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Fertility in breeder flocks directly affects the number of hatching eggs available for commercial use. However, in broiler breeder
males, semen quality declines significantly with age, especially after 50 weeks. The current study was conducted at the poultry facility
of the Department of Animal Production, College of Agriculture, Al-Qasim Green University, from November 1, 2023, to January
31, 2024, spanning 13 weeks. The objective was to evaluate the impact of daily proanthocyanidin supplementation on semen
quality characteristics of broiler breeder roosters. A total of twenty roosters, aged 54 weeks, were used in this study. The birds were
randomly assigned to four treatment groups, each consisting of five replicates with one rooster per replicate. The experimental
treatments were as follows: a control group without supplementation, and three experimental groups receiving 20, 30, and
40 mg/day of proanthocyanidin, respectively. The findings demonstrated that proanthocyanidin supplementation positively
influenced the semen quality of roosters, particularly at higher doses. Improvements were most evident during the later stages
of the experiment, suggesting that continuous supplementation has cumulative benefits. Roosters receiving 20 and 30 mg/day
exhibited superior semen motility, sperm concentration, overall semen quality, antioxidant enzyme and testosterone concentration
compared to both the control and the 40 mg/day group. These results indicate a dose-dependent effect of proanthocyanidin, with
the most pronounced enhancement observed at the highest supplementation level. In conclusion, the study provides strong
evidence that dietary oral administration of proanthocyanidin can improve reproductive efficiency in broiler breeder roosters by
enhancing semen quality traits.
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lipids, proteins, and nucleic acids, thereby impairing
sperm structure and function. Additionally, oxidative
stress disrupts steroidogenesis within the testes and alter
testosterone metabolism, the key male reproductive
hormone, leading to its conversion into estrogen
through the catalytic action of the aromatase enzyme
(Al-Zalzaly and Ali, 2024). A reduction in testicular

1 Introduction

Fertility in breeder flocks is a critical trait that directly
determines the number of hatching eggs available for
commercial production. Poultry breeding companies
emphasize fertility because it directly affects hatchability
rates, chick quality, and ultimately the economic efficiency
of poultry operations (Ansari, 2024). However, semen

quality in broiler breeder males declines noticeably with
advancing age, particularly after 50 weeks. This decline
is largely attributed to oxidative stress and an imbalance
in the delicate redox system that regulates cellular
metabolism (Ali et al., 2017). Oxidative stress results from
an overproduction of reactive oxygen species (ROS)
combined with a decrease in the efficiency of the body’s
antioxidant defense systems. This imbalance damages

testosterone strongly correlates with diminished sperm
concentration, reduced motility, and morphological
abnormalities (Jaber, 2023). Older males often
exhibit decreased testicular weight, degeneration of
seminiferous tubules, and reduced activity of antioxidant
enzymes such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx). This decline
in enzymatic defense mechanisms leads to increased
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ROS accumulation in spermatozoa, resulting in lipid
peroxidation of membranes, DNA fragmentation, and
apoptosis (Asl et al.,, 2018). These challenges underscore
the urgent need for safe, effective, and economically
viable strategies to mitigate oxidative stress and preserve
semen quality in ageing breeder roosters. Recently,
attention has shifted toward natural compounds
with strong antioxidant activity as potential dietary
supplements in poultry production. Natural phenols
and flavonoids are widely recognized for their ability to
neutralize free radicals and protect cellular components
from oxidative damage (Shakir, 2024).

Among the diverse classes of flavonoids,
proanthocyanidins have attracted considerable scientific
interest. Proanthocyanidins are oligomeric and polymeric
flavonoid compounds commonly found in grape seeds,
cranberries, cocoa, pine bark, and other plant-derived
materials (Mannino et al., 2021). They are water-soluble
pigments responsible for the characteristic colors of
many fruits and plants. These compounds exhibit a broad
spectrum of biological activities, including antioxidant,
anti-inflammatory, antimicrobial, and cardioprotective
effects (Rauf et al., 2019). In the context of reproductive
physiology, proanthocyanidins act as potent scavengers
of free radicals, thereby preventing oxidative damage
to spermatozoa and supporting the structural and
functional integrity of gametes (Lv et al, 2022). It
enhances the endogenous antioxidant defense system
by stimulating the expression and activity of enzymatic
antioxidants such as SOD, CAT, and GPx. This activation
ensures effective neutralization of excessive ROS, thereby
maintaining redox balance within cells (Mannino et al,,
2021). By mitigating oxidative stress, proanthocyanidins
reduce lipid peroxidation in sperm membranes, preserve
DNA integrity, and improve mitochondrial function, all of
which are vital for sperm motility and fertilizing capacity.
Another important aspect is their role in regulating
corticosterone secretion under stressful conditions, which
helps minimize stress-induced reproductive impairments
(Rodriguezetal., 2022).Various additives with antioxidant
properties have been investigated for their potential
to improve semen quality. Adding 50 mg of camphor
per kg of feed to 29-week-old Ross 308 broiler breeder
roosters improves seminal characteristics, testosterone
concentration, and reproductive performance (Raei
et al., 2021). Dietary supplementation with 0.45 mg/day
of selenium-enriched yeast enhances sperm motility,
plasma membrane function and integrity, as well as
ejaculation volume and reproductive performance
in 50-week-old Ross 308 roosters (Sabzian-Melei et al.,
2022). Breeder diets containing 1% spray-dried plasma
reduce late embryonic mortality and sperm cell defects,
primarily in 63-week-old broiler breeders (Granghelli
et al,, 2025). However, little is known about the impact

of proanthocyanidins in poultry species, particularly
broiler breeder roosters. Therefore, the present study
examined the qualitative characteristics of semen from
male broiler breeders following daily oral administration
of proanthocyanidin at various dosage levels, along with
measurements of antioxidant levels and sex hormone
concentrations.

2 Material and Methods

2.1 Ethics Approval

All  experimental procedures related to animal
management and  handling were conducted
in accordance with the ethical guidelines established by
the Scientific Committee in the Department of Animal
Production, College of Agriculture, Al-Qasim Green
University (Babil, Iraq) under approval number Agri, No.
021,10,24. The welfare of birds was carefully monitored
throughout the experimental period, and every effort was
made to minimize stress and ensure humane treatment.

2.2 Birds and Housing Management

The experiment was performed from November 1, 2023,
to January 31, 2024, spanning 13 weeks using twenty
Ross 308 broiler breeder males aged 54 weeks with an
average body weight of approximately 5.0 kg. Birds were
housed individually in floor-rearing cages measuring
1.5 x 1.5 m. Each pen was bedded with coarse sawdust
at a depth of 10 cm to ensure proper insulation and
hygiene. A photoperiod of 14 hours light and 10 hours
darkness was maintained throughout the study using
artificial lighting. Clean drinking water was supplied
ad libitum via flipped floor nipples. Temperature and
ventilation were adjusted regularly to maintain optimal
rearing conditions.

2.3 Training and Experimental Design

Priorto data collection, all roosters underwent a two-week
training period to accustom them to semen collection
procedure. Following this adaptation, the experiment
was conducted over six consecutive experimental
periods (28 days/period). In each period, semen was
collected three times from every rooster to assess its
qualitative traits. Between each period, a recovery
interval of one week was given to minimize stress and to
allow physiological recuperation. The twenty birds were
randomly assigned to four experimental treatments
in a completely randomized design. Each treatment
included five replicates, with one rooster per replicate.

2.4 Experimental Treatments

T1 (control): no supplementation with proanthocyanidin.
T2: daily oral supplementation with 20 mg
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proanthocyanidin. T3: daily oral supplementation with
30 mg proanthocyanidin. T4: daily oral supplementation
with 40 mg proanthocyanidin. The proanthocyanidin
used in this study was a purified commercial preparation
(= 97% purity) obtained from a certified supplier. Doses
were administered individually to ensure accurate intake.

2.5 Nutrition and Feeding

All birds were offered a restricted daily ration of 140 g per
bird, formulated in accordance with the manufacturer’s
recommendations  for  broiler  breeder  males.
The basal diet was formulated to contain 2800 kcal/kg
metabolizable energy and 14.5% crude protein. Feed
was provided in mash form once daily to ensure uniform
intake of treatment supplements. A group of 20 Ross 308
roosters were fed a standard basal diet supplemented
with encapsulated proanthocyanidins at concentrations
of 20, 30, and 40 mg per bird per day for 13 weeks (Ali
etal., 2017).

2.6 Semen Collection and Evaluation

Semen was collected using the abdominal massage
technique during each sampling period. The collected
semen was immediately transferred to pre-warmed
tubes and assessed for volume, mass motility, individual
motility, concentration, viability, and morphological
characteristics (Alietal.,,2017). Microscopicevaluation was
carried out using phase-contrast microscopy, while sperm
concentration was determined spectrophotometrically.
All measurements were repeated three times per period
to reduce random error.

2.7 Antioxidant Status and Hormonal Profile

The levels of glutathione, catalase, and malondialdehyde
were measured using colorimetric test kits (Elabscience
Biotechnology Inc, Houston, TX, USA). Serum
testosterone and estrogen levels were determined using
a chicken-specific ELISA kit (Elabscience Biotechnology

Inc., Houston, TX, USA), following the manufacturer’s
instructions.

2.8 Statistical analysis

Datawereanalyzed usingacompletelyrandomizeddesign
with four treatments and five replicates. The general
linear model procedure in SAS software (SAS, 2012) was
employed to test treatment effects. Differences among
means were compared using Duncan’s multiple range
test (Duncan, 1955) at a significance level of P < 0.05.

3 Results and Discussion

3.1 Measurement of Semen Volume (uL)

Table 1 shows the effect of different doses of
proanthocyanidin on semen volume, with no significant
differences observed during the first, second, and fourth
periods of the experiment. In the third period, treatment
T3 significantly outperformed the other treatments.
In the fifth period, treatments T3 and T2 significantly
outperformed treatments T1 and T4. During the sixth
period, treatment T3 outperformed all other treatments,
while treatment T2 outperformed treatments T1 and T4.

3.2 Total Sperm Motility %

Table 2 shows the effect of different levels of
proanthocyanidin on the measurement of collective
motility of spermatozoa (%). For the first period, there is
a significant advantage for treatment T3 over treatments
T1 and T4, and there is no significant difference between
treatmentsT3andT2.Asforthe second andfourth periods,
there is no significant difference between the treatments.
In the third period, treatment 4 outperformed treatment
2, and there was no significant difference between
treatments 1, 2, and 3. In the fifth period, treatment
3 outperformed all other treatments in the experiment,
and in the sixth period, treatments 2 and 3 outperformed
treatments 1 and 4.

Table 1 Effect of daily supplementation of proanthocyanidin on semen volume (uL) of broiler breeder males during six
experimental weeks

Treatment Week1 (pL) Week2 (uL) Week3 (uL) Week4 (pL) Week5 (L) Week6 (uL)

T 3,500.0 £28.87 | 3,500.0 +50.00 | 4,000.0 +40.82° | 4,000.0 +40.82 | 3,750.0 £25.00° | 3,250.0 +47.87¢
T2 4,250.0 £25.00 | 3,500.0 +28.87 | 4,500.0 +28.87° | 4,750.0 £25.00 | 6,000.0 +40.82% | 5,500.0 +28.87°
T3 4,000.0 +40.82 | 3,750.0 +47.87 | 5,500.0 +28.87* | 4,250.0 +25.00 | 5,250.0 +47.87* | 7,000.0 +40.82?
T4 3,250.0 £25.00 | 3,750.0 +47.87 | 3,500.0 +28.87° | 3,750.0 +47.87 | 3,750.0 +25.00° | 3,500.0 +28.87¢
Significance level 0.23 0.46 0.03 0.12 0.04 0.04

NS - no significant; *significant differences at (P < 0.05); means within the same column bearing different superscript letters differ significantly
(*P < 0.05). Treatments: T1 — control without dosing; T2, T3, T4 — daily dosing of proanthocyanidin at 20, 30, and 40 mg, respectively
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Table 2 Effect of daily supplementation of proanthocyanidin on semen motility (%) of broiler breeder males during six
experimental weeks

Treatment Week1 (%) Week2 (%) Week3 (%) Week4 (%) Week5 (%) Week6 (%)

T 77.50 £1.44b¢ 82.50+1.44 82.50 £2.50* 86.25 £1.25 83.75+£1.25° 77.50 +1.44°
T2 81.25 +1.25%® 78.75+1.25 78.75 £1.25° 86.25 +1.25 85.00 +2.04° 92.50 +1.44°
T3 86.25 +2.392 80.00 +6.12 85.00 +3.53% 87.50+1.44 93.75 £1.25° 92.50 +1.44°
T4 72.50 £2.50°¢ 86.25 £2.39 88.75 £1.25° 87.50 £1.44 87.50 +2.50° 73.75 +£1.25P
Level of significance 0.02 0.67 0.03 0.59 0.03 0.01

N. S. - no significant; *significant differences at (P < 0.05); means within the same column bearing different superscript letters differ significantly
(*P < 0.05). Treatments: T1 — control without dosing; T2, T3, T4 — daily dosing of proanthocyanidin at 20, 30, and 40 mg, respectively

3.3 Individual Motility %

From Table 3, the effect of dosing different levels of
proanthocyanidin compound on the measurement of
individual motility of sperm (%) shows that there is no
significant difference between the treatments during
the second and fourth periods of the experiment.
However, in the first and fifth periods, we observe
a significant superiority of the third treatment over all
other treatments. As for the third period, the fourth
treatment outperformed the first and second treatments,
and for the sixth period, the second and third treatments
outperformed the first and fourth treatments.

3.4 Dead Spermatozoa

Table 4 shows the effect of different levels
of proanthocyanidin compound on the percentage

of dead spermatozoa. We observe no significant
difference between the treatments during the first,
second and third periods. However, in the fourth,
fifth and sixth periods, there is a significant increase
in the percentage of dead spermatozoa in the first
treatment (control treatment) compared to the other
treatments.

3.5 Antioxidant Enzymes, Malondialdehyde, and Sex
Hormone Concentrations

Table 5 illustrates the effect of proanthocyanidin
supplementation on oxidative enzymes,
malondialdehyde, and sex hormones levels in male
broiler breeders. The results showed that the third
treatment recorded the highest values compared to all
other experimental groups, with significant differences

Table 3 Effect of different levels of proanthocyanidin on individual sperm motility (%) of broiler breeder males during
six experimental weeks

Treatment Week1 (%) Week?2 (%) Week3 (%) Week4 (%) Week5 (%) Weeké (%)

T1 67.50 £1.44°¢ 72.50+1.44 72.50 £2.50%® 76.25 +£1.25 73.75 £1.25° 67.50 +1.44°
T2 71.25 +1.25° 68.75 £1.25 68.75 £1.25¢ 76.25 £1.25 75.00 +2.04° 82.50 £1.44°
T3 77.50 £1.44° 72.50 £4.33 77.50 +1.44% 78.75 +£1.25 83.75 +£1.252 82.50 +1.44°
T4 65.00 +2.88¢ 76.25 +2.39 78.75 +1.25° 77.50+1.44 77.50 £2.50° 63.75 +1.25°
Significance level 0.03 0.39 0.04 0.52 0.03 0.01

N. S. - no significant; *significant differences at (P < 0.05); means within the same column bearing different superscript letters differ significantly
(*P < 0.05). Treatments: T1 — control without dosing; T2, T3, T4 - daily dosing of proanthocyanidin at 20, 30, and 40 mg, respectively

Table 4 Effect of different levels of proanthocyanidin on the percentage of dead spermatozoa (%) of broiler breeder
males during six experimental weeks

Treatment Week1 (%) Week2 (%) Week3 (%) Week4 (%) Week5 (%) Week6 (%)

T1 7.25 £1.31 4.75 £0.25 6.25 £0.25 7.50 +£0.96° 10.75 £0.48° 10.75 £0.65°
T2 5.75+0.48 5.25+0.63 5.50 £0.65 3.75 +0.75° 4.00 £0.41¢ 4.00 £0.65¢
T3 5.25 +0.63 4.50 £0.65 4.25£1.11 5.25 +1.03% 4.75 £0.25¢ 475 £0.41¢
T4 5.25+0.25 5.75+0.75 4.75 +£0.48 5.25 +0.63% 7.75 £0.25P 7.75 £0.65°
Significance level 0.44 0.33 0.51 0.04 0.01 0.01

N.S. - no significant; *significant differences at (P < 0.05); means within the same column bearing different superscript letters differ significantly
(*P < 0.05). Treatments: T1 — control without dosing; T2, T3, T4 — daily dosing of proanthocyanidin at 20, 30, and 40 mg, respectively
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Table 5 Effect of proanthocyanidin supplementation on oxidative parameters, antioxidant enzymes, malondialdehyde
concentration (umol/mol), and sex hormones (ng/ml) in blood serum of male broiler breeders
Treatment Glutathione Catalase MDA Testosterone Estrogen
(umol/mol) (umol/mol) (umol/mol) (ng/ml) (ng/ml)
T 13.82 +1.63° 26.80 £5.87° 4142 +7.27° 7.90 £0.90¢ 327.90 £1.252
T2 17.35 £6.87° 28.13 +5.06° 27.12 £1.20¢ 11.66 +0.84° 280.20 +£1.65¢
T3 18.59 £3.55° 31.90 +2.48° 26.27 +0.78¢ 13.86 £1.52° 185.50 £2.91¢
T4 12.52 +4.78° 20.94 +£5.20¢ 31.88 £0.93° 8.67 £0.39¢ 291.63 +0.90°
Significance level 0.04 0.02 0.02 0.01 0.01

N.S. - no significant; *significant differences at (P < 0.05); means within the same column bearing different superscript letters differ significantly
(*P < 0.05). Treatments: T1 — control without dosing; T2, T3, T4 — daily dosing of proanthocyanidin at 20, 30, and 40 mg, respectively

(P<0.05).Regarding testosterone concentration, the third
treatment (30 mg/day) was significantly higher than
the other treatments, with a clear difference (P < 0.05).
At the same time, no significant difference was observed
between the first and fourth treatments in testosterone
levels. For malondialdehyde concentration (MDA),
the first treatment demonstrated superiority over all
other groups, whereas no significant differences were
detected among the remaining treatments.

3.6 Discussion

The findings of this study demonstrated that daily
supplementation with proanthocyanidin led to marked
improvements in several semen quality parameters
of ageing broiler breeder males. The elevated MDA
concentration observed in the control group of this study
provides evidence of oxidative stress. Increased oxidative
stress and lipid peroxidation disrupt sperm membranes,
DNA, and proteins, leading to reduced motility and
viability (Ghadimi et al., 2024). In contrast, the reduced
levels of oxidative stress in proanthocyanidin-treated
groups confirm its protective action. These positive
changes may be explained by the antioxidant properties
of proanthocyanidins, which act by scavenging ROS,
stabilizing sperm cell membranes, and enhancing
mitochondrial functionality (Mannino et al., 2021). It is
well established that mitochondria are central to sperm
motility and viability through their role in ATP production,
and any intervention that protects mitochondrial
integrity contributes directly to semen quality (Liu and
Bolling, 2024). Similar findings were reported in bovine
semen studies, where antioxidants preserved DNA
integrity and reduced cryodamage (AE et al., 2022).

Enzymatic antioxidant activity was also enhanced by
proanthocyanidin in this study. Glutathione and catalase
are key defenses against oxidative stress, and their
increased activity indicates a strengthened antioxidant
system capable of detoxifying hydrogen peroxide and
other peroxides in poultry (Luo et al., 2007; Panda et al.,
2008a,b; Ognik and Krauze, 2016). Proanthocyanidin

supplementation enhances semen quality in ageing
broiler breeder males by reducing oxidative stress,
enhancing enzymatic antioxidant activity, and restoring
hormonal balance (Studer et al., 2022). From a practical
standpoint, improvements in semen quality in breeder
maleshavedirectimplicationsforfertility, hatchability,and
the efficiency of artificial insemination programs (Bakst
and Dymond, 2013). By integrating proanthocyanidin
supplementation into management systems, fertility
rates and reproductive lifespan of breeder flocks can be
extended, ensuring higher hatching egg production and
economic sustainability.

Regarding hormonal responses, the third treatment
(30 mg/day) produced the highest testosterone
concentration, which is crucial for spermatogenesis,
libido, and semen production. This result is consistent
with evidence showing that antioxidants inhibit
aromatase activity, thereby reducing the conversion
of testosterone to estrogen and restoring androgen
balance (Ali et al., 2017; Al-Zalzaly and Ali, 2024).
Phytogenic antioxidants have also been shown to
elevate luteinizing hormone (LH) and improve fertility
traits, reinforcing the link between oxidative balance and
endocrine function (Adel dust et al., 2017). Abbas and
Ali (2023) demonstrated that dietary proanthocyanidin
supplementation improved physiological and
reproductive traits in laying hens. Abdul Amir and Ali
(2024) confirmed that acai supplementation enhanced
semen motility, ejaculate volume, and fertility in roosters,
emphasizing the consistent effects of plant-derived
antioxidants across avian species. Al-Hassani et al. (2023)
investigated both nutritional and molecular approaches
complementary roles in poultry productivity, suggesting
that nutritional antioxidants may influence gene
expression patterns associated with oxidative balance
and steroidogenesis. Alani and Al-Bayati (2021) showed
that vitamin E and selenium improved semen quality and
fertility in roosters. Shakir and Ali (2025) also confirmed
that nano-curcumin supplementation enhanced semen
traits in breeder males, indicating the wide applicability
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of natural antioxidants in reproductive management.
Hussein et al. (2025) found similar antioxidative effects
of curcumin and nano-curcumin in broilers under toxic
dietary stress. Collectively, these studies emphasize
the consistent pattern of improved semen quality
through antioxidant supplementation.

4 Conclusions

The results of this study indicate that administering
proanthocyanidin at doses of 20 mg/day and 30 mg/
day to male broiler breeders significantly improves
semen quality. This is evidenced by increases in ejaculate
volume, overall semen motility, individual sperm motility,
sperm concentration, antioxidant levels, and testosterone
hormone concentration. Future research could
investigate the long-term effects of proanthocyanidin
supplementation on reproductive performance and
overall health in broiler breeders. Additionally, studies
could assess the potential benefits of proanthocyanidin
supplementation in other poultry species or livestock to
determine its broader applicability in animal husbandry.
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