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The purpose of the present study was to describe the normal ultrasonographic
characteristics of the udder and teats in lactating Jennies. Seven lactating Baladi
Egyptian Jennies were examined ultrasonographically using 6-8 MHz linear probe.
Sagittal and transverse scans of the udder parenchyma and teats were performed for
right and left halves through direct (transcutaneous) and indirect (modified stand-off
pad) techniques. Measurements of the TCL (teat canal length), TCD (teat canal
diameter), TWT (teat wall thickness) and TCD (teat cistern diameter) of both right
and left teats were compared for significant difference. The udder parenchyma was
identified as coarse granular hypoechoic structure with multiple anechoic cavities.
The teat has 3 distinct layers; the outer hyperechoic skin, the inner hyperechoic
mucosa and the hypoechoic muscle layers. No significant differences were observed
between measurements of the right and the left side. In conclusion, ultrasonography
is a safe, effective and non-invasive method that allowed the visualization of the
mammary gland (parenchyma and teat) in donkeys. Alteration from the normal
ultrasonographic appearance could be helpful for diagnosing pathological
conditions of the udder and teats.
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mammary gland and teat in cows (Franz et al., 2004;
2009), buffaloes (Kotb et al., 2014), sheep (Rovai et al.,
2008; Barbagianni et al., 2015), camels (Abshenas et al.,
2007), mares (Güngör et al., 2005) and carnivors (Trasch
et al., 2007). Only few available studies have been
published describing the ultrasonographic appearance of
mammary gland and teat in donkeys (D’Alessandro et al.,
2015). The purpose of the present study was to describe
the normal ultrasonohgraphic appearance of the mammary
gland in lactating Jennies.

INTRODUCTION
Donkey’s milk has successfully been used as a
substitute for human milk, especially in children with cow
milk-allergy (Monti et al., 2008; Perna et al., 2015). The
composition of donkey milk is very close to human milk,
especially the lipids content (high levels of lenoleic and
lenolenic acid) and proteins (low caseins content).
Furthermore, high lysozyme content of donkey’s milk
may be the cause of its low bacterial count when
compared with bovine, caprine and human milk
(Vincenzetti et al., 2008).
Ultrasonography is a rapid, safe, effective and noninvasive diagnostic tool used for examination of different
organs including the mammary gland and teats (Kahn,
2004; Nishimura et al., 2011). It can be helpful in the
diagnosis of mastitis, hematomas, abscesses, tumors,
foreign bodies and milk stones (Condino et al., 2012;
Santos et al., 2015). Udder and teat scanning is generally
performed for the diagnosis of milk flow disturbances and
also for examination and measurement of different
anatomical structures (Weiss et al., 2004; Paulrud et al.,
2005). Ultrasonography had been used for examination of
various physiological and pathological conditions of the

MATERIALS AND METHODS
Animals: The present study was performed on 7 clinically
healthy multiparous Baladi Egyptian Jennies (Equus
asinus) aged between 5 and 8 years (mean; 6.3±1.7 years)
and weighing between 160 and 230 kg (mean; 190±25
kg). Jennies were evaluated to have body condition score
of 6 (more than moderate) and 7 (good) based on a ninepoint score system for donkeys (Pearson and Ouassat,
2000). All Jennies were lactating and were examined
ultrasonographically during the first month (n=2), second
month (n=3) and the third month (n=2) of lactation. All
study procedures were done in accordance with
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Institutional Animal Care and Use Committee (IACUC)
of Faculty of Veterinary Medicine, Cairo University,
Egypt.
Before enrollment in the study, all Jennies underwent
complete physical and hematological examination
(complete blood count and liver and kidney function tests)
to exclude the possibility of systemic diseases. The udder
was carefully examined for presence of morphological or
pathological abnormalities.
Ultrasonographic
examination:
Ultrasonographic
examination of the udder and teats of each animal was
performed in standing position using Samsung Madison
machine (Sonovet R3, Korea) equipped with 6-8 MHz
linear probe. The udder was examined using the direct
method (transcutaneous ultrasonography), where the
probe was placed directly over the skin after application
of coupling gel. The probe was positioned along the
length and width of the mammary gland, designated as
sagittal and transverse scans, respectively (Güngör et al.,
2005). The echo-structures of each mammary half
including the mammary parenchyma, the gland cistern
and the lactiferous ducts were imaged. The blood vessels
(arteries and veins) within the parenchyma were identified
and differentiated from the lactiferous duct using color
flow Doppler imaging.
The teats were examined by indirect method through
using homemade fluid-filled latex bag (modified stand-off
pad method) containing warm water placed between the
teat and probe (Kotb et al., 2014). The water bag was used
to allow localization of the teat at the focal zone of
transducer to obtain good quality images. Sagittal and
transverse teat scans were recorded. Sagittal scan was
obtained by placing the linear probe parallel to the teat,
while the transverse scan was obtained by rotating the
probe 90○. The echo- structures of the teat were clearly
visualized including the papillary orifice, teat canal,
Furstenberg’s rosette, papillary part of the cistern and the
teat wall. The teat canal length (TCL), teat canal width
(TCW), teat wall thickness (TWT) and teat cistern
diameter (TCD) were measured for both right and left
halves (Abshenas et al., 2014).
All examinations were performed by the same
examiner and all data was stored digitally and analyzed
offline. Measurements were made in triplicates and the
average was calculated.
Statistical analysis: Measurements were expressed as
mean±SD. Data were analyzed using SPSS software 21
(IBM SPSS Inc., Chicago, IL). Kolmogorov-Smirnov test
and Shapiro-Wilk test were used to test the normality of
distribution of the obtained measurements. A paired t-test
was used to compare measurements of right and left
halves. Differences were considered statistically
significant if the P value was <0.05.
RESULTS
Transcutaneous ultrasonography of the lactating
mammary gland parenchyma in Jennies was easily
performed, where the udder was seen to be consisting of
two hypoechoic halves separated by hyperechoic septum
(Fig. 1). The udder parenchyma was easily identified as

Fig. 1: Sagittal ultrasound scan of udder parenchyma in lactating Jenny
demonstrating a homogeneous coarse granular hypoechocic right and
left halves separated by hyperechoic septum (arrows).

Fig. 2: Sagittal ultrasound scan of udder parenchyma in lactating Jenny
demonstrating homogenous coarse granular hypoechic udder with
multiple anechoic areas representing blood vessels and lactiferous duct
(arrows) (A). Color flow Doppler imaging of the same ultrasound scan
differentiating blood vessels (arrows) from lactiferous duct (B).

homogenous hypoechoic coarse granular structure.
Multiple anechoic zones were identified within the
hypoechoic parenchyma, representing the lactiferous
ducts and blood vessels. The lactiferous ducts appeared as
elongated anechoic branching structure within the
hypoechoic parenchyma without echogenic wall. The

91
blood vessels (arteries and veins) were identified as
elongated anechoic branching structures with a
characteristic echogenic wall. Color flow Doppler
imaging allowed definite differentiation of blood vessels
from lactiferous ducts (Fig. 2). Multiple anechoic cisternal
cavities were visualized within the udder parenchyma
(Fig. 3).
In sagittal scan, the teat was identified as short, cone
shaped structure with three distinct layers: A thin outer
hyperechoic layer representing the skin (TWT: 2.6±0.2
mm in right half and 2.7±0.1 mm in left half; P>0.05),
followed by thick less echogenic homogenous muscular
layer and a third thin, hyperechoic mucosal layer (Fig. 4).
The teat canal was formed by the mucosal layers of both
sides and appeared as a thin hypoechoic line between
thicker parallel hyperechoic bands (TCL: 16.3±2.2 mm in
right half and 15.5±1.9 mm in left half; TCW: 5.2±0.5 in
right half and 5.1±0.4 mm in left half; P>0.05). The teat
canal was measured from the inner edges of the mucosa.
The teat cistern was identified as a round anechoic
structure with hyperechoic wall between the anechoic
lactiferous duct and teat canal (TCD: 28.4±3.5 mm in the
right half and 29.1±2.7 mm in the left half; P>0.05). The
transition between the teat cistern and teat canal is the
rosette of Furstenberg which appeared as 3-5 parallel
hyperechoic lines. In transverse scan, the teat appeared as
ovoid multilayered structure of different echogenicity; the
outer hyperechoic skin, the middle hypoechoic muscular
layer and the inner hyperechoic mucosa (Fig. 5). No
remarkable ultrasonographic differences were recorded in
Jennies at different lactation periods (1, 2 and 3 months of
lactation). Similarly, differences between measurements
obtained for the right and left teats were non-significant.
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Fig. 3: Sagittal ultrasound scan of udder parenchyma in lactating Jenny
demonstrating large cisternal cavities represented by multiple anechoic
areas (arrows) within the hypoechoic udder parenchyma.

DISCUSSION
The udder and teat in donkeys are amenable to
ultrasonographic imaging because of their superficial
location where the visualization of udder parenchyma,
lactiferous duct, teat cistern, rosette of Furstenberg, and
teat canal was feasible.
Visualization of the udder parenchyma could be
achieved through direct transcutaneous ultrasonography
while visualization of the teat’s structures required
placement of a home-made fluid-filled latex bag
(modified stand-off pad) between the probe and teat. This
may be due to small size and superficial location of teat.
Scanning of superficial structures poses a serious problem
as the near field reverberations results in image obscuring;
so the use of stand-off pad during examination of
superficial structures (less than 3.5 cm depth) is highly
recommended (Hoque et al., 2004; Rambabu et al., 2008).
Moreover; the use of water path increased the acoustic
impedance difference between the teat wall and
surrounding medium (Kotb et al., 2014).
Similar to other studies, the glandular parenchyma of
the udder appeared as homogenous coarse granular
hypoechoic structure with presence of multiple anechoic
alveoli inside it (D’Alessandro et al., 2015). However,
according to Ayadi et al. (2003) and Güngör et al. (2005),
the glandular parenchyma was hyperechoic structure with
anechoic alveoli inside it. This variation in the ultrasonographic appearance of udder parenchyma may be

Fig. 4: Sagittal ultrasound scan of the teat in lactating Jenny
demonestrating the multi-layered structure of the teat including outer
thin hyperechoic skin (black arrow), thick, hypoechoic muscle layer
(yellow arrow) and thin hyperechoic mucosa (red arrow). The teat
canal length (TCL), teat canal width (TCW) and teat wall thickness
(TWT) are also presented.

Fig. 5: Transverse ultrasound scan of the teat in lactating Jenny
demonstrating the multi-layered structure of the teat including the
hyperechoic skin (black arrow), hypoechoic muscle layer (yellow arrow)
and hyperechoic mucosa (red arrow). The teat canal width (TCW) and
teat wall thickness (TWT) are also presented.
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attributed to the variation of the amount of milk within the
udder parenchyma, as milk produces acoustic
enhancement for the neighboring structures and results in
hyperechoic appearance (D’Alessandro et al., 2015).
Color flow Doppler imaging of the udder was helpful for
differencing the blood vessels from the lactiferous duct
within the udder parenchyma through discoloration of the
vessels and pulsation (Götze et al., 2010).
The indirect technique used for imaging the teat in
the present study allowed good visualization of the teat
structures as well as measuring the teat parameters from
both sagittal and transverse scans (Abshenas et al., 2014;
Kotb et al., 2014). The presence of milk within the teat
also allowed good visualization of the teat canal as milk
acts as a window of acoustic impedance difference that
allowed imaging of the deeper structures and far wall of
the teat (Franz et al., 2003; D’Alessandro et al., 2015).
The main limitation of the present study is the use of
relatively low number of lactating Jennies only during the
first three months of lactation. Further studies should be
directed toward imaging on a large scale in lactating and
non-lactating Jennies and the use of ultrasonography in
diagnosing pathological udder conditions in Jennies.
Conclusions: ultrasonography is a safe, effective and
non-invasive method that allowed the visualization of the
mammary gland (parenchyma and teat) in donkeys.
Alteration from the normal ultrasonographic appearance
could be helpful for diagnosing pathological conditions of
the udder and teat that could not be detected by clinical
examination.
Author’s contribution: All authors conceived and
designed the study. FAT did the ultrasonographic
examinations;
EAH
did
the
ultrasonographic
measurements; AIA and AAS analyzed the ultrasound
images and measurements. All authors critically reviewed
the manuscript for important intellectual contents and
approved the final version.
REFERENCES
Abshenas J, Vosough D, Masoudifard M and Molai MM, 2007. B-mode
ultrasonography of the udder and teat in camel (Camelus
dromedarius). J Vet Res, 62: 27-31.
Abshenas J, Sajjadian SM and Taghavi M, 2014. Ultrasonographic
examination of mammary glands in Caspian mares during the
lactation and dry period. Iran J Vet Surg, 9: 37-44.
Ayadi M, Caja G, Such X and Knight CH, 2003. Use of ultrasonography
to estimate cistern size and milk storage at different milking
intervals in the udder of dairy cows. J Dairy Res, 70: 1-7.
Barbagianni MS, Gouletsou PG, Valasi I, Petridis IG, Giannenas I et al.,
2015. Ultrasonographic findings in the ovine udder during
lactogenesis in healthy ewes or ewes with pregnancy toxaemia. J
Dairy Res, 1: 1-11.

Pak Vet J, 2016, 36(1): 89-92.
Condino MP, Ajito T, Sato K, Hyakutake K, Suzuki K et al., 2012. Milkflow, ultrasonographic, theloscopic, and histopathological
characteristics of the teat in cows with toxic mastitis. Res Vet Sci,
93: 865-871.
D’Alessandro AG, Mariano M and Martemucci G, 2015. Udder
characteristics and effects of pulsation rate on milking machine
efficiency in donkeys. J Dairy Res, 82: 121-128.
Franz S, Floek M and Hofmann-Parisot M, 2009. Ultrasonography of the
bovine udder and teat. Vet Clin North Am Food Anim Pract, 25:
669-685.
Franz S, Hofmann-Parisot M and Baumgartner W, 2004. Evaluation of
three-dimensional ultrasonography of the bovine mammary gland.
Am J Vet Res, 65: 1159-1163.
Franz S, Hofmann-Parisot M, Gutler S and Baumgartner W, 2003.
Clinical and ultrasonographic findings in the mammary gland of
sheep. N Z Vet J, 51: 238-243.
Götze A, Honnens A, Flachowsky G and Bollwein H, 2010. Variability of
mammary blood flow in lactating Holstein-Friesian cows during
the first twelve weeks of lactation. J Dairy Sci, 93: 38-44.
Güngör Ö, Pancarci ȘM and Karabacak A, 2005. Examination of equine
udder and teat by B-mode ultrasonography. Kafkas Üniv Vet
Fakült Derg, 11: 107-111.
Hoque M, Jiwary R, Maiti SK, Singh GR, Guptata OP et al., 2004.
Ultrasonography of bovine udder and teat. In: 11th Annual
Congress of Indian Association of Advancement for Veterinary
Research (IAAVR), IVR IJzatnagar, India.
Kahn W, 2004. Ultrasonography in sheep and goats. In: Veterinary
Reproductive Ultrasonography, Schlutersche Verlagsgesellschaft
GmbH & Co., Hannover, Germany, pp: 187-210.
Kotb EEZ, Abu-Seida AM and Fadel MS, 2014. The correlation between
Ultrasonographic and laboratory findings of mastitis in buffaloes
(Bubalus Bubalis). Global Veterinaria, 13: 68-74.
Monti G, Bertino E, Muratore MC, Coscia A, Cresi F et al., 2008.
Efficacy of donkey’s milk in treating highly problematic cow’s milk
allergic children: an in vivo and in vitro study. Pediatr Allergy
Immunol, 18: 258-264.
Nishimura M, Yoshida T, El-Khodery S, Miyoshi M, Furuoka H et al.,
2011. Ultrasound imaging of mammary glands in dairy heifers at
different stages of growth. J Vet Med Sci, 73: 19-24.
Paulrud CO, Clausen S, Andersen PE and Rasmussen MD, 2005.
Infrared thermography and ultrasonography to indirectly monitor
the influence of liner type and overmilking on teat tissue recovery.
Acta Vet Scand, 46: 137-147.
Pearson RA and Ouassat M, 2000. A guide to live weight estimation and
body condition scoring of donkeys. Centre for Tropical Veterinary
Medicine, University of Edinburg, Edinburg, UK.
Perna A, Intaglietta I, Simonetti A and Gambacorta E, 2015. Donkey
Milk for Manufacture of Novel Functional Fermented Beverages. J
Food Sci, 80: S1352-S1359.
Rambabu K, Makkena S, Kumar RVS and Rao TSC, 2008.
Ultrasonography of the udder and teat in buffaloes: A comparison
of four methods. Buffalo Bulletin, 27: 269-273.
Rovai M, Caja G and Such X, 2008. Evaluation of udder cisterns and
effects on milk yield of dairy ewes. J Dairy Sci, 91: 4622-4629.
Santos VJ, Simplício K, Sanchez D, Coutinho L, Teixeira P et al., 2015. Bmode and Doppler sonography of the mammary glands in dairy
goats for mastitis diagnosis. Reprod Domest Anim, 50: 251-255.
Trasch K, Wehrend A and Bostedt H, 2007. Ultrasonographic
description of canine mastitis. Vet Radiol Ultrasound, 48: 580-584.
Vincenzetti S, Polidori P, Mariani P, Cammertoni N, Fantuz F et al.,
2008. Donkey’s milk protein fractions characterization. Food
Chem, 106: 640-649.
Weiss D, Weinfurtner M and Bruckmaier RM, 2004. Teat anatomy and
its relationship with quarter and udder milk flow characteristics in
dairy cows. J Dairy Sci, 87: 3280-3289.

