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ABSTRACT High levels of polyunsaturated fatty
acids in avian sperm cause more susceptibility to lipid
peroxidation. Aging in roosters reduces the antioxidant
capacity of sperm and thus fertility. The purpose of this
study was to investigate the effects of different levels of
alpha-lipoic acid (ALA) as a feed supplement to
improve the semen quality and fertility parameters of
aged broiler breeder roosters and identification of its
most effective level. A total of forty-two roosters at
45 wk of age were randomly assigned to 7 treatments (0,
15, 40, 70, 95, 120, and 145 mg ALA/bird per day) for
8 wk. Semen parameters and body weight were assessed
biweekly, and testosterone plasma levels were deter-
mined in the 8th wk of the experimental period. Arti-
ficial insemination was performed at the end of the
experiment to evaluate the fertility potential. The di-
etary administration of ALA had no significant effects
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on body weight, semen volume, average path velocity,
linearity, straightness, wobble, the amplitude of lateral
head displacement, beat-cross frequency, sperm con-
centration, morphology, plasma testosterone level,
fertility, or hatchability (P . 0.05). Alpha-lipoic acid
supplementations resulted in a significant decrease in
seminal malondialdehyde concentration and immotile
(type D) sperms (P , 0.05). The total motility, pro-
gressive motility (types A 1 type B sperms), curvi-
linear velocity, straight-line velocity, viability, and
membrane integrity of sperm improved with ALA di-
etary supplementations (P , 0.05). With increasing
ALA levels, improvement in semen parameters had an
incremental trend until the level of 95 mg ALA. Thus,
95 mg dietary ALA as an antioxidant supplement can
improve semen quality of aging breeder roosters while
higher doses resulted in no further improvement.
Key words: antioxidant, lipid peroxidatio
n, malondialdehyde, progressive motility
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INTRODUCTION

Broiler chickens have been genetically selected for
increased growth, body weight, and performance, which
in turn has reduced the reproductive efficiency of both
male and females (Vizcarra et al., 2010). Fertility de-
clines in broiler breeder flocks beginning approximately
at 45 wk of age. Reduction in reproductive performance
in broiler breeder males which is associated with increase
in age is a multifactorial problem and is influenced by
factors such as hormonal levels, the development of
testicular tissue, behavior, locomotion (mobility), and
physical body composition (Sarabia Fragoso et al.,
2013).

The lipid composition of the sperm plasma membrane
has significant differences from the somatic cell mem-
brane, and it contains high densities of ether-linked
lipids and high concentrations of phospholipids and ste-
rols. Phospholipids in avian spermatozoa are mainly
enriched with arachidonic and docosatetraenoic acid,
and these high levels in polyunsaturated fatty acids
(PUFA) make them vulnerable to lipid peroxidation.
The presence of peroxidative products (e.g., malondial-
dehyde: MDA) at the time of ejaculation is correlated
with male infertility (Surai et al., 2000; Br�eque et al.,
2003).

Based on studies in poultry, age may enhance the
occurrence of peroxidation in sperm plasma membranes
and that this results in decreased semen quality and
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Table 1. Ingredients and the chemical composition of basal diet fed
to broiler breeder roosters.

Item Value (%)1

Ingredients
Corn 69.18
Soybean meal (44%) 8.5
Wheat bran 19.19
Dicalcium phosphate2 1.4
CaCO3 0.8
Sodium chloride 0.32
DL-methionine 0.11
Vitamin premix3 0.25
Mineral premix4 0.25

Contents by calculation
ME (kcal/kg) 2,754
CP (%) 11.99
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fertility potential. Also in connection with this issue, an
age-dependent decrease in glutathione peroxidase activ-
ity that protects the cells from oxidative damage has
been observed in poultry seminal plasma (Kelso et al.,
1996; Douard et al., 2003).

Consumption of antioxidant supplements is a com-
mon way to improve fertility in men. It has been re-
ported that an antioxidant such as vitamins E or C,
carotenoids, and carnitine are useful in restoring a bal-
ance between reactive oxygen species (ROS) generation
and scavenging activities and can also boost male repro-
ductive performance (Adewoyin et al., 2017). Vitamin C
and E supplementation have reportedly decreased the
testicular and semen plasma MDA content and
increased sperm viability and sperm motility of breeder
roosters under oxidative stress challenged with dexa-
methasone (Min et al., 2016). In addition, consumption
of a diet supplemented with 500 mg of carnitine/kg for
5 wk improved sperm concentration and reduced sperm
lipid peroxidation in aging White Leghorn roosters
(Neuman et al., 2002).

Alpha-lipoic acid (ALA) in the mitochondria acts as a
coenzyme for a-ketoglutarate dehydrogenase and pyru-
vate dehydrogenase. The exogenous supplementation
of ALA has served as an antioxidant and improves
oxidative stress status both in vitro and in vivo.
Alpha-lipoic acid can suppress oxygen-free radical spe-
cies in aqueous and lipid phases, chelates transition
metals, and intercepts membrane lipid peroxidation
and protein damage (Grasso et al., 2014; Ali et al.,
2015). The supplementation of ALA to infertile men
for 12 wk improved the total sperm count, sperm concen-
tration, sperm motility, and seminal levels of total anti-
oxidant capacity and MDA compared with a placebo
(Haghighian et al., 2015). It seems that supplementation
of ALA as an antioxidant in the diet of aged roosters
might be beneficial to improve fertility. Because an in-
crease in hatchability may lead to more economic
benefit, the present study was designed to evaluate the
effects of different levels of ALA on several quality char-
acteristics of semen and reproductive performance of
aged roosters; and the identification of ALA’s most effec-
tive supplementation level.
Nonphytate phosphorous (%) 0.35
Calcium (%) 0.70
Lys (%) 0.46
Met (%) 0.30
Thr (%) 0.38

1The roosters in the control group received diets without ALA (ALA-0).
Other roosters received: 15 (ALA-15), 40 (ALA-40), 70 (ALA-70), 95
(ALA-95), 120 (ALA-120), and 145 (ALA-145) mg ALA per day for 8 wk
(56–64 wk of age).

2Contained 20% P & 23% Ca.
3Supplied per kg diet: vitamin A, 12,000 IU; vitamin D3, 3,500 IU;

niacin, 50 mg; vitamin E, 100 IU; vitamin K3, 5 mg; riboflavin, 12 mg;
thiamin, 3.0 mg; D-pantothenic acid, 13 mg; folic acid, 2 mg; pyridoxine,
6 mg; vitamin B12, 0.03 mg, and biotin, 0.66 mg. Fe (FeSO4$H2O), 50 mg;
MATERIALS AND METHODS

Chemicals

All Chemicals used in this study were obtained from
Merck (Darmstadt, Germany) and Sigma Co. (St. Louis,
MO), and ALA dietary supplement was prepared from
Raha Pharmaceutical Co. (www.rahapharm.com) by
brand Alpic which is marketed as an antioxidant
supplement.
Mn (MnSO4$H2O), 120 mg; Zn (ZnO), 110 mg; Cu (CuSO4$5H2O), 10 mg;
iodine (KI), 2 mg; and Se (Na2SeO3), 0.3 mg.

4Supplied per kg diet: vitamin A, 12,000 IU; vitamin D3, 3,500 IU;
niacin, 50 mg; vitamin E, 100 IU; vitamin K3, 5 mg; riboflavin, 12 mg;
thiamin, 3.0 mg; D-pantothenic acid, 13 mg; folic acid, 2 mg; pyridoxine,
6 mg; vitamin B12, 0.03 mg, and biotin, 0.66 mg. Fe (FeSO4$H2O), 50 mg;
Mn (MnSO4$H2O), 120mg; Zn (ZnO), 110mg; Cu (CuSO4$5H2O), 10mg;
iodine (KI), 2 mg; and Se (Na2SeO3), 0.3 mg.
Management of Roosters and Study Design

The Research Ethics Committees of Tarbiat Modares
University approved all bird handling procedures in this
study. Forty-two 45-wk old breeder roosters (Ross 308)
were housed in individual wire cages in same environ-
mental conditions. The basal diet (Table 1), light
schedule, temperature, environmental conditions in all
experimental groups were applied according to the
Ross 308 broiler breeder management guide (www.
Aviagen.com).
Before starting the experiment to ensure that the

reproductive system was active in all the roosters, semen
sampling, and analysis were performed. Then, for proper
distribution and identical between experimental groups,
the body weight of all birds were measured
(4,909 6 85 g). Roosters with the approximate same
weight and active reproductive system were randomly
divided into 7 groups (6 roosters per group), and fed
the same basal diet with supplementation of 0, 15, 40,
70, 95, 120, and 145 mg ALA per day for 8 wk.
Oral dosage of ALA given in numerous clinical studies

ranges from 200 to 1,800 mg per day for humans (www.
drugs.com). To obtain the appropriate and relative
amount of supplement consumption, the dosage recom-
mended was divided into the average weight of an adult
man (62 kg), and this way, the interval amount for per
kilogram of body weight was found. Then by multiplying
these numbers to the average weight of the birds
(w4.9 kg), the lower (w15 mg) and upper (w145 mg)
levels were determined. Then four other doses (40, 70,
95, and 120 mg) were included in the interval between
these 2 values.

http://www.rahapharm.com/
http://www.aviagen.com/
http://www.aviagen.com/
http://www.drugs.com/
http://www.drugs.com/


Table 2. Effect of different levels of ALA on body weight and seminal attributes of aged broiler breeder roosters.

Items

Treatments (Trts)1
Level of significance

(P-Value)

ALA-0 ALA-15 ALA-40 ALA-70 ALA-95 ALA-120 ALA-145 Trts Trts ! Time3

Weight, g 5,041 6 95.71 4,951 6 102.08 5,007 6 121.91 5,051 6 114.32 5,018 6 122.75 4,992 6 98.30 5,014 6 107.72 0.522 0.019
Semen volume, mL 0.22 6 0.15 0.19 6 0.14 0.26 6 0.20 0.22 6 0.23 0.25 6 0.21 0.27 6 0.32 0.24 6 0.19 0.851 0.961
Sperm concentration, 1 ! 109/mL 3.06 6 0.41 3.03 6 0.43 3.15 6 0.35 3.18 6 0.37 3.06 6 0.46 3.12 6 0.35 3.16 6 0.38 0.830 0.921
Total sperm motility, % 54.18 6 4.77c 55.50 6 5.91b,c 58.44 6 4.55a,b 58.54 6 3.65a,b 59.95 6 3.69a 60.63 6 4.41a 60.43 6 4.08a 0.032 0.025
Progressive motility (types A 1 type B
sperms), %

19.48 6 6.11b 19.40 6 4.71b 21.22 6 3.78b 22.31 6 3.65b 25.38 6 4.57a 25.46 6 5.04a 25.52 6 5.20a 0.012 0.432

Non-progressive motility
(type C sperms) %

34.69 6 7.10 36.10 6 7.03 37.22 6 6.59 36.22 6 5.40 34.57 6 6.54 35.17 6 7.66 34.91 6 7.34 0.570 0.971

Immotile sperms (type D),% 45.82 6 4.77a 44.49 6 5.91a,b 41.55 6 4.55b,c 41.46 6 3.65b,c 40.04 6 3.69c 39.36 6 4.41c 39.56 6 4.08c 0.021 0.025
VCL, mm/s 111.54 6 8.58c 116.00 6 10.07c 118.24 6 10.10c 120.82 6 9.87b,c 132.02 6 18.03a 131.74 6 13.61a 129.18 6 13.41a,b 0.014 0.094
VSL, mm/s 80.60 6 7.38b 80.85 6 6.67b 81.69 6 7.04a,b 82.99 6 6.68a,b 84.71 6 8.10a,b 86.48 6 6.35a 84.24 6 5.92a,b 0.039 0.470
VAP, mm/s 50.36 6 9.34 48.21 6 8.83 49.48 6 9.68 51.91 6 11.21 50.55 6 8.18 53.71 6 8.57 49.39 6 7.65 0.227 0.251
LIN, % 72.62 6 8.27 70.38 6 9.78 69.43 6 7.32 69.18 6 8.40 65.12 6 9.93 66.47 6 9.56 66.83 6 7.75 0.781 0.367
STR, % 55.17 6 11.42 57.93 6 12.60 57.23 6 13.16 56.09 6 14.51 57.32 6 11.27 55.13 6 10.57 56.93 6 8.12 0.894 0.236
WOB, % 45.38 6 9.06 41.70 6 7.78 42.14 6 8.90 42.94 6 8.50 38.94 6 8.22 41.10 6 7.46 38.70 6 7.75 0.091 0.340
ALH, % 3.13 6 0.41 3.12 6 0.38 3.02 6 0.37 3.07 6 0.44 3.16 6 0.43 3.20 6 0.39 3.18 6 0.49 0.590 0.298
BCF, Hz 5.60 6 0.69 5.68 6 0.69 5.52 6 0.63 5.57 6 0.58 5.52 6 0.71 5.76 6 0.64 5.59 6 0.71 0.83 0.84
Viability, % 66.42 6 7.92c 68.02 6 7.16b,c 71.53 6 7.25a,b 72.75 6 5.26a 74.27 6 6.05a 74.46 6 7.27a 74.18 6 7.32a 0.027 0.049
Abnormal sperm, % 13.57 6 1.92 13.38 6 1.62 13.62 6 1.87 12.98 6 1.85 13.33 6 1.38 13.36 6 1.68 13.70 6 1.71 0.792 0.890
Membrane integrity, % 69.77 6 9.95c 69.14 6 9.55c 72.08 6 10.38c,b 76.74 6 9.28a,b 76.67 6 8.57a,b 78.39 6 9.16a 77.17 6 10.91a,b 0.029 0.189
Seminal MDA2,nmol/mL 4.05 6 0.46a 3.92 6 0.50a,b 3.69 6 0.46b,c 3.48 6 0.45c,d 3.36 6 0.50d 3.37 6 0.48d 3.37 6 0.50d 0.017 0.045

a-dMeans within rows with different superscripts are significantly different (P , 0.05).
Abbreviations: ALH, amplitude of lateral head displacement; BCF, beat-cross frequency; LIN, linearity; STR, straightness; VAP, average path velocity; VCL, curvilinear velocity; VSL, straight-line velocity;

WOB, wobble.
1Roosters received 7 doses of ALA (0 (CTRL), 15, 40, 70, 95, 120 and 145mg/day per each bird) for 8 consecutive weeks. Data are presented as means6 SD (n5 6 birds per each treatment). Total motility (sperm

class analyzer), Progressive motility (sperm class analyzer), membrane integrity (Hypo-osmotic swelling test), morphology (Hancock solution), viability (Eosin-Nigrosin), and lipid peroxidation (thiobarbituric acid)
were assessed.

2MDA is abbreviation of malondialdehyde as index of lipid peroxidation.
3P-value of interaction between treatments and time is presented.
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Table 3. The main effect of time on weight and sperm quality in broiler breeder roosters.

Items

Time Level of
significance
(P-Value)0th wk 2nd wk 4th wk 6th week 8th wk

Weight, g 4,909 6 85.00e 4,960 6 84.22d 5,012 6 84.61c 5,061 6 86.29b 5,112 6 88.64a ,0.0001
Semen volume, mL 0.24 6 0.23 0.22 6 0.14 0.19 6 0.12 0.27 6 0.26 0.24 6 0.20 0.607
Concentration, 1 ! 109/mL 3.17 6 0.18 3.09 6 0.52 3.03 6 0.38 3.17 6 0.48 3.10 6 0.41 0.442
Total sperm motility, % 60.70 6 3.37a 53.09 6 3.26c 58.74 6 3.15a,b 58.53 6 3.49b 60.14 6 3.46a,b 0.019
Progressive motility (types
A 1 type B sperms), %

23.42 6 5.20a,b,c 24.71 6 5.25a 23.57 6 4.18a,b 20.67 6 3.53c 21.03 6 3.54c,b 0.011

Nonprogressivemotility (typeC
sperms) %

37.27 6 6.42a,b 28.37 6 6.06c 35.17 6 5.57b 37.86 6 5.08a,b 39.10 6 5.21a 0.001

Immotile (type D) sperms,% 39.29 6 3.37c 46.90 6 3.26a 41.25 6 3.15b,c 41.46 6 3.49b 39.85 6 3.46b,c 0.019
VCL, mm/s 117.09 6 10.22b 132.21 6 18.44a 118.54 6 11.93a,b 124.20 6 12.36a 121.93 6 12.76a,b 0.024
VSL, mm/s 83.25 6 6.30 81.47 6 6.54 83.38 6 7.35 83.24 6 7.38 84.05 6 7.91 0.544
VAP, mm/s 48.58 6 7.94 53.27 6 8.76 49.68 6 9.62 53.59 6 9.07 47.46 6 8.99 0.690
LIN, % 71.56 6 7.71 62.49 6 8.16 70.92 6 8.70 67.66 6 9.11 69.53 6 8.65 0.124
STR, % 58.37 6 9.11 52.28 6 9.09 58.44 6 14.36 53.29 6 1,056 61.05 6 12.54 0.185
WOB, % 41.67 6 7.04 41.02 6 8.74 42.19 6 8.71 43.68 6 9.05 39.23 6 8.16 0.136
ALH, % 3.23 6 0.44 3.20 6 0.37 3.09 6 0.39 3.07 6 0.42 3.03 6 0.41 0.101
BCF, Hz 5.67 6 0.71 5.81 6 0.62 5.45 6 0.65 5.57 6 0.62 5.53 6 0.68 0.147
Viability, % 76.19 6 4.64a 75.41 6 4.61a,b 73.57 6 4.80a,b 71.12 6 4.01c 62.01 6 3.00d 0.019
Abnormal sperm % 12.93 6 1.68b,c 12.77 6 1.77c 13.21 6 1.55b,c 13.86 6 1.05a,b 14.32 6 2.00a 0.027
Membrane integrity % 74.77 6 4.80b 80.32 6 6.23a 75.94 6 4.95a,b 60.27c6 5.45c 80.09 6 6.16a 0.011
MDA (nmol/mL) 3.94 6 0.39a 3.61 6 0.45b 3.50 6 0.29b 3.43 6 0.42b 3.56 6 0.53b 0.005

a-eMeans within rows with different superscripts are significantly different (P , 0.05).
Abbreviations: ALH, amplitude of lateral head displacement; BCF, beat-cross frequency; LIN, linearity; STR, straightness; VAP, average path velocity;

VCL, curvilinear velocity; VSL, straight-line velocity; WOB, wobble.
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Sampling Days

Roosters were fed the diets for 8 wk and semen anal-
ysis was performed at first day (0th wk) and 4 times at
2, 4, 6, and 8 wk after applying treatments.
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Figure 1. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment perio
different levels of dietary supplementation alpha-lipoic acid (0, 15, 40, 70, 9
experimental treatments for weight in different measurement times.
Analysis of Volume and Quality of Semen

The study of semen included semen volume, sperm
concentration, the total motility, progressive motility,
viability, membrane integrity, and morphology of sperm
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Figure 2. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of semen volume6SD in aged roosters (n5 6 roosters/group)
fed different levels of dietary supplementation alpha-lipoic acid (0, 15, 40, 70, 95, 120, and 145 mg ALA/bird per day). There is no difference between
experimental treatments for semen volume in different measurement times.
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which were performed for each individual bird. The bird
body weight was recorded before semen collection.
After collecting of semen by using the method of

Burrows and Quinn (1937), semen volume was measured
using graduated collecting tubes. After dilution of the
semen sample (1:200 with distilled water), sperm con-
centration was evaluated by using the Neubauer hemo-
cytometer. Then for assessment of the motility
characteristics of sperm, including total and progressive
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Figure 3. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period
group) fed different levels of dietary supplementation alpha-lipoic acid (0, 1
between experimental treatments for sperm concentration in different meas
motility, semen samples were diluted with PBS (1:10),
and a droplet of semen was placed on the prewarmed
chamber slide (38�C, Leja 4; 20 mm height; Leja Prod-
ucts, Luzernestraat B.V., Holland) and sperm class anal-
ysis software (SCA; Version 5.1; Microptic, Barcelona,
Spain) were applied. Sperm kinematic values included
curvilinear velocity (VCL), straight-line velocity
(VSL), average path velocity (VAP), the amplitude of
lateral head displacement, and beat-cross frequency
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Figure 4. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of total sperm motility6SD in aged roosters (n5 6 roosters/
group) fed different levels of dietary supplementation alpha-lipoic acid (0, 15, 40, 70, 95, 120, and 145mgALA/bird per day). a-cDifferent letters within
each time (week) show significant differences among the groups (P , 0.05).
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were also recorded. Three progression ratios, expressed
as percentages, were calculated from the velocity mea-
surements described above: linearity (LIN 5 VSL/
VCL ! 100), straightness (STR 5 VSL/VAP ! 100),
and wobble (WOB 5 VAP/VCL ! 100). A minimum
of 3 fields and 200 sperm tracks were evaluated at a
magnification of 100 ! for each sample (image acquisi-
tion rate 25 frames/s).

For the appraisal of sperm abnormality percentage,
50 mL of semen was added to the contents of a tube which
included 1 mL of Hancock solution, 62.5 mL formalin
(37%), 150 mL sodium saline solution, 150 mL buffer so-
lution, and 500 mL double-distilled water. One drop of
mixture was examined under a phase-contrast micro-
scope (magnification 1,000 ! , oil immersion), and the
percentage of sperm abnormalities were recorded by
counting a total of 300 sperm (Fattah et al., 2017).

For evaluation of viability, after preparing the smear
of sperm and stained with the method of Eosin-
Nigrosin staining on a warm slide, under a phase-
contrast at 1,000 ! magnification, 200 sperm were
investigated. Sperm that had no stain or a strict exclu-
sion of the stain and sperm that had partial or complete
purple stain were considered as viable and dead, respec-
tively (Moghbeli et al., 2016).
For assessment of plasma membrane integrity, 5 mL of
semen mixed with a 50 mL hypo-osmotic solution (100
mosmol/57.6 mM fructose, and 19.2 mM sodium citrate)
was incubated. Then with using a phase-contrast micro-
scope (CKX41, Olympus, Tokyo, Japan), 200 sperm
were checked, and swollen and nonswollen tails consid-
ered as membrane integrity and nonintegrity, respec-
tively (HOST: hyperosmotic swelling test) (Ansari
et al., 2017).
Analysis of Testosterone Plasma Level and
Semen MDA Concentration

For appraisement of indicator of lipid peroxidation in
semen, amount of MDA (nmol/mL) was measured using
the thiobarbituric acid reaction and absorbance by a
spectrophotometer (UV-1200; Shimadzu, Japan) at
532 nm, was determined (Esteribauer and Cheeseman,
1991).
ELISA kit (Monobind Inc., Costa Mesa, CA) was used

to measure testosterone plasma levels at the end of the
experiment. 6.08% and 0.0576 ng/mL were related to
intra-assay coefficients of variation and sensitivity of
the testosterone assay (Zanussi et al., 2019).
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Figure 5. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of progressive motility (type A1 type B sperms)6SD in aged
roosters (n5 6 roosters/group) fed different levels of dietary supplementation alpha-lipoic acid (0, 15, 40, 70, 95, 120, and 145 mg ALA/bird per day).
a-cDifferent letters within each time (week) show significant differences among the groups (P , 0.05).
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Analysis of Reproductive Performance

In the last week of the experiment, 147 broiler
breeder hens of the same strain, without previous con-
tact with the roosters for 1 mo were utilized for artifi-
cial insemination (AI). Semen samples were collected
from all roosters in each treatment (6 roosters/treat-
ment). After pooling the semen and diluting with
Lake extender (containing 1.92 g sodium L-glutamate
monohydrate, 0.5 g potassium acetate, 0.08 g magne-
sium acetate tetrahydrate, 0.8 g glucose, 0.3 g polyvi-
nylpyrrolidone [Mr 10000], and 100 mL of water [343
mOsm/kg, pH 7.08]), 21 hens for each treatment
were inseminated (300 ! 106 sperm/hen). Artificial
insemination was performed in less than an hour, 2
times per week (total of 4 times in 2 wk) at the same
specific hour and same day of the week. Subsequently
produced eggs were collected daily and stored at
13�C and 75% of relative humidity up to 5 d after the
last AI. In each group, 200 settable eggs were set in
the incubator (Victoria, G. Galilei, 3e22070, Guanzate,
Como, Italy). Eggs candled on day 7 and the number of
hatched chicks on day 21 were used to calculate the
rate fertility and hatchability, respectively (Safari Asl
et al., 2018).
Statistical Analysis

To assess the data for normality and homogeneity of
variances, Kolmogorov–Smirnov and Levene’s tests
were applied, respectively. If needed, the arc-sin trans-
formation of data (for percentage data) was used. The
time of the semen sampling was included as the random
effect, and repeated-measurements data were analyzed
by PROC GLM and PROC MIXED, respectively. The
level of significance was set at P , 0.05 and Tukey’s
test performed for the mean comparison.
RESULTS

Body Weight and Semen Parameters

The effects of diet and the interaction on body weight
and seminal characteristics are presented in Table 2. In
addition, the impact of time on body weight and sperm
quality in broiler breeder rooster is presented Table 3.
Body weight of roosters significantly increased with
rooster age over the experimental period (P , 0.05),
and applied treatments had no effect on body weight
(Figure 1). Semen volume (Figure 2) and sperm concen-
tration (Figure 3) were not affected by treatment
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Figure 7. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of immotile (type D) sperms 6SD in aged roosters (n 5 6
roosters/group) fed different levels of dietary supplementation Alpha-Lipoic acid (0, 15, 40, 70, 95, 120, and 145 mg ALA/bird per day). a-cDifferent
letters within each time (week) show significant differences among the groups (P , 0.05).
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Figure 8. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of curvilinear velocity (VCL) 6SD in aged roosters (n 5 6
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(Table 2) and time (Table 3). The three highest levels of
ALA (95, 120, and 145) were the most effective on the
improvement of sperm total motility (Table 2). Sperm
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Figure 9. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment perio
roosters/group) fed different levels of dietary supplementation alpha-lipoic
difference between experimental treatments for VSL in different measureme
total motility after 2 wk of applying treatments was
improved (P , 0.05) and ALA supplementation had
an improvement effect on this parameter (Figure 4).
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d) variation of straight-line velocity (VSL) 6SD in aged roosters (n 5 6
acid (0, 15, 40, 70, 95, 120, and 145 mg ALA/bird per day). There is no
nt times.
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The effect of treatment on progressive motility (type
A 1 type B sperms) is presented in Table 2 and
Figure 5. In the second and fourth week of the
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Figure 11. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment per
group) fed different levels of dietary supplementation alpha-lipoic acid (0, 1
between experimental treatments for LIN in different measurement times.
experiment, ALA-145 had the highest value of sperm
forward motility (%). In sixth and eighth week of the
experiment, the 3 upper levels of ALA resulted in the
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iod) variation of linearity (LIN) 6SD in aged roosters (n 5 6 roosters/
5, 40, 70, 95, 120, and 145 mg ALA/bird per day). There is no difference
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Figure 12. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of straightness (STR)6SD in aged roosters (n5 6 roosters/
group) fed different levels of dietary supplementation alpha-lipoic acid (0, 15, 40, 70, 95, 120, and 145 mg ALA/bird per day). There is no difference
between experimental treatments for STR in different measurement times.

ALPHA-LIPOIC ACID AND BROILER BREEDER MALES 1231
best performance on the improvement of progressive
motility in comparison with other groups. Nonprogres-
sive motility (type C sperms) was not affected by
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Figure 13. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment per
group) fed different levels of dietary supplementation alpha-lipoic acid (0, 1
between experimental treatments for WOB in different measurement times
treatments (Table 2; Figure 6). Alpha-lipoic acid sup-
plementation had a decreasing effect on immotile
(type D) sperm (Table 2; Figure 7; P, 0.05), especially
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iod) variation of wobble (WOB) 6SD in aged roosters (n 5 6 roosters/
5, 40, 70, 95, 120, and 145 mg ALA/bird per day). There is no difference
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Figure 14. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of the amplitude of lateral head displacement (ALH)6SD in
aged roosters (n5 6 roosters/group) fed different levels of dietary supplementation alpha-lipoic acid (0, 15, 40, 70, 95, 120, and 145 mg ALA/bird per
day). There is no difference between experimental treatments for ALH in different measurement times.
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the 3 high levels of ALA (95, 120, and 145) were more
effective than the low levels (15, 40, and 70), and
approximately had a downward trend over time
(Table 3; P , 0.05).
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Figure 15. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment perio
roosters/group) fed different levels of dietary supplementation alpha-lipoic
difference between experimental treatments for BCF in different measurem
Curvilinear velocity were affected by treatment
(Table 2; Figure 8;P, 0.05), especially in the 3 high levels
of ALA (95, 120, and 145). In addition, ALA supplemen-
tation improved VCL over time (Table 3, P , 0.05).
6 8

k)

ALA-0
ALA-15
ALA-40
ALA-70
ALA-95
ALA-120
ALA-145

d) variation of beat-cross frequency (BCF)6SD in aged roosters (n5 6
acid (0, 15, 40, 70, 95, 120, and 145 mg ALA/bird per day). There is no
ent times.
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Figure 16. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of sperm viability 6SD in aged roosters (n 5 6 roosters/
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Alpha-lipoic acid supplementation had an
improvement effect on VSL (Table 2; P , 0.05),
but VSL was not affected by time (Table 3), and
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Figure 17. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment peri
group) fed different levels of dietary supplementation alpha-lipoic acid (0, 1
between experimental treatments for abnormal sperm in different measurem
there was no difference between experimental treat-
ments for VSL in different measurement times
(Figure 9).
6 8

k)

ALA-0
ALA-15
ALA-40
ALA-70
ALA-95
ALA-120
ALA-145

od) variation of abnormal sperm 6SD in aged roosters (n 5 6 roosters/
5, 40, 70, 95, 120, and 145 mg ALA/bird per day). There is no difference
ent times.
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Figure 18. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of membrane integrity of sperm6SD in aged roosters (n5 6
roosters/group) fed different levels of dietary supplementation alpha-lipoic acid (0, 15, 40, 70, 95, 120, and 145 mg ALA/bird per day). a-cDifferent
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Average path velocity, LIN, STR,WOB, amplitude of
lateral head displacement, and beat-cross frequency
(Figures 10–15) were not affected by treatment
(Table 2) and time (Table 3).

Sperm viability and seminal MDA concentration were
affected by treatment, time, and treatment ! time
(Tables 2 and 3). Sperm viability has decreased over
time (P , 0.05), and ALA supplementation could
improve this parameter (Figure 16). The different levels
of ALA had no effect on sperm abnormal rate (Figure 17)
or on spermmorphology. Sperm abnormality had a nom-
inal uptrend during the experiment period (Table 3).

In the second week, membrane integrity was not
affected by treatment. However, in fourth, sixth, and
eighth week of the experiment period, ALA could have
an improvement effect on sperm membrane integrity
(P , 0.05), especially the 3 high levels of ALA (95,
120, and 145) were more effective than the low levels
(15, 40, and 70) (Figure 18).

By the second, fourth, sixth, and eighth week of the
experimental period, diets supplemented with ALA
resulted in a significantly lower MDA content than the
control group (P , 0.05). As shown in Figure 19, these
changes were more moderate at lower levels (15, 40,
and 70), and more severe at higher levels (95, 120, and
145).
Testosterone Plasma Level

The plasma testosterone concentration in the roosters
fed different levels of ALA is presented in Figure 20.
There were no significant differences between experi-
mental groups on concentrations of testosterone at the
end of the experiment (P . 0.05).

Reproductive Performance

The fertility and hatchability rates after AI with using
sperm from roosters fed different diets are presented in
Figure 21. Neither the fertility nor the hatchability
rate was significantly affected by the different levels of
ALA (P . 0.05).
DISCUSSION

In the present study, rooster body weight was not
affected by the applied dietary ALA treatments. Howev-
er, the positive effect of antioxidant supplementation on
body weight in broiler chickens has been reported
(Tav�arez et al., 2011; Fellenberg and Speisky, 2006).
Koh et al. (2011) reported that ALA at 1,800 mg/d led
to a modest weight loss in the obese human and may
be considered as adjunctive therapy for obesity. Feed
consumption in broiler breeder flocks is not offered ad
libitum but is usually limited in some fashion. However,
it has been reported that dietary ALA had no effect on
daily feed intake of broilers (Chen et al., 2011); therefore,
it is assumed that the lack of effect on body weight of
broiler breeder roosters in this study is justifiable.
The dietary ALA supplementation had no effect on

plasma testosterone level in this study. Similarly, adding
different levels of dl-a-tocopheryl acetate (15, 150, or 300
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Figure 19. The biweekly (0th, 2nd, 4th, 6th, and 8th wk experiment period) variation of MDA concentration 6SD in semen of roosters (n 5 6
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IU/kg) as an antioxidant supplementation to diet for
25 wk in male quail had no significant effect on plasma
testosterone concentration or semen volume (Biswas
et al., 2007). The production of sperm is a complex pro-
cess and requires normal functioning of the testes as well
as the hypothalamus and pituitary glands. In an earlier
study, based on multiple linear regression analysis,
FSH and LH were inversely associated with sperm con-
centration, motility, and morphology. In addition, there
was a suggestive positive association between testos-
terone and sperm motility (Meeker et al., 2007). There-
fore, no improvement in sperm concentration in the
study herein may be due to no change in plasma hor-
mone levels.
The ALA supplementation was associated with

reduced MDA concentration in the semen and there
was a decreasing trend at the first level of ALA until
ALA-95. A positive correlation between seminal ROS
levels and age has been reported (Cocuzza et al., 2008).
In addition, it has been reported that testicular
shrinkage and the decline in sperm production and
testosterone levels happens after 45 wk of age in male
breeder broilers (Sarabia Fragoso et al., 2013). There-
fore, it seems that in the present research, positive effects
of the ALA on motility, viability, membrane integrity of
sperm may be related to its role in reducing seminal ROS
concentration. The high content of ROS in semen was
associated with negative effects on sperm concentration,
motility, and other sperm motion parameters
(Takeshima et al., 2017). There is a reportedly signifi-
cant negative correlation between ROS and sperm
morphological defects of sperm such as amorphous
heads, damaged acrosomes, midpiece defects, cyto-
plasmic droplets, and tail defect (Aziz et al., 2004).

The positive effects of supplemental dietary antioxi-
dants on the quality of sperm and semen have been re-
ported in many studies. For example, antioxidant
supplementation (vitamin B, vitamin E, and selenium)
caused a significant decrease in MDA concentrations
and an improvement in sperm motility in infertile men
(Keskes-Ammar et al., 2003). In addition, supplemental
dietary l-carnitine increased sperm viability and
decreased multinucleated giant cells per testes in mature
male Japanese quail breeders (Sarica et al., 2007).
Alpha-lipoic acid supplementation to infertile men
resulted in increased total sperm count, sperm concen-
tration, and motility levels by the end of the experiment
compared with baseline values. However, there were no
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significant differences in ejaculate volume, healthy
morphology percentage, or live sperm concentration
(Haghighian et al., 2015). These results are very similar
to the results herein.

A complex system involving vitamin E, vitamin C,
and glutathione is the antioxidant system in avian sem-
inal plasma. Ascorbic acid is equally distributed between
spermatozoa and seminal plasma. Still, glutathione has
more concentrations in spermatozoa (84%), and a
similar situation was reported for vitamin E where it is
9 times higher in spermatozoa than observed in seminal
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Figure 21. Fertility and hatchability rate 6 SD of roosters fed different l
and 145 mg ALA/bird per day). There is no difference between experimental
1Hatching rate was calculated after 21 d of incubation based on the number
plasma. Therefore, on this basis, it has been suggested
that vitamin E has a minor role and vitamin C has a sig-
nificant role as a water-soluble antioxidant in seminal
plasma (Surai et al., 1998). The beneficial effects of
adequate protection against lipid peroxidation may
result from 2 mechanisms; acting as a line of defense
against peroxidation and support to maintain PUFA
levels as constant as possible in the plasma membrane.
It seems that spermatozoa are not able to synthesize
new PUFA and repair damages. Therefore, protection
against lipid peroxidation would be a significant
Hatchability1 (%)
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evels of dietary supplementation alpha-lipoic acid (0, 15, 40, 70, 95, 120,
treatments for fertility and hatchability at the end of experiment period.
of fertilized eggs (hatched eggs to fertilized eggs ratio).
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mechanism of PUFA maintenance in spermatozoa
(Surai, 1999; Br�eque et al., 2003). It seems that ALA
can interact in this protective role well. Alpha-lipoic
acid has a synergistic action with other antioxidants
and can act in both aqueous and membrane phase
(Valco et al., 2006). Alpha-lipoic acid reacts with ROS
against superoxide radicals, hydroxyl radicals, hypochlo-
rous acid, peroxyl radicals, and singlet oxygen. It can
also interact with vitamin C and glutathione, which
may, in turn, recycle vitamin E to protect membranes
(Packer et al., 1995).
Malondialdehyde is a product of lipid peroxidation,

whereas ROS also causes DNA damage, induction of
apoptosis in sperms, and sperm immobilization via
decreased phosphorylation of axonemal proteins and
depletion of intracellular ATP (Agarwal et al., 2003).
Alpha-lipoic acid is a critical factor in the Krebs cycle
and contributes to ATP biosynthesis (Ibrahim et al.,
2008). In addition, a protective role against apoptosis
(Meng et al., 2008), degenerative testicular and chromo-
somal processes (Suzi and Aida, 2007) are attributed to
ALA. Therefore, it seems that the positive effect of ALA
on total motility, progressive motility, and viability may
be related to these phenomena.
In this study with increasing level of ALA there was an

approximate decreasing trend observed in the concentra-
tion of semen ROS. As a result, a rising trend in other
sperm parameters was observed which can improve
fertility. The reason that the positive trend past the
ALA-95 level did not continue was not determined.
However, it has been reported that antioxidant supple-
mentation has protective effects against cancer only in
individuals with low baseline selenium levels while high
dosage antioxidant supplementation to well-nourished
subjects with adequate antioxidant status is ineffective
(Hercberg et al., 2006).
Older individuals are exposed to oxidative stress due

to the decrease in the efficiency of endogenous antioxi-
dant systems. Organs such as heart and brain, with
limited replication rate and high levels of oxygen con-
sumption, are particularly vulnerable to oxidative stress
(Conti et al., 2016). Thus, the reason that in the present
study low levels of ALA had no notable effect on
measured parameters well may be related to this issue
in that organs such as heart and brain are prioritized
physiologically over the testis for utilizing the
antioxidant.
Previous studies have been conducted mainly with

other antioxidants. This study maybe is the first time
that has investigated the effect of supplementation
with ALA on aged roosters and to report its most effec-
tive level. Based on these results, daily administration of
95 mg ALA significantly improved semen and sperm pa-
rameters in aged roosters. It seems that ALA-95 level has
been able to offset the harmful effects of ROS in aged
broiler breeder roosters and higher doses (ALA-125
and ALA-150) did not result in further improvement.
Based on the results of the fertility rate there is no differ-
ence between experimental treatments. A larger sample
size of eggs would possibly affect this interpretation. In
addition, the effective levels of an antioxidant might be
affected by environmental conditions. Thus, the effect
and mechanism of action of ALA at the cellular level,
testicular morphology changes, the measurement of
both ROS and total antioxidant capacity of oxidative
stress in sperm, semen, and plasma with larger sample
sizes must be further addressed in future studies to
find the most optimal level of ALA for improving
fertility in aging roosters.
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