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sugarcane top compare to maize fodder. The present study 
is in agreement with Naseeven (1988), Suksombat and 
Junpanichcharoen (2005), Alemzadeh and Noroozy 
(2006); Noroozy and Alemzadeh (2006) and Karbhari et 
al. (2007). The average fat corrected milk yield (FCM) for 
T , T  and T  groups were calculated as 20.30±0.98, 0 1 2

20.10±0.13, 16.85±0.07 kg, respectively and found that it 
was significantly different. Thus, experimental animals in 
group T  with replacement of maize silage @ 50 % at this 1

level indicated the non significant effect on FCM. 
Huhtanen et al. (2003) reported similar results. Karbhari et 
al. (2007) also observed similar findings and reported that 
the milk yield and daily fat corrected milk yield reduced 
only marginally in cows fed sugarcane top silage.

 The milk protein, milk fat and SNF content did not 
differ significantly between treatment and control group 
(Table 1). The results of analysis of milk composition in 
present study with respect to the fat per cent, solid not fat 
(SNF), average milk protein values are in agreement with 
findings of Hanafy et al. (2000), Suksombat and 
Junpanichcharoen (2005) and Noroozy and Alemzadeh 
(2006).

 Thus, the result of present study indicated that, 
replacement of green maize by sugarcane top silage in the 
diet of lactating HF crossbred cattle @ 50% had no 
significant effect on milk yield and did not show any 
adverse effect on milk parameters like milk fat, milk 
protein, and solid not fat.

ACKNOWLEDGEMENT

 The authors are thankful to Krishi Vigyan Kendra 
(KVK), Baramati, Pune for providing the necessary 

facilities for conducting the research trials.

REFERENCES

Alemzadeh, B. and Noroozy, S. (2006). Effect of different levels of 
sugarcane top silage in milk production of dairy cattle. Buffalo 
Bull. 25(3): 69-73.

Gains, W.L. (1928). The energy basis of measuring milk yield in dairy 
cows. University of Illinois. Agriculture Experiment Station. 
Bulletin No. 308.

Hanafy, M.A., Yacout, H.M., Baset, E.L.A.A., Zida, A.H. and Bedaway, 
EI- T.M. (2000). Effect of feeding corn stover or sugarcane tops 
silage on productive performance of dairy cows. Egyptian J. 
Nutr. Feeds. 3(1): 23-30.

Huhtanen, P.J.,  Nousiainen, I., Khalili, H., Jaakkola, S.  and Heikkila, 
T. (2003).  Relation between silage fermentation characteristics 
and milk production parameters analysis of literature data. 
Livestock Prod. Sci. 8l: 57-73.

Nasseven, M.R. (1988). Sugarcane top as animal feed. In: Sugarcane as 
feed. Sansoucy, R., Aarts, G. and Preston, T.R. (Edts.). 
Proceedings of an FAO Expert Consultation held in Santo 
Domingo, Dominican Republic from 7–11 July, 1986. Food and 
Agriculture Organization of the United Nations, Rome, 1988. 
pp. 106-121.

Noroozy, S. and Alemzadeh, B. (2006). Effect of different amounts of 
treated sugarcane tops silage on performance of milch 
buffaloes. Buffalo Bull. 25(1): 7-9.

Karbhari, P.S., Balakrishnan, V. and Murugan, M. (2007). 
Substitutional feeding value of ensiled sugarcane tops and its 
effect in crossbred cow‘s productive performance. Asian J. 
Anim. Vet. Adv. 2: 21-26.

thSnedecor, G.W. and Cochran, W.G. (1994). Statistical Method (8  
Edn.). Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi. pp. 
254-268.

Suksombat, W. and Junpanichcharoen, P. (2005). Feeding of whole 
sugar cane as roughage for dairy cattle during the dry season. 
Asian-Aust. J. Anim. Sci. 22(1): 211-215.

Table 1

Details of milk yield, milk composition of experimental HF crossbred Cows

Parameters T                                      T  T0 1 2

 (Concentrate (Concentrate mixture (Concentrate mixture
 mixture + Maize Silage + 50% Maize Silage + 25% Maize Silage
 + jowar kadbi) + 50% sugarcane top + 75% sugarcane top
  silage + jowar kadbi) silage + jowar kadbi)

a a bMilk Yield (kg) 19.71±0.03 19.66±0.05 16.73±0.04
a a bFat corrected milk(kg) 20.30±0.98 20.10±0.13 16.85±0.07

Milk Protein (%) 3.21±0.04 3.20±0.04 3.12±0.02
Solid Not Fat (%) 8.27±0.02 8.47±0.04 8.27±0.02
Milk Fat (%) 4.18±0.03 4.14±0.04 4.05±0.02

a, bmeans with different superscripts in a row differ significantly (P<0.05)

209

ABSTRACT

 Present experiment was conducted on sixty Murrah buffalo divided into three groups: lactating, involution stage/dry and pregnant stage (non-
lactating early pregnant stage, non-lactating mid pregnant stage and non-lactating late pregnant stage). Alveolar lumen was filled with electron dense 
protein (casein micelle) and lipid droplets. It was noted that the amount of secretary material in the alveolar lumen was reduced with the advancement 
of lactation. The size of the casein micelle and lipid droplets was found to reduce towards the end of lactation. In non-lactating non-pregnant stage, 
small lumen had no secretory material, but desquamated cells were observed in alveolar lumen. In non-lactating late pregnant stage, the alveolar 
lumen was filled with secretory material, which consisted of electron dense predominant granular protein material and large lipid droplets of 
intermediate electron density between them.

Keywords: Alveolar lumen, Casein, Lactating, Lipid droplet, Non-lactating, Secretory material
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 As per animal genetics training resource, Murrah 
buffalo is the finest genetic material of milk producing 
buffalo in the world. Nature and amount of secretory 
material in the alveolar lumen reflexes the physiological 
stages of mammary gland parenchyma (alveoli and duct) 
and lactation stage. Alteration of the functional and 
physiological stages is the basis of continuous and 
constant milk secretion assurance. Further, there is a 
positive correlation between glandular parenchyma area 
and milk production (Cedar et al., 2012). Oxytocin 
stimulates contractility of the myoepithelial cells that 
surround mammary alveoli responsible for the ejection of 
milk in the alveolar lumen. The mammary gland was an 
excellent model for studying the ‘stem/progenitor’ cells 
because of repeated expansion and renewal (Jamie et al., 
2015). Due to scanty literature, present experiment was 
undertaken.

MATERIALS AND METHODS

 The present study was conducted on mammary gland 
of sixty Murrah buffaloes to know the histoarchitecture of 
mammary alveolar lumen and myoepithelial cells. The 
normal mammary gland samples of naturally dead 
buffaloes were collected from dairy farms nearby Nagpur 
district of Maharashtra and Durg, Rajnandgoan and Raipur 
Districts of Chhattisgarh. These samples were categorized 
into two groups as lactating and non-lactating/dry by 
ascertaining the stage of lactation, dry period and 
pregnancy period. Lactating stage was further divided into 
five subgroups with six samples in each: Colostrum stage/ 
phase, three months of lactation, five months of lactation, 
seven months of lactation, ten months of lactation. Non-
lactating group was divided into involution and pregnant 
stage, involution stage was further divided into non-

lactating non-pregnant stage (upto one month) and non-
lactating non-pregnant stage (from one to two month), and 
pregnant stage was divided into non-lactating early 
pregnant stage, non-lactating mid pregnant stage and non-
lactating late pregnant stage with six samples in each.  For 
histological study, the tissue samples of 3-5 mm thickness 
were collected in ice box and brought to the laboratory.  
These samples were fixed in 10% neutral buffered 
formalin, processed for routine paraffin block making 
technique and 4 to 7 µm thick sections were cut and stained 
with Haematoxylin and Eosin, Masson Trichrome as well 
with Toluidine blue as per the procedure described by 
Singh and Sulochana (1996). The stained sections of 
mammary glands were observed under Nikon Eclipse 80i 
microscope and measurements of diameters of alveolar 
lumen and nuclei of myoepithelial cells were carried out 
and analysed as per Snedecor and Cochron (1980).

 For ultrastructural studies, tissue samples were 
processed as per Bozzola and Russell (1998) and 
ultrastructure and status of secretory material present in 
the alveolar lumen and ultrastructure of myoepithelial 
cells was recorded. The electron microscopic work was 
done at Ruska Laboratory, College of Veterinary Science, 
SVVU, Rajendra Nagar, Hyderabad, India.

RESULTS AND DISCUSSION

Histology: There was a highly significant statistical 
difference in the diameter of alveolar lumen in different 
stages of lactation (Table 1). The diameter of alveolar 
lumen in non-lactating non-pregnant animal reduced upto 
two months. However, in non-lactating early to late 
pregnant stage, a linear increase in the diameter of alveolar 
lumen was observed (Table 1). A highly significant 
statistical difference was noted in diameter of alveolar 
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lumen in non-lactating group (Table 1). The diameter of 
alveolar lumen was found reduced with the advancement 
of lactation from colostrum stage to ten months of lactation 
(Table 1). These observations are in agreement with the 
findings reported by Joana et al. (2014) in sheep and goat 
that during late gestation, as well as during early to mid-
lactation, mammary gland expansion occurs, with an 
increase in the number of epithelial cells and lumen area, 
which leads to increment of the parenchyma tissue, as well 
as a reduction of stroma, corresponding macroscopically 
to the increase in mammary gland volume.

 The observations of the present study regarding 
increase or decrease in the diameter of alveolar lumen of 
mammary gland during different stages of lactation could 
be attributed to the feedback inhibitor of lactation. This 
inhibitor was thought to be secreted by mammary 
epithelial cells, which in turns inhibits further milk 
secretion, as its own concentration increases in the alveolar 
lumen. Although, the exact mechanism of how this 
feedback inhibitor works is not known; Hurley (2009) 
stated that there was no stimulation of prolactin, if milk 
was not removed. It resulted in acute accumulation of milk 
in the gland and increased intramammary pressure by 
activation of sympathetic nervous system leading to 
decreased mammary blood flow, reduced availability of 
hormones and nutrients to the gland.

 The alveolar lumen were categorized on the basis  of 
extent of secretion as: the alveolar lumen fully filled with 
secretion, partially filled with secretion, partially filled 
with secretory material  and desquamated cells, fully filled 
with desquamated cells and fully empty. In contrast to 
present finding, Hluchy and Bolcso (2011) observed three 
types of alveoli that represented various stages of 
secretion.  In lactating stage upto three months of lactation, 
most of the alveolar lumen was found fully filled with 
secretion (Fig. 1). There were very few alveoli, which were 

empty or partially filled with desquamated cells. In ten 
months of lactation stage, the alveoli were found filled 
with scanty secretory material and desquamated cells 
(Fig. 2). In non-lactating non-pregnant animals, upto one 
month, most of the alveoli were found degenerating and 
had desquamated cells in their alveolar lumen (Fig. 3).  
Secretory material in the alveolar lumen was scanty lightly 
eosinophilic and foamy. Some alveolar lumen was empty 
and in very few corpora body was present. In contrast to 
present finding, Holst et al. (1987) observed no evidence 
of extensive sloughing of alveolar epithelial cells from 
basement membrane during twenty to thirtieth day of 
involution in dry cow. While, in non-lactating non-
pregnant stage from one to two month secretory material 
was scant with desquamated cells. Corpora amylacea in 
the alveolar lumen was common finding (Fig. 4). In 
agreement with present findings, Patel et al. (2007) in 
lactating buffalo found that lumen of the alveoli showed 
varying proportion of luminal secretory material, 
desquamated cells and corpora amylacea. In non-lactating 
early pregnant stage, the alveolar lumen showed 
prominent lipid droplets (Fig. 5). In mid to late pregnant 
stage, lumen of most of the alveoli was filled with 
eosinophilic foamy secretory material. In late pregnant 
stage, slightly basophilic secretory material was noted in 
the lumen of alveoli (Fig. 6). These observations in 
pregnant stages corroborated the findings of Morales 
(1977) who found fat globules in alveolar lumen in six 
months of gestation.

 The present study revealed the presence of 
myoepithelial cells in between the alveolar epithelial cells 
and basement membrane. The shape of myoepithelial cells 
was elongated to fusiform. Myoepithelial cells were 
arranged in circular manner around the alveoli (Fig. 1).  
The nucleus of myoepithelial cells was dark. The length 
and width of nuclei of myoepithelial cells in lactating stage 
were 11.33±1.32 µm and 4.17±0.87 µm, respectively. In 

Table 1

Diameter of alveolar lumen in lactating and non-lactating buffalo

Parameter Stages of lactating buffalo ‘F’value

 Colostrum stage Three months Five months Seven months Ten months
 of lactation of lactation of lactation of lactation of lactation

**Average diameter of alveolar lumen (µm) 98.79 ± 8.61 87.71 ± 6.33 78.01 ± 5.28 70.75 ± 4.17 64.10 ± 3.39 5.51

 Stages of non-lactating buffalo

 Nonpregnant Pregnant

 Upto one From one Early Mid Late
 month two month pregnant pregnant pregnant

**Average diameter of alveolar lumen (µm) 58.10 ± 2.73 38.57 ± 2.04 76.61 ± 4.64 93.54 ± 7.22 112.73 ± 8.80 25.15

**Significant at 1% level
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Figs. 1. Mammary gland at colostrum stage of lactation. Alveolar lumen filled with secretory material and myoepithelial cell present between 
secretory cells and basement membrane (Toluidine blue × 400).  2. Mammary gland at ten months of lactation. Scant secretory material in the alveolar 
lumen (H&E × 1000). 3.  Mammary gland at non-lactating non-pregnant upto one month stage. Desquamated cells and corpora amylacea in alveolar 
lumen (H&E × 200). 4. Mammary gland at non-lactating non-pregnant stage from one to two month.  Corpora amylacea in alveolar lumen (H&E × 
100). 5. Mammary gland at non-lactating early pregnant stage. Lipid droplet in the alveolar lumen (Masson’s Trichrome × 200),  6. Mammary gland 
at non-lactating late pregnant stage. Eosinophilic and basophilic secretory material in alveolar lumen (H&E × 100), 7. Mammary gland at colostrum 
stage of lactation. Lipid droplets (LD) and casein micelle (CM) in alveolar lumen (× 6370),  8. mammary gland at three months of lactation. Granular 
secretory proteins surrounded by three layers of membranes (× 35800).

non-lactating stage, mean length of nuclei of myoepithelial 
cells was 8.74±3.23 µm and width was 2.81±0.78 µm.

 The higher diameter of nuclei of myoepithelial cells 
in lactating stage observed during present study was 
indicative of their active functional stage under the 
neurohumoral reflex of oxytocin released from 
hypothalamoneurohypophysial tract in response to udder 
stimulation as stated by Hurley (2009) in cow. The 
oxytocin concentration in the blood was increased within 
one to two minute after udder stimulation. Similarly, 
Carrol (1980) in cow stated that the oxytocin acts on 
oxytocin receptors present in myoepithelium and 

stimulates the myoepithelial cells to contract, which expel 
milk from the alveolus and result in milk ejection. In 
support of inactivity of myoepithelial cells of alveoli in 
non-lactating stage observed during present study, Hurley 
(2009) in cow stated that maximum oxytocin was released 
in response to udder stimulation, which occurred only if, 
the mammary gland was lactating.

ULTRASTRUCTURE: During lactating stage, the 
alveolar lumen was large and filled with electron dense 
casein micelle and lipid droplets. The same was reported 
by Kensinger et al. (1986) in pig. Casein micelle was found 
to predominate the luminal lipid droplets (Fig. 7). This 
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lumen in non-lactating group (Table 1). The diameter of 
alveolar lumen was found reduced with the advancement 
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(Table 1). These observations are in agreement with the 
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non-lactating stage, mean length of nuclei of myoepithelial 
cells was 8.74±3.23 µm and width was 2.81±0.78 µm.

 The higher diameter of nuclei of myoepithelial cells 
in lactating stage observed during present study was 
indicative of their active functional stage under the 
neurohumoral reflex of oxytocin released from 
hypothalamoneurohypophysial tract in response to udder 
stimulation as stated by Hurley (2009) in cow. The 
oxytocin concentration in the blood was increased within 
one to two minute after udder stimulation. Similarly, 
Carrol (1980) in cow stated that the oxytocin acts on 
oxytocin receptors present in myoepithelium and 

stimulates the myoepithelial cells to contract, which expel 
milk from the alveolus and result in milk ejection. In 
support of inactivity of myoepithelial cells of alveoli in 
non-lactating stage observed during present study, Hurley 
(2009) in cow stated that maximum oxytocin was released 
in response to udder stimulation, which occurred only if, 
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casein micelle was the electron dense protein material, 
which had granular structure. These electron dense 
proteins present in the lumen were surrounded by triple 
layer membrane in three months of lactation (Fig. 8). It was 
noted that the amount of secretory material in the alveolar 
lumen was reduced with the advancement of lactation. The 
size of the casein micelle and lipid droplets was found to 
reduce towards the end of lactation. Reid and Chandler 
(1973) in cow reported mosaic substructure of electron 
dense protein material in the alveolar lumen. However, 
they reported the presence of protein droplets in the 
alveolar lumen surrounded by three layer membranes, 
which was in agreement with the present observations 
Regarding presence of abundant secretory material in 
alveolar lumen in colostrum stage and subsequent 
reduction with advancement of lactation and empty 
alveolar lumen in non-lactating, non-pregnant stage, Yves 
et al. (1991) stated that the secretory activity of the 
mammary gland declined slowly and eventually ceased 
probably under the influence of decreased concentration of 
prolactin, growth hormone, thyroxin, insulin and oxytocin 
with advancement of lactation in cow.

 In non-lactating, non-pregnant stage presence of 
desquamated cells in small alveolar lumen were observed. 
However, in non-lactating, late pregnant animals, the 
alveolar lumen was  filled with  large amount of secretory 
material, consisted of electron dense predominant granular 
protein material and large lipid droplets of intermediate 
electron density between them. Same was reported by 
Morales (1977) in early stage of gestation in cow. However, 
Kensinger et al. (1986) in pig reported the presence of 
large lipid droplets predominating.

 Present study revealed the presence of myoepithelial 
cells between the basal part of epithelial cells lining the 
alveoli and basement membrane. In lactating and non-
lactating stages, the myoepithelial cells were elongated in 
shape. The myoepithelial cells showed elongated to 
fusiform intermediate to densely stained nucleus. The 
cytoplasmic processes of intermediate electron density 
were extended in both directions. The cytoplasmic 
organelles were present in the perinuclear region. The 

cytoplasm was found to contain abundant myofillaments.
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ABSTRACT

 An experiment was conducted on eighteen (18) growing sheep for a period of thirteen weeks. The selected sheep were allotted randomly to 
three groups with six animals each. The concentrate mixture was formulated by using locally available common feed ingredients and offered to 
control group (T0), while T1 and T2 groups received a concentrate mixture with 10% and 20% replacement of cottonseed cake (CSK) by “Moringa 
oleifera” leaf meal (MOLM), respectively. The average digestibility coefficients (%) for dry matter (DM), organic matter (OM), crude protein (CP), 
ether extract (EE), crude fibre (CF) and nitrogen free extract (NFE) ranged from 68.32 (T ) to 69.20 (T ), 72.26 (T ) to 72.83 (T ), 70.90 (T ) to 72.11 0 2 2 1 0

(T ), 72.16 (T ) to 73.36 (T ), 43.77 (T ) to 47.98 (T ) and 81.79 (T ) to 82.62 (T ), respectively. The average value of hemoglobin (g/dl), packed cell 2 2 0 0 2 2 0

volume (%), blood urea nitrogen (mg/dl), serum total protein (g/dl), serum albumin (g/dl) and serum globulin (g/dl) ranged from 9.34 (T0) to 9.65 g/dl 
(T ), 27.48 (T ) to 28.88% (T ), 16.39 (T ) to 17.23 mg/dl (T ), 6.73 (T ) to 7.09 g/dl (T ), and 3.10 (T ) to 3.30 g/dl (T ) and 3.62 (T ) to 3.78 g/dl (T ), 2 0 2 2 0 0 2 0 2 0 2

respectively. The average digestibility coefficients and haemato-biochemical parameters differed non-significantly among treatment groups. Thus, it 
is concluded that MOLM can safely replace cottonseed cake as protein source up to 20 per cent in concentrate mixture of sheep.
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 The population of sheep in the state of Maharashtra 

in 2012 was reported as 2.58 million and has declined by 

11.3% over that of 2007 census (DADF, 2016). The 

decrease in sheep population of the country can be 

attributed to scarcity of feedstuffs. In context, the 

nutritionists are now looking for availability of fodder 

trees with good nutritional value and are available 

throughout the year. Moringa oleifera is an indigenous 

native tree from India and is locally popular as “drumstick 

tree”. The average chemical composition of Moringa leaf 

meal includes 90.46% DM (Dry matter), 20.9% CP (Crude 

Protein), with about 47% of bypass protein and with 

adequate amino acid profile (Nouman et al., 2014). Leaves 

are the most nutritious part of plants, contain vitamins B, 

C, K, and Vitamin-A precursor, manganese and iron, along 

with other essential nutrients (Peter, 2008) which are 

essential for livestock weight gain and milk production. 

Additionally, it has medicinal properties such as 

antioxidant, anti-cancer, anti-diabetic, anti-inflammatory 

and anti-microbial. Due to its benefits, it is popularly 

known as “Miracle Tree”. Thus, the present study was 

undertaken to ascertain suitability of “Moringa oleifera” 

leaf meal (MOLM) as replacement for cottonseed cake 

(CSK) in sheep feed.

MATERIALS AND METHODS

 An experiment was conducted at Punaya shlok 

Ahilya Devi Mendhi va Sheli Vikas Prakshtra, Dahiwadi, 

Tal: Man, Dist-Satara on eighteen (18) growing sheep for a 

period of thirteen weeks. The selected sheep were allotted 

randomly into three groups with six animals. The 

concentrate mixture was formulated by using locally 

available common feed ingredients and offered to control 

group (T ), while T  and T  groups received a concentrate 0 1 2

mixture with 10% and 20% replacement of CSK by 

MOLM, respectively (Table 1). Moringa oleifera leaves 

were harvested, subsequently dried and fine grinded to 

powder form and used in concentrate mixture at respective 

percentage. These animals were offered dry and green 

roughages in addition with concentrate mixture during 

stall feeding (Ranjan, 1998). Feed was given daily at early 

morning and evening time of day. All the feeders were 

cleaned before feeding. The feed was offered after 

calculating the remaining amount of feed of previous day. 

The feeding of concentrates and roughages were followed 

separately throughout the experiment. The samples from 

given feed were collected for proximate analysis 

separately from group T , T  and T . Experimental animals 0 1 2

were housed in shed of semi-open type with proper 

ventilation and flooring. Deworming of all sheep was 

carried out with broad spectrum anthelmintic before start 

of the experiment. The blood samples were collected 

through jugular vein from all experimental sheep at 

monthly interval (0th day, 1st month, 2nd month and 3rd 

month) for haematological study (Hb and Packed Cell 

Volume). Blood samples were collected in EDTA 
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