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INTRODUCTION 

Sheep are considering one of the most important animals raised by rural households in Egypt. It is the best sources of meat, 

milk and fiber which, if developed, can be a main source of income for the farmers. In recent years, feed additives containing 

bacteria and yeast culture have been widely used in manipulating ruminal fermentation to improve animal performance (Claire 

and Enrico, 2017). Gaggìa et al. (2010) showed that biological additives are live microbial feed supplements which beneficially 

affect the host animal through improving its microbial balance. Effectiveness of enzymes in animal nutrition depends on type, 

source, level of supplemented enzymes, as well as the type of feed diet, animal health and animal productivity (Salem et al., 

2013). The activity of ZAD
®
 and ZADO

®
 which are a commercial endogenous enzyme, have proved to increase the digestibility 

of dry matter (DM), crude protein (CP), neutral detergent fiber (NDF) and acid detergent fiber (ADF) and the concentration of 

volatile fatty acids in rumen, and thus, resulting in improvement of animal productivity by increasing feed intake, average daily 

gain (ADG), feed efficiency and milk production (Arriola et al., 2011and Gado et al., 2011). Addition of enzymes increased 

forage energy utilization, which may have a potential indirect effect on the immune system under the assumptions of immune 

nutrition, which are based on adequate utilization of dietary nutrients to promote maintenance of immunocompetence (Rivero et 

al., 2013). It has been reported that dietary supplementation of biological additives regulates the rumen environment (Hristov et 

al., 1999) and enhances performance (Eryavuz and Dehority, 2004). In a study by Hu et al. (2006), biological additives were 

found to induce a positive effect on the lipid metabolism and decrease serum cholesterol levels. 

 

During the reproductive cycle of the ewe, pregnancy and lactation are critical periods and represent a physiological load on 

the ewes’ body, which activates adaptation mechanisms in order to maintain normal homeostasis during late pregnancy period. 

Knowing the metabolic profile in this period is very important to specify nutritional status, as well as, to prevent health disorders 

which lead to production and reproduction disturbances (Boudebza et al., 2016). 

Abstract 
 

This study was carried out to investigate the effect of different levels of biological additives (ZAD® and ZADO®) on some 
blood biochemical parameters, as well as, thyroid hormones pattern of Barki ewes during different physiological stages. 
Seventy five synchronized pregnant Barki ewes were randomly allotted into five equal groups (15 each). The 1st group (G1) 
served as control and fed on concentrate feed mixture (CFM), the 2nd and 3rd groups (G2 and G3) were fed CFM with 6 and 
10 g/h/d from ZADO®, respectively. While, the 4th and 5th groups (G4 and G5) were fed CFM with 6 and 10 ml/h/d ZAD®, 
respectively. All groups were offered bean (Phaseolus vulgaris) straw ad libitum. Blood biochemical parameters (total 
proteins, liver enzymes activities, kidney functions, glucose and cholesterol) concentrations were determined. 
Triiodothronine (T3), thyroxin (T4) levels were also measured during the experimental period. Results indicated that total 
protein, albumin, globulin and glucose concentrations were significantly higher in all treated groups compared to the control 
group. Albumin/globulin (A/G) ratio was significantly lower in G3 compared to the other groups. Cholesterol concentration 
was higher (P˂0.05) in ZAD groups (G4 and G5) than other groups. Blood urea nitrogen showed slightly increase in the 
control group than treated groups, while creatinine concentration increased insignificantly in G4. Liver enzymes activities 
(AST and ALT) showed a significant increase in ZADO and ZAD groups compared to the control one, Thyroid hormones (T3 
and T4) tended to increase in all treated groups compared to the control. Early lactating ewes recorded the highest 
concentrations (P˂0.05) of TP, Glo, T3 and T4. Conversely, late pregnant ewes recorded the highest values of Alb, Cho, Cr and 
ALT. It could be concluded that ZAD® and ZADO® have positive effects on some blood biochemical and hormonal pattern 
which positively reflected on physiological responses. 
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On the other hand, blood composition of farm animals might be influenced by many factors, among which; management, 

nutrition, sex, age, diseases and stress factors, as well as, physiological status that might affect blood values that are involved in 

the development of the blood metabolic profile (Njidda et al., 2013 and Roubies et al., 2006). The aim of this study was to 

evaluate the effect of dietary supplementation with different levels of biological additives (ZAD
®
 and ZADO

®
) on some blood 

biochemical parameters as well as thyroid hormones pattern of Barki ewes during different physiological stages  . 

 

MATERIALS AND METHODS 

The current investigation aimed to evaluate the impact of using different levels of biological additives (ZAD
®
 and ZADO

®
) 

on blood biochemical changes and hormonal pattern of Barki ewes under semi-arid conditions of the North Western Coast of 

Egypt. The field work of the present study was carried out at the Animal Production Research Unit in the Sustainable 

Development Center for Matrouh Resources, Matrouh Governorate, belongs to Desert Research Center, Ministry of Agriculture 

and Land Reclamation, Egypt .Experimental animals and management: seventy-five synchronized pregnant Barki ewes (2.0-3.0 

years old and 38.89 ± 1.02 kg average body weight) were chosen for the experiment work after reproductive ultrasound 

examination. The animals were randomly allotted into five equal groups (15 each). The 1st group (G1) was fed on concentrate 

feed mixture (CFM) without any additives and served as a control group. The second (G2) and third (G3) groups were fed the 

same CFM with 6 and 10 g/h/d from ZADO
®
, respectively. While the fourth (G4) and fifth (G5) groups were fed CFM with 6 and 

10 ml/h/d ZAD
®

, respectively.  

 

All groups were offered bean (Phaseolus vulgaris) straw ad libitum. Biological additives were mixed well with the 

concentrate rations before feeding and rations were adjusted biweekly to cover their requirements during their different 

physiological stages according to Kearl (1982). The experiment started after pregnancy occurred (to cover the whole pregnancy 

period, namely; early, mid and late pregnancy) and early lactation. Animals were fed three weeks as a transitional period, on the 

tested rations before the start of the experimental work. Fresh water was available to all groups daily. Animal were kept in semi-

open pens roofed with wood and were clinically healthy and free from internal and external parasites. 

 

Biological additives: ZAD
®
 (patent no: 22155) is a biotechnical solution product made from natural sources to elevate the 

level of celluloses enzymes from anaerobic bacteria in the molecular biology lab, Animal production department, Ain Shams 

University according to the procedure of Gado (1997) and contained some of specific enzymes as cellulose (8.2 µ/gm), 

hemicellulose (6.2 µ/mg), amylase (64.4 µ/gm) and protease (12.3 µ/gm). While, ZADO® (patent no: 22155) is a biotechnical 

powder product contained similar enzymes of ZAD
®
 plus specific bacteria and Saccharomyces cerevisia yeast. Blood sampling 

and analysis: using a clean sterile tube, jugular vein blood was biweekly withdrawn from all the experimental groups at 08:00 a.m. 

before feeding and drinking. Blood samples were centrifuged for 20 minutes at 3000 rpm to collect serum before being stored at -

20 ºC until further analyses . 

 

Metabolic profile: blood biochemical parameters including total proteins (TP), albumin (Alb), were determined using 

commercial kits supplied by Biostc Company for Laboratory Services, Egypt. While, globulin (Glb) and albumin/globulin ratio 

(A/G) were calculated. Serum total cholesterol (Cho) and glucose (Glu) concentrations were determined by commercial kits 

supplied by Biodiagnostic Company for Laboratory Services, Egypt. All determinations were executed according to the standard 

methods as outlined by the respective manufacturers. Liver function: blood serum aspartate (AST) and alanine aminotransferases 

(ALT) activities as indicators for liver functions were determined by commercial kits supplied by Biostc Company for Laboratory 

Services, Egypt. Kidney function: blood serum urea and creatinine as indicators for kidney function were determined by 

commercial kits supplied by Biostc Company for Laboratory Services, Egypt. Hormonal profile: thyroid gland hormones 

(triiodothyronine, T3 and thyroxine, T4) were quantified by ELISA method using Immunospec kits provided by Immunospec 

Corporation, 7018 Owensmounth Ave. Suite 103 Canoga Park, CA 91303, USA. The standard curve ranged between 0-10 ng/ml 

for T3 and 0-30 µg/dl for T4. The corresponding values for sensitivity of the curve were 0.25 ng/ml and 0.5 µg/dl, respectively.  

 

Statistical procedure: a General Linear Model procedure (SAS, 2004) was used for the statist ical analysis of the blood 

biochemical parameters during entire experimental stages using the following model : 

Yijk = µ + Si + A(S)ik + Tj + (S*T)ij + eijk. 

Where,  

Yijk    = Any observation of kth animal within jth treatment within ith stage of pregnancy  

µ = Overall mean  

Si = Effect of ith stage (i= 1-4, 1 = Early pregnancy, 2 = Mid pregnancy, 3 = Late pregnancy, 4 = Early lactation)  

A(S)ik  = The repeated kth animals within ith  stage   

Tj  = Effect of jth treatment (j = 1-5, 1 = CFM without additives (G1), 2 = CFM plus 6 g/h/d ZADO (G2), 3 = CFM 

plus 10 g/h/d ZADO (G3), 4 = CFM plus 6 ml/h/d ZAD (G4), 5= CFM plus10 ml/h/d ZADO (G5))  

(T*S)ij = The interaction between stage of pregnancy and treatment  

eijk = Experimental error  
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Repeated measures were adjusted as split plot in time according to Neter et al. (1985). Significant differences among means 

were detected using Duncan’s multiple range test (Duncan, 1955). 

 

RESULTS AND DISCUSSION 

Total protein: blood total proteins reflect the nutritional status of the animals, and it has a positive correlation with ration 

protein (Rivero and Salem 2015). In the present study, blood TP, Alb and Glb concentrations were higher (p˂0.05) in all treated 

groups than the control group, while G3 recorded the lowest (p˂0.05) value of A/G ratio (Table 1). 

 

Table (1): Means of total protein (TP), albumin (Alb), globulin (Glb) concentrations (g/dl) and albumin/globulin (AG) 

ratio of Barki ewes fed rations supplemented by biological additives during different physiological status   

Item Stage (S)  
Treatment (T)  

Overall 
± SE 

G1 G2 G3 G4 G5 S T S×T 

TP  EP 7.03 7.23 7.32 7.11 7.38 7.21
B
     

 MP 6.32 6.90 7.09 7.19 7.07 6.90
C
 0.06

*
 0.09

*
 0.14

*
 

 LP 6.39 6.64 6.86 6.80 7.02 6.74
C
    

 EL 7.37 7.24 7.48 7.50 7.60 7.47
A    

 Overall 6.75
B
 7.05

A
 7.19

A
 7.15

A
 7.27

A
     

Alb EP 3.09 3.32 3.63 3.60 4.02 3.53
B
     

 MP 3.81 3.87 3.87 3.86 4.01 3.70
A
  0.08

*
 0.12

*
 0.19

*
 

 LP 3.64 3.76 3.64 4.08 3.93 3.81
A
    

 EL 3.60 3.76 3.56 3.62 3.69 3.64
AB    

 Overall 3.53
B
 3.68

AB
 3.68

AB
 3.79

A
 3.91

A
     

Glb EP 3.85 3.90 3.68 3.50 3.46 3.69
A
     

 MP 2.58 3.13 3.34 3.11 3.24 3.11
B
 0.09

*
 0.13

*
 0.21

*
 

 LP 3.79 2.88 3.29 3.18 3.43 3.11
B
    

 EL 3.55 3.55 3.61 3.64 3.70 3.61
A    

 Overall 3.20
B
 3.36

AB
 3.51

A
 3.36

AB
 3.35

AB
     

AG EP 95.0 104.2 99.4 104.4 114.6 103.5     

 MP 142.3 126.0 106.5 160.1 137.9 134.6 9.95
*
 13.6

*
 22.3

*
 

 LP 132.1 186.6 113.1 116.5 107.9 131.3    

 EL 108.9 109.5 107.5 106.5 105.9 107.7
    

 Overall 119.6
AB

 131.0
A
 106.9

B
 121.9

AB
 116.6

AB
     

G1: the control concentrate ration; G2: concentrate ration with 6 g/h/d from ZADO®; G3: concentrate ration with 10 g/h/d from ZADO®; G4: concentrate ration 

with 6 ml/h/d ZAD®; G5: concentrate ration with 10 ml/h/d ZAD®  

EP: Early pregnancy stage (1st and 2nd months of pregnancy); MP: Mid pregnancy stage (3rd month of pregnancy); LP: Late pregnancy stage (4th and 5th months of 

pregnancy); EL: Early lactation stage (1st month of lactation) 

A, B = Values with different letters on the same row differ at (P<0.05). A, B = Values with different letters on the same column differ at (P<0.05).  
*, P<0.05; NS, non-significant,  

 

 These results are in harmony with those reported by Gomaa et al. (2016) who reported that, treating rice straw with ZAD
®

 

for sheep ration had a significantly (P<0.05) higher level of blood TP than those fed untreated rice straw ration. Moreover, Kholif 

et al. (2017) showed that TP and Alb increased (P˂0.05) in lactating goats fed diets containing cellulolytic enzymes. Also, 

Hussein (2014) found that TP, Alb and Glo were significantly higher (P˂0.05) while, A/G ratio recorded the lowest value in Na jdi 

rams fed ration supplemented with biological additives compared to the control group. In the present study, TP and Alb levels 

recorded herein were within the normal range previously reported earlier by William (1997), who clarified that the normal levels 

of TP and Alb in blood of domestic animals has ranged between 6 to 8 and 3.5 to 4 g/dl, respectively. The results were also in 

agreement with those reported by Morsy et al., (2016) who assumed that serum TP and Alb lay within the reference ranges for 

normal animals in Egyptian buffaloes fed rations treated with two feed additives enzymes. Earlier, Gado et al. (2006) noted that 

blood serum proteins and its fractions were within the normal values in goats fed rice straw treated with ZAD
®

, which supported 

our results. Moreover, Kholif et al. (2005) reported that biological treatments increased serum TP but serum Glb was not affected. 

The present results could be attributed to the beneficial effect of enzymes supplementation on increasing protein digestibility 

through the enzymatic effect of protease and alteration amino acid profile of digesta due to increasing microbial protein synthesis 

(Abdel-Khalek et al., 2000). Moreover, the significant increase in blood Alb suggested normal status of liver function, since liver 

is the main organ of Alb synthesis (Hussein 2014). Contrariwise, non-significant increase in serum total proteins were reported by 

Peters et al. (2015) in lactating dairy cows fed diets supplemented with exogenous enzymes . 

 

As shown in Table (1), data indicated that physiological stages have significant (P˂0.05) effect on serum concentration of TP. 

There was a trend of decreases in TP among different stages being higher in early pregnancy and tended to decrease during mid 

and late pregnancy stages. Meanwhile serum TP concentrations were increased in early-lactation stage than all pregnancy stages. 

The decrease in serum TP during late-pregnancy stage might be ascribed to the fact that the foetus synthesizes all its proteins from 

the amino acids derived from the mother, and foetus growth increases exponentially reaching a maximum level, especially in 
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muscles, during late pregnancy (Safsaf et al., 2012). These results are in agreement with those reported by Soliman (2014) who 

pointed to that serum TP concentration decreased during late pregnancy stage in Ossimi ewes. The higher values of TP in lactating 

ewes compared to pregnant ewes might be due the high energy needs for milk synthesis which exists in animals especially during 

the early lactation (Bremmer et al., 2000). However, Ate et al. (2009) found no significant differences in serum TP during third 

trimester of pregnancy and early lactation in cattle. 

 

 On the other hand, a significant (P<0.05) increase in serum Alb was observed in mid and late-pregnant Barki ewes compared 

to early pregnant and lactating ewes (Table 1). The increase of Alb in late gestation proves the higher energy requirement for the 

fetal growth (Durak and Altiner, 2006). The opposite trend was detected for serum Glo concentrations which showed a significant 

(P<0.05) decrease in late-pregnant Barki ewes compared to early pregnant and lactating ewes. Similar decrease in serum Glo was 

also observed during late stage in sheep by Soliman (2014) and in goats by Bamerny (2013). Glucose and cholesterol: a 

significant (P<0.05) increases in serum Glu concentrations for all treated groups compared to the control one was observed (Table 

2). Ewes of G3 recorded the highest value of Glu (110.9 mg/dl) followed by G5 (108.9 mg/dl), while control group recorded the 

lowest value (101.8 mg/dl). This result is in agreement with that reported by Rivero et al. (2016) who showed that Glu 

concentration was increased in sheep fed diet supplemented with exogenous enzyme. 

 

The higher serum Glu concentration with enzymes addition may be attributed to the improvement of organic matter (OM), 

neutral detergent fiber (NDF), acid detergent fiber (ADF) and nonstructural carbohydrate (NSC) digestibility, intern, these 

improvements enhance energy utilization and increase propionate absorption through the ruminal wall, leading to a high rate of 

glucose synthesis (Morsy et al., 2016). Moreover, this increase might be related to a temperate improvement in gluconeogenesis 

and increased lactose absorption (Valdez et al., 1997). However, Ibrahim et al. (2017) reported that Glu level was significantly 

decreased in Ossimi ewes fed ration supplemented with ZAD
®
 enzyme. 

On the other side, cholesterol concentration tended to increase in ZAD
®
 groups (G4 and G5) significantly (P˂0.05). While, 

showing insignificantly increased in ZADO
®
 groups (G2 and G3) compared to the control group that recorded the lowest value 

(Table 2). Recent reports showed that cholesterol levels increased non-significantly in lactating Egyptian buffaloes (Morsy et al., 

2016) and lactating goats (Kholif et al., 2017) fed ration supplemented with exogenous enzyme.    

 

Table (2): Means of glucose (Glu) and total cholesterol (Cho) concentrations (mg/dl) of Barki ewes fed rations 

supplemented by biological additives during different physiological status   

Item Stage (S)  
Treatment (T)  

Overall 
± SE 

G1 G2 G3 G4 G5 S T S×T 

Glu  EP 108.6 116.6 116.7 115.8 114.7 114.5
A
    

 MP 104.6 109.8 115.2 108.1 110.7 109.7B 1.10* 1.51* 2.46* 

 LP 97.0 110.5 112.0 107.8 110.2 107.5B     

 EL 97.2 98.0 99.7 97.6 99.7 98.4C    

 Overall 101.8B 108.7A 110.9A 107.3A 108.9A     

Cho EP 180.5 175.1 173.0 198.6 190.3 183.5A    

 MP 169.5 172.1 178.5 180.7 195.2 179.2AB 2.70* 3.70* 6.04* 

 LP 168.0 165.8 183.3 167.9 188.0 174.6B    

 EL 149.9 152.7 152.7 150.8 150.4 151.3B    

 Overall 167.0C 166.4C 171.9BC 174.5AB 181.0A     
G1: the control concentrate ration; G2: concentrate ration with 6 g/h/d from ZADO®; G3: concentrate ration with 10 g/h/d from ZADO®; G4: concentrate ration 

with 6 ml/h/d ZAD®; G5: concentrate ration with 10 ml/h/d ZAD®  

EP: Early pregnancy stage (1st and 2nd months of pregnancy); MP: Mid pregnancy stage (3rd month of pregnancy); LP: Late pregnancy stage (4th and 5th months of 

pregnancy); EL: Early lactation stage (1st month of lactation) 

A, B = Values with different letters on the same row differ at (P<0.05). A, B = Values with different letters on the same column differ at (P<0.05).  
*, P<0.05; NS, non-significant,  

 

In the current work, the results concerning physiological stages (Table 2) clarified a significant (P<0.05) decrease in serum 

Glu concentration in late and mid-pregnant Barki ewes reached 107.5 and 109.7 mg/dl, respectively, while early lactation stages 

recorded the lowest value (98.4 mg/dl) compared to early-pregnant ones (114.5 mg/dl). Current findings are consistent with the 

findings of Antunovic et al. (2011) and Soliman (2014) who found a decrease in Glu levels at late gestation and early lactation 

stages. Fetus development and mobilization of maternal glucose to fetal blood circulation have been regarded responsible to 

decrease in blood Glu concentrations in late pregnancy stage (Jacob and Vadodaria, 2001). Also, the decrease in blood Glu 

concentrations in lactating ewes has to be considered as a result of constant energy loss with the milk synthesis (Antunovic et al., 

2011). 

 

Likewise, serum cholesterol (Cho) tended to decrease (P<0.05) in mid, late pregnancy and early lactation stages with values 

being 179.2, 174.6 and 151.3 mg/dl, respectively, compared with early-pregnant ewes which recorded the highest value (183.5 

mg/dl). This reduction in serum cholesterol in mid and late pregnancy has also been detected in sheep (Soliman 2014 and Piccione 

et al., 2009) and goats (Krajnicakova et al., 2003). This is probably related to the role of the compound in ovary steroidogenesis, 

so that the total cholesterol concentrations are under control of the complex of factors (Bamerny, 2013). The low level of 
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cholesterol concentration in early lactation stage is consistent with the increase of energy requirement and negative energy balance 

(Antunovic et al., 2011). The observed decrease during early lactation compared to early pregnancy stage could be ascribed to the 

increased cholesterol uptake by tissues involved in milk synthesis (Piccione et al., 2009). 

 

Kidney function: urea in the blood is an indicator of renal function (Oltner & Wiktorson, 1983), while Serum creatinine level 

is a useful indicator of glomerular filtration in the kidney and normal concentration of creatinine indicates the optimal physical 

activity (Hussein, 2014). Table (3) summarizes the means of blood urea nitrogen (BUN) and creatinine (Cr) concentrations during 

the study period. Regardless the effect of biological additives, results revealed that BUN and Cr concentrations of Barki ewes fed 

on diets supplemented with ZAD
®
 and ZADO

®
 insignificantly decreased as compared to control group except G4 which recorded 

the highest value of Cr . 

 

A non-significant decrease in BUN concentrations for animals fed rice straw treated with ZAD
®
, than the animals fed 

untreated rice straw was also observed by Gado et al. (2006). Similar results were obtained in lambs (Rivero and Salem, 2015 and 

Beigh et al., 2017), cattle (Hristov et al., 1999) and buffaloes (El-Kady et al., 2006) supplemented with exogenous enzymes. 

Moreover, Dolezal et al. (2011) found lower concentration in BUN of cows in response to biological supplementation which 

suggested as an indicator of better nitrogen metabolism and utilization of protein. In contrast, Abdel Rahman et al. (2012) and 

Mousa et al. (2012) found that feeding diets treated with biological additives resulted in an increase of BUN concentration in 

sheep. In the present study, BUN within the normal range reported by Beigh et al. (2017), reflecting normal kidney function of 

Barki ewes fed diets supplemented with biological additives . 

 

Furthermore, some authors have not reported any significant effect or decrease in Cr concentration with the addition of 

biological additives (Khattab et al., 2003) in sheep and (Ragheb et al., 2003) in Friesian calves, which support our results. The 

serum Cr is no conditioner by the diet. Its concentration in serum provides a measure of glomerular filtration rate in ruminants. 

This parameter is an indicator of renal failure; small increases in Cr may be seen with progressively compromised renal function 

(Turner et al. 2005). These findings in the present study are in accordance to those reported by El-Kady et al. (2006) and Rivero 

and Salem (2015) for enzyme supplementation in buffalo calves and sheep. In the present study, the levels of Cr were within the 

normal range reported for healthy sheep (Rivero and Salem, 2015). 

 

Table (3): Means of blood urea nitrogen (BUN) and creatinine (Cr) concentrations (mg/dl) of Barki ewes fed rations 

supplemented by biological additives during different physiological status  

Item Stage (S)  
Treatment (T)  

Overall 
± SE 

G1 G2 G3 G4 G5 S T S×T 

BUN  EP 36.2 35.3 33.8 34.3 32.5 34.6    

 MP 35.5 35.3 36.2 35.5 37.1 35.9 1.12
NS

 1.54
NS

 2.52
*
 

 LP 37.9 34.1 36.9 39.4 35.0 36.6    

 EL 33.7 35.3 35.3 34.4 34.5 34.6    

 Overall 35.9 35.0 35.5 35.8 34.8     

Cr EP 0.053 0.051 0.080 0.045 0.055 0.056
B
    

 MP 0.062 0.050 0.038 0.076 0.052 0.055
B
 0.005

*
 0.007

NS
 0.01

*
 

 LP 0.076 0.065 0.060 0.086 0.077 0.072
A
    

 EL 0.052 0.076 0.076 0.074 0.060 0.067
AB    

 Overall 0.060 0.060 0.063 0.070 0.061     
G1: the control concentrate ration; G2: concentrate ration with 6 g/h/d from ZADO®; G3: concentrate ration with 10 g/h/d from ZADO®; G4: concentrate ration 

with 6 ml/h/d ZAD®; G5: concentrate ration with 10 ml/h/d ZAD®  

EP: Early pregnancy stage (1st and 2nd months of pregnancy); MP: Mid pregnancy stage (3rd month of pregnancy); LP: Late pregnancy stage (4th and 5th months of 

pregnancy); EL: Early lactation stage (1st month of lactation) 

A, B = Values with different letters on the same row differ at (P<0.05). A, B = Values with different letters on the same column differ at (P<0.05).  
*, P<0.05; NS, non-significant,  

 

According to physiological stages, data in Table (3) showed that insignificantly increases were observed in BUN during late-

pregnancy stage (36.6 mg/dl) followed by mid-pregnancy stage (35.9 mg/dl), while lowest value was observed during early 

pregnancy and early lactation stages (34.6 mg/dl). Similarly, to our results of BUN over the gestation period, El-Sherif and Assad 

(2001) reported that in Barki ewes, BUN level started rising during week 10 of pregnancy and reached a peak around parturition. 

Similar results were also reported by Durak and Altiner (2006) in Chios ewes . 

 

The high requirements for energy by pregnant ewes during late-pregnancy stage might lead to an increase in serum urea 

levels (Piccione et al., 2009). Another reason for high urea concentration in pregnant ewes could be related to either high protein 

metabolism during pregnancy or nutritional management (Gurgoze et al., 2009).  

 

The quantity of creatinine formed each day depends on the total body content of creatinine, which in turn depends on dietary 

intake, rate of synthesis of creatine, and muscle mass (Annen et al., 2004). As reported in our study, Cr concentration was affected 
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significantly by physiological stages (Table 3). Ewes during late-pregnancy stage show an increase of Cr concentration that 

surpassed all other stages. Similar results were observed by El-Tarabany (2012) who found that Cr concentration was significantly 

increased during late-pregnancy as compared to early and mid-stages of ewes. To the best of our knowledge, results of BUN and 

Cr indicated that during physiological stages the kidneys were not clinically affected by using biological additives in ewe rations. 

 

Liver function: liver ALT and AST enzymes are used to assess liver damage (Mahgoub et al. 2008). In the present study, data 

in Table (4) elucidate that both liver enzymes were significantly increased in all treated groups than control one. ZAD
®
 groups 

(G4 and G5) recorded the highest values of AST; while ZADO
®
 groups (G2 and G3) recorded the highest values of ALT. The 

control group recorded the lowest values of the two enzymes. The aforementioned results are in agreement with those reported by 

Adel and El-Metwaly (2012), who noted that AST enzyme significantly increased in Maghraby camels, fed diets supplemented 

with ZADO
®
 (20 g/h/d), while ALT enzyme insignificantly increased. On contrary, Ibrahim et al. (2017) reported that liver 

enzymes were not affected in Ossimi ewes fed rations supplemented with ZAD
®
. Also, Rivero et al. (2016) found that ALT and 

AST were within the normal range and did not affect in lambs fed diet supplemented with exogenous enzyme . 

 

Our results also demonstrated that liver enzymes levels were in the normal range as reported by Mohamed and Hussein 

(1999) who showed that AST concentration ranged between 34 – 148 IU/l, while ALT value ranged from 6.86 to 7.68 IU/L. 

Normal concentrations of both ALT and AST enzymes, which are the most important indicators of liver activity, demonstrated 

that there are no pathological lesions in the liver. 

 

 

Table (4): Means of blood aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities (IU/L) of 

Barki ewes fed rations supplemented by biological additives during different physiological status 

Item 
Stage 

(S)  

Treatment (T)  
Overall 

± SE 

G1 G2 G3 G4 G5 S T S×T 

AST  EP 141.8 151.5 160.9 162.2 157.5 154.8    

 MP 149.8 160.5 156.8 159.4 161.7 157.6 2.50
NS

 3.42
*
 5.58

*
 

 LP 153.1 154.7 157.0 161.0 174.9 160.2    

 EL 138.6 139.8 158.8 173.1 171.4 156.3    

 Overall 145.8
C
 151.6

BC
 158.4

AB
 163.9

A
 166.4

A
     

ALT EP 63.7 60.6 72.3 65.0 63.1 64.9
B
    

 MP 61.9 73.2 69.9 65.8 69.9 68.1
AB

 1.18
*
 1.62

*
 2.65

*
 

 LP 66.3 74.6 70.1 67.6 69.5 69.6
A
    

 EL 56.6 58.1 58.1 56.9 57.2 57.4
C    

 Overall 62.1
B
 66.6

A
 67.6

A
 63.8

AB
 64.9

AB
     

G1: the control concentrate ration; G2: concentrate ration with 6 g/h/d from ZADO®; G3: concentrate ration with 10 g/h/d from ZADO®; G4: concentrate ration 

with 6 ml/h/d ZAD®; G5: concentrate ration with 10 ml/h/d ZAD®  

EP: Early pregnancy stage (1st and 2nd months of pregnancy); MP: Mid pregnancy stage (3rd month of pregnancy); LP: Late pregnancy stage (4th and 5th months of 

pregnancy); EL: Early lactation stage (1st month of lactation) 

A, B = Values with different letters on the same row differ at (P<0.05). A, B = Values with different letters on the same column differ at (P<0.05).  
*, P<0.05; NS, non-significant,  

 

Liver ALT enzyme was affected significantly by physiological stages, while AST was insignificantly affected. ALT showed a 

significant increase with progressed in pregnancy, and then sharply decreased during early lactation (Table 4). Liver AST enzyme 

was insignificantly increased in late pregnancy stage followed by mid pregnancy stage, while early pregnancy stage recorded the 

lowest value. These findings are in consistency with earlier reports in sheep (Antunovic et al., 2011 and El-Tarabany, 2012) and 

goats (Waziri et al., 2010). Changes in liver enzymes activity in the blood due to physiological stages, especially in early lactation, 

may be resulted in alteration in hepatic metabolism, and may be related to reduce dry matter intake around parturition (Greenfield 

et al., 2000). 

 

Metabolic hormone levels: table (5) shows the metabolic hormonal levels including triiodothyronin (T3) and thyroxin (T4) 

among the different experimental groups during different physiological stages. In the present study, the obtained results showed 

that T3 was significantly higher (P˂0.05) in ewes fed the experimental diet supplemented with ZAD
®
 and ZADO

®
. G3 recorded 

the highest value of T3 (1.77 ng/ml), while the control group recorded the lowest value (1.55 ng/ml), whereas that of T4 did not 

seem to be affected. These results suggested that the enzymes directly or indirectly promoted an enhanced activity of deiodinase in 

liver and kidney tissues, promoting the transformation of T4 into biologically active T3 (Ganong, 1995). 

 

The present results are in agreement with those reported by Mohamed and Abou-Zeina (2008) who found that T3 was 

significantly (P˂0.05) higher in goats fed biologically treated sugar beet pulp than control group, while T4 was not affected. 

Mohamed et al. (2016) found that T4 significantly increased, while T3 insignificantly increased in Ossimi ewes fed rice straw 

treated with ZAD
®

 as compared to control group. Blood thyroid hormone concentrations are considered good indicators of the 
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nutritional status of an animal and were correlated with feed intake in ruminant species (Riis and Madsen, 1985). There are reports 

suggested that energy deprivation decreased concentrations of both T3 and T4 (Todini, 2007). 

 

Table (5): Means of blood triiodothyronine (T3) concentration (ng/ml) and thyroxine (T4) concentration (µg/ml) of Barki 

ewes fed rations supplemented by biological additives during different physiological status   

Item Stage (S)  
Treatment (T)  

Overall 
± SE 

G1 G2 G3 G4 G5 S T S×T 

T3  EP 1.67 1.57 1.75 1.67 1.67 1.67
B
    

 MP 1.42 1.61 1.73 1.54 1.66 1.59
BC

 0.04
*
 0.04

*
 0.08

*
 

 LP 1.39 1.56 1.68 1.54 1.56 1.55
C
    

 EL 1.71 1.94 1.95 1.94 1.95 1.90
A    

 Overall 1.55
B
 1.67

AB
 1.77

A
 1.67

AB
 1.71

AB
     

T4 EP 6.98 6.46 7.34 6.80 7.26 6.97
B
    

 MP 6.91 7.16 6.77 8.28 8.15 7.45
AB

 0.16
*
 0.22

NS
 0.36

*
 

 LP 7.08 7.57 7.50 7.05 6.99 7.24
AB

    

 EL 7.72 7.79 7.79 7.80 7.82 7.78
A    

 Overall 7.17 7.24 7.35 7.48 7.56     
G1: the control concentrate ration; G2: concentrate ration with 6 g/h/d from ZADO®; G3: concentrate ration with 10 g/h/d from ZADO®; G4: concentrate ration 

with 6 ml/h/d ZAD®; G5: concentrate ration with 10 ml/h/d ZAD®  

EP: Early pregnancy stage (1st and 2nd months of pregnancy); MP: Mid pregnancy stage (3rd month of pregnancy); LP: Late pregnancy stage (4th and 5th months of 

pregnancy); EL: Early lactation stage (1st month of lactation) 

A, B = Values with different letters on the same row differ at (P<0.05). A, B = Values with different letters on the same column differ at (P<0.05).  
*, P<0.05; NS, non-significant,  

 

In the meantime, during different physiological stages, T3 significantly decreased (P<0.05) in late-pregnant ewes compared to 

other stages, while early lactation stages recorded the highest level of T3. Level of T4 significantly decreased in early-pregnant 

ewes. Novoselec et al. (2009) showed no significant differences in T4 levels due to reproductive status of sheep; however, they 

found higher T3 concentrations for non-pregnant and pregnant ewes than those at early-lactation. The decrease in thyroid 

hormones around parturition could be due to alterations in cardiac output and increased blood volume (Khaled and Illek, 2012). 

 

CONCLUSION 

Biological additives in terms of enzymes treatment can help in improving the use of forage in ruminant diets and 

consequently encourage the positive animal performance without adverse effect on blood biochemistry, which can reflect on 

decreasing the financial pressure on the farmer. Further researches are required to define the ideal conditions for the exogenous 

enzymes and its level to optimize this synergistic interaction. 
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