfa hay 32.0
Mineral premix-Bovi-8-ways* 2.0
Nutrient Content (%)
TMR Rumen-
protected fat
Dry Matter (DM) 93.34 46.38
Crude protein (CP) 14.2 0.19
Neutral detergent fiber (NDF) 34.58 713
Acid detergent fiber (ADF) 19.06 8.21
Total Digestible Nutrients (TDN) 78.14 -—-
Net Energy of Maintenance (NEm 7.85 12.8
MJ kg™)
Net Energy Gain (NEg MJ kg™") 5.09 ---

Bovi-8-ways (Compound of 8 microminerals in yeast (organic minerals): Se, Cr, Cu, Zn, Co, Mn, |
and Fe, Saccharomyces cerevisiae type yeast enriched with vitamin E.; Biotecap Group, USA).

3.3 Results

The climatic conditions during the experimental period are shown in Table 2. Air
temperature and THI varied from 15.1 to 30.9 °C and between 58.9 to 74.2 units,
respectively (Figure 1). The maximum temperature and THI values were recorded
between the 15:00 and 20:00 h, while the minimum values were between the
07:00 and 08:00 h. Under this scenario, the lambs were raised under mild heat
stress. This is important because the environmental conditions were not extreme
enough to compromise the lambs' well-being, which facilitated the study's

objectives.



Table 2. Climatic conditions during the experimental period.

Average +SD Minimum Maximum

Temperature (°C) 33.3+94 274 £ 3.7 38.3+2.1
Relative humidity (%) 18.0£1.7 10.0+0.8 38.0+£0.3
aTHI (Units) 76.3+12.5 71.0+85 80.8+6.3

aTemperature - humidity index
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Figure. 1 . Daily pattern of mean air temperature and temperature-
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humidity index (THI) during the experimental period.

Table 3 shows the results of feed intake, water, final body weight (BW), daily
weight gain (DWG) and body temperatures recorded in the experimental units.
The inclusion of 50 g d-1 of rumen-protected fat increased dry matter intake (p
<0.01), water intake (p <0.01) and final BW (p<0.05) in lambs. The DWG tend to
be higher in lambs supplemented with 50 g d-1 of rumen-protected fat (p=0.09).
There was a treatment x time effect on dry matter intake (p <0.01; Figure 2), final
BW (p <0.01) and DWG (p <0.01). The rectal (p <0.01) and head temperature
(p<0.01) were lower in lambs supplemented with 50 g d-1 of rumen-protected fat
in comparison to other treatments. The loin temperature trend to be lower in lambs

supplemented with rumen-protected fats in comparison lambs with not fat

supplementation.

80
70
60
50
40
30
20
10
0

THI units



Table 3. Means of dry matter and water intake, final live weight, daily weight gain
and body temperature in Dorper lambs fed with a ratio containing two levels of

rumen-protected fat.

Treatments p-value
Traits 100 250g Contro SEM Treatmen Week "W
g [ t
(Trat) (W)
3SDMI (kg d) 1.1° 1.32 1.0¢ 0.01 <0.01 <0.01 <0.01
AWI (L d) 4.1b 4.2 3.8¢ 0.27 <0.01 <0.01 0.49
SPV (kg) 38.38 39.20 35.36° 2.03 0.04 <0.01 <0.01
a a
SDWG (g d) 196 235 217 16.8 0.09 <0.01 <0.01
Temperature
(°C)
Head 33.02 32.6° 32.7° 0.55 <0.01 <0.01 0.39
Ear 33.9 33.9 339 040 0.94 <0.01 0.41
Loin 316 317 31.8 0.23 0.09 <0.01 0.94
Groin 35.1 35.1 353 0.56 0.12 <0.01 0.15
Rectal 39.42 39.3° 39.52 0.08 <0.01 <0.01 0.48

abc Means between rows with different superscripts are significantly different (p < 0.05); 100 g
rumen-protected fat; 250 g rumen-protected fat; SDMI=dry matter intake; “WI= water intake;

SBW=body weight; DW= daily weight gain; T*W= treatment*week interaction.

Figure 2 shows the behavior of dry matter intake during the experimental period.

All lambs showed a constant and increasing behavior as the weeks progressed.

Neverthless, the group feed with 100 g of rumen-protected fat a decrease in feed

intake was observed, meanwhile, the group with 50 g of rumen-protected fat

maintained a positive dry matter intake throughout the experimental period. From

this, it is inferred a negative effect of this additive in quantities of 100 g or more.
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Figure. 2. Differences in feed intake between Dorper lambs supplemented

with 50 to 100 g d-1 of rumen-protected fat. DMI= dry matter intake. **=

Indicate significant differences between treatments (P<0.05).
Figure 3 shows water consumption throughout the experimental period. The
lambs maintained a positive and constant consumption of water until the end of
the experimental period. On the other hand, it was observed that as air
temperature increase the relative humidity decrease. Likewise, at the end of the
experimental period, an effect of low temperature and high relative humidity was
detected, which coincided with the presence of rain in week eleven (Figure 4). In
addition Table 4 show results when evaluating the effect of THI, an increase
(p<0.05) in head and rectal temperature was recorded when lambs were in THI

with mild or moderate stress. Similarly, an interaction (THI * Week) was recorded

for loin temperature (p<0.05).
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Figure. 3. Differences in water intake between Dorper lambs
supplemented with 50 to 100 g d-1 of rumen-protected fat. **=
Indicate significant differences between treatments (P<0.05).
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Figure. 4. Environmental temperature, relative humidity and
precipitation during the experimental period in the finishing phase

of Dorper lambs.
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Table 4. Means of temperature and humidity index (THI) ranges for feed intake,
water and body temperature in finishing Dorper lambs.

Temperature and humidity index p-value
Variables Comfort Mild Moderate SEM  THI Week THI*W
! stress? stress?®
(THI) (W)
Temperature (°C)
Head 30.7° 31.72 31.1@ 0.12 0.05 <0.01 0.55
Ear 32.5 33.2 32.3 159 049 <0.01 0.98
Loin 29.8 30.4 30.3 044 051 <0.01 0.04
Groin 34.1 34.6 33.4 1.38 0.67 <0.01 0.98
Rectal 38.8° 39.42 39.42 0.07 0.05 <0.01 0.92

Comfort = THI £72;2 Mild stress= THI 72-79;3 Moderate stress= THI 80-89.

3.4 Discussion

The results of the present study underscore the thermoregulatory and productive
benefits of supplementing fattening lambs with rumen-protected fat under
conditions of mild to moderate heat stress. Notably, lambs receiving 50 g d™* of
rumen-protected fat exhibited significantly improved dry matter intake (DMI),
water intake, and final body weight, alongside reduced rectal and head
temperatures compared to the control group. These findings are indicative of

improved metabolic efficiency and thermal resilience in heat-challenged animals.

In this regard, northwest Mexico is distinguished by the prevalence of extreme
temperatures, particularly during the summer months. This is typically problematic
for sheep production, as the thermoneutral zone for lambs of hair breeds is
between 15 and 30 °C. Consequently, they experience HS when the ambient
temperature exceeds 30 °C and when the THI is greater than 78 units (Vicente-
Pérez et al.,, 2020). Accordingly, the lambs in our study were subjected to

conditions of mild stress for the majority of the experimental period (Hahn, 1999).

The mechanisms by which protected fat enhances thermoregulation under heat
stress are multifactorial. First, the high caloric density of protected fat (i.e., rumen-
inert lipid sources such as palm oil-derived palmitic acid) allows for increased

energy intake without elevating metabolic heat production associated with ruminal



fermentation (Macias-Cruz et al., 2018; Coppock & Wilks, 1991). Unlike
carbohydrates, which are metabolized through fermentative pathways that
generate considerable endogenous heat, protected fats bypass the rumen and
are directly absorbed in the small intestine, providing energy more efficiently
under thermally stressful conditions (Saeed & Khalaf, 2014; NRC, 1985).

Second, lipid supplementation has been associated with modulations in glucose
metabolism and hormonal balance. In particular, Halakoo et al. (2020) observed
that fat supplementation under HS conditions improves serum glucose and
triiodothyronine (T3) concentrations—key regulators of metabolic rate and
thermogenesis. Enhanced glucose availability supports cellular energy needs
during HS, while moderated thyroid activity reduces heat production. Hoétger et al.
(2013) and Granados-Rivera et al. (2017) further demonstrated that dietary lipids
enhance peripheral glucose uptake, which may offset the HS-induced decline in
muscle glucose oxidation (Gibbs et al., 2021). These physiological adjustments
likely contributed to the improved feed efficiency and thermal comfort observed in

lambs supplemented with 50 g of rumen-protected fat in this study.

Furthermore, the higher water intake observed in the supplemented groups
reflects an adaptive response to mitigate evaporative and respiratory water losses
under HS conditions (Macias-Cruz et al., 2018). Lipid metabolism itself also
increases metabolic water yield, which may contribute to maintaining hydration

status and reducing thermal load (Akinmoladun et al., 2019).

Heat stress caused a reduction in DMI, which negatively influenced the growth
rate of lambs (Table 1). The impact of HS on DMI are controversial, some
research indicates that HS (Sejian et al., 2018) reduce DMI, while others report
that HS has not effect on DMI (Mahjoubi et al., 2014). On the other hand, it
appears to be a consensus among researchers that HS (Mahjoubi et al., 2014;
Sejian et al., 2018; Macias-Cruz et al., 2018) affect the growth rate of lambs. It
our results is important to note that the lambs that consumed 50 g of rumen-

protected fat, not exceeded the body temperatures evaluated when compared to



the lambs of the control group, then when DMI is not affected by HS, the growth
rate is reduced as result of increased redirection of dietary nutrients to

thermoregulation (Macias-Cruz et al., 2018).

Conversely, the reduction of DMI is a thermoregulatory mechanism observed in
lambs subjected to HS, as observed in our study. The objective is to reduce
fermentative heat production at the rumen level, thereby decreasing the
endogenously generated body heat load (Marai et al., 2007). As a consequence,
growth and feed efficiency are reduced in lambs exposed to elevated
temperatures (Al-Dawood, 2017). This is due to the fact that lambs subjected to
HS conditions experience an increase in their maintenance requirements
concurrently with a reduction in the availability of nutrients. Consequently, in order
to increase the availability of required nutrients, lambs reduce their anabolic
activity and increase the catabolism of fat and muscle tissue (Sejian et al., 2018).
This scenario may have manifested in the lambs assigned to the control treatment
in our study. This is in contrast to the findings observed in lambs that consumed
rumen-protected fat (50 and 100 g d-1). As a result, these lambs exhibited an
increase in their DMI and consequently gained more weight. This may be
attributed to the fact that the consumption of protected fat compensated for the
elevated maintenance energy demand associated with heat stress conditions,
which can reach up to 32% higher than under thermoneutral conditions (Macias-
Cruz et al., 2018). Furthermore, it has been demonstrated that an increase in
dietary energy stimulates DMI (Piola Junior et al., 2020; Teixeira et al., 2021), a

phenomenon that was also observed in our study.

In terms of water consumption, the lambs that received 50 g d-1 of rumen-
protected fat demonstrated the highest intake. Similarly, the lowest consumption
was observed in lambs subjected to the control treatment. Despite the reduction
in water consumption observed in the control treatment, the water requirement
was met. The requisite quantity of water is estimated to be between three and
four liters for each kilogram of dry matter consumed in environments with an

average temperature of 30°C (NRC, 1985). While water requirements are subject



to variation based on DMI and environmental temperature, another crucial factor
to consider is body metabolism (Akinmoladun et al., 2019). In this regard, the
findings of our study indicate that the inclusion of rumen-protected fat resulted in
an increase in water consumption. This can be attributed to the fact that the
enhanced availability of metabolizable energy led to an increase in DMI, which
subsequently resulted in an elevation in metabolic heat production (Al-Dawood,
2017). To counteract this phenomenon, the lambs that were administered rumen-

protected fat exhibited a rise in their water intake (Macias-Cruz et al., 2018).

The literature presents inconsistent findings regarding the impact of HS on DMI
in sheep. While numerous studies report reductions in feed intake under heat
stress (Sejian et al., 2018; Marai et al., 2007), others have observed negligible or
even increased intake under moderate thermal loads (Mahjoubi et al., 2014). This
discrepancy may arise from multiple factors including breed differences, baseline
diet composition, the intensity and duration of HS, and the acclimatization status
of animals (Zhang et al., 2020; Vicente-Pérez et al., 2020).

In the present study, DMI was positively influenced by the inclusion of 50 g d™* of
rumen-protected fat, but declined at the 100 g level, suggesting a dose-dependent
response. The DMI reduction observed at high fat inclusion may reflect diminished
palatability or an inhibitory effect on rumen motility (Saeed & Khalaf, 2014),
particularly in animals already coping with HS. The interaction between diet and
thermal load appears critical; diets that enhance energy density without adding to
fermentative heat load are likely to support intake and performance under HS, as

seen here.

A further observation was the impact of protected fat inclusion on rectal and head
temperature in lambs. The lowest rectal temperature (39.3 °C) and head
temperature (32.6 °C) were observed in lambs that received 50 g d-1 of rumen-
protected fat. In this context, rectal temperature serves as an indicator of core
body temperature in lambs, thereby representing a crucial physiological constant

for assessing health status (Cuki¢ et al., 2023). In this regard, Macias-Cruz et al.



(2018) conducted a study with hair lambs during summer in an arid environment,
indicating that the rectal and head temperature of lambs under heat stress
conditions exceeded 39 °C and 32 °C, respectively. Conversely, the highest rectal

temperature was observed in the lambs of the control treatment (39.5 °C).

The observation that lambs treated with rumen-protected fat exhibited lower rectal
and head temperatures than those receiving the control treatment suggests that
rumen-protected fat is an effective means of regulating thermoregulatory
mechanisms in the context of HS conditions. This is due to the fact that high-
energy diets prompt lambs to make efficient physiological adjustments in order to
reduce metabolic heat production (Nicolas-Lépez et al., 2021). It can be
reasonably inferred that the lambs in our study, subjected to HS conditions,
avoided hyperthermia by activating a range of thermoregulatory mechanisms,
including an increased respiratory rate, reduced thyroid hormone levels, and an
adequate water balance (Sejian et al., 2017; Vicente-Pérez et al., 2020; Nicolas-
Lopez et al., 2021). In light of the aforementioned evidence, it seems plausible to
suggest that the lambs in our study increased their respiratory frequency, which
can result in an excessive loss of body water through the respiratory tract. This

results in electrolyte imbalance and dehydration of the animal (Sejian et al., 2017).

Accordingly, augmented water intake, in conjunction with other renal adjustments
designed to diminish water loss via urine and fecal matter, represents a crucial
thermoregulatory mechanism that serves to prevent hyperthermia and
dehydration in lambs subjected to HS conditions (Macias-Cruz et al., 2018;
Vicente-Pérez et al., 2020). This assertion can be corroborated by an examination
of the water consumption data presented in Table 3. Furthermore, research
indicates that the inclusion of rumen-protected fat in lamb diets alters serum
metabolites, including glucose and T3 hormones, which are essential for
thermoregulatory mechanisms (Halakoo et al., 2020). In this regard, lambs
subjected to HS have demonstrated a reduction in muscle glucose oxidation

(Gibbs et al., 2021). In this context, dietary lipids may potentially offset this effect



by enhancing energy availability during periods of stress, thereby mitigating the

impact on lamb performance, as evidenced by our findings.

The body surface temperature of lambs is influenced by a number of factors,
including ambient temperature, hair coverage, and blood perfusion. In the present
study, the lowest temperature among the surface temperatures of the lambs was
observed in the loin. This may be attributed to the fact that this anatomical region
has a greater density of coarse hair. This may result in the formation of an air
cushion, thereby isolating the skin from thermal radiation (Vicente-Pérez et al.,
2016). It is plausible that a similar phenomenon occurred with the temperature of
the head.

In the case of rectal temperature, it was the sole effective method for measuring
the impact of light stress and mild to moderate THI in our study. With regard to
this matter, no differences were observed in head, ear, loin, and groin body
temperatures when lambs were subjected to light HS in comparison to
thermoneutral conditions. Similarly, with the exception of head and rectal
temperature, no significant changes in temperature were observed when
comparing THI in comfort, mild stress, and moderate stress, with the exception of
the aforementioned areas. The findings indicate that the utilization of
thermographic tools may not be an optimal approach for evaluating body
temperature fluctuations in the context of mild HS conditions. While
thermographic cameras have been successfully employed in the assessment of
body temperature changes due to HS, the majority of studies have utilized
moderate to severe stress conditions (Macias-Cruz et al., 2016; Nicolas-Lépez et
al., 2023; Cukié et al., 2023). Our literature review revealed a lack of investigation
into the impact of varying levels of HS on body temperature changes in lambs
through thermal cameras. It is therefore imperative to conduct further studies in
this area in order to elucidate these effects and to develop more accurate and

efficacious tools for the study of heat stress in lambs.



In this regard, the findings of this study align with those of Macias-Cruz et al.
(2020), who reported improved carcass traits and growth performance in hair
lambs under summer heat stress when supplemented with energy-dense diets.
Similarly, Teixeira et al. (2021) found that higher metabolizable energy levels
increased average daily gain and water intake in Dorper x Santa Inés lambs under

tropical conditions.

However, environmental context and breed genetics can markedly influence
outcomes. For example, Mahjoubi et al. (2014) observed no significant reduction
in DMI in Afshari lambs under cyclical mild HS (32—-34°C), suggesting this breed’s
partial resilience and potential acclimatization. In contrast, studies conducted
under more severe stress or with less adapted breeds often report marked

declines in intake and productivity (Dos Santos et al., 2019; Dunshea et al., 2017).

The present study, conducted in a semi-arid zone (THI range: 71-81), revealed
that moderate heat stress elicited a decline in performance in the absence of
dietary intervention. However, supplementation with protected fat, particularly at
50 g d™", mitigated this effect, suggesting its utility as a practical nutritional strategy
for Dorper lambs, a breed moderately adapted to warm climates. Notably, the lack
of significant differences in thermographic temperatures under mild HS (except
rectal and head) contrasts with findings in more severe HS scenarios (Nicolas-
Lépez et al., 2023; Cuki¢ et al., 2023), reinforcing that thermographic responses

may vary with stress intensity, anatomical region, and environmental background.

3.5 Conclusion

The present study demonstrates that supplementing fattening lambs with 50 g d-
1 of rumen-protected fat under mild heat stress conditions improves dry matter
intake, water consumption, and final body weight while reducing rectal and head
temperatures. These outcomes suggest enhanced thermotolerance and
metabolic efficiency in lambs receiving this level of fat supplementation.

Additionally, the use of infrared thermography enabled a non-invasive



assessment of thermal status, particularly through head temperature readings,
which correlated with rectal temperature changes. This supports the
complementary role of thermographic tools in monitoring physiological responses

to dietary interventions under field-relevant thermal conditions.

3.6 Limitations

Despite the valuable insights gained, several limitations should be acknowledged.
First, thermographic imaging was not sensitive enough to detect consistent
differences in all body regions under mild heat stress conditions, limiting its
broader diagnostic utility. Second, the study's scope was confined to a specific
breed (Dorper) and environmental range (semi-arid zone with THI 71-81), which
may constrain extrapolation to other genetic backgrounds or more extreme heat
conditions. Lastly, while a dose-dependent response to fat inclusion was
observed, with 100 g d-1 negatively affecting intake, the underlying metabolic
mechanisms were not directly assessed and warrant further biochemical or

hormonal analysis in future studies.
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CAPITULO 4. ANALISIS ECONOMICO

Como parte de este estudio se realizé un analisis de costos parciales con el
objetivo de conocer la viabilidad econémica del uso de una dieta integral con la
adicion de grasa de sobrepaso para ovinos en finalizacion. Esto debido a que los
sistemas de produccién ovina en la regién norte de México se han desarrollado
a lo largo de los afos en zonas rurales como una actividad de subsistencia y por
tradicion, gracias a esto se ha formado un sistema estructurado que permite el
establecimiento de produccién extensiva e intensiva como parte importante ante
el comercio nacional. A partir del costo de cada ingrediente que se integra en la
racion se calculo el costo por kilogramo, el cual fue de $ 6.09 MXN (Cuadro 5),
esto sin incluir el costo de la grasa de sobrepaso que se adiciono a los grupos 1
(100 g) y 2 (50 g).

Cuadro 5. Costo de la dieta integral ofrecida a ovinos en finalizacién.

Ingredientes gkg' Preciog $ MXNgkg™!
MS MS
Maiz rolado 171 0.0049 0.8379
Maiz molido 171 0.0045 0.7695
Salvado de trigo 90 0.00591 0.5319
Pasta de soya 90 0.00795 0.7155
Urea 10 0.0126 0.126
Melaza 48 0.00577 0.27696
Heno de triticale molido 80 0.00444 0.3552
Heno de alfalfa molida 320 0.007 2.24
Premezcla mineral - Bovi-8-ways 20 0.01208 0.2416
100 0.02685 2.685
Lactomil 50 0.02685 1.3425
0 0 0
Costo total por kilogramo ($ MXN) Testigo 6.09456
Costo total por kilogramo ($ MXN) + 100 g 8.77956
Costo total por kilogramo ($ MXN) + 50 g 7.43706

Bovi-8-ways (Compuesto de 8 microminerales en levadura (minerales organicos): Se, Cr Cu, Zn,
Co, Mn, |y Fe, levaduras del tipo Saccharomyces cerevisiae y enriquecido con vitamina E.; Grupo
Biotecap, USA).



Para estos grupos el costo de la racién fue de $ 8.77 MXN para el grupo 1y $
7.43 MXN para el grupo 2. Para el analisis se considerd un precio de venta por
kilogramo de carne en canal de $76.70 MXN y un precio de venta en pie de
$37.44 MXN en el municipio de Mapimi, Durango (SIAP¢, 2023).

Como parte del experimento se realizo el calculo de ganancia diaria de peso
(GDP) para los grupos 100 g y 50 g de grasa protegida, ademas del grupo testigo
a partir del periodo de inclusién de GP. Los corderos que recibieron 100 g de
grasa protegida la GDP fue de 380 g, para el grupo que recibioé 50 g la GDP fue
de 450 g y para los corderos del grupo testigo fue de 340 g. Al realizar el
contraste del costo por kilogramo de MS consumida, el costo de venta en pie y la
GDP observamos que para el grupo de corderos con 100 g de GP el costo de la
dieta fue de $9.13 MXN considerando un CMS de 1.06 kg d-'. Tomando en cuenta
la GDP al realizar la venta en pie el productor estaria recibiendo un ingreso diario
de $14.22 MXN, por lo que al restar dicho concepto con el costo de la dieta la
utilidad bruta es de $5.09 MXN. En cambio, para los animales del grupo 50 g el
CMS fue de 1.27 kg d-! teniendo un costo de dieta de $9.07 MXN, por lo que el
ingreso diario de acuerdo con la GDP registrada es de $16.84 MXN con una
utilidad bruta de $7.77 MXN. Para el caso del grupo testigo el costo de dieta fue
de $7.12 MXN considerando un CMS de 1.17 kg d-' mostrando un ingreso diario
de $12.72 MXN y una utilidad bruta de $5.60 MXN.

De acuerdo con el analisis realizado podemos inferir que por cada $1 MXN
invertido solo con dieta integral se obtiene $0.78 MXN de ganancia diaria como
es el caso para el grupo testigo, a diferencia de cuando se adiciona la GP. Esto
se ve reflejado en los grupos de 100 g donde se obtienen $0.55 MXN vy el grupo
de 50 g donde la ganancia es de $0.85 MXN diarios.

Con estos resultados podemos concluir que adicionar 50 g de GP a una dieta
integral en la finalizacion de engorda de corderos resulta rentable para el
productor, ya que obtiene un 85% mas de ganancia por cada $1 MXN invertido.

Pues se sabe que la suplementacion ayuda a potencializar la productividad



(Oliveira et al.,, 2017) aun cuando los costos de produccién aumentan, la

rentabilidad al final del ciclo es favorable.
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