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  INTRODUCTION 
Manipulation of reproduction through nutrition is a practi-
cal management procedure to increase lambing rate of ex-
tensive sheep production systems particularly in the semi-
arid regions such as Iran. Nutritional flushing is defined as 
a short-term provision of extra feed to increase nutrient 
intake (particularly energy and / or protein) prior, during or 
after mating. According to Rattray (1982), the reproductive 
performance can be improved by increasing body weight 
during the flushing period (two week prior and three week 
after mating). Nutrition affects reproductive performance 
through two ways; directly by supplying certain nutrients 
which are necessary for the oocyte development, ovulation, 
embryo survival and conception; and indirectly through its 
impact on some hormones and metabolites (Robinson et al. 

2006). Improved ovulation and fertility rates by increasing 
dietary energy and protein before and after mating have 
been reported by several researchers (Al-Haboby et al. 
1999; Daghigh Kia et al. 2012). Daghigh Kia et al. (2012) 
used different sources of fat and carbohydrate in the flush-
ing rations of Markhoz goat and observed an improved re-
productive performance; while Al-Haboby et al. (1999) 
reported high fertility, pregnancy, lambing and twinning 
rates in the Awasi ewes which fed cotton seed meal and 
urea-containing block as different sources of nitrogen. The 
mechanism by which nutrition influences the ovulation rate 
is very complex and unclear. It appears that protein and 
energy act through separate mechanisms to affect the ovula-
tion rate. In sheep, follicle populations are very sensitive to 
nutritional input and folliculogenesis and ovulation rate can 
be readily increased by nutritional manipulation 

 

Sixty Ghezel ewes (age 3.5 years) were used to study the effect of different nitrogenous supplements in 
flushing ration on reproductive performance. Experimental treatments were divided in five groups: group 
A: urea; group B: soybean meal (SBM); group C: corn gluten meal (CGM); group D: barley grain and 
group E: control or basal diet (no flushing). The four flushing rations had nearly the same amounts of nitro-
gen and energy (crude protein (CP)=10.5% and metabolizable (ME)=2.1 Mcal/kg). CGM and control 
groups had the highest and lowest number of progeny, respectively (16 vs. 9 lambs). Flushing rations in-
creased average blood glucose, insulin and blood serum protein compared to the control group; however, 
glucose, insulin, cholesterol and BUN reached their highest levels in SBM, CGM, barley and urea treat-
ments, respectively. Using suitable protein sources especially bypass or rumen undegradable protein (such 
as CGM) in the flushing ration can improve the reproductive performance and herd recovery efficiency, 
maximizing profitability of sheep farming enterprise.  
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(Scaramuzzi et al. 2006). Improvement of nutrient supply 
can affect the hypothalamus pituitary axis thereby influenc-
ing gonadotropins, change progesterone, estrogen, insulin, 
growth hormones concentrations and some metabolites 
amount (such as glucose) leading to higher ovulation rate 
and oocyte quality (Scaramuzzi et al. 2006). 

There have been numerous reports on the positive effect 
of protein rich supplementations on ovulation rate of ewes 
and cows (Kaim et al. 1983; Rhind, 1992). Thomas et al. 
(1984) reported that an increase in nutrient intake, particu-
larly protein, effectively increases levels of hepatic steroid 
metabolizing enzymes. Higher clearance rate and decreases 
of steroids is associated with an increase in gonadotropins 
which can improve ovulation rate. Ocak et al. (2006) dem-
onstrated that short term (15-17 days) changes in protein 
supplementation could have a beneficial effect on non re-
turn rate, lambing rate and litter size in ewes grazed on 
range land. They revealed that embryonic losses are dimin-
ished by a high protein diet during the post mating period. 
Marais (2011) used different sources of nitrogen as the 
flushing supplements in grazing Dohne merino ewes; how-
ever, using those supplements had no effect on ovulation, 
conception and lambing rate. Marais (2011) used flushing 
supplements in the semi intensive managing system. Little 
is known about the effect of different sources of protein in 
flushing ration of ewes in the intensive system. The aim of 
present experiment was to investigate the effect of different 
protein sources in the flushing rations of Ghezel sheep on 
reproductive performance.  

 

  MATERIALS AND METHODS 
Animals, experimental design and sampling 
The experiment was carried out at the Breeding and Re-
search farm of Ghezel sheep in Miandoab (1371 m above 
sea level, longitude 36˚ 9' east and latitude 36˚ 58' north). 
Sixty Ghezel ewes (50±3 kg), 3.5 years old, having two 
parity history were used. Animals were divided into five 
groups: 12 ewes in each group. The used protein supple-
ments were urea (Urea), soybean meal (SBM), corn gluten 
meal (CGM) and barley grain (Barley). There was also a 
group of animal (12 ewes) under basal feeding (Control). 
The four flushing rations were formulated to have approxi-
mately the same amounts of nitrogen and energy (10.2-
10.6%, CP) and (2.08-2.11 Mcal/kg, ME) in which protein 
content in Urea, SBM and CGM groups was equivalent 
with the protein of 400 g barley grain. Only the source of 
nitrogen was different among flushing diets to emphasize 
the effect of protein quality on reproductive performance. 
Experimental rations were formulated based on NRC 
(1985) recommendations and ewes were fed total mixed 
ration three times daily (Table 1).  

Animals had free access to fresh water. Flushing period 
started 3 weeks before mating and was continued 2 weeks 
later. At the beginning of the experiment, all ewes had an 
average body condition scores (BCS) of 2.5 and reached to 
3 at the time of breeding. 

Estrous cycle synchronization was achieved using intra-
vaginal progesterone-releasing devices (CIDR) (EAZI 
BREED type G controlled internal drug releases; Pfizer 
New Zealand Ltd., Auckland, New Zealand) for 14 days. 
Ewes were naturally mated using Ghezel rams that were 
introduced 36 h after CIDR removal. Pregnancy rate, lamb-
ing rate and total offspring were recorded. Blood samples 
were collected 24 h before and 48 h after CIDR removal 
and 10 days after mating. Serum was separated by centrifu-
gation at 1700 g for 15 min and stored at -20 ˚C until being 
used.  

Commercially available kits were used to measure serum 
glucose (017-500-1; Pars Azmun Laboratory, Tehran, Iran), 
total protein and blood urea nitrogen (BUN) (Darman kave, 
Isfahan, Iran). Estrogen, progesterone and insulin levels 
were estimated using ELISA (Awareness model, WA, 
USA), kit no. ELA-2693 (DRG, Marburg, Germany), kit 
no. ELA-1561 (DRG) and kit no. ELA-24k2D10 (Mono-
bind, USA), respectively. 
 
Statistical analysis 
The present experiment was laid out in a completely ran-
domized design (CRD). The pregnancy rate and other re-
productive traits were analyzed applying FREQ, LOGIS-
TIC procedure; hormones and blood metabolites were ana-
lyzed using general linear model (GLM) (MODEL 1) and 
Mixed (MODEL 2) procedures of statistical analysis soft-
ware (SAS) software (SAS, 2003). In the Mixed procedure, 
minimum Bayesian Information Criterion was selected in a 
variety of variance co-variance structures and comparison 
of means was performed applying the same procedures 
within the squares separately for each trait. Statistical mod-
els were as follow: 
 
Model 1: Yij= μ + Treati + β(Weightij-Weight) + eij 
Model 2: Yijk= μ + Treati + Animalj(Treati) + Timek + 
(Treat×Time)ik + eijk 

 
Where:  
Yijk: animal performance.  
μ: population mean.  
Treati: i treatment effect. 
β(Weightij-Weight): effect of weight as a covariate.  
Animalj(Treati): effect of j animal in i treatment.  
Timek: effect of k time.  
(Treat×Time)ik: treatment by time interaction.  
eijk: residual or error.  
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  RESULTS AND DISCUSSION 
Flushing rations improved reproductive traits of ewes and 
had significant effects on the twining rate (χ2=66.66, 
P<0.0001) (Table 2). Among the flushing groups, CGM 
and urea supplemented treatments had the most and least 
offspring number, respectively (Table 2). Since all of the 
experimental treatments had nearly the same amounts of 
nitrogen and energy (Table 1) then protein quality could be 
the major reason for different responses of animals. The 
quality of the dietary protein depends on the amino acid 
profile as well as the digestibility. On the other hand the 
protein requirement of a ruminant depends on its physio-
logical status and production level. All of the flushing diets 
in the present study received approximately the same 
amount of crude protein, but there were substantial differ-
ences in the quality of the protein. Rumen undegrdable part 
of CP was 0.27 for barley grain, 0.35 for SBM and 0.55 for 
CGM (NRC, 1985), while urea is completely converted into 
ammonia in the rumen. Urea is considered just as a non-
protein source of nitrogen and can only be incorporated in 
the microbial protein synthesis, whereas the majority of the 
CGM protein can escape the degradation in the rumen. The 
main source of absorbable amino acids in the ewes fed by 
high amounts of rumen degradable protein is microbial pro-
tein which relatively is poor in branched chain amino acids 
(BCAA) (Merchen and Titgemeyer, 1992). Moreover, high 
rumen degradable protein has long been suspected to have a 
deleterious effect on fertility in dairy cows (Ferguson et al. 
1986). Conversely CGM is rich in BCAA and has low ru-
minal degradable protein. Therefore, it can increase the 
duodenal flow of BCAA and contributes to the intestinal 
absorption of these AA (Tagari et al. 1995). Total amounts 
of BCAA as a percent of CP are 15.34, 16.87 and 25.54 in 
barley grain, SBM and CGM, respectively (g BCAA/100 g 
CP) (NRC, 2001). 

There is a good evidence to indicate that BCAA has posi-
tive effect on reproduction. BCAA can improve the ovula-
tion rate directly through affecting ovarian function 
(Downing et al. 1995) and indirectly by elevating insulin 
levels. Since BCAA (especially leucine) can stimulate insu-
lin secretion, it may contribute in higher ovulation rate 
(Kuhara et al. 1991). Elevated plasma concentrations of 
insulin has been confirmed in sheep infused with BCAA 
(Kuhara et al. 1991) or fed excess dietary protein from 
SBM (Molle et al. 1995) but not urea (Madibela et al. 
1995). Hinch and Roelofs (1986) demonstrated an in-
creased ovulation rate in ewes through infusion of insulin. 
Studies of Landau et al. (1996) on follicular dynamics of 
sheep revealed that the growth and development of follicles 
in the group receiving SBM with high degradation in the 
rumen and containing BCAAs, occur faster than the group 

receiving CGM with low degradability in the rumen and 
higher amounts of BCAAs. 

 
Serum hormones and metabolites 
The variations of some plasma metabolites and hormones 
which can alter reproductive efficiency are represented in 
Table 3. At the start of the experiment, amount of all hor-
mones and metabolites were the same and no significant 
differences were found among treatments. Consumption of 
flushing rations resulted in different responses of ewes re-
garding hormones and metabolites. Insulin, glucose and 
cholesterol which associated with energy status showed 
considerable variation around ovulation (24 hrs before and 
48 hrs after CIDR removal). There was a significant varia-
tion among the experimental groups for insulin levels at 24 
hrs before CIDR withdrawal (P<0.05). This situation con-
tinued until the third sampling time (ovulation or 48 hrs); 
however, no difference was observed at the last sampling 
(10 days after CIDR removal). Glucose fluctuations were 
occurred with a delay compared to the insulin fluctuations 
(48 hrs vs. 24 hrs after CIDR removal respectively) (Table 
3). Therefore, it seems that glucose changes were affected 
by the fluctuation of insulin (P<0.01). Diets had more obvi-
ous influence on the BUN and serum protein levels, as 
these metabolites were significantly affected by the rations 
for the period of 24 hrs before CIDR removal to the end of 
the flushing period (P<0.01). Experimental diets had no 
effect on estrogen and progesterone concentration.  

Wentzel (1986) found that blood glucose concentration 
increased by 60% within 48 h following flushing. Accord-
ing to Venter and Greyling (1994) flushing leads to a higher 
blood glucose concentration, which is beneficial to the re-
productive performance of ewes. Another endocrinological 
explanation of the effect of flushing is that the high level of 
nutrition contributes to a greater production of insulin, en-
couraging the uptake of glucose and the synthesis of steroid 
hormones by the ovary (McDonald et al. 1995).  

Twenty hours before CIDR removal, blood glucose con-
centrations showed an increase in all animals, but no differ-
ences were observed among treatments (Table 4). Forty 
eight hours after CIDR removal (estrus time) glucose 
showed small reduction, which was probably due to the 
increased activity of ewe and decreased feed intake around 
estrus. Walton and King (1986) indicated that the feed in-
take decreased by 15% and the magnitude of milk yield 
reduction is 7-35% during estrus. These results are similar 
to the results of Daghigh Kia et al. (2012). Forty eight h 
after CIDR removal and 10 days after mating we found that 
SBM and CGM groups had higher glucose levels than con-
trol group (P<0.05). Lower level of glucose in this group 
may be due to the lower feed intake, since this group didn't 
receive excess feed as flushing supplement. 
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Blood glucose can play an important role in increasing 

concentrations of gonadotropins, follicle growth and its 
development and, ultimately, increasing ovulation rate due 
to its importance as fuel during proestrus, estrus and im-
plantation periods.  

In ruminants, dietary carbohydrates are fermented to 
short chain volatile fatty acids in the rumen and often less 
than 10% of the glucose requirement is absorbed from the 
digestive tract. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Table 1 Ingredient and nutrient composition of experimental diets

Treatments 
Items 

Urea SBM CGM Barley Control 

Ingredient (%)           
Alfalfa hay 27 28  28  41  36  

Barley grain  15  13  13  27  13  

Wheat straw  51  49  50  29  48  

Molasses (sugar beet)  5  3  4  2  2  

Urea 0.9 -  -  -  -  

SBM - 5.9  -  -  -  

CGM  -  -  3.9  -  -  

Vitamin premix  0.5 0.5 0.5 0.5 0.5 

Mineral premix  0.5 0.5 0.5 0.5 0.5 

Chemical composition           

Metabolizable energy (ME) (Mcal/kg) 2.08 2.12  2.11  2.19  2.07  

Crude protein (CP) (%) 10.56 10.19 10.33 10.57 8.8 

Crude protein (CP) (g/day)  15.36  15.01 15.12 15.37 8.8 

Rumen degraded protein (RDP) (% CP) 71.51 63.22 58.29 68.17 64.03 

)CP (% )RUP( protein undegradable Rumen 28.49 36.78 41.71 31.83 35.97 

RUP / RDP 0.40 0.58 0.72 0.47 0.56 

(ME/CP) ratio 0.20 0.21 0.20 0.21 0.24 

Calcium (g/day) 5.3 5.3  5.4  5.5  5.1  

Phosphorus (g/day) 2.68 2.66  2.67  2.69  2.20  
Each kg of vitamin premix was as follow: vitamin A: 500000 IU; vitamin D3: 100000 IU; vitamin E: 100 IU and Antioxidant: 400 mg. 
Each kg of mineral premix was as follow: Mn: 2000 mg; Fe: 3000 mg; Zn: 3000 mg; Cu: 280 mg; I: 100 mg; Se: 1 mg; Mg: 20000 mg; Co: 100 mg; Ca: 195000 mg; P: 
90000 mg and Na: 55000 mg. 
SBM: soybean meal (Agro-industry Mahydasht Kermanshah, Kermanshah, Iran (42±2% CP) and CGM: corn gluten meal (Agro-industry glocossan Ghazvin. Ghazvin, Iran 
(64±2% CP). 

 
 
 
 
 
 
 
 
 
 

Table 2 Effects of flushing treatment on offspring number and fertility rate1

Items Urea SBM CGM Barley Control 

Total ewes 12 12 12 12 12 

Lambing ewes 10 11 12 11 9 

Total offspring 10 13 16 12 9 

Fertility (%) 83.3 91.66 100 91.66 75 

Lambing rates (%) 100 118 133 109.09 100 

Twining (%)2 0 16.6 33.3 8.3 0 
SBM: soybean meal and CGM: corn gluten meal. 
1 Fertility rate: the number of parturitions ewes in experimental period /number of total ewes in experimental period. 
2 Twining rate: lambing's producing twins / total of lambing's. 

 
 
 
 
 
 
 
 

 

Table 3 F-value of serum hormones and metabolites concentrations during reproductive cycle (CIDR)

Measuring time   Insulin  Estradiol Progesterone Glucose Serum protein BUN Cholesterol 

Start1  0.27ns  0.23ns 0.28ns 1.06ns 0.98ns 1.21ns 0.38ns 

24 (h) before2  2.8*  0.15ns 1.25ns 1.95ns  4.53** 3.5** 2.89* 

48 (h) after2  2.64*  0.22ns 1.73ns 4.92** 6.56** 9.25** 2.14ns 

10 d after mating  2.87*  0.35ns 0.42ns 5.37** 4.19** 3.01** 3.69* 
1 CIDR insertion time.  
2 CIDR removal. 
BUN: blood urea nitrogen. 
* (P<0.05) and ** (P<0.01). 
NS: non significant. 

Thus, gluconeogenesis must provide up to 90% of the 
necessary glucose in ruminants (Young, 1977). Because of 
the high and moderate bypass protein content of CGM and 
SBM, respectively, they may be able to supply more amino 
acids in the intestine which can be incorporated in glu-
coneogenesis and increased blood glucose levels. These 
results are in agreement with the results of Downing et al. 
(1995), Jahani-Moghadam et al. (2009), Kuhara et al. 
(1991) and Molle et al. (1995). 
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Flushing rations in the present study had the same CP 
content; however, their RUP/RDP ratio was different. There 
were no significant differences in glucose levels among 
flushing treatments throughout 3 initial weeks of flushing 
period until estrous stage (i.e. 48 hrs after CIDR removal) 
(Table 4). These results were consistent with Amanlou et 
al. (2011). They reported that any changes in the RUP/RDP 
ratio had no significant effect on blood glucose concentra-
tion of Afshari ewes. Applying urea as a nitrogen source 
when synchronized with enough fermentable carbohydrate 
can increase microbial protein synthesis. When the in-
creased protein is passed to the lower part of the gut, it may 
enhance glucose level through gluconeogenesis. Probably 
higher concentration of BUN and increasing energy con-
sumption required for ureagenesis results in reduced fertil-
ity rate and failed pregnancy incidence in the current re-
search. Putnam et al. (1999) suggested that some of the 
changes in glucose metabolism may be related to the energy 
costs associated with urea synthesis. The energy cost asso-
ciated with urea synthesis has been estimated at 4 ATP/mol 
of produced urea (Kelly et al. 1993) which is mainly sup-
plied with glucose or glycogenic substrates. In our study, 
urea supplemented group had more fermentable carbohy-
drate than SBM and CGM groups because of higher barley 
grain and molasses which were be incorporated for the 
propionate production and consequently gluconeogenesis. 
However, probably because of the lowest RUP/RDP ratio in 
urea group (Table 1) and the highest levels of BUN (Table 
6), some part of glucose have been used in urea metabo-
lism. These results are consistent with the results of 
Madibela (1995). 

Young (1977) mentioned that propionyl-CoA synthetase 
activity in sheep rumen mucosa increased with pregnancy. 
He used pregnant and lactating ewes and found that total 
glucose-6-phosphatase decreased during pregnancy and 
increased during lactation period in proportion to liver hy-
pertrophy. However, some of the researchers have found 
different results. Studies of Rusche et al. (1993) in beef 
cows and Milis et al. (2005) in sheep showed that different 
sources of rumen undegradable protein decreased the blood 
glucose and did not affect the hormones and reproductive 
status. Fluctuations of serum insulin during the reproduc-
tive cycle of experimental animals are shown in Table 5. 
Insulin levels were the same in all treatments at the begin-
ning of the experiment. Twenty four hours before mating, a 
drastic increase was observed in all of the groups except for 
the control group (P<0.05). CGM supplemented animals 
had the highest average insulin level in their blood during 
the reproductive cycle and its insulin level was almost 50% 
higher than the others (P<0.05). CGM group had higher 
insulin level than control in each sampling time as well 
(P<0.05). Using different sources of nitrogen in the rations 

elevated insulin levels obviously at the proestrus stage in all 
of the groups, however only the CGM showed significant 
increase comparing the control group (P<0.05) (Table 5). 

McDonald et al. (1995) suggested an endocrinological 
explanation of the effect of flushing. According to them, 
high level of nutrition leads to higher percentages of insulin 
production, which encourages the uptake of glucose and the 
synthesis of steroid hormones by the ovary. Kaur and Arora 
(1995) showed that increase in dietary protein can raise 
insulin levels. Increased amount of dietary protein, espe-
cially bypass protein can increase protein and amino acids 
flow to duodenum. These amino acids can incorporate in 
the gluconeogenesis and enhance blood glucose and conse-
quently insulin (Downing et al. 1995; Landau et al. 1996). 

Danfaer et al. (1995) suggested that amino acids can po-
tentially account for up to 20% of glucose synthesis (range 
2 to 40%). Reilly and Ford (1971) also found strong corre-
lations between daily protein intake and total glucose pro-
duction rates and between the rate of glucose production 
from amino acids and the entry rate of amino acids in 
sheep.  

Investigation conducted by Usami et al. (1982) in rat 
demonstrated that increased dietary protein will increase 
blood insulin levels by several possible mechanisms, such 
as increasing the protein absorption in the intestine and 
increased glucose uptake and absorption of arginine stimu-
lates insulin secretion. Increasing dietary protein or amino 
acid increases the insulin response to glucose. This may be 
due to the increased susceptibility of pancreatic beta cells to 
arginine due to higher dietary protein. In adult ewes, insulin 
will be in the highest level during estrus (Landau et al. 
1996) which can increase ovulation rates but in the young 
ewes it has no significant effect on ovulation rate (Beam 
and Holcombe, 1992), which is consistent with our find-
ings. CGM Group showed the highest mean of insulin dur-
ing the flushing period (Table 5). Higher BCAAs content of 
CGM can explain this change. Layman (2003) demon-
strated that corn has a high amount of BCAAs, especially 
leucine, which plays an important role in body metabolism. 
Leucine is known to be an enhancer of insulin sensitivity 
(Garlick, 2005). Higher amounts of insulin may contribute 
to a higher reproductive efficiency. According to our re-
sults, the fertility percentage, lambing rate and twining in 
CGM treated group increased considerably owing to the 
highest mean of insulin level. Van Houten et al. (1979) 
have reported that insulin receptors are located in arcuate 
nucleus and the medial basal of hypothalamus (a region of 
the brain containing neurons of gonadotropin-releasing 
hormone). A study on sheep and rabbits revealed that there 
is a special need for insulin to keep normal pulses of lu-
teinizing hormone (LH) and stimulating LH surge (Kirchick 
et al. 1982).  
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Experiments carried out on sheep have shown that die-

tary treatments which increase blood glucose levels, subse-
quently will increase insulin, which can increase release of 
gonadotropin-releasing hormone (GnRH) (Miller et al. 
1998); leading to high levels of ovulation rate. 

However some researchers suggested there is no consis-
tent relationship existing between blood glucose and plasma 
insulin levels in ruminants (Horino et al. 1968). Other stud-
ies on sheep and cattle reported fluctuant results in this area 
(Block et al. 2001). The reason for different data obtained 
from different studies is not clear, but may probably be due 
to applying different types of feed, energy levels in feed or 
feeding frequency, or differences in the physiological states 
of animals used in studies. According to Udum et al. (2008) 
it seems unlikely that blood glucose concentrations could 
be totally responsible for the changes in insulin secretion 
after feeding. It should also be considered that in ruminants, 
glucose is constantly synthesized from volatile fatty acids 
(VFAs), the main energy source in the liver, and fluctua-
tions in circulating glucose is small. Treatment barley had 
the highest cholesterol levels among the experimental 
groups (P<0.05) (Table 6). Receiving the highest amount of 
energy could be attributed to the high amount of choles-
terol. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4 Effects of flushing treatment on serum glucose concentrations (mg/dL) before and after concentrations during reproductive cycle (CIDR) 
removal 

Treatment Start time1 24 (h) before2 48 (h) after2 10 d after mating Mean 

Urea 35.76 42.34 40.65ab 41.1ab 41.36b 

SBM 36.1 47.27 45.61a 47.18a 46.69a 

CGM 31.24 43.32 43.59a 44.37a 43.76ab 

Barley 32.14 42.38 39.11ab 40.13ab 41.40b 

Control 33.41 40.27 33.24b 34.53b 37.54c 

SEM 2.13 1.93 1.96 2.25 1.30 

CV 20.06 13.66 15.1 17.35 - 
P-value 0.39 0.12 < 0.001 0.001 < 0.001 

1 CIDR insertion time.  
2 CIDR removal. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SBM: soybean meal and CGM: corn gluten meal. 
SEM: standard error of the means. 
CV: coefficient of variation. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 5 Effects of flushing treatment on serum insulin concentrations (IU/mL) before and after concentrations during reproductive cycle (CIDR) 
removal 

Treatment Start time1 24 (h) before2 48 (h) after2 10 d after mating Mean 

Urea 25.87 39.12ab 33.25ab 24.50b 32.29b 

SBM 31.25 39.37ab 37.87ab 29.12b 35.45b 

CGM 23.75 51.25a 52.50a 41.25a 48.33a 

Barley 28.12 37.90ab 39.25ab 27.00b 34.72b 

Control 29.50 22.75b 26.75b 23.75b 24.67c 

SEM 2.05 2.78 2.89 2.21 2.07 

CV 33.19 32.65 34.14 33.97 - 

P-value 0.083 0.011 0.047 0.059 < 0.001 
1 CIDR insertion time.  
2 CIDR removal. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SBM: soybean meal and CGM: corn gluten meal. 
SEM: standard error of the means. 
CV: coefficient of variation. 

The amount of received calories in this group was about 
5% higher than the average of the other groups, (2.19 vs. 
2.10 Mcal/kg) (Table 1), which can lead to increased cho-
lesterol synthesis. On the other hand, the presence of higher 
amount of barley grain in barley group can increase choles-
terol level. Barley grain can produce high amounts of vola-
tile fatty acids (VFA) because of high fermentation rate and 
the volatile fatty acids are mainly acetate, propionate and 
butyrate. Acetyl CoA as the main precursor of cholesterol 
synthesis can be produced from acetate, so it can be hy-
pothesized that higher ruminal fermentation of barley grain 
and consequently higher levels of produced acetate can 
increase cholesterol production in this group. 

Serum protein and BUN concentrations of experimental 
animal groups are shown in Table 7. Both serum protein 
and BUN levels are affected by the flushing rations 
(P<0.05). In the present study, the flushing rations had the 
same CP content; however they were different in RUP/RDP 
ratio (Table 1). CGM group had the highest average serum 
protein among all treatments during the experimental period 
(P<0.05; Table 7). Twenty four hrs before and 48 hrs and 
10 days after CIDR removal, this group with 11.2, 11.46 
and 9.99 g/dL had the highest serum protein concentration, 
respectively (P<0.05). 
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Increased serum protein can directly or indirectly in-

crease secretion of GnRH and LH during the metabolism 
through neurotransmitters. It can also affect ovarian activity 
directly (Sabra and Hasan, 2008). Serum protein improves 
fertility rate and offspring number (Daghigh Kia et al. 
2012). Jahani-Moghadam et al. (2009) reported that in-
creased RUP/RDP ratio of diet causes a linear increase in 
serum protein which can improve fertility. 

Urea and SBM groups had the highest mean of BUN 
among the experimental treatments (P<0.05) (Table 7). 
Higher content of BUN in the urea consuming animals, 
which used urea as main protein source in their ration was 
not much surprising, however, higher content of BUN in 
the SBM group, was unexpected. Synchronization of die-
tary protein with carbohydrate in the rumen is one of the 
strategies which can control BUN level as well as maximiz-
ing microbial protein synthesis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6 Effects of flushing treatment on serum cholesterol concentrations (IU/mL) before and after concentrations during reproductive cycle (CIDR) 
removal 

Treatment Start time1 24 h before2 48 h after2 10 day after mating Total cholesterol 

Urea 50.5 56.3ab 61.5 58.3ab 58.7b 

SBM 53.2 49.9ab 64.8 51.7ab 55.47bc 

CGM 23.75 51.3ab 62.4 61.7ab 58.47b 

Barley 53.8 66.6a 69.3 63.1a 66.33a 

Control 55.5 48.3b 55.8 50.0b 51.37c 

SEM 2.93 4.35 3.37 3.06 2.49 

CV 17.44 25.3 16.99 16.97 - 

P-value 0.065 < 0.001 0.023 0.012 0.001 
1 CIDR insertion time.  
2 CIDR removal. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SBM: soybean meal and CGM: corn gluten meal. 
SEM: standard error of the means. 
CV: coefficient of variation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 7 Effects of flushing treatment on serum protein and BUN concentrations (g/dL) before and after concentrations during reproductive cycle 
(CIDR) removal 

Both of the urea and SBM supplemented rations received 
barley grain and molasses as fermentable carbohydrate 
sources (15 and 5 vs. 13 and 3 percent respectively, Table 
1). It seems that fermentable carbohydrate in the SBM 
group was not enough for optimum bacterial growth and 
resulted in elevated BUN content in this group. 

No significant effects were observed in the levels and 
fluctuations of progesterone and estrogen hormones of ex-
perimental treatments (Figure 1 a, b). The levels of proges-
terone decreased following the CIDR removal (14th day of 
the flushing), however, the levels of estrogen increased. 

CIDR was the main source of progesterone in the ex-
perimental animals and withdrawing it on day 14th resulted 
in an obvious decrease in the progesterone levels of all 
animal groups (Figure 1a). On the other hand following 
CIDR removal, the level of estrogen was drastically in-
creased due to the growth of follicles (Figure 1b).  

Factor Treatment Start time1 24 (h) before2 48 (h) after2 10 d after mating Mean 

 Urea 9.19 9.48b 9.12bc 8.77bc 9.12bc 

 SBM 8.13 9.96ab 9.67b 9.41ab 9.88b 

 CGM 8.4 11.2a 11.46a 9.99a 10.26a 

Barley 8.21 8.86bc 9.37bc 8.75bc 8.99c 
Protein 

Control 8.17 7.79c 8.13c 7.88c 7.93d 

 SEM 0.20 0.43 0.36 0.29 0.33 

 CV 16.85 13.54 11.44 9.77  

 P-value 0.430 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

 Urea 14.99 27.12a 28.49ab 24.96a 26.86a 

 SBM 15.99 23.35ab 30.73a 25.37a 26.49a 

 CGM 15.08 20.54b 25.39bc 20.58ab 22.16b 

Barley 14.88 21.80b 20.94dc 22.05ab 21.60bc 
BUN 

Control 17.31 18.91b 20.06d 19.79b 19.59c 

 SEM 0.47 0.62 0.79 0.64 0.87 

 CV 21.08 19.74 22.17 19.96 - 

 P-value 0.435 < 0.0001 < 0.0001 0.0084 < 0.0001 
1 CIDR insertion time.  
2 CIDR removal. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SBM: soybean meal and CGM: corn gluten meal. 
SEM: standard error of the means. 
CV: coefficient of variation. 
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Such fluctuations of progesterone and estrogen are a 

normal phenomenon in the estrous cycle. Commonly higher 
amount of estrogen can be an indicator of high numbers of 
growing follicles, leading to increased reproductive per-
formance. Scaramuzzi et al. (2006) reported that the nutri-
tional flushing alters the blood concentrations of some re-
productive hormones using the short-term model: a tran-
sient increase in follicle-stimulating hormone (FSH) and a 
decrease in estradiol concentrations in the blood. Nutrition 
influences folliculogenesis in the ovary. 

We did not find any significant differences for estrogen 
levels among the experimental treatments; however, the 
group receiving CGM in their flushing diet had the highest 
level of estrogen which is matched with the best reproduc-
tive performance in this group (Figure 1b, Table 2). The 
progesterone production from corpus luteum gradually in-
creases after ovulation to support embryo survival. CGM 
supplemented group showed the highest (not significant) 
level of progesterone among experimental groups as well. It 
has been reported that insulin causes an increased level of 
progesterone and FSH in cultured luteal anterior pituitary 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

Figure 1 a: serum estrogen  
b: progestron concentrations from CIDR removal to 10 days after mating (14 days after CIDR removal)  
A: urea; B: SBM; C: CGM; D: barley grain and E: control group 

cells (Adashi et al. 1981). 
 Higher levels of progesterone causes an improvement in 

fertility, maintaining fetus and increasing the lambing rate. 

 

  CONCLUSION 

The results of the present study indicate that the reproduc-
tive efficiency, especially twinning rate were improved 
using flushing ration in Ghezel sheep flocks. The presence 
of corn gluten meal in the flushing diet prior to mating, 
increased insulin and probably certain amino acids improv-
ing ovarian function, follicular growth and ovulation rate 
which would result in an improved fertility rate, increased 
number of offspring and twinning birth. Group receiving 
CGM with 16 and control group with 9 lambs showed the 
highest and lowest numbers of offspring, respectively. 
CGM supplemented group had the highest level of insulin 
and offspring number as well. It can be concluded that insu-
lin rise in the flushing period especially around ovulation 
might be an efficient strategy to improve reproductive per-
formance. 
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