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Abstract

Background: Antioxidants of natural origin can be used to improve cryopreservation of semen. Objective: To evaluate 
the effect of dietary supplementation with Erythrina americana on the seminal characteristics of rams. Methods: Ten rams 
were randomly distributed in two treatments: l) Group supplemented with E. americana (20% dry matter basis; AEA, n=5), 
and 2) Control group not supplemented (SEA, n=5). Both diets were iso-proteic and iso-energetic. The feeding period was 
eleven weeks. Ejaculates were obtained through an artificial vagina and were evaluated fresh (37 °C) and refrigerated (5 °C). 
Semen volume (VOL) was assessed by visual examination in a calibrated (mm) tube; sperm concentration (CON x106) with 
a photometer; and mass motility (MM, 1-5), individual motility (IM), normality (N), and live sperm (L) were assessed by 
microscopic observation. Results: Feeding E. americana did not affect (p>0.05) VOL, CON, MM, and N in fresh semen, 
but decreased (p<0.05) IM and L. The L and N variables did not differ (p>0.05) among treatment groups in the refrigerated 
semen; however, IM improved in the AEA group (p<0.05) compared to the SEA group. Conclusion: Dietary supplementation 
of rams with E. americana reduces sperm quality in fresh semen but is beneficial for the cooling process of refrigerated semen.

Keywords: artificial insemination; antioxidants; Erythrina americana; fresh semen; rams; refrigerated semen; seminal 
quality; sheep; spermatozoa. 
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Resumen

Antecedentes: La suplementación dietaria con antioxidantes de origen natural es una alternativa para mejorar la 
criopreservación del semen. Objetivo: Evaluar el efecto de la suplementación dietaria de carneros con Erythrina americana 
sobre algunas características seminales. Métodos: Diez carneros fueron distribuidos al azar en dos tratamientos: 1) Grupo 
suplementado con E. americana (20%, con base en materia seca; AEA, n=5); y 2) Grupo testigo, sin suplementación de E. 
americana (SEA, n=5). Ambas dietas fueron balanceadas isoprotéica e isoenergéticamente. El periodo de alimentación de los 
sementales fue de once semanas. Los eyaculados se obtuvieron mediante vagina artificial y se evaluaron en fresco (37 ºC) y 
refrigerado (5 ºC). El volumen (VOL) seminal se evaluó en un tubo graduado en mililitros; la concentración espermática (CON 
x106) con un fotómetro; y la motilidad masal (MM, 1-5), motilidad individual (IM), normalidad (N), y espermatozoides vivos 
(L) por observación microscópica. Resultados: La inclusión de E. americana en la dieta no afectó (p>0.05) los parámetros 
VOL, CON, MM, y N en semen fresco, pero disminuyó (p<0.05) la IM y L. No hubo diferencia (p>0.05) entre tratamientos 
en las variables L y N en semen refrigerado; sin embargo, la IM del grupo AEA mejoró (p<0.05) respecto al grupo SEA. 
Conclusión: La suplementación con E. americana en la dieta de carneros reduce la calidad espermática en semen fresco, pero 
coadyuva en el proceso de enfriamiento para el semen refrigerado.

Palabras clave: antioxidantes; calidad seminal; carneros; Erythrina americana; espermatozoides; inseminación artificial; 
ovinos; ovejas; semen fresco; semen refrigerado.

Resumo

Antecedentes: A utilização de antioxidantes de origem natural é uma alternativa para melhorar a criopreservação do sêmen 
ovino. Objetivo: Avaliar o efeito da suplementação de Erythrina americana na dieta sobre as características seminais de 
carneiros. Métodos: Dez carneiros foram distribuídos aleatoriamente em dois tratamentos: 1) grupo adicionado de E. americana 
(20%, com base na matéria seca) na dieta (AEA, n=5); e 2) o grupo controle sem adição de E. americana (SEA, n=5). Ambas 
as dietas foram isoprotetoras e isoenergeticamente balanceadas. O período de alimentação dos garanhões foi de onze semanas. 
Os ejaculados foram obtidos através de vagina artificial e avaliados frescos (37 ºC) e refrigerados (5 ºC). O volume (VOL) foi 
avaliado com tubo graduado em mililitros, a concentração espermática (CON x106) com fotômetro e motilidade de massa (MM, 
1-5), motilidade individual (IM), normalidade (N) e espermatozoides vivos (L) por observação microscópica. Resultados: O 
sêmen fresco mostrou que a inclusão de E. americana na dieta de carneiros não modificou (p>0,05) as médias dos parâmetros 
VOL, CON, MM e N, mas diminuiu (p<0,05) o IM e L. No sêmen refrigerado as variáveis L e N não diferiram (p>0,05) entre os 
tratamentos; porém, no IM o grupo AEA melhorou (p<0,05) em comparação ao grupo SEA. Conclusão: A suplementação com 
E. americana na dieta de ovinos reduz a qualidade espermática no sêmen fresco, mas contribui para o processo de resfriamento 
para sêmen refrigerado.

Palavras-chave: antioxidantes; carneiros; Erythrina americana; esperma; inseminação artificial; ovinos; ovelha; 
qualidade do sêmen; sêmen fresco, sêmen refrigerado.
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Introduction 

Using refrigerated semen has shown 
acceptable results in artificial insemination 
of sheep by laparoscope (Davendra and 
Krishnappa, 2019). Several dilutants are 
commonly used to preserve semen. Thy provide 
energy for the metabolism of spermatozoa and 
maintain osmotic pressure and pH of the medium 
(Salamon and Maxwell, 2000). Integrity of the 
spermatozoa membrane is compromised during 
the cooling process causing changes in sperm 
motility and viability due to increased production 
of reactive oxygen species (ROS). They cause 
oxidative damage to biomolecules by oxidation 
of proteins and DNA, thus compromising sperm 
viability (Rehman et al., 2013).

Polyphenols are natural antioxidants derived 
from plants that can have a protective effect 
on sperm cells by neutralizing free radicals, 
thus improving total and progressive motility 
as well as functionality of the plasmatic and 
mitochondrial membrane of spermatozoa (Allai 
et al., 2018; Abadjieva et al., 2020; Abdi-
Benemar et al., 2020).

Few studies have supplemented animals 
with Erythrina americana; most are based 
on its properties and benefits within the 
pharmaceutical industry (Loizzo and Tundis, 
2019; Cai et al., 2020). A great number of 
secondary metabolites, such as alkaloids and 
flavonoids, have been isolated from the bark, 
seeds, roots, leaves and flowers of genus 
Erythrina (García-Mateos et al., 2001). Pino 
et al. (2004) mentioned that the metabolites 
with highest presence in leaves are alkaloids 
(64%), flavonoids (27%), and triterpenoids 
(9%). Ibarra et al. (2011) reported the presence 
of erysodine in seeds, with antioxidant potential 
similar to that of ascorbic acid. Nevertheless, it 
is unknown if these compounds can influence 
seminal quality. Therefore, the objective of 
the present study was to evaluate the effect 
of dietary supplementation of rams with E. 
americana as a natural antioxidant on traits of 
fresh and refrigerated semen.

Materials and Methods

Ethical considerations

Animal handling complied with ethics and 
biosafety norms of the Council of International 
Organizations in Medical Science (CIOMS, 2016), 
and Mexican law 9NOM-062-ZOO-1999 for the 
use of animals in experimentation (DOF, 2001).

Study area

The study was conducted from January to 
June, 2022 at Facultad de Medicina Veterinaria 
y Zootecnia of Universidad Autónoma Benito 
Juárez de Oaxaca, located in the Central Valleys 
of Oaxaca state, under semi dry climate, with 
798 mm average precipitation and 22 °C annual 
temperature, at 17°05’00” latitude north and 
96°45’00” longitude west, and 1,550 m.a.s.l. 
(García, 2004).

Determination of antioxidants and crude protein

Leaves and petioles from three E. americana 
trees in vegetative growth with 2 to 3 years of age 
were manually cut, dried at ambient temperature 
(in the shade), ground into 1-2 cm particles 
(Terramak, San Nicolás de los Garza, NL, México) 
and mixed in the experimental diet. The Kjeldahl 
method was used for the analysis of crude protein 
(AOAC, 2017).

To determine phenolic acids and flavonoids, a 
100 g sample was kept in deep freeze (-180 °C) 
until analysis. A lyophilized sample (0.150 g) 
was weighed, and 3 ml 80% ethanol added, then 
placed in a double boiler with agitator for two 
periods of 5 minutes and one period of rest; and 
then centrifuged for 5 minutes at 2,500 rpm. A 
liquid gas chromatograph (Agilent model 1100) 
equipped with an automatic injector model 1200 
and a diode array detector was used. The column 
was a Zorbax SB-C8, 4.6 × 75 mm; the mobile 
phase was: A) water with 0.1% trifluoracetic acid 
(TFA), and B) acetonitrile with 0.1% of TFA. The 
analysis was by T gradient (0.10 min) 85% A, 
15% B; T (20 min) 65% A, 35% B and T (25 min) 
65% A, 35% B. Flow velocity was 1.0 ml min-1 
at 30 °C and the detector was adjusted to 254 nm. 

https://doi.org/10.17533/udea.rccp.v37n4a5
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Table 1. Phenolic components in Erythrina americana 
leaves. 

Compound          %
Crude protein 17

Phenolic acids
Protocatechuic acid 0.012
Gallic acid 0.023
Chlorogenic acid 0.290
Vanillinic acid 0.042
P-Hydroxybenzoic acid 0.051
Ferulic acid 0.008

Flavonoids
Quercetin 0.090
Naringenin 0.047
Floretin 0.038
Galangin 0.007

Table 2. Proportion of ingredients in the diet with and 
without Erythrina americana. 

Ingredients SEA (%) AEA (%)
Soybean meal 4.96 0
Corn 24.02 23.75
Corn stubble 63.86 49.09
Molasses 5.2 5.2
Salt 0.96 0.96
Urea 1 1
E. americana 0 20

SEA: Control group not fed E. americana. AEA: Group fed E. 
americana (20%, based on dry matter).

Semen collection was conducted with an 
artificial vagina once a week for 11 weeks. The 
fresh ejaculates were maintained in a thermostatic 
bath at 37 °C. Semen quality was assessed by 
microscopic observation (Zess primo star, Jena, 
Germany). The measurements taken from the 
ejaculate volume (VOL) were mass motility 
(MM) on a scale from 0 to 5 (microscopic 
observation 10X), individual motility (IM), 
percentage of live (L) and normal (N) sperm by 
means of eosin-nigrosin stain (40X; Zeiss primo 
star, Jena, Germany), and sperm concentration 
(CON) using a photometer (Minitube SDMI®, 
Tiefenbach, Rin-Hunsrück, Germany).

For refrigeration, the ejaculates were diluted 
with a mixture of 20% egg yolk, 60% distilled 
water, and 20% triladyl (Minitube®), and prepared 
at 50 × 106 sperm per 0.25 mL. For semen cooling, 
temperature was gradually lowered through from 
1 to 2 °C every 2 min, from 36 °C until reaching 5 
°C, where it was stabilized and semen stored for 
24 hours (Purdy et al., 2010).

Quality evaluation of the refrigerated semen 
was conducted at 24, 48, 72 and 96 hours during 
the 11 weeks, in which IM, N and L were 
determined in the same manner as for fresh 
semen.

Statistical analysis

A completely randomized design was used, 
with each ram considered as an experimental 
unit. Analysis of variance was performed to 
determine the effects of treatment on the days and 
weeks evaluated. For the analysis of fresh and 
refrigerated semen, treatment was nested within 
animal. Mean values were compared by the 
method of least square means using SAS version 
9.0 software (SAS Institute Inc., Cary, NC, USA; 
2002). Statistical difference was considered for 
p<0.05.

Results

Evaluation of fresh semen

No interaction effects were observed for the 
comparison of seminal characteristics, so results 
are presented as main effects. Inclusion of 20% 
E. americana in the diet did not affect (p>0.05) 
VOL, CON, MM, and N, but decreased (p<0.05) 
IM and L (Table 3). No changes among weeks 
were observed for any of the variables (p>0.05; 
Table 4).

Evaluation of refrigerated semen

During refrigeration, variables L and N were 
similar (p>0.05) among treatments; nevertheless, 
the AEA group presented better IM results 
(p<0.05; Table 5).

https://doi.org/10.17533/udea.rccp.v37n4a5
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Table 3. Characteristics (mean ± SE) of fresh semen from rams subjected to two dietary treatments.

Treatment VOL (mL) CON (x106) MM (1 - 5) IM (%) N (%) L (%)
AEA 0.83 ± 0.06 4,592.1 ± 222.4 3.9 ± 0.03 86.2 ± 0.5b 94.8 ± 0.36 88.8 ± 0.91b

SEA 0.80 ± 0.07 4,795.4 ± 210.4 3.8 ± 0.06 88.1 ± 0.6a 95.3 ± 0.37 91.1 ± 0.93a

VOL: volume; CON: concentration, x106: million sperm; MM: mass motility; IM: individual motility; N: normal sperm and L: 
live sperm. AEA: Group fed 20% DM of E. americana. SEA: Control group. Different superscript letters (a, b) within columns 
indicate statistical difference (p<0.05).

Table 4. Seminal characteristics (mean ± SE) of fresh ejaculates per week.

Week VOL (mL) CON (x106) MM (1-5) IM (%) N (%) L (%)
1 0.16 ± 0.16 5,589.50 ± 222.42 4.21 ± 0.09 84.98 ± 1.40 95.80 ± 0.84 83.20 ± 2.14
2 0.77 ± 0.16 5,476.60 ± 222.42 4.04 ± 0.09 88.59 ±1.61 88.80 ± 0.84 83.70 ± 2.14
3 0.69 ± 0.17 5,805.18 ± 237.22 3.68 ± 0.09 87.40 ± 1.40 94.64 ± 0.89 86.64 ± 2.29
4 0.87 ± 0.16 5,726.00 ± 222.42 3.93 ± 0.09 87.70 ± 1.31 95.40 ± 0.84 91.90 ± 2.14
5 0.77 ± 0.16 4,206.10 ± 222.42 3.83 ± 0.09 84.50 ± 1.31 94.30 ± 0.84 87.10 ± 2.14
6 0.90 ± 0.16 4,034.10 ± 222.42 4.00 ± 0.09 88.00 ± 1.31 96.10 ± 0.84 91.40 ± 2.14
7 1.00 ± 0.16 4,349.40 ± 222.42 3.93 ± 0.09 88.10 ± 1.31 96.00 ± 0.84 94.50 ± 2.14
8 0.86 ± 0.16 4,337.70 ± 222.42 3.87 ± 0.09 88.50 ± 1.31 96.00 ± 0.84 90.10 ± 2.14
9 0.80 ± 0.16 4,345.90 ± 222.42 3.91 ± 0.09 87.70 ± 1.31 97.00 ± 0.84 95.30 ± 2.14
10 0.98 ± 0.16 4,018.60 ± 222.42 3.92 ± 0.09 85.00 ± 1.31 95.79 ± 0.89 93.24 ± 2.29
11 0.74 ± 0.16 3,742.90 ± 222.42 3.98 ± 0.09 88.40 ± 1.31 96.20 ± 0.84 92.40 ± 2.14

VOL: volume; CON: concentration, x106: million sperm; MM: mass motility; IM: individual motility; N: normal sperm and L: 
live sperm.

Table 5. Refrigerated semen traits (mean ± SE) of rams 
subjected to two dietary treatments. 

Treatment IM (%) L (%) N (%)
AEA 71.90 ± 

4.37a
88.40 ± 
0.194

95.30 ± 
0.77

SEA 65.78 ± 
4.42b

89.36 ± 
0.197

95.15 ± 
0.78

IM: individual motility; L: live sperm; N: normal sperm; AEA: 
Group fed 20% DM of E. americana; SEA: Control group. 
Different superscript letters (a, b) within columns indicate 
statistical difference (p<0.05). 

During refrigeration, IM and L percentages 
remained stable until 72 h; however, they 
decreased after 96 h (p<0.05). Normality 
remained constant (Table 6).

Table 6. Seminal traits (mean ± SE) of rams during 
several refrigeration periods.

Hours IM (%) N (%) L(%)
24 76.00 ± 

6.18a
96.40 ± 

0.27 
93.70 ± 
1.08a

48 71.28 ± 
5.97a

94.86 ± 
0.26 

91.95 ± 
1.05a

72 71.57 ± 
6.65a

94.95 ± 
0.29 

92.06 ± 
1.17a

96 56.50 ± 
6.18b

94.70 ± 
0.27 

77.80 ± 
1.08b

IM: individual motility; L: live sperm; N: normal sperm; AEA: 
Group fed 20% DM of E. americana; SEA: Control group. 
Different superscript letters (a, b) within columns indicate 
statistical difference (p<0.05). 
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Discussion

Our results feeding E. americana as a source 
of natural antioxidants on sperm quality of 
rams showed that IM and V decreased in fresh 
semen, while IM improved in refrigerated semen. 
However, the values reached in fresh semen are 
within the acceptable range for sperm viability 
(Quintero et al., 2016).

The cell membrane of ram sperm is rich 
in polyunsaturated fatty acids. This makes it 
susceptible to peroxidation (Ezazi et al., 2019), 
which begins with ROS production as a natural 
result of metabolism (Kaeoket et al., 2010; 
Allai et al., 2018). Incorporation of antioxidants 
improves sperm function in terms of motility, 
membrane integrity, and reduced effects of ROS 
(Forouzanfar et al., 2010; Sapanidou et al., 2016).

Natural antioxidants can reduce oxidative 
stress and improve reproductive performance 
(Vizzardi et al., 2021). Plants with antioxidant 
properties have been evaluated in animal diets; for 
example, rosemary seeds and leaves on seminal 
quality of rabbits (Attia et al., 2017), and oregano 
oil plus fish oil upon antioxidant capacity and 
productive parameters in boar semen (Liu et al., 
2016). In rams, inclusion of 10% grape pomace 
for 74 days decreased ROS concentration and 
increased catalase and glutathione peroxidase, 
thus improving epididymal sperm quality (Zhao 
et al., 2017). Al-Najar et al. (2022) supplemented 
the diet of Awasian sheep with marjoram 
leaves (Origanum vulgare) for 49 days, finding 
increased superoxide dismutase and glutathione 
peroxidase concentrations in seminal plasma, as 
well as increased LH, testosterone, and estrogens 
in blood serum. Ezazi et al. (2019) reported 
that the addition of sunflower oil with vitamin 
C to the diet of lambs over 84 days improved 
progressive motility and increased the proportion 
of spermatozoa with normal acrosomes, leading 
to higher fertility of inseminated ewes. Therefore, 
dietary inclusion of plants with antioxidant 
properties can improve ram fertility. In the present 
study, inclusion of 20% E. americana in the diet 
decreased individual motility of fresh semen and, 
in contrast, increased it in refrigerated semen. 

Most of these plants are rich in phenolic acids and 
flavonoids that can reach intra and extracellularly 
into the spermatozoon blocking hydroperoxide 
formation or scavenging free radicals (Córdoba 
et al., 2009) helping to restore testicular cells and 
protecting sperm against oxidative factors (Al-
Najar et al., 2022).

Dietary inclusion of herbal extracts rich 
in carotenoids, flavonoids and phenolic 
compounds represents an alternative for semen 
cryopreservation (Embuscado, 2015). According 
to literature reports, rosemary (Rosmarinus 
officinalis), clove (Syzgium aromaticum), green 
tea (Camellia sinensis), and oregano (Origanum 
vulgare) can eliminate free radicals and improve 
total and progressive motility, as well as 
functionality of plasma membranes and fertility 
rate of frozen semen (Del Valle et al., 2013; 
Baghshahi et al., 2014; Abadjieva et al., 2020). 
However, not all results are favorable. Motlagh et 
al. (2014) used a 1% soy-lecithin base with 0, 2, 
4, 6 and 8% rosemary, reporting that treatments 
with 4 and 6% rosemary had higher total and 
progressive motility and membrane integrity, 
but the 8% group resulted in lower live sperm. 
Similarly, Vahedi et al. (2018) evaluated the 
effects of thyme (Thymus vulgaris) as a natural 
antioxidant for ram semen cryopreservation, 
adding 0, 2, 4, 8, 12, and 16 mL of thyme per 
dL of dilutant, finding better sperm viability with 
4 and 8 mL dL-1, but these values decreased as 
the addition increased to 12 and 16 mL dL-1 of 
thyme.

Based on the mentioned reports, adding 
antioxidant-rich plants can have variable results, 
probably due to cell needs and antioxidant 
concentration in plants. Mata-Campuzano et al. 
(2014; 2015), working with rams, reported that 
increasing the level of inclusion of soy lecithin 
from 1.5 to 3.5% had a negative effect on 
sperm motility and mitochondrial activity, and 
combination with cysteamine is not recommended 
for freezing ram semen.

Enzymatic antioxidants perform an important 
function during the conservation process and the 
relationship can be positive or negative either 
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because the enzymes are used in excess or they do 
not have the capacity to maintain sperm quality 
(Kasimanickam et al., 2006; Bucak et al., 2008; 
Marti et al., 2008). In this regard, inclusion of 50, 
100 and 200 µg/mL of catalase in the diluents 
helps reducing cell membrane damage during 
conservation at 5 °C, but catalase is toxic for 
ovine semen at concentrations higher than 200 
µg/mL (Câmara et al., 2011; Allai et al., 2018).

Inclusion of 20% E. americana implies a high 
concentation of phenolic acids and flavonoids 
as sources of natural antioxidants that should 
be further studied given that they can have 
detrimental effects on seminal quality during 
the conservation process. Additionally, although 
it has not been determined, there may be effects 
from other compounds of the same plant.

In conclusion, supplementation with 
E. americana in the diet of rams reduces sperm 
quality in fresh semen; however, it helps in the 
cooling process of refrigerated semen, so it 
should be considered in future studies.
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