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RESUMO

GIOTTO, Francine Mezzomo. Pecan by-products as feedstuff in lamb diets: carcass
characteristics, and meat quality atributes. 2019. 112 f. Tese (Doutorado em Ciéncia
Animal) — Universidade Estadual de Londrina, Londrina. 2019.

Este estudo avaliou os efeitos da inclusdo do coproduto da noz pecan na dieta de cordeiros.
Quarenta e quatro ovinos Santa Inés (24 machos e 20 fémeas) com aproximadamente 23,24 +
3,25 kg, de peso corporal, 3,56 + 0,55 meses de idade, foram divididos aleatoriamente entre 1
a 4 tratamentos dietéticos (n = 11 por tratamento). As dietas foram formuladas com silagem
de sorgo, arroz quebrado, farelo de soja, mistura mineral comercial, calcario calcitico, 6leo de
soja e quatro niveis de coproduto da noz pecan: 0%, 3%, 6% e 9% (base da MS). Os cordeiros
foram alimentados na proporcdo volumoso:concentrado de 40:60 e, apdés 52 dias de
alimentacdo, com peso final de 37,17 + 4,67 e 5,28 + 0,45 meses, 0s animais foram abatidos
em frigorifico comercial. Foram calculados peso ao abate, pesos de carcaca quente e fria,
rendimento, indice de compacidade, conformacdo, acabamento, perda na refrigeracdo,
medidas de pernil e da paleta, area de olho de lombo, medidas de lombo, marmoreio, pesos e
rendimentos dos cortes comerciais e composi¢do tecidual. As amostras de carne foram
submetidas ao perfil de é&cidos graxos, oxidacdo lipidica, forca de cisalhamento, anélise
sensorial, perda por coccao e analises centesimais. Observou-se efeito de género para peso da
carcaca ao abate (40,20a e 33,95b), peso da carcaca quente (19,99a e 16.68b) e fria (19,19a e
16,05b), perda na refrigeracdo (4,02a e 3,77b), indice de compacidade da carcaca (0,29a e
0,25b), comprimento de carcaca (66,00a e 62,39b), profundidade toracica (27,45a e 25,64b),
comprimento da perna (42,91a e 40,97b), perimetro do braco (18,00a e 16,47b), area do olho
de lombo (17,36a e 15,82b), peso dos cortes comerciais, rendimento do pescogo (7,69a e
6,83Db) e proporcéo dos 0ssos (21,15a e 18,74b) onde os machos apresentaram maiores valores
em relacdo as fémeas. Fémeas apresentaram maiores valores de porcentagem de gordura
(3,72a e 2,98b), espessura de gordura (1,63a e 0,58b) e rendimento de pernil (31,54a e
30,47b) em comparagdo aos machos. A inclusdo do coproduto da noz pecan nédo afetou
umidade, proteina, pH, perda por coccdo, oxidacdo lipidica e forca de cisalhamento. Os
tratamentos dietéticos ndo afetaram os parametros objetivos de cor, no entanto, a carne das
borregas apresentou-se mais avermelhada e mais amarelada quando comparada a carne dos
cordeiros. Observou-se intereracdo entre os tratamentos dietéticos e 0s géneros sexuais para a
porcentagem de cinzas na carne. A carne do tratamento controle apresentou escores mais
altos de maciez e suculéncia. Maiores niveis de &cido margarico e oleico foram observados na
carne das fémeas, enquanto a carne dos machos apresentou maiores valores de é&cido
linoleico. A incluséo de 6% das nozes aumentou a deposicdo de DHA (0,68bc, 0,60c, 1,12a e
1,02ab, controle, 3%, 6% e 9%, respectivamente) enquanto a incluséo de 9% levou a niveis
mais altos de EPA (0,04b, 0,01b, 0,09ab e 0,16a, controle, 3%, 6% e 9%, respectivamente).
Os resultados sugerem que o coproduto da noz-pecan pode ser utilizado em até 9% como
fonte de alimentagdo para produtores que tem acesso a esse alimento.

Palavras-chave: &cidos graxos, Carya illinoinensis, painel sensorial, forca de cisalhamento,
ovinos



ABSTRACT

GIOTTO, Francine Mezzomo. Pecan by-products as feedstuff in lamb diets: carcass
characteristics, and meat quality atributes. 2019. 112 p. Thesis (Philosophy Doctor in
Animal Science) — Londrina State University, Londrina. 2019.

This study evaluated the effects of including pecan by-products into lambs’ diet. Forty-four
Santa Ines lambs (24 males and 20 females) with approximately 23.24 + 3.22 kg, of body
weight, 3.56 + 0.55 months old, were randomly assigned to 1 of 4 dietary treatments (n=11
per treatment). Diets were formulated with sorghum silage, broken rice, soybean meal, a
commercial mineral mix, calcitic limestone, soybean oil, and four different levels of pecan
by-product: 0%, 3%, 6% and 9% (DM basis). Lambs were fed in a roughage:concentrate ratio
of 40:60, and after 52 days of feeding, with final body weight of 37.17 + 4.67 kg, and 5.28 +
0.45 months old, animals were slaughtered in a commercial slaughter plant. Carcass weight at
slaughter, hot and cold carcasses weights, yields and carcass index, conformation, fattening
degree, cooling loss, leg and shoulder measurements, loin eye area, loin measurements,
marbling, commercial cuts weight and yields, and tissue composition were calculated. Meat
samples were subjected to fatty acid profile, lipid oxidation, Warner Braztler Shear Force
(WBSF), sensory analysis, cooking loss, and proximate analyses. Gender effect was observed
for carcass weight at slaughter (40.20a and 33.95b), hot (19.99a and 16.68b) and cold carcass
weight (19.19a and 16.05b), cooling loss (4.02a and 3.77Db), carcass index (0.29a and 0.25b),
carcass length (66.00a and 62.39b), thoracic depth (27.45a and 25.64Db), leg length (42.91a
and 40.97b), shoulder perimeter (18.00a and 16.47b), loin eye area (17.36a and 15.82b),
commercial cuts weight, neck yield (7.69a and 6.83b), and bones proportion (21.15a and
18.74b) where male lambs showed higher values than ewe lambs. Females had higher values
for percentage of fat (3.72a and 2.98b), fat thickness (1.63a and 0.58b), and leg yield (31.54a
and 30.47b) when compared to males. Inclusion of pecans did not affect moisture, protein,
pH, cooking loss, lipid oxidation, and WBSF. Dietary treatments did not affect objective color
parameters, however, meat from ewe lambs were redder and yellower when compared to meat
from ram lambs. It was observed an interaction between dietary treatments and sexual gender
for ash percentage on meat. Meat from the control treatment had higher scores for tenderness
and juiciness. Greater levels of margaric and oleic acids were observed in the lean of ewe
lambs, whereas meat from ram lambs had greater values of linoleic acid. Inclusion of 6% of
pecans increased deposition of DHA (0.68bc, 0.60c, 1.12a and 1.02ab, control, 3%, 6% e 9%,
respectively), whereas a 9% inclusion led to higher levels of EPA (0.04b, 0.01b, 0.09ab and
0.16a, control, 3%, 6% e 9%, respectively). Results suggest that pecan by-products can be
used up to 9% as a feeding source for producers who may have access to this feedstuff.

Keywords: Carya illinoinensis, fatty acids, sensory panel, shear force, sheep
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1. INTRODUCTION

Currently, Brazil has an estimated flock size of approximately 18,948,934
million heads of sheep, with 511,768 producers. Brazilian sheep are primarliy found in the
Northeast region that has 64.2% of the animals, while the South has 24%, the Midwest has
5%, North has 4%, and the Southeast has 3% (IBGE, 2018).

The production of sheep meat in Brazil has progressively increased due to
higher consumption and market demands (FIRETTI et al., 2017). However, consumption is
still low and current domestic production is not sufficient to meet demands, which sustains
good prices for slaughtered lambs (ARCO, 2018).

According to Ribeiro et al. (2004), the success of sheep farming for meat is
closely linked to the production of quality carcasses, meat acceptability by consumers, and the
use of management practices that make the activity economically viable. As production
intensifies, a number of factors can be controlled to achieve a better quality product
(HERMUCHE et al., 2013).

The use of feedlots by sheep producers generates positive results by
increasing carcass standardization and availability of meat in the off season, while reducing
slaughter time of the animals and mortality rates; however, the higher feeding costs can
become expensive (SERGIO et al., 2007). In this context, studies have been performed with
the objective of enabling nutrition with high production rates and reduced costs using agro-
industrial byproducts.

Pecans are discarded yearly due to diseases, discoloration, and changes in
size or shape generating a by-product rich in fatty acids, fat, protein, fibers, and antioxidants
(ORTIZ-QUEZADA; LOMBARDINI; CISNEROS-ZEVALLOQOS, 2011; ATANASOV et al.,
2018; RIVERA-RANGEL et al., 2018) with potential to be used as a feedstuff in animal
nutrition.

Very few studies have reported the use of pecan or pecan by-products in
animal nutrition. Ramirez et al. (1986) evaluated the effect of diets containing 0, 5, or 10% of
pecan shells or hulls on milk production in Holstein cows, digestion and N balance in sheep,
and rumen fermentation, digestion and passage rates in beef steers. Reyes-Padilla et al. (2018)
developed a bologna-type meat product using cranberries, prunes, pecan nuts, and flaxseed as

ingredients and evaluated the physiochemical, sensory, and nutritional qualities of the
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product. No studies have been carried out using pecan by-product in lamb nutrition evaluating

carcass characteristics and meat quality attributes.
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2. LITERATURE REVIEW

2.1 PECAN

The pecan tree (Carya illinoinensis (Wangenh.) K. Koch) belongs to the
family Juglandaceae, being the specie Carya illinoinensis known worldwide as pecan, is a
fruitful cultivar predominantly in temperate regions of the Northern Hemisphere. Native from
United States and Mexico, nowadays it is the most valuable nut tree native to North America.
Pecans are commercially produced in Alabama, Arkansas, Arizona, California, Florida,
Georgia, Kansas, Louisiana, Missouri, Mississippi, North Carolina, New Mexico, Oklahoma,
South Carolina, and Texas (SAGARAM; LOMBARDINI; GRAUKE, 2007). The United
States is the world leader in pecan nut production, accounting for about 50% of the total
production (FABRIZIO; ELMARIE; GESINE, 2018). In past decades, pecans have been
introduced to many other countries including South Africa, Australia, Argentina, and China
(ZHANG; PENG; LI, 2015), and the world production increases every year (Figure 1).
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Figure 1. World pecan production (tons).
Source: International Nut and Dried Fruit Council (2018)
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In Brazil, pecans were introducedin 1910 in Santa Barbara D’Oeste,
Piracicaba, and Americana, in the state of Sao Paulo. In 1915, they were introduced to Nova
Friburgo, and Rio de Janeiro. Around 1943, Arminio Miotto, mayor of Anta Gorda,
introduced the first seedlings of pecans in Rio Grande do Sul. Due to the good adaptability,
Arminio Miotto started to produce seedlings and commercialize it in the different regions of
Southern Brazil (MARTINS et al., 2018).

The great evolution of pecan was through public policies to encourage the
planting of forests in the 1960s and 1970s. Law No0.5.106 / 66, regulated by Decree 59.615/66
(BRASIL, 1966), encouraged the tax-free planting of forests, enabling the planting of some
fruit species, among them being pecan. At this time, the crop began to be commercially
exploited, being cultivated from the State of Minas Gerais to Rio Grande do Sul. During this
period, several orchards were established, reaching about 17 thousand ha, mainly
concentrated in the southern region of Brazil. However, it continuity has been compromised
by phytosanitary problems and lack of support, technical information, and research to support
its cultivation (RASEIRA, 1990; HAMANN et al., 2018).

Pecan nut cultivation has been growing in recent years, especially in the
southern region of Brazil, supported by the growing interest of the Brazilian and world
markets for nuts. Allied to the increase in demand, other factors contributed to the Brazilian
expansion such as the harvest period not coinciding with the traditional harvest of grains and
other fruits; poor perishability of nuts; search for productive diversification; chance of
cultivation intercropped with livestock and crops, among others, which together has provided
not only an expansion of pecan planting, but a revitalization of abandoned orchards
(BILHARVA et al., 2018; HAMANN et al., 2018). It is estimated that there are about 10
thousand ha of pecan trees, mostly cultivated by small farmers and their families, whose
properties range from 4 to 15 ha (MARTINS et al., 2017a). Currently, Rio Grande do Sul is
the largest producer of pecans, followed by the states of Parana and Santa Catarina (Figure 2).

The pecan tree also provides fruits that are important raw material for agro-
industry. The nuts can be used in the food industry and for the production of oil. Shells can be
used to produce tea and fertilizers, and its wood can be used for furniture. The species also
enables a consortium with other cultures and the integration of with livestock
(MOKOCHINSKI et al., 2017).
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Figure 2. Pecan production in Brazil.
Source: Martins et al. (2018)

Pecans are good sources of lipids and proteins (Table 1), unsaturated fatty
acids (UFA) containing primarily monounsaturated fatty acids (MUFA), a good quantity of
polyunsaturated fatty acids (PUFA), and a low content of saturated fatty acid (SFA) (Table 2).
The content of oleic acid (C18:1n-9) is the highest followed by linoleic acid (C18:2n-6),
lower concentrations of palmitic acid (C16:0), stearic acid (C18:0), and alfa-linolenic acid
(C18:3n-3) (RIVERA-RANGEL et al., 2018).

Phytochemicals and other bioative compounds, including tocopherols and
phytosterols are present in pecan oil. Phenolic compounds such as phenolic acids and
condensed tannins, in addition to the tocopherols and phytosterols in the pecan oil, have been
reported in pecan nut and nutshells using colorimetric assays (Folin-Ciocalteu and Vanillin)
and of antioxidant activity assays (ABTS, DPPH, ORAC system and p-carotene linoleic acid)
performed in vitro (Prado et al., 2013).

Healthy MUFAs, PUFAS, polyphenolic compounds, and other constituents
from pecans offer significant benefits for human health in the context of adiposity

management and cardiovascular disease prevention (RIVERA-RANGEL et al., 2018).


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/beta-carotene
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Table 1. Chemical composition of pecans (g.100g ).

Moisture 21-7.4
Energy (Kcal) 673.5—-690.0
Protein 6.0-11.3
Nitrogen 10-14
Lipid 65.9 - 78.0
Ash 1.2-18
Carbohydrates 21.0-21.8
Starch 00-04
Tannins 0.7-27
Sugars, total 3.3-5.3
Sucrose 35-39
Glucose 0.00-0.04
Fructose 0.00 - 0.04
Hgg

Arsenic (As) 0.019 + 0.001
Calcium (Ca) 2088.4 + 32.7
Chromium (Cr) 2.02 £ 0.07
Copper (Cu) 35.5+0.05
Iron (Fe) 105.86 + 1.68
Magnesium (Mg) 4197.0 £ 60.8
Manganese (Mn) 192.60 £+ 3.05
Zinc (Zn) 137.86 + 0.39

Source: Venkatachalam, 2004; Moodley; Kindness; Jonnalagadda, 2007; Freitas; Naves, 2010

Table 2. Fatty acid profile of pecans (% of FAME).

C4:0
C8:0
C12:0
C14:0
C14:1n5
C15:0
C16:0
C16:1 n7
C17:0
Cl7:1n7
C18:0
C18:1¢c9
C18:2 n6
C20:0
C18:3n6
C20:1 n9
C18:3n3
C20:2 n6
C22:1n9
C22:2 n6
C20:4 n6
C20:5n3
C22:4 n6
C22:5n3
C22:6 n3

0.29
0.01
0.01
0.05
0.01
0.01
5.70
0.03
0.06
0.05
2.35
67.49
21.26
0.13
0.00
0.30
0.92
0.01
0.03
0.03
0.01
0.04
0.01
0.26
0.29
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2.2 BY-PRODUCTS IN LAMB NUTRITION

The production and consumption of food requires large amounts of
resources such as land, water, materials, and energy. This is expected to increase due to
population growth and a more luxurious consumption (ELFERINK; NONHEBEL; MOLL,
2008). Due to political and social pressure to reduce the pollution arising from industrial
activities, almost all developed and underdeveloped countries are modifying their processes
so that their residues can be recycled (MIRZAEI-AGHSAGHALI; MAHERI-SIS, 2008).
According to Tufarelli et al., (2013), most by-products are environmental waste management
problems.

Ruminant species play an important role in the country’s economy, being
able to digest fibrous material and by-products. They are well suited for recycling such
material and providing an additional source of income (TUFARELLI et al., 2013). Utilization
of agro-industry by-products in farm animal nutrition reduces the environmental impact of the
food industry, improves profitability, and increases valorization of the agricultural by-
products since feeding food residue to livestock is an efficient way to upgrade low quality
materials into high quality feed (KASAPIDOU; SOSSIDOU; MITLIANGA, 2015).

According to normative instruction 81 (BRASIL, 2018), by-products are
products intended for animal feed obtained from solid waste from the food industries. Product
or substances that result from a production process whose main purpose is not its production.
It can be used directly in animal feed without any other processing besides normal industrial
practice.

The use of alternative regional foods (co-products or by-products) from
agribusiness including grain farming, fruit and fruit processing companies, and from biofuel
(alcohol and mainly biodiesel) industries in ruminant feeding has been widely studied.
Aspects of nutritional value and digestibility of food, as well as performance (consumption,
weight gain, and feed conversion), ruminal and blood parameters of animals, meat and milk
production and quality, and the economic viability have all been studied. The use of by-
products in animal feed, especially in ruminant nutrition, will result in increased demand with
consequent reduction in the differential price advantage of traditional ingredients. When the
producer includes these by-products into feed, they must be aware of their availability,
nutritional quality, and cost compared to traditional feed. Although, in some cases, a drop in

productivity is offset by lower production costs, without harming the profitability of the
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activity. Thus, the inclusion of co-products are more suitable for those who can purchase them
at lower prices close to their property, otherwise it may result in reduced profit margins.

A large volume of agro-industry by-products is produced annually in Brazil,
from processing a wide variety of crops cultivated for food or fiber. Some are restricted to
certain regions, while others are found all over the country. Successful use of by-products is
often limited by poor knowledge of their nutritional characteristics and economic value as
feed ingredients, such as the lack of performance of animals fed with this type of food.
Looking at another approach, the use of agro-industry by-products meets the aspirations of
current environmental policies that, increasingly growing stronger, have been closely
following the elimination of potentially polluting products by industries. Demographic growth
combined with supply crises, especially in developing countries, increases the discussion
about competition between humans and domestic animals for valuable foods. In this sense,
the study and use of alternative food sources are fundamentaly important (MENEGHETTI,;
DOMINGUES, 2008).

Processing of raw material generates several by-products with great
potential for use in animal feed, and knowledge of their composition and levels of use by
ruminant animals is fundamental for the generation of additional income in the chain
(BOMFIM; SILVA; SANTOS, 2009).

According to Meneghetti; Domingues (2008), and Pedroso; Santos; Bittar
(2009) the pros and cons of using by-product in animal nutrition are:

e Pros

o Usually by-products enter the diet in place of other food, more
traditionaly like corn or soy, and the main factor considered in the
evaluation is possible economic advantage, either by a direct reduction
in the cost of food or by better animal performance resulting from
increased feed efficiency;

o Greater flexibility in diet formulation by availability of greater food
diversity; in addition, some by-products may contain special or
complementary ingredients to existing ingredients which can provide
an improved composition of the diet, allowing for better performance
by the animal.

o Most by-products do not require any kind of processing such as
grinding because they are marketed in forms suitable for use (crushed

or pelleted). This also represents economic use of labor and energy, and
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is most evident in situations with complete feed, which do not premix
the ingredients.

Reduction in starch content of the diets, with concomitant increase of
digestible fiber content, contributes to the improvement of the rumen

environment.

In connection with possible advantages, several risk factors must be
evaluated before introducing by-products into the diet. The first of
these refers to the decision itself of which products to buy. It is
necessary to formulate the whole diet on the farm, which requires
knowledge or specialized technical advice.

By-product marketing rules may also differ from conventional
products. Usually the great advantage of getting by-products comes
from negotiating directly with the producing company or its
representative direct. This, however, has limitations. In most cases,
only large closed volumes or loads may be provided, which may be an
impediment for small properties, especially when it comes to easily
spoiled foods which require fast consumption. In this situation, the
producer is forced to buy smaller quanties more often, even at a higher
cost, so that payment is better distributed.

Lack of quality control leads to another problem, which is the correct
establishment of nutritional value of the by-product. When the variation
in composition is large, which is common to some by-products, it is
difficult to balance the diet because the real nutritional value of the
food is unknown. Due to this, many by-products do not have sufficient
researched data for a recommendation of consistent use, which may
lead to increasing the frequency of the bromatological analyzes. This is
an additional cost factor and increases the risk for unexpected results in
the process. In this case the nutritionist's experience with the product
has an important role.

Success in using by-products depends on good planning, storage, and
handling. Farm facilities should allow for easy reception, discharge and

maintenance of product quality. Ideally, strict management of losses
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and quantities must be used so cost and inventory can be controled.
Some products do not allow prolonged storage due to its high fat
content as it becomes rancid in a few days and, therefore, is not
recommended for feed. This type of consideration should be made

when choosing each type of food.

2.2.1 Pecan By-Product

Pecan by-products are usually generated due to defects in color, shape, size,
and vyield (Figure 3). According to Arena et al. (2014), Glen (2015) and Arena; Polomski
(2019), the most important factors contributing to losses are:

e Pollination causing low nut production or poorly developed nuts;

e Drought causing poorly filled pecans;

e Diseases caused by fungi or bacterial pathogens;

e  Pests causing damages to the shell;

e Zinc deficiency, producing abnormally small nuts;

e Failure to fill caused mainly by insects, disease, or low nutrients;

e Premature loss is mainly caused by pest damage, disease and drought.

Figure 3. Defect in pecans.
Source: Glen, 2015; Reid, 2015
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With the higher demand for feed for the composition of the concentrated
formulated for the different animal categories of sheep farming, the demand for products that
allow good and economic animal performance is increasing. As a result, the adoption of
alternative foods has emerged as an excellent alternative to compose ruminant diets
(MADRUGA et al., 2005).

The by-product generated by pecans (Table 1) is rich in fatty acids, fat,
protein, fibers, antioxidants, and minerals including calcium, iron, zinc, selenium, and
potassium, and are good sources of dietary fiber (MARTINS et al., 2017b). The most
important, it is the potential to be used as a feedstuff in animal nutrition.

Another benefit is that due to the sheep oral anatomy, characterized by the
extreme mobility of the lips and the form of apprehension of the food using lips, teeth and
tongue, they can be very efficient in separating and choosing the food to be eaten (Santos et
al., 2009). Pecan by-product can be used in lamb nutrition in halves, large, medium or small

pieces, or as a meal (Figure 4).

& = ;E‘§

—— ,g’ — )
Pecan Large Medium Small Pecan
Halves Pieces Pieces Pieces Meal

Figure: 4. Pecan varietes that can be introduced into animal diets.
Source: Millican, 2017

2.3 CARCASS AND MEAT QUALITY ATTRIBUTES

Many aspects of animal production are involved in the attempt to produce
quality carcasses and lean meat, including type of rearing (grain or grass fed), feeding,
management, sex (male, female or castrated male), animal age (young or adult), genetics, and
all of these interactions (PAULO et al., 2010).

Carcass quality parameters are mainly divided on those that affect
morphology, as conformation and morphological measurements, and those related to
composition as commercial cuts, fattening score degree, tissular or chemical composition.
Meat quality can be defined as a set of properties that together identify what we appreciate
about meat when we purchase it, eat it, or select it for use as a raw material for processing
into meat products (PURSLOW, 2017).
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The carcass can be analyzed from several points of view: nutritional, pre-
established image, presentation and sensory (OSORIO et al., 2012). The carcass contains the
edible portion, muscles and fat, and the inedible portion consisting predominantly of bones.
The carcasses should have a high percentage of muscles, with satisfactory fattening degree
and conformation. Carcass measurements allow comparisons between weights, slaughter ages
and feeding systems (SILVA; PIRES, 2000). Whereas meat is composed of a complex
organization of muscle, connective tissue, adipose and blood tissues, and the reactions that
occur in these tissues before and after slaughter will determine their nutritional and sensory
qualities, directly impacting their acceptability (RAMOS; GOMIDE, 2007).

Lamb is the animal category that offers the most acceptable meat in the
consumer market, characterized by being soft and pink, with a smooth texture, firm
consistency and satisfactory fat content. The meat of the yearling sheep is still soft, but the
color is already stronger, reddish. The meat of adult sheep (mutton) is no longer so attractive
because it is harder, has a yellowish fat and a stronger flavor (OSORIO; OSORIO; SANUDO,
2009).

The Santa Inés breed is pointed as a promising alternative in crossbreeding
for the production of lambs for slaughter, because it has easy adaptability, rusticity and
reproductive efficiency, low susceptibility to endo and ectoparasites. In addition to these
advantages, it has no seasonal reproductive behavior, playing an important role in protein
production (MADRUGA et al., 2005).

Lamb meat quality and acceptability is primarily determined by its physico-
chemical characteristics (pH, color, tenderness, water holding capacity) (TEJEDA et al.,
2008), nutritional (proximate composition, fatty acid profile) and sensory (odor, juiciness,
tenderness, taste) (LEAO et al., 2011; MADRUGA et al., 2005).

The organoleptic characteristics of meat may be modified by the feed that
the animal receives due to changes in fat content and composition. Fatty acids may alter the
firmness of fat tissue, shelf life (lipid oxidation and pigment), taste and aroma (MADRUGA
et al., 2002). Thus, slaughter weight is often the variable to be considered by producers as an
indicator that animals are ready to be slaughter.

Colour, flavour and texture are affected not only by preslaughtering
management, but also by processes of proteolysis and lipid oxidation occurring during post-
mortem storage (JACOB et al., 2014). The oxidation of PUFA in meat causes the rapid
development of meat rancidity (KANNER, 1994). Lipid oxidation in muscle initiates at a

cellular membrane level, specifically in the phospholipid fractions, as a free-radical
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autocatalytic chain mechanism in which prooxidants interact with unsaturated fatty acids. The
result of the interaction generates free radicals and propagation of the oxidative chain
(O’SULLIVAN; KERRY, 2012). Oxidation of unsaturated fatty acids is generally thought to
occur in three stages: (1) initiation: the formation of free radicals; (2) propagation: the free-
radical chain reactions; (3) termination: the formation of non-radical products.

Consumers perceive meat color to be a cue for freshness and prefer lamb
meat to be red in color for this reason. On the other hand, meat has a tendency to change from
red to brown after slicing and in the context of retail display this characteristic is known as
colour stability. Meat that remains red during display is stable in color, and meat from lambs
is regarded as less stable than beef (GUTZKE; TROUT, 2002). This has been attributed at
least in part, to subtle differences in the sequence of amino acids in the globin heme moiety of
myoglobin that interact with aldehyde compounds produced during oxidation (JACOB et al.,
2014).

Generally, for the consumer, sensory parameters are more important than
nutritional ones. Sensory analysis is the set of techniques for reproducibly measuring the
characteristics of a product through the senses. Sensory properties are the characteristics of
food perceived by the senses, intervening to a greater or lesser extent all the sense organs
(OSORIO; OSORIO; SANUDO, 2009).

Within the set of sensations obtained by the consumer, three aspects can be
distinguished: qualitative, which allows to describe the sensation of hard, soft, odor, dark,
light, among others; quantitative, which values the intensity of this perception, and hedonic
aspects, which are related to the consumer's response to these characteristics, such as
unpleasant or pleasant. The third aspect characterizes the subjectivity of sensory analysis
(SANUDO; OSORIO, 2004). Therefore, the central objective of meat production should be to
provide a product with adequate qualitative and quantitative characteristics in order to provide

better consumer responses to these characteristics.


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/unsaturated-fatty-acids

29

REFERENCES

ARCO. Como estimular o consumo de carne ovina?. ARCO Revista, v. 06, n. 20, p. 1-40,
2018.

ARENA, M. et al. Pecan diseases. Disponivel em: https://hgic.clemson.edu/factsheet/pecan-
diseases/. Acesso em: 28 ago. 2019.

ARENA, M.; POLOMSKI, B. Reasons for poor-quality pecans. Disponivel em:
https://hgic.clemson.edu/factsheet/reasons-for-poor-quality-pecans/. Acesso em: 28 ago.
20109.

ATANASOQV, A. G. et al. Pecan nuts: A review of reported bioactivities and health effects.
Trends in Food Science and Technology, v. 71, p. 246-257, 2018.

BILHARVA, M. et al. Pecan: from Research to the Brazilian Reality. Journal of
Experimental Agriculture International, v. 23, n. 6, p. 1-16, 2018.

BOMFIM, M. A. D.; SILVA, M. M. C.; SANTOS, S. F. DOS S. Potentialities of the use of
by-products of the biodiesel industry in the feeding of goats and sheep. Tecnologia &
Ciéncia Agropecuaria, v. 3, n. 4, p. 11, 2009.

BRASIL, Lei 5106/66 decreto 59.615, de 02 de setembro de 1966. Dispde sobre 0s incentivos
concedidos a empreendimentos florestais. Diario Oficial da Unido: Brasilia, DF, 02 set.
1966.

BRASIL, Instrucdo Normativa n° 81, de 19 de dezembro de 2018. Aprova o regulamento
técnico de identidade e qualidade e os procedimentos para uso na alimentacdo animal de
coprodutos da industria da alimentagdo humana e a animal, na forma desta instrucéo
normativa e dos seus Anexos | e II. Diario Oficial da Unido: secdo 1, Brasilia, DF, N° 244,
20 dez. 2008.

ELFERINK, E. V.; NONHEBEL, S.; MOLL, H. C. Feeding livestock food residue and the
consequences for the environmental impact of meat. Journal of Cleaner Production, v. 16,
n. 12, p. 1227-1233, 2008.

FABRIZIO, G. C.; ELMARIE, V. DER W.; GESINE, M. C. Propagation of Pecan (Carya
illinoensis): A review. African Journal of Biotechnology, v. 17, n. 18, p. 586-605, 2018.

FIRETTI, R. et al. Identificacdo de Demanda e Preferéncias no Consumo de Carne Ovina.
Revista de Economia e Sociologia Rural, v. 55, n. 4, p. 679-692, 2017.

FREITAS, J. B.; NAVES, M. M. V. Composicdo quimica de nozes e sementes comestiveis e
sua relacdo com a nutri¢do e saude. Revista de Nutrigdo, v. 23, n. 2, p. 269-279, 2010.

GLEN, C. What Is Wrong With My Pecans?. Disponivel em:
https://pender.ces.ncsu.edu/2013/11/what-is-wrong-with-my-pecans/. Acesso em: 28/08/2019.

GUTZKE, D. A.; TROUT, G. R. Temperature and pH dependence of the autoxidation rate of
bovine, ovine, porcine and cervine oxymyoglobin isolated from three different muscles —
Longissimus dorsi, Gluteus medias, and Biceps femoris. Journal of Agricultural and Food
Chemistry, v. 50, p. 2673-2678, 2002.

HAMANN, J. J. et al. Cultivares de Nogueira-pecd no Brasil. Documentos - Embrapa



30

Clima Temperado, p. 43, 2018.

HERMUCHE, P. M. et al. Dynamics of sheep production in Brazil. International Journal of
Geo-Information, v. 2, n. 3, p. 665-679, 2013.

IBGE - Pesquisa da Pecudria Municipal - PPM 2018. Disponivel em:
<https://sidra.ibge.gov.br/pesquisa/ppm/quadros/brasil/2018>. Acesso em: 28/08/20109.

INTERNATIONAL NUT AND DRIED FRUIT COUNCIL, I. Tree Nut Production to
Increase by 6% in 2018/2019 Season; Dried Fruit by 5%. Disponivel em:
https://www.nutfruit.org/consumers/news/detail/tree-nut-production-to-increase-by-6-in-
2018-2019-season-dried-fruit-by-5. Acesso em: 28/08/2019.

JACOB, R. H.; D’ANTUONO, M. F.; GILMOUR, A. R.; WARNER, R. D. Phenotypic
characteristics of colour stability of lamb meat. Meat Science, v. 96, p. 1040-1048, 2014.

KANNER, J. Oxidative process in meat and meat products: Quality implications. Meat
Science, v. 36, p. 169-189, 1994.

KASAPIDOU, E.; SOSSIDOU, E.; MITLIANGA, P. Fruit and Vegetable Co-Products as
Functional Feed Ingredients in Farm Animal Nutrition for Improved Product Quality.
Agriculture, v. 5, n. 4, p. 1020-1034, 2015.

MARTINS, C. R. et al. Alternativas para a diversificacao da agricultura familiar de base
ecologica. In: WOLFF, L. F.; MEDEIROS, C. A. B. (Org.). Alternativas para a
diversificacao da agricultura familiar de base ecologica. [S.l.]: EMBRAPA, 2017a. p. 65—
81.

MARTINS, C. R. et al. Cultura da noz-peca para a agricultura familiar. In: WOLFF, L. F;
MEDEIROS, C. A. B. (Org.). Alternativas para a diversificacao da agricultura familiar
de base ecologica. [S.l.]: EMBRAPA, 2017b. p. 65-81.

MARTINS, C. R. et al. Situacéo e Perspectiva da Nogueira-peca no Brasil. Documentos -
Embrapa Clima Temperado, p. 31, 2018. Disponivel em:
<http://www.infoteca.cnptia.embrapa.br/infoteca/handle/doc/1100226>. Acesso em: 28 ago.
2019.

MENEGHETTI, C. D. C.; DOMINGUES, J. L. Caracteristicas Nutricionais E Uso De
Subprodutos Da Agroindistria Na Alimentacdo De Bovinos. Revista Eletronica Nutritime,
v.5,n. 2, p. 512-536, 2008.

MILICAN, K. How many different types of pecan are there?. Disponivel em:
https://millicanpecan.com/blogs/pecan-orchards/how-many-different-types-of-pecans-are-
there. Acesso em 28/08/2019.

MIRZAEI-AGHSAGHALLI, A.; MAHERI-SIS, N. Nutritive value of some agro-industrial by-
products for ruminants-A review. World Journal of Zoology, v. 3, n. 2, p. 40-46, 2008.

MOKOCHINSKI, F. M. et al. Randomized branch sampling to estimatefruit production in
Pecan trees cv. ‘Barton’. Ciéncia Rural, v. 47, n. 4, 2017.

MOODLEY, R.; KINDNESS, A.; JONNALAGADDA, S. B. Elemental composition and
chemical characteristics of five edible nuts (almond, Brazil, pecan, macadamia and walnut)
consumed in Southern Africa. Journal of Environmental Science and Health - Part B



31

Pesticides, Food Contaminants, and Agricultural Wastes, v. 42, n. 5, p. 585-591, 2007.

ORTIZ-QUEZADA, A. G.; LOMBARDINI, L.; CISNEROS-ZEVALLOQS, L. Antioxidants in
Pecan Nut Cultivars [Carya illinoinensis (Wangenh.) K: Koch]. In: PREEDY, V. R,
WATSON, R. R.; PATEL, V. B. Nuts and Seeds in Health and Disease Prevention.
Elsevier Inc., 2011. P. 881-889. Disponivel em: <http://dx.doi.org/10.1016/B978-0-12-
375688-6.10104-5>.

OSORIO, J. C. D. S.; OSORIO, M. T. M.; SANUDO, C. Caracteristicas sensoriais da carne
ovina. Revista Brasileira de Zootecnia, v. 38, n. SUPPL. 1, p. 292-300, 2009.

O’SULLIVAN, M. G.; KERRY, J. P. Sensory and quality properties of packaged fresh and
processed meat. In: KERRY, J. P. Advances in meat, poultry and seafood packaging.
2012, p. 86-111.

PAULDO, P. et al. Castracdo na producdo de ovinos e caprinos. Revista cientifica eletronica
de medicina veterinéria, 2010.

PEDROSO, A. M.; SANTOS, F. A. P.; BITTAR, C. M. M. Substituicdo do milho em gréo
por farelo de gliaten de milho na racdo de vacas em lactacdo em confinamento. Revista
Brasileira de Zootecnia, v. 38, n. 8, p. 1614-1619, 2009.

PRADO, A. C. P.; MANION, B. A.; SEETHARAMAN, K.; DESCHAMPS, F. C,;
ARELLANO, D. B.; BLOCK, J. M. Relationship between antioxidant properties and
chemical composition the oil and the shell of pecan nuts [Caryaillinoinensis (Wangenh) C.
Koch]. Industrial Crops and Products, v. 45, p. 64-73, 2013.

PURSLOW, P.P. New aspects of meat quality. 1.ed. 2017. Woodhead Publishing. 744p.

RAMOS, E. M.; GOMIDE, L. A. M. Avaliacao da qualidade de carnes: fundamentos e
metodologias. 5.ed. Vicosa: UFV, 2007. 599 p.

RAMIREZ, R. G. et al. Influence of Pecan Shells and Hulls as a Roughage Source on Milk
Production, Rumen Fermentation, and Digestion in Ruminants. Journal of Dairy Science, v.
69, n. 5, p. 1355-1365, 1986.

RASEIRA, A. A cultura da nogueira pecd (Carya illinoinensis). Comunicado Técnico
(Infoteca E), Embrapa Clima Temperado, 1990. 3p.

REID, W. Impact of scab on Peruque pecan. Disponivel em:
http://northernpecans.blogspot.com/2015/09/impact-of-scab-on-peruque-pecan.html.  Acesso
em: 28/08/2019.

REYES-PADILLA, E. et al. Quality evaluation of low fat bologna-type meat product with a
nutritional profile designed for the elderly. Meat Science, v. 135, p. 115-122, 2018.

RIBEIRO, E. L. DE A. et al. Componentes do peso vivo em cordeiros inteiros ou submetidos
a diferentes métodos de castracdo. Revista Brasileira de Ciéncia Veterinéria, v. 11, n. 1-2,
p. 80-83, 2004.

RIVERA-RANGEL, L. R. et al. Comparison of Oil Content and Fatty Acids Profile of
Western Schley, Wichita, and Native Pecan Nuts Cultured in Chihuahua, Mexico. Journal of
Lipids, v. 2018, p. 1-6, 2018.



32

SAGARAM, M.; LOMBARDINI, L.; GRAUKE, L. J. Variation in leaf anatomy of pecan
cultivars from three ecogeographic locations. Journal of the American Society for
Horticultural Science, v. 132, n. 5, p. 592-596, 2007.

SANUDO, C.: OSORIO, M.T.M. Curso de analise sensorial. Pelotas: Universidade Federal
de Pelotas, 2004, 150p.

SANTOS, L.E.; CUNHA, E.A.; BUENO, M.S.; VERISSIMO, C.J. Alimentacio de ovinos:
Atualidades na producdo ovina em pastagens. Infobibos, 2009.

SERGIO, C. et al. Desempenho e avaliacio econdmica da alimentacdo de cordeiros
confinados com dietas contendo diferentes relagdes volumoso: concentrado\rPerformance and
economic evaluation of the feeding of feedlot lambs with diets with different roughage:
concentrate rati. Ciéncia Rural, p. 1411-1417, 2007.

TEJEDA, J. F.; PENA, R. E.; ANDRES, A. I. Effect of live weight and sex on physico-
chemical and sensorial characteristics of Merino lamb meat. Meat Science, v. 80, p. 1061-
1067, 2008.

TUFARELLLI, V. et al. Suitability of partly destoned exhausted olive cake as by-product feed
ingredient for lamb production. Journal of Animal Science, v. 91, n. 2, p. 872-877, 2013.

VENKATACHALAM, M. Chemical Composition of Select Pecan [ Carya illinoinensis (
Wangenh .) K . Koch ] Varieties and Antigenic Stability of Pecan Proteins. Florida State
University Libraries, p. 90, 2004.

ZHANG, R.; PENG, F.; LI, Y. Pecan production in China. Scientia Horticulturae, v. 197, p.
719-727, 2015.



33

3. OBJECTIVES

3.1. General Objective

e The effect of gender and pecan by-product at different levels of inclusion on

carcass characteristics and meat quality parameters of Santa Ines lambs.

3.2 Specific Objectives

Paper |
e Morphometric measurements of carcass;
e Morphometric measurements of longissimus dorsi muscle;
e Measurements of commercial cuts;

e Determination of tissue composition.

Paper 11
e Evaluation of fresh meat attributes;
e Evaluation of physical, and chemical composition of meat;
e Sensory evaluation of meat;

e Fatty acid profile of meat.
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4. PAPER |

Paper submitted to Small Ruminant Research

Carcass characteristics, loin measurements, and tissue composition of Santa Ines lambs
fed pecan by-product

F.M. Giotto*°, M.1. Custodio®, L.J. Guimardes®, A. de Mello?, E.L.A. Ribeiro®

®Department of Agriculture, Veterinary, and Rangeland Science, University of Nevada, Reno.
1664 N. Virginia St. Mail Stop 202, Reno, NV, United States, 89557.

bDepartment of Animal Science, Londrina State University. Rodovia Celso Garcia Cid, Pr
445, Km 380. Londrina, Parana, Brazil, 86057-970.

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.
Highlights
e Pecan by-product does not affect carcass characteristics, loin measurements and tissue
composition
e Males have higher carcass weights, whereas females have higher leg yield

e Males have higher loin eye area, whereas females have higher fat thickness

Abstract

This study evaluated the effects of the inclusion of pecan by-products in lamb diets. Forty-
four Santa Ines lambs, intact males and females were used. Carcasses weights, index and
yields, conformation, fattening degree, refrigeration loss, leg and shoulder measurements, loin
eye area, loin measurements, marbling, commercial cuts weight and yields, and tissue
composition were calculated. No effects of dietary treatments were observed on any
parameters. Gender effect was observed for weight at slaugher, hot and cold carcass weight,
carcass index, length, and depth, leg length, shoulder perimeter, refrigeration loss, loin eye
area, commercial cuts weight, neck yield, and weight of bones were higher in males, whereas
females had higher values for fat thickness, and leg yield. Results suggest that up to 9% of
pecan by-products may be used as an alternative feedstuff in lamb diets without
compromising carcass characteristics.

Keywords: commercial cuts, nuts, sheep
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1. Introduction

Due to good marketing prospects of sheep meat, it is necessary to intensify the lamb
termination process to reduce the production cycle and improve carcass quality (Costa et al.,
2011). The use of feedlots by sheep producers generates positive results by shortening the
time animals stay on feeding due to faster weight gain. Due to consistent and balanced
feeding managements, feedlot systems also allow carcass standardization, availability of meat
in the off season, and reduced mortality rates. However, when compared to extensive systems,
feedlots have higher feeding costs (Ribeiro et al., 2011; Sérgio et al., 2007).

In order to minimize feeding costs, studies have been performed using agro-industrial
byproducts from fruits processing (da Silva et al., 2014; Almeida et al., 2015), coffee (Souza
et al., 2004), byofuels (D’Aurea et al., 2018), among others (Nunes et al., 2006), as a
replacement for standard feedstuffs such as corn and soybean meal.

Pecans are available in many countries, including Australia, Argentina, Brazil, China,
Israel, Mexico, Peru, South Africa, and United States (Zhang et al., 2015; Blayney and
Gutierrez, 2017). During processing for human consumption, nuts may be discarded due to
quality issues such as diseases, defects in size, shape, or color (Glen, 2015). Discarded nuts
become by-products that are rich in oleic and linoleic fatty acids, fat, protein, fibers, and
antioxidants (Ortiz-Quezada et al., 2011; Atanasov et al., 2018; Rivera-Rangel et al., 2018),
with potential to be used in animal nutrition.

In this study we evaluated the effects of diets with different inclusion levels of pecan by-
products on carcass composition and measurements of ewe lambs and ram lambs fed pecan
by-product in feedlot.

2. Study Area

The experiment was carried out at the Laboratory of Feed Analysis and Animal Nutrition,

located on the campus of Londrina State University. The laboratory is located in Londrina,
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Parana, Brazil (23° 17' 34" south latitude, 51° 10" 24" west longitude), and approximately 610
meters of altitude. According to Koppen (1948), the climate is Cfa (humid subtropical
climate).
This study was approved by the Ethics Committee on Animal Experimentation of the

Londrina State University under the number 11821.2017.25.

3. Material and Methods

3.1 Animals and diet composition

Forty-four Santa Ines lambs (24 males and 20 females) with approximately 23.24 + 3.22
kg, of body weight, 3.56 + 0.55 months old, were randomly assigned to 1 of 4 dietary
treatments (n=11 per treatment). Diets were formulated with sorghum silage, broken rice,
soybean meal, a commercial mineral mix, calcitic limestone, soybean oil, and four different
levels of pecan by-product: 0%, 3%, 6% and 9% (DM basis) (Table 1), to meet the nutritional
requirements according to NRC (2007) for late maturing lambs and potential daily gain of 250
g. Pecan by-products were ground and