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Abstract: The inclusion of substances with antioxidant properties in the diet of broiler breeders helps 
the enzymatic defense system in controlling the damage caused by free radicals in cells, for example, 
rooster spermatozoa. It is therefore hypothesized that supplementing broilers with canthaxanthin 
may have a positive effect on the reproductive system of broilers. The objective of this research was to 
study the action of the addition of canthaxanthin in the diet of broiler breeders on the fertilization and 
hatching rates of eggs and on the fertility of roosters. For the experiment, hens and roosters received, 
from 22 weeks of age, feed with and without supplementation of 6 ppm of canthaxanthin. Roosters 
between 30 and 50 weeks of age that received canthaxanthin in the diet showed less alterations in 
chromatin over the weeks of life. There were no differences between measurements of seminiferous 
tubules in different treatments. Canthaxanthin-supplemented broiler breeders had the highest rate 
of perforation of sperm in the perivitelline membrane, the best hatching rate and the highest fertility 
rate. It was concluded that the use of canthaxanthin as an antioxidant agent in the diet of broiler 
breeders improves reproductive efficiency. 
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Resumo: A inclusão de substâncias com propriedades antioxidantes na dieta de matrizes auxilia o 
sistema de defesa enzimática no controle dos danos causados pelos radicais livres nas células, como 
exemplo, os espermatozoides dos galos. Propõe-se a hipótese de que a suplementação de matrizes 
de corte com cantaxantina possa ter um efeito positivo no sistema reprodutivo destes animais. O 
objetivo desta pesquisa foi estudar a ação da adição de cantaxantina na dieta de matrizes de corte 
sobre as taxas de fertilização e eclosão dos ovos e sobre a fertilidade de galos. Para o experimento, 
galinhas e galos receberam, a partir de 22 semanas de idade, ração com e sem suplementação de 
6 ppm de cantaxantina. Galos entre 30 e 50 semanas de idade que receberam a cantaxantina na 
dieta apresentaram menos alterações na cromatina espermática ao longo das semanas de vida. 
Não houve diferença entre as mensurações dos túbulos seminíferos nos diferentes tratamentos. As 
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1.	Introduction
Free radicals are elements present in biological processes that are important in poultry 

reproduction and production, which can cause damage through the oxidation process in 
various biological systems. It is important to note that among the damage caused by free 
radicals, there are direct and indirect damages to chromatin, especially sperm chromatin, 
ranging from changes in chromatin compaction to spermatic DNA fragmentation (1). The 
addition of substances with antioxidant properties in the broiler breeder diet helps the 
enzymatic defense system to control damage caused by free radicals in cells, such as 
spermatozoa (2).

Seminal plasma is naturally enriched with enzymatic and non-enzymatic antioxidants 
that protect sperm against oxidative stress, and a deficiency of these antioxidants is 
associated with male fertility problems (3). In the case of the broiler breeder, after copulation, 
the spermatozoa remain stored in the sperm reservoirs of the oviduct and the hens assume 
the role of protection against the effects of oxidation on the sperm (4). It has already been 
shown that the addition of canthaxanthin in the diet of broiler breeder males in the post-
peak phase can be a tool to improve the fertility index of old breeders, as it improves the 
percentage of normal sperm, increases the dewlap weight and width, and increases testes 
weight and length (5).

In this perspective, the use of canthaxanthin added to the diet of roosters and female 
broiler breeders can exert its antioxidant role in three ways: 1) in the embryo – protecting 
embryonic tissues during incubation, 2) in the egg – protecting the yolk’s nutrients during 
storage for the developing embryo and, 3) in aging broiler breeder– helping in the antioxidant 
mechanisms of the semen and oviduct and reducing the oxidative stress of sperm (6). Based 
on this information that demonstrates the antioxidant role of canthaxanthin, and because 
it is a possible commercialization additive in industrial poultry farming, the objective of this 
work was to study the action of the addition of canthaxanthin in the diet of broiler breeders 
on the fertilization and hatching rates of eggs and on the fertility of roosters.

2.	Material and methods
The methodology used was approved by the Ethics Committee on Use of Animals (CEUA) 

of the Federal University of Uberlândia, and the CEUA protocol certificate number is 012/15. 
The research was conducted in a conventional broiler breeders production shed located in 
the municipality of Uberlândia, Minas Gerais, Brzil. The collections took place between the 
months of January to July 2015. In this experiment, a total of 24,000 one-day-old chicks of 

matrizes suplementadas com cantaxantina apresentaram a maior taxa de perfuração espermática na 
membrana perivitelina, melhor taxa de eclosão e maior taxa de fertilidade. Concluiu-se que o uso de 
cantaxantina como agente antioxidante na dieta de matrizes de corte melhora a eficiência reprodutiva.

Palavras-chave: antioxidantes; galo; cromatina; fertilidade.
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the Ross® AP95 strain were housed, 20,500 females and 3,500 males, which remained in the 
rearing period in two blackout sheds, with negative pressure, in separate specific pens for 
females and males.

Experimental rations were offered from the 22 weeks of life onwards. The treatments 
were defined according to the antioxidants added to the experimental diets, as follows: 
Treatment 1 - 10,500 females and 1,500 males, housed in a shed with supplementation of 
canthaxanthin (6ppm), from the 22nd week of life on; Treatment 2 - 10,500 females and 1,500 
males, housed in a shed without canthaxanthin in the ration. The collections started in the 
30th week of life of the flock and were repeated in weeks 40 and 50 of the animals’ life.

One of the evaluations to quantify the fertility of the rooster was the perivitelline 
membrane perforation count test. For the performance of the perivitelline membrane 
perforation count test, approximately 60 eggs were collected at each of the collection ages 
(30, 40, and 50 weeks of life of the broiler breeder). The sample number for this analysis was 
10 eggs, per treatment (T1 – with canthaxanthin and T2 – without canthaxanthin) and by age. 
Eggs were randomly removed from the second egg collection of the day. After collection, they 
were sent to the laboratory where processing began.

The technique for counting the perforations used in the experiment was initially 
described by Bramwell and Howarth (7) and modified in some aspects by Donoghue (8). Each 
egg had its yolk carefully separated from the white. A portion of approximately 1 cm² of 
the perivitelline membrane in the germinal disc region was removed and immersed in PBS 
to remove the remaining albumen and yolk. The piece of the membrane was placed and 
positioned stretched over a blade with the aid of tweezers and fixed with 20% formalin. Later, 
a few drops of Schiff’s reagent were used as a dye. Coverslip was placed on the stained and 
fixed membrane and followed for analysis under a light microscope at 100x magnification. 
From each slide, the region where the sperm perforations had occurred was located and the 
number of perforations was counted.

For the analysis of testicular development, 10 roosters from each treatment were 
randomly collected, at the intermediate age of the test (40 weeks). Fragments of 0.5 cm3 were 
obtained from the testis, from each rooster, and fixed in a 10% formalin solution for at least 24 
hours. After this period, they were submitted to routine histological techniques (dehydration, 
diaphanization, and paraffin embedding), following the methodology proposed by Tolosa et 
al. (9). Five-micrometer-thick sections were prepared on a microtome before being stained 
with hematoxylin-eosin. Subsequently, the prepared slides were observed under a light 
microscope, and microphotographed for analysis and measurements of the total diameter 
and height of the epithelium of the seminiferous tubules, using the HL Image® software. 
Twelve seminiferous tubules per animal were photographed and measured.

At the ages of 30, 40, and 50 weeks, approximately 20 roosters from each treatment were 
randomly selected. These cocks were separated from the females for 3 days before semen 
collection. Semen was collected as described by Burrows and Quinn (10), with the method of 
abdominal massage.
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The 0.5mL rooster semen samples were processed for transmission electron microscopy; 
each sample was placed in tubes with 5% glutaraldehyde. After fixation, the semen was 
centrifuged 100 xg for 5 minutes, then washed in phosphate buffer three times and discarded 
the supernatant, post-fixed for four hours in 3% glutaraldehyde and one hour in 1% osmium 
tetroxide plus ferrocyanide 1.25% potassium. They were dehydrated in ascending series 
of acetone. Finally, the sediment was embedded in Epon resin (EMbed 812 ®, Electron 
Microscopy Sciences, Hatfield, PA, US) and subsequently cut in an ultramicrotome to obtain 
ultrathin cuts. The sections were contrasted with uranyl acetate lead citrate. All samples 
were analyzed in a transmission electron microscope Tecnai G2-12 Transmission Electron 
Microscope - SpiritBiotwin FEI - 120 kV (FEI company, Hillsboro, OR, US), when 80 heads of 
sperm from each sample were evaluated.

Heads that had homogeneously dark (electrodense) nuclei were considered to have 
chromatin with normal compaction. Heads that had a clear (electrolucent) or heterogeneous 
color nucleus were considered to have altered chromatin and were classified according to 
chromatin decompaction levels: mild, which has a small decompaction point in the chromatin 
structure; medium, where the chromatin presents between one and three decompaction 
points; intense, presence above three decompaction points or very heterogeneous 
presentation in more than one point of the sperm head.

The hatching data were obtained by the company Pole Alimentos, responsible for 
incubating the eggs, according to the hatching formula:

 

ℎ𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑖𝑖𝑖𝑖𝑖𝑖 =  𝑛𝑛º ℎ𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑒𝑒𝑒𝑒 𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑥𝑥 100
𝑛𝑛º 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 

 
 

 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  𝑛𝑛º 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑥𝑥 100
𝑛𝑛º 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  

 
 

Eggs were incubated in multi-stage model machines, with an average storage period 
of seven days. On the 19th day of incubation, the eggs were transferred to hatchers, where 
they remained until they completed 21 days. For fertility analysis, eggs were submitted to 
breakage and visual analysis of the germinal disc and classified as fertile or non-fertile, on 
the second day of storage, after 50 weeks of age, weekly, 50 eggs per treatment, according to 
the company standard.

 

ℎ𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑖𝑖𝑖𝑖𝑖𝑖 =  𝑛𝑛º ℎ𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑒𝑒𝑒𝑒 𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑥𝑥 100
𝑛𝑛º 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 

 
 

 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  𝑛𝑛º 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑥𝑥 100
𝑛𝑛º 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  

 
 For statistical analysis, data were checked for the presence of outliers. Data referring to 

the spermatic perforation of the perivitelline membrane and hatching, tests were submitted 
to the normality and homoscedasticity test of variance and later to the Kruskal-Wallis test 
along with a Wilcoxon post hoc evaluation and Bonferroni correction was employed for 
comparison among the groups (11). The level of significance was set at 0.05, in a bilateral 
test. To verify the existence or not of statistically significant differences between the fertility 
rates, after checking the normality of the data, the T-test was applied to the data in question. 
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The level of significance was set at 0.05, in a bilateral test. To verify the existence or not 
of statistically significant differences between testicular measurements, the t-test for two 
means was also applied after verifying the normality of the data. The level of significance was 
set at 0.05, in a bilateral test. For the chromatin compaction data, the binomial test for two 
proportions was applied, with a significance level set at 0.05. The Odds Ratio test was also 
applied to these data, which compares the relationship rate between two measures (12).

3. Result 
According to the results, differences were found between the number of spermatic 

perforations, obtained at, 30, 40, and 50 weeks of age, and at the three ages observed, the 
highest rate of spermatic perforation in the perivitelline membrane (SPPM) occurred in the 
batch supplemented with canthaxanthin (Table 1). As a result of the present work, it was 
also observed a higher number of spermatic perforations in the perivitelline membrane of 
animals treated with the antioxidant additive at all tested ages (30, 40, and 50 weeks), also 
indicating possible improvements in fertility and hatching rates.

Table 1. Mean number of spermatic perforations in the perivitelline membrane of eggs from a batch 
supplemented with canthaxanthin (T1) and not supplemented with canthaxanthin (T2) at three 
different ages

Week T1 T2  P-value

30 266 a 71 b 0.049*

40 344 a 114 b 0.041*

50 190 a 75 b 0.021*

Distinct letters indicate significant differences between values (p ≤ 0.05).

The results of the statistical test to verify or not the difference between the number of 
SPPMs in relation to the age of the batches is represented in table 2. Regarding the analyzed 
lifetime, 30, 40, and 50 weeks, no differences were observed between the treatments. This 
means that in both treatments, the behavior of the average perforation in the perivitelline 
membrane of the eggs was similar, showing a proportional drop in the last week tested 
(Table 2). In Figure 1 there is an illustration of the sperm perforations in the perivitelline 
membrane. There were no differences between the measurements of total diameter and 
height of epithelium of the seminiferous tubules in the different treatments. (Table 3).

Table 2. Probability test for the variables analysis time – 30, 40 and 50 weeks - and treatment, with 
canthaxanthin (T1) and without canthaxanthin (T2), for the perivitelline membrane perforation test

Treatment weeks P-value

T1 30 a          50 a 0.42

T2 30 a          50 a 0.96

Distinct letters indicate significant differences between values (p ≤ 0.05).
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Table 3. Results of testicular measurement, total diameter and height of epithelium of the seminiferous 
tubules of roosters supplemented (T1) and not supplemented (T2) with canthaxanthin, at 40 weeks of 
life

Measure T1 T2 P-value

diameter (µm) 232.58 a 207.49 a 0.06

Epithelium (µm) 67.83 a 61.54 a 0.22

Distinct letters indicate significant differences between values (p ≤ 0.05).

Figure 1. Perivitelline membrane with a low number of spermatic perforations, B- with a large number 
of perforations in the spermatic membrane. Barr = 50 µm

There was a difference between treatments at week 30 of life, and roosters that received 
canthaxanthin had a greater amount of normal sperm. As for the degree of decompaction, at 
this age, it was possible to observe differences in terms of the weak classification level, that 
is, non-supplemented roosters had a greater amount of sperm with only one decompaction 
point, in the entire extension of their head. (Table 4). At week 50, it was also possible to 
observe a greater amount of normal sperm in the roosters that received canthaxanthin. In 
all degrees of chromatin decompaction, there were differences indicating that roosters that 
did not receive the antioxidant in the diet had a greater amount of sperm with partial or total 
chromatin decompaction (Table 5).

Table 4. Degree of chromatin decompaction observed in sperm from roosters supplemented (T1) and 
not supplemented (T2) with canthaxanthin, at 30 weeks of life

    Degree of decompaction in sperm

  Normal Mild Medium Intense

T1 79.45 a 3.08 a 5.82 a 11.64 a

T2 67.96 b 15.49 b 5.99 a 10.56 a

P-value 0.00* 0.00* 0.99 0.98

Distinct letters indicate significant differences between values (p ≤ 0.05).
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Table 5. Degree of chromatin decompaction observed in sperm from roosters supplemented (T1) and 
not supplemented (T2) with canthaxanthin, at 50 weeks of life

    Degree of decompaction in sperm

  Normal Mild Medium Intense

T1 89.31 a 0.85 a 5.98 a 3.85 a

T2 59.11 b 7.73 b 17.68 b 15.47 b

P-value 0.00* 0.00* 0.00* 0.00*

Distinct letters indicate significant differences between values (p ≤ 0.05).

We observed that at T2 the amount of sperm with some degree of chromatin decompaction 
increased in relation to the lifetime of the roosters, that is, older roosters had higher amounts 
of partial or total chromatin decompaction. At T1, the degree of decompaction was lower, 
that is, the roosters that received the antioxidant in the diet presented a smaller amount of 
chromatin change over the weeks of life. (Table 6). Figure 2 illustrates the different degrees 
of chromatin decompaction of rooster sperm.

Table 6. Number of sperm from roosters supplemented (T1) and not supplemented (T2) with 
canthaxanthin, which showed abnormal chromatin compaction, at 30 and 50 weeks of life

Week T1 T2 P-value

30 20.54 a 32.04 b 0.01*

50 10.68 a 40.88 b 0.00*

Distinct letters indicate significant differences between values (p ≤ 0.05).

Figure 2. Electron micrograph of rooster sperm heads. A: Sperm head with normal chromatin 
compaction. B: Mild degree of sperm chromatin decompaction characterized by a small lighter area 
(arrow); C: Medium degree of chromatin decompaction characterized by several small lighter areas 
(arrows); D: Sperm head with intense chromatin decompaction and characterized by a lighter region 
that affects almost the entire head. Barr = 500 nm
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According to the Odds Ratio, between the number of changes in the chromatin compaction 
of treatments in week 30 of the rooster’s life, the probability of observing alterations in the 
sperm chromatin compaction of roosters not supplemented with canthaxanthin (T2) is greater 
than in supplemented roosters. At week 50, this probability increases, in this case, the greater 
the chance of observing changes in the chromatin compaction of sperm from roosters that 
did not receive the antioxidant in the diet (Table 7). This suggests that the negative effect 
of age on the reproductive efficiency of the female broiler breeder was minimized by the 
addition of canthaxanthin to the diet. We observed differences in the hatch rate in the period 
corresponding to weeks 35 to 45 weeks, that is, for these ages, the weekly hatch rates showed 
improvement in the flocks that received the antioxidant in the diet (Table 8). The average 
fertility was analyzed in the period of 50-60 weeks, it was possible to observe differences 
between fertility rates, and the lot that was fed with the addition of canthaxanthin showed 
higher fertility rates (table 9).

Table 7. Odds Ratio, between number of changes in chromatin compaction of treatments 1 and 2, at 
ages 30 and 50 weeks

Week T1:T2 P-value

30 1.82 0.00*

50 5.78 0.00*

Distinct letters indicate significant differences between values (p ≤ 0.05).

Table 8. Average hatching analyzed in three periods, of eggs from broiler breeders supplemented (T1) 
and not supplemented (T2) with canthaxanthin

Period (weeks) T1 T2 P-value

29 - 35 83.12 a 79.37 a 0.14

35 – 45 86.16 a 82.66 b 0.00*

45 – 55 77.85 a 73.86 a 0.17

Distinct letters indicate significant differences between values (p ≤ 0.05).

Table 9. Average fertility analyzed over a period of eggs from broiler breeders supplemented (T1) and 
not supplemented (T2) with canthaxanthin

Period (weeks) T1 T2 P-value

50 – 60 91.54 a 88.36 b 0.02*

Distinct letters indicate significant differences between values (p ≤ 0.05).

4. Discussion
The broiler breeders that received canthaxanthin in their diet showed better improvement 

in reproductive efficiency, with better hatching rates at the age of 35 to 45 weeks of life, and 
higher fertility rate after 50 weeks of life, a period in which the fertility analysis was possible 
to be performed in a field. The improvement in the reproductive indices of the batch that 
contains canthaxanthin can be explained by the antioxidant effect that the additive promotes, 
reducing the oxidative stress of sperm.

https://creativecommons.org/licenses/by/4.0/


Ciência Animal Brasileira | Brazilian Animal Science, v.25, 77462E, 2024.

Lucca E C L et al., 2024.

The correlation between fertility and hatching and the number of perforations in the 
perivitelline membrane was found by Christensen et al. (13), where, in their study, strains 
selected for rapid growth had lower rates of sperm perforation in the perivitelline membrane, 
when compared to strains selected for egg production. Consequently, egg fertility and embryo 
viability were also negatively affected.

This correlation between hatching, fertility, and perivitelline membrane perforations can 
be explained, as according to Robertson et al. (14), in order for sperm to perforate, a complex 
interaction of hormonal and metabolic regulatory parameters is necessary, together with 
factors such as sperm motility, the connection between the oocyte and sperm, induction 
of the acrosomal reaction and the hydrolysis of the perivitelline membrane. According to 
the author, the technique of counting spermatic perforations in the perivitelline membrane 
evaluates the result of the sum of all the events mentioned above, which gives the test a wide 
capacity for evaluating avian fertilization and hatchability rates.

Triques et al. (5), verified in their research that the increase in the number of perforations 
is directly linked to the number of sperm that manage to reach the oocyte in the infundibulum, 
thus indirectly indicating the reproductive capacity of roosters. He concluded that the results 
suggested that adding antioxidants to the ration of breeding roosters resulted in an increase 
in the number of sperm produced by males or that cells deposited in the vagina had better 
survival conditions in the oviduct and were able to reach the infundibulum soon after 
ovulation.

Regarding the lifespan of the birds, we observed that the average number of SPPMs 
was lower at 50 weeks when compared to the results of 30 and 40 weeks. Still, it was found 
that the treatment that received the antioxidant in the diet showed smaller changes in 
chromatin compaction in the 50 weeks of life, when compared to week 30 of the birds’ life. 
This suggests that the addition of the antioxidant was important in protecting the effects of 
age on chromatin compaction, although drilling results showed a decline.

Regarding the testicular development results, where in this research, no differences 
were observed between the measurements of total diameter and height of epithelium of the 
seminiferous tubules in the different treatments, also in their research Triques et al. (5), where 
the effect of dietary antioxidant supplementation on reproductive characteristics of male 
broiler breeders in the post-peak production phase was evaluated, the authors also found no 
differences in testicular development.

Mcgary et al. (15) stated that there is a positive correlation between testicle weight and 
spermatic production and that this may be one of the factors that differentiate the fertility 
index of the lot. Likewise, as described by Keel and Abney (16), altered testicular volumes may 
mean inhibition of testicular development and all of its exocrine and endocrine functions. 
In addition, Heinlein and Chang (17) correlated that a germinal epithelium, responsible for 
the production of luminal fluids, is an essential prerequisite for spermatogenesis. However, 
Yama et al. (18) described that it is not entirely possible to describe the relationship of tubular 
geometric changes with sperm production, since morphometric data are only a part of 
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the complete image, and that other factors are clearly important such as the number of 
spermatogenic cells, by Sertoli, and that these data should serve as preliminary models for a 
study of the fertilizing capacity as a whole.

González-Morán et al. (19) stated that until the 12 weeks of life of the rooster, the 
seminiferous tubules of the testes are formed only by a simple layer of Sertoli cells and 
spermatogonia, evolving, as the animal matures, to a stratified seminiferous epithelium 
and notorious reduction of interstitial tissue in the sexually mature rooster. Triques et al. (5) 
concluded that antioxidant supplementation from the early stage of the rooster’s life, and 
not just in the post-peak phase as occurred in their experiment, could have some effect 
on tubular morphometry. In the present study, roosters began to receive the antioxidant 
additive in their diet at 22 weeks of age, which may also have contributed to this result. 
Although there is no statistical difference in the histomorphometry performed in the present 
study, the height of the epithelium tended to be higher in the treated animals (p=0.06).

In addition to morphological changes, chromatin decompaction also has negative 
consequences for fertility. During the spermatogenesis phase of mammals, most histones are 
replaced by protamine, this exchange is of great importance for inducing sperm chromatin 
condensation, but a small percentage of histones remain retained in the DNA, and defects 
in the conversion of histones into protamine result in defective chromatin compaction (20, 

21). It is known that in mammals the existence of histones is normal in sperm, but there may 
be a permanence greater than the maximum 15% proportion of histones in the chromatin 
structure (22), which would also lead to looser chromatin, interfering with male fertility.

In this study, the results of sperm chromatin compaction indicated a greater degree of 
partial or total decompaction of roosters not supplemented with canthaxanthin. In addition, 
the batch not supplemented with canthaxanthin had a lower hatching rate between 35 and 
45 weeks of life, and a worse fertility rate.

Johnson et al. (23) and Carrel (24) showed that sperm chromatin alterations are not 
necessarily marked by DNA damage but may be in histones found in small non-protamine 
regions and that would be important carriers of epigenetic information, necessary for the 
early embryonic development. In situations where sperm chromatin disturbances are severe, 
the fertilization rate is low and embryonic development is impaired (21). Thus, this could also 
be another explanation for the worse hatching rates, and a greater degree of chromatin 
decompaction of unsupplemented sperm, in this research.

According to Opuwari and Henkel (1), free radicals can damage chromatin, ranging from 
changes in compaction to serious changes in DNA. Therefore, the antioxidant effect of 
canthaxanthin probably also collaborated in the protection of chromatin and not only the 
sperm membrane. According to Souza et al. (25), canthaxanthin plays an important role in 
biological processes, such as maintaining membrane fluidity through its antioxidant action.

Rodrigues et al. (26) observed a greater number of chromatin alterations in older animals, 
with less homogeneous chromatin and less compaction compared to normal heads, which 
could be negatively influencing fertility. Soares and Beletti (27) also observed that old roosters 
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(60 weeks) had more alterations in chromatin compaction than young roosters. Rocha Júnior 
and Baião (28) evaluated semen from young (35 weeks) and old (68 weeks) roosters and found 
no significant difference in sperm physical characteristics (motility, vigor, and turbulence), 
showing that the fall in fertility in old roosters would be caused by other factors, such as loss 
of protection against oxidative stress in females, for example.

Rosa et al. (29) fed hens and roosters with 6ppm of canthaxanthin, from 46 to 66 weeks 
of age, and found an improvement in fertility and a decrease in embryonic mortality. 
Contributing to these data already described in the literature, this research demonstrated 
that the use of canthaxanthin in the diet improves the sperm chromatin compaction indices, 
suggesting that the additive minimizes the harmful effects of free radicals on sperm from 
the ejaculate while they remain stocked in the sperm storage tubules (SST) of females, which 
contributes to better sperm perforation rates and better hatching and fertility rates in the 
supplemented batch.

Although it is found in the literature that in semen from fertile roosters there is a 
small amount of sperm with low chromatin compaction and morphological alterations (30), 
it is also known that morphological defects in sperm can have serious implications for the 
hydrodynamic properties of these cells, including negative effects on normal rectilinear 
movements and uneven progressions, decreasing fertility rates (31).

Soares and Beletti (27) comment that according to studies in mammals, chromatin 
alterations could not alter the sperm capacity to fertilize the oocyte, that is, the fertility 
rate could be altered or not, but would interfere in the embryo’s evolution, preventing the 
formation of blastocysts or even leading to death in pre-hatch stages, thus having a direct 
impact on the hatching rate.

Other studies in mammals that conclude in the same direction as our findings are Ellington 
et al. (32) and Twigg et al. (33), who concluded that some sperm with chromatin abnormalities 
can fertilize oocytes in vivo and in vitro, but DNA damage may remain throughout the 
embryonic period to induce apoptosis and further fragmentation of the embryo, which can 
lead to miscarriage. Twigg et al. (33) comment that under normal circumstances, damage to 
the DNA-protein complex could be repaired by the oocyte, with no major consequences.

The likely contribution of hens to improving fertility and hatching rates should be 
considered, as in this study, females also received the antioxidant in their diet. According to 
Bonagurio et al. (34), canthaxanthin and 25-hydroxycholecalciferol supplementation increased 
the expression of antioxidant enzymes (GPx-7, SOD1, and catalase) in the vaginal mucosa 
of quail, proposes a positive effect on fertility, through the protection of sperm present 
in the host glands against oxidative damage, resulting in an improvement in reproductive 
performance.

The action of dietary carotenoids possesses an important role in protecting the sperm 
plasma membrane against oxidative stress (35). Another important fact is the pro-vitamin A 
action of canthaxanthin. Vitamin A deficiency affects the productive performance of males, 
affecting spermatogenesis, through the inability to protect cells in the reproductive tissue 
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and gonads against oxidative stress (36). According to Najafi et al. (37), canthaxanthin reduces 
membrane lipid peroxidation in sperm, improves sperm motility, reduces agents of oxidative 
stress, and maintains fluidity, membrane integrity, suppressing caspase-3 activity and 
increasing superoxide dismutase activity. Supplementation of frozen human sperm with 
canthaxanthin at concentrations of 10 and 25 μM obtained increase progressive motility, 
improved acrosome integrity, sperm morphology, and chromatin compaction after thawing 
when compared to the control group (37).

Rocha et al. (6) observed an increase in vitamin A in egg yolks from batches treated with 
canthaxanthin and related the improvement in the fertility of the broiler breeders to two 
factors: an increase in vitamin A and antioxidant protection of sperm. Rosa et al. (38) show us 
that high levels of carotenoids in the diet of breeders act on resistance to lipid peroxidation, 
and therefore, the presence of these carotenoids in the egg would have the action to aid 
development by protecting against lipid peroxidation. Araujo et al. (39) believe that the 
increase in the fertility of eggs from supplemented broiler breeders is due to the ability of 
canthaxanthin to prevent the oxidation of lipids present in the yolk.

The decline in reproductive efficiency with the increasing age of the broiler breeders is 
already known in the literature. Rocha et al. (6), a history that regardless of diet, fertility reduced 
by 0.75% per week of aging in broiler breeders between 50 and 60 weeks of age. The negative 
effect of age on fertility could be explained by the greater susceptibility of sperm from old 
roosters to oxidative damage, which, in this research, was compensated by the addition of 
canthaxanthin to the diet, due to the better results obtained by those breeders who received 
the antioxidant. 54-week-old broiler breeders supplemented with canthaxanthin had an 
increased hatch rate when compared to non-supplemented breeders (38).

On the ability to neutralize free radicals in relation to age, Weir and Robaire (40) compared 
the antioxidative enzymatic activity of sperm and the production of free radicals in the 
maturation of sperm in old and young rats and observed a decrease in the antioxidant capacity 
associated with the increase in the production of free radicals with the aging of animals. The 
authors concluded that the drop in spermatic quality of older animals is associated with 
increased susceptibility of sperm to oxidative damage. As for the reduction in fertility due 
to factors related to broiler breeders, there may have been a reduction in the efficiency of 
the antioxidant mechanism of action of SST on sperm stored in the oviduct, with advancing 
age (41), which would have been compensated by the addition of canthaxanthin in the diet of 
females.

The “natural” decline in the duration of fertility with age, observed in this research, may 
also be associated with an easier release of sperm in the SST of hens, reducing the number 
of sperm able to carry out oocyte fertilization (42). As for fertility, with regard to factors related 
to chickens, the addition of canthaxanthin also for females may have contributed to the 
improvement in the efficiency of the antioxidant mechanisms of action of SST on sperm stored 
in the oviduct, with advancing age (4,41). Broiler breeders supplemented with canthaxanthin 
and 25-hydroxycholecalciferol in their diet had higher results for egg production, fertility, total 
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hatchability, and fertile egg hatchability, and had lower results for early embryo mortality 
when compared to breeders without supplementation (39).

Therefore, in addition to males, it would also be important to supplement females during 
the reproductive phase, due to their role in the conduction and preparation of sperm to the 
fertilization site. According to Gumulka and Kapkowska (43), the duration of fertility is more 
related to the female, due to a possible loss in the storage capacity of the seminal storage 
tubules. They observed that fertility rates decreased with the increasing age of females, even 
when they were inseminated with semen from younger roosters.

Several authors propose that for sperm to survive within the SST of birds and maintain 
their fertilization capacity, they need a contribution from this female structure, which has, 
suggested by their studies, the primary functions of being a source of substrates for the 
metabolism of resident sperm; being a source of macromolecules that alter the fertilization 
function and providing protection against oxidative stress (44).

The effects of the use of canthaxanthin as an antioxidant additive in diets have already 
been described in the literature by other authors, demonstrating the great interest of the 
broiler breeder market for this additive, as it is commercially available. Triques et al. (5) found 
that antioxidant supplementation (canthaxanthin and vitamin D) can positively influence the 
fertility rate in the broiler breeders’ batch. And they concluded that eggs from sheds where 
the roosters were supplemented with a blend of antioxidants showed a greater amount of 
sperm perforations in the perivitelline membrane, indicating the possibility of gains in fertility 
using these additives, resulting in greater hatchability.

Bisht et al. (3) and Bansal and Bilaspuri (35) highlighted dietary antioxidants in reducing 
the oxidative stress of sperm, consisting of vitamins C, E, beta-carotenes, carotenoids, and 
flavonoids. Rocha et al. (6), in their study, found that canthaxanthin is included in the group 
of carotenoids and, added to the diet of  broiler breeders, can play its antioxidant role in 
three ways: 1) in the embryo – protecting embryonic tissues during incubation, 2) in the egg – 
protecting the yolk’s nutrients during storage for the developing embryo and, 3) in the heavy 
broiler breeders – supporting the antioxidant mechanisms of the semen and oviduct and 
reducing the oxidative stress of sperm.

According to Rosa et al. (38), the high levels of canthaxanthin present in the diet and 
absorbed by the breeders are transferred to the egg yolk, which leads to increases in 
carotenoid levels in the developing embryo, and the high levels of carotenoids remain 
present in chicks throughout of the first week after hatching. Moreover, The increase in the 
concentration of canthaxanthin being present in the egg yolk is correlated with increased 
resistance to oxidative stress. According to Duarte et al. (2), the inclusion of Canthaxanthin and 
25-hydroxycholecalciferol in the diet reduced embryo mortality and increased the hatching 
percentage and the number of viable chicks produced by birds.
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5. Conclusion
Including canthaxanthin in the diet of broiler breeders enhances the fertilization and 

hatching rates of eggs and the fertility of roosters.
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