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Abstract    Fifteen fertile rams (live weight 55.9 ± 1.21 kg, and 2.5-3 years old) were randomly 

allotted to three diets consisting of 0 (Control), 12.5 (PBP-12.5), and 25 % (PBP-25.5) pistachio by-

products (PBP) in dry matter. Sperm motility parameters were detrimentally affected in animals feed-

ing on PBP-25% diet (P<0.05). Sperm concentration of C17-1, C22-6-n-3, C18-2-Cis and C22-6 n-

3 fatty acids decreased but that of C18-0 and C18-1-Cis fatty acids increased at the highest level of 

dietary PBP. The results indicated that 12.5% PBP in dry matter, as a cheap by-product, may be 

included in the ram diet for extended periods without any discernible detrimental effects on sperm 

characteristics. However, fertility trials need to be performed to substantiate this conclusion. 
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Introduction  Materials and methods 

Every year, approximately 500,000 tons of fresh pista-

chio by-products (PBP) are produced in Iran ( Shakeri, 

2016). These are high in crude fat (69.5 g/kg DM) and 

crude protein (158.2 g/kg DM). 
Pistachio by-products can be used as a part of the 

forage constituent of the diet for sheep, especially when 
forage supply is low (Shakeri, 2016). There are several 
reports on the effects of PBP on milk production (Mokh-
tarpour et al., 2012), lamb performance (Shakeri, 2016) 
and growth (Shakeri et al., 2014) in ruminants; however, 
there is no published report on the effects of PBP on 
male reproduction. The use of highly fertile rams in 
breeding programs is important, especially under exten-
sive conditions which can be affected by agricultural 
by-products that are included in the diet at the time of 
feed scarcity. Pistachio by-products that are copiously 
produced in Iran can be used in ruminant nutrition; how-
ever, they contain high concentrations of phenolic com-
pounds and total tannins that may limit animal produc-
tivity (Sedighi-Vesagh et al., 2015). Therefore, the aim 
of this study was to investigate the effect of feeding PBP 
on sperm quality parameters in Farahani rams.  

 Chemicals 

Unless otherwise mentioned, all chemicals, reagents 

and media constituents were purchased from Sigma-Al-

drich Chemicals, USA.  

 

Animals and diets  

Fifteen fertile rams of Farahani breed with a mean live 

BW of 58.9 ± 1.21 kg (2.5-3 years old) were fed with 

one of three iso-nitrogenous and iso-energetic diets ( 5 

rams allotted randomly to each diet), containing 0 (Con-

trol), 12.5% (PBP-12.5), and 25% (PBP-25) PBP in dry 

matter. Composition of the diets (Table 1) was deter-

mined based on the Association of Official Analytical 

Chemists (Horwitz, 2000).  

 

Semen collection 

Semen was collected twice a week from each ram dur-

ing the breeding season (October to January) using arti-

ficial vagina. Immediately after arrival at the laboratory, 

evaluation of diluted samples were performed. 
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Table 1. Ingredients (% in DM) and chemical composition of the control and diets 

containing 12.5 (PBP-12.5) and 25 (PBP-25) percent (DM basis) pistachio by-products 

Item Control PBP-12.5 PBP-25 

Ingredients      

Alfalfa hay 32 24 16 

Wheat straw 15 15 15 

Barley grain, ground 32 32 32 

Pistachio by-product  0 12.5 25 

Vitamin/mineral premix1 0.4 0.4 0.4 

Salt 0.15 0.15 0.15 

Soybean meal 3.2 3.2 3.2 

Dicalcium phosphate 0.16 0.16 0.16 

Wheat bran 16 16 16 

Composition    

Crude protein 13.9 13.7 13.5 

Metabolizable energy 2.30 2.25 2.20 

Ca 0.6 0.6 0.6 

P 0.4 0.4 0.4 
1Contained per kilogram of supplement: 500,000 IU vitamin A, 50,000 IU vitamin D, 1,500 IU 

vitamin E, 120 g Ca, 30 g P, 20 g Mg, 25 g Na, 2000 mg Mn, 5000 mg Zn, 1500 mg Fe, 14 mg Co, 

125 mg Cu, 56 mg I, and 10 mg Se. 

Sperm motility  

Sperm motility was determined using a phase-contrast 
microscope (400× magnification) equipped with a warm 
stage. A small drop of diluted semen was placed on a 
microscope slide and covered with a cover-slip. Sperm 
motility estimations were performed in five different 
microscopic fields for each semen sample. The mean of 
five successive estimations was recorded as the final 
motility score (Bucak et al., 2009). 

 

Sperm viability 

Equal volumes of semen and eosin-nigrosin stain were 
incubated at room temperature. One drop of the mixture 
was then put on a slide, smeared and air dried. A total 
of 200 sperm were evaluated under light microscope 
(1000 × magnification, oil immersion). Partially- and 
completely- stained sperm were considered as dead and 
sperm showing strict exclusion of the stain were consid-
ered to be alive (Evans and Maxwell, 1989).  

 

Sperm abnormal morphology  

For assessment of sperm abnormality (head, mid piece 
droplet, free tail, coiled tail and bent tail), at least 30 µL 
of the diluted sample was transferred into a microtube 
containing 300 mL of Hancock’s solution (Schafer and 
Holzmann, 2000). A drop of the mixture was placed on 
a slide and at least 200 sperm were evaluated for sperm 
abnormality. 

 

Determination of sperm fatty acid profile 

Semen samples were diluted with an equal volume of  

 0.85 % NaCl (wt/vol) followed by centrifugation at 700 

× g for 20 min at 4 °C. The supernatant (seminal 

plasma) was transferred to a clear test tube and the 

sperm pellet was washed with 1 mL of 0.85 % NaCl and 

re-centrifuged. The sperm pellet was re-suspended in 2 

mL NaCl, and the resulting sperm pellet was washed 

twice with saline. Total lipid was extracted from the 

spermatozoa after homogenization in chloroform–meth-

anol (2:1, v/v) (Folch et al., 1957). The fatty acid con-

centration was determined by GC (0.25×0.32, ID of 0.3 

m WCOT Fused Silica Capillary, Agilent 6890, USA) 

with a 120 m silica-fused column (BPX-70). Nitrogen 

was the carrier gas. Initial and final temperatures were 

set at 140 and 240˚C, respectively, with detector and in-

jector temperatures set at 280 and 260˚C. The fatty acid 

standard was obtained from Sigma-Aldrich. 

 

Statistical analysis 

The experiment was conducted as a completely random-

ized design. Semen was considered as the subject. The 

data were analyzed using the Proc Mixed (Version 9.1; 

SAS Institute, 2002, Cary, NC, USA). ). The percentage 

data did not follow normal distribution and were arcsine 

–transformed before analysis.   The results were ex-

pressed as mean ± SEM. The Tukey’s test was used to 

compare the least squares means. Differences were con-

sidered statistically significant at P<0.05. 

 

Results  

Sperm viability (Figure 1) and motility (Total and pro-

gressive motility; Table 2) were not different between  
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Table 2. The Effect of diets containing 12.5 (PBP-12.5) and 25 (PBP-25) percent (DM basis) pistachio by-

products on sperm characteristics in Farahani rams   

P-value SEM PBP-25   PBP-12.5   Control   Sperm characteristics 

0.0006 1.30 67.45b 77.20a 77.30a Total motility 

0.004 0.17 7.37b 8.40a 8.30a Progressive motility  

0.32 0.34 75.2 76.3 77.6 Normal sperm 
a,b within rows, mean values with common superscript(s) are not different (P>0.05). 

the control and PBP-12.5 diets. However, rams fed with 

25% PBP showed decreased viability and motility 

(P<0.05) as compared to the control and PBP-12.5 

groups.  Sperm morphology was not affected by feeding 

PBP (Table 2). Sperm plasma membrane fatty acid pro-

file was not different between the control and PBP-12.5 

rams (Table 3). However, concentration of C17-1 and 

DHA, decreased and that of stearic and oleic acids in-

creased by inclusion of 25% PBP in the diet.  

 

Discussion 

A dietary level of 25% PBP exerted a detrimental effect 

on sperm viability and motility. Feeding of PBP to ru-

minants should be limited due to high tannin content 

(Safarinejad, 2011). Tannins, as antioxidants, could en-

hance fatty acid peroxidation when used at high levels 

(Labavitch et al., 1982) which might explain the de-

crease in sperm motility in rams fed 25% PBP in their 

diet. It is likely that several reactions might occur be-

tween sperm and tannins based on the common tannin-

protein reaction. Tannic acid inhibited acrosomal en- 

 zymes and reduced sperm motility in rams (Taitzoglou 
et al., 2001). Seminal proteins influence sperm motility 

(Yoshida et al., 2008). These proteins could either de-
crease (La Falci et al., 2002) or increase sperm motility 

(Qu et al., 2007). Sperm in most mammalian species 
contain a high level of C22:6n-3 docosahexaenoic acid 

(DHA) (Lin et al., 1993). In this study, sperm DHA con-
tent decreased at 25% PBP inclusion. Conquer et al. 

(2000) concluded that using docosahexaenoic acid in 
the food increased DHA level in sperm and dietary fatty 

acids seem to be transferred to sperm. Rooke et al. 
(2001) showed that sperm fertilizing ability, yield, qual-

ity, and total motility were lower in ageing bulls which 
was accompanied by decreased DHA proportion in 

sperm phospholipids. Decreased DHA proportion in 
might result in decreased docosahexaenoic acid percent-

age in the seminal fluid (Ghaffari et al., 2014a). Unsatu-

rated fatty acids impact on the sperm membrane fluidity 
(Aksoy et al., 2006) that affect sperm motility (Surai et 

al., 2000).  

Results of this study indicated that DHA, arachi-

donic acid, oleic acid, palmitic acid, linoleic acid, stea- 

Table 3. The effect of diets containing 12.5 (PBP-12.5) and 25 (PBP-25) percent (DM basis) pistachio by-

products on sperm fatty acid composition in Farahani rams 

Numeric  

Name 

Common 

Name 
Control PBP-12.5 PBP-25 SEM P-value 

C12 Lauric acid 0.63 3.80 0.69 1.29 0.19 

C14-0 Myristic acid 3.85 2.41 2.19 0.86 0.38 

C16-0 Palmitic acid 13.05 10.94 13.92 1.49 0.39 

C16-1 None 3.80 4.23 5.50 0.53 0.10 

C17-0 Margaric acid 0.64 0.58 .64 0.27 0.60 

C17-1 None 4.28a 4.13a 2.19b 0.71 0.04 

C18-0 Stearic acid 5.44a 4.12a 7.68b 0.76 0.05 

C18-1 Oleic acid 6.16a 7.86a 10.75b 0.64 0. 002 

C18-2 n-6 Linoleic acid 5.01 5.09 6.48 0.43 0.09 

C18-3-n-3 γ-Linolenic acid 2.29 1 1.48 0.16 0.15 

C20-0 Arachidic acid 4.17 6.37 8.17 0.72 0.16 

C20-1 Gadoleic acid 5.71 7.66 5 0.91 0.61 

C22_0 None 3.23 3.94 3.46 1. 30 0.61 

C20-4 -n-6 None 10.13 6.33 8.52 1.46 0.23 

C22-6 n-3 DHA1 9.73a 7.76a 3.33b 1.02 0.05 

Saturated - 31.01a 32.16a 36.75b 1.32 0.05 

Unsaturated - 68.85a 63.07ab 57.76b 2.82 0.05 

Un-/Saturated ratio  - 2.22a 1.96a 1.57b 0.31 0.05 
a,b within rows, mean values with common superscript(s) are not different (P>0.05).  
1Docosahexaenoic acid. 
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Figure 1. The effect of diets containing 12.5 (PBP-12.5) and 25 (PBP-25) 

percent (DM basis) pistachio by-products on the percentage of viable 

sperm in Farahani rams.   
a,b Common letter(s) on bars indicate non-significance (P>0.05).   

ric acid and linolenic acid are present in the ram sperm. 

In PBP-25 rams, stearic acid (C18-0) was significantly 

higher than in other groups. It has been shown that pol-

yunsaturated fatty acids such as DHA are involved in 

the process of bending and flexing of sperm flagellum, 

and thereby in sperm  motility (Qu et al., 2007). Am-In 

et al. (2011) found a negative correlation between sperm 

total lipids and saturated fatty acid content in abnormal 

boars. Blesbois et al. (1997) reported that the transfer of 

essential FAs from the diet to semen is effective and this 

transfer may have biochemical and biological effects on 

semen quality and fertilizing ability. Our results con-

firmed that the lipid composition of diets affected the 

fatty acids profile of ram sperm as also found in the trout 

sperm (Pustowka, 1998). Regarding the effect of PBP 

feeding on sperm characteristics, the present study 

showed that 12.5% PBP could be used as the dietary for-

age in the diet of rams without detrimental effects on 

sperm parameters. Field fertility trials are needed to 

confirm this conclusion.  
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 ستهپ پسماند تغذيه شده با های فراهانیقوچ در چرب اسید ترکیبات و اسپرم کیفی هایفراسنجه
 3محمدي سنگ چشمه .ع و 1مرادي .ح. ، م2ژندي .، م1كاظمي بنچناري .، م*1خدائي مطلق .م

 
 ، اراك، ایران.8349-38156گروه علوم دامي دانشكده كشاورزي و منابع طبيعي دانشگاه اراك، كدپستي 1

 گروه علوم دامي پردیس كشاورزي و منابع طبيعي دانشگاه تهران، كرج، ایران.2

 ایران.گروه علوم دامي پردیس ابوریحان، دانشگاه تهران، پاكدشت، 3

 motlagh@araku.ac.ir-mنویسنده مسئول، پست الكترونيک: *

 

: شامل غذایی جیره سه به تصادفی صورت به( ساله 3-5/2 و کیلوگرم 1/55 ± 21/1پانزده قوچ بارور )وزن زنده چكيده    

های فراسنجه در ماده خشک تقسیم شدند. (PBP) پسماند پسته  (PBP-25.5) ٪25و  (PBP-12.5) 5/12 ،(کنترل) 0

(. غلظت اسیدهای P <0.05تحت تأثیر قرار گرفتند ) PBP-25٪در حیوانات تغذیه شده با جیره غذایی  ،حرکتی اسپرم

-C18و  C18-0اسپرم کاهش یافت، اما اسیدهای چرب  C22-6 n-3و  C17-1 ،C22-6-n-3 ،C18-2-Cisچرب 

1-Cis 5/12یافت. نتایج نشان داد که  افزایش ،بالاترین سطح پسماند پسته جیره دارای در٪ PBP  در ماده خشک، به

بر  شایانیهای طولانی بدون هیچ گونه تاثیر منفی یره قوچ برای دورهجعنوان یک محصول جانبی ارزان، ممکن است در 

 .استباروری برای اثبات این نتیجه مورد نیاز  های ، آزمایشوجودبا این  .ویژگی های اسپرم استفاده شود

 


