
Introduction                                                                       

Mammary gland around parturition time shows 
different changes as a function of dramatic 
physiological adaptations of the animal for the 
transition period; from late pregnancy to lactation 
[1-3]. Mammary secretion undergoes a sequence 
of changes in ewes close to lambing [4]. Indeed, 
the milk secreted during this period is identified 
as transit milk, which is characterized by the 
formation of the colostrum that is subsequently 
changed to mature milk [5,6]. Ruminant colostrum 
is a thick creamy yellowish colour with a mixture 
of lacteal secretion containing immunoglobulins 
and other serum proteins, vitamins, lactoferrin, 
fat, and minerals [7, 8].

Determining the time of parturition is 
important for handling pregnant animals failed 
to show signs of parturition or suffered from 
dystocia [9, 10]. Although the normal pregnancy 
period in ewes is about 140-155 days, with some 
individual variation according to the breed [11], 
different methods can be used for determination 
of the onset of parturition, including breeding 
records, ultrasonography, hormonal profile, 
specific proteins, changes in animal behaviour, as 
well as changes in the mammary gland (wet/dry 
udder) [12]. Lambing in some ewes, however, 
could be potentially missed by the owners as 
flocks of sheep are generally grazed in open areas 
where animals usually are not frequently closely 
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observed. Therefore, changes in the physical and 
chemical properties in mammary secretion could 
prompt the owners and veterinarians to closely 
observe ewes around lambing time.

Although mammary secretion was daily 
investigated around lambing [4], only amount, 
colour, and viscosity of the secretion have been 
observed. Different properties of milk have not 
been investigated. For instance, milk pH has not 
been evaluated around parturition. In addition, 
the spectrophotometric characteristics of the 
milkwere notestimated using fresh ewes’ milk, 
although the light transmittance percentage was 
estimated using powder or packed milk samples 
[13]. Therefore, the objective of the study 
conducted here was to examine the changes in 
the physical and chemical properties of the milk 
before, during, and after parturition.

Materials and Methods                                              

Study Population
Awasi sheep, the local-Iraqi-breed, from one 

herd located in Bartella discrete, Mosul city were 
considered for inclusion in this study. The flock 
was selected because the owner was willing to 
participate in the study. In this herd, sheep were 
fed on 1.5 to 2 kg per a day mixture ration, mainly 
hay and barley, during the entire period of the 
study, and grazed 6-8 hours daily on pasture, with 
water provided freely at all times. Oestrusfor all 
ewes was synchronized by Intra-vaginal sponge 
impregnated by progesterone (Synncropart 40 
mg sheep sponge; Ceva Sante Animal, France) 
for 12 days. Later, ewes showed oestrus signs 
were naturally mated by proven fertile rams. 

Study Ewes
A total of 40 ewes, 2 to 4 years-old, confirmed 

pregnant by B-mode ultrasonography, was used 
in this study. Health status of study ewes was 
routinely observed, and the pregnancy condition 
was monthly examined. No medication was 
administered to study ewes until lambing. Time 
of lambing was clinically diagnosed by observing 
signs of parturition such as protrusion of the fetal 
membrane, or detecting dilatation of the cervix 
during vaginal examination. 

Milk Sampling
A total of 10 mL milk was collected using 

sterilized cups from each study ewe at 3 
consecutive times, (i) on day 135 of pregnancy, 
(ii) at the time of lambing, and (iii) on day 5 
postpartum. The purpose of selecting these days 
was to followup milk transit period and colostrum 

formation. A daily milk sampling in the days prior 
to lambing was not considered because it might 
adversely affect the quality of the colostrum.

Visual and Laboratory Examination
After the collection, a visual examination 

of the colour and consistency of the milk was 
performed, and then the milk samples were kept 
in a cooled box and transferred to the diagnostic 
laboratory. Chemical examination ofthe milk 
samples included (i) milk density, which was 
measured via dividing the sample weight by its 
volume; (ii) specific gravity, which was measured 
via dividing the sample weight by same volume 
of normal saline with temperature at 28 °C; 
(iii) chloride contents using sliver nitrate and 
potassium chromate solutions as previously 
described [14-16] where the yellow colour 
indicates existence of > 0.14 %  chloride, which 
is considered abnormal; and (iv) milk pH, which 
wasdirectly measuredafter collection of samples 
using a pH meter (pH 211 Microprocessor pH 
meter, Hanna Instruments, Portugal). On the other 
hand, the spectrophotometric characteristics of 
the milk were indicated via measuring (i) the light 
transmittance percentage of the samples, and (ii) 
the light extinction coefficient of the samples. 
Both measurements were performed using a 
spectrophotometer (Spectrodirect, Lovibond 
Inc., Germany)

Statistical Analysis
In this study, analysis of variance (ANOVA) 

repeated measures was used to compare the 
variables for milk density, specific gravity, milk 
pH, light transmittance percentage, and light 
extinction coefficient over different times of the 
study, i.e., day 135 of pregnancy, time of lambing, 
and day 5 postpartum [17]. Comparisons between 
different times were achieved by pairwise 
comparisons of marginal linear predictions [18]. 
In this analysis, a value of P ≤ 0.05 (2-tailed) was 
considered significant. Results were reported as 
mean ± standard deviation. The statistical analysis 
was performed using STATA 13.0 (StataCorp, 
College Station, TX).

Results                                                                               

Visual examination indicated that the colour 
and consistency of the milk changed from 
yellowish gel to yellowish-white thick to white 
thin on day 135 of pregnancy, at the time of 
lambing, and on day 5 postpartum, respectively 
(Fig. 1). Milk density and specific gravity 
decreased (P < 0.05) as ewes approached lambing 
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time and started lactation (Fig. 2). Milk chloride 
contents was > 0.14% in all study times. In 
addition, milk pH was low (P < 0.05) at the time 
of lambing compared to day 135 of pregnancy 
and day 5 postpartum, without significant 
difference between milk pH at day 135 of 
pregnancy and day 5 postpartum (Fig. 3). Mean 
of light transmittance percentage was 2.64 at day 

135 of pregnancy, whereas it became zero at the 
time of lambing and later (Fig. 4). On the other 
hand, the light extinction coefficient increased (P 
< 0.05) at the time of lambing and later compared 
to day 135 of pregnancy, without differences 
between its mean at the time of lambing and day 
5 postpartum (Fig. 4).

A B C
Fig. 1. Colour and consistency of the milk collected from study ewes: (A) on day 135 of pregnancy; (B) at the time 

of lambing; and (C) on day 5 postpartum.
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Fig. 2. Changes in milk density and specific gravity during study times.
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Discussion                                                                           

The current study was conducted to examine 
the changes in the physical and chemical properties 
of the milk before, during, and after parturition. 
Results showed that the colour and consistency 
of milk were different during the periods of 
the study. These differences are attributed to 
the dramatic physiological adaptations of the 
mammary gland during the transition from late 

pregnancy to lactation as a function of hormonal 
changes in the animal body[2, 3]. This result is in 
line with the study of Boucher [19] who indicated 
that the transit period shows significant changes 
in milk consistency as a function of colostrum 
secretion and the presence of immunoglobulin 
and other milk components. 

In this study, milk density and specific gravity 
decreased as ewes approached lambing time 

5.5

5.7

5.9

6.1

6.3

6.5

d 135 Pregnancy Lambing d 5 Postpartum

Milk pH

Fig. 3. Drop of milk pH at the time of lambing compared to day 135 of pregnancy and day 5 
postpartum.
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and started lactation. A potential reason is that 
immunoglobulins have less weight and more 
fluidity compared to proteins and epithelial cells 
forming the colostrum, and the specific gravity is 
correlated to the total protein concentration rather 
than immunoglobulins [20]. Results of our study 
were in line with the study of Sahan et al. [21], 
who reported that the absolute density/gravity 
after birth was 1.04g/ml.

Milk chloride contents were stable at all 
study times. A previous study reported similar 
milk chloride contents in the same sheep 
species used in the current study [16].Changes 
in chloride contents in the milk are considered 
a good indicator for mammary gland health and 
subclinical mastitis, as tight junction cells and 
mammary cell membranes are disrupted as a 
function of the inflammatory process, resulting 
in opening the paracellular routes and hence the 
influx of blood contents including chloride into 
the mammary gland [15, 16].

In this study, milk pH did not differ at day 
135 of pregnancy and day 5 postpartum, while it 
was low at the time of lambing. Changes in milk 
contents including protein, vitamins, antibodies, 
and other milk components during milking time 
could be attributed to the observed changes in milk 
pH in the study animals. Results of this study agree 
with other studies [21, 22], who reported milk pH 
at 6.72 after birth in Awassi ewes. In addition, the 
current study indicated that the light transmittance 
percentage became zero at the time of lambing 
and later. Presence of milk fat globule emulsion 
can interact  with light transmission [23-25]. 
No study has estimated the light transmittance 
percentage using fresh ewes’ milk. However, a 
former study estimated the light transmittance 
percentage in powder or packed milk samples 
[13], which are incomparable with the sample 
of the current study. On the other hand, the 
light extinction coefficient increased at the time 
of lambing and later, compared to day 135 of 
pregnancy. Amounts of milk components such as 
vitamins and proteins at parturition and later can 
affect light transmission.

Conclusions                                                                          

Different physical and chemical changes in 
the milk can be observed around lambing time. 
Although signs of parturition could be simply 
observed, physical changes in milk properties can 
prompt owners to closely observe ewes whether 
they have already lambed or not.
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دَور التغيرات في الخصائص الفيزيائية والكيميائية للحليب في تحديد الوالدة في النعاج
حسام محمد اإلمام1، عدي طلعت نعمان2، إلياس خضر حسين2  و محمد أسامة دحل1

1 فرع الطب الباطني والوقائي - كلية الطب البيطري  - جامعة الموصل - الموصل - العراق.

2 فرع الجراحة وعلم تناسل الحيوان - كلية الطب البيطري  - جامعة الموصل - الموصل - العراق.

في  التغيرات  فحص  إلى  الحالية  الدراسة  هدفت  الوالدة.  مختلفة حول  تغيرات  وإفرازاتها  الثديية  الغدد  تظهر 
الخصائص الفيزيائية والكيميائية للحليب قبل الحمل وأثناءه وبعده. تم استخدام 40 من النعاج العراقية العواسية 
المحلية تتراوح أعمارها من 2 إلى 4 سنوات، وتم التأكد من حملها بواسطة الفحصبالموجات فوق الصوتية. تم 
جمع الحليب من كل نعجة خاضة للدراسة 3 مرات متتالية: (1) في اليوم 135 من الحمل، (2) في وقت الوالدة، 
والجاذبية  والكثافة،  والقوام،  اللون،  اآلتي:  الحليب  فحوصات  تضمنت  الوالدة.  بعد  الخامس  اليوم  في  و(3) 
النوعية، ومحتويات الكلوريد، ودرجة الحموضة، ونسبة نفاذية الضوء، ومعامل خمود الضوء. أشارت النتائج 
مع  النوعي  والوزن  الحليب  كثافة  انخفضت  المختلفة.  الدراسة  فترات  خالل  والكثافة  اللون  في  تغيرات  إلى 
وقت  في  الحليب  حموضة  درجة  في  انخفاض  لوحظ  كذلك  الرضاعة.  وبدء  الوالدة  وقت  من  النعاج  اقتراب 
الوالدة،وأصبح متوسط   نسبة نفاذية الضوء صفراً في وقت الوالدة وما بعدها، وقدازداد معامل خمود الضوء 
في وقت الوالدة وما بعدها. نستنتج من الدراسة الحالية أنه على الرغم من أن عالمات الوالدة ممكن أن تشاهد 
ببساطة، فإن التغيرات في خصائص الحليب يمكن أن تدفع أصحاب الحيوانات إلى مراقبة النعاج عن كثب عند 

اقتراب وقت الوالدة.


