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APRESENTAÇÃO

A coleção “Desenvolvimento sustentável, interdisciplinaridade e ciências 
ambientais” é uma obra que tem, como foco principal, a discussão científica, por meio 
dos diversos trabalhos que compõem seus capítulos. O volume 2, focado em tecnologias 
de melhoria ambiental, abordará, de forma categorizada e multidisciplinar, trabalhos, 
pesquisas, relatos de casos e revisões que apresentam técnicas de intervenção que 
resultam em melhorias ambientais.

O objetivo central foi apresentar, de forma organizada e clara, estudos realizados 
em diversas instituições de ensino e pesquisa. Em todos esses trabalhos, o fio condutor 
foi o aspecto relacionado ao desenvolvimento sustentável, em suas dimensões social, 
econômica e, com maior destaque, ambiental; na qual englobaram-se as esferas do 
solo, água, ar, seres vivos e transmissão dos conhecimentos associados a tais assuntos. 
Com isso, configura-se uma discussão de enorme relevância, dado que os desequilíbrios 
ambientais têm sido um problema há muitos anos, o que demanda ações adequadas para 
a correta compreensão das questões ambientais.

Assuntos diversos e interessantes são, dessa forma, abordados aqui, com o intuito 
de fundamentar o conhecimento de acadêmicos, professores e demais pessoas que, de 
alguma forma, interessam-se pelo desenvolvimento sustentável. É válido ressaltar, ainda, 
que possuir um material que agrupe dados sobre tantas faces desse conceito é muito 
importante, por constituir uma completa descrição de um tema tão atual e de interesse 
direto da sociedade.

Desse modo, a obra apresenta uma teoria bem fundamentada nos resultados 
práticos obtidos pelos diversos autores, que arduamente elaboraram seus trabalhos e aqui 
os apresentam de maneira concisa e didática. Sabe-se o quão importante é a divulgação 
científica e, por isso, evidencia-se aqui também a estrutura da Atena Editora, capaz de 
oferecer uma plataforma consolidada e confiável para que esses pesquisadores exponham 
e divulguem seus resultados.

Kristian Andrade Paz de la Torre
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ABSTRACT: The aim of this study was to 
analyze the chemical composition of wastes from 
the extraction of olive oil and to consider their 

possible use in animal diets. Samples of wastes 
from different cultivars were collected in February 
2017 from an olive oil extraction industry in Rio 
Grande do Sul state - Brazil, and analyzed for 
chemical composition through bromatology, 
lipid profile by chromatography and determined 
phenolic compounds. Olive pomace (OP) showed 
27.90% of dry matter, 18% of ether extract, 5.80% 
of crude protein, 2.90% of mineral matter, 44.10% 
of crude fiber, 57% of neutral detergent fiber and 
50.50% of acid detergent fiber. Crude energy for 
olive pomace was 5828 kcal/kg and for waste oil 
(WO) was 9395 kcal/kg. The saturated fatty acids 
had a lower representation than unsaturated fatty 
acids. The later accounted for more than 70% of 
the lipids present in each sample. Unsaturated 
fatty acids had predominance in both samples. 
Phenolic compounds were in a large proportion 
in waste oil (318.51 mg/kg) and were quantified 
at 184.22 mg/kg in olive pomace. The wastes 
represent an excellent source of fatty acids, 
phenolic compounds and other important 
nutrients, and can possibly be used in animal 
nutrition.
KEYWORDS: Animal feeding, chemical 
composition, olive pomace, waste oil.
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AZEITE DE OLIVA E SUA UTILIZAÇÃO NA 
ALIMENTAÇÃO ANIMAL

RESUMO: O objetivo deste estudo foi analisar a 
composição química dos resíduos da extração 
do azeite de oliva e considerar sua possível 
utilização na alimentação animal. Amostras de 
resíduos de diferentes cultivares foram coletadas 
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em fevereiro de 2017 em uma indústria extrativa de azeite de oliva no estado do Rio Grande 
do Sul - Brasil, e analisadas quanto à composição química por meio de bromatologia, perfil 
lipídico por cromatografia e determinação de compostos fenólicos. O bagaço de azeitona 
(BAZ) apresentou 27,90% de matéria seca, 18% de extrato etéreo, 5,80% de proteína bruta, 
2,90% de matéria mineral, 44,10% de fibra bruta, 57% de fibra em detergente neutro e 50,50% 
de fibra em detergente ácido. A energia bruta para o bagaço de azeitona foi de 5.828 kcal/
kg e para o óleo residual (OR) foi de 9395 kcal/kg. Os ácidos graxos saturados tiveram uma 
representação inferior aos ácidos graxos insaturados. Este último foi responsável por mais de 
70% dos lipídios presentes em cada amostra. Os ácidos graxos insaturados predominaram 
em ambas as amostras. Os compostos fenólicos estavam em grande proporção no óleo 
residual (318,51 mg/kg) e foram quantificados em 184,22 mg/kg no bagaço de azeitona. Os 
resíduos representam uma excelente fonte de ácidos graxos, compostos fenólicos e outros 
nutrientes importantes, podendo ser utilizados na alimentação animal.
PALAVRAS-CHAVE: Bagaço de azeitona, composição química, alimentação animal, óleo 
residual.

1 |  INTRODUCTION 
Generation of solid waste and effluents is an inherent consequence of economic 

development, representing a worldwide problem. Society and industries are increasingly 
producing waste and very few is treated and reused in a sustainable way, leading to 
environmental issues. 

Cultivation of olive trees and extraction of olive oil are practices exploited since 
thousands of years ago. Nowadays, it is estimated that about 900 million olive trees cover 
approximately 10 million hectares worldwide and can generate up to 80% of industrial waste 
(Dermeche et al., 2013). By the way, some studies have shown that wastes from the industry 
of olive oil extraction can be an excellent source of energy, lipids and phenolic compounds 
(Dermeche et al., 2013; Alhamad et al., 2017).

Analyzing the context of world animal production, alternative ways are needed to 
reduce feeding costs. Animal nutrition accounts for about 70% of total production costs, and 
with grain limitation due to increased demand for biofuel and biodiesel production (Al-harthi, 
2016) the need for alternative feedstuffs with nutritional value and low cost has grown in 
recent years.

The aim of the present study was to analyze the chemical composition, the fatty acid 
profile and the concentration of phenolic compounds of solid and liquid wastes from olive oil 
extraction from southern Brazil and consider their possible use in animal feeding.

2 |  MATERIALS AND METHODS 
Samples of solid and liquid wastes were collected in an olive oil industry located 

in the southern Brazil, in February 2017. The wastes came from the cultivars Arbequina, 
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Arbosana, Picual, Frantoio and Coratina. Fruits were pressed in a cold oil extraction 
machine. After pressing, oil is extracted, generating a mass composed of pulp, seed, oil and 
water, called olive pomace (OP). Residual liquid analyzed in this work (waste oil - WO) is the 
olive oil containing small remaining particles of pulp and olives that were not filtered during 
olive oil extraction process. This material cannot be commercialized, and its disposal by the 
industry becomes necessary. The extraction used by the industry is the two-phases system.

After collection, material was packed in a sealed container and stored in a refrigerated 
box to conserve its chemical and physical characteristics. Chemical analysis was performed 
at the Laboratory of Animal Nutrition of the Federal University of Pelotas (UFPel), and 
quantification of crude energy, in the Laboratory of Animal Nutrition of the Federal University 
of Rio Grande do Sul (UFRGS). Lipid profile and phenolic compounds were analyzed in the 
Laboratory of Food Chromatography (UFPel).

Bromatology, carried out only in solid waste sample, comprised the analysis of 
dry matter, crude protein, ether extract, crude fiber, neutral detergent fiber (NDF), acid 
detergent fiber (ADF), and ash, through the methodology described by Zenebon et al. 
(2008). Determination of crude energy was performed by the method described by Silva 
and Queiroz (2002), and quantified in both waste samples (solid and liquid). All analyses 
were performed in triplicate and the means were calculated.

 Fatty acid profile was determined according to the methodology described by 
Hartmann and Lago (1973). Methylated esters were analyzed with a gas chromatograph 
equipped with a flame ionization detector (FID) and Supelco® SP2340 capillary column. 
Quantification was determined by the peak area of the methyl ester of interest, relative to 
the total area of the identified peaks, and expressed as percentage.

For determination of phenolic compounds, Folin-Ciocalteu method was used (Alves 
and Kubota, 2013). Analysis was performed in triplicate and results were expressed in 
miligrams of gallic acid equivalents per gram of sample (mg GAE/g).  

3 |  RESULTS AND DISCUSSIONS 
Table 1 shows the crude energy, fatty acid profile and phenolic compounds of OP and 

WO from olive oil extraction. Olive pomace presented 27.90% of dry matter, also showing 
high moisture content (72.10%). 
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Chemical composition
Samples

OP1 WO
Moisture (%) 72.10 -

Dry matter (%) 27.90 -
Ash (%) 2.90 -

Ether extract (%) 18.00 -
Crude protein (%) 5.80 -

Crude fiber (%) 44.10 -
NDF2 (%) 57.00 -
ADF3 (%) 50.50 -

Crude energy (kcal/Kg) 5828 9395
Fatty Acids (%)

Tetradecanoic C14 0.03 0.01
Pentadecanoic C15 0.02 0.01
Hexadecanoic C16 15.33 14.13
Heptadecanoic C17 0.07 -

Eicosanoic C20 2.14 1.06
Docosanoic C22 0.07 -
Tricosanoic C23 0.55 0.22

Tetracosanoic C24 0.36 0.33
Hexadecenoic C16:1 3.97 1.09
Heptadecenoic C17:1 0.32 -

Oleic C18:1 74.97 71.72
Linoleic C18:2 1.32 11.07

Eicosenoic C20:1 0.40 0.19
Eicosadienoic C20:2 0.02 0.01
Eicosatrienoic C20:3 0.14 0.10

Eicosatetranoic C20:4 0.21 0.04
Docosenoic C22:1 0.03 0.01

Docosadienoic C22:2 0.05 -
Docosahexanoic C22:6 - 0.01

Phenolic compounds (mg GAE/g) 0.184 0.318

1Values of chemical composition expressed in dry matter; 2Neutral detergent fiber; 3Acid 
detergent fiber; - no significant values.

Table 1. Chemical composition of olive pomace (OP) and waste oil (WO) from the olive oil 
extraction process.

The result found for dry matter in OP are in agreement with those found by 
Albuquerque et al. (2004) whose moisture content of OP varied from 55.60% to 74.50%. 
Moisture content is an important factor for food conservation. High humidity can impair 
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food quality, causing proliferation of fungi and bacteria (Fiorda and Siqueira, 2009) that can 
cause metabolic problems or even more serious animal diseases.

The percentage of crude protein found in the analyzed material was 5.80%. Chiofalo 
et al. (2004) found a lower value (3.28%) in olive pomace cake composition, however 
Martín-García et al. (2003) and Albuquerque et al. (2004) obtained values of more than 
seven percent when analyzing the same wastes from olive oil extraction. According to Hou 
et al. (2017), protein has a vital role in animal organism, since it is directly related to tissue 
formation, muscle activity, nutrient transport, and hormonal and enzymatic formation.

Regarding the percentage of fat, the value found in the sample of OP analyzed 
was 18%. The OP sample showed a higher percentage of fat in comparison with the main 
energetic ingredients used in non-ruminants diets, such as corn and sorghum, which present 
fat average of three percent in their composition (Rostagno et al., 2011). Furthermore, lipid 
percentage observed is higher than results obtained by distinct authors in different olive 
pomace studies, which varied from 11 to 13% (Albuquerque et al., 2004; Alharthi and Attia, 
2015; Alhamad et al., 2017). 

In animal feeding, fats are used as a tool to obtain greater available energy for the 
body’s metabolic processes, since lipids have 2.25 times more energy than carbohydrates. 
Vegetable oils, especially olive oils, are rich in omega 6 and omega 3 fatty acids, the latter 
being able to decrease lipogenic capacity of hepatic and adipose tissues, reflecting in 
carcasses lipid quality (Ribeiro et al., 2008). 

Olive pomace has crude fiber percentage of 44.1%, neutral detergent fiber of 57% 
and acid detergent fiber of 50.5%. With high fiber content, NDF and ADF in olive pomace, 
it is possible to classify the material as a bulky food. Martín-García et al. (2003), analyzing 
the chemical composition of olive pomace cake and the nutrient availability for ruminants, 
observed 62% of NDF and 54% of ADF. 

Structural component of plants cell wall, fiber constitutes the portion with lower or 
slower digestibility in food. However, for ruminants, fiber is an important energetic substrate 
for rumination and rumen health (Adesogan et al., 2019). Neutral detergent fiber has been 
widely studied because it interferes with diet quality and is related to food dry matter intake 
capacity, due to the presence of cellulose and hemicellulose and their particularities in 
decreasing the passage rate in the gastrointestinal system (Kozloski et al., 2006). Differently 
from NDF, ADF does not present hemicellulose in its composition, being composed of 
cellulose, lignin, proteins and minerals. Lignin is the fraction that cannot be digested by 
animals. Therefore, the higher concentration of ADF in a given food, the lower its quality 
(Geron et al., 2014; Goulart et al., 2016). 

Regarding minerals, the percentage observed was low (2.90%). The amount of 
minerals present in the olive pomace found in this study was lower than the value observed 
by Medeiros et al. (2016). The authors found higher values in samples of processed 
olive pomace (4.58%). By carefully evaluating macro and microminerals in olive pomace, 
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Albuquerque et al. (2004) concluded that macrominerals, such as phosphorus (1.2 g/
kg), potassium (19.8 g/kg), calcium (4.5 g/kg) and magnesium (1.7 g/kg) are in significant 
concentrations in olive pomace. 

Minerals are essential nutrients for animal growth, maintenance, and production. 
Calcium and phosphorus, for example, act not only as structural components of body 
tissue, but also as important electrolytes in the acid-basic balance, in osmotic pressure 
maintenance, and in membrane permeability (Soetan et al., 2010). Essential for correct 
body function, the deficiency of any mineral can lead to serious pathologies and metabolic 
disorders.

As for crude energy, WO had a high value (9395 kcal/kg), while in solid waste the 
energy content was 5828 kcal/kg. Molina-Alcaide and Yáñez-Ruiz (2008) carried out a 
review about olive pomace analyzes and found an average of 4708 kcal/kg of crude energy. 
This value is similar to that found by Martín-García et al. (2003) (4469 kcal/kg) in olive 
pomace cake samples from two-phase extraction systems. However, the values found by 
the different authors are lower than the gross energy found in the samples of this study.

Comparing the waste analyzed in the present work with the main ingredients used 
in the formulation of non – ruminants’ diets, we can perceive the high nutritional potential 
of olive pomace. Corn grain has an average of 3925 kcal/kg of crude energy, low tannin 
sorghum has 3928 kcal/kg, rice bran has 4394 kcal/kg, and soybean meal has 4079 kcal/kg 
of crude energy in their composition (Rostagno et al., 2011).

In relation to lipid profile of both samples, in saturated fatty acids series, hexadecanoic 
acid (C16) was found in a high concentration, with 15.33% in OP, and 14.13% in WO. 
The second saturated with a significant percentage was eicosanoic, presenting values of 
2.14% in OP and 1.06% in WO. Unsaturated fatty acids had predominance in both samples. 
In OP, oleic (C18:1) and linoleic (C18:2) presented a percentage of 74.97% and 1.32%, 
respectively. In WO, although concentration of oleic acid (71.72%) was very close to that 
found in OP, the presence of linoleic acid was almost ten times greater than in the oil 
(11.07%). Still in unsaturated fatty acids series, there was a significant concentration of 
hexadecenoic acid (C16:1), with 3.97% in OP and 1.09% in WO.

Values observed for WO lipid profile are in agreement with results found by Gómez-
Cortés et al. (2008). Solid waste (OP) oil profile is very close to values described by 
Nasopoulou et al. (2011). 

Not only in animal nutrition, but also in human food, the most used fat source is 
soybean oil. Chemical composition of soybean oil lipids can vary widely, as there are 
different variations of cultivar and of planting regions. According to Yeam et al. (2020), the 
concentration of saturated fatty acids in soybean oil is low, with values close to 15%, and the 
85% remaining formed by monounsaturated and polyunsaturated fatty acids.

Comparing soybean oil with both residues analyzed in the present work, we can 
observe their similarity regarding fat composition. However, oleic acid is found in greater 
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amounts in by-products (OP=74.97%, WO=71.72%), compared to soybean oil (24%) (Yeam 
et al., 2020).

Concentration of phenolic compounds was higher in WO, with about 0.318 mg 
GAE/g phenols, than in OP, in which the concentration was of 0.184 mg GAE/g. Phenolic 
compounds are substances that represent about 2% of the composition of olive fruits and 
their by-products (Elbir et al., 2015), but their concentration can be affected by factors 
such as plant maturity, climatic conditions and storage time after harvesting. Presence of 
polyphenols is also influenced by the oil extraction process, time and volume of water used 
in the pressing (Morsi et al., 2016). Goldsmith et al. (2014) evaluated phenolic compounds 
presence in olive oil and found 0.250 mg GAE/g, a value similar to this work. 

Phenolic compounds are known to have antioxidant activity, which prevents against 
free radicals that cause cellular oxidation. In addition, Achkar et al. (2013) report that these 
oxidation reactions can be directly linked to diseases, such as cancer, arteriosclerosis, 
arthritis, diabetes, and cardiovascular diseases. The same authors also point out that 
oxidation reactions can also occur in foods, reducing their nutritional value and changing 
characteristics, such as odor and taste. Thus, the presence of compounds with antioxidant 
potential in animal feed can bring benefits that would economically impact production.

Due to the volume of waste generated by the olive oil extraction industry and to 
the potential use of residues, several studies have been carried out in the area of animal 
nutrition, with satisfactory results being observed in animal’s performance. In a study on 
sheep milk quality, Gómez-Cortés et al. (2008) concluded that the presence of oil from the 
extraction of olive oil in the animal’s diet did not influence dry matter intake, and moreover, 
showed a tendency to increase milk production, as well as its content of fat, protein and total 
solids. For male sheep, Mioč et al. (2007) provided diets containing 15 and 30% of olive 
pomace cake and verified that inclusion of 15% presented the best results regarding daily 
weight gain and slaughter weight.

Some research on non-ruminants has also achieved important results. Nasopoulou 
et al. (2011) evaluated the inclusion of OP in the diet of different fish species and concluded 
that there was no statistical difference between diets (with or without OP) regarding feed 
conversion and growth rate. Al-Harthi and Attia (2015) included the solid residue of olive 
industry in Hy-Line hens diet and their results pointed out that addition of up to 30% of 
residue does not have negative effect on birds performance, such as egg production and 
body weight.

Based on the chemical composition, fatty acid profile and concentration of phenolic 
compounds from wastes of olive oil extraction, it is possible these by-products can be used 
in the feeding of farms animals, even though they are currently little explored in Brazil.
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4 |  CONCLUSION 
The olive pomace and waste oil can possible be used as ingredients of high nutritional 

value in the diet of farms animals. However, digestibility assays are suggested to evaluate 
the influence of crude fiber levels on non-ruminants performance. It is also worth to point out 
the importance of disposing industrial waste for noble purposes, such as the production of 
animal protein, integrating human and animal food industries and promoting environmental 
sustainability.
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