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ABSTRACT

A study was conducted toObjectives: To examine the composition of calcium and phosphorus in sheep milk
as influenced by the stages of lactation in Yankansa ewes.

Methodology and objectives: Four Yankansa ewes aged two years and weighing between 39.5 and 41.0
kgs were used for the experiment, which was conducted at the Institute of Agriculture Research and
Training, Ibadan and the Department of Animal Science, University of Ibadan. The ewes were fed the
same diet consisting of 0.5 kg of concentrate supplement and grass (Cynodon nlemfuensis) ad libitum. The
ewes were brought to heat by synchronization then herd ram served. Milk samples were collected from
each ewe once daily on days 2, 4, 6 and once a week from week 2 to 10 after parturition. The milk samples
were analyzed for minerals using an atomic spectrophotometer. The trend in the contents of calcium in
colostrum and milk varied significantly with stage of lactation while the phosphorus content was low in the
colostrum.

Conclusion and application of findings: Milk minerals are important in human nutrition and are also
important in stability of milk lipids and milk proteins especially in processing of milk products like cheese
and yoghurt. The relative concentrations of the various minerals vary significantly with stage of lactation,
breed of animal, feed, infection of udder and season of year.
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INTRODUCTION

Sheep milk is presently preferred in Europe and
America for cheese making while in Africa and
Asia it is a major food and a good source of
minerals that are vital in human nutrition because
they are components of body tissues and fluids.
Sheep milk is used in high amounts in
Sudan, Somalia and Ethiopia. The Turkana people
of Kenya, Fulani and Hausa of West Africa
consume a lot of sheep milk. In Syria sheep milk

is the second highest in amount produced mainly
from the Awassi breed (FAO, 1990).

Inspite of the importance of sheep milk,
more emphasis worldwide has been on sheep
wool and meat production. Dairy sheep breeds are
recognized mainly in the Mediterranean area and
are distinguished by higher milk fat and protein
levels than in goat and cow (Haenlein, 2001).
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In Nigeria, sheep and goat milk is consumed
domestically, alone or mixed with cow milk. In the
North and Northwestern Nigeria, sheep milk is
used in the preparation of soft cheese and in the
south and southeastern it is converted into ‘ghee’,
which can be stored for a longer time without
spoilage (Olaniyi, 2004).

Ewe’s milk has a very high solid content
and the fat content is approximately twice that of
European cows, which is similar to that of buffalo
cow (Gatenby, 1986). The protein content is
greater than that of all species but the lactose
content is similar to that of cow’s milk. Ewe’s milk
contains almost all the minerals required by lambs
and humans i.e. calcium, phosphorus, potassium,
sodium, chloride and trace minerals. Only about a
third of the minerals are in the true solution, the
rest are associated with the milk solids.

Thus when ewe’s milk is made into cheese

or other products it retains its value as a mineral
source. The contents of several minerals in ewe’s
milk have been reported to be lower than in goat's
milk (Abou-Dawood & Taha, 1980). Due to its good
quality, ewe’s milk can contribute greatly to human
nutrition especially in the dry tropical countries
where cows’ milk may be scarce and sheep will
produce better in these dry areas. Sheep are also
easy to rear and require less space thus farmers in
peri-urban and urban areas prefer them.
Milk Minerals: Minerals contribute to the buffering
capacity of milk, eminence of milk pH, ionic
strength of milk and milks osmotic pressure.
(Hurley, 2002). A study done to compare the
mineral composition of human milk, Fulani cow
milk and West African Dwarf goat milk  concluded
that the milk of goats contained more of minerals
and that the minerals present were similar to those
present in human milk, pointing to the value of goat
milk in nutrition (Belewu and Aiyegbusi 2002).

The ionized calcium obtained from milk is
essential for physiological functions as nerve
conduction and maintenance of muscle contraction
and relaxation. Calcium also acts as an inhibitor or
activator of some enzymes and it must be present
for normal blood clotting i.e. prothrombin to form
thrombin (Underwood 1981; Mc Dowell 1985).

Calcium is a water-soluble element so it is
solubilized in the stomach or rumen.

According to Neville and Morton (2001)
the substantial volume increase in milk occurring
36 to 96 hrs postpartum is perceived as the
incoming of milk and it reflects a massive increase
in the rates of synthesis and secretion of lactose,
casein, lipid, calcium, sodium and potassium. From
an experiment conducted in women 8 days
postpartum it was discovered that the daily
secretion rate of calcium increased as the days
post partum increased (Neville & Morton, 2001).

Calcium is important for lactating animals.
Deficiency of calcium will lead to rickets in young
children and animals, osteomalacia in adults,
dental maldevelopment, reduced milk flow in dairy
cows, parturient paresis in dairy ewes and cows,
tendency of bones to fracture and presence of
titanic seizures (Blood et al., 1994; O’Connor
1995).

Phosphorus is the second most abundant
mineral in the body of the animal where 80% is
found in bones and teeth (Underwood, 1981).
Phosphorus has several functions independent of
calcium, e.g. as part of the phospholipids
molecules it binds and alters the solubility of
dietary fat thus making it easier for the fat to enter
the aqueous environment of the cell. In addition,
phosphorus is a constituent of the nucleic acids
RNA and DNA in which genetic information is
contained and translated. Phosphate is also a key
constituent of many enzymes. Phosphorylation of
numerous compounds is essential for metabolism
as in the glycolytic pathway in which living cells
utilize phosphate to transport cellular energy via
adenosine triphosphate (ATP). Phospholipids are
also the main structural component of all cellular
membranes (Underwood, 1981). There are three
chemical forms of phosphate in milk, free inorganic
phosphate in solution, colloidal phosphate and
casein phosphate.

Phosphorus and calcium levels in milk are
usually high in colostrum and then decrease
constantly until near the end of lactation when they
rise again (Haenlein, 1992). Phosphorus
concentration in human milk declines with
progressing lactation especially between 4 and 25
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weeks of lactation. Changes in concentration of
minerals during lactation are common in mammals.

The lactation of the ewe usually lasts from
12 to 20 weeks although individuals show
considerable variations. The stage of lactation has
a pronounced effect on milk yield, which is at a
maximum at the second and third week before it
falls steadily. It has been calculated that about
38% of total yield is obtained in the first 4 weeks,
30% in the next 4 weeks and 21% in the next 4
weeks and 11% in the final 4 weeks (Mc Donald,
1995). The stage of lactation also affects the
composition of ewe’s milk. The butterfat content is

usually higher towards the end of the lactation
period than soon after freshening (Ensimiger,
1983). Fat, protein and ash contents increase
towards the end of lactation while lactose contents
decrease with time (Haenlein, 2001).

The composition of milk varies through out
the lactation cycle. The colostrum secreted during
the first days after parturition has an increased
content of protein and ash and contains 20-30%
dry matter. At 3 - 5 days after parturition, the milk
will have reached its normal stable composition as
shown in the Table 1 below.

Table 1: Composition (%) of ewe milk at 1 and 5 days after parturition.

Component At birth After 5 days
Minerals 1.5 1

Sugar 2 4.7

Protein 22 4.2

Fat 6.5 4.1

Water 68 86

Source: FAO (1994)

Potassium and calcium salts are the most
abundant in normal milk although the amounts of
salts present are not constant. Calcium is higher in
colostrum whereas potassium is low. Rowland et
al. (1975) reported that calcium concentration rose
in the first months of lactation but there was no
change in phosphorus and magnesium.

Only 25 % of the calcium and 44% of the
phosphorus are in a soluble form whereas the total
amounts of the other major mineral constituents
are in insoluble form. The calcium and magnesium
in the insoluble form is in chemical or physical
combination with caseinate, phosphate and citrate.

MATERIALS AND METHODS

Four Yankansa ewes two years old and weighing 39.5
kg to 41.0 kgs were used for the experiment conducted
at IAR&T, Moore Plantation, Ibadan in collaboration
with the Department of Animal Science, University of
lbadan, Nigeria. The ewes were treated with
antihelminthics and acaricides to rid them off internal
and external parasites, respectively. The ewes were

This provides a mechanism by which milk
can contain a high concentration of calcium and at
the same time maintain normal osmotic equilibrium
with the blood (Schmidt, 1971). According to
Akinsoyinu (1980), in Friesian cows, concentration
of major minerals was higher in the colostrum than
in the mature milk. According to Adeneye (1970)
the stage of lactation had a significant (P<0.05)
influence on sodium and magnesium and highly
significant effect on calcium, potassium and
phosphorus (P<0.01).

then synchronized and brought to “heat” at the same
time. The Herd ram then served them. One concentrate
diet was formulated (Table 2). The four ewes were fed
on the same diet, which was 0.5 kg per head of the
concentrate supplement and the grass (Cynodon
nlemfuensis) ad libitum. The ewes were fed in
individual pens and had access to fresh water daily.

1625



Mwaura and Akinsoyinu.

J. Appl. Biosci. 2010. Calcium and Phosphorus in milk of Yankansa ewes

Table 2: Composition of concentrate supplement fed to ewes.

Ingredients Composition %
Groundnut cake 15.0
Ground maize 28.7
DUSA 20.0
Palm Kernel Cake 15.0
Dried Brewers Grain 20.0
Common Salt 00.5
Mineral/Vitamin premix 00.3
Oyster Shell 00.5
TOTAL 100

DUSA - This is a residue from fermented guinea corn used in production of local gin (alcohol) called Burukutu.

Table 3: Composition (g/100g DM) of concentrate
supplement in diet.

Crude Protein 18.5

Crude Fiber 16.3

Ether Extract 8.9

Ash 9.8

NFE 46.5

Milk collection: The milk samples were collected once
a day on days 2, 4, and 6 after parturition, and then
once a week from weeks 2 to 10. The ewes were hand
milked and the milk was collected in plastic specimen
bottles. Milk samples were taken to the laboratory for
analysis on the same day of collection.

Milk analysis: An amount of 1ml of each milk sample
was digested in duplicate with 20 ml Nitric acid and 5ml
Perchloric Acid in a Kjedahl flask in a fume cupboard.
The digest of each sample was allowed to cool and
washed with distilled water into standard 100ml

RESULTS AND DISCUSSIONS

Calcium concentration was high in colostrum averaging
0.066g/kg then it decreased slightly in week 2. It
increased again from the 6% week to 1.1833g/kg by
week10 (a concentration higher than that in colostrum).
Phosphorus concentration was low in colostrum
averaging 0.328g/kg and it gradually increased from the
4t week (0.677 g/kg) and doubled in concentration by
the 10t week (1.175g/kg) .

Starting at a level of 0.845 glkg, calcium
concentration in colostrum decreased significantly
through days 4 to 6 (Table 1). The reduction in calcium
continued until the 3 week post parturition (average
0.57 g/kg) after which there was a significant increase
to an average of 1.78g/kg by week 10 (Table 2; Figure

Table 4: Composition (g/100g DM) of grass Cynodon
nlemfuensis in diet.

Crude Protein 12.8
Cruder Fiber 25.2
Ether Extract 56
Ash 6.2
NFE 50.2

volumetric flasks, distilled water was added to the
digest to make up to the 100ml mark. A 40 ml volume
of this digest was then dispensed into specimen bottles.

An Atomic Absorption Spectrophotometer was
used to determine the concentration of the sodium,
potassium, calcium, phosphorus and magnesium using
the appropriate lamp for each mineral (A.O.A.C, 1990).
Data recorded were subjected to analysis of variance
using Statgraphics Software (Mannungistics Inc.)
Version 3.1. The means were the separated using
Fishers Least Significant Difference Procedure.

2). Similar results were obtained by Olaniyi (2004) who
reported that the values of calcium in colostrum of West
African dwarf ewes were higher than in mature milk but
there was a significant increase after the 3 week.

Mackenzie et al. (1998) reported that a
negative calcium and phosphorus balance occurs
during the first part of the lactation period when milk
flow is greatest and that replenishing of the stores
occurs during the latter part of the lactation period and
during the dry period. According to Haenlein (1992)
calcium and phosphorus levels in milk are high in
colostrum then they decrease constantly until near the
end when they rise again.
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The phosphorus levels in the Yankansa ewe’'s milk from 0.365g/kg at day 2 to 1.18g/kg by the 10t week
were low in the colostrum but increased with days of post parturition (Tables 1and 2; Figure 3).
lactation. The concentration increased almost fourfold

Table 5: Variation of calcium and phosphorus content in colostrum of Yankansa ewes.

Days after parturition Calcium g/kg Phosphorus g/kg
Day 2 0.8452 0.3652

Day 4 0.65° 0.3175°

Day 6 0.5¢ 0.3025°
Mean 0.665 0.3283
P-Value 0.0000 0.0004

LSD 0.036 0.023

Means followed by different superscripts are significantly different (P<0.05).

Table 6: Variation of calcium and phosphorus in milk of Yankansa Ewes between the second and tenth week after
parturition.

Weeks Calcium g/kg Phosphorus g/kg
Week 2 0.51252 0.6252
Week 3 0.5725° 0.64252
Week 4 0.8275¢ 0.6775b
Week 5 0.91¢ 0.77¢
Week 6 1.29 0.885¢
Week 7 1.45f 0.8875¢
Week 8 1.6075¢ 0.95¢
Week 9 1.7 1.1375f
Week 10 1.78 1.175f
P-Value 0.0000 0.0000
LSD 0.0552 0.0496

Means followed by different superscripts in the same column are significantly different (P<0.05).
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Figure 1: Variation of Calcium and Phosphorus content in colostrum of Yankansa Ewes
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Figure 2: Variation of calcium and phosphorus in milk of Yankansa Ewes between the second and tenth week after

parturition

The result of this study was contrary to results obtained
by Akinsoyinu (1980; Bath et al. (1981); Haenlein
(1992; Olaniyi (2004) who observed that phosphorus
was higher in colostrum than in mature milk. A possible
explanation for this discrepancy could be differences in
phosphorus content in the grass and concentrate
supplement or due to breed differences. However in an
experiment conducted to study phosphorus partitioning
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during early lactation phosphorus secretion was
unaffected by dietary P concentration, but milk P as a
proportion of P intake decreased with increasing dietary
P content. Milk P output should decline linearly both in
quantity and as a proportion of P intake due to
decreasing milk yield but this was not observed in this
study (Knowlton & Herbun, 2002).
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CONCLUSION

This work has added to the existing knowledge on
calcium and phosphorus in ewe’s milkk and has
observed some differences from previously reported
studies. The trend of calcium in milk was similar to what
has been reported for ewes and other animals. The
phosphorus content was low in the colostrum and this
could have been the effect of diet or genetics.
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