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Abstract: This study investigated potential carry-over effects of increased growth rates prior to
breeding at seven months of age on mammary glands of two-year-old ewes bearing one or two lambs,
and examined the association between ewe mammary structures and the growth of their progeny.
Ewe live weight and mammary ultrasound measures were recorded at 119 days of pregnancy, 29 days
of lactation (L29), and weaning of the progeny (L79) in 64 two-year-old ewes selected from two
treatments. The heavy group (n = 32) was preferentially fed prior to their first breeding at seven
months of age, achieving an average live weight of 47.9 & 0.38 kg. The control group (n = 32) weighed
an average of 44.9 & 0.49 kg at breeding. Lambs (n = 74) were weighed at birth, L29 and L79. Udder
ultrasound measures did not differ (p > 0.10) between treatments, indicating no carry-over effects of
treatments on mammary glands of two-year-old ewes. The association between ultrasound measures
and lamb growth seemed to differ depending on lamb birth rank. More research is needed to further
investigate these associations and determine whether ultrasonography could be used to identify
ewes whose progeny would have greater growth rates based on birth rank.
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1. Introduction

Higher growth rates between weaning and puberty can have detrimental effects on
mammary gland development and milk production in ewe lambs [1-6]. While the exact
mechanism is unknown, it is possible that these effects are mediated through a reduction
in mammary parenchyma and an accumulation of fat in the mammary fat pad [1,4]. The
allometric phase of mammary gland development in ewe lambs occurs between two and
five months of age [1,7]. During this phase, parenchymal development will determine
future development of the alveoli and, subsequently, milk production [4-6]. Increased post-
weaning growth rates result in the earlier attainment of puberty in ewe lambs, which has
been reported to interrupt the allometric phase [8,9]. Further, Villeneuve et al. [10] reported
that ewe lambs rearing a single lamb with increased growth rates between weaning and
subsequent breeding at seven months of age produced less milk over two lactations than
those that had slower growth rates. Little is known, however, about potential carry-over
effects of an increased growth rate of ewe lambs between weaning and their first breeding
at seven months of age on the mammary gland of ewes and its internal structures.

Mammary gland cistern size during lactation is positively associated with milk pro-
duction of both dairy [11,12] and non-dairy ewes [13]. In Haslin et al. [14], the depth of
the mammary gland cistern in pregnancy and week three of lactation was positively corre-
lated with milk yield in the third week of lactation of ewe lambs rearing single lambs. In
Haslin et al. [15], single-lamb growth to weaning was positively associated with parenchy-
mal depth in pregnancy and gland cistern size in early lactation. Meanwhile, growth to
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weaning of single lambs was negatively associated with mammary fat pad depth in the
seventh week of lactation and positively associated with depth of the fat pad at wean-
ing [14]. Currently, no data have been published on the associations between mammary
gland ultrasound measures of older non-dairy ewes and the growth of their lambs. In
addition, the associations between internal mammary gland structures and twin-lamb
growth rates to weaning are unknown.

The first objective of the present study was to investigate the potential carry-over
effects of increased growth rates between weaning and breeding at seven months of age
on the mammary gland during the second pregnancy and lactation of two-year-old ewes
bearing one or two lambs. The second objective was to investigate the association between
mammary internal structures of two-year-old ewes and lamb growth to weaning. It
was hypothesised that the mammary gland cistern size of two-year-old ewes would be
positively associated with lamb growth to weaning.

2. Materials and Methods

The Massey University Animal Ethics Committee approved all animal handling
procedures (MUAEC-17/16). The experiment was conducted at Massey University Keeble
Farm (latitude: 40°24'03” N, longitude: 175°35'51” E), 5 km south of Palmerston North,
New Zealand.

2.1. Experimental Design

The overall experimental design was previously described in Haslin et al. [16]. Briefly,
twin-born Romney ewe lambs (n = 270) were allocated at weaning, at approximately 86 days
of age, to one of two treatments so that live weight at weaning did not differ between
treatments (28.6 kg &= 0.16; 3 January 2018). Post-weaning, the “Heavy” group (n = 135),
which was preferentially fed until breeding (10 May 2018), achieved an average live weight
of 47.9 £ 0.38 kg. The “Control” group (n = 135) achieved an average of 44.9 £ 0.49 kg at
breeding. The difference in live weight was achieved by differing herbage allowances on
either a ryegrass (Lolium perenne L.) and white-clover-based (Trifolium repens L.) sward or
lucerne (Medicago sativa L.), and a cereal-based concentrate feed (CP 10.5%, NDF 17.6%,
ADF 7.1%, and ME 12.8 MJ/kg DM). Individual ewe intakes were not measured. Both
treatments were managed as one mob and grazed on ryegrass/white clover pasture under
commercial New Zealand grazing conditions from the first breeding onwards. Their first
set of lambs were weaned at approximately 100 days of lactation (17 January 2019).

Both treatments were rebred at 18 months of age (P0; 29 April 2019) to Romney rams
for 34 days at a ratio of 1:60. The number of ewes pregnant and the number of fetuses
conceived were determined at pregnancy diagnosis using trans-abdominal ultrasound (P93;
25 July 2019). Romney two-year-old ewes from each treatment were selected at pregnancy
diagnosis based on two criteria (P93; heavy, n = 32, 62.5 &+ 1.13 kg and control, n = 32,
65.3 & 1.15 kg; Ismeans =+ s.e.m.; Figure 1). Ewes were selected if their udder was examined
with ultrasound as a ewe lamb and they had weaned a lamb as a ewe lamb (heavy, n =23
and control, n = 23) or if they weaned a lamb as a ewe lamb and were diagnosed pregnant
at P93 as a two-year-old ewe (heavy, n = 9 and control, n = 9) to enable the inclusion of
more single- and twin-bearing two-year-old ewes (Figure 1). Both treatments included
single- (heavy, n = 15 and control, n = 14), twin- (heavy, n = 16 and control, n = 16), and
triplet-bearing ewes (heavy, n = 1 and control, n = 2). At P134, two-year-old ewes from
both treatments were randomly assigned to one of the four lambing paddocks (average
stocking rate 13.8 ewes/ha). Ewes from both treatments were present in each lambing
paddock. The lactation period was deemed to have begun (L1) after the first lamb had
been born (20 September 2019). The lambing period lasted for 22 days (20 September 2019
to 12 October 2019). Ewes whose lamb died before weaning were excluded from the
remainder of this experiment.
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From breeding (P0) to weaning (L79), both treatments were managed as a single cohort
and rotationally grazed on ryegrass/white clover pasture under commercial New Zealand
grazing conditions. The pre-grazing pasture masses during pregnancy and lactation were
on average 2209 + 167 and 1592 + 63 kg DM/ ha, respectively. Ewes were supplemented
with approximately 0.5 kg/ewe/day of grass baleage from P0 to P25 (CP 11.5%, NDF 52.9%,
and ADF 31.4%) and with approximately 200 g/ewe/day of a cereal-based supplement
(CP 9.7%, NDF 14.6%, and ADF 4.4%) from PO to P44.

2.2. Animal Measurements

Live weights of the two-year-old ewes were recorded at 93, 119, and 134 days of
pregnancy (P93, P119, and P134), 29 days of lactation (L29), and weaning (L79) (Figure 1).
Twice-daily lambing observations were conducted between P134 and L29, during which
lambs were tagged and their sex, birth weight, date of birth, dam number, and lambing
paddock were recorded within 18 h of birth. All lambs were treated the same, irrespective
of their dam treatments. Lambs were weighed again at an average of 29 £ 5 (L29) and
79 + 5 days of age (L79) (Figure 1).

2.2.1. Udder Score and Morphology

Udder scores and measures of udder morphology were detailed in Haslin et al. [15].
Briefly, ewe udder scores and morphological measures were performed at P119, L29, and
L79 (Figure 1). Palpation of both udder halves and teats, and an assessment of udder depth
and symmetry were included in the udder scores [17].

Udder circumference (UC, cm) and the height of each udder half (cm) were included
in morphological measurements. Udder volume (UV, cm®) was calculated according to
Ayadi et al. [18]:

R=UC/2m 1)

UV =7 x R?> x UH )

where UV = udder volume (cm?); 7t = 3.14159; R = radius (cm); UH = udder height (cm);
UC = udder circumference (cm).

2.2.2. Ultrasound Examination

The ultrasonographic examination method used was described in Haslin et al. [15].
Ultrasound examinations were performed at P119, L29, and L79 by a single operator. At
L29 and L79, ultrasound examinations were not conducted for ewes whose lambs had
died (heavy, n = 3 and control, n = 3). At L29 and L79, ewes were separated from their
lambs four hours prior to the examination to enable the mammary gland to accumulate
milk [13,19]. Ewes were placed in a sitting position. Ultrasound examinations were
performed with an ultrasound scanner fitted with a linear transducer with a 5.0-10.0 MHz
imaging frequency (Mindray Digital Ultrasonic Diagnostic Imaging System DP6600 vet
with 75L38EA, ShenZhen, China). The transducer was applied on the external base of the
teats at an angle of 30° from the caudal—cranial axis with an inclination of 45° in relation to
the teat [20].

A minimum of three images were saved from each udder half. One image per udder
half was used for image processing, which had a suitable resolution per udder half and
showed the mammary parenchyma, fat pad, gland cistern, and limit between the mammary
gland and the abdominal wall [15,21,22]. Udder halves with a palpation score of 4 or 5 at
any time point (P119, L29, or L79) were considered “abnormal” [17]. To ensure that only
images of healthy (“normal”) udders were processed, images from “abnormal” udder
halves were excluded (heavy =4 ewes with 1 half each and 7 ewes with both udder halves
at L79, and control = 2 ewes with 1 half each and 6 ewes with both udder halves at L.79).

The Image] software [23] was used to process the selected images. The smallest and
largest demarcation (abdominal wall) were assessed as the total depth of mammary gland
conservative (MTc) and generous (MTg), respectively [22]. The parenchyma (PAR), fat pad
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(FP), and gland cistern (GC) depths, as well as MTc and MTg, were estimated at the widest
point for each compartment using the straight tracer, the skin layer was excluded. These
depths were expressed in millimetres. The templates created by Haslin et al. [15] were used
to standardize the assessment of each compartment.

2.3. Statistical Analysis

Statistical analyses were conducted using SAS v9.4 (SAS Institute Inc., Cary, NC,
USA) and RStudio v1.2. (RStudio Team, PBC, Boston, MA, USA). Ewes that died, (control
n = 2), whose lambs died prior to weaning (heavy, n = 3 single-bearing ewes, and control,
n = 1 single- and n = 2 twin-bearing ewes), and ewes that gave birth to triplet lambs (heavy,
n =1 and control, n = 2) were excluded from the analyses. The final data set included
28 ewes in the heavy group (12 single- and 16 twin-bearing ewes) and 25 ewes in the control
group (13 single- and 12 twin-bearing ewes), and a total of 269 images.

Growth of ewes in each of the treatments included in this experiment from weaning
to their first breeding at seven months of age and growth from birth to L79 were analysed
using a linear mixed model. The model for growth of ewes included treatment (heavy vs.
control) as a fixed effect and ewe date of birth as a covariate. The model for growth from
birth to L79 included treatment, birth rank (1 or 2), and sex of the lamb as fixed effects, and
lambing date as a covariate.

Ewe live weight at P119, L29, and L79, and lamb growth from birth to L29 and from
L29 to L79 were analysed using linear mixed models with repeated measures. The model
for ewe live weight included treatment, time point (P119, P134, L29, and L79), pregnancy
rank (single or twin), and a two-way interaction between treatment and time point as fixed
effects and lambing date was included as a covariate. The model for lamb growth included
treatment, time (birth to L29 and 129 to L79), birth rank, and sex of the lamb as fixed
effects and a two-way interaction between treatment and time, ewe as a random effect, and
lambing date as a covariate.

The proportion of “abnormal” udder halves (udder palpation scores of 4 or 5) and
udder symmetry (yes/no) were analysed using a generalised linear model allowing for
repeated measures, assuming a binomial distribution and using a logit transformation.
Both models included treatment, time point (P119, L29, and L79), pregnancy rank and a
two-way interaction between treatment and time point as fixed effects, and lambing date
as a covariate. The model for the proportion of abnormal also included udder half (right
vs. left) as a fixed effect.

Udder depth score was analysed using a generalised linear model, allowing for
repeated measures, assuming a Poisson distribution, and was log-transformed. Treatment,
time point, pregnancy rank, and two-way interactions between treatment and time point
as well as treatment and pregnancy rank were included as fixed effects, and lambing date
as a covariate.

General linear mixed models were used to analyse UC, UH, UV, PAR, GC, FP, MTc,
and MTg with repeated measures. The models included treatment, time point, pregnancy
rank and two-way interactions between treatment and time point, and treatment and
pregnancy rank as fixed effects, and lambing date as a covariate. The models for FP, MTc,
UH, GC, PAR, and MTg also included udder halves and their two-way interaction, and
ewe as a random effect.

Ultrasound, morphological measures, ewe live weight, and lamb growth for treat-
ments were pooled together as no differences (p > 0.10) between treatments were identified.
The residuals of the average FP, GC, MTc, PAR, MTg, and UH measures of both udder
halves, UC, UV, and ewe live weight at P119, L29, and L79, lamb growth from birth to L29,
L29 to L79, and birth to L79 were generated using general mixed models as undertaken by
Haslin et al. [15]. Ewe live weight, UH, MTg, UV, and UC were adjusted for treatment and
lambing date. In the model, MTc, FP, GC, and PAR per udder were adjusted for treatment,
lambing date and MTg. Lamb growth was adjusted for treatment, sex of the lamb, and
lambing date. Linear associations between the residuals of lamb growth (birth to L.29, L29
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to L79, and birth to L79), udder morphology (UH, UV, and UC), ultrasound measures (GC,
MTc, FP, PAR, and MTg), and ewe live weight at each time point (P119, L29, and L79) were
tested using Pearson correlations, as used by Haslin et al. [15].

2.3.1. Selection of the Predictive Variables

General linear mixed models, conducted with RStudio v1.2. (RStudio Team, PBC,
Boston, MA, USA, Packages “Ime4” and “performance”), were used to analyse growth
from birth to L.29, 129 to L79, and birth to L79. To examine the individual correlation
between each predictive variable and lamb growth, Pearson correlations were calculated
and each predictive variable that was correlated with growth of lambs (p < 0.20) was
included in the multiple regression model [24]. High collinearity (>0.80 [24]) was assessed
between all selected predictive variables and if detected, one of the two predictive variables
was selected on the basis of biological relevance to be included in the models. General
linear models were used to test individual associations between lamb growth and two-way
interactions between selected predictive variables, resulting in the following equations:

Lamb growth from birth to L29 = br + UC at P119 + GC at L29 + PAR at L29 + UH
at L.29.

Lamb growth from birth to L79 = br + FP at P119 + GC at P119 + UC at P119 + GC at
L29 + PAR at 129 + UH at L29 + UH at L29 x UC at L79 + GC at L79 + MTc at L79 + UH at
L79 + UC at L79.

Where br = birth rank (single or twin) and UH at L29 x UC at L79 is the interaction
between UH at L29 and UC at L79.

2.3.2. Backward Manual Predictive Variable Elimination

To select the best model explaining the variation in the growth of lambs, backward
manual eliminations were performed by removing variables with p > 0.10. Confounding
effects were assessed for each non-significant (p > 0.10) variable that was removed by
calculating the changes in the model coefficients. If the changes in the coefficients were
greater than 20% [24], the predictive variable was included in the regression models. Ewe
was included as a random effect in each model. The proportion of the variance explained
by the predictive variables (i.e., marginal coefficient of determination) was estimated using
Nakagawa and Schielzeth [25].

To calculate the effects of the depth of mammary internal structures related to lamb
growth based on the multiple regression analyses on lamb growth and live weight, values
of the depth of mammary structures in the average and the 90th percentile were used.

3. Results
3.1. Ewe Live Weight and Lamb Growth

Ewes in the heavy group had greater growth rates between their weaning and
first breeding at seven months of age than control ewes (p < 0.05; 149 + 4.2 g/d vs.
136 & 4.4 g/d, respectively). At their second breeding, ewe live weight did not differ
(p > 0.10) between treatments at any time point (Figure 2). At P119 and P134, twin-bearing
ewes were heavier (p < 0.01) than single-bearing ewes (70.0 & 0.95 kg vs. 64.6 & 1.00 kg at
P119 and 73.1 £ 0.94 kg vs. 67.6 & 0.99 kg at P134, respectively), irrespective of treatment.
Ewe live weight did not differ (p > 0.10) between single- and twin-bearing ewes at 1.29
and L79.

Lamb live weight did not differ between treatments (p > 0.10) at birth (control = 7.0 + 0.30
vs. heavy = 6.8 £ 0.29), L29, or L79 (Figure 2). Lamb growth rates from birth to L29, L29
to L79, and from birth to L79 did not differ (p > 0.10) between treatments (data not shown).
Single lambs had greater (p < 0.001) growth rates than twin lambs from birth to L29 (sin-
gles 289 £ 16 g/d vs. twins 219 £ 14 g/d), L29 to L79 (singles 288 £ 12 g/d vs. twins
234 + 11 g/d), and birth to L79 (singles 288 £ 9.5 g/d vs. twins 232 + 8.7 g/d). Female
lambs had greater (p < 0.05) growth rates from birth to L79 than male lambs (268 + 8.0 g/d
vs. 253 £ 8.0 g/d, respectively).
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Figure 2. Live weight (£SEM) of ewes in the control (n = 25; grey square and solid line) and the heavy
groups (n = 28; black circle and dotted line), and live weight of the progeny born to two-year-old
ewes in the control (n = 34; triangle and dash—dotted line) and the heavy groups (n = 40; black cross
and long dashed line). P119, day 119 of pregnancy; P134, day 134 of pregnancy; L29, day 29 of
lactation; L79, weaning.

3.2. Udder Score and Morphology

The proportion of abnormal udder palpation scores and ewes with asymmetric udders
did not differ (p > 0.10) between treatments or pregnancy ranks (data not shown). There
were no abnormal teat palpation scores at any time point (p > 0.10). The proportion of
abnormal udder palpation scores was greater (p < 0.05) at L79 than at P119 and L29 (Table 1).
The proportion of ewes with asymmetric udders was greater (p < 0.05) at L29 and L79
than at P119 (Table 1). Scores of udder depth did not differ (p > 0.10) between treatments
(data not shown), but were greater (p < 0.001) at P119 than L29, which was greater than
L79 (p < 0.001; Table 1). At P119 and L29, udder depth scores were greater (p < 0.01) for
single-bearing ewes than twin-bearing ewes (mean (95% confidence interval); 5.0 (4.9-5.0)
vs. 4.4 (4.2-4.6) at P119 and 4.2 (4.0-4.4) vs. 3.9 (3.8-4.0) at L29, respectively), but did not
differ at L79 (p > 0.10).

Table 1. Effect of time (P119, L29, and L79) on the proportion (95% confidence intervals) of abnormal udder palpation
scores !, asymmetric udders (asymmetry), and least square means (95% confidence intervals) of udder depth score of

two-year-old ewes.

Parameters Pregnancy (P119) Early Lactation (L29) Weaning (L79)
Abnormal udder palpation scores (%) 2.8(0.8-8.8) 2 3.7(1.3-10.3) @ 29.3 (18.3-43.5) P
Asymmetry (%) 35(09-13)2 14.1 (7.0-26.5) P 12.5 (5.9-24.5) P

Udder depth score 4.7 (4.6-4.8) 4.1 (3.9-4.2)® 3.7 (3.6-3.9) 2

1 Abnormal udder palpation included udder palpation score 4 = firm consistency with nodules-lumps or grainy texture, and udder
palpation score 5 = diffuse hard consistency. P Means within rows with different superscripts are significantly (p < 0.05) different.
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Udder height (UH), UC, and UV did not differ (p > 0.10) between treatments at any
time point (data not shown). At P119, UH of the right half was greater (p < 0.05) than the
left half (5.6 £ 0.14 vs. 5.3 & 0.15, respectively), but udder halves did not differ (p > 0.10) at
L29 or L79. At L29, UH, UC, and UV were greater (p < 0.01) than P119 and L79 which was
greater (p < 0.01) than P119 (Table 2). At P119, UH, UC, and UV were greater (p < 0.01) for
twin-bearing ewes than single-bearing ones (Table 2). At L29, UH and UV were greater
(p < 0.05) for twin-bearing ewes than single-bearing ewes (Table 2). At L79, UH, UC, and
UV did not differ by birth rank (p > 0.10; Table 2).

Table 2. Effect of time (P119, L29, and L79) and pregnancy rank (single or twin) on udder height (UH), udder volume (UV),
udder circumference (UC), the depths of the mammary gland cistern (GC), mammary parenchyma (PAR) and the fat pad

(FP), and total depths of mammary gland generous (MTg) and conservative (MTc) of two-year-old ewes. Least square

means =+ s.e.m.

Descriptors Pregnancy (P119) Early Lactation (L29) Weaning (L79)
Single Twin Single Twin Single Twin
UH (cm) 474019 624019 105+ 025*¢ 11.7+024* 10.1+029°  10.8 £0.28P
UC (cm) 29.1+042%  309+041* 4684+ 0.67° 485+0.64° 394 +0.62° 381+062P
UV (cm®)  330.54235*2 4829 4231*2 1854+ 83* 2198 +£79* 1262 4+ 58P 1271 + 58P
GC (mm) 83+0542 9.0 +£0522 18.1+1.00P 162+1.01P 177+1.08° 17.8+1.07P
PAR (mm)  1734£0.72* 207 4+0.70*2 554+1.62° 61.8+1.63° 31.7+185P 294+182P
FP (mm) 1 19.5 +0.93b 19.24+0.90" - - 159 +1.142 182 +1.132
MTc (mm) 46.0 +1.832 497 +£1.76% 761 +1.82° 820+184¢ 67.0+220P 664 +215P
MTg (mm) 52.3 +1.042 56240992  8454+199¢ 90.2+201¢ 758+253P 747+249P

Means differed between single- and twin-bearing ewes within time point (* p < 0.05 and ** p < 0.01); ! the mammary fat pad was not
detected on L29 image; abe means within rows (time) with different superscripts are significantly (p < 0.05) different.

3.3. Ultrasound Measures

The depth of PAR, GC, MTg, FP, and MTc did not differ (p > 0.10) by udder half or
treatment at any time point (data not shown). At P119, PAR was greater (p < 0.01) for twin-
bearing ewes than single-bearing ewes, but did not differ (p > 0.10) between pregnancy
rank at L29 or L79 (Table 2). Pregnancy rank had no effect (p > 0.10) on GC, MP, MTg, or
MTc at any time (Table 2). At P119, GC was smaller than L29 or L79 (p < 0.001; Table 2).
At L29, PAR, MTc, and MTg were greater (p < 0.05) than L79, which was in turn greater
(p < 0.05) than P119 (Table 3). At L79, FP was smaller (p < 0.01) than P119 (Table 2).

3.4. Correlations between Growth of the Lambs and Udder Measures

Growth from birth to L29 was negatively associated with FP at L79 (p < 0.05; Table 3).
Growth from L29 to L79 was negatively associated (p < 0.05) with UV and UH from the
left udder half at P119 and positively correlated with UC, FP, and MTg at L79 (p < 0.05;
Table 3). Growth from birth to L79 was negatively associated (p < 0.05) with UH of both
udder halves and UV at P119 and was positively associated with UC, UV, and MTg at L79
(p < 0.05; Table 3). Non-significant (p > 0.10) correlations are presented in Table S1.
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Table 3. Correlation coefficients of residuals of lamb growth from birth to early lactation (birth to
L29), early lactation to weaning (L29 to L79), and birth to weaning (birth to L79), with udder height
(UH) in late pregnancy (P119), udder circumference (UC) at weaning (L79), volume (UV) at P119,
depth of the mammary fat pad (FP) at L79, and the total depth of the mammary gland generous
(MTg) at P119 and L79 of two-year-old ewes.

Descriptor Time Birth to L29 L29 to L79 Birth to L79
UH P119 RS —0.138 —0.209 —0.247 %
P119 LS —0.131 —0.236 % —0.257 %
ucC L79 0.155 0.260 * 0.328 **
uv P119 —-0.119 —0.237 % —0.263 *
FP L79 —0.298 * 0.275* 0.074
MTg P119 0.155 0.169 0.227 *
L79 0.200 0.402 ** 0.466 ***

*p <0.05; ** p <0.01; ** p < 0.001; RS, right udder half; LS, left udder half.

3.5. Prediction of the Growth of Lambs Using Udder Measures

The model for growth from birth to early lactation (L29) explained 21.7% of the
variation in lamb growth rates and included birth rank, UH and GC at L29 and the random
effect of ewe (Table 4). The difference between a ewe with an average GC and a ewe with a
GC at L29 in the 90th percentile was 13.3 mm (Table 5), resulting in a 26.6 g/d difference in
growth from birth to L29.

Table 4. Regression coefficients (s.e.m.) of the average of morphological (UC, UH) and ultrasound
(PAR, FP, GC, MTc) measurements in late pregnancy (P119), early lactation (L29), and at weaning
(L79), and of the random effect of ewe (ewe) on lamb growth (g/d) from birth to early lactation (birth
to L29) and birth to weaning (birth to L79).

Birth to L29 Birth to L79
Independent Variables n ;
Estimate SE Estimate SE
Intercept 361 74 —846 1038
Brl —59.2 20 47 15
Br2 59.2 20 —47 15
FP at P1191 - - —0.53 1.8
UC atP119! - - 2.5 34
GC at L29 2.0 1.8 -23 17
PAR at 1291 - - —0.36 0.9
UH at L29 —57 7.4 —90.1 100
UH at L29 x UC at L79 12 - - —24 2.6
GCatL79! - - 0.59 1.9
MTcatL79! - - 1.4 0.7
UHatL79! - - -7.8 7.5
UCatL791 - - 31 27
Ewe 1.9 44 0.97 0.3

Br, birth rank; FP, fat pad; UC, udder circumference; PAR, parenchyma; GC, gland cistern; UH, udder height;
MTg, total depth of the gland conservative. ! Dependent variable was not a significant predictor of growth to L.29
(p > 0.10). 2 Two-way interaction between UH at L29 and UC at L79.
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Table 5. Descriptive statistics of the depth of the parenchyma (PAR), gland cistern (GC), and mam-
mary fat pad (FP) in late pregnancy (P119), early lactation (L29), and at weaning (L79), irrespective
of treatment.

Descriptors Minimum  10th Percentile Mean 90th Percentile = Maximum
GC (mm)
P119 49 5.8 8.7 11.8 19.6
L29 8.4 11.5 17.4 23.8 30.7
L79 11.1 11.7 18.3 24.6 33.3
PAR (mm)
P119 11.1 14.0 19.3 242 30.0
L29 44.4 48.5 58.5 67.1 85.7
L79 15.3 20.2 30.5 43.3 56.0
FP (mm)
P119 7.3 13.3 194 243 28.2
L79 8.2 11.0 17.5 242 29.4

The best model for growth from birth to L79 explained 52.9% of the variation in
growth rates and included birth rank, FP and UC at P119, GC and PAR at L.29, GC, MTc,
UH, and UC at L79, the interaction between UH at L29 and UC at L79, and the random
effect of ewe (Table 4). The difference between a ewe with an average GC at L29 and a ewe
with a GC in the 90th percentile was 13.3 mm (Table 5), resulting in a —30.6 g/d difference
in growth to L79. The difference between a ewe with an average PAR at L29 and a ewe
with a PAR in the 90th percentile was 8.6 mm (Table 5), resulting in a —3.1 g/d difference
in growth to L79.

4. Discussion
4.1. Difference between Treatments and Pregnancy Rank

The dimensions of the mammary glands and internal structures of two-year-old ewes
bearing either single or twin lambs and lamb weaning weights did not differ between treat-
ments. These findings are consistent with Haslin et al. [15,26] that indicated that increased
growth rates prior to ewe lambs’ first breeding at seven months of age had no effect on ultra-
sound measures and morphology of the mammary gland during pregnancy and lactation
nor subsequent lamb weaning weights. Villeneuve et al. [10], however, reported that two-
year-old ewes with increased growth rates prior to their first breeding produced less milk
in their second lactation and had lighter single lambs at weaning than ewes with slower
growth rates. There were greater differences between ewe growth rates (76 to 82 g/d)
and greater magnitude in growth (223 to 305 g/d) in the study of Villeneuve et al. [10]
than in the current experiment (8 g/d difference and 136 to 148 g/d of magnitude), which
may explain the difference in findings. The small difference in ewe growth rates and its
lower magnitude in the present experiment may have limited the identification of potential
carry-over effects on ewe mammary glands. In addition, Hue-Beauvais et al. [6] indicated
that diets with a high fat content can be detrimental for mammary gland development.
Although ewes in the present experiment were complemented with concentrate feed prior
to both breeding periods [16], their diet was pasture-based and contained less fat than diets
in previous studies, which mainly used concentrate feed [1,4,10,27]. The present results
suggest that there were no carry-over effects of increased growth rates between weaning
and breeding at seven months of age on the morphology and dimensions of the internal
structures of the mammary gland of two-year-old ewes. Ultrasound imaging, however,
enables only the udder dimensions to be visualised [15,22] and echo-textural characteris-
tics [28,29] of the mammary internal structures to be assessed. Further investigations may
be warranted to determine the effect of increasing growth rates prior to the first breeding on
the cellular development and function of the ewe mammary gland, particularly if greater
live weight differences than seen in the present experiment can be achieved.
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This is the first experiment that has examined the dimensions of mammary internal
structures of twin- and single-bearing ewes using ultrasound. In late pregnancy and early
lactation, udder dimensions were greater for twin- than single-bearing ewes. This result is
consistent with previous findings that reported that twin-bearing ewes had larger udders
than single-bearing ewes [30-32]. In addition, in late pregnancy in the current experiment,
parenchymal depth was greater for twin- than in single-bearing ewes. The mammary
parenchyma includes the milk secretory cells and the ductal network [33,34]. Hence, a
larger parenchyma in late pregnancy could indicate a higher number of epithelial cells
and the potential for greater milk yield. Twin-bearing ewes produce approximately 30 to
50% more milk than single-bearing ewes [35], which would support this suggestion. In-
terestingly, the depth of the gland cistern did not differ between single- and twin-bearing
ewes even though gland cistern size has been shown to be positively correlated with milk
production [12,13,36]. This result could be due a greater suckling frequency of twin than
single lambs [37], thus not requiring a larger gland cistern as milking removal is more
frequent. As twin-bearing ewes produce more milk than single-bearing ewes [35,38], along
with having a larger parenchyma, it would be expected that they would also have larger
cisterns. The tissues and structure of the mammary gland were shown to change during lac-
tation depending on the number of lambs reared; this is known as mammary plasticity [39].
More research is needed to determine the relationship between ewe mammary gland cistern
size and lamb suckling frequency, which can be detected using an accelerometer [40].

4.2. Udder Growth between Pregnancy and Weaning

The proportion of abnormal udder scores was greater at weaning than during late preg-
nancy or early lactation. This result may be due to the start of involution which involves
important tissue remodelling in the mammary gland and is initiated by an accumulation
of milk in the mammary gland [41]. Udder morphological measures were the greatest in
early lactation and greater at weaning than in late pregnancy, which likely indicated that
there was some degree of milk production still occurring at weaning. These results were
consistent with previous findings, which reported that udder volume greatly increases
between late pregnancy and the first week of lactation, which is followed by a progressive
decrease until total involution between 30 and 60 days after weaning [12,32,38,42]. Udder
height, circumference, and volume were greater than udder morphological measures at
weaning in non-dairy ewe lambs [26]. This time of weaning, which was earlier in the
present study (79 days of lactation) than in Haslin et al. [26] (100 days of lactation), could
explain this difference in udder size as the stage of mammary involution differed [41].
The changes over time of morphological and ultrasound measures of the mammary gland
in the present experiment were consistent with normal mammary gland growth during
pregnancy and lactation.

4.3. Predictions of Growth of Lambs Using Udder Morphological and Ultrasound Measures

The variation in lamb growth rate explained by ewe udder measures was moderate
and greater from birth to weaning (53%) than birth to early lactation (22%). The variation
explained in lamb growth rate to weaning was greater than that reported in Haslin et al. [14]
and [15] in ewe lambs, but still only explained half of the variation in lamb growth to
weaning. The differences with the findings in Haslin et al. [15] may be due to the age of the
lambs when weaning measures were recorded. Lambs were approximately 100 days of
age in Haslin et al. [15] compared with 79 days of age in the current experiment. As lambs
grow, their milk intake decreases and intake of solid food increases, therefore, lambs in
the current experiment would have been more dependent on milk. The decrease in milk
intake and increase in pasture intake in lamb nutrition lead to the start of involution in the
mammary gland, which changes the parenchyma and fat pad [41]. Moreover, the predicted
lamb growth rates included twin lambs, which are known to have slower growth rates than
single lambs [31]. Predictions of lamb growth using ultrasound measures, therefore, may
differ between single and twin lambs and may explain the differences with Haslin et al. [14]
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and [15], which included only single lambs. The differences observed could also be due to
the age of the ewes. In Haslin et al. [14,15], ultrasound examinations were performed on
ewe lambs. Ewes have been reported to produce less milk during their first than second
lactation [10,43], which may also result in differences as ewes age. Lamb growth is affected
by different factors, including milk production and composition and solid feed quantity
and quality [44]. Although mammary ultrasound measures were positively associated
with milk production in ewe lambs [14] and mature ewes [12,13], these measures do not
provide information on milk composition or the lamb’s herbage intake, which may explain
why only half of the variation in lamb growth could be explained.

In the current experiment, it was hypothesised that the gland cistern size of two-year-
old ewes would be positively associated with the growth of lambs to weaning. Gland
cistern depth in early lactation was positively correlated with predicted growth of lambs
to early lactation, but was negatively associated with growth of lambs to weaning. The
difference in growth of lambs to early lactation between ewes with average and large
gland cisterns was moderate (less than 900 g in early lactation), which was lower than
that reported in Haslin et al. [15]. The negative association between the gland cistern in
early lactation and lamb growth to weaning indicates that ewes with larger cisterns had
lambs with slower growth rates to weaning than ewes with smaller cisterns, resulting in a
difference of 2.4 kg in lamb weaning weight (79 days of lactation) in the present experiment.
This finding contrasts with results reported in Haslin et al. [15] for ewe lambs, that the
gland cistern was positively correlated with growth of lambs to weaning. This negative
association could be due to the inclusion of both single and twin lambs in the regression
model. Milk drains, and is stored in, the gland cistern between suckling events [45]. Gland
cistern size has been positively associated with milk production, indicating that ewes with
larger cisterns had a greater milk yield than ewes with smaller cisterns [12,13,36]. It is
also known that twin-bearing ewes produce more milk than single-bearing ewes [35] and
that twin lambs have slower growth rates than single lambs [31,46]. Hence, it would be
expected that twin-bearing ewes would have larger cisterns than single-bearing and twin
lambs with slower growth rates than single lambs. Similarly, parenchymal depth in early
lactation was negatively associated with predicted growth of lambs to weaning, resulting
in a difference in lamb weaning weight of less than 300 g. Further investigations are needed
on the different associations between single- and twin-lambs growth rates to weaning and
the depth of the gland cisterns. This knowledge would help determine whether ultrasound
could be used to identify ewes for increased lamb growth rates based on birth ranks.

5. Conclusions

No carry-over effects of increased growth rates prior to breeding at seven months
of age were observed on the morphology and dimensions of internal structures of the
mammary gland of two-year-old ewes during their second lactation. This experiment was
the first to compare mammary glands of twin- and single-bearing ewes using ultrasound.
There was a positive relationship between gland cistern depth in early lactation and growth
of lambs to early lactation but the relationship between gland cistern depth in early lactation
and growth of lambs to weaning was negative. Further investigations are warranted to
investigate the associations between mammary ultrasound measures and growth rates of
lambs depending on their birth rank and to determine whether ultrasonography could be
used as a method for farmers to identify ewes that would have lambs with greater growth
rates based on their birth ranks.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ruminants1020006/s1, Table S1: Correlation coefficients of residuals of growth of lambs from
birth to early lactation (birth to L29), early lactation to weaning (L29 to L79), and birth to weaning
(birth to L79) with udder height (UH), volume (UV), circumference (UC), live weight (Ewe LW),
depth of the mammary parenchyma (PAR), gland cistern (GC), and the total depth of the mammary
gland generous (MTg) and conservative (MTc) of two-year-old ewes in late-pregnancy (P119), early
lactation (L29), and at weaning (L79).
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