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Investigations were conducted to determine the influence of physiological stage and parity on some 
indicators of energy, nitrogen and mineral metabolisms in sheep Ouled Djellal living in the Algerian 
Southeast arid area. The study was carried out on 100 clinically healthy multiparous and primiparous 
ewes, aged 2 to 7 years. The animals were divided into three ewe groups: Pregnant (P), lactating (L), 
and empty (E). Biochemical analysis of blood samples concerned the determination of the values of 11 
metabolites [glucose, cholesterol, triglycerides, urea, total protein, albumin, calcium (Ca), phosphates 
(PO4), sodium (Na), potassium (K), and magnesium (Mg)]. The results showed that pregnant ewes and 
multiparous ones have the lowest blood glucose levels and the highest proteinemia. However, the 
lowest total protein and albumin values were found in empty sheep. Cholesterol and triglyceride levels 
were the highest in lactating and primiparous ewes. In this study, the most important calcium levels 
were recorded in lactating ewes which showed the lowest magnesium levels. The pregnant ewes had 
the highest sodium levels and low phosphatemia. Potassium levels were comparable in all animals. 
Statistical analysis showed that the physiological stage has a significant influence (p < 0.05) on serum 
glucose, triglycerides, phosphorus and potassium levels and a highly significant effect (p < 0.001) on 
urea, and magnesium levels. No parity effect has been observed in our study. 
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INTRODUCTION 
 
Gestation and lactation are the two most critical periods 
in sheep feeding. The energy requirements of pregnant 
ewes increase significantly towards the end of gestation, 
during which 70 to 80% of foetal growth occurs 
(Sormunen-Cristian and Jauhiainen, 2001). Similarly, 
during the first 2 weeks of lactation, the export of nitrogen 
and energy in milk is very high and the animals can not 
ensure it without the mobilization of their reserves (Tissier 
and  Thériez,  1978).  Ewes  should  be  in   good   health 

during and after pregnancy so as to produce viable 
lambs.  

The identification of metabolism change of such sheep 
in various reproduction phases, the determination of 
metabolic blood profiles, including serum mineral and 
biochemical parameters is necessary to study ruminant 
metabolism disorders and can provide useful information 
on the animal nutritional status (Balikci et al., 2007). 
Correspondingly,    mineral    content    and    biochemical 
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indicators in the blood of sheep are widely used (Sykes 
and Field, 1974; Hajdarevié et al., 1989). 

A significant number of authors describe the mineral 
and biochemical indicators in the blood of the sheep 
(Pastrana et al., 1991a, b; Shinde et al., 1995; Klinkon 
and Zadnik, 1997) reported by Antunovié et al. (2004). 
But, only a very small number of authors report about the 
influence of the reproductive status (Baumgartner and 
Penthaner, 1994; Ramos et al., 1994; EL-Sherif and 
Assad, 2001; Antunovié et al., 2002, 2004) and the parity 
as the important prerequisites for the biochemical 
indicators' interpretation in sheep. In order to establish 
the metabolic profile of the sheep, it is necessary to know 
the influence of reproductive status as well as the parity. 
In Ouled Djellal breed (main breed of sheep in 
Southeastern Algeria), information about the 
determination of normal biochemical and mineral values 
remain insufficient; therefore, the aim of this research is 
to show the changes of the serum mineral and 
biochemical indicators in the blood of ewes depending on 
reproductive status and the parity.  

 
 
MATERIALS AND METHODS  

 
Choice of farms and animals 
 
Investigations were carried out on farms located in the agricultural 
region of El Doucen, in the Algerian Southeast arid area. This 
region is characterized by a dry climate, low rainfall, an average 
summer temperature of 42°C and dry pastures. 

The choice of these farms was made on the basis of availability 
of information on studied animals, and the presence of a large 
number of sheep. 

The study involved 100 multiparous and primiparous ewes of 
Ouled Djelal breed; animals were divided into three ewe groups: P 
(pregnant n = 34), L (lactating n = 33) and E (empty n = 33). 

  
 
Sampling and analysis of blood samples 

 
Blood samples were taken from the jugular vein into dry and 
heparinized tubes; the operation took place in the morning (7:00 
am) before food intake. Analysis concerned biological constants 
(glucose, cholesterol, triglycerides, urea, total protein, and albumin) 
as well as, [calcium (Ca), phosphates (PO4), sodium (Na), 
potassium (K), and magnesium (Mg)]. These analysis were 
performed by spectrophotometer (BOEHINGER5010). 

 
 
Statistical analysis  

 
Data statistical analysis was performed using Epi Info software 
(version 6.04, 2003) 

 
 
RESULTS 

 
The lowest blood glucose values are in pregnant ewes, 
and in multiparous ones, the study showed statistical 
significant    differences     (P < 0.05)     between     ewes:  
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(pregnant versus empty), and (lactating versus empty), 
however, these values remain within the range of 
international standards cited by most authors (Nelson 
and Guss, 1992; Radostits et al., 2000; Brugere-Picoux, 
2002; Dubreuil et al., 2005) Table 1.  

Cholesterol levels for the various batches are relatively 
lower than the standards cited by Brugere-Picoux (2002), 
and Ndoutamia and Ganda (2005).  

However, the highest cholesterol levels were observed 
in lactating and primiparous sheep, those levels still 
within the limits of values reported by these authors. 

The statistical study revealed no significant differences 
between different batches. Our animals have relatively 
lower triglyceride values than those described by 
Ndoutamia and Ganda (2005); however, they remain 
within the range of standard values referenced by 
Mollereau et al. (1995).  The statistical study showed a 
significant difference (p < 0.05) between ewes: (lactating 
versus empty) for triglycerides. 

Uremia, proteinemia and albuminia rated among the 
various groups are within the standards described by the 
authors.  

The comparison of urea mean levels showed highly 
significant differences (p < 0.0001) between ewes: 
(pregnant versus empty); (lactating versus empty) and 
also between the three batches: (pregnant versus 
lactating versus empty). 

But the difference is not significant for total protein and 
albumin rates. Furthermore, the highest proteinemia 
levels were observed in pregnant and multiparous ewes, 
and the lowest among empty sheep. 

Calcium and sodium levels obtained in our study were 
below the physiological standards cited by most authors 
(Jelinek et al,, 1996; Brugere-Picoux, 2002; Dubreuil et 
al., 2005), however, they remain within the range of 
values described by Baumgartner and Pernthaner (1994) 
for the calcium. The statistical study showed significant 
differences (p < 0.05) between ewes (pregnant versus 
lactating) Table 2. 

The phosphatemia found in pregnant and in 
multiparous ewes were below the standards reported by 
most authors (Brugere-Picoux, 2002; Dubreuil et al., 
2005). 

Serum magnesium concentrations correspond to the 
standards reported in the literature, and the values 
recorded for potassium are within the range of 
international standards described by Brugere-Picoux 
(2002), but they are below the values reported by Jelinek 
et al. (1996), and Dubreuil et al. (2005).  

In addition, the comparison of mean levels of serum 
phosphorus and potassium revealed significant 
differences (p < 0.05) between ewes (pregnant versus 
lactating), also highly significant differences (p < 0.01) 
were found for magnesium levels between ewes 
(lactating versus empty). In this study, no significant 
difference was found between the multiparous and 
primiparous ewes. 
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Table 1. Biochemical indicators of ewes depending on the reproductive status and parity. 
 

Biochemical 
indicators (g/L) 

(1) + (2) 
Pregnant 

(n = 34) 

Lactating 

(n = 33) 

Empty 

(n = 33) 

Multiparous 

(n = 51) 

Primiparous 

(n = 49) 

Glucose  0.42 - 0.76 (1) 0.39
b
* ± 0.19 0.41

c
* ± 0.18

* 
0,47* ± 0.10 0,39

ns
* ± 0.17 0.43* ± 0.20 

Cholesterol  0.52 - 0.76 (1) 0.49
ns

* ± 0.19 0.51* ± 0.21 0,48
ns

* ± 0.06 0,48
ns

* ± 0.19 0.56* ± 0.23 

Triglycerides  0.50 ± 0.19 (2) 0.34* ± 0.29 0.35
c
**

 
± 0.20 0,27* ± 0.12 0,34

ns
* ± 0.23 0.35* ± 0.30 

Urea  0.20 - 0.30 (1) 0.29
b,e

*** ± 0.09 0.32
c
**** ± 0.14 0,19* ± 0.05 0,31

ns
* ± 0.11 0.29* ± 0.13 

Total protein  60 - 79 (1) 67.17* ± 74.02 64,19* ± 15.40 58,80* ± 5.21 67,48
ns

* ± 60.47 59.78* ± 24.03 

Albumin  24 - 30 (1) 25.65* ± 12.72 24,54* ± 4.47 23.13* ± 3.50 25,33
ns

* ± 10.64 24.56* ± 6.90 
 

(1)Brugere -Picoux (2002); (2) Ndoutamia and Ganda (2005). *P < 0.05;  ** P < 0.01; *** P < 0.001. 
a
, Différences (pregnant versus lactating); 

b
, 

différences (pregnant versus empty); 
c
, différences (lactating versus empty); 

d
, différences (multiparous versus primiparous); 

e
, différences (pregnant 

versus lactating versus empty). 
 
 
 
Table 2. Mineral indicators of ewes depending on the reproductive status and parity. 

 

Mineral 

indicators 
(1)+(2) 

Pregnant 

(n = 34) 

Lactating 

(n = 33) 

Empty 

(n = 33) 

Multiparous 

(n = 51) 

Primiparous 

(n = 48) 

Ca (mg/L) 80 - 100 (1) 83.29
a
** ± 14.32 91.2* ± 11.58 69.60*

 
± 4.27 87.15* ± 14.43 86.94* ± 10.95 

PO4  (mg/L) 50 - 73 (2) 45.87
a
** ± 19.13 54.41* ± 19.59 55.86

b
* ± 11.71* 48.59* ± 17.61 54.52* ± 25.79 

Na  (mEq/L) 145 (2) 135.2
a
** ± 7.32 130.6* ± 10.75 132.73* ± 10.14 132.54* ± 9.77 134.76* ± 7.66 

K  (mEq/L) 4.5 (4-5) (2) 4.17
a
** ± 0.65 4.46* ± 0.47 4.26* ± 0.74 4..34* ± 0.57 4.19* ± 0.66 

Mg  (mg/L) 17 - 29 (1) 22.77
a
*** ± 4.16 18.95* ± 5.85 22.55* ± 1.95 20.42* ± 5.56 22.72* ± 4.29 

 

(1) Baumgartner and Pernthaner (1994); (2) Brugere-Picoux (2002). 

 
 
 
DISCUSSION 
 
Glucose level reported in sheep is between 35 and 45 
mg/dl (Nelson and Guss, 1992) and could be influenced 
by the physiological stage (Firat and Ozpinar, 1996) and 
diseases (Symonds et al., 1986; Ford et al., 1990). Our 
results highlight a significant influence (p < 0.01) of 
physiological stage on blood sugar which is consistent 
with the observations of Hamadeh et al. (1996) who 
concluded that it has lower values in pregnant ewes 
compared with lactating or empty ones, however, Firat 
and Ozpinar (1996) did not mention any significant 
difference in blood glucose during pregnancy or during 
lactation; this observation is supported also by Radostits 
et al. (2000), who reported lower values than those 
reported by Shetaewi and Daghash (1994).  

In case of pregnancy toxemia, blood glucose levels are 
lower than 20 mg/dl (Nelson and Guss, 1992). Antunovié 
et al. (2004) noted high blood glucose in empty females 
compared to pregnant ones. This was also reported in 
cows (Otto et al., 2000), and in Sahal’s goats studied by 
Sandabe et al. (2004). 

The decrease in blood sugar during pregnancy can be 
explained by the increase of maternal glucose 
permeability and use by the foetus (Tontis and Zwahlen, 
1987; Sahlu et al., 1995). 

Our results are inconsistent with those of Balikci et al. 
(2007)  who  reported  a  gradual  increase  (p < 0.05)   of 

cholesterol levels during pregnancy compared with 
values obtained at 45

th
 days postpartum. Hamadeh et al. 

(1996) and Al-Dewachi (1999) pointed a high cholesterol 
levels in pregnant ewes compared to empty ones. This 
observation is supported by other studies that have 
reported high cholesterol levels [high density lipoprotein 
(HDL)-cholesterol and very-low-density lipoprotein 
(VLDL)-cholesterol] in the end of gestation (Krajnicakova 
et al., 1993; Hamadeh et al., 1996; Nazifi et al., 2002). 

Also, no significant difference in serum cholesterol has 
been reported between pregnant ewes and empty ones 
(Ozpinar and Firat, 2003; Tanaka et al., 2007).  

Hamadeh et al. (1996) noted that ewes giving birth to 
two lambs presented higher cholesterol levels than the 
ones with a single lamb, the same result is reported by 
Balkici et al. (2007) at 100 and 150

th
 days of gestation. 

Antunovie et al. (2002) spoke about insignificant 
increase in plasma cholesterol in non-pregnant females 
compared with lactating ones; in a later study, they 
reported a higher cholesterol levels in lactating females 
than empty ones  (Antunovie et al., 2004) which is 
consistent with our results. 

The increase in triglyceride levels among lactating 
females may be due to insulin, which plays a direct role in 
adipose tissue metabolism during pregnancy and its 
responsiveness is significantly reduced in ewes during 
late pregnancy (Jainudee and Hafez, 1994; Schlumbohm 
et al., 1997). The diminished responsiveness of the target  



 
 
 
 
tissue to insulin during late pregnancy predisposes the 
ewes to increase of cholesterol, triglyceride and 
lipoproteins concentrations (Schlumbohm et al., 1997).  

Furthermore, Krajnicakova et al. (1993), Hamadeh et 
al. (1996), and Nazifi et al. (2002) have reported high 
levels of triglycerides during late gestation; a similar 
result is underscored by Balikci et al. (2007) who noted a 
significant increase (p < 0.05) of triglyceride levels during 
pregnancy compared to 45

th
 days post partum, On 100 

and 150
th
 days of gestation, these rates were higher 

among ewes who had two lambs, on the other hand, 
Tanaka et al. (2007) found no significant difference of 
serum triglycerides during lactation or dry period. 

West (1995) recorded higher uraemia in pregnant ewes 
than in lactating or empty ones; other authors have found 
no effect of pregnancy on uremia (Scott and Robinson, 
1976; Brozostowski et al, 1996; Meziane 2001). 

Furthermore, Antunovié et al. (2002) reported high 
serum concentrations of urea during the last trimester of 
gestation and during lactation. In a subsequent study, 
they described significant differences of uremia between 
empty and pregnant females (Antunovié et al., 2004).  

Our results are supported by Antunovié et al. (2002) 
who reported high serum concentrations of total protein 
during the last trimester of gestation and during lactation 
the same result is also emphasized by El-Sherif and 
Assad (2001) and Meziane (2001), who described a 
significant increase of proteinemia in pregnant ewes, 
unlike Brozostowski et al. (1996) who showed a decrease 
in proteinemia during late gestation.  

In our study, neither the physiological stage nor parity 
had effect on albumin. This result is in contradiction with 
observations made by Shetaewi and Daghash (1994) 
who showed a decrease in serum albumin during 
lactation compared to gestation. 

Our results are consistent with those described by Elias 
and Shainkin-Kestenbaum (1990), who reported 
hypocalcaemia in ewes during late gestation; they 
attributed this to the increasing calcium needs of the 
foetus.  

Also, according to Liesegang et al. (2006), the 
decrease of calcemia in females is probably explained by 
the loss of calcium during various reproductive stages.  

However, we noted that the highest average levels is 
observed in the lactating ewes; this is in contradiction 
with the observations of Sykes and Field (1974), Alonso 
et al. (1997), and Antunovie et al. (2002), who noted 
higher serum calcium in ewes in late gestation compared 
with ewes in lactation. 

Contrary to our results, Antunovié et al. (2002) 
described an increase in the concentration of sodium in 
pregnant and lactating ewes and a high serum levels of 
phosphate and potassium at the end of gestation; the 
latter could be attributed to metabolic disorders that may 
occur in this period and this may, in his turn lead to 
various pathological deviations of metabolites in the 
blood (Hajdarevié et al., 1989). 

Barlet et al. (1971) noted that  unlike  what  happens  in 
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cows and goats, ewes do not present a significant 
hypocalcemia nor hypophosphatemia after giving birth. 
Our results are in disagreement with Sansom et al. 
(1982) who reported that during late gestation in sheep a 
high concentration of serum magnesium levels, decrease 
towards lambing and 3 weeks postpartum. 

This study showed that the physiological stage has a 
significant influence on serum levels of glucose, 
triglycerides, urea, and macronutrients: calcium, 
phosphates, sodium, potassium and magnesium; 
however, no effect of parity has been found in our 
research. 
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