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Reproduction efficiency plays a critical role in determining 

profit potential for livestock production systems. The high 

reproductive rate of sheep is among its most significant 

benefits. Three environmental factors that influence ewe 

fertility have been extensively studied: photoperiod, weather, 

and nutrition. Due to its immediate and indirect effects on 

physiology and reproductive function, nutrition is crucial. 

For a very long time, ruminant nutrition was only focused on 

quantity, not quality, which resulted in a glaring discrepancy 

between the needs and the feeds that were readily accessible. 

Therefore, it is widely accepted that any effort to increase 

their output should focus on improving the feeding system 

(Muniz et al., 2008). 

One of the key factors that directly affects agricultural 

animals' productivity and reproductivity is the quality of their 

nutrition. Breeds with greater productivity typically require 

more nutrients, including protein, which is necessary for 

tissue deposition. Because they provide a supply of amino 

acids in the form of rumen undegradable protein (RUP) and 

a nitrogen source from rumen degradable protein (RDP) for 

the synthesis of microbial protein, dietary proteins are 

essential in ruminant nutrition (Kaur and Arora, 1995). 
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The objective of this study was to investigate the effect of different protein sources 
with different degradability ratios during flushing period of ewes on body weight 
change, reproductive performance, and rumen fermentation parameters. 35 
multiparous native crossbred ewes (BW = 54±2.5kg) were randomly allocated to five 
dietary treatments (7 ewes/treatment) for 3 months. Experimental diets were 
isonitrogenous (12.27% CP) and isocaloric (2.22Mcal ME)/kg DM. In diet I (control), 
solvent extracted soybeans (SESM 33% RUP of CP), II feed grade urea (FGU 31% RUP), 
III slow release urea (SRU 31% RUP). As sources of undegradable protein, extruded 
expeller SBM-EESM 40 (37% RUP) and extruded expeller SBM-EESM 60 (41% RUP) 
were used in groups IV and V, respectively. Ewes fed a 37% RUP diet gained more 
(p<0.05) weight compared with ewes fed a 31% RUP diet (6.71 vs. 2.92kg). Ewes in 
EESM 40 had the highest twinning percentage, while the urea groups had the highest 
fertility rate. Protein source and RUP levels in ewes’ diets had no significant effect (P< 
0.05) on feed intake, CP, ME, BCS, progesterone level, blood biochemical parameters, 
and rumen kinetics. In conclusion, the dietary level of RUP (37% of CP) in EESM 40 
was the best for producing twins, gaining weight, and having the highest level of 
progesterone hormone and a lower degree of degradation of branched chain amino 
acids, while SRU (31% of RUP) had the best fertility rate, which was confirmed by the 
highest levels of blood glucose and progesterone. 
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A realistic management technique to increase ovulation rate 

and subsequently, prolificacy of sheep production systems is 

to manipulate fertility through diet. In order to boost nutrient 

consumption (especially in terms of energy and or protein) 

before, during or following mating, nutritional flushing is 

described as the temporary supply of additional feed. 

Flushing diets act via the hypothalamus pituitary-gonadal 

axis affecting the secretion of hormone including insulin, 

progesterone and estrogen (Scaramuzzi et al., 2006). 

 

The beneficial impact of high protein supplements on the rate 

of ovulation in both cows and sheep has been the subject of 

numerous studies. According to Lazarin et al. (2012), 

supplementing Santa Ines ewes' diets with SBM and CGM as 

a RUP source elevated their ovulation rate. This finding is in 

line with that of Rodrigues et al. (2015), who came to the 

same conclusion about the significant effects on the 

metabolic and reproductive responses of ewes consumed 

various levels of dietary protein during the mating season. 

Additionally, Daghigh Kia et al. (2016) found that 

supplementing corn gluten meal as a source of rumen 

undegradable protein prior to mating enhanced ovarian 

function, follicular growth, and ovulation rate due to elevated 

insulin and maybe certain amino acids, which would lead to 

higher rates of fertility, fecundity, and twin births. Adequate 

levels of protein can improve the energy balance of the 

animal, and also promote the synthesis of lipoproteins 

(Auboiron et al., 1995) which are essential agents for the 

transport of cholesterol, a molecule necessary for 

steroidogenesis, besides participating in the direct 

stimulation of insulin growth factor I (IGF-I) secretion by 

luteal cells (Castañeda-Gutiérrez et al., 2007). 

 

 Ruminants have a unique ability to ferment fodder in the 

rumen before moving to the rest of the gut. Volatile fatty 

acids (VFA), microbial proteins (MP), and ammonia nitrogen 

(NH3) are the end results of fermentation (Gleghorn, 2003; 

Diego et al., 2018). Volatile fatty acids and pH are impacted 

by the degree of protein degradation (Jasim, 2019), but other 

research found no evidence of a significant relationship 

between the protein source and these variables (Shain et al., 

1998). Despite the fact that microbial protein is the main 

source of protein for ruminants, boosting dietary RUP can 

raise the flow of AA over microbial AA supply. There are no 

documented requirements for RUP in sheep diets or its effect 

on rumen fermentation or its relationship with reproduction, 

but the NRC (2007) reports that raising dietary RUP from 3.4 

to 9.3% of DM reduces dietary CP requirements, indicating 

improved efficiency of N use from RUP. So, this study was 

conducted to investigate the impact of various protein 

ingredients with different ratios of protein degradability on 

ewes’ reproductivity and rumen fermentation characteristics 

during the flushing period. Moreover, the effect of 

undegradable protein on body weight changes and blood 

parameters of ewes were investigated. 

 

 
All animal procedures were conducted in accordance with the 

standards set forth in the guidelines for the care and use of 

experimental animals. The study protocol was approved by 

the Animal Ethics Committee at Faculty of Veterinary 

Medicine, Beni-Suef University, Egypt (number 022-435). 

 

 
The experiment was carried out in the sheep experimental 

farm of the Animal Reproduction Research Institute, El-

Ahram, Giza, Egypt. Thirty-five non pregnant native mixed-

breed ewes (Barki x Rahmani), aging between 2 and 3 years, 

with a body condition score (BCS) about 2.5, and body 

weight of 54±2.5 kg, were used. The animals had a clinical 

examination and were found to be both internally and 

externally parasite-free and in apparent healthy condition. 

Five equal groups of experimental ewes were divided 

randomly; each group was housed in a separate pen with 

natural lighting and temperature. One ewe was excluded 

from group number (V) due to reproductive disorder. The 

ewes were synchronized at the start of the experiment using 

an intravaginal sponge containing 60 mg of 

medroxyprogesterone acetate inserted for 14 days. 

Preventing vaginitis Oxytetracycline 0.25 mL was 

administrated into each sponge. Teaser rams were used to 

observe the estrous manifestations at 8:00 and 17:00 for at 

least of 15 minutes each time beginning twelve hours after 

the sponge was withdrawn. 17 days after the sponge was 

removed, adult rams were introduced and used to mate ewes 

naturally. One month after mating pregnancy was detected 

then one month later confirmed using ultrasonography.  

 

 
Before the trial commenced, diets were gradually offered to 

the ewes over a preparatory two-week period before the 

flushing period to accustom the animals and measure the 

level of feed intake. The flushing period covered three 

months, four weeks before mating and continued for eight 

weeks after and until the pregnancy was detected and 

confirmed. The five experimental groups were fed on diets 

differing in the source of protein and its degradability. 

Physically the diets were composed of the roughages hay and 

wheat straw and the concentrates yellow corn, molasses and 

supplements the source of protein in diet I (the control) was 

solvent extract soybeans and designated by SESM (24.49% 

RUP of CP), feed grade urea (FGU; 0.23% RUP of CP) in II 

and slow release urea (SRU; 0.27% of RUP of CP) in III. As 

a source of undegradable protein extruded expeller SBM – 

EESM 40 and extruded expeller SBM – EESM 60 were used 

in group IV and V respectively. As related to the bypass 

protein EESM 40 contains 43.69 % RUP of crude protein and 

EESM 60 contains 61.51%, commercially 40 and 60 %. RUP 

of the five diets reached 33, 31, 31, 37, and 41% of CP, in 

respective order as shown in the following. 
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Table 1.  Animal groups 
Group N Dietary protein supplement RUP : RDP (% of CP) 

I ( SESM – Control) 7 Solvent extracted soybean meal                 33.05 : 66.95 
II (FGU) 7 Feed grade urea 30.83 : 69.17 
III (SRU) 7 Slow release urea 30.68 : 69.32 
IV (EESM 40) 7 Extruded-expeller soybean meal (40) 37.23 : 62.77 
V (EESM 60) 6 Extruded-expeller soybean meal (60) 41.01 : 58.99 

SESM: Solvent extracted soybean meal      FGU: Feed grade urea         SRU: Slow release urea            EESM 40: Extruded-expeller soybean meal 40% bypass 
protein         EESM 60: Extruded-expeller soybean meal 60% bypass protein     RUP: Rumen undegradable protein             RDP: Rumen degradable protein 

 

Table (2) shows the analysis of the feed ingredients while 

Table (3) the physical and chemical composition of the five 

experimental diets. The experimental groups received the 

feed ingredients in total mixed rations (TMR) twice a day at 

8:00 and 16:00, ad libitum. The diets were balanced to be 

isoenergetic isonitrogenous containing on the average 2.22 

Mcal ME/kg DM and 12.27 % CP. Ewes have unlimited 

access to fresh water. 

 

The feed ingredients used in the formulation and TMR were 

sampled and analyzed for Dry matter (DM), organic matter 

(OM), crude protein (CP), ether extract (EE), neutral 

detergent fiber (NDF) and acid detergent fiber (ADF) were 

determined according to AOAC (1995). The in vitro nitrogen 

degradability properties of the TMR components were 

measured before the experiment started. These findings 

allowed for the calculation of the amount of undegradable 

protein (UDP) supplied by each treatment (Roe et al., 1990), 

and ME (Mcal/kg) estimated using NRC of sheep (1985) and 

of the diets calculated. The higher levels of dietary protein 

was nominated to cover the needs of ewes, and the 

recommended percentage in the NRC plus the used to be 

added safety margin. To calculate the DM intake, the weekly 

amount of TMR provided and rejected by ewes was gathered 

and weighed before the morning meal. Before morning 

feeding on the first day the diets were provided, and 

subsequently once a month until the finish of the flushing 

period, ewes were weighed and their body condition scores 

(BCS) were also measured. Handling over and around the 

backbone of ewes was used to evaluate the BCS on a scale of 

0 to 5 according to Gordon (1997). Lambing and fertility 

rates and twinning percentage were traced and recorded 

according to Ababakri et al. (2021). 

 

Blood samples were obtained by jugular venipuncture 3hrs 

post morning feeding on days 3, 6, 9, 12, and 15 of the next 

reproductive cycle after CIDR removal to measure 

progesterone hormone (also on day 17). Serum was separated 

and stored at -20°C until being used. Thereafter, glucose, 

blood urea nitrogen, total protein, albumin were measured 

spectrophotometrically using chemical test kits according to 

the manufacture instructions of each test kit (Reactivos GPL 

Barcelona, España), and (globulin was calculated). Serum 

progesterone analysis was done by using a commercial kit 

based on Enzyme Linked Immune Sorbent Assay (ELISA) 

(AB Diagnostic Systems GmbH, Germany).The glucose 

was measured immediately after sampling. Approximately 

100 ml of ruminal fluid were collected as described by Saeed 

and Latif (2008). Samples were withdrawn at the last week 

of the flushing period before morning feeding (zero time), 1, 

2, and 4 hrs post feeding. Immediately after collection of 

rumen fluid, ruminal pH value was determined using a pH 

meter. Ruminal ammonia nitrogen (NH3-N) Con-way 

(1948), total volatile fatty acids (TVFA) Abou-Akkada and 

El-shazly (1964) were determined. Gas chromatography 

(model GC-2014, Shimadzu, Tokyo, Japan) was used to 

determine the molar ratios of each particular VFA. 

All data were subjected to statistical analysis including the 

calculation of the mean and standard error and to determine 

significant differences among treatment groups. Using the 

SPSS (2007), data were analyzed using one-way ANOVA, 

which suggests a randomized full block design.    
 

 

Table 2.  Chemical composition (% on DM basis) and metabolizable energy value (Mcal/kg) of feed ingredients used in the 
experimental rations. 
Ingredient DM CP NDF ADF Ash NFC EE ME  RUP RDP RUP (% CP) 

Roughages 
Alfalfa hay (early bloom) 

 
91.55 

 
13.57 

 
48.82 

 
24.36 

 
8.70 

 
27.16 

 
1.75 

 
2.03 

 
3.99 

 
9.58 

 
29.40 

Wheat straw 91.64 5.20 78.40 54.58 8.70 7.35 0.35 1.48 1.04 4.16 20.00 
Concentrates 
Yellow corn (coarse ground) 

 
91.08 

 
9.60 

 
10.10 

 
3.68 

 
1.64 

 
75.36 

 
3.30 

 
3.15 

 
5.94 

 
3.66 

 
61.88 

Soybean meal (solvent extraction) 91.25 47.69 15.84 7.58 6.00 28.76 1.71 3.18 11.68 36.01 24.49 
Extruded expeller soybean meal 40 92.72 47.26 19.72 8.82 7.90 21.62 3.50 3.07 20.65 26.61 43.69 
Extruded expeller soybean meal 60 94.49 46.38 29.94 9.00 5.00 14.72 3.96 3.18 28.53 17.85 61.51 
Feed grade urea 99.19 256 0.02 0.01 0.00 0.00 0.00 0.00 0.59 255.41 0.23 
Slow release urea (Optigen II)* 99.72 266 0.04 0.02 0.00 0.00 11.80 0.00 0.71 256.29 0.27 
Molasses 71.43 3.00 0.66 0.33 9.77 86.37 0.20 2.86 0.09 2.91 3.00 



Effect of Different Levels of Undegradable Protein on Performance, Reproductive Activity and Rumen Fermentation……….                       99 

DM = dry matter, CP = crude protein, NDF = neutral detergent fiber, ADF = acid detergent fiber, NFC = nonfibrous carbohydrate calculated according to 
the equation = 100 – (% NDF+% CP+ % EE+ % ash), EE = ether extract, ME = metabolizable energy tabulated according NRC of Sheep (1985), RUP= rumen 
undegradable protein, RDP= rumen degradable protein. *Optigen II: each kg contains urea 855 gm, vegetable oil (soybean) 125 gm, beta-carotene 10 gm, 
and BHT 10 gm. The product is manufactured by ALLTECH, Inc. USA. Mineral & vitamin premix: Each 3 kg of mineral and vitamin premix contain Mn: 20000 
mg; Fe: 30000 mg; Zn: 20000 mg; Cu: 7000 mg; I: 100 mg; Se: 100 mg; Mg: 20000 mg; Co: 100 mg; vitamin A: 5000000 IU; vitamin D3: 1000000 IU; vitamin 
E: 20000 mg; and CaCO3 as a carrier added up to 3 kg. The premix manufactured by Egypt Pharma for Prymix & Feed Additives Industrial. 

 
Table 3. Physical composition (% on as fed basis) and Chemical composition (% on DM basis) of rations fed to ewes during 
flushing period 

Ingredient Experimental diet 
I (C) II (FGU)  III (SRU) IV (EESM 40) V (EESM 60) 

Physical composition (% on as fed basis)     
Alfalfa hay 45.20 45.20 45.20 45.25 45.29 
Wheat straw 20.16 20.16 20.16 20.17 20.20 
Yellow corn 22.57 25.59 25.59 22.59 22.61 
Solvent extracted soybean meal 44% 5.56 1.99 1.99 - - 
Extruded expeller soybean meal 40 - - - 5.48 - 
Extruded expeller soybean meal 60 - - - - 5.38 
Feed grade urea - 0.54 - - - 
Slow release urea (Optigen II) - - 0.54 - - 
Molasses, sugarcane 4.94 4.95 4.95 4.94 4.95 
Common salt 
Di-calcium phosphate 

0.63 
0.40 

0.63 
0.40 

0.63 
0.40 

0.63 
0.40 

0.63 
0.40 

Mineral & vitamin premix 0.54 0.54 0.54 0.54 0.54 
Chemical composition (% on DM basis)      
Dry matter 89.10 89.15 89.15 89.19 89.29 
Crude protein  12.23 12.34 12.40 12.21 12.16 
Neutral detergent fiber   41.51 41.24 41.24 41.73 42.30 
Acid detergent fiber   23.54 23.38 23.38 23.61 23.62 
Ash  6.84 6.67 6.67 6.95 6.78 
Nonfibrous carbohydrate 36.00 37.22 37.22 35.60 35.21 
Ether extract 1.72 1.76 1.83 1.82 1.85 
Metabolizable energy (Mcal/kg) 2.23 2.21 2.21 2.23 2.23 
Rumen undegradable protein  4.04 3.81 3.81 4.55 4.99 
Rumen degradable protein 8.19 8.53 8.59 7.66 7.17 
Rumen undegradable protein  (% CP) 33.05 30.83 30.68 37.23 41.01 
Rumen degradable protein (% CP) 66.95 69.17 69.32 62.77 58.99 

C = control, FGU = feed grade urea, SRU= slow release urea, EESM 40 = extruded expeller soybean meal 40% of CP bypass protein, EESM 60 = extruded 
expeller soybean meal 60% of CP bypass protein. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Schematic figure showing the experimental plan in flushing period. 
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The daily dry matter ranges in the five groups from 1035 to 

1250g with a difference of 215g over three months feeding, 

a difference considered not so high especially for animals of 

a weight varied from 54 to 57kg. In spite of this when the 

DM intake is calculated in relation to mean body weight of 

the groups (Table, 4) the control group and EESM 40 one are 

found to be the higher in intake with a rate of 2.3 and 2.2% 

followed by the groups EESM 60 and SRU which are nearly 

equal 2%. FGU group remains to be the lowest in 

consumption 1.89%. Crude protein and metabolizable energy 

levels of intake was the groups and the lowest in the urea 

groups. As to the RUP intake the urea groups were the 

lowest, about 40 g/ animal/ day which seems to be sufficient 

and covers the needs of the animal. As long as the dietary CP 

is around 12%, the RUP around 30% is optimal. 

 

As to the body weight change the excel group is EESM 40 as 

it is the highest in mean body weight (57kg) and in body 

weight change where it increased 6.7kg while the control  

scored 54.5kg  mean and 5.6kg change and EESM 60, 56.5kg 

mean and 4.3kg change. The two urea groups are the lowest, 

FGU 55 and 3.1kg and SRU 54 and 2.9kg. As the control 

group surpasses EESM 60 in body weight change so it is not 

a matter of RUP supply; what is in the control diet covers the 

needs and more. The decrease in body weight change in FGU 

and SRU groups is a matter of urea itself, feed grade or slow 

released and this might be related to their lowest feed intake.  

 

Reproductive indices were represented by two rates, lambing 

and fertility and another percentage the twinning one. The 

total ewes exposed for mating were 7 in each group except 6 

in EESM 60. The lambing ewes in the groups differed and 

were 4 in the control, EESM 40 and EESM 60 and 6 in urea 

groups FGU and SRU, giving a percentage rate of 57 in 

control and EESM 40, 67 in EESM 60 and 86 in the urea 

groups. So it seems that the fertility rate is not affected by the 

supply of RUP, on the reverse it was the highest in urea 

supplements containing nearly no RUP. Lambing rate is 100 

% in all groups while the twinning percentage was the highest 

in EESM40 (50 % and one ewe born triplet) compared with 

the other groups ranging from 0 to 25%. 

 

As shown in Table (5) progesterone hormone was 

determined every 3 days starting 3 days after synchroniz-

ation, for 5 times and at day 17 during the estrous cycle. The 

level at 3 days started at equal levels from 0.30 to 0.61 ng/ml 

in control, FGU and ESSM 60 and significantly high ones in 

SRU (1.27) and EESM 40 (1.32). The levels at the start (3 d) 

increased gradually to peaks, at the day 12, equal in control, 

FGU, and ESSM 60 and ranging from 4.94 to 6.54 ng/ml, and 

significantly high in SRU (10.21) and EESM 40 (10.63). 

After reaching the peak the figures decreased at first slightly 

at the day 15, reaching 3.72 to 4.33 ng/ml in control, FGU, 

and EESM 60; and 8.43 ng/ml in SRU and 8.33 ng/ml in 

EESM 40, and then decreased a lot to reach at the day 17 less 

than 1.0 in the three groups and 1.74 and 1.84 ng/ml in SRU 

and EESM 40 respectively. It is noted that all the three groups 

(control, FGU, and EESM 60) were statistically at the same 

levels all over the days, but the groups SRU and EESM 40 

showed the highest ones.  

 

Reviewing Table (6) for blood biochemical parameters, 

serum glucose concentration of the groups FGU, EESM 40 

and EESM 60 were nearly equal 36, 36 & 39 mg/dl in order, 

while the group SRU was exceptionally high (57) followed 

by the control (43). In overall means of BUN, all groups were 

statistically equal (18 – 21 md/dl) except EESM 60 group 

showed a lower urea N value (14 md/dl) which can be 

attributed to its very high RUP concentration. Regarding total 

protein findings, in the overall means FGU, SRU, and EESM 

40 were equal and the control and EESM 60 were of the 

highest equal levels. The five groups’ results of albumin were 

equal ranging from 2.6 to 3.5 g/dl with the two diets FGU 

and SRU had statistically high values. Regarding globulin 

concentrations the control and EESM 60 as they were the 

highest (6.89 & 6.60 g/dl) while the rest of three groups FGU, 

SRU, EESM 40 reached in succession to 4.41, 4.66 & 5.22 

g/dl. 

 

 Regarding ruminal fluid parameters Table (7). In the overall 

post feeding pH values, the lowest pH was in the EESM 

groups, and the other three groups are equal.  

 
Ruminal ammonia in the five groups post feeding were equal 

in SRU, EESM 60, and control and ranged from 8.82 to 7.94 

mg/100 ml, while, it increased to 10.04 in EESM 40 and even 

more to 11.83 in FGU. The TVFAs in mequiv/100 ml in the 

five groups post feeding ware equal in control, EESM 40 and 

EESM 60 and ranged from 14.22 to 15.19, while, it decreased 

to 12.69 in FGU and even to 9.52 in SRU. The VFAs were 

found to be mostly composed of acetic acid reaching from 

59.62 to 64.71 % and followed by the propionic at from 21 

to 23 % with no differences between groups. The butyric acid 

was only from 9.97 to 12.64 % with the highest ratios in 

EESM 60 and EESM 40. Isobutyric varied from 0.66 to 2.64 

% with the lowest figures in EESM 40 and SRU. The valeric 

varied from 0.93 to 2.95 % with the lowest figures also in 

EESM 40, 60 and SRU. Isovaleric reached less than 1% 

except in FGU it reached 1.38. 

 

In conclusion the acids are mostly acetic about 64% and 

propionic about 23% and the rest is mostly butyric and 

isobutyric reaching about 11% highest in control and EESM 

40  
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Table 4. Feed intake, body weight and body condition score change, and reproductive performance in ewes offered different 
levels of undegradable protein during flushing period. 

 Control FGU SRU EESM 40 EESM 60 
Feed intake g/animal/day 1250 1035 1080 1250 1140 
Intake CP g /animal/day 152.90 127.70 134.00 152.60 138.60 
Intake RUP g/animal/day 50.53 39.37 41.11 56.81 56.84 
Intake ME Mcal/animal/day 2.79 2.29 2.39 2.79 2.54 
Mean of body weight 54.46 54.90 53.96 56.79 56.48 
Body weight change ab5.64±1.17 c3.07±0.49 c2.92±0.22 a6.71±0.46 bc4.25±1.05 

BCS change a0.50±0.15 a0.36±0.14 a0.36±0.09 a0.64±0.09 a0.58±0.15 

Reproductive indices      

Total ewes 7 7 7 7 6 
Lambing ewes 4 6 6 4 4 
Total offspring 4 7 7 7 5 
Lambing rate (%)  a100 a100 a100 a100 a100 

1Fertility rate (%) b57.14 a85.71 a85.71 b57.14 ab66.67 

2Twining (%) b0 b16.67 b16.67 a50 ab25 

1 Fertility rate: number of ewes giving birth out of total number of ewes x 100 
2 Twinning rate: number of ewes delivering twin / number of ewes delivering in the group x 100 
a,b,c,… Means ± S.E within each row bearing different superscripts differ significantly (P< 0.05). 

 
Table 5. Serum progesterone level hormone (ng/ml) changes during estrous cycle after Synchronization. 

Collection days Control FGU SRU EESM 40 EESM 60 
3 b0.61±0.10 b0.47±0.06 a1.27±0.09 a1.32±0.22 b0.30±0.05 
6 b0.58±0.16 b0.61±0.07 a2.37±0.67 a2.71±0.69 b0.60±0.20 
9 b1.59±0.37 b2.50±0.45 a4.51±0.75 a6.37±1.01 b1.70±0.35 
12 b4.94±0.62 b6.54±1.29 a10.21±1.46 a10.63±1.06 b5.15±0.61 
15 b4.03±0.80 b4.33±0.21 a8.43±1.37 a8.33±0.69 b3.72±0.62 
17 b0.91±0.20 b0.59±0.10 a1.74±0.19 a1.84±0.21 b0.73±0.30 

a,b,,…Means ± S.E within each row bearing different superscripts differ significantly (P< 0.05). 

 
 Table 6.  Overall means of blood biochemical parameters of experimental ewes in the flushing period. 

Parameters  Control FGU SRU EESM 40 EESM 60 
Glucose (mg/dl) b43.11±3.78 c35.94±1.78 a56.66±6.53 c35.68±1.78 c38.60±2.12 
Blood urea nitrogen (mg/dl)  b18.18±0.47 a20.67±0.65 ab19.63±0.51 a20.44±0.63 c14.12±0.52 
Total protein (g/dl) a9.71±0.36 b7.87±0.31 b8.17±0.21 b8.07±0.23 a9.24±0.40 
Albumin (g/dl) b2.81±0.05 a3.46±0.11 a3.49±0.10 b2.85±0.04 b2.64±0.08 
Globulin (g/dl) a6.89±0.35 b4.41±0.23 b4.66±0.18 b5.22±0.24 a6.60±0.39 

a,b,c,… Means ± S.E within each row bearing different superscripts differ significantly (P< 0.05). 

 
Table 7. Post feeding overall mean of ruminal parameters and individual volatile fatty acids of ewes at the last week of the 
flushing period. 

Parameters Control FGU SRU EESM 40 EESM 60 

pH  ab6.63±0.02 a6.76±0.05 a6.74±0.04 c6.47±0.04 b6.59±0.04 
Ammonia (N) (mg/100 ml) c7.94±0.25 a11.83±1.04 c8.82±0.89 b10.04±0.64 c8.55±0.33 

Total volatile fatty acids (mequiv/100ml) a14.22±0.80 
b12.69±0.41 c9.52±0.55 a15.19±0.0.28 a14.57±0.48 

Fatty acids (%)      

Acetic ab64.04±1.31 c59.62±2.27 ab63.98±2.58 a64.71±1.71 b62.86±2.62 

Propionic ab21.65±0.77 a23.02±1.05 a22.76±1.19 b21.05±0.44 ab21.47±1.31 

Isobutyric b1.48±0.25 a2.46±0.29 d0.91±0.07 d0.66±0.13 c1.19±0.10 

Butyric b9.97±0.87 b10.58±1.26 b10.35±1.45 a12.21±1.49 a12.64±1.47 

Isovaleric b0.91±0.10 a1.38±0.15 c0.73±0.06 d0.44±0.04 c0.71±0.07 

Valeric b1.95±0.09 a2.95±0.15 1.27±0.09c 0.93±0.07d cd1.14±0.05 

 a,b,c,… Means ± S.E within each row bearing different superscripts differ significantly (P< 0.05). 

 

Regarding the dry matter intake, our findings in agreement 

with numerous publications that concluded that diverse 

protein sources with varying amounts of undegradable 

protein had no impact on dry matter intake Ward et al. 

(2008), Chegeni et al. (2013), and Ababakri et al. (2021). 
While earlier researchers discovered that supplementing with 

various protein sources with varying degrees of degradability 

enhanced the intake of dry matter, this finding was not 

observed in our trial, Haddad et al. (2005), Ponnampalam 

et al. (2005), Khalid et al. (2011), and Lazarin et al. (2012) 

working on sheep. As with the FGU group, which had the 

lowest feed consumption of all the other groups, Lee et al. 

(2011a) reported a decrease in intake of cow due to urea 

supplementation and the substitution of soybean meal with 

urea as a source of degradable protein. The present study 

indicates that the inclusion of a certain feedstuff with defined 

protein degradability between 31 and 41%, of a dietary 

protein around 12%, does not disturb the needs of the 

microbial population as long as it does not affect feed intake, 
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except for FGU diet as the urea by itself has a negative effect. 

The five tested diets contain satisfactory combinations of 

fermentable carbohydrates, nitrogen compounds, vitamins, 

and minerals. 

 

Better performance may be attained by boosting feed 

efficiency, which is the measure of animal product output per 

unit of feed intake (Kabir et al. 2004). As to the body weight 

change, it was clear that the EESM 40 group had the highest 

body weight change as it had the highest feed intake too, and 

this is in line with Haddad et al. (2005), finding that ewes' 

levels of feed intake of rations containing the same amount 

of rumen undegradable protein led to an increase in their 

body weight. This is in agreement with the findings of 

previous studies, which observed significant weight gains in 

beef cattle and ewes supplemented with UP from different 

sources (Kridli et al., 2001; Wiley et al., 1991) 

respectively. According to Hoaglund et al. (1992), the 

increase in ewes' body weight and nutritional status was 

presumably due to either an increase in microbial activity, 

which might have been brought on by feeding amino acids to 

the rumen's microbial population, or an increase in microbial 

production. According to other investigations, improving 

animal performance was achieved by increasing the amount 

of dietary undegradable nitrogen (UDN) (Flis and 

Wattiaux, 2005; Gulati, et. al., 2005). While Saunders et 

al. (2010), Lazarin et al. (2012), and Ababakri et al. (2021) 

reported that using various protein sources with varying 

degrees of degradability had no impact on ewes’ body weight 

change. 

 

Regarding the body condition score, similar findings were 

attained by Saunders et al. (2010), Lazarin et al. (2012), 

and Jabbar et al. (2013) when studying Santa Ines ewes and 

Nili-Ravi buffaloes, respectively. On the other hand, it was 

argued that increased RUP feeding causes the mobilization 

of body fats in animals (Schroeder and Gagliostro; 2000), 

which ultimately results in a low body condition score (BCS). 

 
Regarding fertility rates, groups of urea supplementation 

(FGU and SRU 31% RUP) recorded the highest percent 

about 86% among the supplemented groups, this was the 

direct effect of improved conception and ovulation rates. 

These findings are in line with those of Mandibela et al. 

(1995), who noticed that ewes fed large amounts of urea 

during the pre-ovulatory phase had raised plasma 

concentrations of urea and glucose, which were linked to 

more advanced development of fertilized sheep ova. On the 

contrary, Mohammed et al. (2012) observed that dietary 

urea negatively affected the quantity and size of ovarian 

follicles in sheep, as well as the quality of their oocytes and 

the levels of serum P4, and, Smith and Chase (2010) noticed 

that female dairy and beef cattle supplemented with DIP, 

either as protein or as urea, had lower conception rates. The 

reduction in fertility in dry cows or heifers can be overcome 

by providing enough energy for the excretion of excess urea 

or ammonia (Funston 2007), and this conclusion explains 

our results as the experimental ration contains a good quality 

carbohydrate source, which might overcome the deleterious 

effect of urea and result in the improvement of pregnancy and 

fertility rates in urea groups. The time and how long the urea 

supplementation will be provided might also be contributing 

factors to these variations in findings. According to research 

by Dawuda et al. (2002) and Laven et al. (2002), when urea 

supplements extends more than ten days, dairy cows might 

adjust to its detrimental effects. But this will rely on other 

things as well, such the kind and quantity of dietary urea that 

is included. In our study, it was 0.5%, which is lower than the 

inclusion level in cow studies, which reached 1%. This might 

explain the increase in fertility rate in the urea groups. 

 
Among the SBM supplemented groups, fertility rates did not 

differ significantly from the control group (33% RUP). 

Similarly, utilizing several sources of nitrogen with various 

degradability ratios as flushing supplements in grazing 

Dohne merino ewes did not affect ovulation, conception, or 

lambing rate, according to Marais (2011) and Lazarin et al. 

(2012). Haddad et al. (2005), Daghigh Kia, et al. (2016), 

Rodrigues et al. (2015), and Ababakri et al. (2021) found 

an enhancement of reproductive performance in ewes 

supplemented with RUP. The present findings are in 

contradiction to these studies. 

 
Among the experimental groups, EESM 40 & control groups 

had the highest and lowest twinning rate (50 and 0) (Table, 

3), respectively. This result is in agreement with Daghigh 

Kia et al. (2016) and Ababakri et al. (2021). Considering 

the nitrogen and calorie content of each experimental 

treatment was very similar (Table, 1), it is possible that the 

protein quality was the main factor contributing to of the 

animals' varied responses. The amino acid composition of 

dietary protein and its digestibility both affect its quality. 

However, a ruminant's requirement for protein is influenced 

by its physiology and rate of production. The amount of 

crude protein consumed by each flushing diet in the current 

investigation was almost the same; however, the protein's 

quality varied greatly. 

 

The majority of extruded expeller soybean meal protein is 

able to bypass the rumen's degradation process, but urea is 

only considered a non-protein nitrogenous source and is only 

utilized in the production of microbial protein (MP). 

Merchen and Titgemeyer (1992) claim that MP, which is 

extremely low in branched chain amino acids (BCAA), is the 

primary supply of absorbable amino acids in ewes given 

substantial levels of rumen-degradable protein. Extruded 

expeller soybean meal has a low ruminally degradable 

protein content and is high in BCAA. As a result, it can 

improve the flow of BCAA through the duodenum and help 

these AA get absorbed through the intestinal wall (Tagari et 

al. 1995). There is strong evidence that BCAAs are beneficial 

for reproduction. According to Downing et al. (1995), 

BCAA can increase the ovarian production, both directly by 

impacting ovarian activity and indirectly by raising insulin 

levels. Due to BCAAs' ability to boost insulin production, 

particularly leucine, they may help increase ovulation rates 

(Kuhara et al. 1991). It has been proven that lambs given 

BCAA infusions (Kuhara et al. 1991) or excessive amounts 
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of SBM-based diets (Molle et al. 1995) had elevated insulin 

plasma concentrations. Hinch and Roelofs (1986) concluded 

that insulin infusion enhanced the ovulation rate in ewes. 

 
Regarding progesterone level during the reproductive cycle, 

we found no remarkable significant variation in progesterone 

levels between the experimental groups; although, groups 

EESM 40 and SRU had the highest progesterone 

concentrations which is matching with the greatest 

reproductive findings in these groups (fertility rate for SRU 

group and twinning rate for EESM40 group). Increased 

levels of progesterone promote fertility, sustain fetuses, and 

improved lambing rate. So, serum progesterone 

concentrations did not vary among ewes fed diets low or high 

in rumen undegradable protein. 

 

 The greater biological value of the protein from SBM, 

particularly when taking into account the characteristics of 

indispensable amino acids such as lysine and methionine, 

might be associated with the mechanism relevant to elevation 

of progesterone concentration in ewes fed with bypass 

protein. Lipoproteins, specifically low and high density 

lipoprotein, which are abundant in methionine and lysine 

(Auboiron et al., 1995), are crucial for carrying of 

cholesterol, the precursor to the synthesis of steroids, 

including estrogen and progesterone (Hall, 1994). Similar 

findings of high levels of progesterone were observed by 

Lazarin et al. (2012) and Daghigh Kia et al. (2016) in 

regards to ewes fed diets with RUP percentages of 36 and 41, 

respectively, the same percent as in EESM 40 and 60 groups.  

 

Regarding SRU group with high progesterone level and 

fertility rate. Non-protein nitrogenous compounds intake 

especially urea has not been associated with any adverse 

impacts on gonadotrophin hormone (GH) or luteinizing 

hormone (LH) release patterns, plasma oestradiol, IGF-I, or 

insulin levels, according to Dawuda et al. (2014). In 

contrast, Mohammed et al. (2012) found that dietary urea 

had a detrimental impact on serum P4 concentrations. These 

contradictory findings imply the possibility of other 

mechanisms, including the reduction or amplification of 

GnRH, FSH, LH, oestrogen, progesterone, and prostaglandin 

F2-alpha receptors in selected organs. The time and how long 

of the urea supplementation will be fed might also be a 

contributing factor in these variations. According to 

investigations conducted by Dawuda et al. (2002) and 

Laven et al. (2002), dairy cows can adapt to the harmful 

effects of urea when treatment lasts longer than ten days.  

Additionally, it will rely on whatever region of the 

hypothalamo-pituitary-ovario-uterine axis the urea treatment 

targets. 

 

Because its significance as generate energy during the 

proestrus, estrus, and implantation phases, blood glucose can 

play a significant role in boosting gonadotropin 

concentrations, follicle size, and development, ultimately 

raising the ovulation rate (Hess et al., 2005). This line with 

the SRU group had the highest glucose level and fertility rate 

among the experimental groups. During ruminal 

fermentation, slow-release urea diets prolong the microbial 

utilisation of nitrogen sources. As a result, there may be a 

better synchronization between ruminal NH3-N release and 

carbohydrate availability, which would increase microbial 

protein synthesis (Cherdthong and Wanapat 2010). The 

increased microbial protein may raise glucose levels through 

gluconeogenesis when it reaches the lower portion of the 

gastrointestinal tract. According to Milis et al. (2005) and in 

accordance with the SRU findings, high ruminal degradable 

protein concentration increased gluconeogenesis and, as a 

result, blood glucose levels.  

 

On the other hand, Downing et al. (1995), Molle et al. 

(1995), and Jahani-Moghadam et al. (2009) observed that 

the glucose level increased as the bypass protein content 

increased. However, other authors reported the opposite 

findings. Research by Rusche et al. (1993) and Milis et al. 

(2005) in beef cows and sheep respectively, reported that 

various ingredients of RUP lowered blood glucose without 

having an impact on hormones or reproductive status. 

Amanlou et al. (2011) and Daghigh Kia et al. (2016) 
demonstrated that ewes' blood glucose levels were not 

significantly affected by changes in the RUP/RDP ratio, 

which is consistent with the findings of high RUP groups. 

 

The higher content of BUN in the urea consuming animals, 

which used urea as a protein source in their rations, was not 

much surprising; however, the higher content of BUN in the 

SBM groups (control and EESM 40) was unexpected. 

Possibly, a high BUN can indicate that the rumen's RDP and 

carbohydrates are not properly synchronized. Large 

quantities of ammonia are consequently exiting the rumen 

and entering the blood circulation (Hongerholt and Muller, 

1998). But according to Cunningham et al. (1994) and 

Bruckental et al. (2000), BUN wasn't influenced by the 

amount of RUP in the diet, and this agrees with our result 

except for the group of EESM 60 (the highest RUP% among 

the experimental groups) with the lowest BUN level. 

Similarly, Ababakri et al. (2021) found a significant 

decrease in BUN Level in response to using 40% RUP in the 

diets of the ewes. Milis et al. (2005), Lazarin et al. (2012), 

and Daghigh Kia et al. (2016) similarly found that ewes 

given diets with a high RDP: RUP ratio had higher 

concentrations of plasma urea nitrogen (PUN). 

 

According to the findings, the group of ewes fed a low RDN 

diets (EESM 60) and control one had a greater TP content 

without any significant difference. Regarding the group of 

the highest bypass protein, according to studies by Jahani-

Moghadam et al. (2009), Saeed (2011), and Daghigh Kia 

et al. (2016), raising the RUP/RDP ratio in the diet results in 

a linear rise in serum protein. Lower CP degradability in 

these diets may be responsible for the elevation in TP 

observed in diets with low RDN: UDN ratios (Ali et al., 

2005). Compering urea groups and EESM 40, no response 

was reported due to the feeding of a low RDP: UDP ratio on 

TP, and this was consistence with the studies of Salih (2007) 

and Shamoon et al. (2009). 
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The increase in ruminal pH in urea groups agrees with Al-

Malah (2007), who had higher levels in serum samples 

collected from 25 lambs given rations with a higher RDN % 

compared to those with a low RDN. As a result of feeding 

various amounts of dietary undegradable protein, researchers 

Cherdthong et al. (2011a), Nejad et al. (2017), and Paula 

et al. (2017) found that ruminal pH was unaffected. 

According to Bach et al. (2005), protein degradation is 

decreased in rumens with pH levels below 5.5. In all five 

groups of the experiment, ruminal pH never fell below 6.0 in 

all supplements; this is beyond the range that is considered 

sufficient to support cellulolytic bacteria and maintain fiber 

digestion, as mentioned by Yokoyama and Johnson (1988). 

 

Regarding control and urea groups, ruminal ammonia 

appears to be closely connected to how quickly dietary CP 

degrades. Taylor-Edwards et al. (2009), Cherdthong et al. 

(2011a), and Gardinal et al. (2016) found lower ruminal 

ammonia concentrations for steers fed Optigen than for steers 

fed unprotected urea. According to these scientists, Optigen 

is a ruminally protected source of NPN with controlled-

release properties in the rumen that doesn't interfere with 

other ruminal fermentation products and may even help 

rumen microbes function more effectively. Likewise, Puga 

et al. (2001) came to the conclusion that controlled-release 

ammonium supplement (CRUS) actually improved 

fermentation in sheep.  

 

Regarding bypass protein groups, Hassan and AL-Sultan 

(1996) reported that increasing the undegradable nitrogen 

ratio caused a dramatic drop in ruminal ammonia, which is 

similar to our results (EESM 60) and in agreement with 

Gidlund et al. (2015) and Silva et al. (2018).  Additionally, 

Chen et al. (2002) observed that increasing undegradable 

protein through extruded soybean meal decreased the NH3-

N in rumen consequentially. As a result, the addition of RUP 

had no adverse impacts on rumen dynamics because the 

ruminal ammonia nitrogen concentration was kept at levels 

that supported fibrolytic activity, and the availability of true 

rumen degradable protein, which amylolytic bacteria prefer 

to utilize, was not detrimentally affected by dietary RUP 

amounts (Lascano and Heinrichs, 2009). 

 

The results of the present study showed that, total VFA 

concentration increased quadratically with time. This may be 

regarded as the stimulation of microbial activity following 

feed administration. The time of decreasing NH3-N 

concentration was largely correlated with the period of 

increasing total VFA concentration and vice versa. These 

findings could be the result of concurrent NH3-N microbial 

consumption during periods of elevated microbial activity 

and VFA synthesis (Ceconi et al., 2015). According to 

Brossard et al. (2003) TVFA declined as degradability 

increased, which is consistent with the findings of the SRU 

and FGU groups. Other authors have demonstrated no change 

in the total ruminal VFA concentrations, indicating no 

deleterious fermentation by dietary addition of FGU or SRU 

(Xin et al., 2010; Cherdthong et al., 2011a; Gardinal et 

al., 2016). 

 

Regarding the effect of RUP on total volatile fatty acids, 

Paula et al. (2017) and Silva et al. (2018) concluded that 

there were no impacts of dietary RUP on the total volatile 

fatty acid content, and ruminal fermentation was maintained 

under normal circumstances. Similar to our findings, Nejad 

et al. (2017) observed that increasing the amount of extruded 

soybean meal in dairy calves' diets didn't seem to affect their 

rumen fermentation and VFA levels. This was in line with 

the results of others who showed that heat processed SB had 

no effect on rumen VFA in dairy cows (Giallongo et al., 

2015).   
 

Results of FGU group (31 RUP) revealed that, the molar 

proportion of propionic acid was improved with 

mathematical decrease of acetic: propionic ratio and this in 

agreement with (Hassan and saeed, 2012). They observed a 

decrease of acetate and propionate proportions of ruminal 

fluid due to increasing degradability, and this might be 

explained by improved ruminal nutrition and or function 

causing more effective microbial activity (Chumpawadee, 

et. al., 2006). Other studies (Heldt et al., 1999; Mathis et 

al., 2000) support the reduction in the molar percentage of 

acetate (along with a rise in propionate) with DIP 

supplementation. 

 

Regarding the branch chain volatile fatty acids (BCVFA) 

(isobutyrate, isovalerate, and valerate), similar to the group 

of feed grade urea, Mathis et al. (2000), and Bandyk et al. 

(2001), observed a rise in the molar percentage of these 

volatile fatty acids. Based on the oxidative deamination and 

decarboxylation of branched-chain AA (valine, isoleucine, 

and leucine), ruminal BCVFA are produced (Allison and 

Bryant, 1963). Therefore, these BCVFA are associated with 

degradation of the branched-chain AA leucine, isoleucine, 

and valine, suggesting more degradation of these branched-

chain AA for FGU diets. There is strong evidence that 

BCAAs are beneficial for reproduction, especially the 

induction of twinning, which was the lowest in this group. 

While Bodine et al. (2000) did not report an effect of DIP on 

any branch-chain VFA. 

 

The effects of RUP (bypass protein) supplementation on 

rumen kinetics have been reported for growing beef cattle 

and lactating dairy cows (Batista et al., 2016; Rufino et al., 

2016).  In the relation between acetic, propionic and butyric, 
Paula et al. (2017) and Silva et al. (2018) reported that 

dietary RUP quantities had no effect on individual VFA 

concentrations, and ruminal fermentation was maintained 

under normal circumstances, our findings are consistent with. 

However, regarding to the proportion of BCVFA, EESM 40 

reported the lowest concentration followed by EESM 60 then 

control group, This is in line with the findings of Broderick 

et al. (2015), Gidlund et al. (2015), and Paula et al. (2017), 

who came to the conclusion that using extracted canola meal 

as a source of bypass protein decreased the molar percentage 

of isovalerate and total branched-chain volatile fatty content 

when compared to SBM diet. Contrarily, Lascano and 

Heinrichs (2009) reported that the levels of isoacids and 

valerate remained constant throughout the treatments. The 

results of BCVFA confirm the results of twinning rate as the 
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highest was for EESM 40 (50%) and EESM 60 (25%) groups 

and this confirm the relation between the levels of BCVFA 

and induction of twinning and bypass protein and its amino 

acids profile. Our findings suggest that RUP sources did not 

affect total production or ruminal concentrations of VFA. 

 

The obtained results indicate that the dietary level of RUP 

(37% of CP) in EESM 40 was the best for producing twins, 

gaining weight, and having the highest level of progesterone 

hormone and a lower degree of degradation of branched 

chain amino acids, while SRU (31% of RUP) had the best 

fertility rate, which is confirmed by the highest levels of 

blood glucose and progesterone. Also, the findings of the 

present study suggest that the RUP sources and ratio (31-41% 

RUP of CP) did not affect the rumen fermentation dynamics. 
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