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A proposed simplified scorecard
for the linear descriptive
evaluation of dairy characters
of female camels (Camelus
dromedarius) of the

Majaheem breed

Maurizio Dioli ®*, Mostafa Nasef, Bruce James Braithwaite
and Umar Rehman

Bulaida Farms, Fujairah, United Arab Emirates

The camel (Camelus dromedarius) holds significant importance as a valuable
livestock species for milk production. Consequently, there is an increasing need
to enhance attitudes toward increasing camel milk production by selectively
breeding camels with desirable milk production attributes. The Majaheem
camels have gained recognition for their favorable milk production traits.
However, there is currently a lack of rational and modern tools to aid in the
evaluation of Majaheem camels, specifically in terms of their milk production
capabilities. To address this deficiency and provide guidance to camel breeders
for the effective evaluation and selection of superior milk-producing Majaheem
camels, a breed linear scorecard is proposed in line with that adopted for
Holstein—Friesian milking cattle. However, the scorecard has been simplified
and adapted to the phenotypic characteristics of the Majaheem camel breed.
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Camelus dromedarius, Majaheem breed, conformation, linear scorecard,
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Introduction

The dromedary or camel (Camelus dromedarius) is a livestock species of increasing
importance, with numbers now exceeding 35 million (FAOSTAT, 2020; Faye, 2020).
Camels are multipurpose livestock animals providing both milk and meat, which are also
utilized as work or riding animals in a large number of African and Asian countries
(Wilson, 1984; Hjort, 1988; Schwartz and Dioli, 1992; Evans et al., 1995; Cherifi et al., 2013;
Dioli, 2014; Derradji et al., 2015; Dioli 2016; Gherissi et al., 2020; Meghelli et al., 2020; Dich
et al,, 2022; Gaouar and Ciani, 2023). Similar uses for camels have been adopted in many
countries in the Arabian Peninsula (Musa et al., 2000; Al Ani, 2004; Breulmann et al., 2007;
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Abdallah and Faye, 2013), where camels are also used as racing
animals (Khalaf, 1999; James, 2020). In addition, in recent years,
there has been a growing trend of utilizing camels for the purpose of
intensive milk production (Nagy et al., 2013; Nagy and Juhasz, 2016;
Nagy et al.,, 2022; El-Hanafy et al., 2023).

No camel breed has been selected specifically and exclusively for
its milk or meat phenotypes because those people following a
nomadic lifestyle require a multipurpose animal. However, in the
Arabian Peninsula, and in some countries in Africa, there are
several camel breeds, identified by their different coat color
(Cherifi et al., 2013; Holl et al., 2017; Alaskar et al., 2020; Alaskar
et al., 2021), with good milk production qualities. Among Arabian
Peninsula breeds, the Majaheem camel breed, the animals of which
are large with a uniform coat ranging in color from dark brown to
nearly black, is one of the breeds most used for milk production,
particularly in the United Arab Emirates and in other Gulf
countries (El-Hanafy et al., 2023; Alhadrami and Faye 2016; Al-
Atiyat et al., 2016). However, despite the widespread distribution of
the Majaheem breed and their well-known milk production traits,
there is a lack of modern tools available to evaluate their milking
characteristics. Currently, selection criteria rely on personal
observations or vague general statements (Dioli, 2016). To
address this issue and facilitate the rational evaluation and
selection of a modern Majaheem camel milk breed, this article
proposes the use of a linear evaluation tool. This tool is based on the
linear type of assessment utilized for the Holstein-Friesian cattle
breed but has been simplified and adapted to suit the unique
phenotypic traits of the Majaheem camels.

Materials and methods

The methodology employed in this study is based on the same
approach used to develop the linear score evaluation method for
Holstein—Friesian cattle, a well-known cattle milk breed. The linear
score evaluation method for Holstein-Friesian cattle was developed
by the Holstein Association USA and the World Holstein Friesian
Federation. It has been widely adopted by countries worldwide for
the evaluation of the conformation and type of Holstein-Friesian
dairy cows (World Holstein Friesian Federation, 2005; Anonymous,
2013; Anonymous, 2018). Similar guidelines for linear score
evaluation are also utilized by other organizations involved in the
dairy cattle industry (Stamschror et al., 2000; Mwacharo et al., 20065
Anonymous, 2022). The udder numerical morphological values
mentioned in this article have been obtained from various
publications focusing on the udders of dairy camels (Eisa and
Hassabo, 2009; Ayadi et al, 2016; Musaad et al., 2017; Kumar
et al,, 2023). The statistical analysis of the relevance of these values
to milk production is available in those publications. The Majaheem
breed phenotypic body measurements mentioned in this article
have also been obtained from measurements reported by existing
publications, all of which include statistical analysis (Al-Hazmi
et al., 1994; Faye et al., 2011; Abdallah and Faye, 2012; Fadlelmoula
et al, 2015). These values were further supplemented by direct
observations made on 760 camels, including over 50 lactating
camels, which were bred at Bulaida Farms in the United Arab
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Emirates in 2023, and also from the observations made by the first
author during his professional work with camel breeders from 1992
to date. Skeletal conformational faults have been reported following
the universally accepted skeletal soundness parameters (Thomas,
2005; Fowler, 2011). The scores were assigned empirically, with
higher values given only to camels without any morphological
conformation faults, but with large udders and milk vein, and
adherence to Majaheem camel body size parameters. Unless
otherwise specified, all camel illustrations presented in the article
depict Majaheem camels. The study employed a linear-type
approach, focusing on the phenotypic characteristics of adult
female camels of second and third parities. However, to achieve
an efficient and expedited linear scoring of the Majaheem camels,
the number of standard linear traits utilized by the World Holstein
Friesian Federation was significantly reduced and adapted. This
adaptation aimed to streamline the process and ensure an effective
and rapid linear scoring of the Majaheem camels.

Results and discussions

A summarized version of a linear-type scoring system, based on the
parameters discussed in the article, is presented in Table 1. Although
this scoring system follows the one used by Holstein UK (Anonymous,
2013; Anonymous, 2018), it has been simplified through the adoption
of a 100-point scale: camels scoring between 90 and 100 points are
classified as “excellent,” those scoring between 75 and 90 points as
“good,” those scoring between 65 and 75 points as “fair,” and those
scoring between 50 and 65 points as “poor”. All body measurements
reported for the Majaheem camels have been obtained from previous
publications (Al-Hazmi et al., 1994; Faye et al, 2011; Abdallah and
Faye, 2012; Fadlelmoula et al., 2015).

Coat, height, and weight assessment

The Majaheem camels are characterized by their coat, which
should display a uniform color ranging from dark brown to a very
dark brown, almost black shade. This coat color is a distinctive trait
of the breed. The Majaheem breed is known for its tall and heavy
build. Fully grown females, aged over 6 years, are expected to have a
body weight of approximately 700 kg or more, with a typical wither
height of approximately 195 cm-205 cm (Figure 1A).

Head assessment

The heads of Majaheem camels are characterized by pointed ears,
along with large drooping upper lips and often pendulous lower lips
(Figure 2A). Ideally, the camels should not exhibit a deep stop, which is
a depression between the skull and the nasal bones that is commonly
observed in many Indian/Pakistani camel breeds (Figure 2B). In
addition, they should not have overly neat heads with short lips
similar to those seen in racing camel breeds (Figure 2C). In terms of
jaw structure, prognatism, that is, longer lower jaw (Figure 2D), or
enognatism, that is, shorter lower jaw (Figure 2E) and also wry face
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TABLE 1 Linear traits to be evaluated and scored during an assessment of an adult female (first and second calvers) camel of the Majaheem breed.

Body Desired characteristics Points to
structures be
assigned
Coat color Uniformly dark brown to almost black Upto3
Height Approximately 195 cm-205 cm Upto5
Body weight Approximately 700 kg-750 kg Upto5
Head Without stop. Lips may be pendulous Upto3
conformation
Neck Not thin and not overly large. Girth: approximately 80 cm-90 cm Up to 2
Chest Girth: 220 cm-250 cm Upto5
Width: 30 cm-35 cm
Digestive Abdominal area touching or extending downwards over a horizontal line connecting the pedestal to the stifle joint Up to 10
system
Hump Normally developed, centrally positioned, not extending over the wither or lumbar area or on the sides over the chest Upto2
No obvious areas with hair loss
Lumbar area Moderately inclined approximately 15° over the horizontal line. Height lower than the wither height Up to 2
Rump area Inclined approximate 45°ver the horizontal line Upto3
Width 18 cm-26 cm
Front legs Front view: vertically straight, parallel, or slightly toe out Upto5
Side view: vertically straight with well-developed elbow callosities
Rear legs Rear view: vertically straight, parallel or slightly toed out Upto5
Side view: vertically straight with a stifle angle of approximately 150°
Pasterns Front pasterns short and almost in vertical line; inclined to the ground at an angle of approximately 70°~75°. Rear pasterns short Up to 10
and moderately inclined to the ground at an angle of 55°-65°
Udder quarters Quarters extending downwards and over a horizontal line connecting elbow pad and stifle joint Up to 20
In lactating animals, a milk vein with a large diameter and length
Udder teats All uniform in length of approximately 6 cm-8 cm Up to 20
All uniform in girth thickness of approximately 10 cm-12 cm
Total points to be assigned in the linear t of a Majah milking female camel TOTAL 100

(Figure 2F) should be considered unfavorable traits and be penalized
for being a genetic fault (Fowler, 2011).

Neck assessment

The neck of female Majaheem camels should ideally be feminine
in appearance, that is, it should be moderately thick (Figure 2G) and
not, as observed in male camels, be excessively thick and muscled
(Figure 2H). This characteristic is considered a sign of hormonal
balance and is associated with better reproductive performance
(Bosman and Scholtz, 2010). However, the neck should also not be
overly lean (Figure 2I) as this suggests a possible genetic influence
from the camel racing breed, which is known to have poor
milk production.

Chest assessment

The chest area of the Majaheem camels holds significant
importance as it encompasses various organs that directly
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influence the health, vitality, and milk productivity of the animal.
Although chest girth is considered important (Figure 1B), it is
essential to focus more on the correct conformation rather than just
the size. An adequate width of the chest (Figure 3A) is desirable.
Camels with a small chest width (Figure 3B) should be penalized
during the evaluation. Furthermore, in the case of camels with a
very small chest width (Figure 3C), it is necessary to check for
evidence of brushing elbow/pedestal. If such faults are present, then
they should be taken into consideration and the animal penalized
accordingly. These assessments and considerations regarding the
chest area are crucial for ensuring superior milk productivity and
overall wellbeing in the Majaheem camels.

Digestive system assessment
(or body depth)

This is an evaluation of the abdominal size of the camel. High
milk production in livestock necessitates the ingestion and
processing of a large quantity of fodder, which in turn requires a
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FIGURE 1

10.3389/fanim.2023.1270230

Correct breed standard weight, coloration, conformation, and height: (A) adult non-lactating Majaheem female, approx. 10 years old, weight: 698 kg
bw, wither height: 197 cm (green line). Correct chest circumference: (B) adult Majaheem female: chest circumference 245 cm. The green line
represents where the girth should be measured: from the front of the hump passing behind the pedestal. Acceptable measures approximately 220-

250 cm.

spacious digestive system. Research in lactating stalled camels
revealed that they required a dry matter intake of approximately
1.73 kg per 100 kg of live weight and an additional daily intake of 5
kg of concentrate (Hashi and Kamoun, 1995). Research conducted
in cattle has shown that animals with a larger abdominal girth tend
to have a significantly higher milk yield (Sieber et al., 1988). In
cattle, those with a short horn (Benyarou et al., 2017) and/or larger
abdominal girth tend to have significantly higher milk yield (Sieber
et al,, 1988). In camels, the assessment of abdominal capacity
involves observing the extension of the abdominal areas in
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relation to a horizontal line drawn from the pedestal callosity to
the hind legs’ stifle callosity. In camels with a large abdominal
capacity, the abdominal area extends clearly below this horizontal
line (Figures 3D, E). In contrast, camels with a poor abdominal
capacity (Figure 3F) or that are on a special diet, such as racing
camels (Figure 3G), have a much smaller abdominal area that is
clearly above this horizontal line. This assessment of abdominal
capacity provides valuable insights into the feeding efficiency and
potential milk productivity of the Majaheem camels, ensuring the
selection of individuals with optimal traits for high milk production.
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FIGURE 2

10.3389/fanim.2023.1270230

Head assessment of adult females: (A) Majaheem breed with correct head profile (green line), (B) Pakistani breed with pronounced stop (red lines),
(C) racing camel, (D) camel with overshot mandible: prognathism (Spain), (E) camel with undershot mandible (Kenya), (F) camel with congenital
malformation: a facial deformity known as “wry face” (Sudan). Necks assessment of adult camels: (G) Majaheem female, (H) Majaheem male,

(I) racing female camel. The green line represents the area for measurement, acceptable neck girth: approximately 80-90 cm.

Hump assessment

In camels, the size of the hump, as the organ that stores fat
reserves, fluctuates based on their nutritional and production levels
and overall health. Owing to this variability in size and shape, the
hump cannot be considered a reliable tool for evaluating milk traits
or determining the genetic purity of a specific camel breed.
However, the hump size can still provide important information
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about a camel. Ideally, the hump should be of average size and
should not extend over the wither or the lumbar area (Figures 4A,
B). A small hump (Figure 4C) should be carefully evaluated as it
may indicate the presence of chronic metabolic problems, diseases
such as trypanosomosis, or a genetic influence from racing camel
breeds. A significantly large hump also requires careful evaluation
as it may be a result of obesity caused by excessive feeding or a
potential hormonal imbalance that can lead to delayed or failed
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FIGURE 3

10.3389/fanim.2023.1270230

Chest size assessment of adult females: (A) Majaheem with optimal chest size (green line), (B) Majaheem with adequately developed chest size
(green line), (C) racing female with narrow chest size (red line). Chest width measured from the inside surface between the top of the front legs,
approximately 30-35 cm. Digestive system size assessment of adult females: (D) Majaheem with well-developed abdominal area (green line),

(E) Majaheem with adequately developed abdominal area (green line), (F) Majaheem with insufficiently developed abdominal area (red line), (G)

racing camel with training induced hypotrophy of abdominal area (red line).

reproductive cycles (MaChado Pfeifer et al., 2021; Nazhat et al,
2021) A large hump can also be associated with reduced milk
production due to udder pathologies. When examining a very large
hump, particular attention should also be given to the presence of
alopecic areas on the hump and rump (Figures 4D, E). These
hairless areas are caused by the contact friction of frequent
mounting of other females in the herd during estrus episodes.
The presence of such areas should result in the penalization of the
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camel during evaluation because such frequent engagement in
sexual behavior is not normal and may indicate dysfunctions in
the animals’ reproductive cycle.

Lumbar area assessment

The vertebral column of a dromedary exhibits a slightly
kyphotic curvature (Smuts Malie and Bezuidenhout 1987). The
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FIGURE 4

Hump assessment of adult females: (A) Majaheem with adequately developed hump, (B) Majaheem female with acceptable (lactation induced)
smaller hump, (C) Majaheem female with insufficiently developed hump, (D, E) local UAE breed females with excessively developed humps and
alopecic areas (red arrows) caused by overly frequent mountings by herd females attracted by the overly frequent hormonal signals of oestrus: a
symptom of reproductive dysfunction. Lumbar area assessment: (F) Majaheem female with correct height and inclination of lumbar area: approx. 15
degrees over horizontal line, (green lines), (G) Majaheem female with incorrect lumbar height: same as wither height and lumbar area inclination (red

line)

lumbar area should reflect such conformation by having a
moderately inclined angle of approximately 15°. This angle is
measured as the inclination between a horizontal line drawn over
the lumbar vertebrae and a line drawn horizontally from the withers
(Figure 4F). In addition, the height of the lumbar area must not be
the same as that of the withers but lower (Figure 4G).

Frontiers in Animal Science

Rump area assessment

The conformation of the rump plays an important role in
facilitating easy delivery, reducing dystocia occurrences, and
ensuring the efficient drainage of post-calving fluids. The slope of
the rump should follow the lumbar area inclination, with the ischial
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tuberosities or pin bones positioned well below the hip bones. In
addition, the rump should have an appropriate width. Ideally the
rump angle should be approximately 45° in relation to the
horizontal line (Figure 5A), with an adequate width of
approximately 18 c¢cm-26 cm (Figure 5B). A narrow rump
(Figure 5C) should be judged unfavorably as a narrow birth canal
may facilitate dystocia, particularly in immature females
(Purohit, 2012).

Front legs assessment

The forequarters of a camel bear a significant portion of its
weight (Kadim et al., 2008), and, therefore, it is crucial to assess the
soundness of the animal’s front legs during the evaluation. Both the
anterior (front) and lateral (side) views of the front legs should be
examined. From the anterior view, the front legs should be vertically
straight and parallel to each other (Figure 6A). Any deviation from
the vertical alignment, such as “brushing knees” or “carpus valgus”
(Figure 6B), should be regarded as a significant fault and result in an
appropriate penalization. From the side view, the front legs should
also appear equally vertical and straight (Figure 6C). The presence
of “undershot knees” (Figure 6D), that is, the knees appearing to be
set back from the vertical alignment, should also be regarded as a
significant fault and result in appropriate penalization.

Rear legs assessment

A correct rear leg structure is crucial for camel fluid locomotion.
When evaluating the animals’ rear legs, it is important to consider
both the rear and side views. On the rear view, the back legs of a
camel should be vertically straight (Figure 7A) or slightly toed out
and preferably not too close to each other (Figure 7B). Moderate

10.3389/fanim.2023.1270230

closeness of the hocks, that is, the animal being “cow-hocked” or
having “tarsus valgus” (Figure 7C), is acceptable, but excessive
closeness (Figure 7D) should be penalized. On the side view, the
rear legs should appear vertically straight, forming an approximate
150° hock angle (Figure 7E). Rear legs that are flexed too much
under the body or sickled-hocked (Figure 7F), and legs that are
excessively extended posteriorly or “camped out” (Figure 7G),
should be penalized. Overall, the rear legs of a camel should
exhibit proper alignment and angulation, without excessive
deviations or abnormalities that could hinder fluid locomotion.

Proximal pastern angle

Camels have evolved in a desert environment in which they
need to cover large distances to find scattered food sources. This
natural adaptation to long-distance walking is important, even in
camels that have been selected for milk production. The camels of
the Majaheem breed are heavy animals, and it is important that
their foot structure is correctly built. Specifically, the proximal
pasterns (first phalanx) should be of the correct size and at the
correct angle in relation to the rest of the foot structure. The
proximal pasterns should be approximately 7 cm-9 cm long and
have a steep angle to the ground of approximately 70°-75° in the
forelimbs, but the angle in the hindlimbs should be less pronounced
(Figures 8A, D). Excessively long pasterns with a shallow angle to
the ground are inconducive to an efficient walking gait. Such
structural abnormalities can predispose the development of
splayed fetlocks, a severe angular deformity leading to fetlock
joint inflammation (Figures 8B, E). In cases in which there is
complete pastern hyperextension, meaning that the whole fetlock
joint rests on the ground (Figures 8C, F), the camel’s movement is
severely compromised. The camels exhibiting such severe
presentations should be culled so that these detrimental traits are

FIGURE 5

Rump area assessment: (A) Majaheem female with correct rump area inclination: approx. 45 degrees angle over horizontal line from iliac crest or hip
bones to the ischial tuberosity or pin bone (green line), (B) Majaheem female with well-developed rump width: horizontal distance between the two
ischial tuberosities or pin bones (green line), (C) Majaheem female with narrow rump width (red line).
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FIGURE 6

Front legs assessment (front view): (A) Majaheem female with correct front legs (green line), (B) Majaheem female with incorrect front legs: “brushing
knees” or “carpus valgus (red lines). Front legs assessment (side view): (C) Majaheem female with correct front legs (green line), (D) local Sudan breed

with incorrect front legs: “undershot knees” (red lines).

not perpetuated, whereas camels with mild presentations should be
severely penalized in breeding and livestock show events.

Udder quarter assessment

Evaluating the mammary region is crucial in the selection of
high-performing milking animals in any livestock species. However,
when comparing the udders of camels with those of Holstein-
Friesian cattle, we found that there are significant anatomical

Frontiers in Animal Science

differences that would make it unrealistic to apply the linear
assessment of the mammary system used for cattle to camels.
Another barrier to the easy assessment of camel udders is their
inguinal topography and the reluctance of camels to submit to
prolonged manipulations and measurements of their udder area. To
overcome these challenges, it is suggested that the visual evaluation
of a camel’s udder should focus on two easily assessable parameters:
udder depth and udder floor position. This simplified approach
takes into account the unique anatomical characteristics of the
camel’s udder and the practical constraints associated with udder
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FIGURE 7

Rear legs assessment (rear view): (A) Majaheem female with perfectly spaced rear legs (green line), (B) Majaheem female with acceptable narrow
spaced rear legs (green lines), (C) Majaheem female moderately "cow-hocked” (tarsus valgus) (red lines), (D) local UAE breed female excessively
“cow-hocked"” (red lines). Rear legs assessment (side view): (E) Majaheem female with correct rear legs and hock angle (approx. 150 degrees over
vertical line) (green lines), (F) Majaheem male with incorrect rear legs: sickled-hocked (red lines), (G) Canary Island breed female with incorrect rear

legs: “camped out” (red lines).

evaluation in this species. The udder depth is assessed by comparing
the downward extension of the udder toward a horizontal line
drawn between the elbow callosity and the hind leg’s stifle joint. In a
well-developed udder with good depth, the udder will reach and
sometimes extend over this line (Figure 9A). In contrast, poorly
developed udders with insufficient depth will remain clearly above
this horizontal line (Figures 9B, C). The evaluation of the udder
floor follows the same principle; however, it is important to note

Frontiers in Animal Science

that camels are multipurpose livestock animals and, in contrast to
cattle, have not undergone intensive selection for milking
conformation. As a result, udder quarters in camels may not be
homogeneously developed or symmetrical, and instead, two udder
conformations are commonly observed: one in which the front
quarters are more developed than the rear quarters and another in
which the rear quarters are more developed than the front quarters.
In the first conformation, the front quarters of a well-developed
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FIGURE 8

Front legs proximal pastern angle assessment: (A) Majaheem female with correct pastern size and angle (approx. 70-75 degrees over the ground
(green line), (B) Majaheem female with overly long and inclined pasterns (red line), (C) local UAE breed female with complete collapse of the fetlock
joint and pastern laying directly on the ground (red line). Rear legs proximal pastern angle assessment: (D) Majaheem female with correct pastern
size and angle (approx. 55-65 degrees over the ground (green line), (E) Majaheem female with slightly excessive inclination of pasterns (red line),

(F) local UAE breed female with complete collapse of the fetlock joint and pastern laying directly on the ground (red line).

udder reach and extend downward over the elbow-stifle line
(Figure 10A). Conversely, the front quarters of a poorly
developed udder will remain clearly above the elbow-stifle line
(Figures 10B, C), indicating inadequate udder development in the
front quarters. In the case of udders with more developed rear
quarters, the assessment is reversed. The rear quarters of well-
developed udders extend downward over the elbow-stifle line
(Figure 11A), whereas those of less-developed udders remain
above the elbow-stifle line (Figures 11B, C). Asymmetry of the

udder quarters should not be penalized unless it is extreme. In this
regard, it is also important to note that the rear quarters of a camel
produce more milk than the front quarters (Eisa & Hassabo, 2009;
Musaad et al., 2017; Kumar et al., 2023); therefore, rear-quarters
asymmetry, that is, in which the rear quarters are larger than the
front quarters, should not be considered a fault. Another factor to
consider when assessing a camel’s milking capacity is the size and
development of the milk vein or subcutaneous abdominal vein as
there is a relationship between a large diameter of the milk vein and

A B

FIGURE 9

Frontiers in Animal Science

Udder quarters assessment: udder with symmetric quarters: (A) local UAE breed with very developed udder extending downward over the elbow—
stifle line (green line), (B) local UAE breed with sufficiently developed udder but not extending over the elbow-stifle line (red line), (C) local UAE
breed with insufficiently developed udder very far from the elbow-stifle line (red line).
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FIGURE 10

Udder quarters assessment: udder with asymmetric quarters: more developed front quarters: (A) Majaheem camel with very developed udder front
quarters extending downward over the elbow-stifle line (green line), (B) Majaheem camel with sufficiently developed udder front quarters but not
extending over the elbow-stifle line (red line), (C) local UAE breed with insufficiently developed udder front quarters: very distant from the elbow—

stifle line (red line).

10.3389/fanim.2023.1270230

abundant milk production (Eisa et al., 2010; Braun and Forster,
2012; Gracner et al.,, 2015; Berger et al., 2016; Kumar et al., 2023). In
lactating camels, a large and long milk vein is considered a positive
attribute (Figure 12A), whereas a poorly developed or barely visible
milk vein should be viewed as a negative attribute (Figure 12B).

Udder teats assessment

Udder teats are an important characteristic, particularly due to
the increasing use of automatic machine milking in camel farms.

FIGURE 11

Udder quarters assessment: udder with asymmetric quarters: more developed rear quarters: (A) Majaheem camel with very developed udder rear
quarters extending downward over the elbow-stifle line (green line), (B) local UAE breed with sufficiently developed udder rear quarters but not
extending over the elbow-stifle line, (red line), (C) local UAE breed with insufficiently developed udder rear quarters: very distant from the elbow—

stifle line (red line).

Frontiers in Animal Science

Therefore, it is essential to evaluate teat symmetry, length, and
thickness. The ideal teats measurements have been identified to be
approximately 6 cm-8 cm in length and 10 cm-12 cm in girth
(Figures 12C, D) (Ayadi et al,, 2016). However, it is important to
note that significant variations in teat symmetry, length, and girth
are very commonly observed. These variations often manifest either
as inadequate teat length (Figures 12E, F) or excessive length, girth,
and asymmetry (Figures 12G, H). Moderate teat size variation may
be tolerated; however, extreme conformation (Figure 13A) should
be penalized as it poses a serious obstacle to the efficient automatic
machine milking of camels (Figure 13B).
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FIGURE 12

Milk vein assessment: (A) Majaheem lactating camel with very developed milk vein: subcutaneous abdominal vein (green arrow), (B) local UAE
lactating camel with insufficiently developed milk vein (red arrow). Udder teat assessment: (C) local UAE lactating camel with uniformly developed
teats of adequate size and length (green circle), (D) Majaheem lactating camel with uniformly developed teats although of excessive size (green
circle), (E, F) local UAE lactating camels with teats of insufficient length (red circle), (G, H) Majaheem lactating camels with asymmetric and grossly

oversized teats (red circle).

10.3389/fanim.2023.1270230

Conclusions

The effectiveness of employing a linear-type assessment in the
evaluation of dairy cattle breeds has been extensively demonstrated
and is now commonly utilized as a practical tool for enhancing the
selection of milk-producing livestock on a global scale. A linear-type
assessment of Majaheem milking camels that relies on easily
measured parameters, rather than variable and subjective personal
opinions, will enhance and speed up the selection of Majaheem
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camels toward a more modern and efficient camel milk breed,
which is also better adapted to automated machine milking.
Furthermore, the use of a linear assessment will facilitate the
detection of camels exhibiting skeletal malformations or unsound
udder conformations. The importance of eliminating such
conditions from the Majaheem breeding herds cannot be
overstated as such conformation faults negatively influence the
milking capacity and performance of the affected camels.
Incorrect anatomical conformations are also likely to be
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FIGURE 13

Abnormal udder: (A) udder of Majaheem lactating camel with asymmetric and oversized teats, (B) difficulties of applying machine milking to such

type of udder.

inheritable and can therefore seriously undermine efforts to
implement a successful selection plan for camels of the Majaheem
breed. More importantly, morphological malformation negatively
impacts the welfare of the affected camels, shortening their
productive life span and causing pain and distress.
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