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Carcass yield, non-carcass components, and economic viability of

licuri oil addition to the diet of Santa Ines ewes

Rendimiento de la canal, componentes ajenos a la canal y viabilidad economica de la adicion de aceite de
licuri en la dieta de ovejas Santa Inés
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Abstract

Background: The production of biofuels has caused an increase in the prices of agricultural commodities. Thus, the ecological
footprint, social inclusion and profitability of production systems have encouraged the use of agro-industrial products as an
alternative in ruminant feeds. Objective: To evaluate carcass yields, non-carcass components, and the economic viability of
including licuri oil in diet of Santa Ines ewes. Methods: A total of 32 Santa Ines ewes (multiparous, non-lactating, 2—4 years old,
and 36.7+0.87 kg of body weight—BW) were allotted to a randomized block design with four treatments (diets containing 0, 2,
4 or 5% licuri oil) with eight replicates per treatment, and confined for 77 days. Results: The incremental inclusion of licuri oil

promoted a quadratic response on slaughter BW, carcass and true yields, chest widths, heart fat, pancreas, omental fat, and ribeye
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area (p<0.05). Carcass, heart and loin weight, shank yield, fat thickness and loin fat were reduced (p<0.05); while cooling losses,
left half-carcass weight, saw blade yield, and proportion of meat in the loin increased (p<0.05) with increasing dietary levels of
licuri oil. The control diet resulted in the best gross revenue (USD$609.39); however, there was a loss (USD$50.96) regarding
economic performance indicators. Conclusion: The use of up to 2% licuri oil in the diet increased carcass yield of discard ewes.

Keywords: carcass weight; carcass yield; cooling losses, drylands, economic performance; energy, energy sources, ewe
meat; ewes, fat; feed alternatives; licuri; loin; small ruminants; vegetable oil.

Resumen

Antecedentes: La produccion de biocombustibles ha provocado un aumento en los precios de los productos agricolas
basicos. Por lo tanto, la huella ecoldgica, la inclusion social y la rentabilidad de los sistemas productivos han incentivado la
busqueda de productos agroindustriales como alternativa para la alimentacién de rumiantes. Objetivo: Evaluar el rendimiento
en canal, los componentes ajenos a la canal, y la viabilidad econémica de incluir aceite de licuri en dietas para ovejas de raza
Santa Ines. Métodos: Un total de 32 ovejas Santa Ines (multiparas, no lactantes, de 2 a 4 afos y de 36,7+0,87 kg de peso
corporal—PC) fueron asignadas a un disefio de bloques al azar con cuatro tratamientos (dieta basal adicionada con 0, 2, 4 o
5% de aceite de licuri) con ocho repeticiones por tratamiento, y confinadas por 77 dias. Resultados: Los niveles incrementales
de aceite de licuri tuvieron un efecto cuadratico sobre el PC al sacrificio, el rendimiento real y de la canal, el ancho del pecho,
la grasa del corazon, el pancreas, la grasa del epiplon y el area del ojo del lomo (p<0,05). Se redujo (p<0,05) el peso de la
canal, el corazon y el lomo, el rendimiento del jarrete, el grosor de la grasa y la grasa del lomo; y aumentaron las pérdidas por
enfriamiento, el peso de media canal restante, el rendimiento de la hoja de sierra y la proporcion de carne en el lomo (p<0,05)
con niveles incrementales de aceite de licuri. La dieta control result6 en el mejor ingreso bruto (USD$609,39); sin embargo,
hubo una pérdida (USD$50,96) en los indicadores de desempefio econémico. Conclusién: El uso de hasta un 2% de aceite de
licuri en la dieta incrementa el rendimiento en canal de las ovejas de descarte.

Palabras clave: aceite vegetal; alimentos alternativos; carne de oveja; energia; fuentes de energia; grasa, licuri; lomo,
ovejas, pequeinios rumiantes, pérdidas por enfriamiento, peso de la canal; rendimiento economico; rendimiento en canal;
tierras secas.

Resumo

Antecedentes: A producdo de biocombustiveis tem causado um aumento nos pregos das commodities agricolas. Assim, a
pegada ecoldgica, a inclusdo social e a rentabilidade do sistema de produgdo tém incentivado o uso de produtos agroindustriais
como alternativa alimentar para ruminantes. Objetivo: Avaliar os rendimentos de carcaga, componentes ndo carcaga ¢ a
viabilidade econdmica da inclusdo do 6leo de licuri em dietas para ovelhas Santa Inés. Métodos: Um total de 32 ovelhas Santa
Inés (multiparas, ndo lactantes, 2-4 anos e 36,7+0,87 kg de peso corporal—PC) foram distribuidas em delineamento em blocos
casualizados com 4 tratamentos (dietas contendo 6leo de licuri a 0, 2, 4 e 5% de matéria seca) com 8 repeti¢des por tratamento
e confinadas por 77 dias. Resultados: A inclusdo de 6leo de licuri promoveu efeito quadratico no PC de abate, rendimentos
de carcaga e verdadeiros, largura de peito, gordura do coragdo, pancreas, gordura omental e area de olho de lombo (p<0,05).
Os pesos de carcaga, coragdo e lombo, rendimento de pernil, espessura de gordura e gordura do lombo foram reduzidos
(p<0,05), e as perdas por resfriamento, peso de meia carcaga esquerda, rendimento de ldmina de serra e proporg¢do de carne no
lombo aumentaram (p<0,05) com um aumento nos niveis de 6leo de licuri. A dieta controle resultou na melhor receita bruta
(USD$609,39); no entanto, houve uma perda (USD$50,96) em relagdo aos indicadores de desempenho econdmico. Concluséio:
O uso de até 2% de 6leo de licuri na dieta proporcionou aumento nos rendimentos de carcaca de ovelhas de descarte.

Palavras-chave: alternativas de alimentagdo,; carne de ovelha, energia; fontes de energia; gordura; licuri; lombo; dleo
vegetal; ovelhas, pequenos ruminantes; perdas por resfriamento, performance econémica, peso da carcaga; rendimento de
carcaga; terras secas.
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Introduction

The rapid growth of the bio biofuel industry
has caused an increase in the prices of agricultural
commodities, including corn and soybean. As
a result, goat and sheep farmers are looking for
alternative ingredients to include in animal diets
(Makkar, 2018) with the aim of reducing costs
without affecting productivity. In this context, the
ecological footprint, social inclusion, and farm
profitability are encouraging the use of agro-
industrial products as alternatives for ruminants
(Pulina et al, 2017). Inclusion of vegetable
oils as alternative ingredients in sheep diets is
a promising approach for feedlot systems, as it
increases the energy density of the diet, influences
fat deposition, modifies the fatty-acid profile (FA)
of meat (Parente et al., 2018; Bagaldo et al., 2019;
Vargas et al., 2020), decreases the short-chain
fatty-acid content (SCFA), and increases the levels
of 18:1 tI1 and 18:2 ¢9t11 acids (Palmquist and
Jenkins 2017).

Brazil has a many palm species with potential
to produce vegetable oil. Among these is the licuri
palm (Syagrus coronata (Martius) Beccari) of the
Arecaceae family, native to the Brazilian semiarid
regions of Caatinga and covering the eastern and
central areas of northern Minas Gerais to southern
Pernambuco (Aratjo et al, 2019). The licuri
palm produces about four bunches a year, with
an average of 1,357 small coconuts (licuri). The
almond in these coconuts is rich in oils (54% of
the almond weight; Rodrigues et al., 2020) widely
used in the food, cosmetic, pharmaceutical, and
biodiesel industries (Aratjo et al., 2019; Santos
et al., 2019; Daza et al., 2020). However, the use
of licuri oil as an additive for animal feed is still
little explored (Silva et al.,2011; Lima et al., 2015;
Oliveira et al., 2016).

About 84.9% of the fatty-acid content in licuri
oil is saturated, containing 36% lauric acid (Aratijo
et al., 2019), which may be important in tropical
regions, since oils with high unsaturated acid
levels are subject to oxidation. Although saturated
fatty acids have hypercholesterolemic properties,
most of them are highly oxidized after absorption.
This can contribute to decrease the accumulation

of body fat in small ruminants, which may be of
interest to consumers (Parente et al., 2020). To
the best of our knowledge, no scientific study has
been conducted on the inclusion of licuri oil in
diets for ewes and its effects on the carcass traits
of confined animals.

The economic analysis of the investments
made in a feedlot is an important assessment
tool that validates the viability of a project by
describing all the details of the production chain
and seeking the necessary changes for greater
productive efficiency (Santos et al., 2017). Studies
evaluating the economic viability of licuri oil as an
ingredient in the diet of confined ewes are scarce
in the literature. Thus, we hypothesized that ewes
fed diets containing licuri oil would have carcass
traits similar to those fed the control diet, but that
licuri oil would reduce the deposition of fat in
tissues due to the greater oxidation of lauric acid.
Additionally, licuri oil could reduce production
costs and improve the economic response in
confined discard ewes.

Therefore, the objective of the present study was
to evaluate carcass yield, non-carcass components,
and the economic viability of including licuri oil
in diets for Santa Ines ewes.

Materials and Methods
Ethical considerations

This study was approved and certified by the
Ethics Committee on Human and Animal Studies
of UNIVASEF (Protocol N° 0002/24102017).

Location

The experiment was conducted at Universidade
Federal do Vale do Sao Francisco (UNIVASF),
Petrolina, PE, Brazil. The predominant climate
of the region, according to Koppen and Geiger
(1928), is semi-arid BSh with summer rains. The
rainy season starts in November and ends in April,
with an annual rainfall of 376 mm. During the
experimental period, the maximum and minimum
temperatures were 33.8 and 24.6 °C, respectively,
with relative humidity of 50.5 and 73.6%,
respectively.
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Animals, treatments, and experimental diets

Thirty-two  Santa Ines discard ewes
(multiparous, non-lactating, 2—4 years old and 36.7
+ 0.87 kg of body weight—BW) were distributed
in a randomized block design with four treatments
(diets) and eight replicates per treatment. The
confinement lasted 77 days preceded by 15 days
of adaptation. The ewes were housed in individual
pens (2.42 m?) and provided with feeders and
drinking fountains.

The treatments consisted of increasing levels
of licuri oil in the diet (0, 2, 4 and 5%, based on
dry matter). The experimental diets (Table 1)
were formulated to be isoproteic, in a roughage/
concentrate ratio of 50:50, based on dry matter,
and balanced to allow an average daily gain of 40
g/day, following NRC (2007) recommendations.
Diet samples were collected to determine the fatty-
acids profile by gas chromatography (Table 1)
following the methodology of Visentainer (2012).
The chemical composition of the ingredients of the
experimental diets are shown in Table 2.

Table 1. Ingredients and chemical composition of experimental diets.

Inclusion level of licuri oil (% DM)

Ingredient (% dry matter)

0 2 4 5
Ground corn 343 323 29.8 28.5
Soybean meal 13.8 13.8 14.3 14.6
Licuri oil 0 2.0 4.0 5.0
Mineral mixture! 1.6 1.6 1.6 1.6
Dicalcium phosphate 0.3 0.3 0.3 0.3
Elephant grass 50.0 50.0 50.0 50.0
Chemical composition (% DM)
Dry matter? 54.9 55.1 553 56.1
Ash 8.6 8.6 8.7 8.7
Crude protein 11.6 11.5 11.5 11.6
Ether extract 2.0 3.9 5.8 6.8
Neutral detergent fiber 47.2 46.6 459 45.5
Metabolizable energy — SRNS (Mcal/kg) 2.5 2.6 2.7 2.7
Fatty acids (%)
Caproic (C6:0) 0.04 0.04 0.034 0.04
Capric (C10:0) 0.04 0.17 0.29 0.36
Lauric (C12:0) 1.57 241 3.24 3.67
Miristic (C14:0) 0.49 0.78 1.06 1.21
Palmitic (C16:0) 19.54 19.46 19.40 19.36
Palmitoleic (C16:1) 0.14 0.14 0.14 0.13
Heptadecanoic (C17:0) 0.14 0.14 0.14 0.13
Stearic (C18:0) 3.45 3.49 3.54 3.57
Oleic (C18:1n9c/t) 13.51 13.29 13.03 12.89
Linoleic (C18:2n6c¢) 36.13 35.02 33.88 33.31
a-Linolenic (C18:3) 18.49 18.46 18.47 18.48
Archaic (C20:0) 0.14 0.14 0.13 0.13
Eicosanoic/gadoleic (C20:1) 0.06 0.06 0.06 0.05
Dihomo-y-linolenic (C20:3) 0.07 0.07 0.07 0.06

IComposition=7.5% P; 19% Ca; 1% Mg; 7% S; 14.3% Na; 21.8% Cl; 500 ppm Fe; 300 ppm Cu; 4,600 ppm Zn; 1,100 ppm; Mn;

80 ppm I; 405 ppm Co; 30 ppm Se. 2% of natural matter.
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Table 2. Chemical composition of diet ingredients.

(% dry matter) Elephant grass Ground corn Soybean meal Licuri oil
Dry matter! 26.2 87.6 88.6 100
Mineral matter 7.9 2.0 6.5

Crude protein 6.9 8.9 48.8 -
Ether extract 2.9 4.5 1.9 100
Neutral detergent fiber 70.9 13.0 14.8

Acid detergent fiber 41.9 7.7 8.7

Total carbohydrates 83.0 72.0 42.8

Non-fiber carbohydrates 17.4 77.8 27.6

Total digestible nutrients 57.0 86.0 81.2

194 of natural matter.

Feeding was carried out twice a day (9 am and
4 pm) as complete ration, allowing for refusals
of 10% of offered feed (DM basis). Water was
provided ad libitum. Refused feed was collected
and weighed daily to adjust the feed offered and
calculate dry matter intake (DMI). During the
experimental period, the ewes showed average
dry matter intake, ether extract and average daily
gain (in g.day-") of 1,609, 44, and 91.3 (0% licuri
oil); 1,759, 64, and 103.9 (2% licuri oil); 1,356,
63, and 63.9 (4% licuri oil); and 1,307, 79, and
48.6 (5% licuri oil), respectively.

Samples of ingredients, feed supplied, and
leftovers were collected weekly and stored at -20
°C for further analysis. Subsequently, the samples
were pre-dried in a forced ventilation oven at 55
°C for 72 hours and ground to I-mm particle
size (Wiley mill, Marconi, MA-580, Piracicaba,
Brazil). Chemical analyses were performed
using the procedures described by AOAC (2016)
for dry matter (DM; method 967.03), mineral
matter (MM; method 942.05), crude protein (CP;
method 981.10), and ether extract (EE; method
920.29). Neutral detergent fiber was determined
according to Mertens (2002).

Slaughter and carcass yield

After 77 days in feedlot the ewes were
individually weighed to obtain BW after solid
fasting of 16 hours, according to animal welfare
standards. After this period, the animals were
weighed to determine body weight at slaughter

(BWS). The animals were first desensitized by
cerebral concussion and immediately slaughtered
by bleeding through the carotid arteries and
jugular veins, according to the current rules of
the Regulation for the Inspection of Industrial
Sanitation of Products of Animal Origin (Brazil
2017).

After bleeding the animals were skinned. The
head was separated from the carcass and the limbs
separated by section of the carpometacarpal joints
(forelimbs) and the tarsometatarsal joints (hind
limbs). Evisceration was performed through an
opening along the abdominal midline to remove
the non-carcass components: chips (reproductive
and respiratory tracts + bladder), gastrointestinal
tract, liver, spleen, heart, heart fat, omental fat,
pancreas and skin, which were washed and
weighed separately for later calculation of the
total weight of the organs, in order to determine
their yield in relation to the weight of the empty
body and the body weight at slaughter (Silva-
Sobrinho 2001).

The carcasses were identified and weighed
with the kidneys and renal fat to obtain the hot
carcass weight (HCW). The carcasses were
transferred to a cold chamber where they were
hung on appropriate hooks and kept refrigerated
at 5 °C for 24 hours. After this period, carcasses
were weighed to obtain the cold carcass weight
(CCW). Hot carcass yield (HCY; HCY = (HCW/
BWS)x100)), cold carcass yield (CCY; CCY =
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(CCW/BWS)x100)) and determination of cooling
losses (CL; CL = [(HCW — CCW)/HCW]x100))
were calculated according to Silva Sobrinho et al.
(2005). The real yield (RY; RY = HCW/Empty
BW) was obtained according to Saifiudo and
Sierra (1986). The kidneys and kidney fat were
removed from the chilled, weighed carcasses,
and the weights obtained were subtracted from
the HCW and CCW.

Morphometric evaluation of carcasses

After the refrigeration period, measurements
were made on the carcasses according to the
methodology of Cezar and Souza (2007), with
the following measurements (in cm) being
determined: external carcass length (ECL);
internal carcass length (ICL); first chest width
(FCW); second chest width (SCW); croup width
(CW); croup perimeter (CP); leg length (LL); leg
perimeter (LP) and depth of the chest (DC).

Evaluation of commercial cuts and ribeye area

The carcasses were divided longitudinally
and the left half-carcass (LHC) was weighed
and divided into six commercial cuts: neck,
shoulder, ribs, loin, leg and saw. The cuts were
weighed separately and then the yields of each
cut calculated in relation to the weight of the
left half-carcass (Silva Sobrinho 2001). After
obtaining the commercial cuts, the loins were
identified, vacuum packed and frozen at —18 °C
for further dissection. Between the 12% and the
13" ribs, a cross-section was made to measure
the loin eye area (LEA) of the Longissimus dorsi
muscle, tracing its outline on transparent slides
for later measurement with the AutoCAD®
software (Autodesk, Inc, Brazil). The thickness
of the subcutaneous fat was measured with a
digital caliper (150 mm, MTX-316119, Franca,
Brazil).

The loins were thawed under refrigeration
(8 °C; 12 hours) and dissected manually. Tissues
were separated into total fat (subcutaneous and
intermuscular combined), muscle (total muscle
dissected, after complete removal of all adhered
subcutaneous and intermuscular fat) and bones
(dissected after complete removal of all muscle
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and adhered subcutaneous and intermuscular
fat), which were weighed individually, to be
expressed as a percentage of the weight of the
loin, as described by Purchas ef al. (1991) and
Hopkins et al. (1997).

Economic analysis

The economic analysis was performed to verify
the viability of using licuri oil in diets. The cost of
feed per kg of roughage (irrigated and fertilized
elephant grass) was 0.06, corn was 0.16, soybean
meal 0.24; mineral mixture of 0.52, licuri oil of
0.84, and bicalcium phosphate USD$ 0.64 (cost
of ingredients in the Sao Francisco Valley region
in May 2018, expressed in USDS$ kg-! DM; dollar
quotation on 12/22/2022; 1 BRL = 0.1928 USD,
Central Bank of Brazil).

The purchase price of each ewe was
USD$44.28. The capital invested in the
construction of the containment was estimated
at USD$3,052.56. The opportunity cost was
calculated as 6% of the capital invested, divided
by 360 days and multiplied by the 77 days of
confinement, which was later divided by four
experimental treatments (diets). The annual
depreciation was calculated using the straight-
line method (constant quotas), using the amount
spent on the facilities and subtracting the residual
value (10%), which was divided by the 15 years
of useful life. Finally, it was adjusted to 77 days
and divided by the four experimental treatments
(diets). The cost of labor was calculated based
on the minimum wage in force in May 2018
(USD$168.96), plus 37% social charges. For
this, the labor apportioned to the work performed
for 0300 h daily was adopted, corresponding to
the time needed to feed the ewe and to clean the
facilities.

To determine the cost of production, the Total
Operating Cost of Production methodology,
described by Matsunaga et al. (1976), which
defines and takes into account all costs related
to the production of a good, product or service.
The economic indicators analyzed were: Gross
Income (GI, USD$/year) = total production in kg
BW x market selling price; Effective Operating
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Cost (EOC, USD$/year) = costs of operations
(maintenance of facilities and equipment)
+ costs of contracted labor + costs of inputs
(food, medications, energy); Total operating
cost (TOC, USD$/year) = EOC + depreciation;
Total cost (TC, USD$/year) = TOC + return
on average capital invested in animals and
improvements; Gross margin (GM, USD$/
year) = GI — EOC; Net margin of activity (NM,
USDS$/year) = GI — TOC; Result (profit or loss)
=Gl -TC.

Economic performance indicators were
assessed by profitability (P; USD$/year) and
rentability (capital invested, %). Profitability
was obtained by the following equation: P =
GI — TC * 100)/GI. To calculate gross income
(GI), gross income from the sale of shredded
meat, income from the sale of skin and manure
were considered. The sales values per kg of
shredded meat, per piece of raw leather and per
kg of manure were USD$3.36, USD$0.88, and
USD$0.02, respectively. Values were based
on prices current in the Sdo Francisco Valley
region of northeastern Brazil in 2018.

Statistical analysis

The data were submitted to the Shapiro—
Wilk test to verify the normal distribution of
residues and homogeneity of variances, using
the univariate procedure. Analysis of variance
was performed using the GLM procedure
using orthogonal polynomials. Finally, with a
significant effect at 5% probability, regression
equations were estimated using the REG
procedure. The SAS statistical package, version
9.1 (SAS Institute, Cary, NC, USA; 2003) was
used for all tests.

Results

The inclusion of licuri oil in the diets of
sheep promoted a quadratic effect for BWS
(p=0.03), HCY (p=0.014), CCY (p=0.013),
and RY (p=0.007). The HCW (p<0.001)
and CCW (p<0.001) were reduced and CL
increased (p<0.001) according to the increase
in licuri oil levels in the diets (Table 3).
The increase in licuri oil levels provided a

quadratic effect for first chest width (p<0.001)
and second chest width (p=0.03) measured
in the chest of the carcass. There were no
effects of the levels of licuri oil on ILC, ECL,
LL, CW, CP, LP and DC (p>0.05; Table 3).

A reduction in heart weight (p=0.004) was
observed as the levels of licuri oil increased. A
quadratic effect was seen on the weight of heart
fat (p=0.001), pancreas (p<0.001) and omental
fat (p<0.001), increasing from 0 to 2% inclusion
of licuri oil (Table 4). No effect of licuri oil
levels was observed on the weight of spleen,
liver, kidneys, trimmings, rumen + reticulum
+ omasum + abomasum, small intestine, large
intestine, legs and skin (p>0.05; Table 4).

The addition of licuri oil to the diets
promoted a linear increase of LHC weight
(p<0.001) and saw yield (p<0.001), and
a reduction of leg yield (p<0.001). There
was no effect of licuri oil on rib, loin,
shoulder, and neck yields (p>0.05; Table 5).

A quadratic effect (p=0.02) of licuri oil
on LEA was observed, for levels 0 and 2%
of licuri oil. Fat thickness (p=0.02) and loin
weight (p<0.001) decreased linearly according
to the inclusion level of licuri oil. Regarding
tissue composition of the loin, licuri oil
resulted in linear increase in the proportion of
meat (p<0.001) and reduction in fat proportion
(p<0.001). There was no effect of licuri oil
on the proportion of bone (p>0.05; Table 4).

The selling price per kg of carcass during
2018 in the different regions of Brazil ranged
between 2.13 and 3.19 for lambs/ram and
between 1.59 and USDS$2.13 for discard
ewes. The economic analysis was performed
considering the purchase cost of the animal. The
treatment that resulted in the best gross revenue
was the one with 0% inclusion of licuri oil in the
diet, making a value of USD$663.35, however,
considering the economic performance
indicators, the result was negative with a
loss of approximately USD$55.48 (Table 6).
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Table 3. Weight (kg), yield (%), and morphometry (cm) of carcasses of Santa Ines ewes fed diets containing

increasing levels of licuri oil.

. Licuri oil level p-value
Variable SEM
0% 2% 4% 5% L Q

Initial body weight (kg) 34.85 37.52 36.54 34.53 0.90 0.80 0.27
Slaughter body weight (kg) 41.88 45.52 40.46 38.35 0.94 0.06 0.03!
Hot carcass weight (kg) 22.81 22.25 19.77 17.73 0.55 <0.0012 0.15
Cold carcass weight (kg) 22.18 21.99 19.15 17.14 0.54 <0.0013 0.14
Hot carcass yield (%) 52.25 52.04 48.80 43.87 0.82 <0.001 0.014%
Cold carcass yield (%) 50.78 50.58 47.25 42.40 0.81 <0.001 0.013°
Real yield (%) 59.94 59.98 55.76 48.85 1.08 <0.001 0.007¢
Cooling losses (%) 2.78 2.80 3.17 3.35 0.06 <0.0017 0.07
Internal carcass length (cm) 69.9 68.3 68.8 68.7 0.54 0.54 0.48
External carcass length (cm) 73.4 73.9 73.6 70.9 0.71 0.31 0.28
Leg length (cm) 359 344 359 36.8 0.48 0.41 0.14
Croup width (cm) 25.9 26.4 26.1 24.9 0.26 0.23 0.09
First chest width (cm) 25.7 27.6 25.6 23.7 0.31 0.005 <0.0013
Second chest width (cm) 19.6 19.8 18.4 17.7 0.22 <0.001 0.03°
Croup perimeter (cm) 68.1 68.2 67.2 65.9 0.49 0.12 0.35
Leg perimeter (cm) 38.8 385 36.3 38.2 0.55 0.34 0.58
Thorax perimeter (cm) 30.8 28.9 30.2 29.6 0.53 0.53 0.85

SEM= standard error of the mean; L= Linear Effect; Q= Quadratic Effect; Significance was determined at the 5% probability level.
Equations: 'y=42.10+2.81x-0.74x, R>=0.57; 2y=0.23-0.99x, R>=0.51; 3y=22.73-0.99x, R>= 0.42; 4= 52.12+1.39x-0.59x%, R>=
0.56; %9 =50.67+1.36x-0.59x2, R>= 0.57; %9= 59.75+2.17x-0.85x2, R>= 0.58; /9= 0.27+0.12x, R>= 0.48; 8y=25.72+1.76x-0.43x>,

R?=0.63; %y= 19.60+0.33x-0.15x2, R>= 0.49.

Table 4. Weight (kg), yield (%), and morphometry (cm) of carcasses of Santa Ines ewes fed diets containing

increasing levels of licuri oil.

. Licuri oil level p-value
Variable (g) SEM
0% 2% 4% 5% L Q

Spleen 96.0 89.0 86.5 86.0 3.86 0.35 0.76
Heart 229.9 214.2 196.1 180.7 6.48 0.004! 0.72
Heart fat 132.0 172.0 118.7 105.9 5.86 0.002 0.0012
Liver 602.6 615.5 614.4 649.7 24.47 0.56 0.83
Pancreas 36.5 56.5 34.0 33.1 2.22 0.007 <0.0013
Kidneys 111.7 108.0 99.5 105.9 473 0.29 0.51
Cutting 0.9 0.7 0.8 0.8 0.03 0.12 0.20
Rumen+Reticle+Omasum+Abomasum 1.5 1.6 1.6 1.5 0.04 0.75 0.46
Small intestine 0.5 0.5 0.5 0.5 0.02 0.99 0.39
Large intestine 0.7 0.6 0.6 5.8 0.04 0.27 0.82
Omental fat 3.1 3.5 2.4 1.7 0.01 <0.001 <0.0014
Feet 0.9 0.9 0.9 0.9 0.01 0.57 0.19
Skin 2.6 2.6 2.6 2.7 0.06 0.68 0.63

SEM = standard error of the mean; L= Linear Effect; Q= Quadratic Effect; Significance was determined at the 5% probability level.
Equations: 'y=0.24-0.14x, R>= 0.59; 2y= 0.13+0.28x-0.70x2, R>= 0.49; 3y= 0.38+0.12x-0.28x, R>= 0.58; *y=1.08+0.14x-0.52x>,

R?*=0.44.
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Table 5. Left half-carcass weight, yields from commercial cuts, loin eye area (LEA), fat thickness of the LEA, and

tissue composition of the loin of Santa Ines ewes fed increasing levels of licuri oil.

. Licuri oil level p-value

Variable (g) SEM

0 2 4 5 L Q
Left half-carcass (kg) 10.6 10.1 9.2 8.5 0.22 <0.001! 0.42
Rib (%) 26.4 26.8 26.8 26.1 0.27 0.84 0.30
Loin (%) 9.1 8.5 8.9 8.6 0.13 0.33 0.41
Saw (%) 5.9 54 5.0 43 0.14 <0.0012 0.43
Shoulder (%) 16.9 17.1 17.5 17.9 0.22 0.11 0.61
Leg (%) 31.3 323 32.8 333 0.19 <0.0013 0.68
Neck (%) 10.2 9.9 8.8 9.8 0.24 0.18 0.39
LEA (cm?) 12.5 12.9 10.7 10.8 0.22 <0.001 0.02¢
Fat thickness (mm) 2.4 2.5 1.9 1.6 0.15 0.025 0.25
Loin (kg) 0.94 0.88 0.81 0.68 0.29 <0.001° 0.27

Tissue composition (%)
Meat 50.5 53.5 55.6 58.7 0.79 <0.0017 0.64
Fat 27.5 26.4 20.0 17.4 1.10 <0.0013 0.20
Bone 22.0 20.1 24.4 23.9 0.63 0.06 0.18

SEM= standard error of the mean; L= Linear Effect; Q= Quadratic Effect. Significance was determined at the 5% probability level.
Equations: 'y= 10,747-409.05x, R>= 0.43; 2y= 6.02-0.30x, R>= 0.55; 3y= 31.41+0.38x, R*>= 0.51; *y= 12.63+0.16x-0.12x?, R>=
0.55; 3y=2.58-0.17x, R>= 0.56; by= 950.7-38.08x, R>= 0.58; "y= 50.39+1.52x, R>= 0.44; 8y=28.65-22.11x, R>= 0.44.

Discussion

Carcass yield parameters are directly affected
by BWS (Costa et al., 2019a) and these were
strongly influenced by the dietary levels of licuri
oil, showing progressive decreases that caused a
reduction in the measurements made in the thorax
of the discard ewes. The change in carcass yield in
relation to the increasing levels of licuri oil may
have been influenced by the reduced deposition of
adipose tissue and the increase in CL in animals
supplemented with 4 and 5% licuri oil, which is
directly related to lower DM intake.

In addition to DMI, one of the factors that may
have contributed to a reduction of carcass yield
with high levels of licuri oil could be the weight of
the liver. Although there was no effect of treatment
on this organ, at the highest level of licuri oil (5%),
the liver weight stood out in relation to the other
treatments (649.7 g). This result can be explained
by the high metabolic rate of the organ, and this
activity is intensified by the increase in the EE level
in the diets (Bauchart et al., 1996), a result seen

in this study. The liver is more developed to meet
the demand for nutrient metabolism, since it is the
central organ that gathers the absorbed nutrients
and those from circulation in general, moderating
and distributing them to the peripheral tissues and
acting as the main site for the regulation of nutrient
supply (Meikle et al., 2018).

Once ingested, medium-chain fatty acids in
licuri oil are absorbed by the abomasum, reach the
liver through the hepatic portal system, and behave
in a similar way to glucose (Daza et al., 2020).
This readily available energy source results in
greater development of organs involved in energy
balance. Thus, the increase in pancreas weight by
the addition of up to 2% licuri oil to the diet may
be related to changes in lipolytic activities, which
require more of this gland to guarantee the best use
of fatty acids, causing its hypertrophy (Delgadillo-
Pugaetal.,2020). Thus, the lowervalues of pancreas
weight due to the greater inclusions levels of licuri
oil may reflect possible changes in the influx of
nutrients in the duodenum and in the secretion of
lipases (Xu et al., 2009) caused by the low DMI.
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Table 6. Operating costs, gross revenue result indicators, and economic performance indicators for the acquisition
and termination of ewes, receiving a 50% concentrate diet and different levels of licuri oil.

Licuri oil level (%)

Specification Unit
0 2 4 5
Effective operating cost (EOC)
Purchase of animals 385.57 385.57 385.57 385.57
Labor 60.63 60.63 60.63 60.63
Food 251.30 257.14 214.05 204.22
Total EOC 697.50 703.34 660.25 650.42
Depreciation 10.66 10.66 10.66 10.66
Total operating cost USDS$ 708.10 714.00 670.91 661.06
Remuneration of invested capital 10.66 10.66 10.66 10.66
Total cost 718.82 724.66 681.57 671.72
Sale of shredded meat 649.77 644.38 561.16 502.17
Sale of skin 7.71 7.71 7.71 7.71
Sale of manure 5.87 3.73 4.95 3.29
Gross Revenue 663.35 655.82 573.83 513.17
Result indicators
Gross Margin (-)34.16 (—)47.52 (-)86.43 (—)137.25
Net Margin USDS$ (—)44.82 (—)58.18 (—)97.09 (514791
Result (—)55.48 (-)68.84 (-)107.75 (-)158.57
Economic performance indicators
Profitability o (-)1.61 (-)2.02 (-)3.62 (-)5.96
Rentability (—)0.32 (—)0.40 (—)0.62 (—)0.92

Values expressed in US Dollars (USDS$); Dollar quote on 12/22/2022; 1 BRL = 0.1928 USD$ (Central Bank of Brazil).

Such an event may also have caused a reduction in
heart weight, which suffered a decrease of 49.12
g (21.37%); that is, losses of 9.82 g for each 1%
inclusion of licuri oil in the diet. These losses may
be related to a low availability and absorption of
nutrients as a result of the damage caused to the
metabolism and rumen fermentation.

The inclusion of vegetable oils in ruminant
diets modifies the production of volatile fatty
acids in the rumen, increasing the proportion
of propionate and reducing acetate. Propionate
is a gluconeogenic precursor and therefore can
increase glucose supply for lipogenesis, resulting
in greater fat deposition (Park et al., 2018). This
factor, combined with the fatty-acid composition
of licuri oil, the intake of DM and the inherent
characteristics of the animal such as early growth,
lower adult weight and greater accumulation of fat
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due to sex hormones, makes females more efficient,
whereas fat metabolism in males (Argente-Arizon
et al., 2016) explains the greater deposition of
omental and heart fat with dietary inclusion of 2%
licuri oil.

Leg was the cut that showed the highest yield
with the rise in licuri oil level in the diets. The
highest percentage of carcass muscle mass is
found in this cut, with a higher edible yield and,
in addition to predicting the total content of the
tissues, it is considered the most noble cut in sheep
(Araujo et al., 2017). Saw yield and loin weight
were reduced by 0.33 and 5.53%, respectively,
in their proportion and weight for each 1% licuri
oil added to the diet. These reductions are related
to the lower HCW and CCW observed with the
increase in licuri oil in diets, a reduction in fat
thickness and the later maturity of cuts.
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The LEA is a measure that reflects the amount
of muscle in the carcass, being positively correlated
with muscularity. Comparing inclusion levels of 0
and 5% licuri oil, we observed a reduction of 10
g (36.84%) in the proportion of fat in the total
composition of the loin, which could explain the
increase in the proportion of meat in this cut.

The EOC, describing the amount of resources
used to cover the costs of confinement (Costa et
al., 2019b), underwent changes due to the levels
of licuri oil in the diet, reflecting the fluctuations in
the DM intake according to the level of inclusion.
The DM intake of the animals associated with
decrease in the costs of concentrates in diets
containing licuri oil was the determining factor
in EOC. Similarly, it affected the total operating
cost, which, in addition to expenses, also includes
the depreciation of improvements, machinery and
equipment.

Considering the results and the economic
performance indicators, the addition of licuri oil
to the diet was unsatisfactory. In the short and
medium term, the gross and net margins were
negative, revealing that the income obtained from
the activity did not even cover the actual operating
costs and an interruption of the production process
would be indicated. In the long run, the results
(profit or loss) were also negative, meaning that
return on the capital invested in the activity would
be lower than the opportunity interest rate, and
therefore, neither treatment was economically
viable.

Within the system, the effective cost of animal
feeding is mainly responsible for compromising
the remuneration generated by the sale of products
(Ferreira et al., 2017), even though it has worked
with cut meat as a strategy to add value to the
meat discard sheep. Thus, in order to achieve a
return on the capital invested in the activity of at
least US$ 19.28 above the opportunity interest
rate adopted, it would be necessary to reduce feed
cost with the inclusions of 2, 4, or 5% licuri oil. In
these conditions, if profitability and rentability of
each diet were compared, the system including 5%
licuri oil in the feed would have better profitability
and rentability.

Under the experimental conditions, the
inclusion of up to 2% licuri oil in the diet provided
an increase in carcass yield of discard ewes.
However, the acquisition or purchase of this
category of animal for feedlots was not profitable,
nor was the inclusion of higher levels of licuri oil
in the diet.

Declarations
Acknowledgements

To the Research Support Foundation of
Pernambuco (FACEPE) and the National Council
for Scientific and Technological Development
(CNPq) for the scholarship granted.

Funding

The Research Support Foundation of
Pernambuco (FACEPE; process: APQ-0895-
5.05/14) provided financial support for this
project.

Conflicts of interest

The authors declare they have no conflicts of
interest with regard to the work presented in this
report.

Author contributions

Conception and design: MAAQ, AW,
MHTM, GGLA, and RTSR. Acquisition of data:
CPLC, TJSM, VGM, APOM, ADS, DJMS,
PVNN, and EOS. Analysis and interpretation
of data: CPLC, MAAQ, and RTSR. Drafting
the article: CPLC, GCG, and MAAQ. Critical
review of important intellectual content: GCG
and MAAQ. All authors gave a final approval of
the version to be published.

References

AOAC. Official methods of analysis. Association
of Analytical Chemists International. 20th ed.
Washington (DC): G.W. Latimer Jr; 2016.

Rev Colomb Cienc Pecu 2023; 36(4, Oct-Dec):196-209
https://doi.org/10.17533/udea.rccp.v36n4ad



https://doi.org/10.17533/udea.rccp.v36n4a4

Yield and viability of licuri oil for ewes 207

AratjoPHM, MaiaAS, Cordeiro AMTM, Gondim
AD, Santos NA. Catalytic deoxygenation of the
oil and biodiesel of Licuri (Syagrus coronata) to
obtain n-alkanes with chains in the range of biojet
fuels. ACS Omega 2019; 4(14):15849—15855.
https://doi.org/10.1021/acsomega.9b01737

Aratjo M, Fontes Cezar M, Gomes MG, Souza
WH, Morais J, Torres AS, Henriques G, Campos
R. Commercial cuts and carcass characteristics of
sheepandgoatssupplementedwithmultinutritional
blocks. Rev MVZ 2017; 22(3):6180-6190.
https://dx.doi.org/10.21897/rmvz.1123

Bagaldo AR, Miranda GS, Soares Junior
MSF, Araujo FL, Matoso RVM, Chizzotti
ML, Bezerra LR, Oliveira RL. Effect of
Licuri cake supplementation on performance,
digestibility, ingestive  behavior, carcass
traits and meat quality of grazing lambs.
Small Rum Res 2019; 177(1):18-24.
https://doi.org/10.1016/j.smallrumres.2019.05.020

Bauchart D, Gruffat D, Durand D. Lipid
absorption and hepatic metabolism in
ruminants. Proc Nut Soc 1996; 55(1B):39—47.
https://doi.org/10.1079/PNS19960010

Brazil. Decreto N°9.013, de 29 de margo de 2017.
Regulamenta a Lei N° 1.283, de 18 de dezembro
de 1950, e a Lei N° 7.889, de 23 de novembro
de 1989, que dispdem sobre a inspecao industrial
e sanitaria de produtos de origem animal.
Diario Oficial Unido. 2017. https:/www.gov.br/
agricultura/pt-br/assuntos/aquicultura-e-pesca/
legislacao/legislacao-geral-da-pesca/decreto-no-
9-013-de-29-03-2017.pdf/view

Costa CA, Carvalho FFR, Guim A, Andrade GP,
Cardoso DB, Maciel MV, Silva GG, Nascimento
AGO. Carcass characteristics of lambs fed diets
with increasing levels of crude glycerin. Asian-
Austral J Anim Sci 2019a; 32(12):1882—1888.
https://doi.org/10.5713/ajas.18.0825

Costa JB, Oliveira RL, Silva TM, Ribeiro OL,
Ribeiro RDX, Pinto LFB, Nascimento TVC.
Economic analysis of the finishing of lambs
under confinement conditions using licuri cake
(Syagrus coronata Mart. Becc.). Rev Bras

Rev Colomb Cienc Pecu 2023; 36(4, Oct-Dec):196-209
https://doi.org/10.17533/udea.rccp.v36ndad

Saude Prod Anim 2019b; 20(e0252019):01-15.
http://dx.doi.org/10.1590/S1519-9940200252019

DazaA, SouzaJG,MonerratJPIS, Ribeiro CVDM.
Performance of growing lambs supplemented
with ground licuri (Syagrus coronata). Asian-
Austral J Anim Sci 2020; 33(01):01-23.
https://doi.org/10.5713/ajas.20.0199

Hopkins DL, Fogarty NM, Menzies DJ.
Differences in composition, muscularity,
muscle:bone ratio and cut dimensions between six
lamb genotypes. Meat Sci 1997; 45(4):439—-450.
https://doi.org/10.1016/S0309-1740(96)00134-9

Koppen W, Geiger R Klimate der Erde.
Gotha: Verlag Justus Perthes 1928; Wall-map
150cmx200cm.

Lima LS, Oliveira RL, Garcez Neto AF, Bagaldo
AR, Abreu CL, Silva TM, Carvalho ST, Bezerra
LR. Licuri oil supplements for lactating cows on
pasture. Can J Anim Sci 2015; 95(1):617—624.
https://doi.org/10.4141/CJAS-2014-165

Makkar HPS. Review: Feed demand
landscape and implications of food-not
feed strategy for food security and climate
change. Anim  2018;  12(8):1744-1754.
https://doi.org/10.1017/S175173111700324X

Matsunaga M, Bemelmans PF, Toledo PEN,
Dulley RD, OkawaH, Pedroso IA. Metodologiade
custo de producdo utilizada pelo IEA. Agricultura
em Sao Paulo — SP 1976; 23(1):123-139.
http://www.iea.sp.gov.br/out/verTexto.
php?codTexto=11566

Meikle A, Brun V, Carriquiry M, Soca P, Sosa C,
Adrien ML, Chilibroste P, Abecia JA. Influences
of nutrition and metabolism on reproduction of the
female ruminant. Anim Rep2018;15(1):899-911.
http:/dx.doi.org/10.21451/1984-3143-AR2018-0017

Mertens DR. Gravimetric determination of
amylase-treated neutral detergent fiber in feeds
with refluxing in beaker or crucibles: collaborative
study. J AOAC Int 2002; 85:1217-1240.

https://pubmed.ncbi.nlm.nih.gov/12477183/


https://doi.org/10.17533/udea.rccp.v36n4a4
https://doi.org/10.1021/acsomega.9b01737 

https://dx.doi.org/10.21897/rmvz.1123
https://doi.org/10.1016/j.smallrumres.2019.05.020
https://doi.org/10.1079/PNS19960010
https://www.gov.br/agricultura/pt-br/assuntos/aquicultura-e-pesca/legislacao/legislacao-geral-da-pesca/decreto-no-9-013-de-29-03-2017.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/aquicultura-e-pesca/legislacao/legislacao-geral-da-pesca/decreto-no-9-013-de-29-03-2017.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/aquicultura-e-pesca/legislacao/legislacao-geral-da-pesca/decreto-no-9-013-de-29-03-2017.pdf/view
https://www.gov.br/agricultura/pt-br/assuntos/aquicultura-e-pesca/legislacao/legislacao-geral-da-pesca/decreto-no-9-013-de-29-03-2017.pdf/view
https://doi.org/10.5713/ajas.18.0825
http://dx.doi.org/10.1590/S1519-9940200252019
https://doi.org/10.5713/ajas.20.0199
https://doi.org/10.1016/S0309-1740(96)00134-9
https://doi.org/10.4141/CJAS-2014-165
https://doi.org/10.1017/S175173111700324X
http://www.iea.sp.gov.br/out/verTexto.php?codTexto=11566
http://www.iea.sp.gov.br/out/verTexto.php?codTexto=11566
http://dx.doi.org/10.21451/1984-3143-AR2018-0017
https://pubmed.ncbi.nlm.nih.gov/12477183/

208 Yield and viability of licuri oil for ewes

NRC. National Research Council. Nutrient
requirements of small ruminants: sheep, goats,

cervids, and new world camelids. Washington
(DC): The National Academy Press. 2007.

Oliveira RL, Neto SG, Lima FHS, Medeiros AN,
Bezerra LR, Pereira ES, Bagaldo AR, Pellegrini
CB, CorreiaBR. Compositionand fatty acid profile
of milk from cows supplemented with pressed
oilseed cake.JAnim Sci2016; 87(10):1225-1232.
http://dx.doi.org/10.1111/asj.12571

Jenkins TC. A 100-Year
Review: Fat feeding of dairy cows. J
Dairy Sci  2017;  100(12):10061-10077.
https://doi.org/10.3168/jds.2017-12924

Palmquist DL,

Parente MOM, Rocha KS, Bessa RJB, Parente
HN, Zanine AM, Machado NAF, Lourengo Jinior
JB, Bezerra LR, Landim AV, Alves SP. Effects
of the dietary inclusion of babassu oil or buriti
oil on lamb performance, meat quality and fatty
acid composition. Meat Sci 2020; 160:e107971.
https://doi.org/10.1016/j.meatsci.2019.107971

Parente MOM, Susin I, Nolli CP, Ferreira EM,
Gentil RS, Polizel DM, Vaz Pires A, Alves
SA, Bessa RJB. Effects of supplementation
with vegetable oils, including castor oil, on
milk production of ewes and on growth of
their lambs. J Anim Sci 2018; 96(1):354-363.
https://doi.org/10.1093/jas/skx015

Park SJ, Beak SH, Jung DIJS, Kim SY, Jeong
IH, Piao MY, Kang HJ, Fassah DM, Na SW,
Yoo SP, Baik M. Genetic, management, and
nutritional factors affecting intramuscular fat
deposition in beef cattle — A review. Asian-
Austral J Anim Sci 2018; 31(7):1043—1061.
https://doi.org/10.5713/ajas.18.0310

Pulina G, Francesconi AHD, Stefanon B,
Sevi A, Calamari L, Lacetera N, Dell’Orto V,
Pilla F, Marsan PA, Mele M, Rossi F, Bertoni
G, Crovetto GM, Ronchi, B. Sustainable
ruminant production to help feed the planet.
Italian J Anim Sci 2017; 16(1):140—171.
https://doi.org/10.1080/1828051X.2016.1260500

PurchasRW, DaviesAS,AbdullahAY. Anobjective
measure of muscularity: changes with animal
growth and differences between genetic lines of
southdown sheep. Meat Sci 1991; 30(1):81-94.
https://doi.org/10.1016/0309-1740(91)90037-Q

Rodrigues LKO, Mendes JUL, Jesus DS.
Physicochemical analysis of in - natura and
transesterified  licuri  (Syagrus  Coronata)
oil. Res Soc Dev 2020; 9(8):e554985793.
http://dx.doi.org/10.33448/rsd-v9i8.5793

SAS. Statistical Analysis System. SAS user’s
guide. Version 9.1, for Windows. Cary, NC,
USA: SAS Institute Inc., 2003.

Santos HO, Howell S, Earnest CP, Teixeira
FJ. Coconut oil intake and its effects on the
cardiometabolic profile-A structured literature
review. Prog Cardio Dis 2019; 62(5):436—443.
https://doi.org/10.1016/j.pcad.2019.11.001

Santos PB, Santana Jinior HA, Aratjo MJ,
Oliveira AP, Freitas TB, Viana PT. Production and
economic viability of feedlotbeefcattle categories.
Acta Scient J Anim Sci 2017; 39(2):195—199.
https://doi.org/10.4025/actascianimsci.
v39i2.33452

Safiudo C, Sierra 1. Calidad de la canal en la
especie ovina. Ovino 1986; 1:127—-153.

Silva TM, Oliveira RL, Barbosa LP, Garcez
Neto AF, Bagaldo AR, Pazzanese D.
Preliminary study on meat quality of goats
fed levels of licury oil in the diet. Asian-
Austral J Anim Sci 2011; 24(8):1112 — 1119.
https://doi.org/10.5713/ajas.2011.11053

Silva Sobrinho AG, Purchas RW, Kadim IT,
Yamamoto SM. Caracteristicas de qualidade da
carne de ovinos de diferentes gendtipos e idades ao
abate. Rev Bras Zootec 2005; 34(3):1070—1078.
http://dx.doi.org/10.1590/S1516-35982005000300040

Rev Colomb Cienc Pecu 2023; 36(4, Oct-Dec):196-209
https://doi.org/10.17533/udea.rccp.v36n4ad



https://doi.org/10.17533/udea.rccp.v36n4a4
http://dx.doi.org/10.1111/asj.12571
https://doi.org/10.3168/jds.2017-12924
https://doi.org/10.1016/j.meatsci.2019.107971
https://doi.org/10.1093/jas/skx015
https://doi.org/10.5713/ajas.18.0310
https://doi.org/10.1080/1828051X.2016.1260500

https://doi.org/10.1016/0309-1740(91)90037-Q
http://dx.doi.org/10.33448/rsd-v9i8.5793
https://doi.org/10.1016/j.pcad.2019.11.001
https://doi.org/10.4025/actascianimsci.v39i2.33452
https://doi.org/10.4025/actascianimsci.v39i2.33452
https://doi.org/10.5713/ajas.2011.11053
http://dx.doi.org/10.1590/S1516-35982005000300040

Yield and viability of licuri oil for ewes 209

Silva Sobrinho AG. Criagdo de ovinos. 3rd ed.
Jaboticabal: Funep. 2001.

Vargas JE, Andrés S, Lopez-Ferreras L,
Snelling TJ, Yafez-Ruiz DR, Garcia-
Estrada C, Lopez S. Dietary supplemental
plant oils reduce methanogenesis from
anaerobic microbial fermentation in the
rumen. Scient Rep 2020; 10(el613):1-9.

https://doi.org/10.1038/s41598-020-58401-z

Rev Colomb Cienc Pecu 2023; 36(4, Oct-Dec):196-209
https://doi.org/10.17533/udea.rccp.v36ndad

Visentainer JV. Aspectos analiticos da
resposta do detector de ionizagdo em chama
para ésteres de acidos graxos em biodiesel e
alimentos. Quim Nova 2012; 35(2):274-279.
https:/doi.org/10.1590/50100-40422012000200008

Xu M, Du S, Wang J, Yu ZP, Harmon DL,
Yao JH. Influence of rumen escape starch
on pancreatic exocrine secretion of goats. J
Anim Phys Anim Nut 2009. 93(1):122-129.
https://doi.org/10.1111/5.1439-0396.2007



https://doi.org/10.17533/udea.rccp.v36n4a4
https://doi.org/10.1038/s41598-020-58401-z
https://doi.org/10.1590/S0100-40422012000200008   

https://doi.org/10.1111/j.1439-0396.2007
https://www.researchgate.net/publication/372717977

