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Simple Summary: Because udder shape and milkability are strongly correlated, particular structural
traits might be chosen in the future to increase milking effectiveness in sheep. Among udder
conformation traits, udder depth and length are most strongly associated with milk output. An
efficient selection approach to examine external udder conformation in relation to lamb growth rates
and colostrum quality might be produced by a practical method of visual assessments of udder
conformation and structure. However, there has not been much research on how the external udder
conformation of meat-breed sheep relates to the quality of colostrum and lamb growth rates. The goal
of this study was to investigate the relationship among external udder conformation and colostrum
quality and lamb growth rates in Suffolk ewes using visual evaluations of the external udder. The
study showed that ewes with a ‘normal’ udder conformation had greater mean total protein and Brix
values in colostrum compared with ewes with an ‘abnormal’ conformation. Udder conformation
based on the parameters of udder floor, udder depth, teat placement, teat lesions, and presence of
wool did not appear to have a significant effect on lamb body weight or growth rates. Although
udder conformation appears to affect colostrum quality, more research is needed to determine how it
affects lamb growth, morbidity, and mortality during the first week of life.

Abstract: In sheep raised for meat production, the relationship between external udder conformation,
colostrum quality, and lamb growth rates has not received much attention. We hypothesized that
ewes with a more desirable udder conformation at lambing would have greater colostrum quality
and greater growth rates in lambs. Fifty Suffolk ewes were used in this study. Within 6–8 h of
parturition, colostrum samples from both halves of the udder were collected and visual scoring of the
udder was conducted. Colostrum quality was measured for total proteins using both optical and
Brix refractometers. On day 2, day 45, and day 60 after parturition, lamb weights were recorded,
and udder conformation measurements were repeated. A visual scoring system evaluating udder
floor (scale 1–4), udder depth (scale 1–9), teat placement (scale 1–9), teat/mammary lesions (present
or absent), and the presence of wool (present or absent) was used to assess the external udder
conformation. Normal udder parameters included udder depth scores of 5 or 6; udder floor scores of
1 or 2; teat placement scores of 4, 5, or 6; and the absence of teat/mammary lesions and wool. All
ewes not meeting normal parameters were considered to have an abnormal udder. The data were
analyzed using the GLM procedure. Mean total colostrum protein was greater (p = 0.03) in ewes
displaying a ‘normal’ udder conformation compared with those with an ‘abnormal’ conformation
(14.82 ± 0.5 and 13.31 ± 0.3 mg/dL, respectively). Mean Brix values were also greater (p = 0.03) for
ewes with a ‘normal’ udder compared to an abnormal udder confirmation (21.70 ± 0.8 and 19.54 ± 0.5,
respectively). On day 2 after parturition, the mean lamb body weight was not different between ewes
with ‘normal’ and abnormal udders (5.38 ± 0.26 vs. 5.46 ± 0.15). No differences (p > 0.05) in lamb
weights were detected between ewes with normal and abnormal udder conformations on day 45
and 60 after parturition. These data provide evidence of greater colostrum total protein values and
greater Brix values present in ewes with a ‘normal’ udder conformation. There were no differences in
the weights of lambs born to ewes with normal or abnormal udder conformations.
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1. Introduction

External udder conformation has been widely studied in dairy sheep breeds to de-
termine an effect on milk production and the efficiency of machine milking [1]. Studies
have also shown a close relationship between udder conformation and milkability, and that
certain conformational traits could be considered for selection to possibly improve milking
ability in the future [2]. For example, among udder conformations, udder depth and length
were the most correlated traits to milk production, while deep udders and short teats were
related to lower somatic cell counts in Spanish Assaf sheep [3]. A study conducted by
Zeleke et al. [4] looked at the effect of palpable udder defects on milk yield, somatic cell
count (SCC), and milk composition in non-dairy Romney ewes. This study showed, with
the exception of the solid non-fat (SNF) composition of milk, no association between the
ewe groups and the effects on SCC, milk yield, and milk composition [4].

Interestingly, a study in beef cattle showed that beef calves that had difficulty in
suckling because of teat conformation and size showed greater morbidity and mortality [5].
Furthermore, a study in dairy cattle by Ventorp and Michanek [6] showed that calves born
to cows or heifers with low-slung udders had difficulty obtaining colostrum in a timely
manner by natural suckling, resulting in a negative effect on passive immunity and health
in the calf [6].

Different scoring systems have been historically utilized to determine the udder
conformation in sheep. These scoring systems classify external conformation traits by using
simple numerical scales or physical measurements [1,7]. Measurements have included the
udder length, udder width, rear udder depth, udder attachment, cistern depth, teat length,
or teat angle.

A study conducted in 2012 was the first that focused on the association between
udder conformation and lamb weight in Suffolk ewes by using visual and physical udder
measurements [7]. In that study, udder conformation traits of teat placement, teat lesions,
and the cross-sectional area of teats were measured two weeks after lambing. It was
concluded that teat placement and teat lesions were associated with lamb weight and
that the teat conformation in ewes may reduce intramammary infection and increase
lamb growth rates [7]. Additional studies conducted by Griffiths et al. [8,9] showed an
association between a normal udder conformation and greater mean weaning weights.
Furthermore, a normal udder conformation reduced the odds of lamb mortality from
birth to weaning [9]. Smith et al. [10] showed an odds ratio for mortality of 1.54 between
ewes with unsound udders versus ewes with sound udders. This study identified an
odds ratio for mortality caused by starvation of 4.62 between unsound versus sound
udders in ewes [10]. Nevertheless, the external udder conformation and its relationship
with colostrum quality and growth rates in lambs has not been extensively studied in
meat breeds.

High-quality colostrum is essential for the survival of large and small ruminant
neonates. Lambs lack the energy reserves necessary for survival and rely on the quantity
and protein concentration of colostrum to meet nutritional, metabolic, and immunological
needs [11]. According to Nowak and Pascal [11], neonate mortality in sheep production
systems is 15 to 25% worldwide, and most preweaning lamb deaths occur within the first
week of life. In the study by Griffiths et al. [9], the mortality rate from birth to weaning
was 13.8%.

The definition of high-quality colostrum in cows and goats is well documented in the
literature, but there is less information available for ewes. One of the most-studied tools
for measuring bovine colostrum quality is the Brix refractometer [12]. Many studies have
shown the correlation between greater Brix measurements and increased IgG levels [12].
Kessler et al. [12] utilized receiver operating characteristic (ROC) curves to calculate the
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diagnostic accuracy of the Brix refractometer in the colostrum of cows, does, and ewes.
Based on the ROC curve analysis and maximizing sensitivity and specificity, the theoretical
optimal cut-off point for Brix in the ewe was 26.5% [12].

A practical method involving visual assessments of the udder floor, udder depth,
teat placement, teat lesions, and the presence of wool could result in an effective selection
method to evaluate the external udder conformation in relation to lamb growth rates and
colostrum quality. The objective of this study was to determine the relationship among
external udder conformation, using visual assessments of the external udder, and colostrum
quality and lamb growth rates in Suffolk ewes.

2. Materials and Methods
2.1. Animals

All animals, treatments, and procedures were approved by the University of Idaho
Animal Care and Use Committee (IACUC 2022-05). All work was conducted at the Univer-
sity of Idaho Sheep Center. This study used 50 Suffolk ewes between 2 and 5 years of age.
The ewes were randomly selected from a group of multiparous ewes by selecting the first
50 ewes to lamb twins. The ewes in the current study were a subgroup of approximately
200 ewes bred to six different Suffolk rams. All ewes in the study were housed outside in
a small pasture with continuous access to an adjacent lambing (drop) pen. At night, the
ewes were restricted to the drop pen for easier monitoring by the University of Idaho Sheep
Center staff, and then again allowed access to the pasture during the day. The close-up
(close to lambing) ewes were monitored regularly during the day and every 2 h during
the evening and night for lambing. At the sign of labor, trained staff would move the ewe
to the drop pen if needed and monitor the ewe during lambing. Once lambing occurred,
staff moved the ewe and lambs to a pen (5-foot × 5-foot individual pen) in the adjoining
lamb barn. Once in the pen, the lambs’ navels were dipped in an iodine solution, ewe
teats stripped to remove any plug, and the lambs were monitored for nursing. The time
of birth, sex of lambs, ease of birth, maternal response, and whether any assistance was
required were recorded. All close-up ewes were fed a gestation ration with dry matter
(DM) adjusted crude protein (CP) of 12.6%, 40% soluble protein, and free access to water.
While in the pen, ewes continue to receive the gestation ration, along with grass hay and
water. The ewes and lambs were kept in the pen for 72 h before being placed in a mixing
pen with 4 to 5 other ewes and lambs and transitioned to a lactation ration. All ewes in the
study lambed from 8 March 2022 through 19 March 2022. Study lambs had a creep ration
available, starting at 7 days of age from a creep feeder. The creep feeder allowed the lambs
to access the ration but not the larger adult ewes. The creep ration consisted of canola meal,
rolled corn, rolled barley, dried distillers’ grains, mineral molasses mix, and bypass fat
and was offered to the lambs ad libitum. External variables such as feed, environment, and
management practices were kept consistent for all study animals to limit variability.

2.2. Experimental Design and Methodology

A visual assessment was performed on the external characteristics of the udder within
6–8 h of parturition, and on days 2, 45, and 60 after parturition. Most of the lambing
occurred between midnight and 04:00 h, and the visual assessment and colostrum collection
were done at 07:00 h. Any ewe lambing at other times was evaluated in a timely manner
to meet the criteria of the udder evaluation within 6 to 8 h of parturition. All evaluations
were conducted by one trained individual. The visual scoring system evaluated the udder
floor, udder depth, teat placement, teat/mammary lesions, and presence of wool on the
udder. The udder floor (Figure 1) was scored on a 1–4 scale: 1 = defined halving, 2 = too
flat, 3 = broken, 4 = asymmetric [2]. Udder depth (Figure 2) was evaluated on a 1–9 scale:
1 = low udder, 9 = shallow udder, 5 = reference point at hock [13]. Teat placement (Figure 3)
was scored on a 1–9 scale: 1 = most medial to 9 = most lateral [7,13]. Teat/mammary lesions
and the presence of wool were scored as either presence or absence [7]. Each ewe was
characterized as having a ‘normal’ or ‘abnormal’ udder based on the following assessments.
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Normal udder parameters include udder depth scores of 5 or 6; an udder floor score of 1;
teat placement scores of 4, 5, and 6; and the absence of teat/mammary lesions, wool, and
palpable lesions or masses within the mammary gland. All ewes not meeting any single
one of the above normal udder parameters were considered to have abnormal udders.
Body condition scores of ewes were recorded when the udder conformation was assessed
using the standard 1–5 scale: 1 = emaciated and 5 = extremely fat [14]. Lamb weights were
recorded on days 2, 45, and 60 after parturition.
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broken (3), and asymmetric (4) [2].
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Figure 2. Nine-point scoring system used to evaluate udder depth from shallow (9) to low (1), with
the udder floor at hock (score 5) as a reference point [13].
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2.3. Colostrum and Body Weight

Colostrum samples were collected from both halves of the udder for each ewe within
6–8 h of parturition. Each teat was manually massaged to fill a 15-cc conical tube with
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colostrum. One drop of colostrum was placed on the optical plate of the optical refractome-
ter (JorVet, Loveland, CO, USA). Total proteins were measured and recorded. Subsequently,
the prism was cleaned with distilled water and wiped dry. This procedure was repeated
for both halves and the total proteins from each half were averaged to give an overall
total protein score for each ewe. A similar procedure was used to analyze each udder
half using a Brix refractometer (JorVet, Loveland, CO, USA) to measure Brix values [12].
The Brix values from each half were also averaged to give an overall Brix value for each
ewe’s colostrum.

2.4. Statistical Analysis

Data on the effects of initial udder conformation on total proteins; Brix values; day 2,
45, and 60 lamb weights; and lamb average body weight daily gain from day 2 to 60 were
analyzed using the GLM procedure in SAS, with significance declared at p < 0.05 [15]. The
model included the fixed effect of udder type (normal vs. abnormal udder conformation)
and the random effect of ewe. A repeated-measure generalized linear mixed model [15]
was used to determine differences in lamb body weight across time. The model included
the fixed effects of udder type, time, and the time-by-udder-type interaction. The initial
lamb body weight (day 2) was also included in the analysis as a covariate. Lambs were
considered as random effects, and the correlation structure for the repeated measures was
ARMA (1, 1).

3. Results and Discussion

Based on the initial assessment of the udder conformation, 22% (n = 11) of ewes
presented a ‘normal’ conformation and 78% (n = 39) of ewes presented an ‘abnormal’
conformation (Table 1). This initial classification of ewes was used throughout the rest of
the experiment to compare mean colostrum total proteins, Brix values, and mean lamb
weights between ‘normal’ and ‘abnormal’ udder conformations.

Table 1. Mean (±SEM) udder floor, udder depth, and teat placement scores of ewes with normal and
abnormal udder conformation.

Items
Udder Conformation Type

p Value
Normal (n = 11) Abnormal (n = 39)

Udder floor 1.0 ± 0.3 a 2.6 ± 0.2 b 0.01
Udder depth 5.5 ± 0.3 a 6.4 ± 0.2 b 0.04
Teat placement 5.3 ± 0.3 c 6.0 ± 0.2 d 0.08

a,b Means with different superscript within the row differ (p < 0.05). c,d Means with different superscript within
the row tended to differ (p < 0.1).

Mean udder floor scores differed (p < 0.01) between the two udder types and were
1 ± 0.4 and 2.5 ± 0.2 for ewes with normal and abnormal udders, respectively (Table 1).
Furthermore, the udder depth scores were greater (p < 0.05) for ewes with abnormal udders
than those with normal udders (6.4 ± 0.2 vs. 5.6 ± 0.3). Mean teat placement scores tended
(p = 0.08) to be lower for ewes with normal udders compared with ewes with abnormal
udders. Overall, 33.3% of ewes with an abnormal udder had a teat placement score > 6 and
no ewes had teat placement scores < 4 (Table 1).

The mean BCS of ewes averaged 2.61 and was not different (p = 0.80) between the
two udder types (Table 2). Mean total colostrum protein was greater (p = 0.02) in ewes
with a normal udder conformation (14.82 ± 0.58 mg/dL) compared with ewes having an
abnormal conformation (13.31 ± 0.33 mg/dL) (Figure 4). Brix values were also greater
(p = 0.03) in ewes presenting a normal conformation (21.70 ± 0.88) compared to ewes
presenting an abnormal conformation (19.54 ± 0.52) (Table 2).
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Table 2. Least square means (±SEM) of body condition scores (BCS) 1 and Brix values in two udder
conformation types in lactating ewes.

Variable
Udder Conformation Type p Value

Normal (n = 11) Abnormal (n = 39)

BCS 2.60 ± 0.14 2.63 ± 0.08 0.80
Brix% 21.70 ± 0.88 a 19.54 ± 0.52 b 0.03

1 Body condition scores of ewes were recorded using the standard 1–5 scale: 1 = emaciated and 5 = extremely
fat [9]. a,b Means with different superscript within the row differ (p < 0.05).
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Figure 4. Mean colostrum total protein from Suffolk ewes with ‘normal’ and ‘abnormal’ udder
conformations; a,b, bars with different letters differ (p = 0.03).

The results demonstrate that a normal udder conformation may be associated with
greater total protein amounts in the colostrum. Brix values have been highly correlated
to IgG in ewe colostrum, with both frozen and thawed samples [12,16]. The Brix values
in the current study were lower than the theoretical optimal cut-off point determined by
Kessler et al. [12] of 26.5% but within the range for does at 21%. Santiago et al. [17] found a
significant drop in ewe colostrum proteins between 6 and 12 h post-lambing, most likely
due to colostrum consumption by the lambs. Therefore, our criteria of evaluation 6 to
8 h post-lambing and after lambs were confirmed to have nursed may have contributed
to the lower Brix values. The colostrum and milk composition differ among different
sheep breeds [17]. Others have observed a wide range of IgG concentrations in sheep (6.2
to 65.4 mg/mL), with greater colostral IgG concentrations in meat-type compared with
milk-type breeds [18]. Nevertheless, data are lacking on IgG concentrations in meat breeds
such as the Suffolk breed.

The greater total protein and Brix values of the colostrum exhibited in the normal
udder conformation may be a result of better intramammary colostrogenesis. It can be
speculated that a normal udder conformation may have advantages in terms of the size and
structure of secretory lobules or alveoli, allowing for the greater production of colostrum
components including proteins, resulting in better-quality colostrum. Barbagianni et al. [19]
found that the size of gland cisterns correlated with milk production in dairy sheep, as ewes
exhibiting larger gland cisterns resulted in greater milk yields. However, colostrum quality
was not reported in the study, yet the larger gland cisterns may potentially contribute to
greater colostrum production. Another study by Caja et al. [20] observed that the size of
the gland cistern varied depending on the breed and milking ability, with dairy breeds
exhibiting larger gland cisterns compared with non-dairy breeds. However, the gland
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cistern size would most likely affect the amount of colostrum and milk that is able to be
produced rather than the quality of colostrum.

Abecia et al. [21] found a relationship between lamb sex and IgG concentrations. Ewes
with a ram lamb in the litter had greater IgG levels in their colostrum compared with ewes
with no rams in the litter [19]. In the current study, the sexes of the lambs between both
groups were as follows. In the normal udder ewe group, 72% of ewes had a twin that was
a ram. None of the ewes in this group had twin ram lambs and the remaining (28%) had
twin ewe lambs. In the abnormal udder group, 14% of the ewes had twin ram lambs, 55%
had a combination of ewe and ram lambs, and 31% had twin ewe lambs. Although the
percentage of ram lambs was numerically greater in normal udder ewes than abnormal
(72 vs. 69%), because of the limited number of observations, it was difficult to establish a
relationship between lamb sex and the total colostrum protein in the current study.

The importance of high-quality colostrum should not be overlooked, with most
preweaning lamb deaths occurring within the first week of life and a worldwide neonate
mortality rate in sheep production systems of 15–25% [9]. In the current study, we saw a
3% birth-to-weaning mortality rate in lambs (all lambs died from birth to 72 h and were
from ewes in the abnormal udder group). This differs from the study of Griffiths et al. [9],
where they saw 13.8% mortality in lambs from birth to weaning. The observed differences
may be related to the greater number of lambs in their study [9] compared with the current
study, as well as management. The study of Griffiths et al. [9] managed lambing in a
pasture situation, whereas the current study managed the ewes in a more intense lambing
management situation, providing more intense observations of ewes and lambs along with
feeding and colostrum management. Nevertheless, the quality of colostrum should be
emphasized along with the quantity of colostrum in sheep production systems to ensure
the survival and vitality of lambs. This study suggests that by evaluating the external
udder conformation in ewes, we can infer the relative quality of colostrum being produced
to better ensure the survival of the lambs. Practical management practices can potentially
be implemented based on the evaluation of the external udder conformation. For example,
excess colostrum could be collected from ewes with better udder conformations to be frozen
for later use or fed to lambs with a dam exhibiting a poor udder conformation. This could
be an important management strategy to identify ewes producing high-quality colostrum
by evaluating the udder conformation.

There was no effect of udder conformation or udder-conformation-by-day on the
body weight of the lamb. However, as expected, there was an effect of day on lamb
body weight (p < 0.01). There was no difference (p > 0.3) in mean lamb weights at day 2
(2.44 ± 0.12 kg vs. 2.48 ± 0.07 kg), day 45 (17.28 ± 0.91 kg vs. 16.02 ± 0.60), and day 60
(22.5 ± 1.31 kg vs. 21.1 ± 0.68 kg) postpartum between the normal and abnormal udder
conformations (Table 3). Furthermore, the lamb average daily gain from day 2 to day 60
showed no difference (p = 0.33) between the normal (0.75 ± 0.04 kg) conformation and
abnormal (0.70 ± 0.02 kg) conformation (Table 3). These results demonstrate no differences
in lamb average daily gain between ewes with normal and abnormal udder conformations.
These findings are not consistent with a previous study [7], which demonstrated that the
offspring of ewes with more desirable teat placement and fewer teat lesions on week 2 after
parturition had greater rates of lamb growth. Another study by Griffiths et al. [8] demon-
strated a 2.1 kg lower mean weaning weight in lambs from ewes with abnormal udder
scores compared with ewes with normal udder scores. The difference in outcomes may
be reflected by the different study methods; Griffiths et al.’s [8] study enrolled 1570 lambs,
with a mean weaning age of 84.4 days and no access to creep feed [8], while the current
study enrolled 100 lambs, with a mean weaning age of 60 days with access to creep feed
ad libitum.
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Table 3. Mean (±SEM) lamb body weight on days 2, 45, and 60 postpartum and average daily gain
(ADG) of lambs from ewes with normal and abnormal udder conformation.

Age of Lamb
Udder Conformation Type

p Value
Normal (n = 11) Abnormal (n = 39)

Day 2 2.44 ± 0.85 2.48 ± 0.48 0.77
Day 45 16.65 ± 0.98 16.01 ± 0.51 0.43
Day 60 22.44 ± 0.98 21.10 ± 0.51 0.43

ADG 0.75 ± 0.04 0.70 ± 0.02 0.33

Huntley et al. [7] reported that an excellent teat conformation, including teat placement
scores of 5 and a greater cross-sectional area of the teats, reduced intramammary infection.
This may be because of the greater volume of residual milk resulting from a larger teat
cistern or because the teats have a more secure teat sphincter, reducing bacterial entry [7].
When considering the teat placement, a placement score of 5 suggests that this score is the
optimal position to allow lambs to effectively suckle, based on an earlier study [7]. As there
was no difference in lamb growth rates between the normal and abnormal conformation
groups, we can deduce that the external udder traits of udder floor, udder depth, and
presence of wool may have no significant effect on lamb growth rates.

To our knowledge, the information on the relationship between palpable udder defects
and colostrum quality is lacking. In the current study, only two ewes exhibited palpable
udder defects and were considered ewes with an abnormal udder. Whether palpable udder
defects alone are associated with colostrum quality could not be determined from the
current study. Zeleke et al. [4] only investigated the effect of palpable udder defects on
milk yield, somatic cell count (SCC), and milk composition in non-dairy Romney ewes
and found no association between palpable udder defects and SCC, milk yield, and milk
composition [4]. Others [9,10] found that lambs born to ewes with unsound udders are
at an increased risk of neonatal mortality. Nevertheless, none of these studies [4,9,10]
evaluated the relationship between udder soundness and colostrum quality.

As previously noted, the current study lambs had a creep ration available, starting
at 7 days of age. The creep ration consisted of canola meal, rolled corn, rolled barley,
dried distillers’ grains, mineral molasses mix, and bypass fat and was offered to the lambs’
ad libitum. Providing a creep ration may have had an impact on the ADG between the
two udder conformation groups. If lambs were not receiving enough nutrients from the
dam, there was another source available to account for this deficiency. All lambs had
continuous access to the creep ration, potentially resulting in no difference in ADG between
the conformation groups. This study found no differences in lamb growth rates between
udder conformations; although previous studies found a correlation between lamb growth
and teat placement in Suffolk sheep [7], a creep feed was not available to the lambs in this
study. Again, the creep-feeding management of the lambs in this study may have factored
into the lamb growth rates by providing an additional food source for the lambs other
than lactation.

Additional research may be needed to further evaluate the relationship between
lamb growth and udder conformation, specifically in meat breeds. Research on lamb
carcass values in the context of udder conformation may reveal an influence of high-quality
colostrum and udder conformations on carcass traits. The genetic influence of the udder
conformation on colostrum values and growth rates has also yet to be considered.

4. Conclusions

By identifying ewes that produce higher-quality colostrum on the basis of the udder
conformation, producers could better support lamb survival and potentially reduce lamb
mortality even prior to lambing. Additionally, production management practices such
as collecting and freezing colostrum from ewes with a normal udder conformation may
increase the overall quality of stored colostrum in a production system. Although udder
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conformation appears to influence colostrum quality, further research evaluating the rela-
tionship between udder conformation and lamb mortality and morbidity in the first week
could have implications for both lamb and ewe management.
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1. Milerski, M.; Margetín, M.; Čapistrák, A.; Apolen, D.; Špánik, J.; Oravcová, M. Relationships between External and Internal

Udder Measurements and the Linear Scores for Udder Morphology Traits in Dairy Sheep. Czech J. Anim. Sci. 2011, 51, 383–390.
[CrossRef]

2. Pourlis, A. Ovine mammary morphology and associations with milk production, milkability and animal selection. Small Rumin.
Res. 2020, 184, 106009. [CrossRef]

3. Ángeles Pérez-Cabal, M.; Legaz, E.; Cervantes, I.; de la Fuente, L.F.; Martínez, R.; Goyache, F.; Gutiérrez, J.P. Association between
body and udder morphological traits and dairy performance in Spanish Assaf sheep. Arch. Anim. Breed. 2013, 6, 430–442.
[CrossRef]

4. Zeleke, M.M.; Kenyon, P.R.; Flay, K.J.; Aberdein, D.; Pain, S.J.; Peterson, S.W.; Ridler, A.L. Effect of Palpable Udder Defects on
Milk Yield, Somatic Cell Count, and Milk Composition in Non-Dairy Ewes. Animals 2021, 11, 2831. [CrossRef] [PubMed]

5. Frisch, J.E. The use of teat-size measurements or calf weaning weight as an aid to selection against teat defects in cattle. Anim. Sci.
1982, 35, 127–133. [CrossRef]

6. Ventorp, M.; Michanek, P. The Importance of Udder and Teat Conformation for Teat Seeking by the Newborn Calf. J. Dairy Sci.
1992, 75, 262–268. [CrossRef] [PubMed]

7. Huntley, S.J.; Cooper, S.; Bradley, A.J.; Green, L.E. A cohort study of the associations between udder conformation, milk somatic
cell count, and lamb weight in suckler ewes. J. Dairy Sci. 2012, 95, 5001–5010. [CrossRef] [PubMed]

8. Griffiths, K.J.; Ridler, A.L.; Compton, C.; Corner-Thomas, R.A.; Kenyon, P.R. Associations between lamb growth to weaning and
dam udder and teat scores. N. Z. Vet. J. 2019, 67, 172–179. [CrossRef] [PubMed]

9. Griffiths, K.J.; Ridler, A.L.; Compton, C.; Corner-Thomas, R.A.; Kenyon, P.R. Investigating associations between lamb survival to
weaning and dam udder and teat scores. N. Z. Vet. J. 2019, 67, 163–171. [CrossRef] [PubMed]

10. Smith, E.G.; Hine, B.C.; Acton, G.A.; Bell, A.M.; Doyle, E.K.; Smith, J.L. Ewe udder and teat traits as potential selection criteria for
improvement of Merio lamb survival and growth. Small Rum. Res. 2023, 225, 107019. [CrossRef]

11. Nowak, R.; Pascal, P. From birth to colostrum: Early steps leading to lamb survival. Reprod. Nutr. Dev. 2006, 46, 431–446.
[CrossRef] [PubMed]

12. Kessler, E.C.; Bruckmaier, R.M.; Gross, J.J. Short Communication: Comparative estimation of colostrum quality by Brix refractom-
etry in bovine, caprine, and ovine colostrum. J. Dairy Sci. 2020, 104, 2438–2444. [CrossRef] [PubMed]

13. Casu, S.; Pernazza, I.; Carta, A. Feasibility of a linear scoring method of udder morphology for the selection scheme of Sardinian
sheep. J. Dairy Sci. 2006, 89, 2200–2220. [CrossRef] [PubMed]

14. Kenyon, P.R.; Maloney, S.K.; Blache, D. Review of sheep body condition score in relation to production characteristics. N. Z. J.
Agric. Res. 2014, 57, 38–64. [CrossRef]

15. SAS Institute. SAS Version 9.4; SAS Institute Inc.: Cary, NC, USA, 2015.
16. Heinrichs, J.; Jones, C.M. Colostrum Management Tools: Hydrometers and Refractometers. Penn State Extension: Colostrume-

ment Tools. 2016. Available online: https://extension.psu.edu/colostrum-management-tools-hydrometers-and-refractometers
(accessed on 2 March 2022).

https://doi.org/10.17221/3955-CJAS
https://doi.org/10.1016/j.smallrumres.2019.10.010
https://doi.org/10.7482/0003-9438-56-042
https://doi.org/10.3390/ani11102831
https://www.ncbi.nlm.nih.gov/pubmed/34679853
https://doi.org/10.1017/S0003356100000891
https://doi.org/10.3168/jds.S0022-0302(92)77761-3
https://www.ncbi.nlm.nih.gov/pubmed/1541736
https://doi.org/10.3168/jds.2012-5369
https://www.ncbi.nlm.nih.gov/pubmed/22916904
https://doi.org/10.1080/00480169.2019.1596524
https://www.ncbi.nlm.nih.gov/pubmed/30885095
https://doi.org/10.1080/00480169.2019.1596523
https://www.ncbi.nlm.nih.gov/pubmed/30885064
https://doi.org/10.1016/j.smallrumres.2023.107019
https://doi.org/10.1051/rnd:2006023
https://www.ncbi.nlm.nih.gov/pubmed/16824451
https://doi.org/10.3168/jds.2020-19020
https://www.ncbi.nlm.nih.gov/pubmed/33246611
https://doi.org/10.3168/jds.S0022-0302(06)72290-1
https://www.ncbi.nlm.nih.gov/pubmed/16702286
https://doi.org/10.1080/00288233.2013.857698
https://extension.psu.edu/colostrum-management-tools-hydrometers-and-refractometers


Animals 2023, 13, 2900 10 of 10

17. Santiago, M.R.; Fagundes, G.B.; do Nascimento, D.M.; Faustino, L.R.; da Silva, C.M.G.; Dias, F.E.F.; de Souza, A.P.; Arrivabene,
M.; Cavalcante, T.V. Use of digital Brix refractometer to estimate total protein levels in Santa Ines ewes’ colostrum and lambs’
blood serum. Small Rum. Res. 2020, 182, 78–80. [CrossRef]

18. Kessler, E.C.; Bruckmaier, R.M.; Gross, J.J. Immunoglobulin G content and colostrum composition of different goat and sheep
breeds in Switzerland and Germany. J. Dairy Sci. 2019, 102, 5542–5549. [CrossRef] [PubMed]

19. Barbagianni, M.S.; Mavrogianni, V.S.; Vasileiou, N.G.C.; Fthenakis, G.C.; Petridis, I.G. Ultrasonographic Examination of the
Udder in Sheep. Small Rum. Res. 2017, 152, 86–99. [CrossRef]

20. Caja, G.; Rovai, M. Udder Morphology and Machine Milking Ability in Dairy Sheep. Virascience. 2001. Available online:
Virascience.com (accessed on 7 February 2022).

21. Abecia, J.A.; Garrido, C.; Gave, M.; García, A.I.; López, D.; Luis, S.; Valares, J.A.; Mata, L. Exogenous melatonin and male foetuses
improve the quality of sheep colostrum. J. Anim. Physiol. Anim. Nutr. 2020, 104, 1305–1309. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.smallrumres.2019.10.014
https://doi.org/10.3168/jds.2018-16235
https://www.ncbi.nlm.nih.gov/pubmed/30904298
https://doi.org/10.1016/j.smallrumres.2016.12.009
Virascience.com
https://doi.org/10.1111/jpn.13362
https://www.ncbi.nlm.nih.gov/pubmed/32277563

	Introduction 
	Materials and Methods 
	Animals 
	Experimental Design and Methodology 
	Colostrum and Body Weight 
	Statistical Analysis 

	Results and Discussion 
	Conclusions 
	References

