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Abstract

Twelve matured lactating ewes weighing between 16 and 24 kg live weight were used to evaluate the
effects of stage of lactation and parity on milk composition and specific gravity of milk of West
African Dwarf (WAD) sheep in a semi-intensive system of management. Stage of lactation was divided
into 4: early, mid, late and very late respectively with 3 weeks interval. The animals were of parities 1
and 2 and were allowed to graze on an established paddock in the University Farm for 5 hours and
supplemented with concentrate (17% CP, 5% BW) daily. Animals were hand milked once daily at
8.00 am for 12 weeks. Stage of lactation significantly (P < 0.05) affected specific gravity of milk while
parity did not have any significant effect. Daily milk mass and daily milk volume decreased linearly
from early to very late stage of lactation; 158.276 to 34.411 g and 156.054 to 34.410 cm’
respectively. Average composition of milk components were 3.78% 4.49%, 0.76%, 4.99%, 9.02% and
14.00% for protein, lactose, ash, fat, solid non-fat and total solids respectively. Stage of lactation
significantly (P<0.001) affected milk protein, lactose, fat, solid non-fat and total solid except ash.
However, parity did not significantly affect any of these milk constituents. The contents of total solids,
solid non-fat, fat and protein were positively correlated with. On the other hand, phenotypic
correlations between lactose, protein and fat were negative. It was concluded that stage of lactation
exerts significant influence on specific gravity and composition of milk of WAD sheep while parity did
not.
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Introduction to supply a significant portion of the milk
Milk is regarded as a heterogeneous  deficit in the country because sheep
emulsion, secreted in the mammary gland ~ numbers far exceed cattle in both rural and
of a normal healthy, female animal at urban communities; 33 million sheep as
parturition. Milk yield is dependent on the against 16 million cattle (NPFS, 2008:
amount of secretory tissue and the rate of Adewumi, 2005). Sheep shows less
milk secretion (per unit of time). Milk susceptibility to mastitis than other
production increases with increase in ruminants (Anyam and Adekeye, 1985).
lactation stage (Ahamefule et al., 2000) They are also more affordable to resource-
until it reaches a peak about four-five  poor families and produce more milk in
lactation and then declines due to increase relation to body size than cattle (Nuru,
in age (Chamberlain, 1989). Milk is very 1985). Unlike cow or goat milk, sheep milk
rich in nutrients. It contains calcium, fat, is used, due to its specific composition,
phosphorus, protein, and lactose and good almost exclusively for the production of
for ulcer patients due to its alkaline nature. cheese so that its quality is based not only
Local sheep breeds in Nigeria (Yankasa, on its nutrient content but also on its
Ouda, Balami and WAD) have the potential renneting ability (Kuchtik et. al., 2008).
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The high digestibility and high content of
vitamin B, have been implicated in the
effects of sheep milk in relieving stress like
constipation and insomnia. Sheep milk is
good for children and adult people allergic
to cow milk. According to Devendra and
Burns (1983), Ehoche and Buvanendran
(1983), Said and Al-Jaryan (1992); Singh et
al. (1993), Khatkar and Sethi (1995) and
Adewumi et al., (2003), factors that affect
milk yield in dairy animals include genetic
and environmental factors. Such factors are
parity (lactation number), stage of lactation,
age of animals, live-weight, age at first
parturition, udder and teat dimensions, litter
size, season/year of parturition, lactation
length and of course nutrition. Specific
gravity is the ratio of the density of milk
compared to the density of water at a certain
temperature, when both are weighed in air.
Temperature drops lead to increase in
specific gravity of milk. Over the years,
local milk production has consistently
fallen short of demand, especially in urban
centre, leading to importation of milk and
milk products. Continuous dependence on
imported milk has discouraged local milk
production and led to increase in cost of
milk and its products. Although there is a
strong affinity for milk products in the
country, the high cost of milk has put these
products beyond the reach of the average
Nigerian, hence it is necessary to look for
alternative source of milk for local
consumption. In spite of the potentials of
our local sheep, the animals have largely
been neglected by researchers in the quest
for increased good quality milk production
It is therefore the objective of this study to
evaluate the effect of stage of lactation and
parity on specific gravity and composition
of milk of WAD sheep.

50

Materials and methods

The experiment was conducted at the Sheep
Unit of the College of Animal Science and
Livestock Production Farm, University of
Agriculture, Abeokuta Nigeria (UNAAB),
located at latitude 7° 13" 49.46'N and
longitude 3°.26 11.98'E (Google Earth,
2006). The climate is humid with mean
annual precipitation and relative humidity
of 1,112.7 mm and 81.5% respectively.
Seasonal distribution of rainfall is
approximately 110.9 mm (9.97%) in the
late dry season (Jan — March), 462.1 mm
(41.53%) in the early wet season (April —
June), 376.6 mm (33.85%) in the late wet
season (July-Sept) and 163.1 mm (14.66%)
in the early dry season (Oct. — Dec.)
(ORBDA, 2004).
Experimental animals and their
management

The experiment involved 12 lactating ewes
(4 parity 1 and 8 parity 2 respectively). The
animals were selected from the herd of the
Sheep Unit of the farm. They were semi-
intensively raised throughout the period of
the study. All the animals were housed in
open-sided wooden and roofed pens with
slatted floor. The ewes were allowed to
graze in the established paddock feeding on
grasses such as Panicum maximum,
Pennisetum purpureum and legumes
(Tridax procumbens,Stylosanthes hamata).
The animals were also given concentrates
(17% CP) at 5% body weight as a
supplementary feed in addition to their
basal diet. They were provided with
drinking water ad-libitum.

Experimental procedure

The twelve lactating ewes in their first and
second parities were hand milked once
daily for the period of twelve weeks. Lambs
were separated from their dams at Spm in
the evening and milking was done at 8 am
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the following day. The 12 weeks lactation
period was divided into early (first 3
weeks), mid (next 3 weeks), late (next 3
weeks) and very late (last 3 weeks).

Determination of specific gravity

The specific gravity was determined using
the mass and volume of the milk yield
recorded. Since the specific gravity of a
substance is expressed as ratio of density of
the substance to the density of water in
(g/cm’). The milk collected was weighed
using electronic sensitive scale to
determine the mass of the milk yield and
measuring cylinder to determine the
volume of the milk for each of the lactating
ewes. The 15-hour milk yield was divided
by 15 and multiplied by 24 to obtain daily
milk yield. Specific gravity of milk was
computed by dividing daily milk mass (g)
by daily milk volume (cm’) and then
dividing the result by density of water (1
g/em’).

Density of milk= mass of milk yield (g)
Volume of milk yield (cm”)

Specific gravity of milk= Density of milk
Density of water

Determination of milk composition

Milk collected from the ewes was analyzed
in the laboratory of the Department of
Animal Physiology, UNAAB. Total solids
(%) was determined gravimetrically, by
oven drying at 102 °C to constant weight.
The samples were ashed by charring in a
Muffle furnance at 500eC for about three
hours. The protein (%) in the milk was
determined according to Kjeldahl
procedure (AOAC, 1980). Milk fat (%) was
determined according to Gerber's
procedure (1960). Solid non-fat content
(%) was computed by subtracting milk fat
content from total solids. Lactose (%) was
computed as the last solid after subtracting
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Table 1: Gross comp osition of concentrate
feed for WAD sheep.

Ingredient %
Maize 5
Dry brewers grain (BDG) 35
Palm kemel cake 18
Bone offal 40
Bone Meal 1
Common Salt 1
Calculated Analysis %

Crude protein 16.84
Crude fibre 12.66
Either extract 4.78
Calcium 0.52
Available phosphorus 0.34
Metabolizable energy

(k/cal/kg) 20042

other solids (fat, protein, ash) from total
solids. Table 1 show the composition of the
concentrate fed to the animals. Data
collected were analyzed for variance and
correlations as contained in Systat (1993).
The model used is as follows:

Yijk= ”+AI+B]+ABU+El}k
Where
Y, =Milkyield, (cm’, g)
p= Theoverall mean
A,= The fixed effect of thei”
stage of lactation (i=1-4)
The fixed effect of the j"
parity (j =1-2)
AB,=The interaction between stage

B,

]

oflactation and parity
E,= Random error
Results and discussion

The results of the analyses on the effect of
stage of lactation and parity on specific
gravity of milk, daily milk mass and daily
milk volume showed that stage of lactation
was highly significant (P<0.001) on daily
milk volume and daily milk mass while
parity was not. The interaction between
parity and stage of lactation was also not
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Table 2: Least square means on the effects of stage of lactation and parity on specific
gravity of milk, total daily milk mass, total daily milk volume and density of West African

Dwarf (WAD) sheep

Source of  Subclass No. of Daily milk Daily milk Specific gravity  Density

variance observation mass (g) volume (cm?) of milk (glem?)
Stage Early 44 158.276+8.477° 156.054+8275°  1.011+0.009° 1.014
of Mid 96 129.777+5.422°  127.738+5293"  1.016£0.006 1015
. Late 96 82.623+5.422°  81.288+5.293°  1.021+0.006° 1016
lactation  very Jate 52 34.411£7.139%  34.410£6.969°  0.988+0.007° 1.000
Parity First 9 101.256+5.541  100.038+5.409  1.009+0.006 1012
Second 162 101.287+3.834  99.706+3.743 1.009:£0.000 1015

AbeO\Means with superscript on the same column are significantly different (P<0.05)

significant. The increase in specific gravity
of milk as stage of lactation progressed
could be due to protein content which
increases density as lactation advances. The
result agrees with the findings of
Ahamefule et al. (2000) who stated that
protein increases with advance lactation.
The result is however, slightly different
from data published by Voutsinas et al.
(1988) and Sahan et al. (2005) who
observed that specific gravity of sheep milk
decreased during the first six or seven
weeks of lactation and thereafter remain
relatively stable until the end of lactation.
The reason may also be due to nutritional
factor and management. The animals were
fed a concentrate of about 17% crude
protein apart from their basal diet. They
were also managed semi intensively.

The least square means on the effect of
stage of lactation and parity on specific
gravity of milk, daily milk mass and
daily milk volume are shown in Table 2.
The early stage had the highest milk
mass and volume; 158.276 g and
156.054 cm’ respectively. The yield
gradually declines as lactation advances
t034.411 gand 34.410 cm’ respectively.
This trend of milk yield could have
resulted due to proliferation of
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myoepithelial cells of the mammary
gland especially at the early stage of
lactation. This result is similar to the
findings of Knight and Wilde (1993),
who reported that mammary cells
multiplied during early lactation and
declines as lactation progresses. The
result also agrees with the reports of
Bem;ji (2003), James (2000), Oddy et al.
(1984) and Williams (2008). It was also
reported by Chamberlain (1989) that
milk production gradually declines after
reaching its peak. The decline in milk
yield as lactation stage increases is
attributed both to loss of secretory
tissues and fall in the rate of secretion
percell.

Average composition of milk of WAD
sheep was found to be; protein 3.78%,
lactose 4.49%, total solid 14.00%, ash
0.76%, and fat 4.97% (Table 3). The protein
and ash contents obtained in this study were
lower than 5.7% and 0.9% reported by
Adewumi et al., (2005) while lactose, fat
and total solids were comparable. The
effect of stage of lactation on protein, solid
non-fat and total solid was highly
significant (P < 0.001). Protein, solid non-
fat and total solids increased as lactation
progressed thus corroborating the reports of
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Table 3: Least square mean showing the effect of stage of lactation and parity on milk
composition of West Africa Dwarf sheep (%)
Source of  Sub No. of Protein Lactose Ash Fat Solid non-fat Total solid
Variation  class observ
ation

Stage

Early 22 3.349+0.104° 3.426+0.427° 0.752+0.028  4.216+0.176° 7.528+0.437 11.743+0.438°
of Mid 49 3764+0.068°  4.568+0.271°  0.759+0.018 4.844+0.112°  9.091+0.278  13.935+0.279"

Late 47 3.959+0.67° 4311+0.274®  0.741+0.018  5.296+0.113" 9.010+0.281 14.307+0.282%°
lactation Very

late 26 3.65240.088>  5.74440.359*  0.794+0.024  5.072+0.148"  10.190+0.368  15.262+0.369*
Parity First 48 3.608+0.068 4.621+0.279 0.757+£0.019  4.72240.115 8.986+0.285 13.708+0.286

Second 96 3.754+0.047 4.404+0.193 0.766+0.013  4.991+0.080 8.923.+0.197  13.915+0.198

Means with superscript abc on the same column differ significantly (P < 0.05)

Fuertes et al. (1998), Adewumi et al.,
(2005) and Kuchtik et al. (2008), who
reported gradual but steady increase in
protein, solid non-fat and total solids with
advancement in lactation.The result is
however, contrary to 5.5% and 16.3% for
protein and total solid obtained for sheep by
Jenness, (1980). The effects of stage of
lactation and parity on ash were not
significant (P > 0.05). This result agrees
with the findings of Akinsoyinu (1981),
Bath et al. (1978), Dangut (1991) and
Jenness (1980). The effect of stage of
lactation on milk fat was highly significant
(P < 0.001). This result is similar to the
report of Jenness, (1980) who reported
5.3% fat for sheep. Fat % increased as
lactation progressed. This agrees with the
report of Ploumi et a/. (1998) and Adewumi
et al. (2005) who observed that milk fat %
increases continuously during the milking
process. First drawn milk may contain only
1-2% fat, whereas, at the end of milking, fat

% may be 5-10%. This is because of the
tendency of the fat globules to cluster and
be trapped in the alveoli. Thus after
incomplete milking, milk fat content will be
lower than normal. Residual milk (milk
remains in the udder after milking) may
contain up to 20% fat.

The phenotypic correlations of all milk
components are summarized in Table 4.
Phenotypic correlations between total
solids, solid non-fat, fat and protein were
positive and high (P < 0.001). Pavi€ et al.
(2002) also reported that the contents of
total solids, solid non-fat, fat and protein
were highly and positively correlated with
each other.

Conclusion

Stage of lactation had significant effect on
specific gravity, density, daily milk mass
and daily milk volume of West African
Dwarf sheep. Stage of lactation also had
significant effect on milk contents except

Table 4: Correlation showing effect of stage of lactation on milk composition of WAD sheep

Sources of Stage of Protein Lactose Ash Fat Solid non-
variation lactation fat
Protein 0.194

Lactose 0.267 -0.049

Ash 0.054 -0.066 0.127

Fat 0.335%%** 0310 -0.148 -0.016

Solid non-fat ~ 0.312 0203 0.966***  0.167 -0.066

Total solids 0.427%** 0314 0.856***  0.15] 0.331 0.920

#55(P< 0.001)
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ash. The contents of total solids, solid non-
fat, fat and protein were positively
correlated with each other. Parity did not
have any significant effect on any of the
parameters considered. Based on the results
of the study, for purposes that required
dense milk, it is advised that milk collection
be done at late stage of lactation (about 6
weeks from the commencement of
lactation).
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