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Abstract. A field study was conducted to evaluate the Calcium (Ca), Phosphorus (P;) and Magnesium (Mg)
status of Awassi ewes and their lambs at parturition and early lactation raised under intensive and Semi-
intensive systems in the northern part of Jordan. Twenty Awassi ewes were selected randomly from a herd, at
parturition, raised under intensive systems (groupl; fed concentrate ration) and another twenty raised under a
Semi-intensive system (group 2; grazed natural pasture and by-product). Blood samples from ewes and their
newborns were collected at parturition, 30 and 60 days postpartum. Moreover, milk samples were collected at
time of blood sampling. Samples were prepared and analyzed for Calcium (Ca) and Magnesium (Mg) by AAS
and Phosphorus (P;) by Spectrophotometer.

A significant different (P<0.01) was found in Ca concentration in blood serum of ewes in group 1
only at 30 days postpartum compared with group 2. The levels of serum Ca of ewes’ in-group 2 were below the
normal level especially at 30 days postpartum. Phosphorus concentrations in serum of ewes and the newborns
in both groups were adequate throughout early lactation. Magnesium concentration in blood serum of ewes and
their lambs in groupl were significantly (P< 0.05) higher and adequate at parturition and early lactation
compared with ewes from group 2. Milk Ca% of ewes in-group 1 were significantly higher (P< 0.01) at
parturition and 60 days postpartum, P% at parturition and 30 days postpartum (P< 0.05), while Mg% only at
parturition (P< 0.01). Milk DM% of ewes in-group 1 were significantly (P< 0.01) higher compared with group
2 at parturition and at 60 days postpartum (P< 0.001), while OM% only at 60 day postpartum (P< 0.001). In
conclusion, ewes raise under a semi—intensive system in northern part of Jordan require Ca and Mg
supplementation at early lactation to improve their general performance.
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Introduction

Milk is the main source of nutrients for the newborn lambs up to weaning. Ewes early
lactation requires high levels of nutrients through feeding to face the high demand for
milk production and recovery. Grazing Awassi ewes in Jordan, usually give during
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winter when the range grasses and shrubs are overgrazed and whether is cold [1].
Supplementary program with barley, wheat bran and straw are usually start by mid of
November and it goes for three month during early lactation [2] The amount of
supplement feed is insufficient to cover the nutrients requirements of ewes during this
critical period due to the high cost. Calcium (Ca) and Phosphorus (P;) are the two most
abundant minerals in the animal body. Their deficiencies usually occur in sheep fed
largely grain diets with limited grazing available which cause a severe growth stunting,
skeletal abnormalities and death of newborn and young weaned lambs. A great change
happened in the sheep production system in Jordan, from the extensive system to a semi-
intensive and recently to the intensive system because of destruction in the range.

It has been reported in the literature the occurance of hypocalcaemia and
hypophosphataemia in pregnant ewes during late gestation because of a high demand for
Ca and P; for fetal skeleton. Sanson et al., [3] reported a low plasma Ca and P; in
pregnant ewes at the last weeks before lambing and then increased to/ and after lambing.
But the opposite trend was found for Mg concentration. Moreover, the milk composition
of minerals varies with season [4], stage of lactation [5], species [6], breed [7] and many
other internal and external factors [8, pp. 56-31].

Very little information is available on mineral status of Jordanian Awassi ewes
and their newborn lambs rise under the intensive and the semi-intensive systems during
early lactation. The objectives of this study was to evaluate the Ca, P; and Mg status of
Awassi ewes and their newborns, at parturition and early lactation, raised under the
intensive and semi-intensive systems in Jordan.

Material and Methods

Twenty Awassi ewes (3.5+1yr. old) were selected randomly at parturition from
a herd raised under the typical intensive system. These Ewes and their newborn lambs
were fed a ration consisted of barley grain (65%), soybean meal (18%), wheat bran
(15%), calcium carbonate (1.4%), sodium chloride (0.5) and trace element and vitamins
(0.1%). The approximate daily intake was 1.2 kg concentrate/ ewe/ day beside wheat
straws ad-libitum. The chemical composition of the concentrate were: 14.9% crude
protein; 0.63% Ca; 0.33% P and 0.114% Mg (as fed basis). The feeding program of ewes
was calculated to cover the nutrient requirements in this stage according to NRC [9,
p.42]. Another twenty ewes (3.5+1yr. old) at parturition were selected randomly from a
herd raised under a semi-intensive system in northern Jordan. These Ewes and their
newborn lambs were grazed natural pasture, cereal stubble, crop residue, vegetable by-
products and some barley (300g/ewe/day) and wheat bran (200g) as a supplement (Table
1). Lambs were weighed at parturition and at weaning (60 days old). Blood samples
were taken from ewes and lambs from the jugular vein into vacuum tubes at parturition,
30 and 60 days postpartum. Serum was separated by centrifugation and stored at —20°C
until analysis. Milk samples were also collected at parturition, 30 and 60 days
postpartum.
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Table 1. Chemical composition of available feed and supplements consumed by grazing sheep

Ingredients CP P Mg Ca
%

Barley grain 12.0 0.35 0.20 0.23
Barley straw 4.1 0.07 0.25 1.70
Wheat bran 15.2 0.94 0.49 0.43
Wheat straw 35 0.13 0.22 0.66
Natural pasture 15.7 0.40 0.43 242
Lentile straw 5.0 0.04 0.52 3.20
Irrigated grass 25.0 0.47 0.52 3.14

All samples were prepared according to AOAC [10, p.88] for mineral analysis.
Serum was prepared by mixing 4 parts of Trichloroacetic acid with 1 part serum and
centrifuged (3000Xg/15 minutes). Milk samples were dry- ashed at 450°C/4 hrs and
diluted by using concentrate HCI for analysis. Feed samples were dry- ashed at 600°C/6
hrs. Calcium and Magnesium concentrations were measured by Atomic Absorption
Spectrophotometry (AAS). Serum inorganic phosphorus was measured by colorimetry
according to Fiske and Subbarow [11].

Data were analyzed as a complete randomized design (CRD) using SPSS®
(version 7.5). Raising systems and time of sampling were used as independent variables,
and blood serum and milk Ca, Mg and Pi were used as dependent variables. Means were
compared using the least significant differences (LSD) test of SPSS. Significance were
declared at P < 0.05 unless otherwise noted.

Results and Discussions

Serum mineral contents

Table 2 shows the concentrations of Ca, P; and Mg (mg / dl) in the blood serum
of ewes and their newborns in the intensive and semi intensive systems at parturition, 30
and 60 days postpartum. The Ca concentration in blood serum of sheep is considered to
be deficient when Ca less than 6.0 mg/dl, but above 8 mg/dl are considered adequate [12,
p. 47]. Calcium concentrations in blood serum of ewes and their newborn lambs in the
two systems didn’t show any significant differences (p>0.05) throughout early lactation,
except at 30 days postpartum when a significantly lower concentration (p<0.01) in blood
serum of ewes raised under the semi-intensive system was detected compared with ewes
in the intensive system (5.8 vs 8.4 mg /dl respectively).

The lactation period in ewes is the most critical physiological states that cause a
great fluctuation in Ca and other mineral requirements to satisfy the high demand by
mammary gland to produce milk. Milk is well known to be a main natural source of high
quality Ca and P; for growing mammals [13]. Diets and bones are the main source of Ca
and other nutrients in mammals and birds [14]. The enhancement of intestinal Ca
absorption and bone Ca resorption are process under the influence of Ca regulating
hormones, Parathyroid hormone and 1,25 (OH), D which is produced in kidneys [14, p.
1]. The hypocalcemia, low Ca level in serum, results from the disturbance of the Ca
homeostatic mechanism which required to replenish Ca lost for milk production during
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lactation [15]. Many researchers reported a high reduction in blood plasma Ca, P; and Zn
of dairy cows around parturition because of transfer of a large amount of these minerals
to colostrum [16- 19]. Salih et al. [13] found that serum Ca level of cows at parturition
was higher than that 3 months postpartum. In this study, an adequate level in blood
serum of the grazing lambs from the intensive and semi-intensive systems were detected
throughout the first 60 days. Moreover, the blood serum Ca of the lambs from the semi-
intensive system was higher than their ewes. This finding agreed with the observation of
Van Niekerk et al. [20] in which the grazing lambs showed higher concentration of P;
and Ca than ewes. The similar trend for the Angora kids and adult does were observed in
South Africa [21]. Moreover, McDowell [22] reported that young lambs with high Ca
requirements absorb Ca at higher rate and greater efficiency than mature sheep.

Table 2. The concentrations of calcium (mg/dl), phosphorus (mg/dl) and magnesium (mg/dl) in blood
serum of ewes and their lambs at early lactation (parturition, 30 and 60 days postpartum)

0 Day 30 Days 60 Days
E NB? E NB E NB
X® SE X SE X SE X SE X SE X SE
Ca (mg/dl):
Intensive 85 04 86 05 84 05 9.0 03 85 03 84 06
Semi-intensive 73 09 79 04 58 06 87 03 72 10 83 0.6
SE 0.50 0.32 0.57 0.21 0.54 0.40
Level of Sig. NS NS *x NS NS NS
P (mg/dl):

Intensive 6.9 0.24 76 034 7.1 0.32 72 0.21 79 19 6.6 0.15
Semi-intensive 6.1 0.19 6.9 041 6.8 041 6.1 0.23 74 12 6.3 021
SE 0.45 0.33 0.46 0.51 0.43 0.39
Level of Sig. NS NS NS NS NS NS

g (mg/dl):

Intensive 277 .24 24 .17 23 31 28 .26 2.4 4 33 43
Semi-intensive 153 .19 14 .16 1.7 .19 13 .14 15 14 15 .10
SE 0.24 0.18 0.19 0.29 0.24 0.36

* * * **x * *%

Level of sig.
T Ewes

2 Newborns

3 mean.

SE = Standard error of means.

¢ \Mean values with superscripts within column are significantly different as follow:
* Significant at P< 0.05.

** Significant at P< 0.01.

NS = Not significant (P> 0.05)

Phosphorous concentration in blood serum of the ewes and lambs were within the
normal adequate levels and no significant effect of system on these levels throughout
early lactation. Sheep with blood serum P; less than 3.0 mg/dl are deficient; serum levels
greater than 4.0 mg/dl are considered to be adequate [12, p. 174]. Our findings agreed
with Albel et al. [23] who reported an adequate supply of phosphorus to sheep
throughout the year, especially during the summer season, at the northern part of Jordan.
Sanson et al. [3] reported a significant increase in blood serum P; of ewes at lambing and
continued to increase with the progress of lactation.
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Ewes raised under the semi-intensive system showed significant (p<0.05) lower
concentration of Mg and marginally deficient compared with the ewes raised under the
intensive system during the whole early lactation period. The same trends were detected
on their newborns with higher level of significancy (p<0.01). Sheep with serum Mg
levels less than 1.5 mg/dl are deficient; serum levels greater than 1.5 and less than 1.8
mg/dl are considered marginal; serum levels from 2.0 to 3.5 mg/dl are adequate [12, p.
147]. Growing lambs raised under the semi-intensive system showed fluctuation in blood
serum Mg below the adequate level throughout the 60 days before weaning. These
findings agreed with the results of Albel et al. [23] who reported a very low
concentration of Mg in blood serum of grazing cattle and sheep in winter and early
spring because of the internal parasites and the chemical composition of new grown
green grazing plants. Moreover, another study done by Sanson et al. [3] reported a
higher concentration of Mg in blood serum of ewes at late gestation and decreased at
parturition and 3 weeks postpartum. Many dietary and physiological factors can
influence Mg absorption. Doses of vitamin D have been reported to increase Mg
absorption; however, retention of the Mg may be reduced by increased urinary excretion
[24]. Feeding high Ca and P increased fecal Mg excretion and decreased blood serum
Mg. Magnesium and Ca may compete for the same absorption sites along the small
intestine [22; 25]. In addition, a high concentration of K in green grasses may cause a
reduction in the absorption of Mg in the digestive system of grazing animals [23].

The Awassi ewes and their newborn from both systems didn’t show a clinical
sign of diseases caused by fluctuation of Ca, P and Mg intake. Nevertheless, there were
significant changes in all three constituents with progress of lactation and production
system.

Mineral contents of colostrum and milk

Many factors influence the mineral composition of milk that varied with season
[4], stage of lactation [5], animal species [6], breed [7] and other internal and external
factors [8]. Table 3 shows the milk Ca, Mg and P percentage at parturition, 30 and 60
days postpartum. Ewes raised under the intensive system showed a significant drop
down (p<0.01) in milk Ca % from parturition up to 60 days (0.22% to 0.16%,
respectively), but the trend was not the same for the ewes from the semi-intensive
system. Calcium percentage in milk of ewes raised under the semi-intensive system was
significantly differ (p<0.01) at parturition and at 60 days postpartum, but not at 30 days
postpartum. The averages milk Ca% for cows, sheep and goats raised in Britain were
0.12, 0.21 and 0.16% respectively [6].

Phosphorous % in colostrum of ewes raised under the intensive system was
higher (P<0.05) compared with the ewes from the semi-intensive system (0.21 vs 0.16%,
respectively). Further more, the two systems showed a significant drop down with the
progress of the lactation period (P<0.01 and P<0.05 respectively). Moreover, the same
trend (P<0.05) was found on the milk of 30 days postpartum (0.17 vs 0.14%,
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respectively). Moreover, ewes raised under the intensive system showed high level of
blood serum P; compared with ewes in the semi-intensive system. Akinsoyinu [26] found
that colostrum of dairy goats contained more Ca and P; (141 and 118 mg/dl) than regular
milk (130 and 93 mg/dl). Moreover, Salih et al. [13] reported a relatively constant
percentage of Ca, and P; in milk that little affected by diet, but they differ between
regular milk and colostrum. These findings agreed with our results for the ewes raised
under the intensive system and only P for the ewes raised under the semi-intensive
system.

Milk calcium, phosphorus and magnesium percentages at parturition, 30 and 60 days
postpartum

System I 112 ne

x4 X X SE Level of sig.
Calcium (%):
Intensive 0.22° 0.15° 0.16" 0.003 ko
Semi-intensive 0.20 0.19 0.22 0.01 NS
SE 0.01 0.01 0.07
Level of sig. Fkx NS Fkx
Phosphorus (%0):
Intensive 0.21° 0.17° 0.17° 0.01 o
Semi-intensive 0.16° 0.14° 0.16® 0.01 *
SE 0.01 0.01 0.01
Level of sig. * * NS
Magnesium (%o):
Intensive 0.033 0.04 0.036 0.004 NS
Semi-intensive 0.030 0.04 0.040 0.009 NS
SE 0.04 0.005 0.07
Level of sig. il NS NS

L At parturition

230 days postpartum

% 60 days postpartum

4 Mean

3¢ Mean values with superscripts within row or column are significantly different as follow:
* Significant at P< 0.05.

** Significant at P< 0.01.

*** Significant at P< 0.001.

NS = Not significant (P> 0.05)

A significant (P< 0.01) higher percentage of Mg in colostrum of ewes raised
under the intensive system was detected compared with the semi-intensive system (0.033
vs 0.030 % respectively). No significant effect of system or time (progress of lactation)
was found on milk Mg%. Moreover, there was no effect of time of milk sampling on
Mg% for both systems separately. The average milk Mg% for cows, sheep and goats
raised in Britain were 0.01, 0.02 and 0.014%, respectively [6].
Colostrum and milk composition

The total solid, ash and organic matter percentages of Awassi sheep milk were
presented in Table 4. Stage of lactation, season of lactation, animal breeds and
production system effect the milk composition. Total solid % in colostrum of ewes
raised under the intensive system were significantly higher (P<0.01) compared with
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colostrum of ewes from the semi- intensive (28.2 vs 26.2%, respectively). The same
trend was found on milk total solid% at 60 days postpartum (17.7 vs 14.3%,
respectively; P<0.001), but not at 30 days postpartum. A significant drop down
(p<0.001) in the total solid% was detected by the progress of lactation in the ewes from
the semi-intensive system (26.2, 16.23 and 14.3%, respectively), but significantly
(P<0.001) decreased at 30 days postpartum and increased again at 60 days postpartum
for ewes from the intensive system (28.2, 16.36 and 17.7% respectively). The total
solids% of ewes” milk ranged from 14.5 to 18.9% as reported by Owen [27] and all the
total solids% in this study were fallen within this range. No significant variations were
found on ash % between the two systems at parturition, 30 and 60 days postpartum. A
significant drop down (P<0.001) was detected with the progress of lactation up to 30
days and increased at 60 days postpartum for the ewes from the intensive system but not
the same trend for ewes from the semi-intensive system. Khalifa et al. [28] and Abou
Dawood et al. [29] reported that stage of lactation affected significantly the ash content
of ewe milk. They reported a low ash content of second week milk and increased with
the progress of stage of lactation. This change in ash% occurred because of the peak of
milk production at the second week of lactation after which the milk production
gradually decreased. In this study, the values of ash in whole milk from both systems
were higher compared with the values that reported by Owen ([27]; 0.67 to 0.87%).

Table 4. Milk total solids, organic matter and ash percentages at parturition, 30 and 60 days postpartum
1

System 1 112 ne

X4 X X SE Level of sig.
Total Solids (%0)
Intensive 28.2° 16.36" 17.7° 041 heiehad
Semi-intensive 26.2% 16.23° 14.3° 0.39 il
SE 0.45 0.44 0.34
Level of sig. il NS il
Ash (%)
Intensive 1.27° 1.03° 1.04° 0.046 o
Semi-intensive 1718 0.96° 0.85° 0.026 kel
SE 0.04 0.04 0.03
Level of sig. NS NS NS
Organic matter (%)°
Intensive 27.1° 15.4° 17.2° 0.34 Frk
Semi-intensive 24.8% 15.2° 13.4° 0.47 wkx
SE 0.46 0.40 0.27
Level of sig. NS NS ool

* At parturition

230 days postpartum

% 60 days postpartum

“Mean

®Total solids% - Ash%

¢ Mean values with superscripts within row and column are significantly different as follow:
* Significant at P< 0.05.

** Significant at P< 0.01.

*** Significant at P< 0.001.

NS = Not significant (P> 0.05)
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Organic matter% showed the same trend as ash % which significantly (P<0.001)
dropped down from 27.1% at parturition to 15.2 % at 30 days and increased up to 17.2%
at 60 days for ewes from the intensive system. The percentages of the organic matter in
milk of ewes under the semi-intensive were significantly decreased (P<0.001) with the
progress of lactation from 24.8 at parturition to 15.2 at 30 days and 13.4 at 60 days
postpartum which agreed with other researchers [28]. At 60 days postpartum, milk
organic matter % for the ewes raised under the intensive system were significantly
higher (P<0.001) compared to the milk of ewes from the semi-intensive system (17.2 vs
13.4%, respectively). Hatfield et al. [30] reported that the organic matter% in colostrum
was 27.3% and dropped down to 19.5% for milk at 28 days postpartum. Our results in
this study followed the same trend but with lower values. On the other hand, the values
agreed with Owen [27, pp. 16-48] who reported the range from 13.8 to 17.5%.

Lambs’ body weight

The average body weight of lambs from ewes raised under the intensive system
(P<0.05) were significantly heavier at birth (P<0.01) and weaning (P< 0.05) 60 days old,
compared with lambs from the semi-intensive system (3.93 vs 3.14 Kg; 18.1 vs 16.4 Kg,
respectively). This observation was expected due to the variation in dietary nutrient
supply to growing lambs from each system.

Conclusion

The data reported herein indicated that ewes raise under a semi—intensive system
in northern part of Jordan required Ca and Mg supplementation program at early
lactation to face the high demand of Ca and Mg by mammary gland to produce milk. In
addition, to improve their general performance and productivity.
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