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NONRUMINANT NUTRITION
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ABSTRACT. Waste oil from olive oil extraction industry was used, instead of soybean oil, in heavy roosters’
diet in order to evaluate birds’ reproductive parameters. A total of forty roosters were housed individually
in boxes with 1.2 m2. Two experimental diets were used: control diet, based on corn, soybean meal, and
soybean oil; and test diet, where soybean oil was totally replaced by waste oil. In order to verify weight gain
and feed intake, animals were individually weighed weekly. Seven semen collections were performed with
fifteen-day interval. Reproductive variables analyzed sperm volume, motility, concentration, and
morphology. No statistical difference (p > 0.05) was observed between treatments at the different collection
periods for the variables sperm volume, motility, and concentration. There was a statistically significant
difference between treatments for body weight in periods three (p = 0.04), and seven (p = 0.04). Statistical
differences (p = 0.01) were also observed between treatments for abnormal sperm morphology. Among
collection periods, statistical difference was observed for motility (p = 0.00), and sperm concentration (p =
0.01). Total replacement of soybean oil by waste oil from olive oil extraction in young heavy roosters’ diets
does not affect sperm volume, motility, and concentration; reduces defects in sperm tail, and promotes
better weight gain control.
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Introduction

Olive trees cultivation and olive oil extraction are practices exploited for thousands of years. It is estimated
that approximately 800 million olive trees cover the Mediterranean region, producing about 2 million tons of
olive oil and almost 3 million tons of solid waste annually (Khdair, Abu-rumman, & Khdair, 2019; Simonato,
Trevisan, Tolve, Favati, & Pasini, 2019). The growth of waste production, and the concern about how and
where to reuse these materials, has gone together in companies and organizations worldwide, so that the
environment is preserved.

Animal nutrition accounts for between 50-70% of total production costs, so industry and producers should
be aware of strategies that maximize the efficiency of their business, in order to obtain low-cost animal
protein (Alqaisi, Ndambi, & Williams, 2017).

Residues generated by the olive industry have a high nutritional value, and can be reused for other
purposes, such as animal nutrition. The chemical composition of olive residues can contain up to 8% of lipids,
7% of proteins, 4% of minerals, and 1% of phenols (Dermeche, Nadour, Larroche, Moulti-mati, & Michaud,
2013). In the absence or scarcity of the major grains, such as corn and soybeans, using alternative foods from
industrial processes in animal nutrition acts not only on the reduction of costs, but also on the sustainable
destination of these materials (Nunes, Zanine, Machado, & Carvalho, 2007).

Breeders performance in poultry farming is attributed not only to breeding programs, but also to the
nutritional quality of diets. Currently in the industry, poultry diets are formulated to meet nutritional
requirements of the female matrix, providing the same diet to males. Physiologically, females and males have
different nutrient needs due to the different products that each animal produces: eggs (females) and sperm
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(males). Thus, intervention in roosters’ diets quality, providing adequate nutritional levels, would allow better
fertility rates in commercial flocks (Borges et al., 2006).

Males are responsible for fifty percent of the genetic material of a farm, however their importance is
increased by the fact that one single male is used for every 10 females. Bongalhardo, Dionello, Cardellino, and
Braccini Neto (1994) found a positive correlation between breeding fertility and egg fertility, enhancing the
economic importance of reproductive factors in poultry farming.

Lipids are one of the main chemical components of sperm and sperm membranes (Silva & Guerra, 2011).
High concentration of polyunsaturated fatty acids in sperm membrane increases the risk of peroxidation,
being necessary to protect them with antioxidant substances.

The olive oil extraction industry may have an excellent alternative to waste management, since the waste
oil (WO) from olive oil extraction may be used for animal nutrition. This waste has potential to meet bird’s
nutritional requirements, and may protect sperm cell from reactive oxygen species, since it contains
important antioxidant substances like phenols, tocopherols, selenium, and vitamin E (Cioffi et al., 2010;
D’amato et al., 2014).

Thus, the objective of this study was to evaluate the inclusion of waste oil from olive oil extraction in heavy
roosters’ diets on their reproductive parameters and weight gain between 25 and 39 weeks of age.

Material and methods

Waste oil was collected in February 2017, from an olive oil extraction industry located in southern Brazil,;
and the experiment was performed from February to June, 2017. This experiment was approved by the Ethics
Committee of the Federal University of Pelotas under the number 9088.

Forty roosters of a heavy commercial strain, with an initial age of 25 and final 39 weeks, were used. Birds
were housed in an area of 100 m?, with all environmental variables (temperature, humidity, and luminosity)
controlled according to physiological needs of males breed and age. The animals were distributed in a
completely randomized design, with twenty males per treatment. Each male was individually housed in
Polyvinyl chloride (PVC) boxes, with dimensions of 120 cm of length, 100 cm of width, and 70 cm of height.
Boxes contained a semiautomatic tubular feeder and two nipple drinkers. Bed covering the floor was composed of
rice husk, with 10 cm of height. Each box, containing a male, was considered an experimental unit.

The light program provided 14 hours of artificial light from the birds’ 22 weeks of age, with light intensity
of 40 to 60 lux, and 10 hours of darkness. Photoperiod was controlled by an analogic timer (TMA®@BC, Exatron,
Brazil) turning the lamps on at 7:00a.m., and turning them off at 9:00p.m. The light program remained the
same throughout the whole experimental period. Room temperature and humidity were controlled by a
thermal sensor connected to an exhaust system, with thermal temperature limit of 20°C for hoods activation.

Two diet formulations for heavy-males were used, corresponding to nutritional requirements of pre-
breeding (18 to 27 weeks) and breeding phase (28 weeks to the end), according to lineage recommendations.

The experiment had two treatments, the first one (control) consisted of a diet based on corn, soybean meal,
and soybean oil; and the second, the test diet (WO), had the soybean oil totally replaced by the waste oil of
olive oil extraction. Diets composition for both treatments at different reproductive stages can be observed
in Table 1 and the nutritional levels in Table 2. In addition, Table 3 shows the fatty acid composition of the
waste oil. Super Crac program (TD Software Ltda®, Brazil) was used to calculate diets, which were isoenergetic
and isoproteic for both treatments and life stages.

To monitor weight gain, males were individually weighed weekly, on a commercial digital scale (Elgin®
DP15, Brazil) with a capacity of 15 kg. After weighing, treatment mean weight was calculated, and feed intake
was adjusted for each animal according to its individual weight. Every fifteen days, ration increments of 0.1
to 0.4 g were performed to stimulate reproductive performance and to prevent weight loss. Feed was supplied
once a day, always at the same time (first hour in the morning), and water was ad libitum.

Experimental diets supply, and semen collection training, started fifteen days before trials period. After
that, weekly semen collections, using dorsal-abdominal massage method proposed by Burrows and Quinn
(1937) were made, however, only biweekly data were considered for males’ reproductive performance
evaluation. Thus, in total, thirteen semen collections were performed during the experimental period, but for
analysis, only seven were used.
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Table 1. Experimental diets for heavy roosters in different phases of life.

. o Pre-Breeding Breeding
Ingredients (%) Control WO Control WO
Corn grain 61.50 61.00 66.00 65.50
Soybean meal 20.00 20.00 13.50 13.50
Wheat bran 4.00 4.00 5.00 5.00
Dicalcium phosphate 2.00 2.00 2.00 2.00
Limestone 1.00 1.00 1.00 1.00
Soy oil 2.25 0.00 2.25 0.00
Waste oil 0.00 2.25 0.00 2.25
Premix! 0.70 0.70 0.70 0.70
Sodium bicarbonate 0.30 0.30 0.30 0.30
Common salt 0.25 0.25 0.25 0.25
DL - methionine 0.02 0.02 0.02 0.02
Inert 7.98 8.48 8.98 9.48
Total (%) 100.00 100.00 100.00 100.00

!Guarantee levels per kilogram of product: Biotin 0.04 g, Copper 2.4 g, Iron 8.0 g, Iodine 0.3 g, Total Lysine 8.7%, Manganese 15.0 g, Total Methionine
13.8%, Calcium Pantothenate 2.6 g, Selenium 0.072 g, K3 Vitamin 0.4 g, A Vitamin 2,000,000 IU, Zinc 20 g, Choline 77 g, Halquinol 6,000 mg, B1 Vitamin
0.4 g, B12 Vitamin 0.004 g, B2 Vitamin 1.60 IU, B6 Vitamin 0.6 g, D3 Vitamin 600,000 IU, E Vitamin 10,000 IU, Folic Acid 0.48 g. WO = waste oil.

Table 2. Nutritional levels of the experimental diets for heavy roosters in different phases of life.

Nutritional levels

Pre-Breeding Breeding
Control WO Control WO
ME (kcal kg™!) 2760 2760 2758 2758
CP (%) 15.54 15.54 12.93 12.93
Ca (%) 1.00 1.00 0.95 0.95
P avail. (%) 0.47 0.47 0.46 0.46
Total Met. (%) 0.36 0.36 0.33 0.33
Met. + total cystine (%) 0.54 0.54 0.47 0.47
Total Lysine (%) 0.82 0.82 0.65 0.65
Na (%) 0.20 0.20 0.20 0.20

ME = metabolizable energy; CP = crude protein; Ca = calcium; P avail. = available phosphorus; Met. = Methionine; Na = total sodium; WO = waste oil.

Table 3. Chemical composition of waste oil (WO) from the olive oil extraction process.

Fatty Acids Composition (%)
Tetradecanoic C14 0.01
Pentadecanoic C15 0.01
Hexadecanoic C16 14.13

Eicosanoic C20 1.06
Tricosanoic C23 0.22
Tetracosanoic C24 0.33
Hexadecenoic C16:1 1.09

Oleic C18:1 71.72

Linoleic C18:2 11.07
Eicosenoic C20:1 0.19
Eicosadienoic C20:2 0.01
Eicosatrienoic C20:3 0.10
Eicosatetranoic C20:4 0.04
Docosenoic C22:1 0.01
Docosahexanoic C22:6 0.01

After collection, semen was stored in Falcon tubes with 0.1 mL graduation, and transported in a thermal
box, to protect from ambient temperature variations. Reproductive variables analyzed were sperm volume,
motility, concentration, and morphology.

Semen volume was checked directly in the collection tube after ejaculate sedimentation to tubes bottom.
Immediately afterwards, semen was diluted 1:1 (vol/vol) with Lakes diluent (Bootwalla & Miles, 1992) at room
temperature.

For sperm motility evaluation, 10 uL of diluted and homogenized semen was placed on a glass slide, and
cells were visualized in an objective microscope (BX 41 Olympus America, Inc., Sdo Paulo, Sao Paulo State,
Brazil) at 400x magnification (Daramola et al., 2016). Sperm motility evaluation was subjective, always
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performed by the same technician, and expressed in percentage (%), assigning values of 0 - 100%, where 0%
represented all cells immotile and 100% all motile. Evaluation was always made in duplicate and the final
value is the arithmetic mean of two observations.

Sperm concentration was analyzed using spectrophotometer at a wavelength of 450 nm (Micronal B542°,
Brazil), adding 6 pL of semen diluted in Lakes in 3 mL of 2.9% sodium citrate with 0.4% glutaraldehyde (final
dilution of 1:1000). Observed values were converted to billions of sperm per milliliter of ejaculation

To evaluate sperm morphology, eosin-nigrosin staining was used, and damaged portions of cells were
visualized under optical microscope (BX 41 Olympus America, Inc., Sdo Paulo, Sdo Paulo State, Brazil)
(Daramola et al., 2016). Quantification of sperm defects was performed by counting 100 cells, which were
classified as normal or with head or tail defects. Morphology values are presented in percentages.

Repeated measures experimental design was used, with twenty animals per treatment, and each rooster
representing an experimental unit. Statistical analysis was performed in Statistix 8.0 program (Analytical
Software®, USA). Data normality of each variable was verified through Shapiro-Wilk test. When data presented
normal distribution, they were submitted to repeated measures analysis of variance, and means were
compared by Tukey test using five per cent of significance. For non-parametric data, transformation by square
root arc sine [Arcsin (sqrt)] or logarithmic [Log (x)] was made before analysis. Data that did not present normal
distribution, even after transformation, were submitted to Kruskal-Wallis non-parametric test. For better
interpretation purposes all data are presented in their original scale.

Results and discussion

Means and standard errors of sperm volume are demonstrated in Table 4 and there was no statistical
difference between treatments at the different collection periods for this variable (p > 0.05). In period 2, 4,
and 6 it was necessary to transform the seminal volume data for [Arcsin (sqrt)] in both treatments.

Table 4. Seminal volume (mean * standard error) of roosters fed diets control or containing waste oil (WO) from the extraction of olive
oil during different collection periods.

Seminal volume (mL)

Collected Control WO P-Value
1 0.48 £0.10 0.32 £0.07 0.164"
2 0.57+0.1 0.50+0.10 0.763™
3 0.48 +£0.09 0.67 £0.08 0.097™
4 0.56 £ 0.06 0.59+0.10 0.817"s
5 0.53+0.09 0.49 +0.08 0.950™
6 0.57 £0.06 0.56 £0.06 0.870™
7 0.33+0.06 0.43+0.06 0.245"

"There was no statistical difference by the Tukey test (p > 0.05).

Factors such as temperature, diet, sanity, lineage, and semen collection method can influence on seminal
volume (Bongalhardo, 2013). Results observed in the present work for this variable are above values found for
roosters local breed aged 54 weeks by Kacel and Iguer-Ouada (2018), who obtained a mean seminal volume of
0.34 mL for control animals and 0.39 mL for males who received 0.2 mL daily of olive oil.

Regarding diets, lipid source may influence on volume ejaculated, since oils are sources of cholesterol,
which is a precursor of steroid hormones such as testosterone (Hall, Irby, & Kretser, 1969). Testosterone, in
turn, promotes better development of tests, whose size and weight have a positive correlation with
reproductive parameters (Wilson, Krista, Mcdaniel, & Sutton, 1988; Rosa, Stefanello, & Ferrufino, 2012; Feng
et al., 2015). Kacel and Iguer-Ouada (2018) used only 0.002% of olive oil “on top” when feeding males. Thus,
it is possible that the higher seminal volume observed in our study is related to the higher level of oil (2.25%)
in the diet.

Evaluating seminal quality of rabbits submitted to diets with different sources of oil, including olive oil,
Lancellotti et al. (2013) did not find differences for seminal volume. However, in a second experimental
period, males previously submitted to an hypercholesterolemic diet (6.5% saturated fat and 0.05%
cholesterol), and later supplemented with a diet containing olive oil, had better reproductive indexes,
demonstrating that fatty acid profile present in olive oil promoted animals reproductive efficiency recovery.

As in the seminal volume, there was no statistical difference between treatments for a sperm motility and
concentration variables. Means and standard errors can be seen in Table 5.
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Table 5. Sperm motility and concentration (mean * standard error) of roosters fed diets control or containing waste oil (WO) from the
extraction of olive oil during different collection periods.

Collected Sperm Motility (%) Sperm Concentration (10° mL™)

Control WO P-Value Control WO P-Value
1 99.00 £ 1.00 93.57 £2.83 0.153" 2.90 +£0.52 4.00 £0.44 0.135"
2 80.83 £8.97 82.00 £ 8.07 1.000m 1.99+0.34 2.47+0.31 0.314
3 94.64 £2.94 94.00 £ 1.77 0.295" 2.29£0.30 2.87%0.29 0.167™
4 91.36 £4.16 97.27+£1.24 0.712 2.89£0.34 2.46 £0.39 0.420™
5 93.07 £3.02 95.29+1.51 0.893™ 2.81£0.32 2.78+0.28 0.946™
6 82.63 £5.27 89.00 £3.71 0.362"™ 3.34£0.30 3.54+0.29 0.630™
7 74.17£0.11 73.18%0.11 0.903" 2.04£0.24 1.91+£0.30 0.669™

nThere was no statistical difference by the Tukey test (p > 0.05).

Sperm motility has a positive correlation with sperm membrane total lipid composition, and a negative
correlation with saturated fatty acids composition. Changes in fatty acid profile through different sources of
fat offered to animals could result in differences in motility (An-im, Kirkwood, Techakumphu, &
Tantasuparuk, 2011). However, this was not observed in our study, where sperm motility was not distinct
between treatments.

Cardoso et al. (2014) also did not observe any significant difference in rodents that received, through
gavage, different substances, among them olive oil. The same was verified by Lancellotti et al. (2013) and El-
Kholy et al. (2015), who did not observe changes in motility by including olive oil in diets of rabbits and rats,
respectively. Mangiagalli, Martino, Smajlovic, Cavalchini, and Marelli (2010) did not observe a significant
effect on sperm motility of Ross-308 roosters of control group (70,24%) and animals of group supplemented
with lycopene (76,20%), an important pigment present in fruits like tomatoes and which has antioxidant
activity, promoting protection of cell membranes against oxidative stress. (Garrido et al., 2012).

In our study, a low motility value was observed in period seven, probably due to the low temperature
(13.8°C) and high humidity (91%) recorded on the day of collection, which may have caused cold thermal
stress to birds. According to Lara and Rostagno (2013), stress represents an organism reaction to stimuli that
unbalance body homeostasis. Literature reports that temperatures between 18 and 25°C are within the
thermal comfort zone, or thermoneutrality, of adult birds. Therefore, values lower than 18°C may result in
cold stress and impact on animals performance (Tin6co, 2001; Zhang et al., 2016).

Malik et al. (2013) evaluated semen of domestic roosters and observed a mean concentration of 2.73 billion
cells mL!, which is similar to our results. However, several studies evaluating reproductive performance of
domesticated roosters have found higher values.

Mangiagalli et al. (2010), for heavy roosters aged 25 - 42 weeks, observed a mean concentration of 3.37x10°
mL! for control animals and 4.24x10° mL! for animals receiving lycopene in the diets, with no statistical
difference between treatments. Triques et al. (2016) worked with 50-week old heavy roosters and obtained a
mean concentration of 3.39x10° mL! for control and 4.69x10° mL! for animals that received antioxidants in
the diet. Moyle, Yoho, Whipple, Donoghue, and Bramwell (2012) observed an even higher average of 6.41
billion/mL of sperm cells in the ejaculate of roosters subjected to light stimulation at 21 weeks of age.

The difference of values of sperm concentration found in this study among studies by Moyle et al. (2012),
Mangiagalli et al. (2010), and Triques et al. (2016) can be justified due to the low seminal volume found by
these authors.

According to Bongalhardo (2013), sperm concentration is influenced by seminal plasma volume and can
range from one to five billion sperms per milliliter. Therefore, there is a tendency for lower sperm
concentrations when there is greater seminal plasma production.

Evaluating reproductive parameters of rabbits, Lancellotti et al. (2013) did not observe a statistical
difference between diets (control and with olive oil) in sperm concentration. However, they observed that
inclusion of olive oil, containing saturated fatty acids and 0.05% of cholesterol, promoted a reestablishment
of sperm concentration. Similarly, EI-Kholy et al. (2015) found that the addition of 30% of olive oil in the diet
of albino rats promoted significant improvements in sperm cell concentration.

Although there was no statistical difference between treatments for motility and sperm concentration
when all values are evaluated regardless of the treatment applied there was a difference between the
collection periods for both variables (Table 6).
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Table 6. Sperm motility and concentration (mean * standard error) of heavy roosters during different collection periods.

Collect N Sperm motility (%) Sperm concentration (10° mL!)
1 12 96.29 £ 2.73% 3.55 £0.36%
2 27 81.42+1.82%® 2.26 £0.23°
3 29 94.32 £ 1.76* 2.590.21%
4 22 94.32 +2.02° 2.68 £ 0.26™
5 30 94.19+1.732 2.80£0.21®
6 39 85.82 +1.522 3.44 +0.20°
7 23 73.67 £ 1.97° 1.98+0.19"
P-Value 0.004 0.018

®Means with different letters in the same column differ from each other by the Tukey test (p < 0.05).

In period seven, motility was lower (73.67%) than in periods one, three, four, and five (96.29, 94.32, 94.32,
and 94.19%, respectively). For sperm concentration, periods two and seven presented the lowest values of
sperm cells per mL of ejaculate (2.26 and 1.98, respectively), differing from period six, which recorded the
highest mean (3.44 billion cells mL™).

In the collection period seven, as previously discussedin motility, the lowest temperature and highest
humidity were recorded, which may have been a determinant factor also in sperm concentration. In the
second period, the reverse occurred: the highest temperature (26.8°C) and the maximum relative humidity
(86%) were recorded. Birds, in particular, are species that suffer more from thermal stress than other animals,
because they have higher metabolic rates and thus produce greater body heat. In the present study, effect of
heat stress on sperm motility was not statistically significant. Karaca, Parker, and Macdaniel (2002), in a study
with 57 week old heavy roosters submitted to elevation of body temperature concluded that thermal stress
results in damage to sperm physiology and depression in male fertility.

Table 7 presents means and standard errors of sperm morphology. It was necessary to transform the tail
morphology data to [LOG (x)] in both treatments. There was no statistical difference (p > 0.05) between
treatments regarding normal sperm cells and cells with head abnormalities. However, a significant difference
(p = 0.01) was observed between treatments for cells with tail defects, where birds fed with residual oil in the
diet had a lower incidence of defects.

Table 7. Sperm morphology of heavy roosters fed control diets or containing waste oil (WO) from the extraction of olive oil.

Diets N Normal (%) Head (%) Tail (%)
Control 89 84.80 £ 1.32™ 4.70 £ 1.12™ 10.50+0.212
WO 87 87.83 £(.82" 4.33 +(0.48™ 7.84%0.22°
P-Value 0.134 0.200 0.013
®Means with different letters in the same column differ from each other by the Tukey test (p < 0.05). ™There was no statistical difference by the Tukey test
(p >0.05).

Defect in spermatozoa tail can be considered a decisive factor in fertility, since this structure is
fundamental for sperm movement throughout the oviduct till the ovum. Abnormalities in this portion may
cause decline in sperm motility and prevent fertilization (Al-Ani, 2013).

Lancellotti et al. (2013) observed that animals whose treatments contained olive oil in the diet presented
the lowest percentage of abnormal spermatozoa (on average 20% of lesioned cells). Al-Ani (2013) tested the
action of olive oil on the toxicity of cadmium inclusion in the diet of rats and concluded that olive oil promoted
protection of the testicles of the animals against free radicals, which resulted in better reproductive indices,
among them the percentage of normal sperm cells (68%), which was significantly better than the other
treatments that did not contain olive oil.

Oil from olive trees has important chemical properties that act in sperm cell preservation and quality
(Banihani, 2017). Rich in oleic acid, antioxidants, and phenolic compounds, olive oil prevents the formation
of free radicals that promote lipid peroxidation. Thus, there is a decrease in the occurrence of plasma
membrane damage, and spermatozoa functionality and morphology.

Figure 1 shows weight gain curves of animals from both treatments, as well as the expected lineage curve.
There was a statistically significant difference between treatments during period three (p = 0.04) and seven
(p = 0.04). In both periods, animals whose diet had soybean oil totally replaced by waste oil had lower body
weight than control animals.

Oil from olives has high concentration of oleic acid, about 70%, and low concentrations of saturated fatty
acids, mainly myristic and lauric (Mendoza et al., 2013; Wedyan, Abu Hanieh, Al Harasheh, & Altawaha,
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2017). In soybean oil, concentrations are very different from olive oil: it presents only 14.5% of oleic acid,
while myristic and lauric acids have high concentrations, 41% and 14.4%, respectively (Sadamade, Oyedepo,
& Bolaji, 2013). According to Zambiazi, Przybylski, Zambiazi, and Mendonga (2007), ingestion of sources rich
in saturated fatty acids are related to higher rates of plasma cholesterol and obesity. However, when
increasing consumption of polyunsaturated fatty acids and monounsaturated ones present in olive oil, for
example, the saturated profile is improved.
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Figure 1. Weight gain curve of heavy roosters fed diets control or containing waste oil from the extraction of olive oil during different
periods of collection.

It is expected that heavy matrices will gain weight as the age advances, and this was observed in our work.
Lighter males enhance flocks’ fertility and prolong their longevity. In addition, there is a decrease in males
foot and joint injuries occurrence as well as incidence of females lesions caused by natural mating (Lara,
2015). Hocking and Bernard (2000) emphasize the importance of understanding that excessive weight gain in
male breeding animals causes a decrease in batch fertility, not only due to structural problems in animals
anatomy that prevent natural mating, but also due to dominance of heavier males over the lighter ones.

In broiler breeders, weight gain and reproductive traits have negative correlation (Djermanovic, Mitrovic
& Dijekic, 2013). Silveira et al. (2014) found better fertility and egg hatchability in batches whose males
received diets specific to their nutritional requirements and, therefore, presented better control of weight
gain compared to control animals, resulting in higher productivity.

In a study with broilers fed diets containing bovine fat (control) or olive oil, Zhang, Zhou and Kim (2013)
observed that weight gain of animals that received olive oil in the diet, in 0-35 days old period, was lower than
control animals, demonstrating the influence of lipid source on body weight control. Therefore, use of
residual oil in heavy roosters diet may help to control the animals’ weight gain.

Conclusion

Total replacement of soybean oil by waste oil from olive oil extraction in young heavy roosters’ diet does
not affect reproductive characteristics such as sperm volume, motility, and concentration. It reduces
morphological injuries in spermatozoa tail and promotes better control of male weight gain.
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