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MOLECULAR DIAGNOSIS OF OVINE PULMONARY ADENOCARCINOMA
IN SHEEP IN ANDHRA PRADESH, INDIA

V. Samatha1, V. Rama Devi2, K. Satheesh3, K.V.Subramanyam4,
R. Vinoo5
ABSTRACT
Ovine pulmonary adenocarcinoma (OPA), a transmissible lung tumor in sheep, caused by
jaagsiekte sheep retrovirus (JSRV) can inflict fatality as high as 50% in the infected flock
following initial detection of the disease. The routine diagnosis of OPA is entirely dependent
on clinical signs that appear only at the terminal stages of the disease, followed by
confirmation upon macroscopic and microscopic pathological investigations that requires
sacrifice of the infected sheep. Serological tests are not available due to lack of JSRV
specific antibodies. Polymerase Chain Reaction (PCR) is a useful tool for molecular
diagnosis of OPA in sheep. This study aims to appraise the identification of OPA based on
gross and histopathological lesions followed by molecular diagnosis of exogenous JSRV (exJSRV) by U3–hn PCR. A total of 150 lung samples of sheep suspected for OPA were
collected from different slaughter houses and field mortalities in Andhra Pradesh for this
investigation. Of these, 22 samples (14.7 %) were positive for OPA based on gross
histopathological findings and specific U3-hn PCR. Grossly, the affected lungs showed either
consolidated areas or clearly demarcated tumor nodules in varying sizes. A few lungs
revealed both. Histologically, papillary growth pattern was observed in 9 OPA lung samples.
Acinar and bronchoalveolar growth patterns were observed in 7 and 4 lungs respectively.
Two lungs showed more than one type of pattern in the same neoplastic tissue. Advanced
lesions were characterized by dense fibrous tissue, thickened alveolar septa and infiltration
of mononuclear cells in the interstitium. U3-hn PCR was conducted for molecular diagnosis
and confirmation of OPA. An amplified product of 176bp was detected in positive samples.
To improve the sensitivity, the product of the first round PCR was amplified by using a primer
internal to the PCR product (P-VI) that was paired with primer P-I in the second round of hn
PCR and a product of 133bp was detected. Electrophoretic analysis revealed the presence
of bands of expected sizes in the PCR products in OPA positive animals. The study tends to
conclude that U3-hn PCR may be used as a confirmatory inquest to detect the presence of
ex-JSRV in OPA affected tissues in addition to gross and histopathological lesions and may
be useful in epidemiological studies and disease control of OPA.
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INTRODUCTION
Sheep farming plays a significant role in rural economy in India. Ovine pulmonary
adenocarcinoma (OPA) is a transmissible lung tumor in sheep caused by jaagsiekte sheep
retrovirus (JSRV). The disease has a long incubation period and the incubation time
increases with age at infection. Experimentally infected animals show age-dependent
susceptibility, with younger lambs developing clinical disease more rapidly than older lambs
or adult sheep (Salvatori et al., 2004).
Ovine pulmonary adenomatosis was first described in South Africa in 19th century and was
called as “Jaagsiekte” (derived from Afrikaans lexicon for ‘chasing sickness’), because the
affected sheep have the appearance of having being chased and the disease is most
noticeable when sheep are being herded (York and Querat, 2003). The fatality can be as
high as 50% following initial identification of the disease within a flock (Gray et al., 2019).
The routine diagnosis of OPA is entirely dependent on clinical signs that appear only at the
terminal stages of the disease, followed by confirmation upon macroscopic and microscopic
pathological investigation that requires sacrifice of the infected sheep by slaughter.
Serological tests are not available due to lack of JSRV specific antibodies (Ortin et al.,
1998).
Cloning and sequencing of JSRV have led to the development of different PCR techniques
that are useful for the diagnosis of OPA. Application of PCR technique to detect JSRV
proviral DNA using blood (De Las Heras et al., 2005) is an effective confirmatory test for
sheep with suspected clinical OPA.
In cases of classical OPA, huge amounts of frothy lung fluid are emitted from the nostrils in
the final stages of the disease. This is pathognomonic for OPA and can be assessed by
“wheel-barrow test”, i.e. raising the hind legs and lowering the head of the sheep (Salvatori
et al., 2004). PCR with specific primers based on the U3 region (U3-PCR or U3-hn PCR) of
the viral long terminal repeats (LTR) is a useful tool for molecular diagnosis of OPA in sheep
(Palmarini et al., 1996a).
The objective of our study is detailed examination of gross and histopathological lesions of
lung tissues in OPA affected sheep and molecular diagnosis of OPA using U3-hn PCR
technique.
MATERIALS AND METHODS
Study materials (Source, Collection and Preservation): The materials for the present
study were collected from field mortalities, post-mortem examinations of corpses conducted
in Pathology Department of NTR College of Veterinary Science, Gannavaram and from
different slaughter houses in Andhra Pradesh. A total of 150 lung samples that revealed
gross lesions suggestive of OPA were collected and were subjected to PCR and
histopathological examinations.
The samples were preserved at -20˚C for Polymerase Chain Reaction (PCR) and in 10%
neutral buffered formalin for histopathology. The tissue samples fixed in 10% neutral
buffered formalin were processed by routine paraffin-embedding technique. Lung sections of
4-5 µm thickness were prepared and stained by Harris Hematoxylin and Eosin (H&E) stain
for histopathological studies (Luna, 1968).
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Extraction of RNA from lung tissues: The ribonucleic acid (RNA) from lung tissues of
sheep, suspected for OPA, collected from different sources, was extracted as per the
manufacturer’s protocol, using the "RNeasy Mini Kit" (Qiagen).The eluted RNA was
preserved at -20˚C till further use.
Complementary Deoxyribonucleic Acid (cDNA) Synthesis: The extracted RNA from lung
tissues of OPA suspected animals were used for the synthesis of cDNA by Revert Aid First
Strand cDNA synthesis kit (Thermo Scientific, USA) as per the manufacturer’s protocol. The
synthesized first strand cDNA was collected and preserved at -20˚C until further use. The
purity and concentration of the extracted RNA and cDNA samples were estimated by UV
spectrophotometry (Nanodrop, M/s Thermo Scientific).The optical density (OD) was
measured at 260/280 nm and finally, the concentration was adjusted to 100ng/ µl for
Polymerase Chain Reaction (PCR) studies.
Primer sequences for U3-hn PCR: Primer sequences used were PI, PIII for 1st round and
PI and PVI for 2nd round (Palmarini et al., 1996b).
Forward PI: TGGGAGCTCTTTGGCAAAAGCC
Reverse PIII: ACCGGATTTTTACACAATCACCGG
Reverse VI: TGATATTTCTGTGAAGCAGTGCC
Thermal cycling conditions (U3-hn PCR): A hemi-nested PCR that was specific for the U3
region of ex-JSRV was used for diagnosis in lung tumors. Polymerase chain reaction was
carried out as per Qiagen PCR protocol (Table 1).
Table 1: Composition of PCR reaction mixture.
COMPONENTS

QUANTITY
1st round

2nd round

F primer (20pmol/μl)

1.0μl

1.0μl

R primer (20pmol/μl)

1.0μl

1.0μl

PCR Master Mix

12.0μl

12.0μl

Template DNA

5.0μl

5.0μl

DEPC treated water

6.0μl

6.0μl

Total

25.0μl

25.0μl

The PCR tubes containing the mixture were spun briefly and the components were
transferred to thermal cycler (Nexus Gradient, Eppendorf). PCR was carried out for
amplification of U3 in the reaction mixture of 25µl in two rounds as per the following
program. Appropriate controls were used to detect contamination at each step of the work.
Lung tissue sample of a healthy sheep was used as negative control for PCR.
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1st round

2nd round

No. of Cycles

Initial denaturation

94˚C for 3 min

94˚C for 3 min

1

Denaturation

94˚C for 30 sec

94˚C for 30 sec

Annealing

61˚C for 90 sec

58˚C for 90 sec

Extension

72˚C for 1 min

72˚C for 1 min

Final extension

72˚C for 4 min

72˚C for 4 min

Steps

35

1

The PCR products were kept at 4˚C until they were removed from the thermal cycler. To
improve the sensitivity of the PCR, a primer internal to the PCR product, primer P-VI was
paired with primer P-I in a second round of hemi-nested PCR and the reaction was carried
out as shown above. Finally, the amplified products were subjected to agarose gel
electrophoresis.

FIG. 1: INCIDENCE OF OPA
14.70%
85.30%

OPA +

OPA -

RESULTS AND DISCUSSION
Incidence: In the present study, a total of 150 lung samples suspected for OPA were
collected from sheep. Of these, 22 samples (14.7%) were found positive for OPA based on
gross and histopathology and by molecular diagnosis of ex-JSRV by U3–hn PCR (Fig.1).
The incidence (14.7%) of OPA noticed in the present study was marginally higher than the
previous reports of OPA (Damodaran, 1960; Rao and Choudary, 1978; Kran et al., 2000;
Jassim et al., 2017), whereas 37.1% incidence was recorded by Gonzalez et al. (1993). The
variation in the incidence of OPA in India and abroad may be due to variation in the location,
source of material, nature of spread, managemental conditions, age of animal at slaughter,
season, duration of study and methods of diagnosis employed etc. (Gonzalez et al., 1993).
Gross Pathology: In the present investigation, the OPA of lung samples revealed diffuse
areas of consolidation in many cases (Fig. 2). In some, both consolidated areas and clearly
demarcated tumor nodules of varying sizes were noticed. Mostly apical or diaphragmatic
ISSN 0974-6307
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lobes showed either area of consolidation or tumor nodules. In some cases, the entire
diaphragmatic lobe was consolidated. The affected areas of the lungs were solid, hard and
light grey in colour and clearly demarcated from the surrounding parenchyma.
The OPA affected lungs failed to collapse, and were enlarged, edematous and heavier than
the normal. On cut surface, the consolidated areas or tumor nodules had granular elevated
foci and showed meaty appearance with moist surfaces (Fig. 3) and usually associated with
frothy fluid in the air ways resembling classical form of OPA. Few lungs revealed abscesses
along with nodules.

Fig. 2: OPA affected lung showing diffuse areas of consolidation.

Fig.3: OPA affected lung showing granular elevated foci with meaty appearance and
moist surfaces.
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Grossly, the lung tissues were similar to classical form as described by De Las Heras et al.
(1992) and Garcia-Goti et al. (2000). The gross findings were in line with previous reports of
OPA described by Damodaran (1960); Rama Devi et al. (2001); Pawaiya and Ram Kumar
(2007); Kycko et al. (2008); Beytut et al. (2009); Minguijon et al. (2013) and Ashok Kumar et
al. (2014). Kycko et al. (2008) and Minguijon et al. (2013) had observed small (1-5 mm), grey
and light purple nodular lesions. Ashok Kumar et al. (2014) had noticed enlarged lungs with
multiple hard nodules embedded in lung parenchyma. The abscesses noticed due to
secondary bacterial infection were consistent with the findings of Garcia-Goti et al. (2000).
Histopathology: In the present study, all the OPA affected lungs revealed almost similar
histopathological changes with slight variation in early and advanced cases. Multiple nonencapsulated neoplastic areas of different sizes composed of cuboidal to columnar
epithelium lining the alveolar and bronchiolar walls were found in the lung sections of
consolidated areas or tumor nodules (Fig. 4). The affected alveoli were highly irregular in
shape and involved a few alveoli in early lesions and numerous alveoli in advanced cases.
The neoplastic epithelium was mainly arranged in two types, viz., papillary or acinar growth
patterns. Papillary pattern was characterized by the papillary projections protruding above
the epithelial layers into the alveolar spaces in 9 lung samples (Fig. 5). These papillary
projections were supported by a thin connective tissue stalk and were often in multiple layers
occupying alveolar spaces completely and resulting in excessive alveolar dilatation (Fig. 6).
The tumor cells were well differentiated, cuboidal to columnar with vacuolated cytoplasm,
round to oval nuclei, a central nucleolus and a few mitotic figures.
Papillary pattern was the prominent lesion found in most of the OPA lungs as described
previously by Damodaran (1960); De Las Heras et al. (1992); Garcia-Goti et al. (2000);
Rama Devi et al. (2001); Pawaiya and Ram Kumar (2007); and Minguijon et al. (2013).
Differentiated tumor cells with vacuolated cytoplasm and vesicular nuclei and a few mitotic
figures were noticed as observed by Rosadio et al. (1988), and Oda and Youssef (2011).
The acinar or glandular type of growth pattern in 7 lung tissues was composed of structures
resembling acini (Fig. 7). The neoplastic cells lining the acini were well differentiated and
were composed mostly of a single layer of cuboidal to columnar epithelial cells. The acini
were separated by interstitial stroma giving an adenomatous appearance.
The acinar structures observed in OPA affected lungs were in conformity with the findings of
Rosadio et al. (1988); Garcia-Goti et al. (2000); Platt et al. (2002) and Oda and Youssef
(2011) who noticed acinar or glandular type of growth pattern comprising of structures
resembling acini. Rosadio et al. (1988) had noticed tumors comprising of cuboidal epithelial
cells arranged mostly as a single layer giving acinar form. Bahari et al. (2016) have reported
acinar (alveolar) as the prominent pattern of neoplastic nodules when compared to the other
forms.
In addition, another type known as broncholoalveolar growth pattern was seen in 4 lung
tumors and was characterized by the expansion of the neoplastic cells following the alveolar
septa, without destruction of alveolar architecture (Fig. 8). One or more types of growth
patterns in the same neoplastic lung tissue were also evident. A few OPA affected lung
sections revealed epithelial hyperplasia and papillary ingrowths in bronchioles (Fig. 9).
Lymphoid cell proliferation was seen around the bronchioles. These findings were in
accordance with the reports of Damodaran (1960), Hod et al. (1977), Rao and Choudary
(1978), Rama Devi et al. (2001), Pawaiya and Ram Kumar (2007), Beytut et al. (2009), Oda
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and Youssef (2011) and Minguijon et al. (2013). It may be a local response and seems to be
the first host reaction in response to tumor as opined by Hod et al. (1977).

Fig.4: OPA-Nonencapsulated neoplastic
areas composed of cuboidal to columnar
epithelium lining the alveoli (H&E x 100).

Fig.5: OPA-Papillary projections
protruding above the epithelial layers
into the alveolar spaces (H&E x 100).

Fig.6: Multiple layers occupying alveoli and Fig.7: OPA-Lung-Acinar type of growth
pattern (H&E x 100).
excessive alveolar dilatation (H&E x 100).

Fig.8: OPA- Bronchoalveolar growth
Pattern (H&E x 100).
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In a few cases, myxomatous nodules of various sizes were present in the neoplastic areas
either in the stroma or adjacent to the bronchioles. The presence of myxomatous nodules
were described previously by Bouljihad et al. (1996), Garcia-Goti et al. (2000), Kran et al.
(2000), Beytut et al. (2009) and Minguijon et al. (2013). Beytut et al. (2009) and Minguijon et
al. (2013) have reported the presence of various sizes of myxomatous nodules containing
spindle cells in the tumor stroma and around the adjacent bronchioles.
In advanced cases, the fibrous connective tissue proliferation was more prominent that
surrounded and divided the neoplastic areas into lobules that were in conformity with the
findings of Platt et al. (2002). Thickening of the alveolar septa and infiltration of mononuclear
cells in the interstitium were similar to the reports of Damodaran (1960), Hod et al. (1977),
Pawaiya and Ram Kumar (2007), Oda and Youssef (2011) and Sonawane et al. (2016). In
addition, surrounding the neoplastic area, the alveoli contained alveolar macrophages with
foamy cytoplasm as noticed by Bouljihad et al. (1996).
Detection of U3 of JSRV by hn-PCR: In the present study, U3-hn PCR was carried out to
confirm the presence of ex-JSRV transcripts in the collected lung samples. cDNA was used
as template in the first round of hemi-nested PCR and was amplified by using primers P-I
and P-III that were specific for the U3 region of ex-JSRV. An amplified product of 176bp was
detected in positive samples (Fig. 10). To improve the sensitivity, the product of the first
round PCR was amplified by using a primer internal to the PCR product (P-VI) that was
paired with primer P-I in the second round of hemi-nested PCR and a product of 133bp was
detected (Fig.11). Electrophoretic analysis revealed the presence of bands of expected sizes
in the PCR products in OPA positive animals.

Fig.10: Agar gel electrophoresis of amplified PCR products of 1st round of U3-hn
PCR. (Lane 1: 50bp DNA ladder, Lanes 2-5: Lung tumor cDNA, Lane 6: Lymph node
cDNA , Lane 7: Negative control, Lane 8: Template control).
Detection of JSRV by U3-PCR or U3-hn PCR using either proviral DNA (Garcia-Goti et al.,
2000; Minguijon et al., 2013 and Sonawane et al., 2016) or RNA (Palmarini et al., 1996b;
Kycko et al., 2008 and Huachun et al., 2009) was undertaken previously to diagnose OPA in
sheep. The results of U3-hn PCR in our study are in conformity with the findings of Palmarini
et al. (1996b); Kycko et al. (2008); Huachun et al. (2009) and Luo et al. (2009).
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Palmarini et al. (1996b) carried out U3-hn PCR and JSRV transcripts, which were found
consistently in the lung tumors, lymph nodes and in several lymphoid tissues of sheep with
pulmonary adenomatosis. Kycko et al. (2008) isolated RNA from lung tissues and
respiratory tract fluid of JSRV infected sheep and examined by reverse transcriptase PCR
for the presence of viral RNA. Luo et al. (2009) compared the sensitivity between specific
PCR assay and nested PCR by using primers specific for U3 sequences of ex-JSRV and
found that the sensitivity of nested PCR was ten-fold higher than specific PCR.

Fig. 11: Agar gel electrophoresis of amplified PCR products of 2nd round of U3-hn PCR
(Lane 1: 100bp DNA ladder, Lanes 2-5: Lung tumor PCR products, Lane 6: Lymph
node PCR Products, Lane 7: Negative control).
CONCLUSION
The U3-hn PCR may be a confirmation to detect the presence of ex-JSRV in OPA tissues in
addition to gross and histopathological studies and U3-hn PCR might be useful in
epidemiological studies and disease control of OPA.
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RESEARCH REVIEW

PRODUCTIVE AND REPRODUCTIVE PERFORMANCES OF WATER
BUFFALOES COMPARED TO THOSE OF HOLSTEIN AND BROWN SWISS
CATTLE IN EGYPT: A LIMITED AND ORIENTED REVIEW

S. Atwa1, M. Mourad2, H.M. El Sayed3
ABSTRACT
In Egypt, there are about 3.6 million heads of buffalo cows which produce 2.4 million tons of
milk representing 46.9% of the total milk production in the country. The rest is mostly met
from imported Holstein and Brown Swiss dairy cows. The objective of this research review is
to compare the productive and reproductive performances of native water buffaloes with the
imported Holstein and Brown Swiss cattle in Egypt on the one hand, and to compare them
with the performance of these breeds in their home stead in the southern part of Europe on
the other hand aiming to generate information about the adaptability of the imported cattle
breeds to the native climatic condition in Egypt to strategize appropriate breeding and
husbandry plans to enhance their productivity. The review is based on selected research
papers on the topic. The results revealed that the total milk yield of Holstein (8550 kg),
Brown Swiss (8291 kg) and buffalo (2200 kg) cows in Egypt were 14.3%, 8% and 56% less
than their European counterparts probably due to the negative impact of prevailing
subtropical thermal environment of Egypt, besides the age-old classical animal husbandry
practices in respect of native buffaloes. The greatest decline in milk yield was in buffaloes,
which could be attributed to feeding of impoverished and nutritionally feeble feed stuff. But,
people are fond of buffalo milk due to its high-fat delicacy (8% fat) and protein-rich nutrititivity
(4.5% protein) besides its composition based attractive pricing system. Longer age at first
calving and calving interval (35 months & 455 days respectively) of buffaloes compared to
Holstein and Brown Swiss cows in Egypt display clear economic disadvantage to the dairy
industry. Mediocre feed efficiency (Dry matter intake, kg/ 1 kg of milk) of buffaloes (1.75 kg)
is also economically subversive compared to the feed efficiency of Holstein (0.78 kg) and
Brown Swiss (0.74) cows in Egypt. It is also inferior to the feed efficiency of the buffaloes in
Europe (1.05 kg). By and large, buffaloes are economically disadvantageous because of
their low milk yield, longer age at first calving, longer calving interval, longer open days,
weaker persistency and lower feed efficiency, compared to European cows in Egypt. Hence,
the researchers should focus to overcome these shortfalls using advanced genetic tools like
selection, improving the nutrient contents in feed and adopting modern husbandry practices
to enhance buffalo numerals and production in Egypt. An erroneous impression held against
buffaloes is emission of higher volume of methane gas by enteric fermentation which causes
environmental degradation due to its green house effect. However, in reality buffalo is more
eco-friendly than cow, since a buffalo produces 58% lower amount of methane per day (157
gm) compared to a cow (376 gm).
KEY WORDS
Buffalo, Brown Swiss, Egypt, Holstein, Methane, Productive Traits, Reproductive Traits
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INTRODUCTION
Egyptian buffaloes (Figure 1) are primarily milch type water buffaloes (Bubalus bubalis L)
containing 50 chromosomes (2n=50) in contrast to draught type swamp buffaloes which
contain 48 chromosomes (2n=48). Buffaloes are classified either as river type (2n=50) or
swamp type (2n=48) depending on their chromosome number (Yavasoglu et al., 2014).
Buffaloes were introduced into Egypt from approximately during the middle of the 7th century
from the water buffaloes of Indian origin from Turkey and then spread all over the country,
but predominated mainly in peri-urban areas and in the Nile delta. It contributes immensely
to the milk production scenario in Egypt (Borghese, 2005).

Figure 1: Water buffaloes
Courtesy: https://en.wikipedia.org/wiki/File:Wasserb%C3%BCffel_(25787818312).jpg
In Egypt, milk and meat markets are under consistent stress due to incessant increase in
demand for animal merchandise particularly milk and milk products because of the rapid
increment of population rates on one hand and the limitation of natural resources on the
other hand. The amount of production of milk and milk products in Egypt has been projected
to be 5960 tons in 2016, besides import of 1594 tons as per FAO (2016) statistics (Mohamed
et al., 2017).
Buffalo milk is liked by the local populace as it is more nutritious due to higher levels
(g/100g) of protein (4.02±0.05), fat (7.52±0.07), total solids (7.52±0.07), total energy
(105.11±1.21) and minerals like Calcium (163.19±4.56), Phosphorus (111.36±2.61) and
Magnesium (29.56±0.79) compared to camel, cow, and goat milk (Soliman, 2005) and can
be easily processed into large varieties of dairy products, particularly delicious Mozzarella
cheese. Buffalo milk fetches better price than cow milk due to composition linked milk pricing
system (Boro et al., 2018). Moreover, Buffaloes live longer than cows, as they are rustic and
can adapt to harsher environmental conditions (Borghese and Mazzi, 2005).
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The buffalo population in the world has been estimated to be about 168 million head: 161
million can be found in Asia (95.83 %); 3.72 million (2.2 %) are in Africa, almost entirely in
Egypt (2. 24 million); 3.3 million (1.96 %) in South America, 40 000 in Australia (0.02 %); and
500 000 in Europe (0.3 %). However, buffaloes are economically disadvantageous because
of their long calving interval, long open days and weaker persistency, compared to cattle
(Borghese and Mazzi, 2005).
A malicious impression spread against buffaloes is production of higher volume of methane
(CH4) from enteric fermentation causing environmental pollution is in reality contrary to the
fact. A buffalo produces 157 gm methane per day (Sarubbi et al., 2013), while a cow
produces 376 gm methane per day (Appuhamy et al., 2016), which is 58% less than the
methane emission of a cow.
OBJECTIVES
The objective of this research review is to compare the performance of native water
buffaloes of Egypt versus Holstein and Brown Swiss cows imported from Europe with
respect to their production and reproduction performances, besides adaptability to the native
environment. It is hoped that in future, genetic and environmental improvement of buffaloes
could cover the market need for buffalo milk and meat output, restricting thereby the import
of temperate dairy breeds of cattle to Egypt.
METHODOLOGY
The references used in this research review, were carefully selected aiming to build a proper
and neat comparison between buffaloes and two breeds of cattle, i.e., Holstein and Brown
Swiss cows imported to Egypt.
PARAMETERS
Population dynamics of buffaloes in Egypt: Although large animal keepers have recently
oriented themselves to raise standard dairy cattle breeds in order to obtain more milk, they
still prefer keeping buffaloes for many reasons, mainly due to the quality of milk. Table 1 and
Figures 2 and 3 show the statistics of number of buffaloes, their milk production status and
its contribution to the total milk produced in Egypt during 1990 to 2016.
Table 1: Population Dynamics, Buffalo Milk Production (BMP) and Total Milk
Production (TMP) in Egypt.
Year

No. of Buffaloes
Total No.
Females

Buffalo Milk
(Ton)

Total Milk
(Ton)

BMP/ TMP
(%)

1990-1995

2994027

1423441

1537317

2972839

51.73

1995-2000

3148194

1424413

1822065

3208275

56.55

2000-2005

3650318

1563829

2229360

4224658

53.07

2005-2010

3786166

1705653

2651920

5595168

47.43

2010-2015

3966177

1614522

2646376

5589796

47.38

2015-2016

3569188

1311564

2364226

5043826

46.87
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Fig. 2: Number of buffaloes and buffalo cows from 1990 to 2016 in Egypt.
Source: Ministry of Agriculture and Land Reclamation (https://www.gfar.net/Information/)
The number of buffaloes in Egypt has increased over the years from 2.9 million in 1990-95 to
3.5 million in 2015-16, so also the milk production, which has increased from 1.5 million ton
in 1990-95 to 2.4 million ton in 2015-16 comprising 46.9% of the total milk production in
2015-16. This vital increment reflects the efforts made by the buffalo holders to enhance the
milk production from their herds by adopting modern genetics, husbandry and production
systems tools. However, the buffaloes’ share of milk production has decreased from 51.7%
in 1990-95 to 46.9% in 2015-16 due to the import of dairy cattle from abroad.
6000000
5000000
4000000
3000000
2000000
1000000
0

Milk production of buffaloes ton

Total milk production in Egypt ton

Fig. 3: Milk production from buffaloes and total milk production from the period 1990
to 2016 in Egypt.
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Table-2: Body Weight and Dairy performance of Holstein, Brown Swiss and Buffaloes
in Egypt and in Europe.
EGYPT
Holstein

Brown Swiss

EUROPE
Buffalo

Holstein

Brown Swiss

Buffalo

36

39

45

39

500

647

650

650

2200

9987

9015

5000

8.8

31.02

29.18

18.52

340

250

322

309

270

73

205

81

75

129

176

371.5

378.63

416

8

3.72

4.2

8.32

99

333.6

324.54

231.5

4.5

3.34

3.6

4.6

0.8

0.58

14.9

13.9

7.7

0.55

0.58

0.64

0.5

0.5

0.4

Birth Weight (kg)
35

40

Mature Body Weight of Cows (kg)
600

600

Total Milk Yield (kg)
8550

8291

Average milk yield / Day (kg)
23.11

24.39

Lactation Period (days)
370
Dry Period (days)
66

Total Milk Fat (kg)/ Lactation
329.2

336.6

Average Milk Fat (%)
3.85

4.06

Total Milk Protein (kg)/ Lactation
295

297.7

Average Milk Protein (%)
3.5

3.6

Average Persistency (Lactation length/ Calving interval)
0.86

0.82

0.55

0.79

Efficiency of milk production and composition
Milk production (kg) / 1 kg live body weight of cow (kg)
14.3

13.8

4.4

Milk fat (kg) / 1 kg live body weight of cow
0.6

0.6

0.4

Milk protein (kg) / 1 kg live body weight of cow
0.5
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Body Weight and Dairy Performance: Table 2 and Figures 4 & 5 show the body weights
and dairy performance of Holstein and Brown Swiss cows compared to buffaloes in Europe
and in Egypt. It is extremely important to compare milk performance of buffaloes in Egypt
with that of European buffaloes in one hand and to compare milk performance of buffaloes in
Egypt with those of the two most famous dairy breeds (Holstein and Brown Swiss) on the
other hand. It is also equally important to compare the dairy performance of these two cattle
breeds in Egypt with that of these two breeds in Europe.
Mature Body Weight: European buffaloes are heavier than Egyptian buffaloes (650 vs. 500
kg) in respect of mature body weight. Similarly, European Holstein cows are heavier than
Egyptian Holstein cows (647 vs. 600 kg) and European Brown Swiss cows are heavier than
Egyptian Brown Swiss cows (650 vs. 600 kg) in respect of mature body weight. El-Bordeny
et al. (2017) had also mentioned that the average body weight of the Egyptian buffaloes was
514 kg, while Borghese and Mazzi (2003) have reported that the average mature body
weight of European (Italian) buffaloes was 650 kg.
12000
10000
8000
6000
4000
2000
0
Buffaloes

Brown
Swiss
Europe

Holstein

Buffaloes

Brown
Swiss

Holstein

Egypt

Fig. 4: Total milk yield (kg) from buffaloes, Brown Swiss and Holstein cows in Egypt
and Europe.
Milk yield: The total lactation milk yield of Egyptian buffaloes in Egypt (2200 kg) is much
lower than the European buffaloes (5000 kg). So also the lactation yield of Holstein (8550 kg
vs. 9987 kg) and Brown Swiss (8291 kg vs. 9015 kg) cows in Egypt and Europe respectively.
This finding is in full agreement with Borghese (2013) who had reported that Italian buffaloes
produced 5000 kg of milk.
Average daily milk yields (kg) of buffaloes (18.52 vs. 8.8), Holstein cows (31.02 vs.23.11)
and Brown Swiss cows (29.18 vs. 24.39) in Europe is much higher than in Egypt. Ashour et
al. (2014) have reported 26.9 kg of daily milk yield for Holstein cows in Egypt. It was
marginally superior to that of Holstein in Egypt. Moreover, Rodríguez-Bermúdez et al. (2017)
have demonstrated that Holstein cows in Europe produced 31.02 kg of milk per day, which
was higher than in Egypt (23.11 kg). El-Awady et al. (2016) have reported 8.3 kg of daily
milk yield for Egyptian buffaloes.
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Lactation period & Dry period: The Egyptian buffaloes had shorter lactation period (250
days) compared to European buffaloes (270 days), while the lactation periods of Holstein
and Brown Swiss cows in Egypt (370 and 340 days respectively) were longer than these two
breeds in Europe (322 and 309 days respectively). Contrary to this, Egyptian buffaloes had
longer dry period (205 days) compared to the dry period of European buffaloes (129 days),
while the dry periods in case of Holstein and Brown Swiss cows in Egypt (66 and 73 days
respectively) were shorter than their European counterparts (81 and 75 days respectively).
The dry period as a character should be minimized to be much less than 205 days because
it directly influences the lactation length and consequently the calving interval.
Milk constituents: There was marginal difference in milk fat percent between the Egyptian
buffaloes and their European counterparts (8% vs. 8.32%). The scenario was nearly similar
with respect to Egyptian and European Holsteins (3.85% vs. 3.72%) and Brown Swiss cows
(4.06% vs. 4.2%). The protein percent of Egyptian buffaloes was marginally lower than their
European counterparts (4.5% vs. 4.6%). The scenario was reverse with respect to Egyptian
and European Holsteins (3.5% vs. 3.34%); while there was no difference between the
Egyptian and European Brown Swiss cows in this respect (3.6% each).

BROWN SWISS

EUROPE

BUFFALOES

HOLSTEIN

BROWN SWISS

EGYPT

BUFFALOES

HOLSTEIN
20

15

10

5

0

MILK PROTEIN (KG)/ 1 KG LIVE BODY WEIGHT OF FEMALE)
MILK FAT (KG) / 1 KG LIVE BODY WEIGHT OF COW

1 KG OF MILK /1KG LIVE BODY WEIGHT OF COW (KG)

Fig. 5: The amounts of milk, milk protein and milk fat per 1 kg body weight of
buffaloes, Brown Swiss and Holstein cows in Egypt and Europe.
Efficiency of milk production and composition: The milk production efficiency (1 kg of
milk production/ 1 kg live weight of the cow) is much lower in Egyptian buffaloes (4.4 kg)
compared to their European counterparts (7.7 kg), while there was no appreciable difference
between the Egyptian and European Holstein cows (14.3 kg vs. 14.9 kg) and Egyptian and
European Brown Swiss (13.8 kg vs. 13.9 kg) in this respect. The efficiency of milk
production, fat production, and protein production of Holstein cows (14.3 kg, 0.6 kg, and 0.5
kg respectively), and Brown Swiss cows (13.8 kg, 0.6 kg, and 0.5 kg, respectively) were
higher than buffalo cows (4.4 kg, 0.4 kg, and 0.2 kg, respectively) in Egypt.
Ashour et al. (2014) have indicated that per lactation milk yield of Holstein cows (8550 kg)
was superior to Brown Swiss (8291 kg) cows and buffaloes (2200 kg) in Egypt.
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The shortfall of dairy production of Egyptian buffaloes might be due to lack of application of
modern genetic tools like selection of superior sires, lack of scientific performance recording
system, neglecting modern methods of husbandry, malnutrition particularly under extensive
farming system, absence of systematic survey, incomplete veterinary health care program
and sometimes slaughtering of good female animals, and getting rid of the small male calves
to meet the rapidly enhancing need of meat market from one hand and avoiding the
economic risk of keeping these small calves on the other hand. A related problem is the
feeble milk replacer industry in Egypt.
Egyptian water buffaloes need two axes of improvement in milk production. The first axe is
genetic improvement of lactation length and persistency, and the second one is applying
new methods of husbandry and up gradation of the production system.
Reproductive Performance: Table 3 shows a comparison of buffaloes, Holstein and Brown
Swiss cows in Egypt and Europe concerning some of the reproductive traits.
Table-3: Reproductive traits of water buffaloes, Holstein and Brown Swiss cows in
Egypt and Europe.
EGYPT
Holstein

Brown Swiss

EUROPE
Buffalo

Holstein

Brown Swiss

Buffalo

21

-

20.5

20

109

83

100

92

1.95

1.8

-

1.55

35

27.5

31

30

413

455

403

384

399

121

138

125

-

-

Age at first service (months)
15

-

Service period (days)
82

-

Number of Services / Conception
1.88

-

Age at first calving (months)
25.7

-

Calving interval (days)
430
Days open (days)
147

Age at first service: Age at first service of the buffaloes in Egypt (21 months) is marginally
higher than the age at first service of European buffaloes (20 months). Similarly, Basant et
al. (2017) have also reported marginally higher age at first service of Egyptian buffaloes (21
months) than European buffaloes (20.5 months).
Service period: The service period of buffaloes in Egypt (109 days) is longer than the
European buffaloes (92 days). There is little difference between the service periods of
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Holstein cows in Egypt (82 days) and in Europe (83 days). But, European Brown Swiss cows
had comparatively longer service period (100 days).
Number of services per conception: Number of services per conception is higher in
Egyptian buffaloes (1.95) compared to European buffaloes (1.55), but there is moderate
difference between the Holsteins of Egypt (1.88) and Europe (1.8). It is similar to the report
of Metwelly and Elmaghraby (2001), who had stated higher number of services per
conception of Egyptian buffaloes compared to the European buffaloes.
Age at first calving: Egyptian buffaloes have longer age at first calving (35 months) than
European buffaloes (30 months), but age at first calving of Egyptian Holsteins (25.7 months)
is shorter than European Holsteins (27.5 months). Borghese and Mazzi (2003) had also
reported that European-Italian water buffaloes had shorter age at first calving (30 months)
than the age at first calving (36.3 months) of Egyptian buffaloes (Basant et al., 2017).
Calving interval: Calving interval of Egyptian buffaloes and Holstein and Brown Swiss cows
(455, 430, 413 days, respectively) are longer than their European counterparts (399, 403,
384 days, respectively). It is similar to the reports of Borghese (2005) and El-Awady, et al.
(2016). It was expected because of shorter dry period of European buffaloes compared to
their Egyptian counterparts.
Days open: Longer days from calving to conception (days open) is typically associated with
reduced profitability in dairy cows. Our study revealed that Days open of Egyptian buffalo
(138 days) is longer than Brown Swiss cows (121 days), but shorter than Holstein cows (147
days) in Egypt, whereas days-open of Egyptian Holstein (147 days) is longer than European
Holstein (125 days).
Ashour et al. (2014) and El-Awady, et al. (2016) have reported that Holstein cows in Egypt
had higher days open than buffaloes (147 vs. 138 days). The increase in days open of
Holstein could have been due to migration stress. Ashour et al. (2014) and El-Tarabany et
al. (2016) have reported that Brown Swiss cows were the most successful breed in respect
of days open in Egypt (121days). Ashour et al. (2014) have also reported 147 days open in
case of Holstein cows in Egypt compared to 125 days in Europe.
Feed efficiency: Table 4 and Figure 6 illustrate feed efficiency of Water buffaloes, and
Holstein and Brown Swiss cows in Egypt and Europe. Body weight is the most important
factor influencing feed intake in animals. The results of our study support this fact. The feed
consumption (DMI) of European buffaloes per day (19.5 kg) is therefore much higher than
Egyptian buffaloes (15.42 kg). It is advantageous, because Egyptian breeders seek for a
model animal that can eat less and produce more milk. European buffaloes have better feed
efficiency than Egyptian buffaloes (1.05 vs. 1.75 kg DMI/ 1 kg milk), while Holstein and
Brown Swiss cows both in Egypt (0.78 kg and 0. 0.74 kg, respectively) and Europe (0.63 and
0.67 kg, respectively) have better feed efficiency than the buffaloes in Egypt and Europe
(1.75 kg and 1.05 kg, respectively). In fact, buffaloes in Egypt consume higher proportion of
roughage and fibers in their rations than the European cows.
The unit of dry matter intake of rations oriented to European cows is extremely expensive
compared to that oriented to the rations of buffaloes, since buffaloes consume higher
percentages of fibers in diet than that of cattle due to several factors, such as superior ability
of degradation and fermentation of fibers, greater microbial counts and higher level of
ruminal degradable protein (RDP) than cows (Sarwar et al., 2005; Javaid et al., 2008;
Sarwar et al., 2009).
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Table-4: Feed efficiency of Holstein, Brown Swiss and Water buffaloes in Egypt and
Europe.
EGYPT
Holstein

EUROPE

Brown Swiss

Buffalo

Holstein

Brown Swiss

Buffalo

15.42

19.41

19.5

19.5

0.67

1.05

Dry mater intake (kg) / Day
18

18

Feed efficiency (Dry matter intake, kg/ 1 kg of milk)
0.78

0.74

1.75

0.63

Feed Efficiency (Dry matter intake / 1 kg milk)
2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Buffaloes Brown Swiss
Europe

Holstein

Buffaloes Brown Swiss

Holstein

Egypt

Fig. 6: Feed efficiency of water buffaloes, Brown Swiss and Holstein cows of Egypt
and Europe.
Environmental Pollution: A cow produces 376 g of methane per day (Appuhamy et al.,
2016) compared to 157 g by a buffalo (Sarubbi et al., 2013). It means that a cow causes
double the pollution of a buffalo. These findings demolish the speculation that buffaloes
cause more environmental pollution than buffaloes.
CONCLUSION
In Egypt, buffaloes are important animals for both farmers and breeders. Although imported
dairy cattle breeds (Holstein and Brown Swiss) produce more milk and have better
reproductive traits than buffaloes, buffaloes have many other advantages such as the
rusticity against diseases, adaptation to harsh environmental conditions and higher efficiency
of digestion of fibers. They produce a good percentage of milk fat and its milk has the best
order for making Mozzarella cheese. Its milk fat is good for making butter and Raiba cheese
which is considered as an excellent and favorable cheese in the country sides of Egypt.
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Besides, buffaloes suffer from malnutrition, bad husbandry including tethering of animals and
the outdated production system. The most conspicuous problem is the absence of proper
performance recording system both in private farms and in farms which have abandoned
selection programs for genetic improvement.
Dairy industry in Egypt also confronts two major problems. The first one is related to farmers
who get rid of the small calves to be oriented to the slaughter houses instead of selecting the
best ones for breeding and the second one is the preference of the farmers to orient good
heifers to a fattening period before slaughtering.
It is hoped to accelerate the rhythm of improving buffalo production by applying genetic
improvement tools like selection of superior sires, modern husbandry practices and recycling
of million tons of residuals produced annually in Egypt to make rations less expensive and to
rapidly achieve the production objective. At this point, Information of breeders and farmers is
important to follow and apply good methods of selection and modern animal husbandry tools
to enhance the production of buffaloes to restrict the import of dairy cattle from abroad.
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