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RESUMEN

“Evaluacion de los residuos obtenidos de trampas de grasa (grasa de trampa) como
ingrediente en las dietas para corderos en finalizacion: valor energético, respuesta

productiva, eficiencia energética y caracteristicas de la canal”
M.C. Jorge Luis Ramos Méndez

Con la finalidad de evaluar el desecho de grasa recuperada de trampas de desague
como posible sustituto de las grasas cominmente utilizadas como ingredientes en las
dietas para corderos en finalizacion, se realizaron 2 experimentos. En el primer
experimento se evalud el efecto del nivel de inclusién de la grasa de trampa (GT) sobre
el rendimiento productivo, la energética de la dieta y las caracteristicas de la canal.
Para ello, se alimentaron durante 61 dias 48 corderos (37.7+ 3.4 kg, peso vivo inicial)
con una dieta de finalizacién conteniendo 0, 2, 4 0 6% de GT. La grasa sustituy6 al
maiz quebrado en la dieta testigo. La GT contuvo un 6.4% de humedad, un 3.1% de
impurezas y un 79.8% de acidos grasos totales (AGT). Resultados; El aumento del
nivel de GT en las dietas no afectd el consumo de materia seca ni la ganancia diaria
de peso, pero aumentd linealmente la eficiencia de ganancia y la energia neta
estimada de la dieta (EN). Sin embargo, la relacion entre la EN de la dieta observada
sobre la esperada disminuyé con el aumento de los niveles de GT como consecuencia
de una reduccion en el valor de la EN de la GT cuando el nivel de inclusién fue superior
al 4%. La grasa renal- pélvica-cardiaca aumenté a medida que se incrementé el nivel
de suplemento de GT; por otra parte, las caracteristicas de la canal y la compaosicion
tisular de la paleta no se vieron afectadas. Utilizando la técnica de reemplazo, el valor
de EN estimada para GT fue el 93 % del valor de EN estipulado para las grasas
convencionales por el NASEM (2007). En el segundo experimento, basados en la
respuesta productiva de 48 corderos (27.7+ 3.4 kg, peso vivo inicial) los cuales se
alimentaron durante 84 dias con las dietas experimentales, se compard el valor
energético de la grasa de trampa contra las 2 fuentes principales de grasas [grasa
amarilla (GA) y sebo de res (SR)] comunmente utilizadas en la elaboracion de dietas
para corderos en finalizacion. El nivel de inclusion fue de 4% y fue reemplazando al

maiz quebrado. Los tratamientos fueron: 1) 0% de grasa suplementada, 2) 4% GA, 3)



4% SRy 4) 4% GT. Las grasas suplementarias reemplazaron al maiz en la dieta de
control. La grasa de la trampa contuvo mayor humedad (16.5 frente a 0.92 %) e
impurezas (3.6 frente a 0.56 %) y menos acidos grasos totales (64.90 frente a 89.60
%) que las grasas convencionales (GAy SR). La ganancia diaria de peso y la eficiencia
de la ganancia fueron similares para los corderos de control y los suplementados con
GT, mientras que la ganancia diaria y la eficiencia de ganancia fueron mayores para
los corderos alimentados con las grasas convencionales comparados con los corderos
del grupo control o con aquellos suplementados con GT. Tanto la energia neta (EN)
de la dieta, como la relacion entre la EN dieta observada vs la EN esperada fueron un
4.0 % mayor para los corderos suplementados con grasas convencionales frente a GT.
La grasa suplementaria aumento la deposicion de grasa, pero no afectd ninguna otra
medida de la canal ni la masa visceral magra. El valor de EN estimada para GT fue el
57.0 % del valor promedio de la EN (6.11 Mcal/kg) de las grasas convencionales
probadas. En resumen, basado en los resultados de los 2 experimentos se concluye
que la suplementacion con GT no afecta a la aceptabilidad de la dieta por lo que GT
es una alternativa adecuada a las grasas convencionales utilizadas comunmente en
dietas para corderos de engorda. Dada sus caracteristicas (contenido de impurezas y
humedad) se recomienda no utilizarla mas del 4% en la dieta. El valor energético
comparativo de GT es menor a las grasas convencionales y este valor dependera de
su contenido total de &cidos grasos totales e impurezas.

Palabras clave: corderos, grasa de trampa, respuesta productiva, caracteristicas de

la canal.



ABSTRACT

"Evaluation of residues obtained from fat traps (griddle grease) as an ingredient in
diets for finishing lambs: energy value, productive response, energy efficiency and

carcass characteristics."
M.C. Jorge Luis Ramos Méndez

In order to evaluate the waste of fat recovered from dewatering traps as a possible
substitute for fats commonly used as ingredients in diets for finishing lambs, 2
experiments were conducted. In the first experiment, the effect of the inclusion level of
trap fat (TG) on productive performance, diet energetics and carcass characteristics
was evaluated. For this purpose, 48 lambs (37.7+ 3.4 kg, initial live weight) were fed
for 61 days with a finishing diet containing 0, 2, 4 or 6% GT. Fat replaced broken corn
in the control diet. The GT contained 6.4% moisture, 3.1% impurities and 79.8% total
fatty acids (TFA). Increasing the level of GT in the diets did not affect dry matter intake
or daily weight gain, but linearly increased gain efficiency and estimated net dietary
energy (NE). However, the ratio of observed over expected diet EN decreased with
increasing levels of WG because of a reduction in the EN value of WG when the
inclusion level was higher than 4%. Renal-pelvic-cardiac fat increased as the level of
GT supplementation increased; on the other hand, carcass characteristics and tissue
composition of the shoulder were not affected. Using the replacement technique, the
estimated EN value for GT was 93 % of the EN value stipulated for conventional fats
by NASEM (2007). In the second experiment, based on the productive response of 48
lambs (27.7+ 3.4 kg, initial live weight) which were fed for 84 days with the experimental
diets, the energy value of trap fat was compared against the 2 main sources of fats
[yellow grease (YG) and beef tallow (SR)] commonly used in the preparation of diets
for finishing lambs. The inclusion level was 4% and was replacing cracked corn. The
treatments were: 1) 0% fat supplemented, 2) 4% GA, 3) 4% SR and 4) 4% GT. The
supplemented fats replaced corn in the control diet. The trap fat contained higher
moisture (16.5 vs. 0.92 %) and impurities (3.6 vs. 0.56 %) and less total fatty acids
(64.90 vs. 89.60 %) than conventional fats (GA and SR). Results: Daily weight gain and

gain efficiency were similar for control and GT-supplemented lambs, while daily gain

\%



and gain efficiency were higher for lambs fed the conventional fats compared to lambs
in the control group or those supplemented with GT. Both diet net energy (NE) and the
ratio of observed vs. expected diet NE were 4.0 % higher for lambs supplemented with
conventional fats vs. GT. Supplemental fat increased fat deposition but did not affect
any other carcass measurements or lean visceral mass. The estimated ND value for
GT was 57.0 % of the average ND value (6.11 Mcal/kg) of the conventional fats tested.
In summary, based on the results of the 2 experiments it is concluded that GT
supplementation does not affect diet acceptability making GT a suitable alternative to
conventional fats commonly used in diets for fattening lambs. Given its characteristics
(impurity and moisture content) it is recommended not to use more than 4% in the diet.
The comparative energy value of GT is lower than conventional fats and this value will
depend on its total content of total fatty acids and impurities.

Key words: lambs, griddle grease, growth performance, carcass characteristics.
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CAPITULO 1. INTRODUCCION Y REVISION DE LITERATURA
1.1 INTRODUCCION

La normativa medioambiental relativa a la eliminacion de los residuos de grasa y aceite
es cada vez mas rigurosa (Sheinbaum et al., 2015), lo que ha provocado un reciclaje
mas generalizado de los residuos grasos para su uso como suplementos alimenticios
(Abdel-Shafy y Mansour, 2018). Razon por la cual un gran nimero de restaurantes y
cafeterias colocan trampas en las lineas de vertederos para recoger la grasa, y reducir
la contaminacion de las aguas residuales (Sheinbaum-Pardo et al., 2013; Wang y
Wang, 2013).

En Estados Unidos, por ejemplo, se estima que 1.8 mil millones de kg/afio de grasa
residual se recupera (Tran et al., 2016), cuando se recicla por separado, este material
se denomina comunmente “grasa de trampa” (GT) o residuo de trampa de grasa
(RTG). Debido al proceso utilizado para la recuperacion de la GT y al proceso final
aplicado antes de la distribucion (Henriksson, 2016) existen variaciones en la
composicion, tienen mayores concentraciones de humedad, impurezas y material
insaponificable [menor concentracibn de acidos grasos totales (AGT)], y una
concentracion de AG libres aproximadamente tres veces mayor que la grasa de uso

convencional (sebo/grasa amarilla; Zinn y Plascencia, 2007).

En la actualidad, las grasas recicladas mas comunes con las que se alimenta al ganado
son el sebo (TL) y la grasa amarilla (YG). Cuando su precio es competitivo con el del
maiz en hojuela (valor energético= 2.38 Mcal ENm/kg; NRC, 2007) el cual, es la
principal fuente de energia para dietas de rumiantes en México y EE. UU., el sebo y la
grasa amarilla (valor energético = 6.30 y 5.80 Mcal ENm/kg para YG y TL,
respectivamente; NRC, 2007) son fuentes de energia adecuadas y generalmente

mMenos costosas.

Plascencia et al., (1999), observaron que el valor de energia neta estimada (EN) de la
GT era del 88% del de la grasa amarilla cuando se incluia al 5% en dietas de
finalizacion para engorda en corral. Es bien sabido que, la calidad de la grasa con
relacion al contenido de humedad, impurezas y contenido total de acidos grasos afecta

su valor energético (Zinn y Plascencia, 2007).

1



Hasta el dia de hoy, no existe evidencia cientifica en la que evallen las caracteristicas
nutricionales (aceptabilidad y valor su energético), el nivel de inclusion a las dietas, asi
como la comparacion directa con grasas suplementarias convencionales (GAy SR) en
dietas altas en energia para corderos en fase de finalizacién. Por esta razon, el objetivo
del presente trabajo fue, determinar el nivel éptimo de inclusion de grasa de trampa en
dietas altas en energia y compararlo contra el sebo y la grasa amarilla, en variables de
respuesta productiva, densidad energética, caracteristicas de la canal, composicion de

los tejidos y masa visceral de corderos en etapa de finalizacion.



1.2. REVISION DE LITERATURA
1.2.1. Generalidades de los lipidos

Harper (2015), clasificé a los lipidos como un grupo de compuestos heterogéneos, que
incluye grasas, aceites, esteroides, ceras y compuestos relacionados mas por sus
propiedades fisicas que por sus propiedades quimicas. Tienen la propiedad comun de
ser: 1) insolubles en agua y 2) solubles en solventes no polares, como éter y
cloroformo. Quimicamente los lipidos son un grupo heterogéneo de sustancias
organicas que tienen en comun el ser moléculas no polares, insolubles en el agua,
solubles en los solventes organicos, estar formadas de Carbono, Hidrogeno, Oxigeno
y en ocasiones Fosforo, Nitrégeno y Azufre y que son ésteres reales o potenciales de
los &cidos grasos. Las funciones que desarrollan en los seres vivos son muy diversas
aprovechando la amplia heterogeneidad que presentan sus moléculas, de forma
abreviada serian las siguientes: a) Funcidon de reserva energética: Constituyen un
almaceén energético a largo plazo, utilizable por el organismo durante largos periodos
de tiempo. Debido a la baja tendencia a relacionarse con el agua constituyen un tipo
de molécula que puede almacenarse de forma anhidra, sin moléculas de agua
acompafantes como en el glucégeno, por lo tanto, de manera muy compacta. b)
Funcion estructural: Es un componente mayoritario de las membranas celulares, tanto
de la membrana plasméatica como de la membrana de los organulos intracelulares.
Sirve también como elemento aislante térmico al disponer de una baja conductividad
térmica, protector y lubricante. c) Funcion reguladora: Diversos tipos de lipidos
desarrollan acciones de control hormonal, o bien de reguladores del metabolismo y de

mediadores informativos tanto en el exterior como en el interior de las células.

Los lipidos cuantitativamente més importantes en la alimentacion de los rumiantes son
aguellos que contienen acidos grasos unidos a glicerol: triglicéridos, glucolipidos y
fosfolipidos (Cuadro 1). Los triglicéridos son mayoritarios en los lipidos de las materias
primas no forrajeras, y los glucolipidos y fosfolipidos, predominan en los lipidos de los
forrajes (Morand-Fehr y Tran, 2001). A los triglicéridos se les denomina de forma
geneérica como grasas, aunque normalmente se distinguen dos tipos: aceites y grasas

(Fuller, 2008). Los aceites que tienen acidos grasos de menos de 10 carbonos o con



uno o mas enlaces dobles, son liquidos a temperatura ambiente, y son normalmente
de origen vegetal, aunque existen excepciones como los aceites marinos. Las grasas
tienen acidos grasos saturados de 10 o mas carbonos, son sélidas a temperatura
ambiente, y son de origen animal como por ejemplo la manteca (procedente del

ganado porcino) y el sebo (procedente del ganado vacuno, ovino y equino).

Cuadro 1. Clasificacion general de los lipidos.
Lipidos simples u Acilglicéridos o glicéridos

Hololipidos Céridos
Lipidos Fosfolividos Glicerofosfolipidos
saponificables Lipidos complejos o P Esfingofosfolipidos
Heterolipidos . Gliceroglucolipidos
Glucolipidos ; ;.
Esfingoglucolipidos
- Esteroides
Lipidos T
erpenos

Insaponificables Prostaglandinas

Adaptado de Cuvelier et al., (2004), y McDonald et al., (2006)

1.2.2. Generalidades de los &cidos grasos

Los acidos grasos son acidos carboxilicos de cadena alifatica hidré6foba. Pueden
dividirse en cuatro categorias de acuerdo con el nimero de carbonos o longitud de su
cadena (Cuadro 2): volatiles, con 2-4 carbonos; cadena corta, con 6-10 carbonos;
media, con 12-16 carbonos; y larga, a partir de 16 carbonos. Si ho contienen ningun
enlace doble en su molécula se denominan saturados. Cuando contienen enlaces
dobles son denominados insaturados, distinguiéndose entre mono-, di-, tri- 0
poliinsaturados, segun tengan uno, dos, tres 0 mas de aquellos. Los &cidos grasos
insaturados pueden ser clasificados atendiendo a la posicion del primer enlace doble
contando desde el grupo metilo Terminal. Por ejemplo, son de la serie n-3 (w- 3)
cuando el enlace doble se sitia entre los carbonos tres y cuatro, serie n-6 (w- 6)
cuando aquel se sitla ente los carbonos seis y siete, etc. Para una misma formula
qguimica, los &cidos grasos insaturados pueden tener multiples isémeros de naturaleza
estructural, segun la localizacion de los enlaces dobles en la cadena, y espacial, segun

los hidrégenos unidos a los atomos de carbono del enlace doble se encuentren en el



mismo lado (cis) o a ambos lados (trans) del enlace doble (Cuvelier et al., 2004;
McDonald et al., 2006).

Cuadro 2. Nombre y clasificacion de los acidos grasas de acuerdo al numero
de carbonos

Nombre comun del No. carbonos

acido Rosiciéon del doble enlace
FOI"IT-IICO 1:0 o Mot contained
Acético 2:0 Q. |inlipids
Propidnico 3:0 a_-
Butirico 4:0 O~
Valerianico 5:0 O~ _
Caproico 6:0 Q. HOOC—CHy=CHy=CHy=CH3—CHy
Caprilico 8:0 Qo Caproic acid
Caprico 10:0 QoA A A
Ladrico 12:0 N
Miristico 14:0 o
Palmitico 16:0 O~ A
Estearico 18:0 O~nAAAAAAA
Oleico 18:1:9 e
Linoleico 18:2:9,12 Q==
Linolénico 18:3: 9,12,15 e e s
Araquidico 20:0 B AAAAAAAA
Araquidénico 20:45,8,11,14 Q===
Behénico 220 o P
Lignocérico 24:0
Nervénico 24:1: 15 OAAAAAAAS AN

1.2.3. Digestion de los lipidos en rumiantes

La Unica via metabdlica para la utilizacidon de los acidos grasos es la 3-oxidacion para
producir acetil-CoA, y su introduccion en el ciclo de Krebs, de donde se obtiene la
energia. Pero la extraccion de energia en el ciclo de Krebs requiere la presencia de
oxigeno, y el caracter anaerobio del rumen impide la utilizacion de grasas como fuente
de energia por parte de las bacterias ruminales. Sin embargo, aunque no los utilizan
como fuente de energia, la poblacibn microbiana actla sobre los lipidos,
modificandolos. La digestion de la grasa incluye una fase de hidrdlisis o lipolisis y otra
de hidrogenacion, de modo que los acidos grasos absorbidos en el intestino son mas

saturados que los presentes en la racién (Doreau y Chilliard, 1997).



1.2.3.1. Digestién ruminal

Los lipidos sufren dos procesos importantes dentro del rumen, el primero es una
lipolisis, la cual se refiere a la liberacion por hidrolisis de los &cidos grasos esterificados
en los triglicéridos, glicolipidos y fosfolipidos por medio de las lipasas microbianas
(Lourenco et al., 2010) y, por otro lado, los acidos grasos poliinsaturados sufren una
biohidrogenacion, proceso que consiste en la reduccidn de los enlaces dobles
existentes en los &cidos grasos liberados. El glicerol puede ser fermentado (convertido
a propionato) y absorbido en rumen o pasar al intestino (Ferraro et al., 2009). Si los
lipidos de la dieta son accesibles a la microflora del rumen, son hidrolizados rapida y
extensamente. La lipdlisis libera los acidos grasos y el glicerol, o la galactosa en el
caso de los glicolipidos, con nula o escasa acumulacion de mono o di-glicéridos
(Hawke y Silcock, 1970). El glicerol y la galactosa libres son rdpidamente fermentados
(Johns, 1953), el primero mayoritariamente a acido propidnico mientras que el segundo
lo es a &cido acético (Hobson y Mann, 1961). La principal actividad lipolitica es debida
a lipasas, galactolipasas y fosfolipasas de origen mayoritariamente bacteriano, pero
también de origen protozoario (Harfoot y Hazlewood, 1988). Las lipasas vegetales son
secundarias con relacion a las lipasas microbianas (Dawson et al., 1977), y la lipasa
de la saliva de los rumiantes tiene baja actividad (Gooden, 1973). La lipdlisis puede
verse reducida por la presencia de antibioticos (Van Nevel y Demeyer, 1995a) o un
bajo pH ruminal (Van Nevel y Demeyer, 1996b), asi como por el incremento de la grasa
incluida en la dieta o un elevado punto de fusién de aquella (Beam et al., 2000). La
menor lipdlisis observada en dietas ricas en almidon (Gerson y King, 1985) es debida
probablemente al bajo pH ruminal que ocasiona el consumo de tales dietas (Sauvant
et al., 1999). Los acidos grasos saturados liberados no sufren modificaciones en el
rumen, pero los insaturados son rapidamente hidrogenados por las bacterias. Por otra
parte, los principales sustratos para la biohidrogenacién presentes en los alimentos de
los rumiantes son los acidos linoleico y linolénico (Doreau y Ferlay, 1994). El proceso
de biohidrogenacion de los acidos grasos insaturados de 18 carbonos conduce a la
formacion de acido estearico. Los factores que determinan la eficacia de la
biohidrogenacion son diversos, en primer lugar, la isomerizacién previa la cual requiere

gue el grupo carboxilo de la molécula esté libre, lo cual determina que la lipdlisis pueda

6



considerarse como la etapa limitante del proceso global y que todos los factores que
repercuten sobre la lipdlisis afecten también a la biohidrogenacion (Bauman et al.,
2003). La eficacia de la biohidrogenacion se relaciona negativamente con la proporcion
de concentrados en la dieta (Sauvant y Bas, 2001). De hecho, la biohidrogenacion es

mas intensa en dietas con abundantes forrajes (Kucuk et al., 2001; Lee et al., 2006).

Lipidos de la racion (miarunez er ar., 201V}
+— Glicerol Acidos grasos libres
(galactosa)
Rumen 4 AG saturados AG insaturados
Acido C180 4+ C18:1cis9 Clg:sécido linolénico ClS:Qécido linoleico

acido estearico Isomerizacidn 4Isomerizacién

ALC cis-9, trans-11, cis-15 ALC cis-9, trans-11
Hidrngenacién4 gcido rumenico

ALC trans-11, cis1b

Hidrogenacion

(acido acético)

C18:1 trans-
v 11 dcido vaccenico
acido vaccénico, -
Intestino c180 ci8:1 trans-11 ALC cis-9, trans-11
Tejid 4 dcido yacoénid¥ Desaturacid
el .. L1880 C18:1 trans-11 —=Z4E80.  ALC cis9, trans-11,
acido estedr aicid

T e e
19

Leche y carne

Figura 1. Digestion ruminal de las grasas; Martinez et al., 2010.

1.2.3.2. Digestion post-ruminal

Como consecuencia de la digestion microbiana ruminal, los lipidos que abandonan el
rumen son predominantemente acidos grasos saturados (AGS) no esterificados de
origen alimentario y microbiano (70%), y cantidades variables de fosfolipidos
microbianos (10-20%) (Bauchart, 1993). Unicamente el 10-15% de los acidos grasos
poliinsaturados (AGPI) consumidos en la dieta escapa a la biohidrogenacién ruminal
para llegar directamente a intestino delgado (Givens et al., 2006). Los acidos grasos
qgue llegan al duodeno se encuentran mayoritariamente adsorbidos en las particulas
alimenticias, las bacterias y las células endoteliales descamadas (Demeyer y Doreau,
1999). Los acidos grasos son liberados de las particulas por detergencia polar. Las
sales biliares favorecen la interaccion de los acidos grasos con los fosfolipidos de la
bilis y el agua, lo cual conduce a la formacion de una fase liquida cristalina. El avance
de la digesta se acompafia de un aumento del pH desde un valor de 3-4 en las

proximidades del orificio comun de los conductos biliar y pancreatico hasta 8 en el ileon
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(Noble, 1978). El aumento del pH facilita que la fase liquida cristalina se disperse en
presencia de las sales biliares para formar una solucion micelar. Simultaneamente, la
liberacion de lisolecitinas desde los fosfolipidos biliares y bacterianos por la accion de
las fosfolipasas pancreaticas estimula aun mas la solubilizacién y mejora el paso de
los acidos grasos a través de capa acuosa que recubre las microvellosidades
intestinales, llamada quilomicrén (Bauchart, 1993). Los pocos triglicéridos que
escapan del rumen son hidrolizados en los tramos iniciales del intestino delgado por la
lipasa pancreatica, cuya actividad se mantiene a pesar del bajo pH (6ptimo de 7,5-7,8)

gracias a la proteccion que presta la presencia de las sales biliares (Noble, 1978).

Higado Pancreas
- //_\/\_("\Acela
ugo »
Acidos grasos Bilis —» Sales biliares (SB)—RaNcreatico > | AGL
libres (AGL) »|SB
Desds el Triglicéridos ; Lipasas e

rumen

Fosfolipidos ' Lecitinas de los lisoleciti
microbianos ISolecitinas

— fosfolipidos

Mucosa intestinal

Figura 2. Digestidn post-ruminal de las grasas; Martinez et al., 2010.
1.2.4. Factores asociativos que afectan la digestion de las grasas

De acuerdo con lo reportado por Plascencia et al., (2005), existen varios factores que
pueden afectar la digestion de los acidos grasos en los rumiantes, como lo son: el tipo
o fuente de grasa, su contenido de acidos grasos libres, el grado de saturacién, el
método y el nivel de adicion.

1.2.4.1. Tipo o fuente de grasa

Plascencia et al., (2005), menciona que, los lipidos de los forrajes se encuentran
principalmente en forma de &cidos grasos poliinsaturados esterificados como
galactosilglicéridos. Su concentracion de acidos grasos en esta forma rara vez supera
el 1.5% de la materia seca de la dieta. Por el contrario, los acidos grasos contenidos
en cereales, semillas oleaginosas y grasas libres son variables, mas elevados y en

forma de triglicéridos. Son diversas las fuentes de grasa que son utilizadas en la
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alimentacion de rumiantes. Estas difieren principalmente en contenido de impurezas,

de acidos grasos libres (AGL) y en el grado de saturacion (Cuadro 3).

Cuadro 3. Composicion quimica promedio de las principales grasas comerciales utilizadas
en la alimentacién animal

Sebo Mezcla Sales
Grasa . Extractos Grasade

Concepto Amarillat de Animal- 4o Jab6n® de Trampa®

Res? Vegetal3 Calcio®
Humedad 0.40 0.12 0.88 140 - 1.63
Impurezas 0.22 0.08 0.56 490 e 3.00
Materia 0.71 0.31 3.88 346 - 0.59
Insaponificable
Valor de lodo 82.06 54.04 67.16 1026 - 75.2
Acidos Grasos 92.60 92.48 92.90 85.7 81.3 94.6
Totales
Acidos Grasos 13.95 7.80 51.0 548 -eme- 50.4
Libres
Perfil de AG,%
Palmitico C 16:0 18.03 25.23 22.30 21.5 49.80 17.56
Estearico C 18:0 10.32 15.73 13.70 6.00 4.03 11.00
Oleico c1s:1 46.88 42.18 35.50 26.5 36.30 46.50
Linoleico Cc18:2 17.16 5.26 18.70 40.2 7.46 13.20
Linolénico C 18:3 1.42 0.47 1.55 3.10 0.30 1.10

1Zinn, 1992a; Krehbiel et al., 1995; Plascencia et al., 1999; Zinn et al., 2000; Ramirez y Zinn, 2000.
2Palmquist, 1991; Clary et al., 1993; Elliot et al., 1997; Beam, 2000.

3Zinn, 1989; Wu et al., 1991.

4AFOA, 1999; Bock et al., 1991; Zinn, 1992b.

5 Coppock and Wilks, 1991; Klusmeyer y Clark, 1991; Zinn y Plascencia, 1992.

5 Andlisis comparativo, 2020.

1.2.4.2. Cantidad de &cidos grasos libres

Los acidos grasos libres (AGL) son acidos grasos no esterificados con glicerol, por lo
que, si consideramos la composicién quimica de los triglicéridos, el glicerol es un
diluyente del contenido neto de energia, por lo que se cree que al incrementarse el
contenido de &acidos libres en una fuente de grasa se espera que el contenido
energético se aumente de la misma manera. Sin embargo, el efecto del nivel de AGL
en la dieta sobre el comportamiento productivo ha sido estudiado en la mayoria de las
especies, especialmente en pollos de engorda, pero, existen indicios en rumiantes, en
los cuales los AGL pueden ser menos digestibles que los triglicéridos (Czerkawski,
1973; Zinn, 1989). En ese sentido, Plascencia et al., (1999), evaluaron la influencia de
distintos niveles de AGL adicionada a las dietas para bovinos de engorda sobre la
respuesta productiva y digestion de nutrientes. En sus resultados, reportaron que, a
pesar de no existir diferencias en la digestibilidad post-ruminal de los AG entre los

tratamientos, el incremento del contenido de AGL, aumenté en forma lineal la ganancia
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diaria de peso, el consumo y la conversion alimenticia. Este hecho, fue indicio para
soportar la hipotesis del efecto de dilucidon del glicerol presente en las grasas con altas
concentraciones de triglicéridos utilizado en no rumiantes (Hamilton, 2002). Sin
embargo, una de las caracteristicas de los lipidos que ingresan en el intestino en
rumiantes es que en su gran mayoria (>85%) son en forma no esterificada, lo que
debilita dicha teoria, al menos para esta especie. Una explicacion mas aceptable dicha
por los autores es que, cuando se observan respuestas positivas con grasas de mayor
contenido de AGL, inhiben la tasa de biohidrogenacién ruminal (Noble et al., 1974), lo
que aumenta el flujo al duodeno de &acidos grasos de mayor digestibilidad

(insaturados). Sin embargo, esta teoria no ha sido plenamente confirmada.
1.2.4.3. Grado de saturacion

Existe una controversia acerca del efecto potencial de la proporcion de &cidos
insaturados: saturados contenidos en las grasas sobre su valor nutricional para
bovinos en engorda. Aunque existe limitada informacion para ganado de engorda,
estudios in vitro (Henderson, 1973; Maczulak et al., 1981) han demostrado que los
acidos grasos insaturados juegan un papel mas activo en la inhibicién de las bacterias
ruminales, particularmente las celuloliticas. En general, con el incremento de
saturacién de una fuente de grasa en particular (por ejemplo, mediante hidrogenacion)
se disminuyen los efectos negativos sobre la fermentacion ruminal, pero también se
reduce la digestibilidad intestinal de los acidos grasos. La atenuacién de los efectos de
la proporcién de insaturados: saturados contenidos en las grasas que comunmente se
adicionan a las dietas para rumiantes se debe principalmente al elevado grado de
biohidrogenacién que sufren los AG insaturados en su estancia en rumen (Jenkins,
1993). La biohidrogenacion ruminal es el mecanismo mediante el cual los
microorganismos ruminales saturan los AG insaturados C18 hasta estearico (Polan et
al., 1964), aumentando de esta manera la cantidad de AG saturados que llega al
intestino. La biohidrogenacion de los acidos grasos insaturados, es un mecanismo
para reducir su toxicidad contra las bacterias, ya que por sus caracteristicas poseen

una accion detergente para la membrana celular microbiana (Garnsworthy, 2002).
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1.2.4.4. Método de adicidn

Plascencia et al., 2005, mencionan que, debido a sus caracteristicas fisicas las grasas
tienden a formar una capa o cubierta en las particulas alimenticias, principalmente
fibra. De hecho, aproximadamente un 80% del total de lipidos en rumen esta en forma
asociada a particulas y de 40 a 75% de las bacterias esta adherido a las particulas
alimenticias. Esto hace que, por sus propiedades hidrofobas, las grasas por
cubrimiento fisico puedan ejercer un efecto inhibitorio a la accién enzimatica bacteriana
interfiriendo en los procesos normales de fermentacion y afectando, por efectos

asociativos, el valor nutricional de las grasas alimenticias.
1.2.4.5. Nivel de adicion

Las recomendaciones para el uso de grasas alimenticias para dietas de rumiantes
indican que éstas no deben exceder el 8% de la dieta (grasa total de la dieta), puesto
gque se han observado efectos detrimentales sobre el consumo y la eficiencia
alimenticia cuando la grasa se incluye en niveles. Sin embargo, las restricciones
practicas para su Optima utilizacion no han sido aun resueltas, ya que se han registrado
casos negativos en comportamiento productivo con niveles de inclusién igual o menor
al 3% mientras que niveles de 8% han conducido a ganancias y conversiones
superiores con relacién a animales no suplementados (Zinn, 1989a). Sin embargo, el
principal factor que afecta la digestibilidad de la grasa alimenticia en rumiantes es su
nivel de consumo (Plascencia et al., 2005)

1.2.5. Principales fuentes de grasay aceites en la alimentacion de rumiantes

Las grasas y aceites se usan en dietas de rumiantes por tres razones: 1) El alto valor
calérico de los lipidos puede ser util para superar las limitaciones de energia,
suministro en rumiantes de alto rendimiento. 2) Los lipidos pueden usarse para
manipular la digestion y absorcion de diferentes nutrientes. Por ejemplo, las grasas
pueden limitar la acidosis ruminal y contenido de grasa de leche deprimido resultante
de dietas bajas en fibra y carbohidratos. La ingesta de lipidos también puede alterar la
proporcion de acidos grasos particulares en la carne o la grasa lactea mas deseable

para la industria alimentaria o para consumo por humanos. 3) Algunos lipidos
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vegetales o animales son insumos de bajo precio que puede ser de interés en la

formulacion de dietas para rumiantes (Chilliard et al., 1993).

La grasa de la dieta tiende a disminuir la concentracién de amoniaco en el rumen sin
modificar el flujo duodenal de nitrdgeno no amoniacal. A pesar de ello no reduce la
sintesis de proteina microbiana a nivel ruminal. El uso de grasa mantiene constante la
concentracion energética de las dietas reduciendo al mismo tiempo el aporte de
almidén fermentable, y con ello el riesgo de acidosis ruminal por la fermentacion de los
carbohidratos no estructurales de los cereales y la produccién de acidos grasos

volatiles los cuales acidifican el medio (Palmquist, 1996).
1.2.5.1. Lipidos en forrajes

Los lipidos en los forrajes presentan un rango entre 30 a 100 mg/kg de MS, los cuales
se encuentran en su mayoria en los cloroplastos. El contenido de lipidos en los
cloroplastos varia entre un 22 y 25% de la materia seca, y estan presentes
principalmente como glicolipidos y fosfolipidos. La composicion de los lipidos en los
forrajes estd dada por un 33% de lipidos simples (di glicéridos, acidos grasos libres y
ceras), 50% como galactolipidos (mono y digalactogliceridos) y un 17% como
fosfolipidos (Bauchart et al., 1984).

Elgersma et al., 2004, mencionaron gue, las fuentes de variacién en la concentracion
de lipidos estan dadas por las especies de plantas, estado de crecimiento, temperatura
e intensidad de la luz. Ademas, existen cinco acidos grasos presentes de manera
mayoritaria en los pastos, y aproximadamente 95% consisten de C18:3 n%, C18:2nfy
C16:0. Los acidos linoleico (C18:2) y linolénico (C18:3), son los substratos de 18
carbonos para la biohidrogenacién ruminal y posterior incorporacion en forma de ALC
en la leche. Los forrajes frescos contienen una alta proporcion (50-75%) de -acidos
grasos en forma de C18:3 n3, y dicho contenido varia con factores ambientales tales
como: estado de madurez, estacionalidad e intensidad de luz. El contenido de &cidos
grasos en los forrajes es importante para la calidad de los productos derivados de los

rumiantes.
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1.2.5.2. Grasa Amarilla

El término de "amarilla” se debe a su apariencia. También se le conoce como grasa
de restaurante o grasa de cocina, ya que su origen es de cualquier combinacion de los
desperdicios o sobrantes de grasas y aceites colectados en cafeterias, restaurantes
de comida rapida y panaderias. Como resultado de cocinar cada vez mas con aceites
vegetales, la mayor parte de grasa amarilla recuperada es de origen vegetal que ha
sido parcialmente hidrogenada para un mejor desempefio en el proceso de cocinado,
de tal forma que la proporcion de insaturados: saturados es de 2.6 aproximadamente.
Debido a la diversidad de sus fuentes, la grasa amarilla no es muy uniforme en su
composicién y puede variar de un area a otra, o de una planta a otra. De acuerdo con
los parametros establecidos por la Asociacion Americana de Grasas y Aceites (AFOA,
1999), su punto de fusion debe ser menor a 40 °C y no debe contener més de 15% de

AGL y un maximo de 2% de impurezas (Plascencia et al., 2005).
1.2.5.3. Sebo

El sebo o grasa animal es un subproducto derivado principalmente de desperdicios de
carne y visceras, mayormente de ganado vacuno. Este tipo de grasa se caracteriza
por una mayor uniformidad, ademas de presentar un alto punto de fusion (>40°C) y un
menor contenido de humedad e impurezas (<1,5%) asi como de AGL, en comparacion

con otras fuentes de grasas (Zinn y Plascencia, 2004).
1.2.5.4. Grasas mezcladas

Las grasas mixtas son mezclas con diferentes proporciones de grasas de origen
animal, aceites vegetales, asi como aceites acidulados y subproductos de refineria.
De la misma forma que la grasa amarilla, las mezclas no son uniformes en su
composicion; de hecho, su composicion es aun mas variable, por lo que es dificlil
caracterizarla de una manera generalizada. Aun asi, comparada con la grasa amarilla,
es de apariencia mas oscura y con un contenido mayor de AGL y materia
insaponificable, tendiendo a poseer un valor de yodo mas alto. Las caracteristicas
tipicas de calidad para esta fuente de grasa son 90% minimo de acidos grasos totales
(AGT) y niveles maximos de 50% de AGL, 3,5% de insaponificables, 1,5% de humedad
y 1% de impurezas (Zinn, 1989).
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1.2.5.5. Extractos de jabodn

De acuerdo con lo mencionado por Plascencia et al., 2005, son subproductos que
derivan de los procesos de la refinacion de aceites comestibles. La composicion de
acidos grasos es muy similar a la fuente original, pero con méas contenido de AGL
(>50%).

1.2.5.6. Grasa de trampa

Es obtenida en las trampas del desagle de cocinas de cafeterias y restaurantes. Este
tipo de grasa se ha incrementado en el mercado en los Ultimos afios como resultado
de recientes regulaciones medioambientales que indican que la grasa que se vierte al
cafo por error debe ser recuperada y reciclada. La composicion es muy similar a la

grasa amarilla, pero contiene tres veces mas AGL (Plascencia et al., 1999).
1.2.6. Factores intrinsecos que afectan el valor energético de las grasas

Excluyendo las interacciones asociativas, el valor de EN de las grasas alimenticias es
una funcion altamente relacionada con su digestibilidad intestinal. Por lo anterior, una
gran atencion se ha dirigido para comprender los factores intrinsecos (naturaleza y
calidad de la grasa) que afectan o inciden sobre el valor energético de las grasas y
aceites utilizado como fuentes de energia en dietas de finalizacién, las principales
caracteristicas de mayor consideracion son, por ejemplo, la fuente y tipo de grasa, la
cantidad de &cidos grasos libres, asi como la proporcion de acidos grasos saturados:
insaturados, influye de manera directa sobre su valor energético. Es importante notar
que la estructura fundamental de los lipidos son los acidos grasos (ag) que de acuerdo
con la longitud de su cadena determina su mecanismo de absorcion y transporte. Los
ag de cadena corta se absorben a través del epitelio ruminal, asi como a nivel intestinal
y utilizan via porta mientras que los de cadena larga se absorben solo a nivel intestinal
y requieren de la via linfatica para su transportacion. Debido al proceso de hidrélisis y
emulsificacion que requieren sufrir los ag de cadena larga previamente para su
absorcion, sus caracteristicas estructurales tienen un fuerte impacto en su valor
energético y por lo tanto en la productividad animal. En ese sentido, la longitud de la
cadena, asi como el grado de saturacion modifica las propiedades fisicas (caracter

anfipatico y punto de fusion) de los lipidos, lo cual afecta en forma importante su
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potencial de hidrolisis y de absorcion. Normalmente los aceites tienen una mayor
proporcion de ag insaturados que las grasas y es lo que los mantiene liquidos a
temperatura ambiente, mientras que las grasas tienen una mayor cantidad de ag

saturados y es lo que las vuelve sélidas (Plascencia et al., 2005).
1.2.7 Factores extrinsecos que afectan el valor energético de las grasas

Los factores extrinsecos (método de adicion y nivel de consumo) principalmente
afectan el valor como alimento animal, respecto al método de adicion. Por otra parte,
el nivel de consumo afecta directamente la digestibilidad de la grasa, a mayor nivel de
inclusion menor es la eficiencia de utilizacién intestinal de los &cidos grasos,
principalmente los saturados (C16:0 y C18:0) la principal limitante en la digestibilidad
sucede cuando la cantidad de los lipidos que llegan al duodeno sobrepasa la
capacidad enzimatica intestinal y, por consiguiente, su absorcion (Bauchart, 1993).
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1.3 CONCLUSIONES

1. La adicion de grasas a las dietas para el ganado dentro de la produccién intensiva
en corral es una practica cada vez mas comun para incrementar el nivel energético de
la dieta reduciendo la cantidad de grano ofrecida, motivo por el cual es necesario
evaluar independientemente de la fuente y la forma de adicion de grasa a la dieta, el

valor nutricional de las grasas.

2. Desde un punto de vista nutricional, por ejemplo, permiten incrementar la
concentracion energética de la dieta, reducen el estrés caldrico y por su menor
incremento de calor, mejoran la eficacia energética neta por kcal de energia
metabolizable; ademas, todas las grasas presentan una serie de ventajas no
estrictamente nutricionales que hacen conveniente su inclusion en la alimentacion de
rumiantes, por ejemplo, las grasas controlan la formaciéon de polvo y mejoran la
palatabilidad, el consumo, la estructura y el aspecto del alimento. Ademas, lubrican la
maquinaria lo que permite mejorar su rendimiento (caso de la granuladora) y su vida
atil.

3. Tomando en cuenta que, existen mdultiples factores tanto intrinsecos como
extrinsecos que pueden afectar la digestion y absorcion de los acidos grasos en
rumiantes, las grasas y aceites pueden mejorar el aprovechamiento de ciertos
ingredientes de las dietas de finalizacién, pero, esto estara supeditado principalmente
a ciertos factores como lo son el tipo o fuente de grasa, el contenido de acidos grasos

libres, el grado de saturacién, método de adicion y nivel de adicién.
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‘. ARTICLE

Grease trap waste (griddle grease) as a feed ingredient for
finishing lambs: growth performance, dietary energetics,and
carcass characteristics

Jorge L. Ramos-Meéndez, Alfredo Estrada-Angulo, Miguel A. Rodriguez-Gaxiola, Soila M. Gaxiola-

Camacho, Christian Chaidez-Alvarez, Olga M. Manriquez-Nunez, Alberto Barreras, Richard A. Zinn,
Jorge Soto-Alcala, and Alejandro Plascencia

Abstract: Forty-eight (37.7 + 3.4 kg, initial shrunk live weight) lambs were used in a 61 d experiment to evaluate theenergy
value of grease trap waste (GT) at four levels of supplementation (0%, 2%, 4%, and 6%). Supplemental GT replaced cracked
corn in the basal diet. The GT contained 6.4% moisture, 3.1% impurities, and 79.8% total fatty acids (FA). Increasing GT
level in diets did not affect dry matter intake and daily weight gain but linearly increasedgain efficiency and estimated dietary
net energy (NE). However, the ratio of observed-to-expected diet NE decreased with increased levels of GT. The estimated
NE values for GT based on FA intake were in close agreement(98% and 102% of predicted, respectively) with those NE
values determined by replacement technique for 2% and 4% supplementation level. However, the observed NE value for GT
supplemented at the 6% level was 9% lower than predicted. Kidney-pelvic-heart fat increased as level of GT supplementation

increased; otherwise, carcass charac- teristics and shoulder composition were not affected. We conclude that GT is a suitable
alternative to conventionalfeed fats in diets for finishing lambs. The estimated NE of GT is 93% the energy value assigned
by current standardsfor tallow and yellow grease.

Key words: recycled fats, dietary energy, finishing lambs, performance, carcass.

Résumé : Quarante-huit agneaux (37,7 + 3,4 kg, poids corporel initial réduit) ont été utilisés dans une expérience de 61 j afin
d’évaluer la valeur d’énergétique des déchets provenant des collecteurs de graisse (GT — « grease trap waste »)a raison de 4
niveaux de supplémentation (0 %, 2 %, 4 %, et 6 %). Les suppléments de GT remplacgaient le mais concassédans la diete de base.
Le GT contenait 6,4 % d’humidité, 3,1 % d’impuretés, et 79,8 % d’acides gras (FA — « fatty acids »)totaux. Augmenter le niveau
de GT dans les diétes n’a pas eu d’effet sur la consommation des matiéres séches et legain de poids quotidien, mais a augmenté
de facon linéaire le gain en efficience et I’énergie nette (NE — « net energy ») alimentaire estimée. Par contre, le rapport
NE observée a attendue de la diete a diminué avec I’augmenta- tion du niveau de GT. Les valeurs estimées de NE pour le GT

selon la consommation de FA avaient une concordance étroite (98 % et 102 % des chiffres prévus, respectivement) avec ces
valeurs de NE déterminées par la technique de remplacement pour les niveaux de supplémentation de 2 % et 4 %. Par contre, la

valeur de NE observée pour les suppléments de GT a raison de 6 % était 9 % plus faible que prévue. Le gras rein-bassin-cceur
a augmenté a mesure que le niveau de supplémentation en GT augmentait; autrement, il n’y a pas eu d’effet sur les
caractéristiques de carcasse et la composition de I’épaule. Nous concluons donc que le GT est un choix acceptable aux gras

alimentairestraditionnels dans les diétes des agneaux en finition. Le NE estimé du GT est de 93 % de la valeur énergétique
assignée selon les normes actuelles pour le suif et la graisse jaune. [Traduit par la Rédaction]

For personal use only.

Mots-clés : gras recyclés, énergie alimentaire, agneaux en finition, performance, carcasse.
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Introduction

Due to increasingly stringent environmental regula-
tions, restaurants and cafeterias place traps in the rinse
water lines to collect grease (Food Safety and Inspection
Services 2016). When recycled separately, this material
is commonly referred to as “griddle grease” or grease
trap waste (GT). In the United States, an estimated
1.8 billion kg-yr—! of waste fat is recovered as GT (Tran et
al. 2016). Grease trap waste has greater concentrations of
moisture, impurities, and unsaponifiables [lower total
fatty acid (FA) concentration], and approximately three-
fold greater free FA concentration than conventional feed
fat (tallow/yellow grease; Zinn and Plascencia 2007).
Some variation in composition of GT is attribut- able to the
process used for GT recovery and the final process applied
before distribution (Henriksson 2016). Plascencia et al.
(1999) observed that the estimated net energy (NE) value of
GT was 88% that of yellow grease when included as 5% of
a finishing diet for feedlot. To our knowledge, there are no
reported studies that evalu- ate nutritional characteristics
(acceptability and energy value) of GT in finishing diets for
feedlot lambs. The objective of this experiment was to
evaluate the feeding value of GT in finishing feedlot lambs
based on measures of growth performance, estimated
dietary NE, and carcass characteristics.

Materials and Methods

Animal management procedures were conducted within
the guidelines of locally approved techniques foranimal
use and care (NOM-062-Z00-1999). These regula- tions are
in accordance with the principles and specificguidelines
presented in the Guidelines for the Care and Use of
Agricultural Animals in Agricultural Research and
Teaching (FASS 2010).

This experiment was conducted at the Universidad Aut6
noma de Sinaloa Feedlot Lamb Research Unit,
located in the Culiacan, México (24°46'13”"N and
107°21’14"”W). Culiacan is about 55 m above sea level and
has a tropical climate.

Animal, diets, and sample analyses

Forty-eight Pelibuey x Katahdin [21 +2 wk of age;
37.7 + 3.4 kg initial shrunk body weight (SBW)] crossbred
intact male lambs were used in a 61 d growth- performance
experiment to evaluate a rinse trap griddle grease waste
(GT) as a supplemental fat in a corn-based high-energy
finishing diet. During the course of the experiment, air
temperature averaged 27.8 °C (minimum and maximum of
29.9 and 23.6 °C, respectively) and rela-tive humidity 53%
(minimum and maximum of 46.8 and

75.5 °C, respectively). Three weeks before initiation of the
experiment, lambs were treated for parasites (Albendaphorte
10%, Animal Health and Welfare, México City, México),
injected with 1 x 10° IU vitamin

A (Synt-ADE®, Fort Dodge, Animal Health, México
City, México) and vaccinated for Mannheimia haemolityca
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(One Shot Pfizer, México City, Mexico). Upon initiation of
the experiment, lambs were weighed just prior to the
morning meal (electronic scale; TOR REY TIL/S: 107 2691,
TOR REY Electronics Inc., Houston, TX, USA), blocked by
weight, and assigned within weight group- ings to 24 pens
(two lambs per pen, six pens per treat- ment). Pens were 6
m? with overhead shade, automatic waterers, and 1 m fence-
line feed bunks. Treatments consisted of GT
supplementation at levels of 0%, 2%, 4%,and 6% [dry matter
(DM) basis; Table 1], with supplemen- tal GT replacing
cracked corn in the basal diet. The GT, obtained from an oil
recycling company (Acidulados la Tapatia, S.A. de C.V,,
Guadalajara, México), contained 6.4% moisture, 3.1%
impurities, and 79.8% total FA.Dietary treatments were
randomly assigned to pens within blocks. Lambs were
reweighed prior to the morn- ing meal on day of harvest.
Lambs were provided fresh feed twice daily at 0800 and
1400 in a 30:70 proportion (as fed basis), allowing for a
feed residual of refusal of

~50 g-kg-! daily feed offering. Feed bunks were visually
assessed between 0740 and 0750 each morning, and
residual feed was collected and weighed. Feed samples
were collected daily and composited weekly for DM
analysis (oven-drying at 105 °C until no further weight loss;
method 930.15, AOAC 2000).

Feed samples were subjected to the following analyses:DM
(oven-drying at 105 °C until no further weight loss; method
930.15, AOAC 2000); crude protein (N x 6.25; method
984.13, AOAC 2000), ether extract (method 920.39, AOAC
2000), and neutral detergent fiber [NDF; Van Soest et al.
1991, corrected for NDF-ash, incorporat-

ing heat-stable x-amylase (Ankom Technology, Macedon,
NY, USA)]. Chemical composition (moisture, impurities,
and total FA) of supplemental fat sources were assayed by
Industrial Analyses Laboratory (Culiacan, Sinaloa,
México).

Calculations

Average daily gain (ADG) was computed by subtracting the
initial SBW (full live weight x 0.96; Cannas et al. 2004)
from the final SBW and dividing the result bythe
number of days on feed. The efficiency of SBW gain was
computed by dividing ADG by the daily DM intake (DMI).
The estimations of dietary NE and expected DMI were
performed based on the initial and final SBW. The esti-
mation of expected DMI was performed based on observed
ADG and average SBW according to the follow-

ing equation: expected DMI (kg-d-!') = (EM/NEn) + (EG/
ENg); where EM (energy required for maintenance, Mcal-d-1)
= 0.056 x SBW® (NRC 1985); EG (energy gain, Mcal-d-1) =
0.276 x ADG x SBW®" (NRC 1985); NE, (net

energy of maintenance) and NE4 (net energy of gain) are the
corresponding estimated NE values of each treat- ment
(Table 1; derived from tabular values based on the
ingredient composition of the experimental diet; NRC
2007). The coefficient (0.276) was estimated assuming a



Can. J. Anim. Sci. Downloaded from cdnsciencepub.com by 189.222.54.147 on 07/19/21
For personal use only.

Ramos-Méndez et al.

Table 1. Dietary composition of experimental diets fedto
lambs.

GT level (g-kg—! of DM)

Item 0 20 40 60

Ingredient composition (g-kg—* of DM)
Corn grain cracked 670 650 630 610

Sudangrass hay 80 80 80 80
GT? 0 20 40 60
Soybean meal 105 105 105 105
Cane molasses 90 90 90 90
Urea 4 4 4 4
Zeolite 3 3 3 3
Mineralized salt? 21 21 21 21

Net energy concentration (Mcal-kg—* of DM)¢
ENm (Mcal-kg-1) 1.96 2.04 2.13 2.21
ENg (Mcal-kg-1) 1.33 1.40 1.47 1.54

Nutrient composition (g-kg—! of DM)¢

Crude protein 138.5 136.6 134.8 1335
NDF 140.6 138.5 136.4 134.0
Ether extract 31.0 45.6 62.0 80.2

Note: DM, dry matter; ENm, net energy of maintenance; ENg,
net energy of gain; NDF, neutraldetergent fiber; GT, grease
trap waste.

aComposition of GT was (%) moisture = 6.48;

impurities = 3.05; total fatty acids = 79.80.

bMineralized salt contained calcium, 13.58%; sodium, 7.8%;
chlorine, 12.2%; phosphorus, 2.2%; magnesium, 1.0%;potassium,
0.7%; CoSOQ4, 0.068%); CuSOs4, 1.04%; FeSOs,

3.57%; zinc oxide, 1.24%; MnSOQO4, 1.07%; potassiumiodide,
0.052%.

‘Based on tabular NE values for individual feed ingredients
(NRC 2007), including GT, which has anassumed energy value
similar than conventional fats.

dDietary composition was determined by analyzing
subsamples collected and composited throughout the
experiment. Accuracy was ensured by adequatereplication
with acceptance of mean values that werewithin 5% of each
other.

mature weight of 113 kg for Pelibuey x Katahdin male
lambs (Canton and Quintal 2007). Dietary NE was esti-
mated by means of the quadratic formula: x = (—b

P 4ac)/2c; where x = NEm; a = —0.41 EM; b = 0.877
EM + 0.41 DMI + EG; and ¢ = —0.877 DMI (Zinn et al. 2008).
The estimated NE value of supplemental GT was esti-
mated using the replacement technique. Accordingly, the
comparative NEn, values for the supplemental GT at 2%,
4%, and 6% levels of substitution were estimated as

NEm (Mcal-kg—1) of tested GT = [(ENm observed for each
diet containing supplemental GT — ENn, observed for the

control diet)/Y] + 2.23. The divisor (Y) represents the
amount of supplemental GT in the diet expressed as 0.02,

0.04, or 0.06, and the constant 2.23 represent the NEr, value
of the dry cracked corn replaced (NRC 2007).The NEq4
value of supplemental GT was derived from their estimated
NEm (Zinn et al. 2008).
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Carcass characteristics

All lambs were harvested on the same day. After humane
sacrifice, lambs were skinned and the gastrointestinal
organs were separated and weighed.

After carcasses (with Kidneys and internal fat included)

were chilled in a cooler at —2 to 1 °C for 48 h, the follow-
ing measurements were obtained: (1) back fat thickness
perpendicular to the m. longissimus thoracis (LM),
measured over the center of the ribeye between the 12th
and 13th rib; (2) LM surface area, measured using a grid
reading of the cross sectional area of the ribeye between
12th and 13th rib; and (3) kidney, pelvic, and heart fat
(KPH). The KPH was removed manually from the carcass
and then weighed and reported as a percent- age of the cold
carcass weight (USDA 1982). Shoulders were obtained
from the forequarter. The weights of shoulder were
subsequently recorded. The shoulder composition was
assessed using physical dissection (Luaces et al. 2008).

Statistical analyses

Performance, ADG, DMI, gain efficiency, estimated dietary
NE, and carcass data were analyzed as a random- ized
complete block design using pen as the experimen- tal unit.
Treatment effects were tested by means of orthogonal
polynomials (Statistix 10, Analytical

Software, Tallahassee, FL, USA). Treatment effects were
considered significant when P < 0.05, and tendencies were

identified when P > 0.05 and < 0.10.

Results and Discussion

Chemical composition of GT is shown as footnote in Table
1. The GT used in the present study had a similar level of
impurities (3.0%) to that reported by Plascencia et al.
(1999), but it was lower in moisture (0.6% vs. 6.5%)and
total FA (79.8% vs. 83.9%). These differences are expected
due to plant-to-plant variations in GT recovery process and
subsequent handling that affect moisture con-tent (Williams
et al. 2012; He et al. 2017). Total FA content is inversely
proportional with moisture (Henriksson 2016).

The main objective of this experiment was to evaluate GT
as an alternative to conventional supplemental fats used in
finishing diets. Due to the limited information about energy
value of GT, most comparisons are for con-ventional fats
(i.e., tallow and yellow fat) using energy concepts. The
effect of supplemental GT on growth per- formance and
estimated dietary NE are shown in Table 2. Increasing
GT level in diets did not affect DMI and ADG.
Nevertheless, gain efficiency increased (lineareffect, P <
0.01) with increasing level of cracked corn sub- stitution with
GT. Lack of treatment effects on DMI con-firm that
supplementation with GT at levels as high as 6% of diet
DM does not affect diet acceptability. Likewise, Plascencia
et al. (1999) did not observe a nega-tive effect of 5%
supplemental GT on DMI of feedlot cat- tle. The
improvement of gain efficiency with GT is consistent with
prior studies evaluating conventional
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Table 2. Effect of supplementation level of GT on growth performance, dietary energy, and estimated NE.

GT level (g-kg—! diet DM) P value
Item 20 40 60 SEM Linear Quadratic
Days on test 61 61 61 61 — — —
Pen replicates 6 6 6 6 — — —
LW (kg)?
Initial 37.83 37.65 37.48 37.72 0.331 0.72 0.54
Final 50.48 49.97 50.08 51.79 0.851 0.31 0.21
Average daily gain (kg) 0.207 0.202 0.206 0.230 0.015 0.29 0.34
Dry matter intake (kg-d—1) 1239 1.150 1.135 1.215 0.055 0.73 0.15
Gain to feed (kg-kg—1) 0.167 0.176 0.181 0.189 0.005 <0.01 0.76
Observed dietary NE (Mcal-kg—1)
Maintenance 196 2.05 2.10 212 0.018 <0.01 0.09
Gain 131 139 143 145 0.016 <0.01 0.08
Observed to expected dietary NE ratio
Maintenance 1.00 1.01 0.98 0.96 0.008 <0.01 0.11
Gain 098 0.99 0.97 0.94 0.010 0.01 0.86
Observed to expected daily dry matter intake 1.01 1.00 1.02 1.06 0.010 <0.01 0.09
Estimated GT NE (Mcal-kg-1)
Maintenance — 5.83 5.86 499 — — —
Gain — 4.70 4.72 397 — — —

Note: GT, grease trap waste; NE, net energy; DM, dry matter; SEM, standard error of mean; LW, live weight.
alnitial LW was reduced by 4% to adjust for the gastrointestinal fill. Final LW was obtained following an 18 h fastwithout

access to feed (access to drinking water was not restricted).

Table 3. Effect of supplementation level of GT on carcass characteristics of lambs.

GT (g-kg~! of DM) P value
Item 0 10 20 30 SEM Linear Quadratic
Pen replicates 6 6 6 6 — — —
Hot carcass weight (kg) 28.83 28.39 28.65 29.58 0.618 0.37 0.29
Dressing percentage 57.10 56.83 57.21 57.16 0.532 0.81 0.84
LM area (cm) 18.64 19.32 18.60 18.94 1.149 0.97 0.88
Back fat thickness (cm) 0.22 0.23 0.24 0.25 0.017 0.30 0.97
KPH (%) 299 3.77 4.33 456  0.246 <0.01 0.28
Shoulder composition (%)
Muscle 66.51 66.20 65.34 66.37 0.018 0.79 0.55
Fat 16.51 16.05 16.27 16.11 0.012 0.85 0.90
Muscle to fat ratio 408 4.40 4.13 444 0457 0.69 0.99

Note: GT, grease trap waste; DM, dry matter; SEM, standard error of mean; LM, m. longissimusthoracis; KPH,

kidney-pelvic-heart fat.

supplemental fats in finishing diets for feedlot cattle
(Zinn and Plascencia 2007) and finishing lambs (Bhatt et al.
2013). This improvement is expected, reflect- ing the
increase in dietary energy density with fat supplementation.
Consistent with observed enhancement in gain efficiency,
estimated dietary NE increased with increasedlevels of GT
substitution for corn (linear effect, P < 0.01). However, the
ratio of observed-to-expected diet NE decreased (linear
effect, P < 0.01) with increased levels of GT. This effect is
expected, in as much as the NE valueof dietary fat declines
in a linear fashion with increased

21

levels of supplementation (Zinn and Plascencia 2007), due
to the inverse relationship between level of fat intake and
intestinal FA digestion (Plascencia et al. 2004). Plascencia
et al. (2003) observed that the NE valueof fat was closely
associated (r? = 0.89) with level of FA

intake: NEy (Mcal-kg—?!) =[87.56 — 8.59 x FA intake
(expressed as g-kg-! live weight)] x 6.03. The average FA
intake in the present experiment were 0.96, 1.28, and

1.74 g-kg~1 live weight for the 2%, 4%, and 6% levels of sup-
plementation, respectively. Accordingly, the correspond-
ing NEg value of GT is 4.78, 4.61, and 4.38 Mcal-kg?,
respectively. Using the replacement equation, the
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estimated NE for maintenance and gain (Mcal-kg—1) of
supplemental GT are 5.83 and 4.70, 5.86 and 4.72, and
4.99 and 3.97, for 2%, 4%, and 6% supplementation level,
respectively (Table 2). Thus, the predicted NE values for
GT based on FA intake are in close agreement with
observed for the 2% and 4% levels of supplementation
(98% and 102% of predicted, respectively). However, the
observed NE value for GT supplemented at the 6% level
was lower (9%) than predicted. Considering that the NE
of maintenance and gain of conventional fats in the current
standards (NRC 2007) is 6.3 and 5.1 Mcal-kg~1, atmoderate
levels of supplementation (up to 4%), the NE

of supplemental GT is 93% that of conventional feed fat
(i.e., tallow and yellow grease). This slightly lower NE
value reflects the greater moisture content and hence lower
FA concentration of GT.

Effect of supplemental GT on carcass characteristics and
shoulder composition are shown in Table 3. The proportion
of KPH increased (linear effect, P < 0.01) with increased
levels of GT supplementation. Otherwise, carcass
characteristics and shoulder composition were not affected
by GT inclusion. Likewise, Plascencia et al. (1999)
observed increased KPH in feedlot cattle supplemented
with 5% GT. Bhatt et al. (2011) and Estrada-Angulo et al.
(2017) noted increases in carcass fat, including increased
proportion of shoulder fat in fin- ishing lambs
supplemented up to 6% with vegetable oil

(coconut oil or jatropha oil). Increased carcass fat due to
supplementation with conventional fats (=4% supple-
mentation level) has also been commonly observed in
feedlot cattle (Zinn 1989; Nelson et al. 2008).

Conclusions

Grease trap waste is a suitable lower cost alternative to
conventional feed fats in diets for finishing feedlot lambs.
Inclusion of GT does not appear to affect diet acceptability.
However, its chemical composition (total FA and moisture
content) should be considered. As will all supplemental
fats, the NE value of GT is a functionof its total FA
concentration. The estimated NE of GT is 93% the energy
value assigned by current standards (NRC 2007) for tallow
and yellow grease.
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3.1. Abstract

Purpose The objective of this experiment was to compare the effects of diet
supplementation with cooking grease recovered from rinse-trap water lines (rinse-trap
grease; RTG) versus conventional supplemental fats (tallow; TL, and yellow grease;
YG) on 84-d growth performance, dietary energy, and carcass traits of feedlot lambs.
Method Forty-eight Pelibuey x Katahdin lambs (27.7+3.4 kg) were assigned in a
randomized complete block design to evaluate: 1) basal diet without supplemental fat
(Control); 2) 4% TL; 3) 4% YG, and 4) 4% RTG. Supplemental fats replaced corn in the
control diet. Results Rinse trap grease contained greater moisture (16.5 vs 0.92%) and
impurities (3.6 vs 0.56%), and less total fatty acid (64.90 vs 89.60%) than that of
conventional fats (TL and YG). Daily weight gain and gain efficiency were similar for
control and RTG supplemental lambs, whereas, ADG and gain efficiency were greater
for lambs fed conventional fats vs control or RTG supplemented lambs. Both dietary
net energy (NE) as well as ratio of observed- to-expected dietary NE were 4% greater
for lambs supplemented with conventional fats vs RTG. Supplemental fat increased fat
deposition, but did not affect any other carcass measures or non-fat visceral mass.
Estimated NE value for RTG was 57% of the average NE value (6.11 Mcal/kg) of tested
conventional fats. Conclusion Supplementation with RTG does not affect diet
acceptability, and accordingly, is a suitable energy source for feedlot lambs. However,
due to its lower total fatty acid content, its energy value is much lower than conventional

supplemental fats.

Key words: Feedlot, Recycled fat, Conventional feeding fats, Growth

performance, Dietary energy, Carcass.
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3.2. Introduction

Environmental regulations regarding disposal of fat and oil residues are increasingly
rigorous (Sheinbaum et al., 2015), prompting a more widespread recycling of fatty
waste for use as feed supplements (Abdel-Shafy and Mansour, 2018). Presently, the
more common recycled fats fed to livestock are tallow (TL) and yellow grease (YG).
When priced competitively with dry rolled corn (energy value= 2.23 Mcal NEm/kg; NRC
2007), the main source of energy for ruminants diets in Mexico and USA, tallow and
yellow grease (energy value = 6.30 and 5.80 Mcal ENm/kg for YG and TL, respectively;
NRC 2007) are suitable and generally less expensive energy sources. Currently, a
large number of restaurants and cafeterias place traps in the rinse water lines to collect
grease, and reduce pollution of waste water (Sheinbaun-Pardo et al., 2013, Wang and
Wang, 2013). When recycled separately for use in animal feed, this rinse trap grease
(RTG) is also referred to as “griddle grease”. Due to the collection and handling
process, RTG has a characteristically greater content of impurities and moisture, and
a markedly lower total fatty acid content than conventional dietary fats (Hums et al.
2018; Ramos-Méndez et al., 2021). It is well known that fat quality (moisture, impurities
and total fatty acids content) affects its energy value (Zinn and Jorquera, 2007).
Previously, Ramos-Mendez et al. (2021), evaluated the energy value of RTG included
at different levels of supplementation (0, 2, 4 and 6% of dietary DM) in high-energy
cracked-corn based diet for feedlot lambs. Applying the replacement equation (using
observed NE value of non-supplemented diet and dry corn grain as reference),
researcher estimated that the NE value of RTG at levels up to 4% of diet DM was 0.93
when compared to the assigned net energy for supplemental fats published by NRC
(2007). When RTG was included at 6% of diet DM, the NE of RTG was 0.79 of
expected. The lower NE for RTG at 4% level of supplementation was attributed to its
lower FA content. The greater depression in NE of RTG at the 6% level of
supplementation was attributed to potential negative associative effects on
characteristics of digestion. Therefore, Ramos-Méndez et al., (2021) recommended
that the level of RTG supplementation should not exceed 4% of diet DM. When RTG
was compared with conventional fats supplemented at 4% of diet DM fed to feedlot

cattle, the comparative NE value of RTG was 0.70 that of TL and YG (Ramirez and
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Zinn, 2000). In Mexico and USA, RTG is less expensive than tallow and yellow grease.
However, RTG has much greater variation in moisture and total fatty acid content than
conventional fats (Hums et al., 2018). Variation in composition of RTG is attributable to
differences in fatty acid recovery among processing (Henriksson 2016). To our
knowledge, no information is available in which the energy value of RTG was assessed
by direct comparison with conventional supplemental fats (yellow grease and tallow) in
long-term fattening of lambs receiving a high-energy diet. For this reason, the objective
of this experiment was to evaluate the comparative feeding value of cooking grease
recovered from rinse-trap water lines (rinse trap grease) versus tallow and yellow
grease (positive control), and no supplemental fat (negative control), on growth
performance, dietary net energy, carcass characteristics, tissue composition and

visceral mass of finishing lambs.
3.3. Materials and Methods

All animal management procedures were conducted within the guidelines of locally-
approved techniques for animal use and care (NOM 1995, 1999) and approved by the
Ethics Committee of Faculty of Veterinary Medicine and Zootechnics from the
Autonomous University of Sinaloa (Protocol #7042019). This experiment was
conducted at the Universidad Autonoma de Sinaloa Feedlot Lamb Research Unit,
located in the Culiacan, México (24° 46’ 13" N and 107° 21’ 14”W). Culiacan is about
55 m above sea level, and has a tropical climate. The average ambient temperature
and relative humidity during the course of the experiment were 29.5 °C, and 46.7%,

respectively.
3.3.1. Animal, diets, and samples analyses

Forty-eight Pelibuey x Katahdin crossbred intact male lambs (27.7 £ 3.4 kg initial
average shrunk body weight) were used in an 84-d growth-performance experiment to
evaluate a cooked grease recovered from rinse-trap water lines (also referred to as
“griddle grease”) used as a supplemental fat included in a corn-based high-energy diet
for finishing lambs. Four weeks before initiation of the experiment the lambs were
treated against parasites (Closantel oral; 7 mg/kg LW, CLOSANTIL® 5%, Laboratorio
Chinoin, Mexico, City, Mexico), injected with 2 mL vitamin A (500,000 IU, Synt-ADE®,
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Zoetis México, México City), and vaccinated against Mannheimia haemolityca (One
Shot Ultra Zoetis México, México City). Upon initiation of the experiment, lambs were
weighed before the morning meal (electronic scale; TORREY TIL/S: 107 2691, TOR
REY Electronics Inc., Houston TX, USA). Lambs were blocked by initial weight (6
blocks) and assigned to 24 pens, two lambs/pen (6 pens/treatment). Pens were 6 m2
with overhead shade, automatic waterers and 1 m fence-line feed bunks. The maximal
total fat (from basal ingredients plus added fat) content recommended for feedlot diets
is 8.0% (Vasconcelos and Galyean 2007; Zinn and Jorquera 2007). We chose to
evaluate RTG at 4% of diet DM, as Ramos-Méndez et al. (2021) observed that the NE
value of supplemental RTG markedly declined as level of supplementation greater than
4% if diet DM. dietary treatments consisted of a dry rolled corn-based finishing diet
supplemented with: 1) 0% fat (Control); 2) 4% tallow (TL); 3) 4% supplemental yellow
grease (YG), and 4) 4% grease trap waste (RTG). Composition of experimental diets
are shown in Table 1. Supplemental fats replaced corn in a total mixed diet.
Supplemental fats were obtained from a single recycling company (Acidulados la
Tapatia, S.A. de C.V., Guadalajara, México). Supplemental fats were added to the
mixer prior to adding molasses (last added ingredient) in diet preparation. Once all the
ingredients were included in the mixer, the diets were mixed for 5 to 7 min. Chemical
characteristics of fat sources used are described as a footnote in Table 1. Dietary
treatments were randomly assigned to pens with blocks. Initial live weights were
obtained just prior to the morning meal. Live weights (LW) on days 1 was converted to
shrunk body weight (SBW) by multiplying LW by 0.96 to adjust for the gastrointestinal
fill (Cannas et al., 2004). All lambs were fasted (drinking water was not withdrawn) for
18 h before recording the final LW (day 84). Lambs were provided fresh feed twice daily
at 0800 and 1400 h in 30:70 proportion, allowing for a daily feed residual of refusal of
~50 g per lamb. Residual feed was collected between 0740 and 0750 h each morning
and weighed. Adjustments to either increase or decrease daily feed delivery were
provided in the afternoon feeding. Feed samples were collected from each elaborated
batch. Daily feed refusal composited weekly for dry matter analysis (DM; oven drying
at 105°C until no further weight loss; method 930.15, AOAC 2000). Feed samples were

subjected to the following analyses: DM (oven drying at 105°C until no further weight
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loss; method 930.15; AOAC, 2000); CP (Nx 6.25, method 984.13; AOAC, 2000), ether
extract (method 920.39; AOAC, 2000), and NDF [Van Soest et al., 1991, corrected for
NDF-ash, incorporating heat stable a-amylase (Ankom Technology, Macedon, NY).
Chemical composition (moisture, impurities and total fatty acids) of supplemental fat
sources were assayed by an external laboratory (Industrial Analyses Laboratory,

Culiacan, Sinaloa, México).
3.3.2. Calculations

Average daily gain (ADG) was computed by subtracting the final shrunk body weight
(SBW) from the initial SBW and dividing by the number of days on feed. The gain
efficiency was computed by dividing ADG by the daily dry matter intake (DMI; gain-to-
feed ratio, GF). One approach for evaluation of the efficiency of dietary energy
utilization in growth-performance trials is the ratio of observed-to-expected DMI and
observed-to-expected dietary net energy (NE). Based on diet NE concentration and
measures of growth performance, there is an expected energy intake. This estimation
of expected DMI is performed based on observed ADG, average SBW, and NE values
of the diet (Table 1) as follows: expected DMI, kg/d = (EM/NEm) + (EG/NEQ), where
EM (energy required for maintenance, Mcal/d) = 0.056xSBW0.75, EG (energy required
for gain, Mcal/d) =0.276x ADGx SBWO0.75, and NEm (diet net energy for maintenance)
and NEg (diet net energy for gain) are corresponding NE values based on the ingredient
composition (NRC 2007) of the experimental diet (Table 1). The coefficient (0.276) was
taken from NRC (1985) assuming a mature weight of 113 kg for Pelibuey x Katahdin
male lambs (Canton et al. 2009). The observed dietary net energy was calculated using
EM and EG values, and DMI observed during experiment by means of the quadratic
formula: x = (-b - [1b2-4ac)/2c. Where: x = NEm,148 Mcal/kg, a =-0.41EM, b = 0.877
EM + 0.41 DMI + EG, and ¢ = -0.877 DMI (Zinn et al. 2008). Given that the NEm value
of dry rolled corn is 2.23 Mcal/kg (NRC 2007), the comparative NEm value for the
supplemental fats at 4% level of substitution was determined as follows: NEm (Mcal/kg)
of tested fat = [(NEm observed for each diet containing supplemental fat — NEm
observed for the Control diet)/0.04] + 2.23. The divisor (0.04) represents the amount of
supplemental fat in diet, and the 2.23 represent the NEm value of dry rolled corn (NRC

2007) replaced by the supplemental fat. The NEg value of tested fats was derived from
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their estimated NEm values as follows: NEg, Mcal/kg = 0.877 NEm — 0.41 (Zinn et al.
2008).

3.3.3. Carcass characteristics

All lambs were harvested on the same day. Lambs were stunned (captive bolt),
exsanguinated and skinned. Gastrointestinal organs were separated and weighed, the
omental and mesenteric fat were weighed, and hot carcass weight (HCW) was
recorded. After carcasses chilled in a cooler at -2 to 1°C for 24 h, the following
measurements were obtained: 1) cold carcass weight (CCW); 2) subcutaneous fat (fat
thickness) taken over the 12th to 13™ thoracic vertebrae; 3) Longissimus muscle (LM)
surface area, measured using a grid reading of the cross-sectional area of the
longissimus muscle between 12th and 13th rib, and 4) kidney, pelvic, and heart fat
(KPH) was removed manually and afterward weighed and reported as a percentage of
the cold carcass weight (USDA, 1992). The tissue composition of shoulder was
assessed using physical dissection by the procedure described by Luaces et al.,
(2008).

3.3.4. Visceral mass data

Components of the digestive tract (GIT), including tongue, esophagus, stomach
(rumen, reticulum, omasum, and abomasum), pancreas, liver, gall bladder, small
intestine (duodenum, jejunum, and ileum), and large intestine (caecum, colon, and
rectum) were removed and weighed. The GIT was then washed, drained, and weighed
to get empty weights. The difference between full and washed digesta-free GIT was
subtracted from the SBW to determine empty body weight (EBW). All tissue weights
are reported on a fresh tissue basis. Organ mass is expressed as grams of fresh tissue
per kilogram of final EBW, where final EBW represents the final live weight minus the
total digesta weight. Full visceral mass was calculated by the summation of all visceral
components (stomach complex + small intestine + large intestine + liver + lungs +
heart+ kidney), including digesta. The stomach complex was calculated as the digesta-

free sum of the weights of the rumen, reticulum, omasum and abomasum.
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3.3.5. Statistical analyses

Growth performance (ADG, DMI, and gain efficiency), estimated dietary NE and
expected DMI, carcass data (characteristics, tissue composition) and visceral mass
were analyzed as a randomized complete block design, using pen as the experimental
unit according to the following statistical model: Yij = p + Bi + Tj + ¢€ij, where p is the
common experimental effect, Bi represents initial weight block effect, Tj represent
dietary treatment effect, and ¢ij represents the residual error (SAS 2004). All the data
were tested for normality using the Shapiro-Wilk test. Hot carcass weight (HCW) was
used as a covariate in evaluation of treatment effects on carcass measures. Treatments
effects were tested by means of orthogonal contrasts (SAS Inst., Inc., Cary, NC;
Version 9) as follows: 1) no fat vs conventional supplemental fats (TL and YG fat); 2)
no fat vs RTG fat, and 3) RTG fat vs conventional supplemental fats (TL and YG fat).
In all cases, least squares means and standard error are reported and contrasts were
considered significantly when the P value was < 0.05, and tendencies are identified
when the P -value was > 0.05 and < 0.10.

3.4. Results and Discussion

Yellow grease had a slightly more moisture and impurities than tallow, but very similar
total fatty acid content (Table 1). The profiles of TL and YG are consistent with the
standards set by American Fats and Oils Association (AFOA, 2020). In contrast, RTG
had 17.9-fold greater moisture, 6.4-fold greater impurities, and 27.6% lower total fatty
acid content than the corresponding average for tallow and yellow grease (Table 1).
Official industry standards for RTG have yet to be established. As delivered prior to
further processing, RTG has ~40% and ~38% FA (Tran et al., 2017). Due to variation
in methods and degrees of processing, the impurities, moisture and hence, total fatty
acid composition of RTG is highly variable (Henriksson, 2016; Hums et al., 2018). The
moisture and impurities content of RTG used in two studies conducted in the United
States with feedlot cattle (Plascencia et al., 1999; Ramirez and Zinn, 2000) was low,
averaging ~0.70% for moisture and a concentration equal or below of 1% for impurities.
Plascencia et al., (1999) reported that the RTG used in their study contained 84% total

FA. The RTG produced in Mexico, and reported in a previous experiment with feedlot
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lambs (Ramos-Méndez et al., 2021) had a moisture and total FA content of 6.5 and
80%, respectively. Fat composition, particularly total fatty acids content, is closely
associated with its NE value (Zinn and Jorquera 2007). As mentioned previously, there
are no official standards for chemical composition of RTG. Considerations regarding

feeding value should be discounted against its total FA content.

Treatment effects on growth performance and estimated dietary NE are shown in Table
2. Dry matter intake was not affected by treatments averaging 1.12 + 0.16 kg/d. The
feeding value of any new ingredient under evaluation for livestock depends on several
factors, including it how might influence diet acceptability. The effect of conventional
fats on DMI in lambs is variable. In some experiments, supplemental fats reduce DMI
(Haddad and Younis, 2004; Mossad and Sayed, 2010), whereas in other studies
supplemental fat increased DMI (Manso et al., 2009). It has been argued that the effects
of supplemental fat on cattle DMI is affected by type of fat, level of supplementation,
and diet composition and energy density (Hess et al., 2008; Joy et al., 2021). Even at
moderate levels of supplementation (2 to 4%), type of fat is a relevant consideration
with respect to DMI. Manso et al., (2009) observed that of supplemental hydrogenated
palm oil tended to increase DMI, while sunflower oil tended to depress lamb DMI (fats
were supplemented at 4% of diet DM). Compared with a non-supplemented diet,
supplementation with 4% soybean oil depressed DMI, whereas supplementation with
4% fish oil did not affect lamb DMI (Ferreira et al., 2014). Although, the most of reports
point out, similarly to our results, that supplemental fat up to 4% of diet (palm oil, Manso
et al., 2006; yellow grease, Nelson et al., 2008; Jatropha oil, Félix-Bernal et al., 2016)
did not affected DMI. Effects of RTG supplementation on lambs and cattle DMI have
been variable. In some reports (Plascencia et al., 1999; Ramos et al., 2021) inclusion
of RTG in diets did not affect DMI. Ramirez and Zinn, (2000) observed 7% decrease in
DMI when RTG replaced flaked corn in finishing diets for feedlot cattle. However, they

observed that DMI likewise decreased with supplemental tallow and yellow grease.

Daily weight gain (P=0.46) and gain efficiency (P=0.17) were similar for non-
supplemented and RTG supplemented lambs. In contrast, lambs fed conventional fats
had greater (8.1%, P<0.01) gain efficiency than control and RTG lambs. Due to the

difference in energy concentration between the supplemental fat and the corn replaced,
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a greater gain efficiency is expected. The similar gain efficiency observed between
control and RTG is indicative that RTG had a lower energy value than that of TL and
YG. However, even when gain efficiency is a widely used tool in assessment of feeding
value, is important to note that this estimation can be misleading due to factors including
energy density and rate weight gain (Kenny et al. 2018). Another approach for
evaluation of the efficiency of dietary energy utilization in growth-performance trials is
the ratio of observed-to-expected DMI and observed-to-expected dietary net energy
(NE). This estimation of dietary energy intake and the ratio of observed-to- expected
DMI reveals differences in efficiency of energy utilization independently of ADG.
Applying this estimation to growth performance data, RTG lambs had greater estimated
dietary NE (2.5%, P=0.04) than controls, but lower dietary NE (4.9%, P<0.01) than
conventional fats (TL and YG). In healthy animals grown under non- stressful ambient
conditions, the expected ratio of observed-to-expected dietary NE would be 1.0. That
is, lamb ADG is consistent with DMI and energy density of the diet. If ratio is greater
than 1, the observed dietary NE is greater than anticipated based on diet composition
NRC (2007), and efficiency of energy utilization is enhanced. In contrast, if ratio is less
than 1, energetic efficiency is less than expected. In this sense, lambs that were fed
with Control, TL and YG treatments had an observed-to- expected dietary net energy
ratio closely to 1.00. In contrast, lambs that were fed RTG had a 4% lower observed-
to-expected diet NE value (0.96). State differently, based on ADG and tabular dietary
NE, observed DMI was 5% greater than expected for RTG. Using the replacement
eqguation described in the methods section, estimated net energy value for TL, YG, and
RTG were 5.98 and 4.83, 6.23 and 5.05, and 3.48 and 2.64 Mcal/kg for maintenance
and gain, respectively. These values correspond to 0.95, 0.99 and 0.55 of the assigned
tabular values for conventional feed fats (6.30 and 5.1 Mcallkg NEm and NEg,
respectively; NRC 2007). The NE value of RTG was 57% that of the average observed
for conventional fats tested. This value is considerably lower (57 vs 88 to 93%) than
the comparative values obtained in prior studies (Plascencia et al., 1999; Ramos-
Méndez et al., 2021), reflecting the low total fatty acid content of the RTG evaluated in
the present study. When RTG is processed so that the total moisture, impurities and

unsaponifiable material is similar to that of conventional fat (ie., <3%) the comparative

33



NE values for RTG are likewise similar (Ramirez and Zinn, (2000). According to its
gross energy value, fatty acid represents roughly 95% of total energy of fat. Thus,
feeding value of feed fats should be discounted based on total FA content. An
alternative approach to estimating the energy value of supplemental fats is using the
relationship of the FA intake (g/kg BW), intestinal digestibility, and the partial efficiency
in the use digestible energy for BW gain (Plascencia et al. 2003). Accordingly, the NEm
value for TG is 5.8 Mcal/kg. As the supplemental RTG used in the present study only
contained 64.9% FA, then its estimated NEm value is 3.7 Mcal/kg (5.8%.649), or 0.60
of the energy value estimated for conventional fats. This value is in close agreement to
the comparative energy value estimated based on growth performance using the
replacement technique (0.57). There were no treatment effects on carcass weight,
dressing percentage, LM area and tissue composition (Table 3). Absence of effects of
supplemental fats on dressing percentage, LM area, and tissue composition of lambs
is consistent with prior studies (Bath et al. 2011; Pinto et al. 2011, Ferreira et al. 2014).
Increased LM area have been reported when cattle were supplemented with fat (Zinn
1989; Brandt and Anderson 1991). However, this effect was expected due to
enhancements in ADG and carcass weight (Zinn and Plascencia, 2004; Urias-Estrada
et al., 2021).

Fat supplementation increased (P<0.01) FT (21%) and KPH (18%), but did not affect
the proportion of fat in shoulder tissue. Dureau and Chilliard (1997) observed that fat
supplementation leads to increased proportion of carcass fat, but not the proportion of
fat in muscle tissue. The increases on FT and KPH pelvic fat is consistent studies
evaluating fat supplementation in finishing diets for feedlot cattle (Zinn and Jorquera
2007; Donicht et al. 2011). However, this response has been less consistent in feedlot
lambs (Félix-Bernal et al. 2014; Estrada-Angulo et al. 2017). These inconsistencies
may be due in part to degree of finish (shorter finishing period in which fats were
supplemented). Ramos-Mendez et al. (2021), observed that supplemental RTG (2, 4,
and 6% of diet DM) linearly increased KPH, but did not affect FT of finishing lambs
during 61-d feeding period. Similarly, RTG increased KPH but not FT in feedlot cattle
(Plascencia et al. 1999). All fat sources tested did not affect non-fat visceral organs

mass (expressed as organ weight, g/kg EBW), but increased (P<0.03) visceral fat
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(Table 4). In non-restricted feeding regimes, the main factors influencing non-fat
visceral organ mass seems to be dietary fiber (Sainz and Bentley 1997) and protein
intake (Fluharty and McClure, 1997). In this experiment, dietary treatment contained a
very similar protein and NDF concentrations (Table 1) and were consumed at similar
levels. Thus, no treatment effects were anticipated. Increases in visceral fat is a
reflection of increased energy intake (Soares et al. 2012; Estrada et al. 2017).
Accordingly, the increases in visceral fat were more evident for conventional fats than
for RTG (38.05 vs 34.62%, P=0.04).

3.5. Conclusions

Supplementation with RTG does not affect diet acceptability, and accordingly, is a
suitable energy source for feedlot lambs. However, due to its lower total fatty acid
content, the net energy value of RTG is much lower than that of conventional fat when

considering RTG as a supplemental fat source is important to verify its total fatty acid
content.
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Table 1. Composition of dietary treatments offered to lambs

Treatments?

Yellow Griddle
grease grease

Item Control Tallow

Ingredient composition (% on DM basis)

Dry-rolled corn 67.00 63.00 63.00 63.00
Sudan grass hay 8.00 8.00 8.00 8.00
Soybean meal 10.50 10.50 10.50 10.50
Tallow 4.00
Yellow grease 4.00
Griddle grease 4.00
Molasses cane 9.00 8.85 8.85 8.85
Urea 0.40 0.55 0.55 0.55
Zeolite 3.00 3.00 3.00 3.00
Trace mineral salt P 2.50 2.50 2.50 2.50
(E;Lﬁrr:?ct;?rcomposition ¢, (DM basis) 87.76 87.50 87.55 87.80
Total crude protein (%) 13.85 13.88 13.90 13.86
Ether extract (%) 3.10 6.94 6.83 5.61
NDF (%) 14.65 13.65 13.77 13.55
Calculated net energy ¢ (Mcal/kg)

Maintenance 1.97 2.13 2.13 2.13
Gain 1.33 1.46 1.46 1.46

& Chemical composition of fat sources: 1) Tallow (animal fat): moisture, 0.28%; impurities, 0.32%; total
fatty acids, 90.70%; 2) yellow grease (restaurant grease): moisture, 1.56%; impurities, 0.80%; total fatty
acids, 88.50%; 3) griddle grease (trap-grease): moisture, 16.48%; impurities, 3.60%; and total fatty acids
64.90%. Samples of fats were analyzed by Laboratorios de Andlisis Industriales, Culiacan Sinaloa,
México.

b Mineral premix contained: Calcium, 28%; Phosphorous, 0.55%; Magnesium, 0.58%; Potassium,
0.65%; NaCl, 15%; vitamin A, 1,100 1U/kg; vitamin E, 11 Ul/kg.

¢ Dietary composition was determined by analyzing subsamples collected and composited throughout
the experiment. Accuracy was ensured by adequate replication with acceptance of mean values that
were within 5% of each other.

dBased on tabular net energy (NE) values for individual feed ingredients (NRC, 2007) and assuming that
all fats sources (TL, YG and RTG) contained similar energy value of 6.30 and 5.11 Mcal of NEm and
NEg, respectively (NRC 2007).
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Table 2. Effect of source of dietary supplemental fat on 84-d feedlot on growth
performance and dietary energy of lambs

Treatments 2 P-value
Control TL and
vs TL Control o vs
Item Control TL YG RTG SEM and YGvsRTG RTG
Replicas 6 6 6 6
Live weight (kg) P
Initial 27.69 27.79 2752 27.64 0.132 0.82 0.79 0.94
Final 47.60 47.03 48.35 46.71 0.805 0.93 043 0.34

Average daily gain (kg) 0.237 0.229 0.248 0.227 0.009 0.94 0.46 0.35
Dry matter intake (kg/d) 1.177 1.052 1.111 1.104 0.039 0.07 0.23 0.61

ADG/DMI 0.201 0.219 0.224 0.206 0.003 <0.01 0.17 <0.01
Dietary NE (Mcal/kg)

Maintenance 198 213 214 2.03 0.014 <0.01 0.04 <0.01
Gain 133 146 147 1.37 0.012 <0.01 0.04 <0.01
Observed-to-expected dietary NE ratio

Maintenance 1.01 100 1.01 0.96 0.007 0.42 <0.01 <0.01
Gain 1.00 099 1.00 0.93 0.009 0.68 <0.01 <0.01
gfﬂsl’ervedtoe’(peded 1.00 1.01 1.00 1.05 0.008 070 <0.01 <0.01
Fat net energy value (Mcal/kg)

Maintenance 598 6.23 3.48

Gain - 483 505 264

SEM = standard error of the mean; NE= net energy; DMI=dry matter intake; ADG=average daily gain

? Control=without supplemental fat; TL= 4% tallow; YG= 4% supplemental yellow grease, and RTG= 4% grease trap
waste.

®|ive weights (LW) on days 1 was converted to shrunk body weight (SBW) by multiplying LW by 0.96 to adjust
for the gastrointestinal fill (Cannas et al. 2004). All lambs were fasted (drinking water was not withdrawn) for 18
h before recording the final LW (day 84).
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Table 3. Effect of source of dietary supplemental fat on carcass characteristics
and shoulder tissue composition in lambs

Treatments 2 P-value

Control Control TG vs
ltem Control TL YG RTG SEM vsTL vsRTG TL and
and YG YG

Hot carcass
2752 26.92 28.05 26.69 0.404 0.95 0.17 0.13

weight (kg)
Dressing

57.70 57.24 58.05 57.16 0.534 0.86 0.44 0.47
percentage
Longissimus

18.88 18.42 18.60 18.82 0.568 0.60 0.95 0.66
area (cm2)

Fat thickness

1.47 1.88 192 1.83 0.067 <0.01 <0.01 0.43
(mm)
Kidney-pelvic-

hearth fat (%)

1.94 228 236 247 0.114 0.02 <0.01 031

Shoulder composition (%)

Muscle 62.04 62.22 61.98 61.76 0.385 0.90 0.62 0.49
Fat 19.13 19.47 19.37 19.82 0.541 0.67 0.39 0.56
Muscle to fat

atio 3.25 3.20 3.22 3.17 0.104 0.77 0.57 0.71

2 Control=without supplemental fat; TL= 4% tallow; YG= 4% supplemental yellow grease, and
RTG= 4% grease trap waste.
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Table 4. Effect of source of dietary supplemental fat on visceral organ mass

Treatments 2 P-value
Control Control TG vs
Item Control TLYG RTG SEM vsTL andvs RTG TL and
YG YG

EBW (% of full weight) 9309 9252 93.08 92.71 0311 046 040 0.82
Organs weight, g/kg of EBW

Stomach complex ® 27.14 27.08 26.64 26.78 0.854 0.79 0.77 0.93
Intestines ° 42.61 4346 43.78 4365 1.396 058 0.60 0.95
Heart plus lungs 20.94 19.21 19.60 21.23 0.883 0.18 0.82 0.12
Liver plus spleen 18.64 18.29 17.55 18.32 0.740 0.44 077 0.67
Kidney 237 238 230 249 0.098 0.82 0.64 0.45
Omental fat 26.29 32.89 32.56 30.03 1.141 <0.01 0.04 0.08
Mesenteric fat 431 549 520 460 0.337 0.03 055 0.09
Visceral fat

30.59 38.38 37.75 34.62 1177 <0.01 0.03 0.04

a Control=without supplemental fat; TL= 4% tallow; YG= 4% supplemental yellow grease, and
RTG= 4% grease trap waste.

b Stomach complex = (rumen + reticulum + omasum + abomasum), without digesta.
¢ Small and large intestines without digesta.
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CAPITULO 4. CONCLUSIONES GENERALES

De acuerdo con los resultados obtenidos en las pruebas de respuesta
productiva, la grasa de trampa (GT) es una alternativa adecuada y de menor
costo con respecto a las grasas convencionales empleadas en las dietas de
finalizacion de corderos de engorda.

. Asi mismo, el nivel 6ptimo de inclusion de acuerdo con la evaluacion de la grasa
de trampa desde el punto de vista de la eficiencia energética estimada es de
4%.

La inclusién de GT no parece afectar la aceptabilidad de la dieta, por lo tanto,
es una fuente de energia que puede ser utilizada para el ganado en finalizacion.
. Al igual que todas las grasas suplementarias, el valor EN de la GT esta en
funcion de la concentracion de AGL. La EN estimada de la GT puede estar en
un rango del 93-87% con respecto al valor energético asignado por las normas
actuales (NRC, 2007) para el sebo y la grasa amarilla, sin embargo, debe
tenerse en cuenta su composicion quimica (AGT y contenido de humedad), al
contener menor cantidad de AGT el valor EN de GT sera mucho menor que las
grasas convencionales.

. Al utilizar la grasa de trampa como ingrediente en dietas de finalizacion de
rumiantes, se puede ayudar a solventar uno de los principales problemas de
salud publica, disminuyendo la contaminacion por agentes grasos del suelo y

mantos acuiferos, esto debido al origen de dicha grasa.
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