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A diverse diet as an alternative to
ryegrass can improve the total
antioxidant status of dams at
lambing

K. Garrett*, C.J. Marshall, M. R. Beck!, T. M. R. Maxwell,
C. M. Logan and P. Gregorini

Faculty of Agriculture and Life Sciences, Lincoln University, Christchurch, New Zealand

The objective of this experiment was to determine if providing ewes in the
final trimester of pregnancy with choice from diverse diet components would
reduce markers of oxidative and metabolic stress in ewes and improve lamb
birth weights relative to ewes offered only one forage species, repetitively.
Fifty-four, twin bearing Coopworth ewes l[initial live weight (LW) = 69.82
+ 1.16kg] were blocked by weight onto iso-energetic diets with either
choice from taxonomically diverse plants [DIV; spatially separated strips of
ryegrass (Lolium perenne L.), chicory (Cichorium intybus L.), plantain (Plantago
lanceolata L.), red clover (Trifolium pratense L.), and alfalfa (Medicago sativa
L)] or a ryegrass only diet (RYE) for the final third of gestation. The ewes
offered the DIV diet birthed 8.9% heavier lambs (5.64 + 0.20kg) than RYE
ewes (5.18 + 0.20kg; P = 0.03). In addition, the DIV ewes had greater (P <
0.01) glutathione peroxidase and total antioxidant status, and lower (P = 0.01)
plasma non-esterified fatty acid concentrations than the RYE fed ewes 24 h
after lambing. The results indicate that the DIV diet can improve antioxidant
status and reduce some markers of oxidative and metabolic stress at lambing
compared to a conventional RYE diet.
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Introduction

Pregnant ewes and their fetuses, experience oxidative stress caused by the increased
production of reactive oxygen species (ROS) (Myatt and Cui, 2004; Garrel et al., 2010;
Caroprese et al., 2019; Bouroutzika et al., 2020). These ROS are involved with normal
pregnancy and developmental processes, such as implantation and embryo development,
fetal defense against uterine infections, pregnancy maintenance, and lambing (Caroprese
et al,, 2019). Excessive production of ROS can have negative developmental effects
or result in abortion (Bouroutzika et al, 2020), with several metabolic disorders
experienced in the periparturient period being linked to oxidative stress (e.g., immune
dysregulation, mastitis, and metritis) (Lykkesfeldt and Svendsen, 2007; Sordillo and
Aitken, 2009). Animals undergo several hormonal and metabolic changes during
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the periparturient period, which increase nutritional demands
and stress (Goff and Horst, 1997; Sordillo and Mavangira,
2014). Further, nutritional stress (e.g. excessive fermentable
carbohydrates) also may induce oxidative stress (Seyidoglu and
Aydin, 2020; Beck et al, 2021b). Metabolic, oxidative, and
physiological stress are closely related and are thought to actin a
mutual reinforcement cycle (Ando and Fujita, 2009; Beck and
Gregorini, 2020). Diets that exacerbate nutritional imbalances
could be elevating stress and causing greater metabolic and
physiological issues as animal’s transition from non-lactating to
lactation. Further, maternal nutrition in late gestation influences
lamb birth weight, which is a predictor of lamb mortality (Roca
Fraga et al., 2018), and thereby also affecting the production of
the next generation.

Repeated allocation of a single dietary material may induce
nutritional imbalances subsequently compromising animal
production, health, and welfare (Ralphs et al., 1995; Provenza
et al., 2007; Hogan and Phillips, 2008; Gregorini et al., 2017;
Beck and Gregorini, 2020, 2021). Such repeated diet allocations
are frequently implemented in temperate pastoral systems
to fulfill basic nutritional requirements and provide ease of
pastoral management. Perennial ryegrass is one such species
that is fed repetitively despite its unbalanced nutritional profile
at the rumen level, namely an imbalance between nitrogen
(N) and energy availability (Taweel, 2004; Edwards et al,
2007; Gregorini et al., 2016). Thereby, the objective of this
experiment was to determine if providing dietary diversity
to ewes in the final trimester of pregnancy would improve
total antioxidant status (TAS) and reduce markers of oxidative
stress experienced by the ewe and lamb, which would therefore
improve lamb birth weights relative to ewes offered a monotony
of ryegrass.

Materials and methods

Ethics statement

The study was conducted at the Johnstone Memorial
Laboratory at Lincoln University (43038/57//8, 172027,01”E),
according to the methods approved by the Lincoln University
Ethics (AEC 2019-34A) prior to
experiment initiation.

Animal Committee

Herbage establishment

The experimental area was comprised of six paddocks,
with three sown in ryegrass (Lolium perenne L.) and three
planted as separated strips of equal area, of chicory (Cichorium
intybus L.), plantain (Plantago lanceolata L.), alfalfa (Medicago
sativa L.), red clover (Trifolium pretense L.), or ryegrass: the
arrangement within the paddock was randomized (Figure 1).
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Before planting in October 2019, paddocks were grazed and then
prepared for planting by applying glyphosphate (Weedmaster
Ts540; Nufarm, Auckland, NZ; 4 L/h), fluroxypyr (Starane Xtra
Herbicide, Dow AgroScienes. New Plymouth, NZ; 1 L/ha),
Carfentrazone-E (Hammer Force, FMC, Auckland, NZ; 0.1
L/ha), and Polyalkyleneoxide (Slikka, Etec Crop Solutions,
Auckland, NZ; 0.15 L/ha). The area was plowed and power
harrowed 7 days after spraying. The areas to be planted in red
clover, alfalfa, and chicory had Trifluralin (Genfarm Trifluralin
480 Selective Herbicide, Nutrien Ag Solutions, New South
Wales, AUS; 2 L/ha) sprayed and incorporated two days prior to
planting. Planting occurred on the 26th of October 2019, using
a direct drill with 7.6 cm row spacing, 14 days after paddocks
were sprayed. The drill was calibrated for each forage species to
provide a seeding rate of 25, 12, 14, 16, and 14 kg/ha for ryegrass
(cv. Legion), chicory (cv. Choice), red clover (cv. Relish), alfalfa
(cv. Titan), and plantain (cv. Agritonic), respectively. Once
pastures were established and weeds were at the three-leaf stage,
Dicamba (Kamba 500; 0.4 L/ha) was applied onto ryegrass and
plantain sown areas, and Flumetsulum (Preside; 60 g/ha) and
mineral oil (Uptake; 1 L/ha) were applied to the chicory, clover,
and alfalfa. The area was fertilized with 250 kg di ammonium
phosphate approximately one and a half months after planting.

Animal management and dietary
treatments

Prior to experiment initiation in the first two-thirds
of gestation ewes grazed ryegrass pastures. Twin-bearing,
Coopworth Ewes (n = 54) in the last third of gestation were
stratified by initial live weight (LW; 69.8 &+ 1.16kg; Mean £
SEM). Within stratification, ewes were randomly assigned to
treatments: a diverse diet (DIV) or a ryegrass-only diet (RYE)
to give equal numbers per treatment (1 = 27). The last third of
gestation was targeted as ~90% of fetal growth occurs during
this time (Redmer et al., 2004; Pillai et al., 2017). The ewes were
introduced to pastures on the 16th of July 2020 and had all
finished lambing 69 days later on the 23rd of September 2020.
The animals offered the DIV diet had free access to spatially
separated strips of ryegrass, chicory plantain, red clover, and
alfalfa. Animals had free access to water from a trough at all
times. Animals strip grazed and were allocated fresh herbage
every 7 days. Weekly pre-grazing quadrat measurements were
collected by hand-clipping forage within a 0.25-m? quadrat
within three locations per forage species. Pre-grazing forage
mass was used to determine DM availability, so that the quantity
of DM allocated could be altered weekly to match the changing
metabolizable energy (ME) requirements of the ewes, following
the equations of Rattray et al. (2007). Pre-grazing herbage snip
cuts were taken for chemical composition and nutritive value
analysis every two weeks. Between the 16th of July and the
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FIGURE 1

lanceolata L.), and red clover (Trifolium pretense L.)].

Experimental area and paddock layout grazed by ewes with access to only ryegrass (Lolium perenne L.; RYE) or ewes allocated a diverse diet
(DIV) of spatially separated strips of equal area, of chicory [ryegrass, chicory (Cichorium intybus L.), alfalfa (Medicago sativa L.), plantain (Plantago

10th of August all ewes were supplemented with 300 g/head of
crushed barley grain to supplement herbage and meet animal
energy demands. On average, ewes were allocated 1.8 & 0.12 kg
herbage DM/head per day throughout the study assuming a 65%
utilization of ryegrass and 90% utilization of the other species.
There was no difference between treatments for average DM or
ME allocated (P > 0.10).

Herbage sampling and analysis

Snip cut samples were obtained by clipping hand grab
samples to ground level at 10 random locations within each
forage species in the next area to be grazed. The snip cuts
were mixed and sub-sampled into three equal parts, with
these parts being randomly selected to determine the botanical
and morphological composition, DM content, and herbage
chemical composition. The sample used to determine the
chemical composition of herbage was stored at —20°C and
then freeze-dried and ground to pass through a 1-mm screen
by a centrifugal mill (ZM200; Retsch, Haan, Germany). The
botanical sample was sorted according to sown species into
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stem, leaf, reproductive, weeds, and dead material. Quadrat
samples were collected by hand-clipping a 0.25-m? area in
three locations per forage species to ground level using electric
clippers. Dry matter percentage was calculated for both snip-
cut and quadrat samples by weighing the sample fresh, followed
by oven-drying at 60°C for 7 days before measuring the sample
dry weight.

The nutritive value of herbage samples was determined
using near-infrared spectrophotometry (NIRS; Model: FOSS
NIRS Systems 5000, Maryland, USA). Nutritive values
used for NIRS calibration were derived prior to sample
analysis for DM (AOAC, 1990; method 930.15), organic
matter (OM; 100%-ash%; AOAC, 1990; method 942.05),
neutral detergent fiber (NDF; Van Soest et al, 1991),
acid detergent fiber (ADF; AOAC, 1990; method 973.18),
water-soluble carbohydrates (WSC; MAFF, 1986), digestible
OM in DM (DOMD), DM digestibility (DMD), and OM
digestibility (OMD; ITowerth et al., 1975), and crude protein
(CP) by combustion (Variomax CN Analyser; Elementar
Analysensysteme, Hanau, Germany). The NIRS calibration
equations all had R? values >0.90 and were within the
calibration range. Herbage metabolizable energy (ME) was
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estimated using the Primary Industries Standing Committee
(2007) equation:

[ME (MJkg DM) = digestible OM in DM, %(DOMD) x 0.16].
(1)

Animal sampling and measurements

Ewe blood samples were collected prior to treatment
allocation, which was after transportation to the farm and the
associated feed with-holding period, and then again 24h after
lambing (average lambing date was 10" September 2020 + 6
days) via jugular venipuncture into a heparinized blood tube
(~10 ml, Greiner Bio-One International GmbH, Kremsmiinster,
Austria). From each blood tube a subsample of whole blood
and plasma was collected and stored at —20°C until analysis.
Plasma was obtained by centrifuging (Megafuge 1.0R; Heraeus
Holding GmbH; Hanau, Germany) the remaining whole blood
at 2,300 x g at 4°C for 15 min. Twenty-four hours after birth,
lambs were weighed using a bucket and a handheld scale (Rapala
RDS50, Helsinki, Finland), after weighing a wool sample (~2 g)
was shorn from their necks using portable handheld clippers.

Glutathione peroxidase (GPx) content of the whole blood
samples was determined using an enzymatic-based protocol
(RANSEL; Cat. No. RS504) and a clinical analyzer (Randox Rx
Daytona, Crumlin, Co. Antrim, UK). Plasma total antioxidant
status (TAS; Cat. No. NX2332) and non-esterified fatty acid
(NEFA; Cat. No. FA115) were analyzed as per the instructions
of their respective Randox kit manual using a clinical analyzer
(Randox Rx Daytona mlin, Co. Antrim, UK). Wool samples
were analyzed as per the methodology described in Nejad et al.
(Nejad et al., 2020) using a salimetrics high sensitivity salivary
cortisol, enzyme immune assay kit (No. 1-3002, State College,
Pennsylvania, USA).

Statistical analysis

Statistical analysis was conducted using R (R Core Team,
2020, v.3.6.0). The ewe weights were normally distributed (P
> 0.10; Shapiro-Wilk test) and had homogenous variance (P
> 0.10; Bartletts test), thereby meeting the assumptions of an
analysis of variance (ANOVA), and were analyzed using the
“aov” function. Other normally distributed data (e.g., TAS and
GPx) were analyzed using the “lmer” function and non-normally
distributed data (i.e. lamb birth weight and NEFA) were analyzed
with the “glmer” function with the distribution used for the
model selected based on the Q-Q-plots of the residuals, which
was determined to be a Gamma distribution. The Day 1 TAS,
GPx, and NEFA values were not different by treatment (P >
0.10; Table 1), and were used as covariates as they explained
a significant amount of variation for the values for 24h after
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TABLE 1 Initial measurements from ewes arriving to the trial used as
covariates in the analysis of data, values were not different by
treatment thereby an average value is reported.

Item? Values? P-value
Initial GPx, U/ml 11.69 £ 0.08 0.56
Initial TAS, mmol/L 0.97 £ 0.02 0.73
Initial NEFA, mmol/L 1.07 4 0.06 0.20

2GPx, glutathione peroxidase activity of the whole blood; TAS, total antioxidant status of
plasma; NEFA, Non-esterified fatty acids content of plasma.
>Values reported as the mean = standard error of the mean.

lambing. Lamb sex was explored as a factor effecting lamb birth
weight, however, there was no interaction with treatment or
effect of sex on birth weight (P > 0.05), therefore sex was
included in the model as a random effect. The “Imer” and
“glmer” models included day lambed as a random factor and
dietary treatment as fixed effects (R Core Team, 2020). The wool
cortisol values of the lambs were transformed using a natural
log and analyzed using generalized liner mixed model ANOVA
using the “Ime4” package for R. The model was evaluated for
goodness of fit, residuals vs. fitted plot, a Q-Q plot of the
residuals, and Cooks distance and results indicated the model
fit the data well. Pearson’s correlation co-efficient between ewe
weight and lamb birth weight was determined using the cor.test
function of R using ewe weights from 26 days prior to the average
lambing day. Least squares means were generated using the
“emmeans” package (Lenth, 2019). Forage cover and nutritive
quality were analyzed using the “glm” function, with repeated
measures for fixed-effects. Statistical significance was declared at
P < 0.05 and tendencies are discussed at 0.05 < P < 0.10.

Results

The herbages had different primary nutrient (Table 2) and
botanical compositions (Table 3). Chicory and plantain had
greater ME than alfalfa (P < 0.05), none of which were different
to either ryegrass or red clover (P > 0.05). The DM content of the
ryegrass and alfalfa, which were not different (P > 0.05), were
greater than that of chicory, plantain, and red clover. Plantain
had a lower DM content (P < 0.05) than ryegrass and alfalfa;
which, was intermediate and not different (P > 0.05) to either
chicory or red clover. The WSC content of alfalfa was lower
than that of the chicory (P < 0.05); however, there were no
other differences between the WSC content of herbages. The CP
content of the alfalfa and red clover (P > 0.05) were greater
than that of chicory, plantain, and ryegrass (P < 0.05) and the
CP content of chicory was greater than that of plantain and
ryegrass (P < 0.05), which were not different to one another
(P > 0.05). The NDF content was greatest in ryegrass, then
alfalfa, then plantain and red clover (P > 0.05), and then chicory
(P > 0.05). The barley grain offered for the first few weeks
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TABLE 2 Chemical composition of the herbage composing the single forage perennial ryegrass diet (Lolium perenne L.; Rye) or a taxonomically
diverse multi-forage choice (DIV) diet of ryegrass, chicory (Cichorium intybus L.), alfalfa (Medicago sativa L.), plantain (Plantago lanceolata L.), and

red clover (Trifolium pretense L.).

Item?! Herbage

DIV

Ryegrass Ryegrass Chicory Plantain Alfalfa Red clover SEM?

Initial cover, kgDM/ha 4,214 4,202 1,774 2,313 2,322 2,293 384
Residual cover, kgDM/ha 1,582 1,667 116 131 825 114 138
ME, MJ/kg of DM 11.59% 11.69% 12.86* 12.57° 10.68° 11.58% 0.39
DM, % as-is 21.93 21.04° 12.67¢ 15.040¢ 21.97% 16.81° 1.23
OM, % DM 90.222 90.12° 86.25" 87.78" 91.71° 90.32° 0.82
OMD, % DM 79.65° 80.92° 90.97° 86.77° 72.14° 80.92% 2.82
WSC, % DM 21.41% 19.69% 22.67 20.72% 14.71° 19.24% 2.94
NDE % DM 48.83% 49.00° 13.614 20.45¢ 28.79° 20.14¢ 2.20
ADE, % DM 25.68* 27.00° 15.66" 17.37° 25.32% 18.97° 1.20
CP, % DM 14.10° 14.00° 17.87° 14.66° 25.09° 24.54° 1.04

2=dMeans in a row with different superscripts are statistically different (P < 0.05).

I ME, metabolizable energy; DM, dry matter; OM, organic matter; OMD, OM digestibility; WSC, water-soluble carbohydrates; NDF, neutral detergent fiber; ADF, acid detergent fiber; CP,

crude protein.
2SEM, standard error of the mean.

TABLE 3 Botanical composition of the herbage composing the single forage perennial ryegrass diet (Lolium perenne L.; RYE) or a taxonomically
diverse multi-forage choice (DIV) diet of ryegrass, chicory (Cichorium intybus L.), alfalfa (Medicago sativa L.), plantain (Plantago lanceolata L.), and
red clover (Trifolium pretense L.). Values for ryegrass botanical information were not different by treatment so herbage averages are presented (P >

0.10).
Item? Herbageb

Ryegrass Chicory Plantain Alfalfa Red clover
Leaf, % DM 76.1 + 4.0 926 +6.7 89.3 +6.5 64.8 + 4.6 893+ 6.5
Repro., % DM — — 9.4+3.6 — —
Weed, % DM 82+44 6.4+6.2 1.7 £0.9 200 £5.9 6.8+3.9
Dead, % DM 245457 52+14 43+12 149 +£43 37+1.0

2Repro., reproductive stem or flower.
bValues reported as the mean + standard error of the mean.

had an as-fed DM% of 85%, ME of 15.56 MJ/ kg DM, and a
CP (%DM) of 10.41. Ryegrass, chicory, red clover, and alfalfa
were all in a vegetative state with leafy herbage comprising 76.1,
92.6, 89.3, and 64.8% of total DM. Plantain was in an early
reproductive state, with 9.4% of plantain DM being comprised
of reproductive stem.

Twenty-six £ 6 days prior to the average lambing date, the
DIV ewes (78.71 & 1.63kg) did not differ in weight from the
RYE ewes (75.76 £ 1.60kg; P = 0.20). There was no difference
in lambing date between treatments (P = 0.95). The birth weight
of lambs from the DIV ewes (5.64 & 0.20kg) was 9% greater
than lambs born to RYE fed ewes (5.18 £ 0.20kg; P = 0.03;
Table 4). Twenty-four hours after lambing, the DIV ewes GPx
concentration (16.17 & 0.50 U/ml) was 35% greater (P < 0.01)
than that of the RYE ewes (11.98 & 0.50 U/ml). In addition, the
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TAS concentration of the DIV treatment (1.38 & 0.02 mmol/L)
was 8% greater than that of the RYE ewes (1.28 & 0.02 mmol/L;
P < 0.01). Further, the NEFA concentrations of the RYE ewes
(0.68 £ 0.16 mmol/L) was 74% greater than DIV ewes (0.38 +
0.07 mmol/L; P = 0.01). Finally, the lambs born to the DIV ewes
tended to have lower concentrations of cortisol within their wool
than the RYE lambs (P = 0.08).

Discussion

We hypothesized that providing dietary diversity (i.e., DIV)
would improve the TAS and reduce some potential markers of
oxidative stress experienced by ewes at parturition and improve
the birth weight of lambs compared with ewes grazing ryegrass
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TABLE 4 Animal measurements for sheep allocated either a single
forage perennial ryegrass diet (Lolium perenne L.; RYE) or a
taxonomically diverse multi-forage choice (DIV) diet of ryegrass,
chicory (Cichorium intybus L.), alfalfa (Medicago sativa L.), plantain
(Plantago lanceolata L.), and red clover (Trifolium pretense L.) 24h
after lambing.

Item? Treatment? P-value
RYE DIV

Lamb birth weight, kg 5.18 +0.20 5.64 +0.20 0.03

Lamb wool cortisol (In of the values)  4.07 £ 0.05 3.94 +0.05 0.08

Ewe GPx, U/ml 11.98 £0.50 16.17 £ 0.50 <0.01

Ewe TAS, mmol/L 1.28 £0.02 1.38 £0.02 <0.01

Ewe NEFA, mmol/L 0.68 £0.16 0.38 £0.07 0.01

2GPx, glutathione peroxidase activity of the whole blood; TAS, total antioxidant status of
plasma; NEFA, non-esterified fatty acids content of plasma.
bValues reported as the mean =+ standard error of the mean.

(i.e., RYE). The results provide some support for this hypothesis.
The kg DM/ewe per day and ME MJ/ewe per day of the diets
offered were not different, thereby allowed for comparison to test
this hypothesis. However, differences in CP content of dietary
components available may have contributed to these results,
although the innate chemistry of the diets is a product of their
species composition, as well as their quality. Further, the day 1
TAS, GPx, and NEFA values and trends used as covariates are
in line with existing literature (Ataollahi et al., 2020; Beck et al.,
2021a).

The DIV ewes had improved antioxidant status and
some evidence of potentially reduced oxidative and metabolic
stress, or greater capacity to cope with lambing stress as
indicated by the greater GPx, TAS, and lower NEFA 24h
after lambing. Plasma TAS describes the total balance between
oxidizing species and antioxidants and therefore may be more
representative of the antioxidant-to-oxidant balance than a
single antioxidant (Ghiselli et al, 2000). Elevated TAS is
indicative of reduced oxidative stress or increased capacity to
cope with oxidative stress.

The DIV ewes had much lower NEFA concentrations than
the RYE ewes - indicating the RYE ewes were mobilizing more
of their fat stores. The mobilization of fat stores indicated by
elevated NEFA has been associated with increased oxidative
stress (Sordillo and Aitken, 2009; Sordillo and Mavangira, 2014;
Li et al, 2016). While plasma GPx can be interpreted as a
marker of oxidative stress, it is useful to consider alongside other
markers, as elevated GPx levels can also be indicative of the
presence of a stressor (Bernabucci et al., 2002; Beck et al., 2021b)
or improved antioxidant status due to greater dietary supply of
precursor materials (e.g. selenium) (Gerloff, 1992). Within the
present study the greater TAS and lower NEFA concentration
support the latter. Deeper rooting plants (e.g. alfalfa, white
clover (Trifolium repens), dock (Rumex obtusifolius) can have
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greater selenium contents (>3 times) than grasses (Grant and
Sheppard, 1983; Harrington et al, 2006). Although selenium
content of herbages was not measured in this study, the
literature values for selenium content of the diet components
suggest a greater supply of this precursor mineral to the DIV
animals, resulting in elevated GPx levels. Another theory for
the greater antioxidant status could be the increased supply of
protein to the diverse diets compared with the ryegrass diet.
Metabolizable protein is digested post-ruminally and absorbed
by the intestine to form amino acids and peptides (Schwab
and Broderick, 2017; Osorio, 2018). An increased supply of
amino acids such as methionine can increase antioxidant status
(Coleman et al.,, 2020). Further, low energy and protein supply
has been shown to result in reduced GPx and antioxidant
capacity in sheep (Tsiplakou et al., 2017). However, there are
also a number of studies that suggest elevated protein ingestion
can increase oxidative stress (Tsiplakou et al., 2017; Zebrowska
et al,, 2019). The study by Tsiplakou et al. (2017) also found
that overfeeding of energy and protein requirements saw a
decline in the GPx activity and antioxidant capacity in sheep.
Further, both diets in the present study likely meet the protein
requirements of the twin-bearing ewes which is in the range
of 14%—18% (Stevens, 1999), indicating that the lower supply
of protein was likely not the cause of the reduced antioxidant
status for the ryegrass ewes. Further, investigation into the
causative mechanism of the increased antioxidant capacity of
the DIV diet is required. In addition, further research examining
normal levels of antioxidant capacity and oxidative stress for
ewes at lambing is required before such conclusions can be
drawn regarding the DIV diet and potential reductions in
oxidative stress.

Increased antioxidant defense in dams may be transmitted
in utero or in early life to offspring (Nieto et al., 2010a,b;
Beck et al.,, 2021a). Such observations may be supported by the
tendency for the lamb wool cortisol of the RYE lambs to be
greater compared with the DIV lambs. Wool cortisol represents
the cumulative cortisol over the time of wool growth, thereby
the wool of the lambs would have been indicative of their
in utero dietary experience as wool follicle development has
approximately begun by day 70 of gestation (Lv et al., 2020)
at which time the ewe dietary treatment was applied shortly
after. Although information is available on the variation of
ewe wool cortisol in the pre and post-partum period (Sawyer
et al, 2021), to our knowledge there is no information on
the normal levels of wool cortisol of lambs in utero during
this time making it difficult to ascertain whether a tendency
here is biologically meaningful. Thereby further research is still
required to understand in utero wool cortisol and its links to
stressors and dietary effects.

Ewes offered DIV had heavier lambs at birth than ewes
fed ryegrass. This differs with the results of Kenyon et al.
(2010) and Hutton et al. (2011), who reported no difference
in lamb birth weight from ewes fed either ryegrass or offered
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a herb and legume mixed sward (chicory, plantain, red and
white clover). This is despite similarities in pregnant ewe weight
between Kenyon et al. (2010), Hutton et al. (2011) and the
present study; there were no differences in ewe weight by
treatment at day 132 of pregnancy by Kenyon et al. (2010),
day 140 by Hutton et al. (2011), and day 126 of pregnancy
(26 £ 6 days prior to lambing) of our study. Although, within
the present study a trend appeared to be developing (P =
0.20), however, due to handling stressors weighing events were
minimized in the final period prior to lambing. Ewe weight
and lamb birth weight were not correlated (P = 0.14) and the
percentage of lamb birthweight as a percentage of ewe weight
was not different (P = 0.23), which was also been reported
by Fogarty et al. (1992), who applied treatments of low and
high nutrition to ewes during the mid-pregnancy period. The
average lamb for both treatments were of normal to optimum
weight range for lamb survival (Everett-Hincks and Dodds,
2008).

A potential cause of this difference in lamb weight may
be related to RYE-fed ewes having a lower feed conversion
efficiency due to lower digestibility. This lower digestibility
was likely the result of the high dead material content of the
ryegrass diet components, which often occurs when covers
are >3,500kg DM. To account for this within the present
study, targeted refusals were high (35%) and a secondary
group of animals was brought through after grazing to graze
lower and improve future pasture quality. Another potential
cause may have been the differences in dietary CP between
treatments, as discussed in the paragraph outlining differences
in ewe TAS, NEFA, and GPx. Although the CP content in the
current study was within an acceptable CP range for twin-
bearing ewes [14—18% (Stevens, 1999)], it was at the lower
end and is potentially a result of the lowered pasture quality
through the elevated dead material content. Furthering this
point, both under- and over-nutrition can cause intrauterine
growth restriction (Robinson, 1977; Russel et al., 1981), making
it difficult to ascertain the cause of the RYE lambs lower birth
weight, considering the ewes were allocated enough feed to
meet their estimated nutritional needs. Under-nutrition through
incidental restriction (cessation of eating as a nutrient or
plant secondary compound reaches toxic levels, while other
nutritional needs remain unfulfilled) or over-nutrition through
incidental augmentation (consumption continues to meet other
nutritional needs, despite one nutrient having been consumed
at excessive levels) may have occurred (Raubenheimer, 1992;
Bailey and Provenza, 2008). Although, only primary chemistry
was measured in the present study. Offering animals a range
of taxonomically and implicitly phytochemically, diverse feeds
allows the animal to choose plant combinations that meet
their nutritional and medicinal needs, while potentially negating
nutrients that are causing malaise or toxicity (Villalba et al.,
2010). Perhaps, the ability of ewes to better meet their individual
nutritional and nutraceutical needs on the DIV diet contributed
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to their greater lamb size and improved antioxidant status
post lambing.

Conclusions

The current study indicates that a diverse diet fed in the final
third of gestation can improve the antioxidant status and alter
markers of oxidative stress of ewes at lambing. Future studies are
required to test a higher quality ryegrass and to determine other
indicators of oxidative stress or the incidence of transitional
diseases and antioxidant defenses of ewes and lambs on each of
the diets.
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