
  INTRODUCTION 
  The male bird has an important role in flock fertility 

because the male to female ratio is low, and more so 
when artificial insemination is used to breed the hens. 
Plasma membrane lipids play a significant function in 
sperm fertilizing capacity (Scott, 1973), but polyun-
saturated fatty acids make sperm susceptible to lipid 
peroxidation, caused by reactive oxygen species, asso-
ciating with male infertility (Cecil and Bakst, 1993). 
Sperm is low in antioxidant capacity, but enzymatic 
and nonenzymatic antioxidants in seminal plasma pro-
tect sperm by scavenging the reactive oxygen species 
(Zini et al., 2009). Lower total antioxidant capacity in 
seminal plasma was reported in infertile than in fertile 
men (Lewis et al., 1995). In fowls, higher concentra-
tion of polyunsaturated fatty acids makes sperm more 
susceptible to lipid peroxidation (Cerolini et al., 1997). 
Attempts have been made to supplement the natural 
antioxidant capacity of seminal plasma by adding sub-

stances such as carnitine (Neuman et al., 2002) and ly-
copene (Türk et al., 2007). Nevertheless, improvement 
in semen quality still appears to be a challenge in poul-
try production. 

  Tomato is second only to potato in terms of world 
production and its by-products (mainly the tomato 
pomace; TP) represent 5 to 13% of the whole product, 
comprising more than 4 million tons of TP in 2007 
(FAO, 2011). Tomato and its by-products are well es-
tablished for their antioxidizing effects, mainly attrib-
uted to a lipid-soluble carotenoid, lycopene (Alshatwi 
et al., 2010). There are reports on beneficial effects of 
lycopene on reproductive performance in male mam-
mals (Gupta and Kumar, 2002; Ateşşahin et al., 2006; 
Uysal and Bucak, 2007); however, studies addressing 
the reproductive effects of lycopene in male poultry are 
very scarce. 

  The only available data were from Mangiagalli et 
al. (2010), who recently reported an improvement in 
sperm concentration and viability in broiler breeders 
provided with lycopene-supplemented drinking water. 
Dietary inclusion of dried tomato pomace (DTP) is 
more practical than addition of lycopene to drinking 
water. Further, the effect of lycopene on sperm mem-
brane integrity and lipid peroxidation has not been re-
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  ABSTRACT   Because of a paucity of information on 
the effect of tomato pomace in male chickens, a study 
was undertaken to determine the influence of dietary 
inclusion of dried tomato pomace (DTP) on seminal 
characteristics in Iranian native breeder roosters. Fifty-
four roosters (24 wk old) were randomly allotted to 3 
treatment groups and received either a basal diet with-
out DTP (T0), or a diet containing 15% (T15) or 30% 
(T30) DTP for an 8-wk-long experimental period. Se-
men samples were obtained weekly by abdominal mas-
sage to evaluate the seminal characteristics. Dietary 
inclusion of DTP increased sperm concentration, ac-
companied by a decreased seminal volume (P ≤ 0.05). 
The percentage of live sperm in ejaculate was increased 

in T15 and T30 groups, but sperm forward motility was 
not affected by DTP inclusion. A decreased percentage 
of abnormal sperm and improved membrane integrity 
(as determined by the hypoosmotic swelling test) were 
observed in T15 and T30 groups. Lower concentration 
of thiobarbituric acid reactive substances (as an index 
of sperm membrane lipid peroxidation) was recorded in 
roosters fed DTP. A diet × time (wk) interaction was 
also found for most of seminal characteristics, except 
for the sperm forward motility (P ≤ 0.05). The results 
indicated that dietary inclusion of DTP up to 30% im-
proved seminal quality attributes within 4 to 5 wk in 
roosters; however, the underlying mechanism(s) war-
rants further study. 
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ported. Although the antioxidant activity of TP has 
been mainly attributed to lycopene, tomato and to-
mato by-products are excellent sources of carotenoids 
and vitamins A, C, and E, most of which also have 
antioxidant properties (Alshatwi et al., 2010). These 
provided evidence suggesting a more potent protec-
tive role for tomato powder, compared with lycopene, 
in decreasing the circulatory and hepatic malondial-
dehyde (MDA) contents, as an index of lipid peroxi-
dation, in rats (Alshatwi et al., 2010). There are also 
reports on detrimental effects of higher lycopene levels 
on the quality of ram spermatozoa (Uysal and Bucak, 
2007) and of higher inclusion levels of TP (>10%) on 
reproductive performance in layers (Jafari et al., 2006), 
mainly due to its high fiber content (Lira et al., 2010). 
Therefore, this study was conducted to evaluate the 
efficacy of dietary inclusion of DTP in decreasing the 
seminal lipid peroxidation index, thiobarbituric acid 
reactive substances (TBARS), and improving sperm 
plasma membrane integrity as well as other seminal 
characteristics. The study also aimed at revealing any 
adverse effects of higher inclusion level of DTP (30% 
of the basal diet) on semen quality in breeder roosters.

MATERIALS AND METHODS

Birds and Diets
Fifty-four 24-wk-old Iranian native breeder roost-

ers (Research Center of Fars Native Chickens, Shiraz, 
Iran) were individually caged and randomly allotted to 
3 treatments (3 replicates of 6 birds each) to receive a 
basal corn-soybean based diet (NRC, 1994; Table 1) 
without DTP (T0), or diets containing 15% (T15) or 
30% (T30) DTP. Tomato pomace was obtained from 
a processing factory (Dasht Neshat Co., Shiraz, Iran), 
dried at 50°C for 8 h, ground, and chemically analyzed 
(Table 1). The birds were maintained under similar 
management conditions (21°C and a 15L:9D photos-
chedule) and weighed on a weekly basis.

Semen Evaluation
After a 2-wk adaptation period to the basal diet and 

to abdominal massage for semen collection, the birds 
were subjected to experimental treatments and seminal 
characteristics were determined weekly for another 6 
wk. Ejaculates obtained from the birds in each replicate 
(n = 6) were pooled and evaluated as a single sample. 
Seminal volume was measured in graduated collecting 
tubes. Sperm forward motility was assessed by plac-
ing a portion of ejaculate diluted with 2.9% sodium 
citrate solution (1:100) on a slide covered with a cover-
slip, using a Zeiss (Jena, Germany) compound light mi-
croscope (400× magnification), equipped with a warm 
stage (37°C).

Sperm viability and abnormality were evaluated, us-
ing a portion of ejaculate stained with eosin-nigrosin 
solution. The stained seminal smear was prepared in 

duplicate, and 200 sperm per slide were evaluated. The 
slides were evaluated for viability, where unstained 
spermatozoa were considered as live. Spermatozoa with 
detached heads, abaxial heads, malformed heads, bent 
tails, coiled tails, double tails, and protoplasmic drop-
lets were considered as abnormal (Pursel et al., 1972).

Sperm concentration was determined in duplicate, 
using a Neubauer hemocytometer. Hypoosmotic swell-
ing test (HOST) was used to evaluate sperm plasma 
membrane integrity. Briefly, a microtube, containing a 
portion of semen (10 μL) and 50-mOsm NaCl solution 
(50 μL), was placed in a water bath (39°C) for 10 min, 
a sample on a slide was then evaluated, using light mi-
croscopy (1,000× magnification), and the percentage of 
spermatozoa with a swollen “bubble” around the curled 
flagellum (HOS) was determined by counting 200 cells 
per slide (Fonseca et al., 2005).

As an index of lipid peroxidation, the TBA test was 
employed for TBARS assay, according to Esterbauer 
and Cheeseman (1990) with minor modifications. 
Chemicals were purchased from the Merck Co. (Darm-
stadt, Germany). To prepare a standard curve, stock 
solutions of TBARS [0.017 mL of a TBARS standard 
solution (99%) in 50 mL of distilled water] and TBA 
[72 mg of TBA (99%) in 50 mL of an acetic acid solu-

Table 1. Ingredients and chemical composition of the basal diet 
and dried tomato pomace fed to breeder roosters (DM basis) 

Item Value

Ingredient (%)
 Corn  78.67
 Soybean meal  16.40
 Dicalcium phosphate  1.60
 Fish meal  1.20
 Oyster shell  1.00
 Sodium chloride  0.28
 Vitamin premix1  0.40
 Trace-mineral premix2  0.40
 dl-Met  0.05
Composition   
 ME (kcal/kg)  2,793
 CP (%)  14.62
 Ca (%)  0.90
 P (%)  0.50
 l-Lys HCl (%)  0.52
 dl-Met (%)  0.23
 TSAA (%)  0.46
 l-Thr (%)  0.42
Dried tomato pomace   
 ME (kcal/kg)  2,280
 Total digestible nutrients (%)  61.20
 Crude fiber (%)  36.00
 Nitrogen-free extract (%)  22.90
 CP (%)  19.30
 Crude ash (%)  9.50
 Ether extract (%)  4.00
 Ca (%)  0.57
 P (%)  0.37
 Lycopene (mg/100 g of DM)  7.20

1Supplied per kilogram of diet: vitamin A, 15,000 IU; vitamin E, 30 
mg; vitamin K3, 4 mg; vitamin D3, 3,000 IU; riboflavin, 7.5 mg; pyri-
doxine, 5.5 mg; vitamin B12, 25 μg; biotin, 50 μg; niacin, 50 mg; calcium 
pantothenate, 18 mg; and folic acid, 1.5 mg.

2Supplied per kilogram of diet: Fe (FeSO4∙H2O), 90 mg; Mn 
(MnSO4∙H2O), 90 mg; Zn (ZnO), 67.3 mg; Cu (CuSO4∙5H2O), 10.9 mg; 
and Se (Na2SeO3), 0.18 mg.
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tion at pH = 4] were prepared. The TBARS stock solu-
tion was used to make a 2-fold serial dilution (of 1:1 to 
1:2,048 ratios) in 12 successive microtubes (1.5 mL), 
containing 0.5 mL of distilled water. After adding 0.5 
mL of TBA stock solution, the tubes were incubated at 
90°C for 30 min and the optical density was read at 532 
nm, using a spectrophotometer (Supertonic 70, Bausch 
& Lomb, Feldkirchen, Germany). Butylated hydroxy-
toluene [BHT; 0.2 g of BHT in 10 mL of ethyl alcohol 
(100%)], EDTA (0.037 g of EDTA in 10 mL of double 
distilled water), and trichloro-acetic acid (TCA; 3 g of 
TCA in 30 mL double distilled water) solutions were 
prepared for subsequent use. A volume of 1 mL of di-
luted semen (1:2 in 2.9% sodium citrate solution) was 
mixed with EDTA (1 mL), BHT (1 mL), and TCA (2 
mL) solutions in a Falcon tube and centrifuged for 10 
min (963 × g; 18°C), using a rotating bench-top centri-
fuge (International Equipment Co., Needham Heights, 
MA). A portion of supernatant (1 mL) was decanted 
and mixed with TBA (1 mL) solution, incubated in a 
water bath (95°C, 10 min), cooled for 3 min, and the 
optical density was read at 532 nm. The optical density 
values were used to determine the seminal TBARS con-
centration, using the standard curve.

Statistical Analysis
The data were tested for normality and transformed 

when appropriate. The data were then subjected to 
ANOVA, using Proc Mixed (SAS, 2002), where the time 
of semen sampling was included as the random effect. 
Body weight was included as a covariate for ANOVA, 
and total sperm number in ejaculate was included as 
the covariate for analysis of TBARS data. Mean sepa-
ration was performed by the Tukey’s test, and the level 
of significance was set at P ≤ 0.05.

RESULTS
Feeding the breeder roosters with DTP affected semi-

nal characteristics, excluding sperm forward motility 
(Table 2). Diet and time interacted to influence the 
seminal attributes except for sperm forward motility 
(Table 2). Higher values recorded for sperm concentra-

tion, live sperm percentage, and improved membrane 
integrity coincided with a decrease in seminal volume, 
abnormal sperm percentage, and seminal TBARS con-
centration in DTP-fed roosters compared with the con-
trol birds. From wk 1 through 6, seminal volume fluc-
tuated between 0.40 to 0.47 mL/bird in T0 and 0.37 
to 0.42 mL/bird in T15 roosters. A decreasing trend 
in seminal volume was found between wk 1 (0.55 mL/
bird) to wk 6 (0.23 mL/bird) in T30 roosters. A slowly 
decreasing trend in seminal volume was evident in T15 
roosters from wk 1 (0.37 mL/bird) to wk 5 (0.30 mL/
bird), but it approached the values in T0 group there-
after. Concomitant with decreased seminal volume in 
DTP-fed roosters, sperm concentration was higher in 
these birds than in control group (Table 2), being more 
pronounced between wk 6 to 8 of the experiment (Fig-
ure 1). Nonsignificant changes in sperm forward mo-
tility were found during the sampling periods in all 3 
groups.

The percentage live sperm in DTP-fed roosters was 
higher than in the control group (Figure 2). The per-
centage live sperm in T0 birds did not change through-
out the sampling periods. An increased percentage of 
live sperm in T15 and T30 birds was found after 6 and 4 
wk of DTP feeding, respectively (Figure 2). Percentage 

Table 2. Effect of dietary inclusion of dried tomato pomace on seminal characteristics in breeder roosters (least squares means ± SE) 

Trait

Diet1 Level of significance

T0 T15 T30 Diet Diet × time

Seminal volume (mL/bird)  0.45 ± 0.02a 0.37 ± 0.03b 0.33 ± 0.04b  <0.0001 0.005
Sperm concentration (×109 cells/mL)  3.88 ± 0.12b 5.12 ± 0.24a 5.09 ± 0.30a  <0.0001 <0.0001
Sperm forward motility (%)  84.1 ± 2.56 83.6 ± 1.47 84.1 ± 2.56  NS NS
Live sperm (%)  74.4 ± 2.17b 82.9 ± 1.54a 88.7 ± 1.60a  <0.0001 <0.0001
Abnormal sperm (%)  13.8 ± 0.97a 10.7 ± 0.59b 8.92 ± 0.70b  <0.0001 <0.0001
HOS2 (%)  9.8 ± 0.48b 15.1 ± 0.61a 16.2 ± 1.37a  <0.0001 <0.0001
Seminal TBARS3 (nM/mL)  2.48 ± 0.29a 1.06 ± 0.28b 1.09 ± 0.33b  0.0004 0.0015

a,bWithin rows, values with different superscripts differ significantly (P ≤ 0.05).
1Tomato pomace was included at 0 (T0), 15 (T15), or 30% (T30) of the basal diet (DM) for 6 wk.
2The values represent the percentage of sperm with a swollen bubble around the curled flagellum in a hypoosmotic (HOS) solution (50 mOsm NaCl).
3Thiobarbituric acid reactive substances.

Figure 1. Effect of diet × time (wk) interaction on sperm con-
centration in breeder roosters fed dried tomato pomace (pooled SE = 
0.21). Tomato pomace was included at 0 (T0), 15 (T15), or 30% (T30) 
of the basal diet (DM) for 6 wk (2 to 8 wk). a,bWithin each week, least 
squares means with different letters differ significantly (P ≤ 0.05). No 
differences were found at wk 1, 3, 4, and 5.
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of abnormal sperm decreased as a result of DTP feed-
ing, being more pronounced in T30 roosters, in which 
an 8.8% decrease in sperm abnormality was recorded 
between wk 1 to 8 of the experiment (Figure 2).

The HOS values in T0 roosters did not show varia-
tions during the experiment. Feeding DTP, however, re-
sulted in an improvement in sperm membrane integrity 
compared with the control group, with the higher level 
of DTP being more effective than the lower level (Table 
2, Figure 3). Effects of T15 and T30 diets on integrity of 
sperm plasma membrane were evident after 6 and 3 wk 
of feeding, respectively. Seminal TBARS concentration 
in control birds fluctuated during the trial. By contrast, 
seminal TBARS concentration decreased within 5 wk 
after feeding DTP, remaining low thereafter (Figure 4).

DISCUSSION
Having considerable antioxidant activity, DTP was 

included in the diet to determine its probable positive 
influence on seminal characteristics in breeder roosters. 
In spite of a good body of literature addressing the ben-
eficial effects of tomato extract and lycopene on sperm 
characteristics in rats (Ateşşahin et al., 2006), on semi-
nal characteristics in infertile men (Gupta and Kumar, 
2002), and on protecting ram spermatozoa during the 
freeze-thaw process (Uysal and Bucak, 2007), few stud-
ies have addressed their effects in avian species. In their 
study on Japanese quail, Sahin et al. (2008) reported 
that the dietary supplementation of lycopene not only 
increased the egg production, but also decreased the 
MDA content in egg yolk and interestingly in the se-
rum of humans consuming such eggs. The only avail-
able information on reproductive effects of lycopene in 
poultry is that of Mangiagalli et al. (2010), who re-

cently reported an improvement in sperm concentra-
tion and viability in broiler breeders provided with ly-
copene-supplemented drinking water. An improvement 
was also found in most of seminal traits in roosters fed 
DTP-containing diets in the current study.

Decreased seminal TBARS concentration in DTP-
fed birds might be attributed to antioxidants, mainly 
lycopene, occurring in TP (Alshatwi et al., 2010). The 
avian sperm membrane contains a higher concentra-
tion of polyunsaturated fatty acids than mammalian 
sperm (Cerolini et al., 1997) and is, therefore, more 
susceptible to lipid peroxidation and a higher MDA 
production (Baumber et al., 2000), resulting in fertility 
dysfunction (Cecil and Bakst, 1993). Both enzymatic 
and nonenzymatic antioxidants (e.g., lycopene) are 
found in semen (Zini et al., 2009). It might be assumed 
that lycopene, as a lipid-soluble molecule (Baysal et al., 
2000), may enter the sperm and protect it against the 

Figure 2. Effect of diet × time (wk) interaction on percentage of 
live (panel A; pooled SE = 1.59) and abnormal (panel B; pooled SE 
= 0.78) sperm in breeder roosters fed dried tomato pomace. Tomato 
pomace was included at 0 (T0), 15 (T15), or 30% (T30) of the basal diet 
(DM) for 6 wk (2 to 8 wk). a,bWithin each week for each trait, least 
squares means with different letters differ significantly (P ≤ 0.05). 
Differences were only found at wk 2 and 5 for percentage of live sperm 
and at wk 7 for percentage of abnormal sperm.

Figure 3. Effect of diet × time (wk) interaction on percentage of 
sperm with a swollen bubble around the curled flagellum in a hypoton-
ic solution (HOS) in breeder roosters fed dried tomato pomace (pooled 
SE = 0.61). Tomato pomace was included at 0 (T0), 15 (T15), or 30% 
(T30) of the basal diet (DM) for 6 wk (2 to 8 wk). A 50-mOsm NaCl 
solution was used as the hypotonic solution. a–cWithin each week, least 
squares means with different letters differ significantly (P ≤ 0.05). No 
differences were found at wk 2 and 3.

Figure 4. Effect of diet × time (wk) interaction on the concen-
tration of seminal thiobarbituric acid reactive substances (TBARS) 
in breeder roosters fed dried tomato pomace (pooled SE = 0.008). 
Tomato pomace was included at 0 (T0), 15 (T15), or 30% (T30) of 
the basal diet (DM) for 6 wk (2 to 8 wk). a,bWithin each week, least 
squares means with different letters differ significantly (P ≤ 0.05). No 
differences were found at wk 1, 2, 4, and 8.
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reactive oxygen species as does vitamin E (Donoghue 
and Donoghue, 1997). Lower seminal TBARS content 
in T15 and T30 groups in the current work suggested 
the efficacy of DTP to decrease lipid peroxidation. Be-
sides direct effects on spermatogenic lineage (Türk et 
al., 2007), indirect influences on Sertoli (Türk et al., 
2007) and Leydig (Elumalai et al., 2009) cells might 
also be involved. A protective role in the Leydig cel-
lular steroidogenic acute regulatory (StAR) protein, 
a protein involved in transport of free cholesterol to 
the inner mitochondrial membrane as the rate-limiting 
step in steroidogenesis, has been reported for lycopene 
in rats, resulting in sustained testosterone production 
and sperm quality (Elumalai et al., 2009). Interplay of 
Sertoli-Leydig-spermatogenic cell interactions (Etches, 
1996) makes indirect routes of action in spermatogen-
esis a possibility. Higher sperm viability in roosters 
orally administered with lycopene (Mangiagalli et al., 
2010) was confirmed by the present findings.

The present data also showed a beneficial effect of 
feeding DTP on improving sperm plasma membrane 
integrity as determined by HOST. Most improvements 
in the seminal indices found in our work were observed 
almost 3 wk after DTP feeding, representing the corre-
sponding time required to influence the seminal traits. 
The data further indicated an enhancing or no adverse 
effect on the birds receiving the higher DTP level (T30). 
Although a protective role in maintaining sperm mo-
tility has been suggested for lycopene at an oxidative 
stress condition in rats (Türk et al., 2007), no improve-
ments were found in sperm forward motility in birds fed 
DTP, consistent with the finding of Mangiagalli et al. 
(2010) in roosters, receiving lycopene in water.

Overall, the current study showed a profound en-
hancement in seminal characteristics in DTP-fed roost-
ers, which might be beneficial to improve fertility rate 
in parent stock. Although DTP was fed during a short 
period of time early in puberty due to experimental 
limitations and availability of resources, the procedure 
may find application in attenuating age-related subfer-
tility in reproductive flocks. However, further studies 
are warranted to elucidate the cellular and molecular 
mechanisms contributing to the positive influence of 
DTP on seminal attributes in birds. In practical terms, 
regions with a high level of TP production and cannery 
allied industries can provide the by-products to poultry 
producers. On the other hand, because of minimal un-
favorable effect of drying processes on lycopene content 
(Toor and Savage, 2006), TP can be used throughout 
the year as well as having a broad geographically dis-
tributed usage, although tomato production is restrict-
ed to the warm period of the year or to warm climates. 
Indeed, poultry production systems in hot climates 
may exploit the locally produced agricultural by-prod-
ucts high in antioxidant content to better ameliorate 
the adverse oxidative effects of heat stress. Therefore, 
it would be interesting to study the efficacy of feeding 
TP to prevent deterioration of seminal characteristics 
in male birds suffering from oxidative stress.
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