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Preface 

The thesis is presented as a literature review and collection of published papers with one 

paper ready for journal submission. The research covers the overarching issue of lamb 

mortality by altering nutrition of the ewes to alter colostrum and milk production and is 

components which may affect lamb growth and survival. The literature review provides 

evidence into research on supplementation which could be of importance for production 

including areas yet to be explored.   

Chapters 2-5 are papers resulting from research undertaken during the PhD. Chapter 2 is a 

published paper reporting the results of a NSW-based producer questionnaire undertaken 

to examine producer practices and perceptions associated with pregnant and lambing ewes 

and lamb mortality. Chapter 3 is a published paper reporting experiments which 

investigated the supplementation of ewes with protein when ewes were consuming a diet 

high in starch. Chapter 4 is a published paper reporting on an experiment investigating the 

supplementation of ewes with niacin (vitamin B3). Chapter 5 reports on an experiment using 

supplementation strategies of maize and methionine to ewes.  

Chapter 6 is a general discussion synthesising the research from all 4 experimental chapters 

and identifies future research areas and limitations to the work undertaken in this PhD.   

The reference list includes literature cited in the abstract, chapter 1 and chapter 6. 

Reference lists from the individual experimental chapters 2-5 are listed after the relevant 

chapter with the reference style as per the journal format including all references cited for 

the relevant chapter. Published papers of chapters 2, 3 and 4 are included in published 

format. 

Appendices are also included, with copies of one-page papers. One paper was included in 

the special edition of the 2018 Animal Production Science Conference and is from one of the 

experiments included in chapter 3, two one-page papers included in the 2021 Animal 

Production Science conference from experiments in chapter 2 and 5. A literature review 

which has been prepared for publication based on the literature review in chapter 1 is also 

included in the appendices. A copy of the survey, which was distributed to the producers to 

form the basis of chapter 2 is included as Appendix D.  
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The conclusions reached as part of the research are detailed in chapter 6. Combined, this 

thesis provides the reader with sufficient information on the research which has been 

carried out as part of my PhD candidature.   
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Abstract 

Lamb mortality from birth to weaning causes major reproductive wastage in sheep breeding 

enterprises. The practices producers undertake on farm can alter lamb survival, especially 

supplementation, scanning and vaccination practices. It is also important for producers to 

be aware of mortality rates on farm to determine the effectiveness of these practices.  

A New South Wales producer survey investigated producer practices and perceptions on 

lamb survival. A comparison to published data indicated producers may be underestimating 

lamb mortality rates, with nearly half of producers estimating <10% mortality of lambs from 

birth to marking, compared to published data estimating 20-25%. This may lead to 

producers being unable to determine the actual benefit of practices such as 

supplementation and vaccination to increase lamb survival, therefore they may not 

supplement due to not realising the number of lambs lost. In comparison to literature on 

the cause of lamb deaths, producers also estimated that more lambs died from predation, 

which is concerning as the primary cause of death could be a starvation or exposure which 

could be altered by supplementation, with predation as a secondary cause of death. It is 

apparent extension services need to educate producers on lamb mortality which may be 

beneficial to increase production on farm, allowing producers to make informed decisions 

regarding supplementation and mortality. Ewe supplementation in late gestation and 

lactation can improve lamb survival increasing immunity transfer, colostrum and milk 

production. The value of various supplements for pregnant and lactating ewes to increase 

colostrum and milk production is based on the ability of the supplement to affect 

lactogenesis and energy production. A series of experiments were undertaken to determine 

the effectiveness of nutritional supplementation strategies on colostrum and milk 

production, immunity transfer and lamb weight gain. Supplementation of ewes for one 

week prior to lambing until 2-10 days post-lambing with 500g barley and 120g of canola 

meal did not affect colostrum or colostral IgG production compared to barley 

supplementation alone. Similarly, supplementation with 5 g/hd.day niacin for two-weeks 

pre-lambing did not alter colostrum production or IgG concentration. Supplementation of 

ewes with barley and canola meal or niacin using the tested supplementation practice was 

of limited commercial viability and would not be recommended to increase colostrum 

production.  
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Supplementation of 500g maize and 3g of rumen-protected methionine to naturally mated 

ewes for at least seven days pre-lambing through to four weeks post-lambing increased milk 

production without altering colostrum production, immunoglobulin production and lamb 

growth rates compared to unsupplemented ewes. At similar energy intakes maize and 

methionine supplemented ewes had higher body condition scores four weeks post-lambing 

and higher β-hydroxybutyrate concentrations post-lambing compared to control ewes. β-

hydroxybutyrate increase is possibly associated with the catabolism body fat, allowing for 

greater energy production leading to numerically higher colostrum production and 

increased milk production, however this was not able to be determined under the current 

study design. As body condition increased the ewes were not reliant on body reserves to 

meet the needs for production, leading to an increase in condition over lambing. Due to the 

benefits of supplementing maize and methionine, further research is required to determine 

the economics of supplementation and whether the increased lactational performance can 

alter lamb survival and growth.  
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Chapter 1: Review of Literature  

1.1 Introduction  

Mortality of perinatal lambs has been identified as arguably the largest contributor to the 

reduced reproductive efficiency of Australian sheep flocks (Murphy et al. 1996; Hinch and 

Brien 2014). The loss of production due to lamb mortality in late pregnancy through to early 

weaning has been noted in sheep flocks worldwide (Hinch and Brien 2014), as annually 

more than 10 million Australian lambs fail to survive to weaning (Ipsen 2014). Perinatal lamb 

deaths significantly affect the profitability of sheep breeding enterprises, reducing selection 

pressure, affecting flock structure, and reducing numbers of saleable lambs (O'Connor et al. 

1992; Daniels et al. 2000; Hinch and Brien 2014). Mortality rates of lambs vary significantly 

in Australia with single-born lamb deaths ranging from 6% to 30%, while twin-born lamb 

deaths range from 19% to 63% of lambs born, with mortality figures below 10% for singles 

and 20% for twins relatively uncommon (Hinch and Brien 2014).  Mortality rates have been 

identified to average 34% for twin-born lambs and 20% for single-born lambs (Hatcher et al. 

2009), with twin mortality often twice as high as singleton mortality (Hinch and Brien 2014). 

With twinning percentages in Merino ewes rising due to increased fecundity of ewes, 

mortality of lambs has become a greater concern. The number of lambs expected from 

Merinos around the 1990s was estimated to be 126.9 lambs born/100 ewes (Kleemann and 

Walker 2005) indicating 26.9% of ewes gestated twin pregnancies. More recent data has 

found twinning in Merino’s has increased to 145% which is nearing similar to maternal ewe 

breeds at 167% (Geenty et al. 2014). Therefore, currently around 45% of Merino ewes 

gestate twins, combined with the high mortality of twins around 30%, this indicates an area 

of high reproductive wastage.   

 

1.2 Causes of Lamb Mortality  

The causes of lamb mortality are associated with litter size as shown in Figure 1, with 

dystocia, starvation and exposure generally the most common causes of mortality 

regardless of litter size (Geenty et al. 2014). The data presented in Figure 3 provides data 
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from more than 50 years ago; however, the causes remain similar to more recent data from 

an Australian source. Recent data from more than 3000 lambs suggests starvation 

mismothering as the major cause (25%), stillbirth (21%), birth injury (18%), dystocia (9%), 

predation (7%), exposure (5%), unknown (4%), infection (1%) and misadventure (1%) 

(Refshauge et al. 2016). The 48 hours following birth are the most crucial for lamb survival, 

with 80% of lamb deaths occurring during this time (Oldham et al. 2011). Hight and Jury 

(1970) reported 37.5% of single-born lambs and 19.4% of twin-born lambs that died, died on 

the day of birth. This is slightly lower than the findings of Refshauge et al. (2016) at 53%, 

although both authors found birth to day 3 or 4 of life is the most challenging for the lamb 

with the majority of mortalities, up to 96% of all lamb deaths. This high incidence of lamb 

mortality causes a significant level of reproductive inefficiency and reduced animal welfare 

perceptions in the sheep industry.  

 

 

 

 

1.2.1 Dystocia  

Dystocia is a difficult birth associated with incorrect fetal position, fetal-maternal size 

disproportion or failure of the uterus to contract and expel the fetus. Dystocia causes deaths 

of lambs during the birth process or following parturition, associated with complications 

from birth (Geenty et al. 2014). Fetal pelvic disproportion or malpresentation directly 

account for 5-17% of all lamb deaths (Refshauge et al. 2016) with primary dystocia deaths 

reported to cause between 19-67% of all lamb deaths (Dennis 1974b; Holst et al. 2002; 

Geenty et al. 2014; Refshauge et al. 2016). The large variation noted by these authors is 

Figure 3 Variations in the cause of death of lambs associated with birth status (a) 
singles and (b) twins (Figure taken from Nowak et al. (2000), adapted from Hight and 
Jury (1970)). Data presented is from a New Zealand study (Hight and Jury 1970), with 
exposure and predation excluded which are often common causes of mortality in 
Australian systems.  

 

(a) (b) 
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likely associated with breed characteristics affecting the incidence of dystocia, with Dennis 

(1974b) noting lower mortality in predominantly merinos, with Geenty et al. (2014) 

confirming ewe and sire breed can both affect incidences of dystocia.  

This illustrates dystocia can be noted as a major cause of reproductive inefficiency to sheep 

producers. Dystocic lambs display subcutaneous oedema of the head and neck (Refshauge 

et al. 2016) indicative of the prolonged birth and pressure on the head and neck during the 

birth process; however, not all dystocia classified lambs show oedema. There is, however, 

some differing opinions on the method used to identify lamb deaths being associated with 

dystocia. Other indicators of dystocia include haemorrhage with blood in the abdominal 

cavity indicating trauma or liver rupture (Everett-Hincks and Duncan 2008). It has recently 

been noted, dilation and haemorrhage is unrelated to the cause of lamb death and 

therefore these methods may not be indicating mortality associated with dystocia 

(Robertson et al. 2020). Identification of the cause of death is important to determine 

strategies to reduce mortality, to reduce the overall reproductive inefficiency.  

Dystocia may lead to starvation as the secondary cause of death (Hinch and Brien 2014), as 

the trauma of a prolonged birth limits sucking ability and udder-seeking behaviours. Lambs 

which have experienced a prolonged birth dystocia are not always easily identifiable 

compared to difficult birth dystocia. Dystocia increases parturition time, reducing the 

viability and strength of the lamb (Dutra and Banchero 2011), affecting suckling behaviours 

and survival. Dystocia deaths tend to be greater for single-born lambs, as shown in figure 

1.1 (Hight and Jury 1970). This is associated with single lambs being larger in size at birth 

increasing the incidence of fetal-pelvic disproportion (Curll et al. 1975; Hatcher et al. 2009; 

Hinch and Brien 2014). Optimal birthweights for Merino lamb survival are between 4-8 kg 

(Oldham et al. 2011), with lambs outside this range predisposed to mortality as shown in 

figure 1.2 (Holst et al. 2002). Therefore, management practices leading to increased 

birthweights, especially in single-born lambs may be unfavourable (Hatcher et al. 2009), due 

to the increased risks of dystocia and lower viability of lambs.  
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Dystocia extends parturition time causing physiological changes in the lamb affecting 

survival post-partum. Prolonged parturition prevents oxygen supply to the body (asphyxia), 

causing oxygen deficiency to organs (hypoxia) and high acid levels (acidemia) in the blood 

(Dutra and Banchero 2011). Asphyxiated lambs take longer to suckle, with increasing 

parturition time increasing time taken to suckle (Dutra and Banchero 2011). Asphyxia of 

twin-born lambs occurs as a result of longer parturition time to expel two lambs, reducing 

uterine blood flow as a result of high oxytocin concentrations and uterine contractions 

(Comline and Silver 1972). Although twin born lambs have higher levels of asphyxiation due 

to longer parturition, twin lamb fetal-pelvic disproportion is lower (Haughey 1980), as twins 

are generally lighter than single-born lambs (Wallace 1948; Banchero et al. 2007; Schreurs 

et al. 2010; Oldham et al. 2011; Jenkinson et al. 2012). Therefore, to reduce dystocia deaths 

associated with twin-born lambs, it is important for lambs to be expelled from the uterine 

environment quickly, whilst for single-born lambs, optimum birthweight is important to 

reduce incidence of fetal-pelvic disproportion.  

 

Figure 4 Relationship between lamb birthweight (kg) and survival (%) of single (∆), 
twin (•) and higher order births (o) (Holst et al. 2002) 
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1.2.2 Exposure 

Environmental exposure to hypothermic conditions are often experienced by newborn 

lambs, with lambing predominantly occurring from autumn through to spring in Australia 

(Hinch and Brien 2014). Lambs dying of primary exposure must display evidence of viability 

following birth (Refshauge et al. 2016). Primary exposure lamb deaths can be identified as 

having breathed, may have metabolised fat, may have walked with yellow subcutaneous 

oedema on the limbs/tail, but will not have internal lesions (Haughey 1973; Refshauge et al. 

2016). Secondary exposure deaths are associated with starvation often referred to as the 

starvation-mismothering-exposure complex (Hinch and Brien 2014).  

The chill index has been designed to estimate the effects of the environmental exposure on 

the newborn lamb, and is used to issue grazier alerts by the Australian Bureau of 

Meteorology (Donnelly 1984). The index estimates the potential of the environment to 

absorb heat from lambs in the first day of life using air temperature, wind speed, 

evaporation and moisture data (Donnelly 1984). As chill index increased, mortality of lambs 

increased linearly (Donnelly 1984). For twin lambs born to Merino ewes under mild 

conditions (chill index 800-900 kJ m-2h-1) mortality is relatively low at around 10%, but when 

the chill index is high (1100-1200 kJ m-2h-1) mortality increased to 50% (Donnelly 1984), 

indicating the significant effects of chill index on mortality.  In extreme weather, lambs can 

succumb to exposure prior to suckling, walking or metabolising fat (Refshauge et al. 2016), 

indicating exposure can be a prominent cause of death in some circumstances due to 

adverse weather conditions.  

Shelter at lambing can be pivotal in increasing survival, reducing the effects of the chill index 

on lambs, with shelter reducing lamb mortality by up to 50% (McLaughlin et al. 1970; Egan 

et al. 1972; Egan et al. 1976; Lynch and Alexander 1976; Alexander et al. 1980). The 

provision of shelter has the greatest benefit to twin-born lambs when conditions are cold, 

windy and/or raining (Pollard 2006). This is directly associated with the twin-bearing ewe’s 

ability to protect two lambs (Atkins 1980), lower colostrum availability per lamb and lower 

birthweights of twins (Purser and Young 1964). Shelter can mitigate some of these effects 

under cold, windy, and rainy conditions. Twin lambs’ lower birthweight causes a larger 

surface-area-to-weight ratio and lower fat content in the body, both increasing the effects 
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of chill on mortality, as energy stores are depleted more quickly (Alexander 1962; Robinson 

1981; Hinch and Brien 2014; Refshauge et al. 2016). In cold conditions, lambs will utilise 

their energy stores three times faster than in warmer periods (Alexander 1962; Robinson 

1981), limiting the time for energy to be consumed through colostrum, with lower 

birthweight lambs less likely to suckle due to lower energy reserves (Haughey 1973).  

Hypothermia deaths are associated with exposure and a high chill index which increase with 

longer parturition times and placental insufficiency (Refshauge et al. 2016). To mitigate 

exposure deaths, exposing ewes to cold weather by shearing prior to lambing can reduce 

lamb exposure deaths as ewes increase feed intake (Kenyon et al. 2006) increasing 

birthweight and milk production (Sphor et al. 2011). This can allow lambs to have more 

energy post birth due to increased size, allowing a greater chance to access colostrum and, 

with greater milk production, energy intake of the lamb can be sustained. Exposure deaths 

associated with chill index can be high under certain conditions and can be a significant 

contributor to high lamb mortality but increasing a lamb’s energy reserves and providing 

shelter can be beneficial for survival, especially in twins.   

 

1.2.3 Starvation and Mismothering 

Starvation-mismothering is often noted as the largest contributor to lamb mortalities, 

especially in twins (Hight and Jury 1970; Refshauge et al. 2016). Starvation has been noted 

to cause 25% of all lamb deaths, varying from 10-37% across studies (Holst et al. 2002; 

Everett-Hincks et al. 2014; Refshauge et al. 2016). It has been noted that starvation causes 

mortality of 6 lambs/100 lambs born as twins, compared to just 2.5 lambs/100 lambs born 

as singles (Dalton et al. 1980). This represents a high level of reproductive wastage when 

around 45% of Merino ewes birth twins (Geenty et al. 2014). Starvation and mismothering 

generally cause death within 60-120 hours following birth, due to depletion of fat and 

carbohydrate reserves (Alexander 1962). Lambs generally consume nil or insufficient 

colostrum/milk, however this should not be used as the only determinant of starvation. Of 

lambs which died, 25% were identified to have died as a primary result of starvation, 

however 84% of lambs displayed failure to obtain milk (Refshauge et al. 2016). This suggests 

that if autopsy results rely solely on the presence or absence of milk in the digestive tract 
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they are likely to overestimate mortality due to starvation (Refshauge et al. 2016). 

Therefore, a more holistic approach to determine the cause of mortality is required. For a 

lamb to be classed as a starvation death they must show evidence of walking to have had 

the chance to attain milk and must not have lesions scores within the CNS which may alter 

brain function to attempt suckling (Refshauge et al. 2016). In some cases, starvation of 

lambs can be due to lack of synchrony between birth and the secretion of colostrum (Hart et 

al. 2006). Starvation can be a result of poor maternal colostrum production (Hinch et al. 

1986), which can be associated with undernutrition of the ewe during late gestation 

(McCance and Alexander 1959) or due to failure of a maternal lamb bond leading to 

desertion of lambs (Dwyer 2008a). Undernutrition causes slow onset of lactation, 

inadequate production and slow milk secretion rates (Murphy et al. 1996). Nutritional 

supplementation of ewes in late pregnancy has increased colostrum production (Hall et al. 

1992; Murphy et al. 1996; Banchero et al. 2002; Banchero et al. 2004a; Banchero et al. 

2004b; Banchero et al. 2009) and lamb survival (Holst 1987; Hinch et al. 1996; Banchero et 

al. 2009) (see section 1.6 and 1.7). Supplementation of ewes in late gestation may be 

beneficial in increasing colostrum production to reduce starvation mortality rates.  

Starvation can be associated with udder damage due to mastitis and shearing injuries, with 

udder damage resulting in a 15% reduction in milk yield (Jordan and Mayer 1989). Although, 

induced mastitis has resulted in a 27.3-37.3% reduction in milk yield, leading to a 10-66 

g/day reduction in weight gain in lambs (Fthenakis and Jones 1990). This indicates the 

detrimental and varied effects to production that udder damage can have. Starvation and 

mismothering deaths increase with litter size (Hinch et al. 1986) as ewes can fail to produce 

enough colostrum and milk for multiple lambs, or a poor ewe-lamb bond. Starvation is 

associated with formation of the ewe-lamb bond as the ewe must recognise her lamb 

before she will continually feed the lamb (Dwyer 2008a). The ewe-lamb bond formation 

with twins or following dystocia is often poorer (Hinch and Brien 2014). Younger ewes often 

display less attachment to their lambs, increasing the chances of starvation and 

mismothering (Nowak et al. 2000). Therefore, creation of a strong ewe-lamb bond and 

provision of colostrum following birth is integral for survival of the lamb.  
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1.2.4 Predation 

Predation as a primary cause of death is often over-diagnosed, with producers ranking 

predators as a major cause of lamb mortality (Elliott et al. 2011), when primary predation 

deaths usually contribute to only 0.1-7.5% of all lamb deaths (Greentree et al. 2000; 

Refshauge et al. 2016). Predation deaths have been reported up to 30% (Saunders et al. 

2010), with high fox predation in areas close to fox habitats or where breeding lines of ewes 

are thought to have low mothering ability (Saunders et al. 2010). Predation can often be the 

secondary cause of death, with many farmers attributing these deaths to primary predation 

(Lugton 1993; Refshauge et al. 2016), as distinguishing features of the primary cause of 

death are often lost when lambs have been predated. 

Primary predated lambs exhibit wounds, with bleeding and bruising indicating a viable lamb 

at the time of attack, and the lamb must have breathed, suckled and have perineal fat 

reserves (Refshauge et al. 2016). Predation is often difficult to determine, as the carcase 

may not be present or may be disfigured (Refshauge et al. 2016). Although foxes are 

generally regarded as the main cause of primary predation by producers (Elliott et al. 2011), 

other animals including crows, feral pigs, dingoes, feral dogs and eagles may be associated 

with lamb deaths (Alexander et al. 1967; Hinch and Brien 2014).  

During the lambing period, lamb meat provides a significant proportion of the fox diet 

(Lugton 1993), with meat often derived from scavenging dead or unhealthy lambs 

(Alexander et al. 1967). Baiting has been successful in reducing fox populations, reducing 

lamb mortalities by 10.3% (Greentree et al. 2000) indicating management strategies can be 

effective to reduce mortalities. Foxes generally predate at night, scavenging for fetal 

membranes (Alexander et al. 1967), with higher predation in maternal breed ewes (11%) 

compared to merino ewes (6%) (Refshauge et al. 2016). The preference for meatier lambs 

has also been seen overseas (Landa et al. 1999). Predation, although a greater contributor 

to secondary lamb deaths, is still of importance to lamb mortality, therefore, strategic 

baiting programs may be effective in reducing losses.  
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1.2.5 Infection  

Lambs which have died because of infection generally display lesions throughout the body, 

although the exact cause of the lesions can vary. Primary infection deaths, in Australia, have 

been documented to cause between 1-7.6% of all lamb deaths (Dennis 1974b; Refshauge et 

al. 2016). Another Australian study noted infection to cause 4% of lamb losses mainly a 

result of navel ill resulting in liver abscessation and peritonitis (DEPI 2012) Infection in twins 

has been noted to cause more deaths compared to single lambs with 1.5 deaths/100 twin 

born lambs compared to 1 death /100 lambs born in single born lambs (Dalton et al. 1980). 

Deaths of lambs due to acquired infections of between 8-14.5% have been noted overseas 

(Johnston et al. 1980; Purvis et al. 1985) where production systems are more likely in 

confined areas such as lambing barns. Infection deaths have been noted by Holmøy et al. 

(2016) to be greater in multiple-born lambs, likely associated with lamb serum 

immunoglobulin concentration decreasing as litter size increased (Khan and Ahmad 1997), 

limiting the lamb’s immune response to infection.  

Infections are caused by a pathogen entering the body via the umbilicus or via ingestion 

leading to death as a primary cause of infection, or as a secondary cause following 

starvation leading to a compromised immunity or following lamb marking due to open 

wounds increasing infection risk (Dennis 1974a). Common areas to check for signs of 

infection include the navel area, liver, umbilical arteries and membranes (Everett-Hincks and 

Duncan 2008). Evidence of infection could include inflammation, black or blue tissue 

discolouration and oedema (Everett-Hincks and Duncan 2008). Primary infection deaths can 

occur at any age with infections such as navel ill, more common in older lambs (Everett-

Hincks and Duncan 2008). These infections are often widespread in an outbreak, so it is 

important to monitor lambs for signs of immunosuppression.  

1.2.6 Premature, Dead in Utero and Congenital Malformations 

Premature, dead in utero or lambs with congenital malformations account for around 10% 

of all lamb deaths (Hight and Jury 1970). Lambs from higher order births such as triplets, are 

more susceptible to prematurity and death in utero compared to single- or twin-born lambs 

(Hight and Jury 1970). Generally dead in utero lambs have browning of the skin due to the 
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skin rotting, while premature lambs are small in size and underdeveloped (Refshauge et al. 

2016).  

Congenital malformations may be lethal causing death in utero or following birth, or the 

malformation may be non-lethal allowing the lamb to survive with the defect (Dennis 1975; 

Holmøy et al. 2016). Congenital malformations affect 0.2-2% of all lambs, with 50% of these 

deformed lambs being born dead (Dennis 1993). Congenital malformations can affect many 

systems of the body, most commonly the musculoskeletal system (55%), digestive system 

(13%) and the cardiovascular system (10%) (Dennis 1975) . Sex of lambs is an important 

precursor for congenital malformations with Dennis (1975) noting 56.4% of congenitally 

malformed lambs were male, whilst only 36.2% were female and 0.7% were hermaphrodites 

with the sex of 6.7% of lambs unable to be determined. Premature, dead in utero and 

malformed lambs account for only a small proportion of lamb deaths and may be hard to 

reduce unless an outbreak of a disease or a hereditary condition is responsible for the 

malformation.  

1.3 Contributing Factors to Lamb Mortality 
 

1.3.1 Lamb Factors 

Birthweight is a significant contributor to survival of lambs in the first week of life (Oldham 

et al. 2011). As lambs can be predisposed to mortality at both high and low birthweights 

(Hatcher et al. 2009; Hinch and Brien 2014), ensuring lambs are born within the optimal 

birthweight range of 4-8 kg for merinos (Oldham et al. 2011), is important for increasing 

lamb mortality rates. Birthweight of lambs is often confounded by litter size with single-born 

lambs being larger and heavier at birth compared to twin-born lambs (Hinch and Brien 

2014). As a result, the major cause of mortality varies with litter size. Birthweight of lambs 

can be altered during gestation (Brien et al. 2010), providing an opportunity for producers 

to alter gestational nutrition to change lamb birthweights to maximise lamb survival. This is 

important as ewes can be fed to their requirements based on foetal number to maximise 

lamb survival.  

Sex is also a major determinant of lamb survival. Sex alters birthweight of lamb, with male 

lambs heavier than female lambs which affects mortality (Gardner et al. 2007; Miller et al. 
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2010; Oldham et al. 2011; Jenkinson et al. 2012). Male lamb mortality is greatest in the first 

24 hours of life, coinciding with male lambs having a 50% higher incidence of 

malpresentation during lambing (Dwyer 2003; Matheson et al. 2012). Overall survival of 

ewe lambs is 2-4% higher than ram lambs (Hatcher et al. 2009), as a result of male lambs 

being heavier with a greater incidence of dystocia. Differences in lamb mortality have also 

been associated with the breed of lamb which is linked with variations in lamb birthweights 

in different breeds (Hinch and Brien 2014). Mortality rates of Merino lambs are higher than 

meat or crossbred lambs (Geenty et al. 2014) associated with merino lambs being lighter at 

birth. Merinos are also known to have higher incidences of separations compared to other 

breeds (Alexander et al. 1993) which may increase desertions leading to higher mortality 

rates.  

Litter size affects survival with increasing litter size increasing mortality, with triplet lambs 

having a 30% increase in mortality compared with twin and single order births (Geenty et al. 

2014). Mortality rates based on birth order are 20% in singles, 34% in twins and 54% in 

triplet or higher order births (Hatcher et al. 2009). Even at the same birthweight as a single-

born lamb, mortality of twins is greater (Oldham et al. 2011), due to a variety of factors 

including nutrition, exposure, starvation or poor mothering ability. Birth order, for twins, 

affects survival with second-born lambs three times more likely to die before weaning, 

associated with lower vigour, longer labour time increasing stress and competition for 

colostrum and milk (Stevens et al. 1982). Death of one lamb from a set of twins, increased 

the likelihood of the second lamb also dying prior to marking (Hatcher et al. 2009), which 

could be associated with poor mothering ability or low milk production. This leads to 16.8% 

of ewes within a flock to have caused 33.5% of the lamb deaths (Fowler 2007). Therefore, 

litter size and birthweight of lambs can be significant contributors to mortality and practices 

to manage lamb birthweight could be beneficial to increase production.  

 

1.3.2 1.3.2 Ewe Factors  

1.3.2.1 Ewe-Lamb Bond 

Maternal ewe capabilities affect survival of lambs. The ewe and lamb must exhibit 

behaviours at the same time for the formation of the ewe-lamb bond (Dwyer 2008a). Prior 



12 
 

to lambing, changes in the ewe’s oxytocin and progesterone concentrations cause attraction 

to newborn lambs (Shillito and Hoyland 1971; Dwyer 2008a). As birth becomes imminent 

the ewe will segregate herself from the mob (Shillito and Hoyland 1971; Everett-Hincks et al. 

2005) to reduce novel ewe interference and increase the chances of bond formation. Breed 

of ewe does not affect separation and isolation prior to lambing, with the only behavioural 

difference noted being less pawing of the ground by Merinos (Arnold and Morgan 1975). 

Parturition in the ewe generally takes 150 – 167 minutes (Dwyer et al. 1996). Maternal 

responses are stimulated by oxytocin, with sensory cues through amniotic fluid and lamb 

movements starting the maternal attachment process (Dwyer 2014).  Amniotic fluid 

stimulates the ewe to lick the lamb, assisting the lamb to dry (McGlone and Stobart 1986) 

providing thermoregulatory benefits to the lamb along with ewe-lamb bond formation.  

Bond formation is highly dependent on smell (Poindron et al. 1988) which begins the 

process of attachment. Younger ewes have also been noted to be slower to begin grooming 

which reduces attachment and lamb survival (Owens et al. 1985). Twin bearers are often 

disrupted in the grooming process due to the birth of the second lamb, causing a reduction 

in individual grooming time per lamb (O'Connor and Lawrence 1992; O'Connor et al. 1992). 

Unattended lambs often bleat (Shillito and Hoyland 1971) to gain attention from the ewe to 

continue the attachment process. Grooming by the ewe encourages the lamb to stand 

(McGlone and Stobart 1986; Vince 1986), with longer labour times increasing time taken for 

lambs to stand (Dwyer et al. 1996). For every one minute of delayed standing, mortality of 

lambs increased by 1% (Owens et al. 1985), demonstrating the importance of maternal 

behaviours to encourage standing. Once standing the lamb will attempt to suckle, ingesting 

colostrum for energy and immunity transfer. Although, without proper maternal recognition 

at this point, the ewe may prevent suckling (Shillito and Hoyland 1971; Dwyer and Lawrence 

1998; Goursaud and Nowak 1999). Once the ewe allows suckling and colostrum has been 

ingested, colostrum in the gastrointestinal tract increases the attachment of the ewe and 

her lamb (Nowak 1990) which increases the chances of survival and repeated 

colostrum/milk ingestion from the mother, with selective attachment formed within 6 hours 

of birth (Dwyer 2008b).  

Breed of ewe can also impact mortality with lambs born to Merino ewes often lighter 

(Wiener et al. 1983; Holst et al. 1992), leading to higher mortality. Merinos also display 
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reduced grooming behaviours (Alexander et al. 1990) and increased interference from novel 

ewes (Alexander et al. 1983). Merino ewes are also challenged when having multiple lambs, 

often taking longer to recognise litter size and being less likely to maintain contact with all 

lambs (Alexander et al. 1983). Although ewe maternal breed cannot be altered, condition of 

the ewe can be altered with feed which may affect lamb survival. 

 

1.3.2.2 Age and Parity 

Age and parity of the ewe influences lamb survival, with lamb survival maximised for 4 year 

old (3rd parity) ewes (Hatcher et al. 2009). Maiden ewes generally have longer lambing times 

and higher incidences of malpresentations (Alexander et al. 1993) reducing survival of their 

lambs. Maiden ewes also tend to have higher incidences of desertions, reduced grooming 

behaviours and reduced cooperation with suckling resulting in lower lamb survival 

(Alexander et al. 1993), indicating parity of the ewe can have a direct impact on mortality.  

1.3.2.3 Ewe Body Condition Score 

Body condition score (BCS) can also affect lamb survival, with BCS advantageous over 

liveweight when determining animal condition and well-being (Kenyon et al. 2014). 

Increasing BCS of Merino ewes at breeding and during mid-pregnancy increased the number 

of lambs weaned per ewe (Kleemann et al. 2006), as the ewe has greater energy stores to 

catabolise during late pregnancy and lactation. Increasing BCS from 2 to 3 at 100 days’ 

gestation increased lamb birthweight but not survival (Oldham et al. 2011), which may be 

associated with increased placental growth in trimester one increasing birthweight. It is 

likely that increased birthweight did not alter lamb survival as lamb birthweight was within 

the optimum range for survival for both BCS (Atkins 1980; Geenty et al. 2014) In contrast, 

ewes in BCS 3.5-4 at conception had lighter lambs compared to BCS 3 ewes (Kenyon et al. 

2004), demonstrating a possible curvilinear relationship with higher BCS ewes partitioning 

more energy to maintaining BCS rather than conceptus growth. Positive effects on lamb 

survival have been noted with increasing BCS Everett-Hincks et al. (2005). Increasing BCS, 

increases lamb vigour which leads to reduced time taken to suckle post lambing and 

increases suckle time (Banchero and Quintans 2006). The shorter suckling time may be 

associated with lower pre-lambing BCS reducing milk yield and lactation length (Hossamo et 
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al. 1986), due to 1/3 of milk produced in early lactation coming from mobilisation of body 

reserves (Cannas 2002), which are lower in ewes with BCS of ≤2. Nutrition of the ewe during 

gestation can also affect lamb survival and will be discussed in section 3.  

 

1.4 Fetal Growth and Udder Development 
 

1.4.1 Placental and Fetal Growth 

The majority of placental growth occurs in the first two thirds of pregnancy, with 90% of 

fetal growth occurring from day 90 to term (Redmer et al. 2004). Prior to this, the ewe is 

producing a placenta to allow for fetal growth following day 90 of gestation (Redmer et al. 

2004). The placental size is the primary contributing factor determining the potential for 

fetal growth (Mellor 1983). The placenta is responsible for gas, nutrient and waste exchange 

from the fetus which occurs via the placentomes in the cotyledonary placenta of sheep 

(Redmer et al. 2004). In ewes, the size of the uterine environment can also limit fetal 

growth, especially in ewes carrying two or more lambs (Gootwine et al. 2007). The reduced 

size of twin-born lambs is a result of a smaller placenta and less placentomes per fetus, 

however, compensatory changes of placenta efficiency allow adequate nutrient supply to 

support fetal growth (Rumball et al. 2008).  

In the pregnant ewe, nutrients must be partitioned for both the ewe’s maintenance and for 

the placenta. Nutrients are partitioned in the bloodstream, with blood flow often a limiting 

factor in nutrient partitioning to various tissues including the placenta (Redmer et al. 2004). 

If the availability of nutrients is compromised during gestation due to inadequate nutrient 

availability in maternal circulation, fetal growth is reduced (Redmer et al. 2004) which could 

ultimately affect the survival of the lamb. Ensuring fetal growth is not limited due to a 

reduction in nutrient availability is important, as nutrient restriction during pregnancy is 

likely to lead to intra-uterine growth restriction, which is likely to compromise survival. 

Intrauterine growth restriction is commonly seen in twin-born lambs (McCoard et al. 2017) 

likely a result of reduced placental growth and nutrient availability. Intrauterine growth 

restriction results in reduced fetal growth, higher mortality rates (Kenyon 2008), lower 

neonatal growth rates and muscle mass (McCoard et al. 1997) with lifelong reduced 
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production associated with reduced growth, feed efficiency, meat quality and health (Wu et 

al. 2006; Kenyon and Blair 2014). Therefore, ensuring adequate partitioning of nutrients to 

the placenta is important for fetal growth during pregnancy which impacts lamb survival and 

ensures long-term production of the offspring.  

 

1.4.2 Udder Development 

When fetal growth is high during late gestation the ewe must also partition nutrients to the 

udder, for udder development and colostral synthesis to ensure survival of the lamb 

following parturition. Udder development mainly occurs during the latter part of gestation, 

with 70% of udder development occurring in the last 30 days of pregnancy, with the 

majority in the final week of gestation (Mellor and Murray 1985). Growth of the mammary 

gland occurs via proliferation of mammary secretory cells, with proliferation continuing until 

maximum milk yield is reached before apoptosis begins (Knight 2000). This cell 

differentiation is important as the number of secretory cells in the udder is a major 

determinant of milk yield (Sorensen et al. 1998) as is the volume and weight of the 

mammary gland (Castañares et al. 2013). Therefore, udder development is required for 

lactational performance which is important for lamb survival and growth.  

 

1.4.3 Pregnancy Feed Restriction 

Nutrition of the ewe during pregnancy is extremely important for the survival of the fetus 

and lamb following birth. Reducing nutrition below maintenance during gestation results in 

decreased fetal growth (Holst et al. 1992) and poor udder development resulting in poor 

lactational performance (Blair et al. 2010). During the first trimester the ewe partitions 

energy for growth of the placenta with nutrient restriction during this stage leading to low 

cotyledon numbers (Wallace et al. 1999) and low placental weight cotyledons (Holst et al. 

1992). This leads to a reduction in nutrient transfer from the mother to the fetus through 

the placenta leading to a reduction in lamb birthweight. Therefore, it is important to 

maintain adequate placental growth in early gestation for the fetus to grow to an adequate 

size during late gestation and increase the chances of survival following birth. 
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During the third trimester, undernutrition of the ewe below maintenance has the greatest 

impact on the inherent survival of the neonate with undernutrition impacting udder 

development, lactational performance, colostrum yield, maternal behaviours, lamb 

birthweight and vigour (Russel 1984). During this stage of pregnancy 75-80% of fetal growth 

occurs with the requirement for glucose by the ewe being high (Addah et al. 2012; Russel 

1984). However, in periods of undernutrition ketone body production increases as plasma 

glucose production reduces (Addah et al. 2012) reducing fetal growth by 37% (Adut and 

Olaloku 1979). Nutrient restriction of 50% during gestation has led to a reduction in lamb 

birthweight in twins, whilst feeding at 80% of requirements did not affect lamb birthweight 

compared to unrestricted ewes (Tygesen et al. 2008; McGovern et al. 2015). This indicates 

some restriction may not have detrimental impacts on fetal growth in twins, although the 

effect on single-born lambs is unknown. Undernutrition during late pregnancy can also lead 

to a reduction in lamb growth rate following birth in some cases, which can be attributed to 

lower colostrum lactose (Chadio et al. 2016) as a measurement of colostrum accumulation, 

which indicates a reduction in available colostrum. The colostrum of ewes experiencing 

undernutrition in late pregnancy also has lower IgG concentrations (Chadio et al. 2016) 

indicating a potential increase in post-birth lamb mortalities as a result of lowered 

immunity.  

Moderate nutrient restriction leading to a reduction in BCS over gestation also affects 

maternal behaviours expressed at birth, with restricted ewes spending less time licking 

lambs following birth and being more aggressive towards their lamb, associated with higher 

progesterone levels impairing the maternal recognition processes (Dwyer et al. 2003). The 

study by Dwyer et al. (2003) observed ewes in indoor pens however, this may have altered 

maternal behaviour compared to ewes in a natural pasture lambing environment. In 

comparison, ewes lambing on pasture with feed availability of 700 kg DM/ha had similar 

maternal behaviour to those with 1300 kg DM/ha pasture (Corner et al. 2010). Therefore, 

nutrient restriction may alter maternal behaviour, but this could be dependent on the feed 

on offer and lambing environment. Undernourished ewes will move quicker from the birth 

site in extensive pasture-based environments (Arnold and Morgan 1975; Jordan and Mayer 

1989; Everett-Hincks et al. 2005) which may occur before the ewe-lamb bond has been 

formed as the ewe moves in search of feed. This leads to these ewes also displaying a lower 
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level of attachment to lambs at 1 and 3 days following birth (Dwyer et al. 2003) which is 

likely to impair lamb survival. Abandonment of lambs is more common in undernourished 

ewes (19.2%) compared to well-fed ewes (4.2%) (Putu et al. 1988), likely in response to the 

failed bond formation between the ewe and her lamb and the ewe being undernourished 

during pregnancy causing the ewe to search for feed following birth when nutrient 

requirements are still high. When feed availability is above maintenance during pregnancy, 

the ewe will produce greater amounts of colostrum to meet the lamb’s nutritional 

requirements following birth and will spend more time at the birthplace developing the ewe 

lamb bond leading to increased lamb survival (Putu et al. 1988; Jordan and Mayer 1989; 

Everett-Hincks et al. 2005).  

Nutrient restriction during pregnancy not only has negative effects on the survival of lambs 

but can also affect ewe health. Ewes with lower levels of nutrition are lighter following 

lambing (McGovern et al. 2015) as the ewe has mobilised her energy reserves during 

pregnancy to meet the needs of the fetus and placenta (Tygesen et al. 2008). This can have 

flow-on effects to a reduction in subsequent milk yield as the ewe tries to rebuild fat and 

muscle stores (Meyer et al. 2011). Therefore, if ewes are restricted during pregnancy this 

may lead to negative production effects, leading to reduced lamb survival and lower-

condition ewes.  

 

1.5 Colostrum and Milk 

Colostrum is the first milk produced by the ewe prior to lambing, which is highly nutritious 

and contains immunoglobulins (Nowak and Poindron 2006). Due to the epitheliochorial 

placentation in sheep, maternal immunoglobulins are not transferred in utero due to the 

placental barrier (Senger 2003), so colostrum provides the first source of immunity and 

energy to the lamb. The newborn lamb requires approximately 180-290 mL.kg-1 of 

colostrum within 18 hours of birth (Mellor 1988) for transfer of immunity and energy to 

maintain survival.  
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1.5.1 Colostrum Production   

In the final week of pregnancy, colostrum production and the udder size considerably 

increases in preparation for the lamb(s) arrival (Banchero et al. 2004a) as per figure 3. 

Although in some ewes, if progesterone withdrawal is compromised lactation onset may be 

delayed until after lambing (Banchero et al. 2015). Colostrum production occurs in the week 

prior to birth through until 24 hours post-lambing (Hashemi et al. 2008). Following 

colostrum production, secretions turn to milk which contains less fat, protein and 

immunoglobulins compared to colostrum, and is produced until weaning. The production of 

colostrum and then milk is determined by the type and quantity of feed consumed. Feeds 

contain varying levels of carbohydrates, fats and proteins which impact on production. 

Carbohydrates containing starch provides the major source of energy for colostrum and milk 

production. Starches can be digested in both the rumen and small intestine (Knowlton et al. 

1998; Ocak et al. 2005). For most grains, 90% or greater of the starch is fermented in the 

rumen, although in corn this is reduced to around 70% (Orskov 1986). Within the rumen, 

starch is catabolised by amylolytic bacteria and protozoa (Huntington 1997) to form various 

oligosaccharides including glucose  (Gomez et al. 2016). Starch which escapes fermentation 

in the rumen, is transported to the small intestine where pancreatic α-amylase secretion 

hydrolyses starch molecules of amylose and amylopectin to glucose molecules (Gomez et al. 

2016). Although glucose is yielded in both instances, starch digestion in the small intestine is 

more efficient (Gomez et al. 2016). This is due to the glucose within the rumen being 

converted to volatile fatty acids to be absorbed (Huhtanen and Sveinbjörnsson 2006) into 

the bloodstream, whilst in the intestine glucose is directly absorbed.  

Volatile fatty acids (mainly propionate) which are produced from ruminal glucose 

degradation are carried within the blood stream to the liver. Within the liver, 

gluconeogenesis begins converting propionate to glucose through the Krebs cycle 

(Aschenbach et al. 2010). The glucose produced from ruminal fermentation combined with 

gluconeogenesis and the glucose produced within the small intestine are then carried within 

the blood to the lactating mammary gland. The synthesis of lactose from glucose occurs 

within the Golgi apparatus of mammary epithelial cells (Brew and Hill 1975). A reaction 

between glucose and UDP-galactose by lactose synthase forms lactose and UDP (Mardones 
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and Villagran 2020). The lactose produced within the mammary epithelial cells osmotically 

increases the production of colostrum and milk.  

The production of glucose must be partitioned in late gestation, as the fetus and udder both 

require glucose for production, and a limited supply may restrict mammary growth 

(Swanson et al. 2008). To ensure growth of the fetus, the ewe increases fat oxidisation 

(Tygesen et al. 2008), allowing glucose to be partitioned to the fetus. In the late stages of 

pregnancy when colostrum production is maximised, ovine placental lactogen is secreted by 

binucleate cells on the placental cotyledons partitioning maternal glucose to the udder and 

fetus (Oddy and Holst 1991). As parturition becomes imminent, secreted hormones initiate 

lactation. A drop in progesterone concentration from placenta combined with an increase in 

placental prolactin signals for lactation to commence (Gorewit 1988).   

 

 

 

 

 

 

 

 

Figure 3 - The growth of the udder throughout pregnancy (as represented by the dashed 
line) (Paganoni and Roberts 2018) 

  

Nutritional requirements of the ewe in late gestation are high (Bell 1995) due to fetal 

growth, mammary growth and maintenance requirements of the ewe. Meeting the ewe’s 

requirements is challenging as fetal size increases, causing rumen compression, reducing 

rumen size and dry matter intake, with the effects more prominent in ewes gestating twins 
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(Owens et al. 1985). As the rumen compresses, digesta moves faster through the digestive 

tract (Weston 1988) which may limit digesta breakdown. Therefore, with production of 

colostrum highest in the final weeks of pregnancy, it is important to provide energy-dense 

and highly degradable feeds to allow fetal growth and colostrum production whilst 

maintaining a healthy ewe.  

At birth, 25% of the colostrum produced should be available (Banchero et al. 2015), with 

Merino ewes averaging 350 mL of colostrum at birth (Murphy et al. 1996; McNeill et al. 

1998) although this is likely to be affected by breed and nutritional status. Approximately 

5% of ewes will have no colostrum available at birth, affecting survival of lambs (McNeill et 

al. 1998). Colostrum is, on average, produced at a rate of 75 mL/hour from 1-6 hours 

following parturition (Murphy et al. 1996), although this is likely to be breed specific. 

Colostrum production increases until 24 hours post lambing (Hashemi et al. 2008), then 

reduces as milk production becomes the main secretion to sustain lamb survival and growth 

to weaning.  

 

1.5.2 Colostrum Nutritional Components 

Colostrum in ewes contains twice as much fat and protein compared to milk 

(Hadjipanayiotou 1995), with 10-17% fat and 18-20% protein (Perrin 1958; Hadjipanayiotou 

1995). The high fat content provides the lamb with the large amounts of energy required for 

survival including for thermoregulation. Colostrum contains only 2.5-3.5% lactose (Perrin 

1958; Pattinson et al. 1991) which slowly increases (Hadjipanayiotou 1995; McNeill et al. 

1998) as more lactose is deposited into milk secretions.   

1.5.3 Factors Affecting Colostrum Production  

Twin-bearing ewes have slower onset of lactation and produce less colostrum per lamb 

(Alexander and Davies 1959), with McNeill et al. (1988) finding 30% of all twin-bearing ewes 

had insufficient colostrum production after birth. These ewes were grazed on dry pasture 

and supplemented with oats and lupins until one week pre-lambing where they were moved 

to an oats cereal crop. It is possible the diet limited production in these ewes specifically. 

However, twin-bearing ewes produce more colostrum in total than single-bearing ewes 
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(Alexander and Davies 1959; Halliday 1974; Banchero et al. 2007), to provide for the 

increased requirement of twin lambs. Colostrum production is also correlated with lamb 

birthweight, with production increasing as lamb birthweight increased (Smeti et al. 2015). 

This is associated with increased vigour of larger lambs causing more sucking bouts, 

increasing oxytocin feedback to allow increased colostrum production.  

Colostrum production increased with ewe age, with 6-year-old ewes producing 79% more 

colostrum than maidens (Murphy et al. 1996; Alves et al. 2015). Older ewes have lower 

protein and glucose concentrations in colostrum compared to maiden ewes (Chniter et al. 

2016), which may be associated with a dilutional effect. Multiparous ewes also have higher 

IgG concentrations, but lower serum IgG (Chniter et al. 2016) as they more effectively direct 

IgG to the udder (Banchero et al. 2007; Chniter et al. 2016). Ewes bearing twins have higher 

protein and dry matter in colostrum (Csapó et al. 1994; Holst et al. 1996) to reduce the 

effects of lower milk intake by twin lambs. Breed of ewe influences colostrum 

characteristics, with Merino ewes having higher IgG concentrations (Halliday 1974). The 

higher concentration of IgG is likely due to a dilutional effect as Merinos have lower milk 

production leading to more concentrated milk (Holst et al. 1992), which may cause lambs 

born to Merino ewes to have lower levels of passive immunity transfer, especially in twins 

when lambs compete for the concentrated milk source. The higher concentration, however, 

may allow lambs to still consume the required nutrients due to the concentration 

compensation if production is low.  

 

1.5.4 Colostral Immunoglobulins  

Colostrum is the sole source of immunoglobulins (Murphy et al. 1996) for neonatal lambs 

who are born hypogammaglobulinaemic (Chniter et al. 2016) as immunoglobulins do not 

cross the placental barrier (Eales and Small 1981). Lambs are immunologically naïve, putting 

them potentially at high risk of death prior to immunity transfer. Immunoglobulins in 

colostrum provide antibodies (Brambell 1958) while the lamb’s own immune response is 

weak (Halliday 1974). These antibodies provide the only defence against infection from the 

environment in the first week of life (Logan 1996). Colostral Immunoglobulin G (IgG) 

concentration is highest at lambing (al-Sabbagh et al. 1995; O'Doherty et al. 1997), reducing 
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by 87% within 48 hours post lambing (Chniter et al. 2016). This coincides with gut closure in 

the lamb. Lambs require 30g of IgG (Alves et al. 2015) for sufficient transfer of immunity, 

however concentrations of IgG in ewe colostrum can vary. Twin-bearing ewe’s colostrum 

tends to have higher IgG concentrations (Csapó et al. 1994) compensating for lower 

individual lamb colostrum availability.  

Colostrum contains IgG, IgA, IgE and IgM (Hine et al. 2010) with the quantities present in 

colostrum intrinsically related to ewe nutrition, immunity and stress (Logan 1996). Younger 

ewes produce lower concentrations of immunoglobulins due to incomplete mammary 

development (Halliday 1974). In a study of 4511 lambs on 15 farms in the United Kingdom, 

lamb serum immunoglobulin concentrations were attributed to the amount of colostrum 

ingested (56%), ewe (36%) and farm aspects (7%) (Christley et al. 2003), indicating 

colostrum consumption is a large contributor to immunoglobulin concentrations in lamb 

serum.  

Mortality of lambs due to failure of immunity transfer generally occurs within the first 5 to 6 

weeks of life (Hart et al. 2009). This is due to the lambs requiring immunity transfer from 

their dams via colostrum in the form of IgG1 for defence against disease until their own 

immune system can produce antibodies known as IgG2 (Khan and Ahmad 1997). The IgG is 

detected in lamb serum within a week of birth, but IgG2 produced by the lamb takes 3-4 

weeks to appear in serum (Varela-Dlaz and Soulsby 1972) indicating the importance of 

passive immunity transfer for the first weeks of life. The IgG found in colostrum is derived 

from ewe serum IgG (Tizard 1992) with immunoglobulins in the mammary gland passed 

from blood circulation during colostrogenesis (Barrington et al. 2001). Although there is no 

correlation between ewe serum IgG concentration and colostrum IgG concentration (Hunter 

et al. 1977). A number of contributing factors affecting colostrum IgG concentration and 

volume have been found including colostrum production, nutrition (O'Doherty and Crosby 

1997; Mazzone et al. 1999), breed and body condition score being the major sources of 

variation, but variation has also been attributed to lamb birthweight, gestation length, 

season/year and body condition (Campion et al. 2019). The production of total colostral IgG 

volume increased as colostrum production increased (Shubber et al. 1979; Pattinson et al. 

1991; O'Doherty and Crosby 1997), providing a two-fold benefit for both energy production 

and immunity transfer. Therefore, if production of colostrum can be increased, colostral IgG 
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is also likely to increase.  Increasing body condition score has been found to increase 

colostrum IgG yield (Campion et al. 2019) whilst having little influence on colostrum 

production (Kenyon et al. 2014) indicating increasing BCS during late pregnancy may benefit 

IgG production.  

Body condition score can be increased through increased nutrition allowing fat reserves to 

be laid down. Nutrition has been demonstrated to alter colostrum IgG concentration 

(O'Doherty and Crosby 1997; Mazzone et al. 1999). O'Doherty and Crosby (1997) found 

supplementing ewes with protein pre-lambing increased the efficiency of lambs to absorb 

colostrum IgG without affecting IgG concentrations. This indicates providing the ewe with a 

high protein diet pre-lambing increased selective absorption of IgG in the newborn lamb. 

Increasing nutritional status of the ewe pre lambing reduces IgG concentration but 

increased IgG yield (Swanson et al. 2008), which may affect immunity transfer by ensuring 

availability of immunoglobulins with increased production. Therefore, supplementation with 

protein may provide a method to increase absorption of already present immunoglobulins 

in colostrum by altering the lamb’s absorption efficiency in-utero to reduce the mortality 

rates of lambs associated with failure of immunity transfer.  

Lamb serum immunoglobulin concentrations at 2-10 days post birth are indicative of 

immunity transfer levels (Halliday 1974). Increasing serum immunoglobulin concentrations 

increased the potential for lamb survival indoors, although some lambs with low 

immunoglobulin concentrations did survive (Halliday 1974; Christley et al. 2003) with lambs 

having less than 10 mg/mL immunoglobulin in blood having higher mortality rates (Khalaf et 

al. 1979); although, some lambs with low serum immunoglobulin concentrations do survive 

(Halliday 1974). As a result, increasing the IgG concentration in lamb serum through 

colostrum ingestion provides a good indicator to potentially increase lamb survival with 

morbidity and mortality levels of colostrum-deprived lambs higher at 80% and 67% 

compared to colostrum-fed lambs at 20% and 13%, respectively. Considering 20.2% of lambs 

within the study by Logan and Irwin (1977) had failure of passive immunity transfer, low IgG 

concentrations could be associated with a number of lamb deaths, although this has not 

been quantified. Failure of immunity transfer has been noted in 46% of all lambs dying 

between 24 hours and 5 weeks of age (Bekele et al. 1992). Therefore, colostrum production 

is associated with increased IgG production which results in greater immunity transfer to 
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lambs, although this may be affected by the lamb’s ability to ingest colostrum. This indicates 

colostrum production and IgG work together to increase survival of lambs through 

increasing energy production and immunity transfer, reducing deaths associated with 

starvation and infection.  

 

1.5.5 Colostrum Ingestion and Absorption 

Providing the ewe has produced sufficient quantities of colostrum at birth (Ocak et al. 2005) 

the lamb must successfully ingest the colostrum within the first few hours of birth for 

survival (McNeill et al. 1998). Increasing the colostrum supply increases nutrition available 

to the lamb following birth for energy production and immune function (Murphy et al. 

1996). Prior to suckling, the lamb relies on glycogen within its tissues for energy production 

(Mellor and Cockburn 1986), providing energy for up to 10 hours (Chniter et al. 2016). 

Without colostrum ingestion, glycogen deposits deplete, reducing blood glucose leading to 

hypoglycaemia and death (Chniter et al. 2016). 

Proteins and immunoglobulins in colostrum are absorbed in the gastrointestinal tract of the 

neonatal lamb for 48 hours following birth (Lecce and Morgan 1962; Britti et al. 2005; Hine 

et al. 2010). Absorption occurs through the intestinal epithelium via eosinophilic globules to 

enter the intestinal lymphatics, with the intestine having non-selective permeability 

(Brambell 1958), allowing any large molecules to be absorbed. The absorbed proteins are 

then taken from the intestinal lumen into the blood (Curll et al. 1975) to provide energy and 

immunity transfer (Banchero et al. 2009). After 24-48 hours the intestine will close off 

macromolecule absorption (Rufus and Hardy 1969; Stott et al. 1979; Hough et al. 1990), as 

colostrum turns to milk. This process is known as gut closure (Rufus and Hardy 1969; Sawyer 

et al. 1977). Before closure of the gut, the lamb must consume a minimum of 140 g/kg 

birthweight of colostrum (Amanlou et al. 2011) for energy production. Based on a lamb of 

4.5 kg the requirement for colostrum would be 630 g of colostrum. This 630g of colostrum 

would meet the requirements for energy production, but the IgG requirement of 30g (Alves 

et al. 2015) is dependent on the concentration of IgG in the ewe’s colostrum. As IgG 

concentration changes rapidly from the point of lambing, determining the exact quantity of 

colostrum required to meet the requirements of the lamb is difficult.  
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Following colostrum ingestion and transfer of proteins and immunoglobulins to lymphatics, 

lamb serum contains proteins indicating colostrum ingestion, with serum protein 

concentrations reducing as litter size increased (Khalaf et al. 1979). Serum protein 

concentrations are very low at birth, increasing with colostrum ingestion (Chniter et al. 

2016). While production of colostrum by the ewe is important, it is also important to ensure 

colostrum has been ingested by the lamb. Whilst research into indicators of colostrum 

intake in lambs is minimal, research in calves has been explored. Serum protein 

concentrations in calf serum within one week post-birth provide a test to determine if calves 

have received adequate colostrum (Hue et al. 2021). With lambs having similar anatomy to 

calves, it is likely this would be a suitable option to test under field conditions in lambs.  

Colostrum also contains laxatives, to help remove meconium within the lamb’s intestine 

(Pattinson et al. 1995), helping to initiate gut activity. This is important as the gut must be 

able to digest milk products for energy production when colostrum production turns to milk 

production by the ewe.   

 

1.5.6 Milk Production  

Udder secretions slowly turn from colostrum to milk (Yilmaz and KaŞIkÇI 2012) aiding 

growth and survival of the lamb through until weaning. Merinos tend to have lower milk 

production compared to other breeds (McCance and Alexander 1959). Management 

practices which increase colostrum production will also increase milk production (Murphy et 

al. 1996). Whilst production in ewes and within the Merino breed can vary, McCance and 

Alexander (1959) and Bencini and Purvis (1990) found Merino ewes, on average, produce 

1.23 litres of milk per day over a 13-week lactation, peaking at 1.75 litres per day in week 2-

3 of lactation when demand from the lamb/s is greatest.  At peak lactation, lactose 

concentrations reach their highest point at 5-6%, whilst fat and protein concentrations are 

at their lowest for the lactation at 6.2% and 5%, respectively (Perrin 1958; Nudda et al. 

2002). This is a result of the ewe being unable to meet the demands for fat and protein 

synthesis when production is at its greatest.  
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1.6 Ewe Nutrition for Lactation  

Nutrition of the ewe plays an integral role in altering survival of lambs through to marking. 

Nutrient intake during pregnancy and lactation changes the nutrient expenditure and 

utilisation of body fat as energy (Meyer et al. 2011). Ewe nutrition throughout the entire 

lactation is important as gestational nutrition affects fetal lamb growth and subsequent milk 

yield for postnatal lamb growth (Meyer et al. 2011).  

 

1.6.1 Colostrum and Milk 

Optimal nutrition during late gestation and lactation is important for colostrum production 

(Redmer et al. 2004). Energy supply in the final week of gestation drives colostrum 

production (Banchero et al. 2015), while reducing protein intake lowers colostrum yields 

(O'Doherty et al. 1997). Higher energy consumption provides glucose, a lactose precursor, 

to enhance milk synthesis (McGovern et al. 2015) which can enhance colostrum and milk 

production. Nutrient restriction at 50% and 80% reduces milk yields compared to 

unrestricted ewes (Tygesen et al. 2008; McGovern et al. 2015). Provision of optimal 

nutrition for the late gestation ewe is often difficult, as the fetus/es limit rumen size 

reducing feed intake. Ewes with lowered feed intakes, particularly twin bearers, in late 

gestation have reduced milk yield for the first 21 days of lactation (Tygesen et al. 2008), 

which may affect lamb growth and survival.  

 

1.7 Nutritional Supplementation Strategies for Optimising Colostrum and Milk 

Production 

Throughout this review, the importance of ewe nutrition throughout gestation and lactation 

has been referred to, depicting the effects nutrient intake can have on colostrum or milk 

production, immunity transfer, ewe health, lamb birthweight and survival. Native Australian 

pastures alone are often incapable of providing sufficient nutrition to the gestating or 

lactating ewe due to a lower ME, pasture volume and protein content. The lower 

metabolisable energy content leads to a reduction in energy intake, especially in late 
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gestation as ewes have a reduced rumen volume as the uterus has expanded reducing 

voluntary feed intake (Banchero et al. 2015). To overcome this deficit associated with many 

Australian pastures supplementation to increase energy intake can be beneficial in late 

gestation and lactation for increased production. Survival of lambs can be increased through 

increased colostrum production and subsequent milk production, and short-term 

supplementation strategies even under lush pasture conditions have been demonstrated to 

be an economical (Murphy et al. 1996) method of addressing the nutrient deficits ewes are 

often subjected to, especially in late gestation and early lactation. As supplementation 

throughout the entire pregnancy is costly (Hall et al. 1992), time consuming and often leads 

to greater incidences of dystocia (Murphy et al. 1996), shorter targeted supplementation 

strategies can be more beneficial. Targeted supplementation in the final weeks of gestation 

can provide the ewe with the potential to increase nutritional intake to partition adequate 

energy and immunoglobulins into colostrum for the lamb at birth (Hall et al. 1992). 

Therefore, it is important to understand supplementation strategies and their effects on 

colostrum production and lamb survival.  

 

1.7.1 Starch-based Cereal Grains (Maize, Barley, Wheat and Oats) 

Cereal grains are high in starch, with maize containing 70% starch, barley 60% and oats 42% 

(McDonald et al. 1988; Tamminga et al. 1990). Starch-based cereal grain supplementation 

can increase colostrum and milk production, lamb growth and survival (Armstrong and 

Smithard 1979; Weston 1988; Nocek and Tamminga 1991; Landa et al. 1999; Banchero et al. 

2002; Banchero et al. 2004a; Banchero et al. 2004b; Holst et al. 2005; Banchero et al. 2007; 

Banchero et al. 2009; Fierro et al. 2012; Hawken et al. 2012; Rabaza 2012).  

Starch is consumed as a carbohydrate which is a major energy source for the ewe. Starch is 

digested within the ewe’s rumen and small intestine (Knowlton et al. 1998) with site of 

catabolism determined by the rate of passage of digesta. When digested in the rumen, 

starch is fermented into propionate, a volatile fatty acid (Knowlton et al. 1998) acting as an 

energy source contributing to the production of glucose (Elliot 1980). Propionate is 

synthesised to glucose, through gluconeogenesis in the liver (Knowlton et al. 1998). Starch 

which is not digested in the rumen moves to the small intestine and, due to fetal 
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compaction of the rumen, more starch enters the small intestine during pregnancy due to 

increased passage rate of digesta (Weston 1988). Starch is catabolised in the small intestine 

forming oligosaccharides, which are broken down to glucose to be absorbed into the 

lymphatics and used to produce lactose for colostrum and milk production (Banchero et al. 

2007).  

Digestion of starch is affected by processing, with processing increasing digestion in the 

rumen as the protective coatings are broken down, allowing rumen microbes to break the 

starch down more quickly (Nocek and Tamminga 1991). With whole grains, 60-70% of starch 

is digested in the rumen, increasing to 80% for processed grains (Landau et al. 1992). 

Catabolism of starch in the small intestine is more beneficial for colostrum production 

(Knowlton et al. 1998), so it is important to ensure post ruminal starch digestion by feeding 

whole grains to gestating and lactating ewes. Maize has the highest amount of starch 

entering the lower digestive tract at 14%, barley 8.5% and oats 2% (Banchero et al. 2015), as 

maize starch is more resistant to ruminal fermentation (Nocek and Tamminga 1991).  

Longer-term supplementation of oats for 30 days pre-lambing had no effect on colostrum 

production (Hall et al. 1992; Holst et al. 2005). The lack of effect with oats was determined 

to be likely associated with the small amounts of starch entering the intestine (Banchero et 

al. 2015). Short-term supplementation of late gestation ewes with barley for 7-14 days prior 

to lambing has increased colostrum production (Banchero et al. 2007; Hawken et al. 2012) 

without affecting lamb birthweight (Banchero et al. 2007). Therefore, supplementation of 

barley is effective to increase the production of colostrum by ewes with a short-term 

supplementation period pre-lambing, while oats supplementation would not be warranted.   

As maize (corn) provides larger concentrations of starch to the small intestine than barley 

(Banchero et al. 2015), a greater effect on colostrum production would be expected. Maize 

supplementation for 7-15 days pre-lambing increased colostrum production (Banchero et al. 

2002; Banchero et al. 2004a; Banchero et al. 2004b; Banchero et al. 2007; Banchero et al. 

2009), colostral lactose concentrations (Banchero et al. 2002), and plasma glucose and 

insulin concentrations, whilst reducing progesterone, urea and β-hydroxybutyrate 

concentrations (Banchero et al. 2004a). Short-term supplementation for 7-15 days pre-

lambing of maize did not alter lamb birthweight (Banchero et al. 2004a; Banchero et al. 
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2004b). Therefore, supplementation should not influence dystocia incidences. 

Supplementation amounts of maize have varied from 500-750 grams/hd/day with similar 

responses to supplementation (Banchero et al. 2002; Banchero et al. 2004a; Banchero et al. 

2007; Banchero et al. 2009).  

Many maize supplementation studies have used high protein basal diets such as lucerne hay 

(Banchero et al. 2002; Banchero et al. 2004a; Banchero et al. 2004b), which may have a 

cumulative effect on colostrum production. It was hypothesised by Banchero et al. (2004a) 

that the relatively high protein in the lucerne hay basal diet caused the starch to be used as 

a fermentable carbohydrate. The ammonia released by protein synthesis allows more 

effective microbial protein synthesis to increase colostrum production when ewes are fed 

starch on a high protein diet (Banchero et al. 2004a). Comparatively, in that study ewes not 

supplemented with starch had higher plasma urea concentrations, potentially as a result of 

high rumen ammonia levels from protein catabolism not being converted to microbial 

protein (Banchero et al. 2004a), however the specific effects of starch catabolism in the 

presence of protein for twin-bearing ewes was not explicitly tested. With single-bearing 

ewes, supplementing starch to ewes on a high protein diet was confounded as the ewes ate 

less than half of the provided supplement (Banchero et al. 2009). Single-bearing ewes are 

also under less nutritional stress therefore it would be beneficial to understand the effects 

of supplementing starch with a high protein diet to twin-bearing ewes and the effects this 

has on colostrum production and immunoglobulin production, as the protein may allow 

starch to be used more effectively compared to supplementing starch alone.  

Supplementation of ewes with starch-based feeds may not be effective in all circumstances 

as factors such as condition score and feed availability may mitigate the effects of 

supplementation. Starch supplementation has led to increased lamb growth rates and 

colostrum production, however many of these studies have been conducted in ewes who 

have access to maintenance or low pasture conditions or when ewes are in low body 

condition score (Banchero et al. 2002; Banchero et al. 2004a; Banchero et al. 2004b; 

Banchero et al. 2007; Banchero et al. 2009; Hawken et al. 2012). This allows the ewes to 

utilise the starch supplement for production as they are limited in energy intake or have low 

body reserves and, in these conditions, supplementation is warranted. In contrast, starch 

supplementation to ewes grazing high-quality and high-biomass pasture did not increase 
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lamb survival or weight gain (Kopp et al. 2019), indicating that when lush pasture is available 

the nutritional supplement is consumed but unsupplemented ewes can still meet the 

requirements with pasture. Therefore, when deciding on supplementation of ewes for 

production benefits to both ewes and lambs it is important to consider the pasture the ewes 

have access to and the effect that supplementation may have under those conditions.  

 

1.7.2 Protein – Grain, Meals, Hay and Pasture 

Protein supplementation can increase colostrum production through supply of rumen 

undegradable protein to the small intestine (Hall et al. 1992). The type of protein supplied 

can affect protein catabolism and have production effects both positive and negative. Some 

types of protein can increase colostrum production whilst others reduce colostrum 

production (Ocak et al. 2005; Amanlou et al. 2011), so determining supplementation type is 

important. Rumen degradable protein in large amounts can cause high concentrations of 

ammonia which reduces colostrum production (Amanlou et al. 2011), as the ammonia nears 

toxic levels causing high plasma urea concentrations which interfere with colostrum 

synthesis (Banchero et al. 2004b). Although these feeds are often high in metabolisable 

energy, the ammonia causes energy to be expended on detoxifying the blood to ensure 

survival of the ewe, rather than being used for colostrum production.  

Lupins have been supplemented at 500g/day for twenty days pre-lambing to ewes grazing 

1000 kg DM/ha green feed increasing colostrum accumulation by 160g and subsequent milk 

secretion rates, without affecting birthweight (Hall et al. 1992). Similar results from Kenney 

and Roberts (1984) found colostrum production increased with lupin supplementation. 

Supplementation of lupins at 1kg/head.day in the last week of pregnancy increased 

colostrum production in single-bearing ewes on lush pasture (Bencini and Purvis 1990). 

Contrastingly, Banchero et al. (2004b) supplemented ewes in the final two weeks of 

gestation with 750 g of cracked lupins or 1.1 kg of whole lupins with no increase in 

colostrum production. The increased amount of lupin provided by Banchero et al. (2004b) 

may have affected the conversion of glucose to lactose, as the ewes had similar blood 

glucose concentrations in both maize and lupin supplemented groups leading to no effect of 
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supplementation. Therefore, the use of lupins to increase colostrum should be considered 

carefully to ensure ammonia toxicity does not reduce colostrum production.  

Lucerne hay has previously been supplemented to Merino x Border Leicester ewes in BCS 

2.5, grazing short pasture (barley grass, lucerne stalk, clover, oats, and ryegrass); however, 

results can vary as hay quality is highly variable. Good quality lucerne hay (119g protein/day, 

7.7 MJ ME/day) provided three days prior to lambing increased lamb survival by 8% 

compared to poor quality lucerne hay (81g protein/day and 5.0 MJ ME/day) and oats (87g 

protein/day and 8.5 MJ ME/day) (Holst 1987), likely due to increased protein and energy 

availability in the better quality hay. Sunflower seeds have been used to increase colostrum 

secretion rate by 100g DM/hour following birth when ewes are supplemented with 

500g/day for the final 15 days of pregnancy (Hall et al. 1992). The sunflower seeds increased 

colostrum production by providing rumen undegradable protein to the small intestine (Hall 

et al. 1992). High protein pasture can increase colostrum production as Banchero et al. 

(2009) grazed ewes on 50% Lotus uliginosus pasture at 3815 DM/ha (181g crude protein and 

9.1 MJ ME/kg DM) for 14 days prior to lambing and increased colostrum accumulation by 

456 g. As pastures can be sown, without requiring daily supplementation to ewes, using a 

pasture is less time consuming and may be more readily implemented by producers. This 

warrants further investigation as ensuring producers are willing to supplement ewes is 

important.  

Soybean meal supplemented for 24 days pre lambing increased colostrum production (O' 

Doherty and Crosby 1996), and long-term supplementation of cottonseed meal from day 50 

of pregnancy increased lamb survival by 15% by supplying bypass protein (Hinch et al. 1996) 

which is likely to have increased milk production. The lambs from supplemented ewes were 

slightly heavier at birth (Hinch et al. 1996) due to the long-term supplementation which 

could have negative impacts on dystocia. It is likely the increased weight led to greater fat 

stores in lambs allowing better thermoregulation following birth enhancing survival of 

heavier birthweight lambs (Hinch and Brien 2014). Protein supplementation can also 

increase a lamb’s efficiency to absorb colostral IgG (O'Doherty and Crosby 1997) which can 

have production benefits to better utilise immunoglobulins within colostrum.  

High protein diets do not always provide benefits, with Ocak et al. (2005) finding 

supplementing ewes with a mix containing 1.4 times the required protein for 6 weeks 
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reduced lamb survival by 20% and colostrum yield by 500g, compared to ewes consuming 

the required protein amount. Likely the excess protein formed ammonia leading to energy 

utilisation for blood detoxification, similar to lupin supplementation. Fishmeal 

supplementation at maintenance, maintenance + 14% and maintenance +24% microbial 

protein led to an increase in colostrum yield, protein content and fat content of colostrum 

and increased serum glucose concentrations pre-lambing when supplemented with 

maintenance + 24% (Amanlou et al. 2011). The results are similar to those when ewes are 

supplemented with starch-based maize, implying when correct amounts of protein are 

digested in the small intestine colostrum production can be increased.  

 

1.7.3 Vitamins  

Vitamins are required in feed or to be synthesised by the rumen for normal bodily functions 

to occur. The effects of various vitamin supplements have also been reviewed in Table 1. 

The data demonstrates that the understanding of the effects of various vitamins on 

colostrum and milk is still limited, especially in sheep. There have also been a wide variety of 

responses to supplementation, however the lack of research in sheep in most cases 

indicates this area of vitamin supplementation has not been fully explored with respect to 

the impacts, especially on colostrum production and immunity transfer.   
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Table 1 Effects of various vitamin supplements on colostrum, milk and lamb effects 

Reference  Vitamin and its 

effect 

Timing and level Provided Impact on 

colostrum/milk 

volume and IgG 

Other impacts  

(Aragona et al. 

2016) 

Niacin is an anti-

lipolytic involved 

in glucose, fat 

and protein 

metabolism  

48g/day nicotinic acid for 4 weeks prepartum 

to dairy cows.  

+ IgG concentration 

No effect on colostrum 

+ blood flow 

- colostrum protein concentration 

(Salouhi et al. 

2010) 

100ppm/hd/day niacin for 8 weeks during late 

gestation and lactation to dairy ewes 

 + milk production 

(Kott et al. 

1998) 

 

 

Vitamin E acts to 

prevent and 

repair cell 

damage. It is 

required for 

220 mg α-tocopherol/day for 3 weeks pre 

lambing to ewes 

 - lamb deaths in early lambing 

ewes 

+ weaning weight of lambs per ewe 

in early lambing ewes 

(Daniels et al. 

2000) 

Oral dose of 266 mg α-tocopherol daily for 32 

days pre lambing to ewes 

No effect No effect lamb survival or 30-day 

weight 

 



34 
 

(Gabryszuk 

and Klewiec 

2002) 

growth, wool 

production, and 

immune 

function 

250 mg α-tocopherol 4 weeks before mating 

and lambing to ewes 

 - Lamb birthweight 

(Yaprak and 

Emsen 2004) 

266 mg α – tocopherol/day 3 weeks pre 

lambing to ewes 

 + lamb birthweight 

- lamb mortality 

(Rooke et al. 

2009) 

33, 66, 100 and 133 mg α-tocopherol/day 7 

weeks before lambing to ewes 

 No effect on lamb birthweight or 

weaning weight 

Solouma et al. 

(2014) 

 

Thiamine 

(Vitamin B1) is 

involved in 

glucose 

metabolism for 

lactogenesis 

0, 20 or 40 mg/day for two weeks pre lambing 

and ten weeks post lambing in ewes 

+ milk production + total plasma protein 

+ plasma albumin 

(Shaver 1999) 150 mg/day or 300 mg/day for 21-28 days in 

cows  

+ milk production 

(trend) 

 

(Shaver and 

Bal 2000) 

150mg/day or 300mg/day for 3-8 weeks in 

cows 

+ milk production 

(trend) 
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(Christodoulou 

et al. 2006) 

 

Biotin is an 

essential vitamin 

for 

carbohydrate, 

fat and protein 

metabolism 

3mg or 5mg of biotin/ewe/day from day 42 

post lambing for 20 weeks or 24 weeks post 

lambing for 12 weeks in ewes 

+ milk yield + milk fat concentration 

+ milk protein concentration 

(Chen and Liu 

2010) 

20 mg biotin/day or 0.96 mg/kg DM/day for 

14-150 days in cows 

 + milk yield 

+ milk protein yield 

+ milk fat yield 

(Wang et al. 

2020) 

 

 

Folic acid 

(Vitamin B9) is 

required for 

immune 

function and cell 

function 

16 or 32 mg of rumen-protected folic acid per 

kilogram dry matter during gestation to ewes  

+ colostrum IgG 

No effect on milk 

production 

 

(Girard and 

Matte 1998) 

2 or 4 mg/folic acid.kg bodyweight per day 

during the full lactation in cows 

+ milk production 

+ milk component 

yields 

 

(Li et al. 2016) 0-3 grams rumen protected folic acid/cow.day 

from 3 weeks pre calving to 15 weeks post 

calving in cows 

+ milk yield 

+ milk protein 

+ DMI 
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(Preynat et al. 

2009) 

Vitamin B12 is 

involved in 

enzyme 

metabolism for 

energy 

production and 

wool growth 

10mg vitamin B12 and 160mg folic acid via 

injection weekly from 3 weeks pre calving until 

16 weeks post calving in cows 

+ milk production trend  

(Girard and 

Matte 2005) 

10 mg Vitamin B12 injection weekly from the 

third week post calving in cows  

+ energy corrected milk 

yield 

+ milk yield of solids, 

fat and lactose  
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1.7.4 Amino Acids 

Amino acids are required for the synthesis of proteins for growth, reproduction, lactation 

and maintenance of animals (Kung and Rode 1996). As ruminants ferment feed within the 

rumen, the number of amino acids absorbed by the animal does not reflect dietary amino 

acid content. Amino acids are absorbed from microbial protein synthesis in the rumen and 

from dietary amino acid sources which pass through to intestines (Kung and Rode 1996). 

While amino acids in the diet are not required by ruminants due to their ability to source 

amino acids from rumen microbial protein synthesis, production in the rumen is often 

inadequate (Kung and Rode 1996) for high-producing animals, such as dairy cows and twin-

bearing ewes. Methionine and lysine are the first limiting amino acids for production in 

sheep and cattle (Kung and Rode 1996) and therefore, methionine and lysine 

supplementation may be effective for high-producing animals. The effects of methionine 

supplementation are summarised in table 2.  
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Table 2 Impact of rumen protected methionine on colostrum and milk, ewe and lamb performance 

Reference Timing and Level Provided Impact on colostrum and milk Other Impacts 

(Goulas et al. 

2003) 

Animal fat at 7% of concentrate plus 5g rumen 

protected methionine/kg concentrate from 

two weeks pre-lambing to 13 weeks post 

lambing in ewes 

+ milk yield 

+ fat and protein yield 

+ energy in milk 

 

(Papadomichelakis 

et al. 2010) 

Liquid methionine at 1 or 3 g/day for 4 weeks 

pre lambing until mid-lactation in ewes 

+ milk yield 

+ milk fat and protein  

+ trend for increased lamb growth rate 

(Lynch et al. 1991) 0.28% lysine and 0.11% methionine fed during 

lactation 

No effect on milk yield + methionine in milk 

(Baldwin et al. 

1993) 

0.2% methionine for 42 days commencing 5 

days post lambing or for 56 days post lambing 

in ewes 

No effect on milk production or 

components  

No effect on ewe or lamb weight gain 

(Tsiplakou et al. 

2016) 

2.5 g/kg methionine for 15 days pre lambing 

and 60 days post lambing in ewes 

No effect on milk yield 

+ milk fat yield  

+ lamb growth rates 
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(Liu et al. 2016) 6.3 g/day methionine from day 111 of 

pregnancy until day 7 after lambing 

No effect on colostral IgG + lambs heavier (trend) 

+ IgG in lamb serum at 4 and 6 weeks old 
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Varied responses to methionine supplementation could be associated with differing diets 

altering the availability of methionine produced in the rumen, which may have caused no 

effect when rumen synthesis was sufficient. It is also possible that variation was due to 

incomplete milk letdown due to experimental procedures resulting in the more 

concentrated fatty milk to be retained by the ewe. Increases to fat production can be 

associated with the ability of amino acids to not only increase protein production leading to 

higher milk protein yields, but to also increase energy production allowing larger fat 

deposits in milk (Mepham 1982; Bequette et al. 1998). As energy availability of milk 

increases, lamb weight gains are also expected to increase (Papadomichelakis et al. 2010; 

Tsiplakou et al. 2016). This is also likely to be associated with the efficiency of nitrogen 

utilisation in methionine supplemented ewes as a more balanced amino acid composition in 

the small intestine allows improved protein utilisation for milk secretion (Papadomichelakis 

et al. 2010).  Methionine increased feed intake during weeks 1-7 of lactation (Goulas et al. 

2003) allowing increased nutrient availability for milk production and protein/fat synthesis. 

The effects of methionine supplementation on colostral IgG have rarely been studied with 

only one experimental report by Liu et al. (2016); thus, more research is required into the 

effects on colostrum production and immunity transfer to lambs with a shorter 

supplementation period pre-lambing.  

Lysine has also been supplemented in conjunction with methionine leading to an increased 

milk production compared to either supplemented alone to cows (Wang et al. 2010). 

Supplementation of methionine and lysine combined to ewes has led to no effect on milk 

production but did increase growth rates in lambs (Lynch et al. 1991). Lysine only has not 

been supplemented to ewes but based on the data provided in table 3 on lysine, it notes 

varied impacts of lysine on milk production and a limited response, indicating it is possible 

the methionine had a greater impact, however further research is required to determine 

this.   
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Table 3 Impact of amino acid supplementation on milk and colostrum production and properties 

Reference Amino acid and its effect Timing and level provided Impact on colostrum and milk 

(Wang et al. 

2010) 

Lysine, an amino acid 

required for protein 

synthesis or growth and 

function 

Lysine at 0.49% DM to mid lactation cows for 8 weeks   + Milk yield  

No effect milk fat 

(Misciattelli et 

al. 2003) 

24g lysine from day 35 to day 98 after calving No effect on milk production 

(Huhtanen et 

al. 2002) 

Histidine, an amino acid 

involved in growth and 

tissue repair 

Cows 66 days in milk were abomasum infused for 14 days with 

6.5g/day histidine  

+ milk yield 

+ milk protein production 

(Robinson et al. 

1999) 

 

Isoleucine/leucine is 

involved in energy, muscle, 

and tissue repair 

Abdominal infusion of 1.28 g/kg of DMI for 28 days from 

around day 50 of lactation in cows 

+ milk lactose 

No effect on milk production 

(Korhonen et al. 

2002) 

Infusion of leucine at 27.9 g/day and isoleucine at 14.9g/day 

with histidine and valine to cows in mid lactation  

No effect on milk production 
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(Haque et al. 

2013) 

 

Valine is required for 

protein synthesis 

5.9% valine to cows in mid lactation for one week - milk protein 

No effect on milk production  

(Korhonen et al. 

2002) 

Valine at 8.5 g/day to cows in mid lactation with other amino 

acids 

No effect on milk production  

(Vicini et al. 

1988) 

Arginine is involved in cell 

division, detoxification, and 

immune function  

Intravenous injection or abomasal infusion of 111-178g/day 

arginine to mid lactation cows for 6 days 

No effect on milk production  

No effect on milk composition 

(Doepel et al. 

2006) 

 

Glutamine is used for 

protein synthesis, muscle 

growth and orogenesis  

Abomasal infusion of 300g/day glutamine for 2 days post 

calving 

No effect on milk production 

No effect on milk protein 

(Caroprese et 

al. 2012) 

Cows supplemented with 160 or 320 g/day glutamine for 60 

days in mid lactation 

No effect on milk yield 

No effect on milk protein or fat 

(Molik et al. 

2011) 

 Ewes implanted with 18g melatonin on day 57 of lactation for 

4 months 

- milk protein concentrations 

-/+ milk fat concentration 
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Tryptophan (and its 

derivatives) are used to 

regulate sleep-wake cycle, 

appetite, energy 

metabolism and protein 

synthesis  

- milk lactose concentration 

(Abecia et al. 

2005) 

Ewes implanted with 18 mg melatonin at around 5 months 

post lambing for 40-45 days in ewes 

No effect on milk production 

(Hernández-

Castellano et al. 

2017) 

Cows intravenously infused with 1mg serotonin/kg bodyweight 

from 10 days pre-calving until calving 

- colostrum production 

No effect on IgG concentration 
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Supplementation of amino acids has mainly focused on cattle with only few examples of 

supplementation in sheep. The results from table 3 suggest limited effects of 

supplementation with amino acids for milk production. Notably, serotonin, a tryptophan 

derivative, has led to reduced colostrum which is undesirable in ewes. Therefore, it appears 

supplementation with limiting amino acids associated with milk production may be the best 

possible option in ewes. However, given the production requirements of ewes, methionine 

represents a limiting amino acid for both wool and milk production, which may have 

production benefits in sheep.  

 

1.7.5 Minerals 

Minerals are required for normal physiological processes and can be limiting in pregnant 

and lactating ewes, as the demand for minerals is increased. Reproducing ewes in late 

gestation and lactation have high mineral requirements for energy metabolism, bone and 

muscle growth, immunity transfer and milk production. A variety of minerals are required by 

the ewe which have been researched to determine the effectiveness of supplementation.  

The calcium requirement of late-gestation ewes is high to meet the needs for calcification of 

fetal bones, muscle contraction of the uterus during parturition and for milk/colostrum 

formation pre- and post-lambing. Often, pastures such as cereal crops and grains are low in 

calcium, predisposing the ewe to metabolic disorders, such as hypocalcaemia, and therefore 

supplemental calcium may be required for production as seen in table 4. Although research 

has not focused on pasture based systems, ewes grazing typical pastures have been noted 

to have low urinary calcium, even when pasture levels do not appear to be deficient 

(Edwards et al. 2018). Therefore, winter pasture may also be a cause of concern leading to 

hypocalcaemia in pregnant ewes.  
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Table 4 Effect of calcium supplementation during pregnancy and lactation 

Reference Timing and level provided Lamb effects Ewe effects 

(Ataollahi et al. 2018) Ewes supplemented with 50g 

calcium carbonate from two 

weeks pre-lambing until 4 weeks 

post lambing 

No effect on lamb growth  No effect on colostrum IgG 

(Ataollahi et al. 2020) Ewes supplemented with 0.72% 

DM calcium from one month 

prior to one month after lambing 

+ trend for increased plasma IgG 

+ weight gain by 56g/day 

No effect on colostrum IgG 

(Martinez et al. 2016) Cows supplemented with 86g on 

day 0 and1 post calving or 86g on 

day 0 and 1 post calving and 43G 

on day 2-4.  

No effect on milk yield unless 

multiparous high producing to 30 

days in milk then increased milk 

yield 

 

(Oetzel and Miller 2012) Cows provided with calcium 

bolus containing 43g of calcium 

within 2 hours of calving and 8-

35 hours post calving.  

No effect on milk yield unless 

multiparous high producing to 30 

days in milk then increased milk 

yield 
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Supplementation with calcium has had various results, most likely associated with higher 

producing animals having greater calcium requirements. This was seen in cows and would 

possibly have similar results in ewes, therefore twin bearing ewes who have higher calcium 

requirements for pregnancy, birth and lactation may benefit from calcium supplementation. 

Another mineral, magnesium which is involved in bone growth, energy metabolism, muscle 

contraction and nervous system function has also been supplemented to pregnant and 

lactating ewes with results summarised in table 5.  
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Table 5 Effect of magnesium supplementation during pregnancy and lactation 

Reference Timing and level provided Lamb effects Ewe effects 

(Ataollahi et al. 2018) Ewes supplemented with 50g 

magnesium oxide from two 

weeks pre-lambing until 4 weeks 

post lambing 

No effect on lamb growth  No effect on colostrum IgG 

(Ataollahi et al. 2020) Ewes supplemented with 0.48% 

DM calcium from one month 

prior to one month after lambing 

No effect on plasma IgG 

+ weight gain  

No effect on colostrum IgG 

(Bray et al. 1987) Ewes supplemented with 12.5 

mg magnesium chloride daily 

No effect on lamb weight gain  
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Varied responses to both calcium and magnesium supplementation may be associated with 

different feeds and other contributing minerals. Combining magnesium and calcium 

resulted in an increase of 97 g/day weight gain in lambs from 2-4 weeks of age (Ataollahi et 

al. 2020). With a similar calcium and magnesium supplement, Ataollahi et al. (2018) found 

an improved immune response in lambs through increased oxidative burst capacity and 

better energy metabolism in ewes through lower NEFA concentration. Similarly, in an 

experiment by McGrath et al. (2015) using calcium, magnesium and sodium 

supplementation, the authors found weight gain in twin-born lambs from supplemented 

ewes was higher for ewes grazing dual purpose wheat in the vegetative stage, although 

there was no effect of supplement on birthweight or lamb survival. This pasture as a cereal 

crop is likely to be deficient in macro-minerals such as calcium and magnesium, with 

supplementation likely allowing ewes to meet requirements. Sodium is often used as the 

carrier mineral for both magnesium and calcium due to its palatability as supplementation 

alone has no effect on milk yield or lamb growth(Vincent et al. 1986). Therefore, 

supplementation of minerals required for production can vary based on the ewe and other 

diet factors; however, supplementation of calcium and magnesium to the pre-lambing ewe 

can provide benefits to lamb immunity and growth. Other minerals have also been 

supplemented to ewes with varying results as shown in table 6.  
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Table 6 Effect of zinc, iodine and selenium supplementation during pregnancy and lactation 

Reference Mineral provided Level and Timing Effect of supplement 

(Masters and Fels 1980)  

Zinc is involved in 

growth and immune 

function 

Zinc provided prior to mating and throughout pregnancy  + lamb birthweight 

+ lamb weight gain 

(White et al. 1991) Zinc provided by pellet or drench at 10mg/day from lambing 

to weaning 

No effect on lamb weight gain 

(Boland et al. 2005)  

 

Iodine is involved in 

growth and 

development.  

Iodine supplemented at 8.9mg, 17.7mg or 26.6mg/day from 

day 131 of gestation to lambing  

- Lamb serum IgG with increasing 

iodine 

(Rose et al. 2007) Iodine supplemented at 5.5, 9.9, 14.8 and 21.0 mg/day for 6 

weeks pre lambing 

- Lamb serum IgG with increasing 

iodine 

(Boland et al. 2008) Iodine supplement of 26.6 mg/day for 3 weeks or one-week 

pre lambing 

- colostral IgG absorption efficiency  

(Dušová et al. 2012) Iodine at 3.1 mg/kg DM or 5.1 mg/kg DM for 8 months 

during pregnancy and lactation 

- concentration of IgG in serum 
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(Hefnawy et al. 2008)  

 

 

Selenium is required 

for production, 

fertility and disease 

prevention  

Selenium supplementation of 0.1 mg/kg by subcutaneous 

injection in week 7 and 4 pre lambing and 1 week post 

lambing or 3mg/head/week oral for 7 weeks pre lambing 

+ lamb body weight to 2 weeks  

(Swanson et al. 2008) Selenium at 81.8 mug/kg bodyweight from date of breeding 

until lambing.  

No effect on IgG in colostrum 

No effect on colostrum quantity 

(Neville et al. 2010) Selenium at 81.8 µg/kg bodyweight from breeding until 

lambing. Lambs removed and fed milk replacer.  

+ lamb weight gain 

(Meyer et al. 2011) Selenium at 77.0 µg/kg bodyweight from day 40 gestation 

until 20 days post lambing 

+ Colostrum production 

+ Colostrum fat, lactose and protein 

concentration 

+ Milk yield 

(Hammer et al. 2011) Selenium at 77.0 or 81.8 µg/kg bodyweight from breeding 

until birth. Lambs removed and fed milk replacer 

- trend greater lamb mortality 

- lamb serum IgG 
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Overall, studies examining the impact of iodine on colostrum IgG (Table 5) identify that 

supplementation needs to be carefully managed to ensure immunity transfer of lambs is not 

compromised. Supplementation of selenium and zinc (Table 5) have shown varied responses 

to supplementation, but it is apparent supplementation is likely to have positive impacts on 

production, especially lamb growth and colostrum.  

 

1.7.6 Timing of Supplementation 

The timing of supplementing pre-lambing ewes is important as long-term supplementation 

can have negative impacts, especially for energy and protein supplements. Long-term 

supplementation is not economical in most situations and can lead to increased 

birthweights of lambs, leading to increased chances of dystocia (Ocak et al. 2005) causing 

deaths of ewes and lambs. Therefore, a short supplementation at the time when there is 

greatest demand is important to promote production and survival of lambs. Protein and 

starch feeds have been supplemented to oestrus synchronised ewes effectively for up to 42 

days prior to lambing (Mousavi et al. 2016) with most studies supplementing for 12-21 days 

prior to lambing (Hall et al. 1992; Banchero et al. 2002; Banchero et al. 2004a; Banchero et 

al. 2004b; Banchero et al. 2007; Banchero et al. 2009; Amanlou et al. 2011; Hawken et al. 

2012).  

To reduce production costs whilst still providing benefits to production, it is important to 

minimise feed time to the shortest period possible. The minimum time tested to 

synchronised supplemented ewes prior to lambing with effects on increasing colostrum 

production is a 7 day cereal grain supplementation (Murphy et al. 1996). This can provide an 

effective way for farmers to increase production of synchronised ewes, however most ewes 

lamb over several weeks so it would be beneficial to understand the effects of 

supplementation in a commercial situation. Supplementation of naturally cycling ewes for 

12-18 days prior to expected lambing through to the end of lambing has effectively 

increased milk production (Kenney and Roberts 1984), but this results in supplementation 

for 1-2 months (Kenney and Roberts 1984; Holst 1987), which is costly and time consuming 

for producers. A shorter supplementation for 14 days, 12 days after the start of lambing 
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when the number of lambs being born is peaking, increased survival (Nottle et al. 1998) 

however, it would be beneficial to have a better understanding of the effects of 

supplementing naturally mated ewes for increased colostrum production. 

 

1.8 Producer Supplementation Practices 
 

As a result of the high number of lamb deaths, recent research has focused on 

understanding the causes of mortality and strategies which can reduce the number of lamb 

deaths such as supplementation, pregnancy scanning and vaccination. Although there have 

been advances in this area, understanding the uptake of these practices on farm is of 

importance to reduce the overall mortality rates. It is known that supplementing ewes can 

increase lamb survival (Hinch et al. 1996) but adoption of these practices by producers is 

low (Elliott et al. 2011). Even though uptake of practices has been low, producers have 

previously indicated they have positive attitudes towards improving lamb mortality (Elliott 

et al. 2011), however it appears there may be barriers leading to the uptake of these 

practices. A survey by Elliott et al. (2011) found producers believed farming sheep was 

about compromise and, although farmers expressed that productivity could be increased by 

increasing the lamb survival rate, it appears the compromise of weather, labour and feed 

availability meant producers were willing to compromise lamb survival and productivity.   

Research into the uptake of these practices by producers has been limited to the survey by 

Elliott et al. (2011) which focused on producer perceptions affecting lamb survival, however, 

the number of producers using supplementation strategies which could possibly increase 

lamb survival has not been quantified. Further research is required to understand whether 

the supplementation practices identified to increase productivity through increasing 

colostrum production, milk production, lamb growth and lamb survival are being used by 

producers on farm.  
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1.9 Future Considerations 

Several considerations must be made when determining the feasibility of supplementation 

of ewes to alter colostrum production, milk production, immunity transfer and lamb growth. 

An important consideration is ensuring the supplementation practice would be suitable in 

Australian conditions. Australian farming systems have large numbers of animals over large 

properties in various landscapes. The choice of supplement provided to ewes must also be 

readily available for producers in these areas. To increase production, supplements are 

likely to be required, but these need to be suitable for the farming practice before being 

explored.  

1.9.1 Barley and Canola Meal 

Barley is a cereal crop grown throughout Australia. Approximately 30% of barley produced is 

used in the malting industry and the remainder is used as feed for stock (Mahajan et al. 

2020). Australia produces 9-10 million tonnes of barley annually (AEGIC 2020), indicating 

producers should have access to purchase and use barley as a feed source. Barley is high in 

starch (Tamminga et al. 1990), which can be used as a glucose substrate for lactose to 

produce colostrum and milk. Previously, barley has been supplemented for 7-14 days to 

increase colostrum production (Banchero et al. 2007; Hawken et al. 2012). This identifies 

barley can be used to increase colostrum production. Starch digestion to form lactose, to 

produce colostrum is affected by pancreatic enzyme secretion, with high protein feed 

increasing this digestion (Huntington 1997). Bypass protein feeds provide the high protein to 

the intestine to increase starch digestion.  

Bypass protein meals of soybean meal and fish meal have increased colostrum production 

(O' Doherty and Crosby 1996) and when combined with barley, starch digestion is likely to 

increase due to increased pancreatic enzyme secretion resulting in a cumulative effect of 

supplementation. Canola meal has similar properties to soybean and fish meal as a bypass 

protein meal and is widely available in Australia. Australia produces 3.5 million metric 

tonnes of canola (AEGIC 2020), with canola meal a by-product of the oil extraction process. 

Therefore, with barley and canola meal widely available in Australia, and their properties 

leading to increased colostrum production, further research is required to determine the 

cumulative effect of supplementation.  
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1.9.2 Niacin  

Niacin (Vitamin B3) is required by sheep in small amounts to maintain normal biochemical 

functions (McDonald et al. 1988). As a water-soluble vitamin, niacin is unable to be stored 

within the animals’ tissues; therefore, animals must receive a regular supply (McDonald et 

al. 1988). Niacin is present in some feeds including cereal grains (McDonald et al. 1988) and 

is metabolised in the rumen of the sheep through microbial action from tryptophan and 

quinolinic acid (Shibata et al. 1986). High-performing animals are likely to have niacin 

deficiencies (Byers 1980; Dreosti 1984) at a subclinical level (Robinson 1986) as production 

in the rumen cannot meet requirements.  

Niacin has anti-lipolytic effects (Gille et al. 2008), which may reduce the incidence of 

pregnancy toxaemia associated with negative energy balance. This would occur as the 

number of non-esterified fatty acids (NEFA) available for ketogenesis would be limited by 

reducing lipolysis (Havlin et al. 2018), leading to ewes retaining more body fat. 

Supplementation of niacin has also increased IgG concentration in colostrum by either (1) 

blood flow to the mammary gland may have increased, thus allowing more IgG to be 

passively transferred into colostrum; or (2) protozoa numbers in the rumen may have 

increased maintaining ruminal pH enhancing bacteria proliferation increasing microbial 

protein numbers providing higher amounts of absorbable amino acids which could increase 

IgG production (Aragona et al. 2016). Either way, increasing IgG concentration in colostrum 

could potentially increase immunity transfer to the neonate, and possibly increase survival 

although this has not been tested. Supplementation of niacin to sheep and the effects on 

colostrum and immunoglobulins has not previously been considered, representing an area 

of research that may be beneficial to increase twin lamb survival and production of 

immunoglobulins by twin-bearing ewes. 

1.9.3 Maize 

Maize is a starch-based grain used as a substrate for lactose synthesis for colostrum and 

milk production. Maize production in Australia has been in increasing from 106 thousand 

MT in 1973 to a peak of 507 thousand MT in 2012, with 370 thousand MT harvested in 2020 

(Knoema 2020). This indicates greater availability of maize, which allows producers to be 
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ableto utilise the grain for production. Maize is preferable over other starch grains as it 

provides greater concentrations of starch to the small intestine (Banchero et al. 2015), and 

thus a greater effect of supplementation on colostrum production. Maize supplementation 

has increased colostrum production (Banchero et al. 2002; Banchero et al. 2004a; Banchero 

et al. 2004b; Banchero et al. 2007; Banchero et al. 2009), but flow on effects to milk 

production and lamb growth have not been determined. Therefore, with the increasing 

availability of maize in Australia further research should determine the effectiveness of 

supplementation for increased milk production and growth rate of lambs which may have 

economic impacts to the producer.  

1.9.4 Methionine  

Methionine is one of the first limiting amino acids for production in sheep (Kung and Rode 

1996). Methionine is produced from amino acids via rumen microbial protein synthesis so 

are generally not required to be supplemented to ruminants, however, high producing 

ruminants such as the twin bearing ewe may not be able to meet production requirements 

(Kung and Rode 1996). As such, supplementation of late gestation twin bearing ewes with 

methionine may be effective for production. Rumen-protected methionine supplementation 

has increased milk yields in dairy ewes (Goulas et al. 2003; Papadomichelakis et al. 2010). 

Although, in some cases milk yield has been unaffected (Lynch et al. 1991; Baldwin et al. 

1993; Tsiplakou et al. 2016). The varied response is likely associated with the diet providing 

amino acids for ruminal methionine synthesis in some instances. Methionine has also 

increased lamb weaning weights (Papadomichelakis et al. 2010; Tsiplakou et al. 2016) which 

is likely to have economic benefits for producers. The effect of methionine supplementation 

on colostrum production has not been explored and represents an area for future research 

as increasing colostrum production could reduce lamb mortalities.  

 

1.9.5 Lack of producer knowledge   

With recent research focusing on various supplementation strategies to increase colostrum 

and milk production, lamb growth and survival there has been very limited research into 

understanding current producer knowledge an update of these strategies. A study by Elliott 

et al. (2011) represents the only study recently to investigate producer practices. Elliott et 
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al. (2011) noted that adoption of supplementation practices to lambing ewes is low by 

producers; although producers indicated they had positive beliefs to improve survival. This 

survey by Elliott et al. (2011) is now 10 years old, indicating very little is known about 

current practices of producers, with many recent supplementation advances. Therefore, 

future research should focus on understanding current practices and perceptions of 

producers and whether they are adopting recent research.  

 

1.10 Conclusion  

Improving the reproductive efficiency of ewes in Australia is important to allow advances in 

production and increase the profitability of sheep enterprises. Given the increasing twinning 

rates in Merino ewes to around 45% of ewes joined combined, with twin mortality of 

around 30%, this indicates an area of concern. Ultimately this can be improved by altering 

the nutrition of the ewe during late pregnancy and lactation. By increasing starch provided 

to the small intestine for post-ruminal catabolism, more efficient glucose production can 

allow for a greater accumulation of colostrum and milk. With starvation considered the 

main cause of twin lamb mortality, causing an average of 25% of lamb deaths and up to 37% 

of lamb deaths, an increase in colostrum and milk production associated with nutritional 

supplementation is likely to reduce the number of lambs lost to starvation-mismothering 

and exposure. This could reduce the number of lambs lost, ultimately increasing profits, and 

increasing the animal welfare standards of the industry.  

To improve the number of lambs weaned per ewe, nutritional manipulation must be 

balanced to ensure adequate transfer of immunity and increased colostrum and milk 

production without adversely affecting lamb birthweights. The increase in colostrum 

production is likely to result in increased immunity transfer to lambs, reducing infection 

deaths which cause an average of 1% of all lamb mortalities and up to 7.6%. The use of 

short-term nutritional supplementation strategies can potentially provide ewes, especially 

those gestating twins, with the ability to produce more colostrum and milk which is of 

higher quality to increase the survival of lambs. As a result of starvation and infection 

deaths, these supplementation practices have the potential to reduce lamb deaths by an 

average of 26.5%, and up to 44.6% of all lamb deaths.  
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Various supplementation strategies have been reviewed with their effects on milk and 

colostrum production, immunity transfer and lamb growth rate understood. Some areas of 

supplementation require further research before guidelines for supplementation can be 

developed.  

Supplementation of starch-based feeds has seen many increases to production for both the 

ewe and lamb, but further work on protein supplementation has identified starch 

supplementation may be positively affected by protein within the diet. Bypass protein feeds 

such as canola meal may be effective for increasing starch catabolism to lactose without 

causing toxic ammonia concentrations. The effects of methionine supplementation as a 

limiting amino acid for milk synthesis in high-producing dairy cows has seen many 

production benefits, increasing milk production, milk fat and protein synthesis, but the 

effects on ewe’s milk production has not been well-determined. Therefore, this represents 

an opportunity in twin-bearing ewes as methionine is also a limiting amino acid associated 

with wool production so the benefits in wool-producing Merino ewes could be greater due 

to the methionine requirement for both wool and milk synthesis. As both methionine and 

starch-based feeds have seen production benefits using different modes of action, with 

maize influencing glucose production for lactogenesis, and methionine a limiting amino acid 

for milk production, combining feeds during late gestation and lactation may increase the 

response in production from ewes and lambs.  

While niacin supplementation has the potential to increase colostrum yield in high 

producing dairy cows through increasing blood flow, this review demonstrated limited 

investigation has been undertaken into the effect of niacin supplementation on twin-

bearing Merino ewes. These ewes, due to their high production status in late pregnancy, are 

likely suffering subclinical niacin deficiencies, similar to the dairy cow as niacin production in 

the rumen may not be sufficient. Thus, determining the effectiveness of these various 

supplementation strategies on colostrum and milk production, immunity transfer and lamb 

growth may be beneficial to reduce lamb mortalities and allow greater profitability of sheep 

enterprises.  

The effectiveness of supplementation strategies is also determined by producer uptake of 

supplementation practices which have been shown to reduce mortality and increase 
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production of pregnant and lactating ewes. Thus, this thesis will also investigate producer 

practices and perceptions around supplementation and other lambing practices which may 

increase production, to determine if producers are using the knowledge of research to 

increase production on farm.  
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Chapter 2: A survey of New South Wales sheep producer 

practices and perceptions on lamb mortality and ewe 

supplementation  

 

This paper was published in the journal Animals in 2020. The paper is presented as per the 

complete publication within Animals and contains all references as part of the chapter. This 

is a stand-alone chapter.  

Kopp, K., Hernandez-Jover, M., Robertson, S., Abuelo, A., & Friend, M. (2020). A survey of 

New South Wales sheep producer practices and perceptions on lamb mortality and ewe 

supplementation. Animals, 10(9), 1-14. [1586]. DOI: 10.3390/ani10091586 
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Chapter 3: Supplementing protein and starch combined to 

ewes in good body condition may not improve colostrum 

in ewes  

 

This paper was published in Animal Production Science in 2021. The paper is presented as 

per the complete publication within Animal Production Science and contains all references 

as part of the chapter. This is a stand-alone chapter.  

Kopp, K., Robertson, S., Abuelo, A., Gunn, A., Xie, G., & Friend, M. (2021). Supplementing 

protein and starch combined to ewes in good body condition may not improve colostrum in 

ewes. Animal Production Science 61 (2), 108-116. DOI: 10.1071/AN19607 
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Chapter 4: The production and composition of colostrum 

from ewes supplemented with niacin (Vitamin B3)  

 

This paper was published in Animal Production Science in 2021. The paper is presented as 

per the complete publication within Animal Production Science and contains all references 

as part of the chapter. This is a stand-alone chapter.  

Kopp, K. J., Robertson, S. M., Abuelo, A., Xie, G., & Friend, M. A. (2021). The production and 

composition of colostrum from ewes supplemented with niacin (vitamin B3). Animal 

Production Science 61 (2), 117-122. DOI: 10.1071/AN20142 
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Chapter 5: Effects of maize and methionine 

supplementation on ewe colostrum and milk 

 

This paper has been prepared for submission to Animal Production Science and contains all 

references as part of the chapter. This is a stand-alone chapter.  



 

92 
 

Effects of maize and methionine supplementation on ewe colostrum and milk 
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Industries and Charles Sturt University), Albert Pugsley Place, Wagga Wagga, NSW, 2650, 
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5 Corresponding author: kkopp@csu.edu.au 

 

Summary Text for the Table of Contents 

Ewe colostrum/milk production is essential for lamb survival and growth. This study 

evaluated if supplementing Methionine, Maize, or combined Methionine and Maize to late 

gestation multiple bearing ewes could increase colostrum quality and quantity, lamb growth 

rates, and blood biomarkers of metabolic status. Combined methionine and maize 

supplementation increased ewe post-lambing body condition and lambing plasma β-

hydroxybutyrate concentrations which could impact colostrum and milk production. This 

needs to be further explored to determine the effects on production through to weaning.  

Abstract: Context: Colostrum and milk production is essential for post-natal lamb growth 

and survival. Limited colostrum production increases the risk of lamb mortality from 

starvation and failure of immunity transfer. Maize supplementation has previously been 

demonstrated to increase colostrum production by supplying glucose to the small intestine 

mailto:kkopp@csu.edu.au
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for lactose synthesis. This surplus of lactose should increase the production of milk 

subsequently as lactation continues. Rumen protected methionine, an essential amino acid 

required for milk production and wool production has previously increased milk yields and 

lamb serum IgG; however, the effect on colostrum production has not been reviewed in 

wool producing ewes. Aims: The experiment aimed to determine if supplementing ewes 

with maize and methionine over the lambing period could alter ewe and lamb production. 

Methods: Forty naturally mated multiple bearing Merino ewes were selected to determine 

the effects of maize and methionine supplementation on colostrum and milk production 

and constituents, lamb growth rates, ewe body condition, and ewe metabolic status. Ewes 

were allocated to treatments based on body condition score, weight, and age: Control 

(Control), Maize supplement 500g/hd.day (Ma), Rumen Protected Methionine supplement 

3g/hd.day (Me) or both 500g/hd.day maize and 3g/hd.day rumen-protected methionine 

(Ma + Me) for 2-5 weeks pre-lambing until four weeks post-lambing. The basal diet for all 

ewes was a commercial ewe and lamb pellet and oaten chaff. Key Results: Milk production 

(measured over 4 hours from one side of the udder once per week) was greater for Ma + 

Me ewes compared to control ewes (253.8 ± 12.94 mL, 210.1 ± 13.10 mL respectively, P = 

0.0091). Colostrum volume and Immunoglobulin G concentration did not differ between 

treatments (P > 0.05). Ewe condition score four weeks post-lambing was significantly higher 

in Ma + Me ewes compared to Control ewes (3.3 ± 0.17 vs. 2.9 ± 0.15 BCS; P = 0.0467). Ewe 

plasma β-hydroxybutyrate concentrations at 3 hours post-lambing were greater in Ma + Me 

ewes compared to Control ewes (0.47 ± 0.057 vs. 0.24 ± 0.057 mM; P = 0.033). Conclusions: 

Supplementation of multiple bearing ewes with maize and methionine combined increased 

plasma β-hydroxybutyrate at lambing and ewe body condition score. Implications: Further 
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research is required to determine the production benefits of the effects of maize and 

methionine supplementation on colostrum and milk production.  

 

Keywords: parturition; sheep; lamb growth; lamb survival; Merino; energy status 

 

INTRODUCTION 

Lamb survival drives profitability on-farm, with high mortality rates affecting the perceived 

animal welfare standards of the sheep industry. Neonatal lamb mortality rates can vary 

between 5-70% of all lambs born, commonly around 30% in twins (Hinch and Brien, 2014). 

Following birth, lambs require sufficient quality and quantities of colostrum and milk for 

survival (Mellor, 1988). Colostrum provides immunity transfer to defend against pathogens 

whilst providing energy for growth and heat production before milk is used as the lamb’s 

source of energy. Starvation associated with insufficient milk production, mismothering 

and/or lamb issues are a prominent cause of lamb deaths causing up to 70% of lamb 

mortalities (Hinch and Brien 2014), while infection accounts for 1% of the mortalities 

(Refshauge et al. 2016); however, deaths associated with infection have been reported up 

to approximately 4% of all lamb deaths (Suter 2010) indicating failure of immunity transfer 

could be of greater significance. 

Twin-bearing ewes are often unable to meet their energy requirements due to fetal rumen 

compaction reducing feed intake, coupled with an increasing energy demand for fetal 

growth and colostrum production. Twin born lambs have higher mortalities due to 

starvation than single born lambs (Refshauge et al. 2016). In pastoral grazing conditions, 

without supplementation, twin-bearing ewes are often in an energy deficit due to pasture 

having lower energy density than grain. Supplementation of ewes with maize pre-lambing 
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has increased colostrum production ((Banchero et al. 2002; Banchero et al. 2004a; Banchero 

et al. 2004b; Banchero et al. 2007), however, there could be links to increased energy 

demands causing higher negative energy balance under supplementation. The flow-on 

effects to milk yields and lamb growth rates have not been studied if supplementation is 

continued following birth for the period when milk makes up the majority of the lamb's 

energy intake. Methionine supplementation pre- and post-partum to dairy ewes has 

increased milk yields (Goulas et al. 2003) and long-term supplementation has increased 

lamb serum IgG at four weeks of age (Liu et al. 2016), likely as a result of altered colostral 

IgG production, as passive immunity transfer to lambs occurs via colostrum. However, the 

effects of methionine supplementation on colostrum quality and quantity have not 

previously been examined. Determining if supplementation time can be reduced is 

important as the 13-week supplementation used by Goulas et al. (2003) and 46 day 

supplementation period by Liu et al. (2016) is costly to the producer, time-consuming and 

may cause ewes to desert lambs due to interference. Therefore, a shorter targeted 

supplementation period would be beneficial. To meet this shortfall, it was hypothesized 

supplementation of late-gestation ewes over the lambing period with maize and methionine 

would increase colostral Immunoglobulin G (IgG) production and concentration, colostrum 

production, milk production, and lamb growth rates in multiple bearing ewes. Therefore, 

combining maize  which provides glucose for colostrum and milk production (Banchero et al. 

2007) with methionine, a limiting amino acid for milk production and wool production (Kung 

and Rode 1996) may reduce the shortfall of energy for colostrum and milk production in 

early lactation of multiple bearing ewes.  
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MATERIALS AND METHODS 

 

This experiment was undertaken with the approval from the Animal Care and Ethics 

Committees of Charles Sturt University (Approval Number A19019) and New South Wales 

Department of Primary Industries. The experiment was undertaken at Charles Sturt 

University, Wagga Wagga, and the New South Wales Department of Primary Industries 

Animal House, Wagga Wagga between 17 June 2019 and 29 August 2019.  

Experimental Design and Supplementation 

This experiment evaluated the effectiveness of supplementing multiple-bearing late 

gestation Merino ewes with methionine (Me), maize (Ma), maize and methionine (Ma + Me) 

compared to a control basal diet of commercial ewe-lamb pellets (Ewe & Lamb Pellets, 

CopRice, Victoria, Australia) and oaten chaff (control). Ewes were housed and fed in 

individual pens to measure individual ewe feed intake and ensure lambs consumed milk 

from their mother only. Treatments were allocated to pens with blocking to ensure each 

group of four pens had a Ma, Me, Ma + Me, and control pen. 

Sheep Management and Experimental Procedures  

Naturally mated, three to five-year-old ewes were identified via trans-abdominal 

ultrasound to be carrying twin fetuses with forty selected from a flock of mixed aged Merino 

ewes. On 17 June 2019, ewes were weighed using Gallagher RuddweighTM weigh scales and 

assessed for Body Condition Score (BCS) (Jefferies, 1961) and returned to an oat crop for a 

7-day adaptation period to pellets and chaff from 17th to 23rd June 2019. No refusals over 

this period were noted. On 24 June 2019, ewes were yarded and trucked to the Animal 

House and placed into their allocated 2.88m2 pen, with individual feed and water trough. 

Ewes were allocated to treatment groups, replicatesand pens using blocking for ewe age, 

ewe weight, and ewe body condition score (BCS). Blocking was used to ensure one of each 

of the 4 treatments was included in each group of 4 pens within the shed environment to 

account for variation within the shed on location. Each treatment was allocated 10 ewes. 

Ewes were fed the pre-lambing ration of 800g pellets and 800g oaten chaff. Maize was 

introduced to Ma and Ma + Me ewes with a 7-day introductory period from 24th – 30th June 

2019 reaching the supplementation of 500g cracked maize/hd.day on 1st July 2019. The 
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supplementation amount of 500 g/hd.day (grams per head per day) was similar to the 

supplementation used by Banchero et al. (2007) which led to an increase in colostrum 

production, although the ewes used by Banchero et al. (2007) were in lower BCS with a 

higher protein basal diet. A commercial ethyl cellulose rumen-protected methionine 

supplement (Mepron®, Evonik Nutrition & Care GmbH, Germany) was added to the total 

mixed ration from 24th June 2019 to the Me and Ma + Me groups at 3g/hd.day with no 

introductory period, as recommended by the supplier. All refusals were recorded daily as a 

total mixed ration to estimate intake. Lambing commenced on 8 July 2019 and continued 

through until 1 August 2019. During this time ewes were checked at least every 6 hours.   

Three ewes gave birth to triplets, with two (Ma and Ma + Me) rearing triplets and one 

(control) rearing twins. The remaining thirty-seven ewes gave birth to twins, with thirty-two 

rearing twins and five rearing singles. Twenty-four ewes lambed in the first week, seven in 

the second week and six in the third week of lambing. Following lambing, pellets on offer 

were gradually increased to 1.1 kilograms (kg) for ewes rearing singles, 1.3 kg for ewes 

rearing twins, and 1.5 kg for ewes rearing triplets. At 3 weeks post-lambing, pellets were 

increased to 1.3kg for ewes rearing singles, 1.5kg for ewes rearing twins, and 1.8kg for ewes 

rearing triplets. The chaff amount remained at 800g, maize at 500g, and methionine at 3g 

per day for the entire period after lambing. 

At approximately 3 hours of age, lambs were weighed in a bucket using hand scales 

(Salter Brecknell electrosamsonTM), sex was recorded, and lambs were ear-tagged with 

individual identification numbers. Two 9 mL samples of blood were obtained from the ewe 

via jugular venipuncture (10 mL clot activator tube, BD Vacutainer; Becton, Dickinson, and 

Co-Diagnostics, Plymouth, UK). The ewes were then injected intramuscularly with 0.5 mL 

oxytocin (Ilium syntocin injection of synthetic oxytocin; Troy Laboratories Pty. Ltd) and 

milked out via hand stripping or via a portable milking machine on the right-hand side with 

the colostrum given a viscosity score (McCance and Alexander, 1959). A 50 mL sample of 

colostrum was retained for further testing. Two methods of milking were used as during the 

experimental period the milking machine stopped working and therefore, hand stripping 

was required until a new machine arrived. The remaining colostrum was offered to lambs if 

lambs had not suckled or appeared hungry. The ewe and her lambs were then kept 

separated by inserting a fence panel into the pen for 4 hours, with visual, auditory, and 

sensory contact. After 4 hours (approximately 7 hours post-lambing) the ewe was milked as 
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per the above methods to measure the amount produced in four hours. The ewe and her 

lambs were then reunited.  

At one-week post-lambing, two weeks post-lambing, three-weeks post-lambing, and 

four-weeks post-lambing the ewe was milked as per the methods above. Any leftover was 

discarded. Milk was offered to lambs before stripping (via the teat) and after milking (via a 

bottle) if lambs appeared weak or hungry.The lambs were also weighed at these times. At 

the final milking at four-weeks post-lambing, the BCS of the ewes was recorded (Jefferies, 

1961) and the ewe was weighed.  

 

Feed Analysis  

The feed samples were analyzed by the Feed Quality Service, New South Wales 

Department of Primary Industries located in Wagga Wagga, New South Wales as described 

by Packer et al. (2011) using near infra-red spectroscopy methods. The samples were dried 

(60˚C), ground to pass through a 1 mm sieve, and analyzed for Dry Matter (DM), Neutral 

Detergent Fiber (NDF), Crude Protein (CP), Dry Matter Digestibility (DMD), and 

Metabolisable Energy (ME). Feed analysis is shown in Table 1. One sample of each feedstuff 

was analyzed. The sample was collected using 10 subsamples. 

 

Table 1. Nutritional information for feedstuffs fed. 

 Pellets Oaten Chaff Maize  

Dry matter, % 94.2 89.2 88.6 

Neutral detergent fiber, % 17.0 60 <10 

Crude protein, % 13.4 3.5 11.0 

Dry matter digestibility, % 80.0 58.0 83.0 

Metabolizable energy, MJ/kg DM 12.5 8.4 13.2 

*one pooled sample per feedstuff was analyzed, therefore data is presented as actual data 

rather than estimated means ± standard error of the mean 
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Colostrum and Blood Metabolite Analysis  

Following the collection of colostrum and milk samples, samples were immediately split 

into two containers. The first containing 30 mL and placed into the refrigerator at 4˚C to be 

transported to Riverina Fresh (Wagga Wagga, New South Wales, Australia) for analysis of fat 

and protein via Fourier transform infrared spectroscopy. Two of these samples were also 

used for calibration by Dairy Technical Services Pty Ltd (Melbourne, Victoria, Australia) using 

Australian standard analysis by ingestion and titration. The remainder of the sample (up to 

20 mL) was stored at -20˚C for IgG quantification. 

For IgG concentration determination, colostrum samples were thawed, diluted, and 

analyzed in duplicate using a commercial ovine-specific enzyme-linked immunosorbent 

assay (ELISA) (FineTest Sheep IgG ELISA Kit, Wuhan Fine Biotech Co. Ltd., Hubei, China). All 

samples were analyzed in the same run. The assay had a detection range of 1.563 – 100 

nanograms per milliliter (ng/mL). Hence, colostrum samples were diluted to 10-5 for testing 

using a 10 millimolar (mM) phosphate-buffered saline solution (pH = 7.4 at 25˚C) containing 

1% concentration weight/volume (w/v) bovine serum albumin (Sigma Aldrich, St. Louis MO, 

United States of America), following manufacturer’s instructions. Blood samples from 3 

hours post-lambing were analyzed by Charles Sturt University Veterinary Diagnostic 

Laboratory using a Beckman Coulter AU480 chemistry analyzer for plasma β-

hydroxybutyrate (Randox Laboratories, United Kingdom), urea, total protein, and albumin 

(Beckman Coulter, United States).  

 

Statistical Analysis 

Data were analyzed using R through R studio (RStudioTeam, 2015). Data were checked 

for normal distribution using a histogram of residuals. Data were analyzed using linear 

mixed-effects modeling. Replicate was included as a random effect in all models and models 

involving lambs also had the ewe included as a random effect. Milk production, protein, fat, 

ewe post-lambing feed parameters, and lamb weight gain over four weeks were analyzed as 

repeated measures using linear mixed modelling. All other parameters were analyzed 

without repeated measures. To account for the differences in the time ewes were exposed 

to the supplementation pre-lambing, lambing day (number of day/s from first lamb being 

born) was included in the models if significant. The number of lambs reared and the 
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interaction between the number of lambs reared, lambing day, and treatment were 

included in all models if significant (P ≤ 0.05). Analysis of lamb survival (dead or alive) until 

four weeks post-lambing was analyzed using binomial asreml analysis using treatment as 

the fixed effect and ewe as the random effect. Differences between estimated means were 

considered statistically significant if P ≤ 0.05. Trends between estimated means were 

considered if P < 0.10. Data are presented as estimated means ± standard error of the mean 

(SEM).  Data included in the analysis were from 40 ewes and 83 lambs.  

 

 

RESULTS 

Diet 

Total energy and protein intake pre-lambing were affected by treatment as shown in 

Table 2. Refusals were only measured as a total mixed ration so it may be possible that Ma 

and Ma + Me left greater chaff refusals; therefore, this difference in energy intake should be 

interpreted with caution. However, chaff intake, due to the lower energy density would 

have little impact on total metabolizable energy intake. Metabolizable energy intake post-

lambing was affected by the interaction of lambing day and treatment (P = 0.0028), with ME 

intake decreasing as lambing day increased for Ma + Me, Me, and Ma whilst ME intake 

increased for control ewes. Metabolizable energy intake post-lambing was affected by week 

post-lambing with consumption highest in week 4 post-lambing (24.4 ± 1.00 megajoules per 

day (MJ/day)) compared to weeks 1, 2, and 3 (20.7 ± 0.98 MJ/day, 21.7 ± 0.99 MJ/day and 

21.8 ± 1.00 MJ/day, respectively). Protein intake post-lambing was affected by the 

interaction of lambing day and treatment (P = 0.0032), with protein intake decreasing as 

lambing day increased for Me + Ma, Me, and Ma ewes, whilst protein intake remained 

similar for control ewes regardless of lambing day. Protein intake was highest in week 4 (as 

amount fed increased) compared to weeks 1-3 post-lambing (P < 0.0001, week 1 173.4 ± 

8.30 g/day, week 2 182.9 ± 8.38 g/day, week 3 183.4 ± 8.420 g/day, and week 4 211.1 ± 8.48 

g/day). 
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Table 2. The effect of treatment on feed intake pre-lambing  

 Control Ma + Me Ma Me P-Value 

Total ME Intake pre-

lambing (MJ/day)  
12.9 ± 0.49a 15.8 ± 0.41b 15.1 ± 0.48b 12.9 ± 0.53a P ≤ 0.001 

Protein Intake Pre-

lambing (g/day) 

100.1 ± 

3.882a 
124.9 ± 3.701b 

119.9 ± 3.79 

b 

100.4 ± 

4.126a 
P ≤ 0.001 

a, b, c superscripts are used to define significant differences among means within a row. 

*Data are presented as estimated means ± standard error of the mean. 

 

Ewe Parameters 

The effect of treatment on ewe weight and body condition score pre-lambing and four 

weeks post-lambing are shown in Table 3. Body condition score was not affected by the 

interaction of lambing day and treatment. Pre-lambing weight was affected by the 

relationship between treatment and lambing day (P = 0.0424), with pre-lambing weight 

decreasing as lambing day increased for Ma and Me; however, pre-lambing weight 

increased as lambing day increased for Ma + Me and control ewes. Ewe’s post-lambing 

weight was affected by the relationship between treatment and lambing day (P = 0.0050), 

with post-lambing weight decreasing as lambing day increased for Ma and Me, remaining 

similar throughout lambing day for Ma + Me; however, post-lambing weight increased as 

lambing day increased for control ewes. Supplementation time pre-lambing was not 

significantly affected by treatment with mean lambing day from the first day of lambing 

similar between treatments (control 8.1 ± 2.19 days, Ma 6.9 ± 2.19 days, Me 9.5 ± 2.45 days, 

Ma + Me 6.6  ±  2.31 days, P = 0.8124).  
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Table 3. The effect of treatment on pre-lambing and four weeks post-lambing ewe 

weight and body condition score. 

 Control Ma + Me Ma Me P-Value 

Pre-lambing weight, kg 67.0 ± 2.56 70.9 ± 2.49 68.4 ± 2.63 65.8 ± 281 0.3576 

Four weeks post-lambing 

weight, kg 
57.4 ± 2.27ab 63.6 ± 2.24b 57.8 ± 2.42ab 53.0 ± 2.47a 0.0186 

Weight change, kg -9.8 ± 2.01 -9.5 ± 2.28 -12.7 ± 2.13 -13.7 ± 2.28 0.4481 

Pre-lambing BCS, arbitrary 

units 
3.01 ± 0.073 2.96 ± 0.077 2.99 ± 0.073 2.88 ± 0.083 0.6545 

Four weeks post-lambing 

BCS 
2.90 ± 0.146ab 3.33 ± 0.165a 2.76 ± 0.154b 2.75 ± 0.164b 0.0447 

BCS change -0.11 ± 0.164 0.39 ± 0.185 -0.27 ± 0.174 -0.17 ± 0.185 0.0698 

a, b, c superscripts are used to define significant differences among means within a row. 

*Data are presented as estimated means ± standard error of the mean. 

 

Lamb Performance 

Survival of lambs was similar among treatments, with the survival of 84.2% for control 

lambs, 85.7% for Me lambs, 93.3% for Ma + Me lambs, and 100% for Ma lambs (P = 0.866). 

The birthweight of lambs was similar among treatments (P = 0.301), with Ma + Me lambs 

weighing 4.56 ± 0.197 kg, control lambs weighing 4.09 ± 0.199 kg, Ma lambs weighing 4.32 ± 

0.202 kg, and Me lambs weighing 4.34 ± 0.221 kg. Twin born lambs were heavier than triplet 

born lambs (4.87 ± 0.082 kg vs. 3.54 ± 0.272 kg; P < 0.001). Birthweight was not significantly 

affected by sex (P = 0.246). Mean weekly weight gains of lambs were not affected (P > 0.05) 

by treatment as shown in Figure 1. Liveweight of lambs at 4 weeks was not affected by 

treatment (P = 0.556) with Ma + Me lambs weighing 10.41 ± 0.574 kg, Ma lambs weighing 

9.62 ± 0.585 kg, methionine lambs weighing 9.58 ± 0.643 kg, and control lambs weighing 

9.08 ± 0.595 kg. Rear type significantly affected weekly weight gain (P = 0.023), with lambs 
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reared as singles gaining 1.61 ± 0.181 kilograms per week (kg/week), triplet reared lambs 

gaining 0.84 ± 0.197 kg/week, whilst twins gained 1.27 ± 0.068 kg/week. 

 

 

Figure 1. Weekly weight gain of lambs by treatment. Data is presented as mean ± 

standard error of the mean 

 

Colostrum and Milk Variables 

The effect of treatment on udder secretions and components is shown in Table 4. Milk 

production and milk fat production were not affected by lactation week (P > 0.05). There 

was a significant interaction of lambing day and treatment with milk production increasing 

as lambing day increased for Ma and control ewes, whilst milk production reduced as 

lambing day increased for Ma + Me and Me ewes (P = 0.0027). Milk fat concentration was 

affected by lactation week (P = 0.0175) with milk fat concentration higher in week 2 

compared to week 3 (7.26 ± 0.347 %, 5.95 ± 0.347 % respectively). Milk protein 

concentration was significantly higher in week one and four compared to week two of 

lactation (4.32 ± 0.089 %, 4.37 ± 0.115 %, 3.88 ± 0.098 % respectively, P = 0.001). 
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Table 4. Colostrum and milk variables by treatment measured three hours post-

lambing. 

 Control Ma + Me Ma Me 
P-

Value 

Colostrum production, mL 187 ± 27.0 252 ± 28.6 199 ± 27.2 239 ± 30.1 0.120 

Colostrum IgG concentration, 

g/L 

398.4 ± 

110.71 

455.9 ± 

114.90 

428.9 ± 

110.71 

428.3 ± 

119.93 
0.9725 

Colostrum IgG production, g 58.1 ± 24.25 94.7 ± 27.00 65.3 ± 24.24 
112.1 ± 

28.80 
0.4021 

Colostrum fat concentration, 

% 
13.7 ± 0.97 17.2 ± 1.24 12.8 ± 1.02 14.5 ± 1.24 0.0611 

Colostrum fat production, g 20.8 ± 3.97 37.3 ± 5.19 23.1 ± 4.20 29.5 ± 5.19 0.0655 

Colostrum protein 

concentration, % 
11.6 ± 1.19 12.0 ± 1.50 11.4 ± 1.25 12.6 ± 1.50 0.9079 

Colostrum protein production, 

g 
17.9 ± 4.28 25.3 ± 5.49 21.0 ± 4.50 25.4 ± 5.49 0.6029 

Milk production, mL 
210.1 ± 

13.10b 

253.8 ± 

12.94a 

247.2 ± 

13.37ab 

228.8 ± 

14.22ab 
0.0091 

Milk fat concentration, % 6.2 ± 0.35 7.3 ± 0.36 6.9 ± 0.34 6.7 ± 0.38 0.0772 

Milk fat production, g 12.7 ± 1.58b 18.3 ± 1.52a 16.7 ± 1.59ab  14.8 ± 1.66ab 0.0129 

Milk protein concentration, % 4.3 ± 0.10 4.2 ± 0.10 4.1 ± 0.10 4.1 ± 0.12 0.4532 

Milk protein production, g 8.8 ± 0.60 10.5 ± 0.55 9.4 ± 0.58 9.0 ± 0.61 0.0765 

*Data are presented as estimated means ± standard error of the mean. 

a, b, c superscripts are used to define significant differences among means within a row. 
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 Blood Parameters  

Ewe plasma β-hydroxybutyrate and urea concentration were significantly affected by 

treatment as shown in Table 4. Total protein and albumin at 3 hours post-lambing were not 

significantly affected by treatment (P > 0.05). Plasma urea concentration was affected by 

the interaction of lambing day and treatment with Ma + Me ewes plasma urea 

concentration increasing as lambing day increased, whilst all other treatments remained 

similar (P = 0.0023). Plasma urea was also affected by the number of lambs reared with 

ewes rearing singles having higher plasma urea concentrations than ewes rearing twins (2.7 

± 0.37 mM and 6.1 ± 1.09 mM respectively, P = 0.0089).  

 

Table 5. Ewe plasma metabolites measured three hours post-lambing. 

 Control Ma + Me Ma Me 
P-

Value 

β-hydroxybutyrate, 

mM  

0.24 ± 

0.051a 

0.47 ± 

0.058b 

0.36 ± 

0.051ab 

0.44 ± 

0.058ab 
0.0334 

Urea, mM 2.9 ± 0.76 5.5 ± 0.75 4.1 ± 0.78 3.4 ± 0.83 0.0512 

Total protein, g/L 58 ± 1.0 58 ± 1.1 58 ± 1.0 58 ± 1.1 0.9743 

Albumin, g/L 31 ± 0.5 30 ± 0.6 30 ± 0.5 30 ± 0.6 0.5412 

a, b, c superscripts are used to define significant differences between means within a row. 

*Data are presented as estimated means ± standard error of the mean. 
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DISCUSSION 

 

Colostrum production was not affected by maize and/or methionine supplementation 

in this study. However, supplementation of maize and methionine resulted in increased milk 

production in ewes compared to control ewes. These results, however, should be 

interpreted with caution as similar results were seen between maize and methionine, maize 

only and methionine only which indicates the treatment was only effective when both 

supplements were used to increase milk production. A posthoc power analysis was 

completed and revealed 10 ewes/treatment would be required to detect differences 

between control and maize with methionine in colostrum production, so given a P value of 

0.12 for treatment, it is possible that if more ewes had been used that there would be a 

greater chance of determining a significant difference. Therefore, further research using 

more ewes is warranted.  

The metabolic status of the ewes at three hours post-lambing was assessed through the 

quantification of the blood biomarkers β-hydroxybutyrate, urea, albumin, and total protein. 

β-hydroxybutyrate was greater for ewes consuming maize and methionine compared to the 

control. Although β-hydroxybutyrate concentrations increased, it is unlikely they were 

limiting production as ewe plasma β-hydroxybutyrate concentrations were within the 

normal range of <0.7 mM (Aiello, 1998). This indicates ewes were not exhibiting subclinical 

hyperketonemia and these values may be normal for animals producing colostrum and milk 

production under higher energy intakes without depletion of body reserves. The authors 

speculate the increase in β-hydroxybutyrate is attributed to increased energy intake altering 

ruminal function. Energy intake was increased due to greater supply of carbohydrates, 

specifically maize which under rapid fermentation in the rumen form volatile fatty acids the 

major source of energy for the ewe. These volatile fatty acids include butyrate which is 

further metabolized in the liver to ketone bodies which are converted to β-hydroxybutyrate 

which is stored in tissues including blood. This is likely as ewes supplemented with maize 

and methionine gained body condition through the experimental period, although the 

effects of lipid mobilization cannot be excluded. It is however unlikely that lipid mobilization 

was increasing β-hydroxybutyrate concentrations as ewes supplemented with maize and 

methionine had higher post-lambing BCS and weight, indicating ewes were not in negative 

energy balance and not mobilizing stored fat through lipolysis to increase milk production. 
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The same effect was likely associated with the non-significant increase which was seen 

when maize or methionine was supplemented with the cumulative effect occurring with 

increased energy intake. Comparatively, previous studies have found maize 

supplementation reduces β-hydroxybutyrate concentrations post-lambing, which was 

attributed to less tissue mobilization associated with maize supplementation (Banchero et 

al., 2004a), which further indicates a feed intake and ruminal change being associated with 

increased plasma β-hydroxybutyrate concentrations. Further work is needed to confirm the 

speculated hypothesis, as differences were not seen with colostrum production which was 

measured at the same time as plasma β-hydroxybutyrate concentration. As this was a pilot 

study, sample sizes were small, therefore, in further studies it would be important to have 

blood biomarker analysis on ewes pre-lambing and through the milk production phase to 

determine energy status and the possible subsequent effects on production with larger 

experimental ewe numbers.    

Plasma urea concentration trended to increase for ewes supplemented with maize and 

methionine being nearly twice that of control ewes. This is likely associated with increased 

protein consumption of ewes supplemented with maize and methionine compared to 

control ewes. Plasma urea concentrations were within the normal range of 3-10 mmol/L and 

thus did not reach levels that may negatively affect production (Radostis et al., 2000). The 

plasma urea concentrations of the ewes supplemented with maize and methionine likely 

allowed effective gluconeogenesis to occur for colostrum production and subsequent milk 

production (Banchero et al., 2004b). Effective gluconeogenesis allowed for increased 

conversion of propionate to glucose (Overton et al., 1999) for greater milk yield without 

energy expenditure for blood urea detoxification (Noro and Wittwer, 2012). Therefore, the 

increased protein within the diet may be beneficial as it did not cause toxic urea 

concentrations but provided effective glucose production resulting in increased milk 

production by ewes supplemented with maize and methionine; however, this would need 

further exploration as to the plasma urea concentrations of the ewe during the milk 

production phase. 

Supplementation of maize may have allowed ewes to retain body condition to allow 

production without catabolism of body reserves, with the maize and methionine 

supplemented ewes increasing BCS and trending to have a higher BCS gain over the 

experimental period. Maize is high in metabolizable energy and is readily fermentable to 
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glucose in the small intestine (McDonald et al., 1988). In addition to yielding lactose from 

glucose, the properties of maize increase the production of energy which can be deposited 

into body reserves, such as muscle and fat. As the production of milk increased, milk fat 

production also increased indicating ewes were depositing more fat into milk. for drought 

feeding of lambing ewes to increase production correlated with milk production (Dhaoui 

et al. 2019). The inclusion of the methionine, in the maize and methionine diet may have led 

to the trending increase in colostrum fat and greater milk protein production, with previous 

reports of methionine supplementation resulting in increased milk fat content in ewes 

(Goulas et al., 2003). Therefore, supplementation of maize and methionine combined could 

result in increased body condition score of ewes which needs to be further explored as BCS 

can impact lamb weight gain, with higher BCS ewes rearing heavier lambs (Corner-Thomas 

et al., 2015) which may be because of altered colostrum production and components. With 

the possibility of supplementation leading to increased BCS of ewes resulting in increased 

lamb weight gain, a cost:benefit analysis would be required to determine the feasibility of 

supplementation.  

In line with previous reports, colostrum immunoglobulin concentration was not 

affected by feeding maize (Banchero et al., 2009). Immunoglobulin G concentration and 

yield have not previously been reported in ewes supplemented with rumen-protected 

methionine and our results suggest there may be no effect, although this is not conclusive 

as more ewes would be required to determine no effect. The authors are aware that this is 

more to do with study design, however, ewes supplemented with methionine had the 

highest IgG yield of 112g, which was nearly double that of control ewes. This however 

should be interpreted with caution due to the variability between ewes, with a larger 

sample size required. Immunoglobulin G concentrations varied from 80.17 g/L to 1122.7 g/L 

in this study of similar genetic base ewes. As a result, the detection of significant differences 

is difficult due to the high variability of colostrum IgG concentration. Variability in colostrum 

IgG concentration has been noted in sows (Farmer and Quesnel, 2009), dairy cows (Aragona 

et al., 2016), and ewes (Tabatabaei et al., 2013), with a definitive cause of variability not yet 

identified. Therefore, further investigation of the causes of highly variable colostral IgG 

concentration is warranted. 
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Lamb weight gain was unaffected by treatment and was numerically similar in all 

treatments for weeks one and two post-birth. However, in weeks three and four lambs from 

maize and methionine supplemented ewes gained numerically but not significantly more 

than 360 grams/week more than lambs from control and maize supplemented ewes, 

although this did not result in heavier lambs at four weeks of age. This suggests the effect of 

supplementation was having a greater effect in older lambs. This could be associated with 

the lower post lambing condition score of the ewes in the control and methionine 

treatments, which may have been affecting production leading to reduced milk production 

of control ewes compared to ewes supplemented with maize and methionine. Similar 

results of milk production reducing when body condition score is lower has also been noted 

in dairy cattle (Roche et al. 2007) indicating body condition score can alter production as 

animals cannot utilize the stored condition for production. Therefore, ewes and lambs 

should have been monitored further through to weaning (longer than 4 weeks post-

lambing), indicating further research into the effects of combining maize and methionine 

supplementation is warranted. Prior to determining if producers should supplement for 

increased weight gain, a cost:benefit analysis would need to be undertaken to determine 

economic feasibility.  

The variation in ewe pre-lambing supplementation length, due to natural mating, was a 

limitation of the study. This joining method was chosen to represent practices undertaken in 

commercial sheep enterprises, however, it resulted in supplementation length varying from 

1 to 4 weeks (median = 12 days, Inter Quartile Range = 16 days). The duration of pre 

lambing supplementation has been accounted for in the statistical analysis, but it is possible 

some of the effects of supplementation may not have been identified, due to the small 

sample size of this pilot study. Thus, further research is needed to determine the effects of 

supplementation on ewe colostrum production and lamb growth rates, through until 

weaning.  

This study indicated short term pre-lambing supplementation of ewes with maize and 

methionine through until four weeks post-lambing increases milk production and β-

hydroxybutyrate concentrations at 3 hours post-lambing, with further work required to 

determine the effects on production as ewe numbers were limited. Colostrum 

immunoglobulin concentrations in ewes are also highly variable and this must be considered 

when conducting future research on improving immunity transfer to lambs.  
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Chapter 6 General Discussion 

Perinatal twin born lamb mortality often reaches 34% (Hatcher et al. 2009), resulting in low 

perceived animal welfare and high economic losses. Late-gestation ewes, especially those 

bearing twins or multiples, require high energy feed to support fetal growth and 

lactogenesis. As most Australian ewes lamb on pasture, ewes may often be unable to meet 

their energy requirements, especially if nutrient density of pasture is low. For multiple-

bearing ewes, the fetuses reduce rumen size due to fetal compaction in late gestation, 

limiting nutrient ingestion which may reduce lamb survival. Following birth, the 

immunologically naïve lamb requires high-quality maternal colostrum within the first few 

hours of birth, for energy production and immunity transfer. Milk production must then be 

sustained by the ewe, to ensure survival of lambs through to weaning. Supplementation of 

twin-bearing ewes may be beneficial in late gestation and lactation to meet the ewe’s 

energy requirements. This is likely because nutrition of the ewe in late gestation and early 

lactation alters the colostrum production of the ewe. If colostrum production is low or 

reduced this is likely to result in increased incidences of starvation mismothering and 

exposure, leading to greater lamb mortality. Therefore, this period of energy deficit needs 

to be carefully managed if the production of colostrum and milk is to be maximised for lamb 

survival.  

Supplementation of ewes during pregnancy and lactation has been identified to be effective 

to increase colostrum production and reduce energy deficits of ewes in late gestation. 

Short-term supplementation strategies are the most economical method to increase 

colostrum production without increasing incidences of dystocia (Murphy et al. 1996). 

Supplementation in the weeks prior to lambing enables partitioning of nutrients for 

colostrum production, whilst supporting fetal growth. The effectiveness of supplementation 

strategies requires understanding of the mechanisms affecting colostrum and milk 

production. Colostrum and milk synthesis require nutrients such as lactose and amino acids 

to be effectively absorbed and transported to the udder. These nutrients and energy must 

be obtained from the ewe’s diet or mobilised from her body reserves to ensure production, 

highlighting the need for targeted supplementation.  
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Various supplements were investigated as part of this research which addressed several 

different possibilities and strategies to enhance colostrum production, IgG production, milk 

production and lamb growth. Supplementation of barley, a starch-based grain providing 

glucose as a precursor for lactose to increase colostrum production (Banchero et al. 2004a) 

was combined with canola meal, a bypass protein feed also known to increase colostrum 

production (Amanlou et al. 2011). Combined it was hypothesised the protein-based canola 

meal would increase the digestible starch within the barley through increased microbial 

protein synthesis to alter colostrum production. An alternative option of supplementation 

of niacin was also tested. Niacin is a water-soluble vitamin involved in carbohydrate 

metabolism and blood flow (Aragona et al. 2016) increasing the availability of nutrients to 

the udder to increase colostrum quality and quantity.  A third supplement which was tested 

was supplementation of maize combined with methionine. Maize, similar to barley, is high 

in rumen undegradable starch acting as a lactose precursor for glucose production 

(Banchero et al. 2002; Banchero et al. 2004a; Banchero et al. 2004b; Banchero et al. 2007; 

Banchero et al. 2009), whilst methionine, a limiting amino acid in milk and wool production, 

was hypothesised to have a cumulative effect to increase colostrum and milk production. 

These various nutritional supplementation strategies had varying results which may be 

interesting for future research and production.  

 

6.1 Background 

The effectiveness of potential supplementation strategies to increase colostrum and milk 

production, and immunity transfer to lambs were investigated. Various supplementation 

strategies were undertaken with barley and canola meal (Chapter 3), vitamin B3 (Chapter 4) 

and maize and methionine supplementation (Chapter 5). These supplementation strategies 

explored nutritional methods which could alter the production of colostrum, milk, and 

immunoglobulins or to provide an essential amino acid which may be limiting in the 

lactating ewe. After exploring potential feedstuffs to supplement ewes, producer practices 

and perceptions of lamb mortality and supplementation were investigated. As producers 

implement practices such as supplementation, understanding their current knowledge and 

practices, can help determine what producers are currently doing and where gaps may be. If 

producer knowledge and practices are better understood this can be compared to current 
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research in supplementation to determine if the strategies identified by research are being 

used by producers.   

The supplementation strategies tested to increase colostrum production in late-gestation 

ewes were ineffective (Chapter 3, 4 and 5), however supplementation of ewes with maize 

and methionine increased milk production by 21% (Chapter 5). The addition of methionine 

could potentially be of interest to producers with 95% of producers surveyed already 

providing energy supplements to pregnant and lactating ewes (Chapter 2). If producers are 

aware of the increased milk production associated with maize and methionine 

supplementation, producers may alter their pregnant and lactating ewe supplementation 

ration to include starch-based grains and methionine for increased production. As a result of 

the experiment undertaken in chapter 5, further exploration of supplementation should 

occur to determine the effectiveness of supplementation through to weaning age and if 

supplementation to increase milk production has flow-on effects to increase lamb growth 

rates, which may allow producers to maximise production. If lamb growth rates can be 

increased by greater milk production, producers may be able to wean heavier lambs. If 

lambs are weaned heavier this allows ewe lambs to reach joining weights earlier and trade 

lambs to meet target weights earlier increasing productivity and profitability. To determine 

if profitability can be increased an economic analysis is required to determine the potential 

cost:benefit of supplementation. This should be undertaken when more studies have been 

undertaken to determine the most effective length of supplementation, time of 

supplementation and level of supplementation.  

Lambs are born hypogammaglobulinemic as immunoglobulins cannot pass the placental 

barrier. Therefore, the newborn lamb is reliant on immunoglobulins produced in colostrum 

for immunity transfer to protect against pathogens and diseases. Colostral immunoglobulin 

concentration (Chapter 3, 4 and 5) and lamb serum immunoglobulin concentration (Chapter 

4) were not affected by supplementation. In all cases, it seems the individual ewe variation 

was greater than the effects of supplementation. Variability of ewe colostral IgG has 

previously been noted (Quigley et al. 2002; Tabatabaei et al. 2013), however, a definitive 

reason for the cause of the variation has not been determined. Thus, further investigation 

into the variation of IgG concentrations between ewes is warranted. Antibody 

concentrations of lambs can be increased by pre-lambing ewe vaccination (de la Rosa et al. 
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1997), and therefore, this may be a more economical strategy for producers to increase 

immunity transfer. Vaccination of ewes pre-lambing is undertaken by 79-90% of producers 

(Chapter 2) which identifies an area of concern with up to 20% of producers not vaccinating 

ewes. This means these ewes are not receiving recommended vaccinations which is likely a 

concern for lamb survival.  

 

6.2 Implications for Sheep Producers 

6.2.1 Supplementation for Colostrum, Milk, and Immunity 

Starvation-mismothering has been identified as one of the major causes of lamb mortality 

causing up to 70% of all lamb deaths (Hinch and Brien 2014). Furthermore, this has been 

recognised by producers as the major cause of mortality (Chapter 2), so it is evident there is 

a need for further research to reduce these lamb deaths. To reduce lamb deaths due to 

starvation-mismothering, the ewe must be able to provide colostrum to the lamb for 

energy, immunity transfer and to aid the development of the ewe-lamb bond which may be 

achieved through supplementation.  

 

 6.2.1.1 Barley and Canola Meal  

Canola meal was supplemented in addition to barley (Chapter 3) to late-gestation ewes, as it 

was thought that the protein would increase the digestibility of starch (Taniguchi et al. 

1993) associated with protein supplementation increasing pancreatic enzyme secretions 

(Huntington 1997). Through increased pancreatic enzyme activity, increasing catabolism of 

starch, it was hypothesised that supplementing canola meal and barley would result in 

increased colostrum production and immunity transfer via provision of lactose, a colostrum 

precursor. Colostrum production and immunity transfer were not altered by 

supplementation with combined canola meal and barley, compared to barley alone.  It was 

not determined whether digestibility of the barley was increased due to the addition of the 

protein meal, however, given canola meal supplementation led to an increase in dry matter 

intake, this suggests digestibility also increased. In dairy cattle,  supplementation of canola 

meal has increased dry matter intake (Huhtanen et al. 2011) was related to the faster rate 

of ruminal fibre digestion (Oldham 1984) leading to increased digestibility as a result of 
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increased dry matter intake. Similar results have also been noted in lambs (Ponnampalam et 

al. 2005). Supplementation of protein and starch was not effective to increase colostrum 

production, however, producers can use canola meal as a protein feed source to provide 

bypass protein whilst also increasing low-quality forage intake, possibly acting as a drought 

management feeding option. This could offer a potential option for drought feeding of 

lambing ewes to increase production.  

Whilst supplementation with barley and canola meal separately have increased colostrum 

production (Banchero et al. 2007; Amanlou et al. 2011) and immunoglobulin G 

concentration (O' Doherty and Crosby 1996; O'Doherty et al. 1997); the experimental results 

(Chapter 2) suggest the combined supplement was not effective, which may be a result of 

IgG concentration being highly variable between ewes and possibly low supplement intakes. 

If supplement intake was too low to elicit a response, the results may be inconclusive. 

Another limitation which may have increased the variability of IgG concentration is 

colostrum IgG measurements not being taken at crucial time points. The best time to 

determine colostral IgG is following birth before lambs suckle. This allows a reduction in 

variability associated with inconsistent lamb consumption of colostrum prior to the sample 

being taken which will alter the colostral IgG concentration, which is highest at birth. The 

sample for IgG quantification was taken 3-6 hours post lambing to maintain high animal 

welfare standards which may have led to lower and more variable concentration of IgG 

compared to the concentration of IgG present at birth before suckling. Thus, results should 

be interpreted with caution. As canola meal and barley combined was not an effective 

short-term supplementation strategy to increase colostrum production, another potential 

supplementation strategy was targeted to alter colostrum production.  

 

 6.2.1.2 Niacin 

Altering of blood flow within the ewe's body has the potential to alter colostrum production 

and composition (Aragona et al. 2016). Nutrients within colostrum are derived from the 

blood as nutrients are transported from the blood into udder secretions. It was 

hypothesised that supplementation of niacin (Chapter 4), a vitamin known to increase blood 

flow and alter colostrum quality (Aragona et al. 2016), would increase the transportation of 

nutrients to the udder. Colostrum production and colostral immunoglobulin production 
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were not affected by niacin supplementation, which may have been associated with the 

supplementation amount supplied, with requirements for niacin unknown in sheep (NRC 

2007). Without measuring the niacin status of the ewe, little knowledge can be drawn about 

whether the supplement supplied enough niacin to elicit a response or if the ewe was not 

limiting in niacin. Therefore, like the attempt to alter colostrum production with canola meal 

and barley, niacin supplementation did not affect colostrum yield or colostral 

immunoglobulin G concentration under the experimental conditions.  

 

  6.2.1.3 Maize and Methionine 

Previously, maize supplementation has increased colostrum production (Banchero et al. 

2002; 2004a; 2004b; 2007; 2009). The effect of maize combined with methionine, a limiting 

amino acid for milk and wool production, which is likely to be limiting under high production 

such as in twin bearing ewes, was tested to determine the effect on colostrum and milk 

production and quality, immunity transfer and lamb growth. Milk production and milk fat 

production were increased by maize and methionine supplementation (Chapter 5). As a 

pilot study, recommendations to producers should not be made to supplement maize and 

methionine without further research being undertaken. However, the results suggest maize 

and methionine supplementation may lead to production benefits in ewes which could 

increase lamb growth rates. For further use within Australia, this research should be 

undertaken using other starchy grains, such as barley, which are more readily available in 

Australia. Further research with larger numbers of ewes and lambs is required to measure 

changes in milk production and lamb growth through until weaning to determine if 

supplementation is economical for producers.  

 

6.2.2 Other Effects of Supplementation  

In addition to supplementation of maize and methionine altering milk production, the 

experiments undertaken provided some other beneficial effects which may provide 

justification for producers to supplement with them. Colostrum protein composition was 

increased by niacin supplementation (Chapter 4). Energy stores may have been mobilised 

for protein deposition in udder secretions, or the effects of niacin causing vasodilation may 
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have increased blood flow leading to greater negative energy balance. Early lamb growth 

rates were unaffected by supplementation indicating the increased colostral protein did not 

have flow-on effects on lamb production. Further research into the mechanism causing 

increased protein in colostrum with niacin supplementation should be sought before advice 

is given to ensure there are benefits to the lamb and it is not affecting ewe health.  

Ewe plasma β-hydroxybutyrate concentrations were increased with maize and methionine 

supplementation (Chapter 5), suggesting supplementation affected the ewe’s metabolic 

status by increasing ketone production from volatile fatty acids within the diet to increase 

energy production. The non-significant increase in colostrum production may have been 

associated with increased plasma β-hydroxybutyrate. Importantly, plasma β-

hydroxybutyrate concentrations of ewes from all treatments remained within the reference 

interval of < 0.7 mmol/L (Aiello 1998), identifying ewes were not exhibiting hyperketonemia. 

The higher β-hydroxybutyrate concentrations in ewes fed maize and methionine could be 

associated with increased lipid mobilisation at lambing to increase colostrum and milk 

production. As a pilot study further studies need to be completed based on these findings to 

make recommendations for producers.  

 

6.2.3 Mortality of Lambs – Producer Survey   

With nearly half of producers estimating lamb mortality rates to be less than 10% (Chapter 

2) in comparison to published data recognising lamb mortality rates of 21-38% in twins and 

13-21% in singles (Fowler 2007), it is apparent producers may be underestimating lamb 

mortalities. Without actual physical data on lost lambs, it is not conclusive. Without 

accurate understanding of mortality rates, the economic loss is relatively unknown and the 

value of practices such as supplementation discussed earlier may not be properly 

understood, as the number of lambs which could have been weaned is unknown. Producers 

surveyed in Chapter 2 identified higher marking percentages than have previously been 

reported (Curtis 2014). This indicates that producers have likely altered their practices since 

the data by Curtis (2014) was collected. These practice changes have likely resulted in more 

lambs being weaned per ewe which may be a result of producer decisions and strategies to 

increase fertility and/or lamb survival rates. Another possible explanation for higher lamb 

marking percentages in the recent survey or producers compared to previously published 
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data could be a result of increased fecundity of ewes due to increased genetic gain. 

Increasing the fecundity of ewes results in increased total liveweight of lambs weaned which 

increases on-farm productivity (Harrison et al. 2014). With litter size heritability noted to be 

0.10, this allows for changes in litter size to be altered by 2%/year (Notter 2008). Therefore, 

litter size can be increased over time which results in greater numbers of lambs produced. 

However, increased lamb mortality is associated with high fecundity (Harrison et al. 2014), 

identifying the greater need to use practices which can alter lamb survival.  

Producers can use scanning data to determine if increased lamb marking rates are due to 

increased fertility, fecundity or reduced lamb mortality. With 59% of producers scanning to 

determine fetal number, these producers already have the data to determine the expected 

number of lambs at marking. Only 48% of all producers use scanning to marking figures to 

determine lamb loss (Chapter 2). If producers were more widely scanning for fetal number 

and using this data, they may be better able to understand total lamb losses and be able to 

manage their stock to increase lamb survival and economic returns. As scanning practices 

have been determined to increase profitability by $0.80/ewe (Young et al. 2016), greater 

uptake of this practice may lead to increased economic return.  However, data from the 

recent survey identified no correlation between whether producers scan and their 

estimated lamb mortality. With only a small proportion of New South Wales producers 

participating in the survey, data should be interpreted with caution.  

 

6.3 Limitations of research 

6.3.1 Ewe Parameters 

Colostral immunoglobulin G concentration variability between ewes within experiments was 

the major limitation of this research (Chapter 3, 4 and 5). Previously, IgG concentration has 

been found to be highly variable between ewes (Hunter et al. 1977; O'Doherty and Crosby 

1997; Tabatabaei et al. 2013). Even with the variability seen in IgG concentration, 

differences in immunoglobulin G concentration associated with nutritional supplementation 

have been detected (Wang et al. 2020). Within the experimental studies undertaken as part 

of this thesis, differences of up to 40% between treatment means for IgG concentration 

were noted. Due to the variation within treatments, likely at the ewe level, these large 
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numerical differences were not statistically significant. As part of Chapter 4, a posthoc 

power analysis was undertaken, identifying up to 134 ewes per treatment would be 

required to observe differences in IgG concentration due to a large amount of variability 

between ewes. 

From Chapters 3, 4 and 5, the lowest measured IgG concentration was 4.62 g/L in Chapter 3, 

compared to the highest measured at 1122.7 g/L in chapter 5. Variation within experiments 

was also high with Chapter 5 immunoglobulin concentration varying from 80.17 – 1122.70 

g/L. This high level of variability within experiments indicates the ewe may have an ability to 

alter IgG concentration, with further research required to understand the causes of the 

variability. Previous studies have identified possible causes of variability to be associated 

with breed due to a polymorphism in a neonatal Fc receptor gene (Tabatabaei et al. 2013) 

leading to genetic differences between ewes based on breed whilst differences based on 

age or parity of the ewe and fetal number have also been noted (Gilbert et al. 1988). 

However, the variability seen in the research chapters cannot be attributed to these causes 

as ewes were all multiparous merino ewes with multiple fetuses. Due to this, further 

research is required to quantify the causes of the variation in IgG concentration between 

ewes.   

The timing of sample collection for colostral IgG concentration was also a limitation of this 

research. For best practice, colostral IgG concentration should be measured pre suckling 

following parturition, as colostral IgG is highest at birth (al-Sabbagh et al. 1995). Colostral 

IgG concentrations were measured at 3-6 hours post-lambing when all ewes had been 

suckled. This affects results as ewes would not have had the same amounts of colostrum 

removed by the lambs, with lamb vigour affecting suckling bouts and colostrum intake 

(Banchero and Quintans 2006). The testing period of 3-6 hours post-lambing was chosen to 

reduce the incidence of ewes rejecting lambs, as the ewe must form a selective bond with 

her lambs, which generally occurs within the first 6 hours of birth (Dwyer 2008b). 

Interference by humans at this time to collect colostrum samples would possibly negatively 

affect the bond formation. It would be beneficial to measure colostral IgG concentration 

before suckling if this could be achieved without disadvantaging the ewe-lamb bond 

formation and the lamb's ingestion of colostrum, possibly by milking a sample of ewes and 

feeding lambs to allow bonding to occur. 
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Ewe numbers were low in all experiments, with less than 21 ewes/treatment (Chapter 3); 

although less than 10 ewes/treatment in some experiments (Chapter 4 and 5). Based on the 

number of ewes in these experiments, differences in continuous data are possible. The 

number of ewes was chosen based on available information on variability, with a pre-

experimental power analysis identifying sufficient ewe numbers. Although, the choice of 

timing of milking as per the methodology may have resulted in greater variability in the 

experiments undertaken in chapters 3-5. With the variability noted between ewes (Chapters 

3,4 and 5) in milk production and immunity transfer, a posthoc power analysis identified up 

to 134 ewes per treatment would be required (Chapter 4) to determine differences. 

Therefore, results should be interpreted with caution as with the high variability a lack of 

difference does not mean no effect. However, if there is a difference it is likely to be small 

and may not be a cost-effective supplementation strategy.   

 

6.3.2 Lamb Parameters 

Lamb growth rates were measured to less than 10 days (Chapters 3 and 4) or until four 

weeks of age (Chapter 5). This correlates with the time when supplementation may 

influence colostrum production, however, a greater understanding of the effects on growth 

rate should be measured through to weaning. This is due to the lactation curve being 

altered due to the increasing BCS of supplemented ewes. Thus, this research has not fully 

explored the effects of supplementation on lamb growth, as there may have been effects 

outside the experimental period. This was especially noted in the maize and methionine 

experiment (Chapter 5), where lambs from maize and methionine supplemented ewes were 

gaining 350g/week more at 3-4 weeks, compared to lambs from control ewes. This 

difference between treatments was greater than it was when lambs were younger.  If 

growth of lambs was measured through until weaning, this may have provided information 

on whether supplementation of ewes resulted in improved milk production from 4 weeks to 

weaning and lamb growth rates. 

Another consideration that is important is the number of ewes and lambs per treatment 

was small. Whilst this number of animals has the possibility to determine differences in 

certain continuous variables such as colostrum production and lamb growth, they are too 

small to determine differences in lamb survival. To determine a 5% difference in lamb 
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survival a minimum of approximately 150 lambs/treatment would be required. Therefore, 

data on lamb survival should be interpreted with caution.  

 

6.4 Considerations to published papers  

Further consideration into the published papers has noted some additional information 

which should have been included within these papers to improve clarity. As these papers 

have now been published, as part of this thesis the papers will not be altered, and all 

additional information and clarification is provided below.   

6.4.1 Chapter 2: Survey 

Within the materials and methods, in the recruitment and questionnaire section the pilot 

survey which was distributed to three producers should have been further clarified. This 

pilot survey was used to check survey design with producer responses and was distributed 

to producers via email. Within this same section the final paragraph discusses when marking 

and weaning of lambs is undertaken to give context to the vaccination times. Rather than 

being included in this section it would have been better to have this as a stand-alone 

separate section within the materials and methods for clarity. Within the statistical analysis 

section, following the sentence on the associations between management practices and 

estimated lamb mortality, it should have been detailed that any associations have been 

detailed in the chapter. If no significant associations were apparent these were excluded 

from the model.  

The odds ratio of producers who supplement energy and protein to ewes during mid 

pregnancy estimating lower marking to weaning mortality was 0.424 (95% CI, 0.203-0.886) 

times that of producers who did not supplement with energy and protein during mid 

pregnancy. Inclusion would have allowed the reader to more clearly make the association 

that supplementation leads to a lower estimated mortality of lambs between marking and 

weaning. Clarification of the idea that all other farm practices had no significant association 

with marking to weaning rates should have been provided to make it clearer that all farm 

practices include practices such as scanning, vaccination, supplementation, and lambing 

mobs as examples.  
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Further exploration of supplementation practices would have noted 59% of producers 

surveyed scan their ewes for foetal number. Data by (Young et al. 2016), has noted an 

economic advantage of $0.80/ewe when scanning for foetal number is undertaken, yet 41% 

of producers are not undertaking these practices. This data could be used to discuss 

possibilities as to why pregnancy scanning is low. Possibilities for the lower uptake of a cost-

effective practice would likely relate to the reasoning given by these producers for not using 

a cost-effective supplement. The uptake of scanning is likely hindered by time constraints of 

producers to undertake the practice and limited paddock availability to split ewes based on 

foetal number.  

Further discussion on the effects of ewe breed would have extrapolated the variation of 

ewe breed. Merinos are known to have variation to other breeds and including the review 

by Jacobson et al. (2020) would have clarified the breed effects.  

6.4.2 Chapter 3: Starch and Protein Supplementation 

Further clarification of the final sentence of the first paragraph of the Introduction should 

have been made. This sentence reveals that IgG production is higher in twin bearing ewes. 

This sentence needed to be extrapolated to refer to the original idea of the effect this can 

have on lamb mortality. This is a compensatory factor to reduce the incidence of infection 

mortality associated with lower colostral IgG ingestion. In the first sentence of the following 

paragraph, this should have referred to pasture-based lambing environments as this is 

generally when energy requirements cannot be met.  

Further clarification in the statistical information as part of the materials and methods 

should have noted that variation in intake was considered as a covariate but removed due 

to insignificance. The inclusion of this in the paper would have been beneficial to the reader 

to understand variation in intake did not alter production outcomes of colostrum 

production or components, milk production or components or immunity transfer.  

6.3.2 Chapter 4: Niacin Supplementation  

Within the Materials and Methods, the amount of niacin supplementation was advised. The 

level this was based on was included in the discussion but should have also been included in 

the methods. The decision for the niacin supplementation amount was based on a study by 
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Aragona et al. (2016), who supplemented niacin to dairy cows. The decision was based on 

this study based on a bodyweight ratio to supplement provided.  

Further clarification on the measurements of ewe intake. As all ewes regardless of 

treatment ate the entire post-lambing ration of 27.66 MJ/day, therefore supplement was 

not considered in the model to effect production measures such as lamb growth rate. Pre-

lambing feed intake was also not considered as the ration fed was based on ewe weight 

with control ewes 77.7 ± 2.12 kg being slightly heavier than niacin ewes 75.9 ± 3.23 kg, 

which is indicative of the increased feed intake of control ewes of 17.5 ± 0.34 MJ/day 

compared to Niacin ewes 16.72 ± 0.406 MJ/day. This may have been an oversight from the 

authors but upon analysis there was no effect of feed intake on production parameters. This 

is also likely associated with individual variation in intake being small at only 500g (1.5kg-

2.0kg) pre lambing which equates to a daily difference of 4.61 MJ/day in intake between 

ewes.  

  

6.5 Implications for Future Research 

Based on the research undertaken, opportunities for further research have been noted. 

With starvation-mismothering being identified as a major contributor to mortality of lambs 

by researchers (Dennis 1974; Luff 1980) and producers (Chapter 2), the continuation of 

research into mechanisms to increase colostrum and milk production is warranted. Of the 

supplementation strategies tested, the positive effect of maize and methionine 

supplementation (Chapter 5) to increase milk production, provides the greatest justification 

for future research to be undertaken to determine the effects this may have on lambs 

through to weaning.   

With the large variability of colostrum immunoglobulin concentration between both ewes 

within and between treatments as well as between experiments, there is an opportunity to 

explore the mechanisms causing this variability before assessing ways to increase 

immunoglobulin production. Without knowing the mechanisms causing the high variability, 

the effectiveness of supplementation will be outweighed by the vast differences between 

ewes, as was shown in various experiments (Chapters 3, 4 and 5). If the causes of variability 
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in colostrum can be well-understood, the effects of supplementation may be more easily 

determined.  

If the causative factor of the high variability can be understood, further research into the 

35% non-significant increase in colostrum production associated with maize and methionine 

supplementation is warranted (Chapter 5). If a 35% increase was consistent across all ewes 

with maize and methionine supplementation, this would be likely to have an impact on lamb 

survival due to colostrum availability following birth. This increase in production could have 

the potential for lambs to consume enough energy and immunoglobulins to improve 

survival whilst allowing the ewe-lamb bond to be formed for continual mothering through 

to weaning. Coupled with the increased colostrum production, if growth rates of lambs can 

be increased through greater milk production, this may allow producers to wean heavier 

lambs, or wean lambs at an earlier age and allow lambs to reach target weights for joining 

and slaughter sooner. Until the causative factor of the variability can be determined 

however, the effectiveness of further research into supplementation is limited.  

6.6 Conclusion 

Considering starvation mismothering and exposure are the largest contributor to lamb 

mortality rates, which have been noted to be around 30% in twin born lambs, opportunities 

exist to reduce the lamb deaths. Increasing colostrum production by altering the nutrition of 

the ewe presents an opportunity to reduce mortalities and increase profitability on-farm. 

Short-term supplementation of maize and methionine to multiple bearing ewes pre-lambing 

and through the lambing period can increase milk production, which is likely to have 

beneficial effects on reducing lamb mortalities and increasing reproductive efficiency. . 

Supplementation of maize and methionine increased milk production, whilst other 

supplementation strategies tested were ineffective under the experimental conditions. 

Further research is needed to determine whether lamb growth rates and ewe production 

traits can be altered by the short-term supplementation of maize and methionine pre-

lambing and through the lamb-rearing phase.  

As a result of this thesis, knowledge has been advanced to understand producer perceptions 

of lamb mortality, which determined future work into supplementation is warranted due to 

the high proportion of lamb mortality associated with starvation and mismothering. The 

opportunity to reduce mortalities, through increasing milk production at birth through to 
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weaning, may have a diverse array of effects on the ewe and her lamb. If ewes can produce 

more milk this may benefit producers being able to reduce lamb mortalities on farm, 

increasing the number of saleable lambs and rate of genetic gain. Along with reduced 

mortalities, if milk production is increased, lamb weight gain in the post-natal period may be 

increased allowing faster turnover of lambs reaching target weights and ewe lambs reaching 

joining weight earlier.  

Another important result to draw on the work carried out in this thesis, is the variability of 

colostral IgG concentrations. With the variability noted between ewes to be high, further 

understanding of the mechanisms which alter colostral IgG concentration in ewes is needed. 

With lambs born hypogammaglobulinemic, provision of immunoglobulins in colostrum is 

paramount. If the causative factor (s) leading to the variability of colostral IgG concentration 

can be understood, it may offer opportunities for selection of ewes which may provide more 

immunity to their lambs. This could result in increased reproductive performance of ewes 

reducing mortality and morbidity of lambs associated with infection.   
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Appendix A contains a one-page paper published for the Animal Production Science 

Conference held in 2018. The paper uses data from Chapter 3.  

Kopp, K., Robertson, S., Abuelo, A., & Friend, M. (2018). Starch and protein supplementation 

to late gestation twin-bearing Merino ewes may alter colostral immunoglobulin G (IgG) 

concentration. In 32nd Proceedings: Animal welfare – fostering innovation through the value 

chain (pp. 1-2) 
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Colostrum for the newborn lamb is integral for survival. The lamb depends on the nutrients within colostrum 

for energy and immunity transfer. Twin born lambs are often at risk of failure of immunity transfer following 

birth, with twins often having lower serum immunoglobulin concentrations following due reduced colostrum 

ingestion (Christley et al. 2003). Twin born lamb deaths often reach 30% (Hinch and Brien 2014), much higher 

than single born lamb deaths, which could be associated with inadequate colostrum production resulting in deaths 

due to failure of immunity transfer. Twin bearing ewes are under high nutritional demand in late pregnancy with 

the demands for fetal growth and colostrum production being greater than her likely dry matter intake from forage, 

as rumen volume is limited by the growing fetuses (Owen and Ingleton 1963, Banchero et al. 2004). 

Supplementation for several weeks prior to lambing with starch increased colostral IgG concentration (O’Doherty 

et al.1997) and bypass protein feeds increased IgG yields (O’Doherty and Crosby 1996). However, long term 

supplementation is costly and time consuming, so Banchero et al. (2009) supplemented single bearing ewes with 

protein and starch for 14 days prior to parturition, but supplementation did not affect IgG as single bearing ewes 

are not under high nutritional stress and ewes refused the supplement. Short term bypass protein and starch 

supplementation to twin bearing ewes pre-lambing may increase colostral IgG concentration compared to 

supplementing with starch only.  

Forty-two synchronised, artificially inseminated twin bearing mixed age Merino ewes grazing natural pastures, 

with unlimited oaten hay when pasture was limiting were randomly allocated to one of two treatments: (1) Control: 

600g/head.day barley or (2) Supplemented: 600g/head.day barley and 120g/head.day canola meal. Three 

replicates of each treatment ewes were fed in groups of 7, with all supplement being consumed. Ewes were 

supplemented for 7 days prior to expected lambing (including a 13-day introductory period). Supplementation 

ceased 4 days after the last lamb was born. Ewes were condition scored (CS) at the start and completion of the 

experiment. A colostrum sample was obtained from the ewes within 6 hours of lambing and tested for lactose, 

protein and fat, and IgG concentration was quantified using a commercial ovine-specific ELISA assay. Two ewes 

and their lambs were removed from the dataset prior to analysis as one ewe had triplets (supplemented) and one 

ewe had an enlarged udder (control). Data was analysed using linear mixed modelling with replicate as the random 

effect.  

The CS of ewes in both treatments increased over the experimental period. CS change by treatment displayed 

a non-significant trend (P = 0.092) with control ewes gaining 0.1 ± 0.09 and supplemented ewes gaining 0.3 ± 

0.09 CS over lambing. The colostrum variables are presented below (Table 1). There were no significant 

differences between the two treatments; however, supplementation with barley and canola meal led to an 18% 

numerical but non-significant increase in colostral IgG production within 6 hours of birth. Given that individual 

supplement intakes likely varied significantly, resulting in variable between ewe responses, the results suggest 

supplementation of late gestation twin bearing Merino grazing ewes with protein and starch may increase colostral 

IgG concentration, with further investigation required using more ewes and controlled intake to test the effect of 

supplement on IgG production and yield.   

Table 1. Effect of control vs supplemented diet on colostrum quality before 6 hours post lambing  
 Control 

 (mean ± SE) 

Supplemented  

(mean ± SE) 

P Value  

Colostrum Fat (%) 10.59 ± 0.485 10.66 ± 0.499 0.919 

Colostrum Protein (%) 11.16 ± 0.437 10.72 ± 0.450 0.487 

Colostrum Lactose (%) 4.46 ± 0.103 4.58 ± 0.106 0.445 

Colostrum IgG (g/L) 137.39 ± 17.791 162.27 ± 17.791 0.243 
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Appendix B – One Page Paper 

 

Appendix B contains a one-page paper published for the Australian Association of Animal 

Sciences Conference 2021. The paper uses data from Chapter 5.  

Kopp, K., Robertson, S., Abuelo, A., & Friend, M. (2021). Maize and methionine 

supplementation alter milk production in ewes. In abstracts from the Proceedings of the 33rd 

Biennial Conference of the Australian Association of Animal Sciences. Animal Production 

Science 61, clxxi. DOI: 10.1071/ANv61n3abs 
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Maize and methionine supplementation alter milk production of ewes  

K. J. KoppA,B,D,S. M. RobertsonA,B, A. AbueloC and M. A. FriendA,B 

AGraham Centre for Agricultural Innovation, Albert Pugsley Place, Wagga Wagga, NSW 2650 Australia.  
BSchool of Animal and Veterinary Sciences, Charles Sturt University, Wagga Wagga, NSW 2678 Australia.  
CCollege of Veterinary Medicine, Michigan State University, East Lansing Michigan 48824 United States.  

DEmail: kkopp@csu.edu.au 

 

Survival of neonatal lambs is a key profit driver on farm with lamb mortality rates varying between 5-70% of 

all lambs born and is commonly around 30% in twins (Hinch and Brien 2014). Survival of lambs following 

parturition is determined by the ewe’s ability to produce enough quality and quantity of colostrum and milk for 

energy production and immunity transfer. Initially, colostrum provides the sole source of immunity transfer 

supplying immunoglobulins for immune protection and energy for growth and heat production. Starvation of 

lambs is a prominent cause of mortality causing up to 70% of all neonatal lamb deaths (Hinch and Brien 2014).  

Multiple bearing ewes are often unable to meet energy requirements due to fetal rumen compaction and 

increasing energy demand for fetal growth and colostrum production. In pastoral conditions these ewes are often 

in energy deficit at a time when energy intake is crucial for maintaining production. To meet this shortfall previous 

work has supplemented maize to ewes pre-lambing to increase colostrum production (Banchero et al. 2002, 2004a, 

2004b, 2007). Maize has increased colostrum production through provision of starch acting as a glucose precursor 

when catabolised in the small intestine. Methionine, a limiting amino acid in milk synthesis has increased milk 

yields (Goulas et al. 2003), but the effects on colostrum have not been determined. The aim of this experiment 

was to identify if short-term supplementation of maize, methionine or a combination of maize and methionine to 

twin bearing ewes could increase colostrum and milk production.  

Thirty-seven, three to five-year-old, naturally mated Merino ewes carrying multiple fetuses were 

supplemented for 14 days prior to the start of lambing until four weeks post lambing. All ewes were fed a daily 

maintenance basal diet of ewe/lamb pellets and oaten chaff. The four treatments were: control (n=10, no 

supplement), maize (n=10, 500g/hd.day cracked maize), methionine (n=8, 3g/hd.day rumen protected methionine) 

and both (n=9, 500g/hd.day cracked maize and 3g/hd.day rumen protected methionine). Ewes were milked out on 

one-side of the udder 3 hours post-lambing, with lambs partitioned off until ewes were re-milked 4 hours later to 

determine colostrum production. The process was repeated weekly until 4 weeks post lambing to determine 

weekly milk yield. Data was analysed in R Studio using linear mixed modelling with replicate (ewe age/pen 

location) as a random effect. Number of lambs reared and lambing day plus interaction were included and removed 

in a stepwise manner if not significant (P>0.05).  

Table 1. Ewe 4-hour weekly spot testing of colostrum and milk production (mL) estimates of treatments 

(data presented as mean ± SE) 

 Control Maize + 

Methionine 

Maize Methionine P-Value 

Colostrum production  

 

187 ± 27.0 252 ± 28.6 199 ± 27.2 239 ± 30.1 0.120 

Milk production 

 

210.1 ± 13.10a 253.8 ± 12.94b 247.2 ± 13.37ab 228.8 ± 14.22ab 0.0091 

Milk production increased with maize and methionine supplementation compared to control; however, there 

was no effect on colostrum production as shown in Table 1. Our hypothesis that supplementation would increase 

colostrum/milk production is partially supported. Interestingly, maize only supplementation did not increase 

colostrum/milk production compared to control; however, milk production was similar in maize only and 

methionine + maize treatments. It is evident the maize and methionine supplementation increased milk and 

colostrum production in comparison to the control which may lead to increased survival of lambs; however, the 

evidence suggests there is no advantage to supplementing maize and methionine compared to maize only. The 

results need evaluation with a larger group of ewes to determine the effects of supplementation on production.  
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Appendix C - One Page Paper 

Appendix C contains a one-page paper published for the Australian Association of Animal 

Sciences Conference 2021. The paper uses data from Chapter 2.  
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really know? In abstracts from the Proceedings of the 33rd Biennial Conference of the 

Australian Association of Animal Sciences. Animal Production Science 61, clxx. DOI: 

10.1071/ANv61n3abs 

  



 

154 
 

Lamb Mortality – Do producers really know?  
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Mortality of lambs following birth represents a key area of reproductive wastage in sheep breeding enterprises 

associated with significant economic losses. Commonly, mortality rates of lambs are 10% in single born lambs 

and 30% in twin born lambs, whilst mortality has been documented to be up to 70% of all lambs born (Hinch and 

Brien 2014). With mortality having a significant impact on reproductive wastage the importance of producers to 

understand mortality rates on farm is high. Producers must be able to determine neonatal lamb mortalities to 

establish if cost-effective practices can be used to reduce mortality and increase profitability. The objective of this 

survey was to determine ewe-lamb producer estimated mortality rates and compare these mortality rates with 

published data to understand if producers are likely accurately determining neonatal lamb mortalities.  

A 20-question survey was distributed to ewe-lamb producers across New South Wales with online and paper 

copies between May and October 2019 with 178 producers participating in the survey, with 145 usable responses. 

The survey included questions on lamb mortality rates, causes of mortality and asked producers to estimate 

mortality rates between birth to marking and marking to weaning. Data was analysed via descriptive statistics in 

SPSS to determine distributions with categorical variables examined using frequencies.  

Producers identified method/s used to determine the loss of lambs from birth to marking. Of producers 

surveyed 62% used the number of dead lambs observed, 48% used scanning to marking figures and 22% used 

their overall general impression. To determine mortality between marking and weaning 68% of producers used 

marking and weaning rates, with 44% using dead lambs observed and 22% using their general impression. 

Producers’ estimates of mortality rates of lambs between birth and marking are shown in Figure 1a. Of the 

producers surveyed, 49% estimated mortality of lambs between birth and marking to be less than 10% of all lambs 

born with only 13% of producers estimating more than 20% mortality. From marking to weaning, 72% of 

producers estimated mortality to be 2% or less as shown in Figure 1b.  

 

 

 
 

 

 

 

 

 

 

 

Figure 1. Mortality rates of lambs (a) between birth and marking and (b) between marking and weaning 

as described by producers  

In comparison to the data published in the review by Hinch and Brien (2014) where mortality rates for 

twins were around 30% for twins and 10% for singles, the mortality estimated by the surveyed producers appears 

to be lower. Although in the survey mortality rates for twins versus singles were not accounted for, it is likely the 

producers considered a mix of birth types. Therefore, the differences in the results could be attributed to mortality 

rates in newborn lambs declining since the Hinch and Brien (2014) data were calculated, less twins being 

considered by the producers, or mortality rates between birth and marking being under-recognised by producers. 

As a result, if mortality rates are in fact underestimated by producers this may affect the producers perceived 

economic losses and therefore, producers may be able to increase production and profitability if lamb mortality 

rates are better estimated.  
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Appendix D – Survey  

 

Appendix D contains the survey questions used to collect data for Chapter 2.  
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Questionnaire on lamb survival, vaccination 

and lambing supplementation  

 

1. What type of farming system do 

you run? 

Select one only.  

 

 

 

 

□ Sheep ONLY 

□ Sheep & Cropping 

□ Sheep & Cattle  

□ Sheep & Cattle & Cropping 

□ Other: Please specify: ________________________ 

 

 

2. What breed and number of 

breeding age ewes do you have?  

Select up to 3 breeds.   

Please note which breed you 

choose for 1,2,3 for future 

questions.  

 

□ Ewe Breed 1: Breed:__________ No. ewes:________ 

□ Ewe Breed 2: Breed:__________ No. ewes:________ 

□ Ewe Breed 3: Breed:__________ No. ewes:________ 

 

 

 

 

 

 

3. When do you lamb your ewes? 

Select all that apply for each breed  

Ewe Breed 1: 

         □ Autumn Lambing (March to May) 

         □ Winter/Spring Lambing (June – November) 
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         □ Continuous Lambing (Leave rams in all year) 

         □ Other: Please specify: ________________________ 

 

Ewe Breed 2: 

         □ Autumn Lambing (March to May) 

         □ Winter/Spring Lambing (June – November) 

         □ Continuous Lambing (Leave rams in all year) 

         □ Other: Please specify: ________________________ 

 

 

Ewe Breed 3: 

         □ Autumn Lambing (March to May) 

         □ Winter/Spring Lambing (June – November) 

         □ Continuous Lambing (Leave rams in all year) 

         □ Other: Please specify: ________________________ 

 

 

 

4. What is the postcode of the 

farm? 

 

5. What is your gender?  

 

 

 

 

 

 

 

______________________________ 

□ Male  

□ Female  

□ Other 
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6. Please state your age?  

 

 

 

7. Please state how many years 

have you been farming?  

 

 

8. Please state how many 

generations has your family been 

farming?  

□ Rather not say 

 

 

_______________________________ 

 

 

 

_______________________________ 

 

 

 

 

_______________________________ 

 

 

 

 

9. Do you vaccinate ewes pre – 

lambing?  

Select all that apply for each ewe 

breed 

 

 

 

 

Ewe Breed 1:  

     □ No 

     □ Yes: Which vaccine do you use? 

            □ Glanvac 3 

            □ Glanvac 3S 

            □ Glanvac 3 B12 

            □ Glanvac 3S B12 
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            □ Glanvac 6 

            □ Glanvac 6S 

            □ Glanvac 6 B12 

            □ Glanvac 6S B12 

            □ Ultravac 5 in 1 

            □ Cydectin Eweguard 

            □ Cydectin Eweguard SE B12 

            □ Websters 6 in 1 

            □ Websters 6 in 1 B12 

            □ Eryvac 

            □ Gudair  

            □ Leptoshield  

            □ Scabiguard  

            □ Other: Please specify: __________________ 

 

 

 

 

 

 

Ewe Breed 2:  

     □ No 

     □ Yes: Which vaccine do you use? 

            □ Glanvac 3 
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            □ Glanvac 3S 

            □ Glanvac 3 B12 

            □ Glanvac 3S B12 

            □ Glanvac 6 

            □ Glanvac 6S 

            □ Glanvac 6 B12 

            □ Glanvac 6S B12 

            □ Ultravac 5 in 1 

            □ Cydectin Eweguard 

            □ Cydectin Eweguard SE B12 

            □ Websters 6 in 1 

            □ Websters 6 in 1 B12 

            □ Eryvac 

            □ Gudair  

            □ Leptoshield  

            □ Scabiguard  

            □ Other: Please specify: __________________ 

 

 

 

 

Ewe Breed 3:  

      □ No 

      □ Yes: Which vaccine do you use? 
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            □ Glanvac 3 

            □ Glanvac 3S 

            □ Glanvac 3 B12 

            □ Glanvac 3S B12 

            □ Glanvac 6 

            □ Glanvac 6S 

            □ Glanvac 6 B12 

            □ Glanvac 6S B12 

            □ Ultravac 5 in 1 

            □ Cydectin Eweguard 

            □ Cydectin Eweguard SE B12 

            □ Websters 6 in 1 

            □ Websters 6 in 1 B12 

            □ Eryvac 

            □ Gudair  

            □ Leptoshield  

            □ Scabiguard  

            □ Other: Please specify: __________________ 

 

10. Do you give any vaccinations to 

lambs?  

Select all that apply for each lamb 

breed 

Merino Lambs 

    □ Do not have Merino Lambs  

    □ No 

    □ Yes: Which vaccine do you use? 

            □ Glanvac 3 
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            □ Glanvac 3S 

            □ Glanvac 3 B12 

            □ Glanvac 3S B12 

            □ Glanvac 6 

            □ Glanvac 6S 

            □ Glanvac 6 B12 

            □ Glanvac 6S B12 

            □ Ultravac 5 in 1 

            □ Cydectin Weanerguard 

            □ Cydectin Weanerguard SE B12 

            □ Websters 6 in 1 

            □ Websters 6 in 1 B12 

            □ Eryvac 

            □ Gudair  

            □ Leptoshield  

            □ Scabiguard  

            □ Other: Please specify: __________________ 

 

Meat Breed or Crossbred Lambs 

     □ Do not have Meat Breed or Crossbred Lambs  

     □ No 

     □ Yes: Which vaccine do you use? 

            □ Glanvac 3 

            □ Glanvac 3S 
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            □ Glanvac 3 B12 

            □ Glanvac 3S B12 

            □ Glanvac 6 

            □ Glanvac 6S 

            □ Glanvac 6 B12 

            □ Glanvac 6S B12 

            □ Ultravac 5 in 1 

            □ Cydectin Weanerguard 

            □ Cydectin Weanerguard SE B12 

            □ Websters 6 in 1 

            □ Websters 6 in 1 B12 

            □ Eryvac 

            □ Gudair  

            □ Leptoshield  

            □ Scabiguard  

            □ Other: Please specify: __________________ 

 

 

11. When do you vaccinate lambs? 

Select one for each lamb breed 

 

 

 

 

Merino Lambs:  

         □ Do not have Merino Lambs 

         □ No Vaccination  

         □ Marking Only 

         □ Weaning Only 

         □ Marking and Weaning 
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12a. If you do not vaccinate lambs 

or ewes pre-lambing why do you 

choose not to vaccinate?  

Select all that apply 

 

 

 

 

 

 

 

 

         □ Other: Please specify: ________________________ 

 

Meat Breed or Crossbred Lambs: 

         □ Do not have Meat Breed or Crossbred Lambs 

         □ No Vaccination  

         □ Marking Only 

         □ Weaning Only 

         □ Marking and Weaning 

         □ Other: Please specify: ________________________ 

 

 

 

 

Ewes: 

       □ Cost 

       □ Time  

       □ Not Effective 

       □ Other: Please specify:_________________________ 

 

Lambs: 

       □ Cost 

       □ Time  

       □ Not Effective 

       □ Other: Please specify:_________________________ 
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12b. If you vaccinate your ewes or 

lambs, why do you choose to 

vaccinate?  

Select all that apply 

 

 

 

 

 

 

 

 

 

 

 

 

 

□ Have always vaccinated 

□Advised to vaccinate: Please specify who advised you:  

                                             □ Vet 

                                             □ Nutritionist 

                                             □ Family Member 

                                             □ Rural Store (e.g. Elders/Landmark) 

□ Increase immunity levels 

□ Increase survival of lambs 

□ Other: Please specify: ______________________________ 

13. Do you scan your ewes? 

Select one for each ewe type 

 

 

 

 

 

 

Ewe Breed 1: 

     □ Twin and single identify and lamb separate   

     □ Twin and single identify and lamb together 

     □ Scan for pregnant and non-pregnant  

     □ Do not scan 

 

Ewe Breed 2: 

     □ Twin and single identify and lamb separate   

     □ Twin and single identify and lamb together 
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     □ Scan for pregnant and non-pregnant  

     □ Do not scan 

 

Ewe Breed 3: 

     □ Twin and single identify and lamb separate   

     □ Twin and single identify and lamb together 

     □ Scan for pregnant and non-pregnant  

     □ Do not scan 

 

Any Comments:_________________________________ 

______________________________________________ 

______________________________________________ 

 

 

 

 

14. What is your average marking 

percentage of ewes joined?  

Select one for each type of year for 

each breed.   

 

Ewe Breed 1: 

   Good Year (High feed):                Drought Year (Low Feed):  

                □ More than 150%               □ More than 150% 

                □ 120-149%                           □ 120-149% 

                □ 100-119%                           □ 100-119% 

                □ 90 – 99%                             □ 90 – 99% 

                □ 70 – 89%                             □ 70 – 89% 

                □ 50 – 69%                             □ 50 – 69% 
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                □ Less than 49%                    □ Less than 49% 

 

Ewe Breed 2:  

   Good Year (High feed):                Drought Year (Low Feed):  

                □ More than 150%               □ More than 150% 

                □ 120-149%                           □ 120-149% 

                □ 100-119%                           □ 100-119% 

                □ 90 – 99%                             □ 90 – 99% 

                □ 70 – 89%                             □ 70 – 89% 

                □ 50 – 69%                             □ 50 – 69% 

                □ Less than 49%                    □ Less than 49% 

 

 

 

Ewe Breed 3:  

   Good Year (High feed):                Drought Year (Low Feed):  

                □ More than 150%               □ More than 150% 

                □ 120-149%                           □ 120-149% 

                □ 100-119%                           □ 100-119% 

                □ 90 – 99%                             □ 90 – 99% 

                □ 70 – 89%                             □ 70 – 89% 

                □ 50 – 69%                             □ 50 – 69% 

                □ Less than 49%                    □ Less than 49% 
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15a. In the past 5 years what 

percentage of lambs on average 

die between lamb birth and 

marking do you think?  

Select one only 

 

 

 

 

 

 

 

15b. On what basis do you think 

this? 

Select all that apply 

□ 0% 

□ 1 – 4% 

□ 5 – 9% 

□ 10 – 14% 

□ 15 – 19% 

□ 20 – 29% 

□ More than 30% 

□ Unknown  

  

 

 

 

□ Scanning to marking figures 

□ Dead lambs observed 

□ General Impression 

□ Other: Please State: _______________________________ 
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16a. In the past 5 years what 

percentage of lambs on average 

die between lamb marking and 

weaning do you think?  

Select one only 

 

 

 

16b. On what basis do you think 

this? 

Select all that apply 

 

 

□ 0% 

□ 1 – 2% 

□ 3 – 4% 

□ 5 – 9% 

□ More than 10% 

 

 

 

□ Marking to weaning figures 

□ Dead lambs observed 

□ General Impression 

□ Other: Please State: _______________________________ 

 

17. For each ewe breed, what percentage do you think each cause contributes to your lamb losses?  

Please fill out for up to 3 ewe breeds. Please ensure the total adds to 100%.  

 

 

Breed 

 

Dystocia 

Starvation/ 

Mismothering/ 

Exposure 

 

Predation 

 

Infection  

 

Other 

 

Total 

Example 

Breed 

20% 20% 20% 20% 20% 100% 
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18a. When do you supplementary 

feed pre-lambing ewes for energy 

or protein?  

Select one only 

 

18b. If you supplementary feed 

ewes every year for 

protein/energy, why do you do 

this?  

 

 

18c. What supplements would you 

typically provide for 

energy/protein supplementation? 

Select all that apply 

 

 

 

 

 

□ Every Year 

□ Only in Poor seasons  

□ When ewe condition is below target 

□  Never (Go to Question 19)  

 

___________________________________________________ 

___________________________________________________ 

___________________________________________________ 

 

□ Barley 

□ Oats 

□ Wheat 

□ Lupins 

□ Canola Meal 

□ Soyabean Meal 

□ Lucerne Hay 

□ Cereal Hay  

□ Other: Please specify:_____________________ 
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18d. When do you typically provide 

the protein/energy supplement to 

ewes?  

Select all that apply 

 

 

 

 

18e. How much per head per day 

would you typically during lambing 

feed of the energy/protein 

supplement?  

Select one only 

 

 

  

 

 

□ During mid pregnancy 

□ A month before lambing 

□ 2 weeks before lambing 

□ During lambing  

□ After lambing until weaning 

 

 

□ Less than 200g 

□ 200 – 399g 

□ 400 – 599g  

□ 600 – 799g 

□ 800g – 999g 

□ More than 1kg. 

19a. When you supplementary 

feed pre-lambing ewes with 

minerals?  

Select one only 

 

 

 

□ Every Year 

□ Only in Poor seasons  

□ When ewe condition is below target 

□ Certain pasture types  

□  Never (Go to Question 20)  
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19b. If you supplementary feed 

ewes every year with minerals, 

why do you do this?  

 

 

 

19c. What supplements would you 

typically provide for mineral 

supplementation? 

Select all that apply 

 

 

 

 

19d. When do you typically provide 

the mineral supplement to ewes?  

Select all that apply 

 

 

  

 

 

____________________________________________________ 

____________________________________________________ 

____________________________________________________ 

 

 

 

□ Purchased Pre-lambing Lick or Block  

□ Lime 

□ Magnesium 

□ Salt 

□ Other: Please specify: __________________________________ 

 

 

 

□ During mid pregnancy 

□ A month before lambing 

□ 2 weeks before lambing 

□ During lambing  

□ After lambing until weaning 

 

20. If you were advised a 

supplement could be given to ewes 

pre-lambing, which was cost-

effective, what would cause you 

□ Time  

□ Possibility of disturbing ewes 

□ Too wet 
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not to use the supplement in a 

year when pasture is adequate?  

Select all that apply 

□ Other: Please specify: ___________________________________ 

 

         

     

 

 

 

 

      

Thank you for your assistance in completing this survey.  

Please note: By returning this survey you are consenting to the use 

of the information provided. Raw data sheets and the 

questionnaire will be stored for 5 years and then destroyed. Strict 

confidentiality will be maintained.  
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Appendix E – Publishable Literature Review 

Appendix E is a literature review which has been prepared for publication and will be 

submitted to a journal of choice during the review stages of the thesis. This manuscript is 

comprised of information contained in Chapter 1 of this thesis.  
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Abstract. Nutritional supplementation can influence lactational performance and 

subsequent lamb growth and survival. Lamb survival post-birth relies on the availability of 

colostrum and milk as sources of energy and for immunity transfer. Starvation and failure of 

immunity transfer are key contributors to the reduced reproductive efficiency of sheep 

flocks worldwide. Prior to birth, the ewe partitions energy for colostrum production and 

fetal growth. Ensuring correct nutrition of the ewe at this stage of pregnancy is important to 

ensure optimal fetal growth to avoid either a large fetus leading to dystocia, or low 

birthweight lambs which have a higher incidence of mortality associated with exposure 

following birth. The ewe must also partition energy for colostrum prior to birth, as lambs are 

born hypogammaglobulinemic, reliant on colostrum for immunity transfer to prevent 

infections. Initially colostrum and subsequently milk provide the sole source of nutrition 

following birth, therefore the ewe must provide adequate quantities and quality of 

colostrum to ensure growth and survival of lambs is not compromised. Ewes which are 

lambed on pasture in extensive lambing systems, may not be able to meet their nutritional 
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needs during late gestation and lactation, with supplementation providing an opportunity to 

manage this deficit. In more intensive lambing systems, ewes are fed rations during late 

gestation and lambing, and ensuring these rations provide optimal nutrition is important in 

managing lamb growth and survival. This review considers various supplementation 

strategies which may be used to increase colostrum and milk production, as well as 

immunity transfer to lambs, to reduce the mortality rate of newborn lambs. 

Supplementation of ewes with energy and protein supplements, such as maize and protein 

meals, can be effective to increase colostrum production. Mineral supplementation of 

calcium and magnesium can also increase fetal and lamb growth rates. There is a lack of 

conclusive evidence of the impact of vitamin and amino acid supplementation on colostrum 

and milk production and immunity transfer. The research presented in this review focuses 

on pasture-based systems but where relevant information is lacking, information on other 

systems and species is included. Therefore, future research is required to determine the 

effects of supplementation of various supplements and the effects these can have under 

commercial production systems.  

 

Introduction 

Perinatal lamb loss from birth to weaning is a significant contributor to reproductive 

wastage in sheep enterprises (Murphy et al. 1996; Hinch and Brien 2014). Lamb mortality 

rates can vary significantly, with data reporting lamb mortalities between 6% to 63% in 

Australia (Hinch and Brien 2014), 1-26% in the United Kingdom (Binns et al. 2002) and 10-

25% in New Zealand, indicating lamb mortality is a worldwide issue. A realistic industry 

average of 10% mortality for single born lambs and 30% mortality for twin born lambs has 

been identified in Australia (Hinch and Brien 2014); however, this may vary in other 

countries associated with the production system. These mortality rates illustrate the 

significant impact lamb deaths have on reproductive wastage, reducing profitability and the 

perceived animal welfare standards of the sheep industry. One of the main contributors to 

lamb mortality is starvation, accounting for between 6.8 and 82% of all lamb deaths (Hinch 

and Brien 2014). Starvation of lambs can be as a result of insufficient colostrum production 

by the ewe, often due to poor nutrition in late pregnancy (McCance and Alexander 1959; 

Dwyer et al. 2003). Deaths associated with starvation increase as the litter size increases 
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(Hinch et al. 1986), as the ewe may be unable to produce enough colostrum or milk to meet 

the requirements of multiple lambs(Hinch et al. 1986). Production of colostrum is also 

important as lambs are born hypogammaglobulinaemic (Chniter et al. 2016), with colostrum 

providing the sole source of immunity (Murphy et al. 1996). Immunoglobulins within 

colostrum can be absorbed by the lamb’s gastrointestinal tract for the first 24-48 hours 

following birth, before ‘gut closure’ (Lecce and Morgan 1962; Rufus and Hardy 1969; Hough 

et al. 1990). The immunoglobulins ingested from the colostrum during this time provide the 

only antibody defence against infection for the lambs first week of life (Logan 1996). Primary 

or secondary infection causes between 1-8% of all lamb deaths (Dennis 1974b; Refshauge et 

al. 2016), however, secondary infection is also common due to a compromised immune 

system, due to starvation or following lamb marking (Dennis 1974a). Therefore, failure of 

the ewe to provide sufficient quality and quantity of colostrum, milk and immunoglobulins 

can cause high lamb mortality rates. Due to the high mortality associated with starvation 

and infection, attempts have been made to improve colostrum and milk production as well 

as IgG colostral concentration in ewes through nutritional intervention in the pre-lambing 

period.  This review examines different supplementation strategies for late gestation and 

lactating ewes on colostrum, milk and immunoglobulin production, and the effects this can 

have on lamb growth and survival.  

 

Nutrition of the ewe in pregnancy and lactation  

Ewe nutrition plays an integral role in the survival of lambs through until marking. 

Nutritional intake alters nutrient expenditure and utilisation of body fat as energy during 

pregnancy and lactation, impacting colostrum/milk yield and subsequently lamb growth 

(Meyer et al. 2011). Feed availability in late gestation alters udder development and 

lactational performance (Blair et al. 2010) with 70% of udder development occurring in the 

final 30 days of gestation (Mellor and Murray 1985). Energy consumption at this time is 

important for lactation, with higher energy consumption increasing lactation performance 

by providing glucose, a lactose precursor enhancing milk synthesis (Tygesen et al. 2008; 

McGovern et al. 2015). Provision of optimal nutrition in late gestation is often difficult, as 

the fetus/es limit rumen size, reducing feed intake (Forbes 1971). Reduced feed intake in 
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late gestation, causes a reduction in milk yield for the first 21 days of lactation (Tygesen et 

al. 2008), identifying the longer-term effect of low nutrient intake.  

Birthweight of lambs is also affected by ewe nutrition during pregnancy, with severely 

nutrient restricted ewes having lower birthweight lambs (Tygesen et al. 2008; McGovern et 

al. 2015), while ewes with an oversupply of nutrition can experience higher incidences of 

dystocia and pregnancy toxaemia (Holst et al. 1992). Nutrient restricted ewes will be lighter 

following lambing (McGovern et al. 2015), which may have effects on wool production, 

return to oestrus, lamb survival and milk production. These ewes may also experience 

reduced attachment to their lambs as they move quickly form the birth site in search of 

nutrition, displaying fewer grooming behaviours and higher incidences of lamb desertion 

compared to well-fed ewes (Arnold and Morgan 1975; Putu et al. 1988; Dwyer 2003). Thus, 

provision of correct nutrition to the pregnant and lactating ewe via supplementation 

practices, can increase the lamb survival by altering lamb birthweight, colostrum, and milk 

production.  

With nutrient intake having a major effect on survival of lambs through to weaning (Russel 

1984), it is important to ensure ewes have adequate nutrient intake in pregnancy and 

lactation. Pastures alone are often not able to meet the requirements of the late pregnant 

or lactating ewe (Masters et al. 2019), so the addition of short-term supplementation 

strategies can be economical to meet this nutrient deficit (Murphy et al. 1996). However, 

longer term supplementation strategies, such as those for the entire pregnancy, are costly 

(Hall et al. 1992), may increase dystocia (Murphy et al. 1996) and are time-consuming. As a 

result, shorter targeted supplementation strategies appear to be of greater benefit (Hall et 

al. 1992). The targeted increase in nutrition during late gestation and pregnancy allows the 

adequate partitioning of energy for colostrum production (Hall et al. 1992), whilst still 

maintaining adequate lamb growth. Therefore, understanding different supplementation 

strategies and their effects on colostrum and milk production is important when 

determining feeds to supplement during this time of negative energy balance for the ewe.  
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Cereal Grain Supplementation 

Cereal grains contain starch, which is known to increase colostrum and milk production, 

lamb growth and lamb survival (Armstrong and Smithard 1979; Weston 1988; Nocek and 

Tamminga 1991; Landa et al. 1999; Banchero et al. 2002; Banchero et al. 2004a; Banchero et 

al. 2004b; Holst et al. 2005; Banchero et al. 2007; Banchero et al. 2009; Fierro et al. 2012; 

Hawken et al. 2012; Rabaza 2012; Kopp et al. 2019). Starch is digested in the ewe’s rumen 

and small intestine (Knowlton et al. 1998) which can be used for colostrum and milk 

production (Banchero et al. 2007). When digested in the rumen, starch undergoes 

fermentation to propionate (Knowlton et al. 1998), acting as an energy source for glucose 

synthesis (Elliot 1980). Through gluconeogenesis, propionate is synthesised to glucose 

within the liver (Knowlton et al. 1998). Starch escaping fermentation in the rumen moves to 

the small intestine, with fetal compaction in the rumen during pregnancy increasing the rate 

of passage of digesta, allowing increased starch catabolism in the small intestine (Weston 

1988). Starch within the small intestine is catabolised to glucose for lactose production, 

increasing the availability of colostrum and milk (Banchero et al. 2007). Starch catabolism in 

the small intestine promotes the greatest increase in available substrates for colostrum and 

milk production (Knowlton et al. 1998).  

In a study by Kopp et al. (2020a) of current producer practices around supplementation of 

ewes with energy-based supplements such as cereal grains, supplementation was provided 

by 94.7% of participating producers, indicating many producers are willing to supplement 

their ewes. With producers willing to supplement ewes, it is important to understand the 

effectiveness of various supplements and ensuring producers supplement at the most 

appropriate times to increase production is important. Producers identified the most 

common time to supplement ewes was when ewes were in low body condition score or a 

month before lambing. With BCS 2.5-3.5 producing more milk than ewes of lower or higher 

BCS (Al-Sabbagh 2009), supplementing ewes in low BCS in the last weeks of pregnancy may 

allow production to be increased.  
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Maize 

Maize is the most effective cereal grain for increasing lactose availability, with more starch 

reaching the small intestine due to the resistance of the grain to ruminal fermentation 

compared to other cereal grains (Nocek and Tamminga 1991).  In ruminants, approximately 

14% of starch in maize enters the small intestine (Huntington 1997); however, this can vary 

due to the animal’s physiological state and efficiency of ruminal digestion. Maize 

supplementation is effective to increase colostrum production (Table 1), generally without 

affecting lamb birthweight. Birthweight was increased in one study by 500g (Banchero et al. 

2004b), with supplemented lambs within the optimal birthweight for survival (Geenty et al. 

2014). Although maize supplementation effective to increase colostrum production which 

could be beneficial to lamb growth and survival, this has not been tested in a commercial 

situation, so further research should focus on production benefits to lamb growth and 

survival to determine if supplementation is effective and economical.  

Table 1 - Summary of studies examining the effect of maize supplementation on colostrum 
production and lamb birthweight 

Reference Supplementation time and 
amount 

Effect on Colostrum 
Production  

Effect on birthweight 

(Banchero et 
al. 2002) 

750g/day maize for 8 days 
prior to lambing 

+ No effect 

(Banchero et 
al. 2004a) 

750g/day maize for 14 days 
prior to lambing 

+ No effect 

(Banchero et 
al. 2004b) 

750g/day maize for 14 days 
prior to lambing 

+ + 

(Banchero et 
al. 2007) 

500g/day maize for 14 days 
prior to lambing 

+ No effect 

(Banchero et 
al. 2009) 

600g/day maize for 14 days 
prior to lambing 

+ No effect 

+ increased by supplementation 

In most cases, maize supplementation was provided to ewes who were consuming 

maintenance rations, had low pasture availability or had low body condition scores 

(Banchero et al. 2002; Banchero et al. 2004a; Banchero et al. 2004b; Banchero et al. 2007; 

Banchero et al. 2009). It is evident under conditions of low feed availability or low body 

condition score, that supplementation with maize has the potential to improve production, 
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but the effects with higher feed availability or higher body condition score may not be the 

same.  

Many of the maize supplementation studies undertaken have used high protein basal diets 

(Banchero et al. 2002; Banchero et al. 2004a; Banchero et al. 2004b), which may have a 

cumulative effect on colostrum production. It has been identified that when high protein 

feeds such as lucerne hay are supplied in conjunction with starch, the protein allows the 

starch to be used as a fermentable carbohydrate (Banchero et al. 2004a). This is due to 

ammonia being released during protein synthesis allowing more effective microbial protein 

synthesis leading to increased colostrum production (Banchero et al. 2004a). However, 

recent research identified supplementing protein and starch combined did not increase 

colostrum production (Banchero et al. 2009; Kopp et al. 2020b) or colostrum IgG 

concentration (Kopp et al. 2020b) compared to a starch only diet. Combining protein and 

starch may not be effective to increase colostrum production, but supplementation of maize 

should be considered to increase colostrum availability at birth.  

 

Barley 

Ruminal fermentation of barley allows approximately 8.5% of starch to enter the lower 

digestive tract for post ruminal digestion (Banchero et al. 2015); although this can vary with 

the animal’s physiological state. Barley supplementation increased colostrum production 

without affecting lamb birthweight (Table 2). Birthweight was increased in one study, but 

lambs remained within the optimal birthweight for survival (Geenty et al. 2014). Increasing 

colostrum production is effective to increase its availability for lambs’ post-birth, however, 

study under commercial conditions found supplementing barley did not alter lamb survival 

(Kopp et al. 2019). In this case, the high quality and quantity pasture may have mitigated the 

effects of barley supplementation, leading to barley acting as a substitute rather than 

additional feed source (Kopp et al. 2019). Thus, further research should be undertaken 

under lower pasture availability to make recommendations on when supplementation may 

be beneficial to alter lamb survival to allow producers to make economic decisions 

regarding supplementation of ewes during pregnancy and lactation.  
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Table 2 - Summary of studies examining the effect of barley supplementation on 
colostrum production and lamb birthweight 

Reference Supplementation time and 
amount 

Effect on Colostrum 
Production  

Effect on birthweight 

(Banchero et 
al. 2007) 

600g/day barley for 14 days 
prior to lambing 

+ No effect 

(Hawken et al. 
2012) 

Barley at 0.8% ewe 
liveweight/day for 14 days 
prior to lambing 

+ + 

(Kopp et al. 
2019) 

Barley ay 550G/ewe/day for 20 
days pre-lambing until two 
weeks into the lambing period 

NT No effect 

+ increased by supplementation, NT not tested 

 

Oats 

Oats are highly fermentable in the rumen, with only approximately 2% of starch entering 

the small intestine depending on ruminal digestion efficacy (Banchero et al. 2015). As a 

result of limited starch reaching the small intestine, oats supplementation has been found 

to be ineffective in increasing colostrum production (Hall et al. 1992; Holst et al. 2005). 

Therefore, oats is not considered an effective supplement for late gestation ewes to 

increase colostrum production. 

 

Protein Supplementation  

Protein can be supplemented as either rumen degradable or rumen undegradable protein. 

The type of protein differentially affects colostrum production (Ocak et al. 2005; Amanlou et 

al. 2011). Rumen undegradable protein can increase colostrum production through supply 

of protein for catabolism in the small intestine (Hall et al. 1992). Contrastingly, rumen 

degradable protein can cause high concentrations of ammonia leading to a reduction in 

colostrum production (Amanlou et al. 2011). With high production of ammonia, plasma urea 

concentrations increase interfering with colostrum synthesis (Banchero et al. 2004b). 

Although feeds high in rumen degradable protein are also often high in metabolisable 

energy, the high concentration of ammonia causes energy to be expended to detoxify the 
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blood to ensure the ewes’ survival, reducing available energy for colostrum and milk 

production.  

 

Lupins 

Lupins are a source of rumen degradable protein and supplementation of ewes pre-lambing 

has altered colostrum and milk production (Table 3).  In many cases supplementation has 

increased production with ewes consuming lush pasture (Kenney and Roberts 1984; Bencini 

and Purvis 1990; Hall et al. 1992; Murphy et al. 1996). However, supplementation has also 

had no effect on production (Banchero et al. 2004b)likely due to the excess protein supplied 

which reduced conversion of glucose to lactose, as the ewes had similar blood glucose 

concentrations when supplemented with maize and lupins (Banchero et al. 2004b). 

However, in lupin-supplemented ewes’ energy was likely expended to detoxify blood 

ammonia rather than convert the glucose to lactose for colostrum production. Therefore, 

the use of lupins as a supplementation strategy to alter colostrum and milk production 

needs to be carefully considered to ensure ammonia toxicity does not reduce production. As 

such, if choosing between supplements, a maize or barley supplement would be less risky to 

the producer compared to a lupin supplement.  

 

 

 

 

 

 

 

 

 



 

184 
 

Table 3 - Summary of studies examining the effect of lupin supplementation on colostrum 
production and other effects 

Reference Supplementation time and 
amount 

Effect on Colostrum/Milk 
Production  

Other effects  

(Kenney 
and Roberts 
1984) 

Lupins at 270g DM/hd.day for 
two weeks pre-lambing until 
six weeks post lambing 

+ Milk Production + Lamb growth 

(Bencini 
and Purvis 
1990) 

Lupins at 1 kg/hd.day for the 
final week of pregnancy and 
then ad lib until 6 weeks post 
lambing 

+ Milk Production  

(Hall et al. 
1992) 

Lupins at 500g/day for 20 days 
pre lambing 

+ Colostrum Production  

(Murphy et 
al. 1996) 

Lupins at 1 kg/hd.day for the 
final week before lambing 

+ Colostrum Production NE lamb birthweight 

(Banchero 
et al. 
2004b) 

Lupins at 750g/hd.day 
(cracked) or 1.1 kg/hd.day 
(whole) for one week pre-
lambing 

NE Colostrum Production  

+ increased by supplementation, NE is no effect 

 

Lupin supplementation if managed effectively does provide the opportunity for a quick, low-

cost solution to increase production which may have economic benefits. Further research 

into supplementation of naturally joined ewes is warranted to determine an effective 

supplementation period, as most commercial ewes lamb over a 6-7-week period. Longer 

supplementation periods have increased milk production with lupins but this results in 

supplementation of ewes for 1-2 months (Kenney and Roberts 1984; Holst 1987) which is 

costly and time consuming for producers. A shorter supplementation period for naturally 

mated ewes, naturally synchronised using the ‘ram effect’ used a 14-day supplementation 

period with lupins starting 12 days into the lambing period when the number of ewes 

lambing peaked resulting in increased lamb survival and performance (Nottle et al. 1998). 

However, these ewes were still synchronised so do not mimic the commercial situation. 

Further research into supplementing commercially mated ewes with high protein prior to 

lambing to understand the effects on colostrum and milk production, lamb survival and 

performance is warranted, with economic analysis of interest. 
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Protein Meals 

Protein meals provide a source of rumen undegradable protein. Protein meal 

supplementation to ewes has been effective to increase colostrum production, colostrum 

constituents, lamb survival and IgG absorption (Table 4).  Supplementation increased lamb 

birthweight, which may increase dystocia, however, it is likely increased lamb weight led to 

lambs having greater fat stores for better thermoregulation post birth, which led to the 

increased survival. Various supplementation times have been considered; however shorter 

supplementation times would be beneficial. Longer term supplementation resulted in 

increased lamb survival, further studies should focus on whether the same effect can be 

seen with shorter supplementation times. If supplementation time can be reduced this may 

provide opportunities to reduce cost and time taken to supplement, with 40% of producers 

noting time constraints as a reason supplementation would not be undertaken if cost 

effective (Kopp et al. 2020a). To determine if production can be increased to wean more 

lambs or heavier lambs’ further studies need to consider the short-term supplementation 

strategies on these production parameters. Protein supplementation has also been shown 

to increase a lamb’s efficiency to absorb colostral Ig (O'Doherty and Crosby 1997), which 

may increase survival as lambs are better able to utilise the immunoglobulins in colostrum. 

Protein meals offer an opportunity to increase colostrum and milk production, with benefits 

for lamb’s immunity transfer. These qualities are likely to increase lamb growth and survival 

so further studies need to consider short term supplementation of protein meals and the 

effect they can have on lamb growth and survival.  
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Table 4 - Summary of studies examining the effect of protein meal supplementation on 
colostrum production and other effects 

Reference Supplementation type, time 
and amount 

Effect on Colostrum/Milk 
Production  

Other effects  

(O' Doherty 
and Crosby 
1996) 

Soyabean meal 
supplementation for 24 days 
pre-lambing at 220g/ewe.day 

+ Colostrum Production   

(Hinch et al. 
1996) 

Cottonseed meal 
supplementation for 100 days 
pre-lambing with 25-70g 
protein/day  

NT + lamb survival 

+ lamb birthweight 

(O'Doherty 
and Crosby 
1997) 

Soyabean meal 
supplementation for a protein 
intake of 220 g/ewe/day for 
three weeks pre-lambing 

+ Colostrum production + lamb efficiency to 
absorb colostral IgG 

(Amanlou 
et al. 2011) 

Fishmeal supplementation 
supplying 160g crude 
protein/day for 3 weeks pre-
lambing 

+ colostrum production + colostrum protein 

+ colostrum fat 

+ ewe serum glucose 

+ increased by supplementation, NE is no effect, NT is not tested 

 

Other protein feeds 

Various other protein feeds have been supplemented with various results. Lucerne hay is 

highly variable in quality which may affect production in response to supplementation. 

Good quality lucerne hay supplying 119g/day protein as consumed by ewes, increased lamb 

survival compared to poor quality lucerne hay supplying 81g/day protein (Holst 1987), likely 

associated with increased protein and energy availability in the better-quality hay. 

Sunflower seeds have also been supplemented at 500g/day for 15 days prior to lambing to 

supply rumen degradable protein to increase colostrum production by 100g DM/ hour 

following birth (Hall et al. 1992). Grazing ewes on high protein pastures (Lotus uliginosus at 

3815 DM/ha, 181 g crude protein) for 14 days prior to lambing increased colostrum 

accumulation by 456g (Banchero et al. 2009). Supplementing ewes with a high protein 

compound feed mix which contained 1.4 times the required protein (165 g crude protein 

and 10.5 MJME/kg DM) for 6 weeks led to a reduction in lamb survival and colostrum yield 

compared to the recommended protein intake (Ocak et al. 2005). It is likely the protein mix 

had the same effect as the lupins leading to ammonia build up requiring energy for 
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detoxification, reducing energy available for colostrum and milk synthesis. Therefore, if 

supplementing a protein-based feed it is important to determine the type of protein, to 

determine the likely effects this may have on production and the effectiveness of 

supplementation for the desired outcome. By-pass protein feeds such as protein meals offer 

the most effective method of protein supplementation to increase production of gestating 

and lactating ewes, however providing a protein-based pasture offers an opportunity to 

reduce producer inputs over the lambing period. This needs to be further investigated as 

producers may be more willing to sow pastures to lamb ewes on rather than supplement if 

the pasture can limit disturbance of ewes and increase production.  

 

Vitamin Supplementation 

Vitamins must either be ingested in feed, water or supplied as a drench or synthesised by 

rumen microbes. Some essential vitamins may be limiting in ewes during periods of high 

production such as during late pregnancy and lactation, with supplementation offering the 

potential to increase production. As vitamins are required for normal bodily functions, 

reproducing and lactating ewes have greater requirements for vitamins to meet production 

requirements, thus without supplementation vitamins may limit production (Byers 1980; 

Dreosti 1984).  

 

B Group Vitamins 

There are several B group vitamins which are essential for sheep. Niacin (Vitamin B3) is a 

water-soluble vitamin which cannot be stored within the animal’s tissues and, therefore, 

animals must either consume or synthesise vitamin B to allow normal biochemical functions. 

Niacin is found in some feedstuffs including cereal grains (Wall 1988) and is metabolised in 

the rumen from tryptophan and quinolinic acid (Shibata et al. 1986). High performing 

animals are likely to suffer niacin deficiencies (Byers 1980; Dreosti 1984), such as the 

pregnant and lactating ewe. Niacin is important for the gestating ewe due to its anti-lipolytic 

effects (Gille et al. 2008), which may reduce the incidence of pregnancy toxaemia associated 

with negative energy balance due to a reduction in non-esterified fatty acids being available 

for ketogenesis, because of reduced lipolysis (Havlin et al. 2018). Little research on niacin 
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has been conducted in sheep with Salouhi et al. (2010) finding niacin at 100ppm/dead/day 

trended to increase milk production by 14.5 L over a 49-day lactation; however, Kopp et al. 

(2020c) found niacin at 5 g/hd/day supplementation for two weeks pre-lambing did not 

affect colostrum production, colostral immunoglobulin production or early postnatal 

growth. The differences in effects may be associated with the variation in ewe breed and 

lactation measurement time. The Awassi ewes used by Salouhi et al. (2010) are dairy breed 

ewes used for milk production and the data on milk production was collected throughout 

the lactation period when ewe’s production is highest. These ewes may have had a higher 

requirement for niacin, with the amino acid limiting for milk production during milking, 

compared to the Merino ewes used Kopp et al. (2020c) who were in early lactation 

producing colostrum at a lower rate. Niacin supplementation to cattle has been found to 

increase colostrum immunoglobulin concentration (Aragona et al. 2016) however, this was 

not noted in ewes (Kopp et al. 2020). Further research into the effects of supplementation 

to alter milk and colostrum production is required to to the variability in current research.    

A range of other B group vitamins involved in metabolism and immune function have also 

been researched to a small extent in sheep with varying results. Thiamine is involved in 

glucose metabolism for lactogenesis. Thiamine supplementation at 20 or 40 mg/day for two 

weeks pre-lambing until 4 weeks post lambing increased milk production (Solouma et al. 

2014), likely associated with the role of thiamine in glucose metabolism increasing the 

availability of glucose for udder secretions. This is the only paper noting Thiamine 

supplementation to ewes, although supplementation in cattle has led to a trending increase 

in milk production (Shaver 1999; Shaver and Bal 2000). With the limited research on 

thiamine demonstrating positive effects on milk production, further research needs to 

quantify the effects and provide recommendations for supplementation amounts.  

Also involved in metabolism is biotin (Vitamin B7), which acts as part of the carbohydrate, 

fat and protein metabolic pathways to increase milk yield, milk fat and protein 

concentrations when supplemented to ewes (Christodoulou et al. 2006). Supplementation 

of 5 mg/ewe/day biotin increased milk production linearly compared to 3 mg/ewe/day and 

no biotin supplementation when supplemented to ewes post-lambing for 12-20 weeks 

(Christodoulou et al. 2006), indicating a greater response to increasing amount of 

supplement provided. With only one supplementation experiment in ewes, Chen and Liu 
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(2010) supplemented biotin to cows post calving increasing milk yield. Although the mode of 

action of biotin on the metabolic pathways to elicit the response is unknown, the use of 

biotin for lactating cows and ewes can increase production which may lead to further 

production benefits with further research needed.  

Folic acid (Vitamin B9) is involved in cell metabolic process and for fetal development (Wang 

et al. 2020). Folic acid supplementation at 16 mg/kg and 32 mg/kg increased colostral IgG 

concentration linearly in ewes without affecting milk production compared to control ewes 

without folic acid supplementation (Wang et al. 2020). This increase in milk quality could 

lead to a reduced incidence of morbidity and mortality of lambs associated with infection 

due to the increase in transfer of immunity in the hours following birth. In contrast, injection 

of ewes with 200 µg vitamin B12 on alternate days has not increased milk yields but did 

increase milk protein (Peters and Elliot 1983). An increase in milk protein could increase milk 

quality to lead to increased lamb growth rates, however vitamin B12 supplementation has 

not been well explored. Contrastingly, supplementation of folic acid to cows has increased 

milk production (Girard 1998; Li et al. 2016) representing an area of further research. The 

use of B vitamins, namely thiamine, biotin and folic acid are likely to be beneficial for ewes, 

with further research needed due to limited studies on supplementation of b group vitamins 

for pregnant and lactating ewes. 

 

Vitamin E 

Vitamin E acts to prevent and repair cell damage and is required for growth, woll production 

and immune function. Vitamin E is found in grass which often provides the required intake 

for sheep (Hemingway 2003); however, dry pasture, stubble and grains often do not meet 

the vitamin E requirements of sheep (Liu et al. 2014). The effects of vitamin E have been 

varied (Table 5). Varied response to vitamin E could be associated with the amount 

supplemented and time, but this is unlikely to explain all variability. As vitamin E does not 

cross the placental barrier in large amounts (McDowell et al. 1996), newborn lambs are 

likely deficient (Liu et al. 2014), which may correspond with ewe vitamin E injection leading 

to increased growth rates post birth when lambs have greater access to vitamin E, as it is 

readily transferred into colostrum and milk (Cuesta et al. 1995). This higher quality 

colostrum and milk with a greater quantity of vitamin E is likely to result in the increased 
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survival of lambs from ewes injected with vitamin E. The increasing weight gain associated 

with vitamin E supplementation may have been associated with an increase in colostrum or 

milk production, however this association has not clearly been studied. Whilst increasing 

weight gain is promising for producers to wean heavier lambs, the increase in vitamin E in 

udder secretions may not have a direct impact on lamb survival. With varied results of 

vitamin E on immunity transfer, further research needs to focus on whether supplemental 

vitamin E can also result in increased lamb survival in addition to increasing lamb weight 

gain.  

Table 5 - Summary of studies examining the effect of Vitamin E on lamb birthweight, 
growth and survival 

Reference Supplementation time 
and amount 

Effect on lamb 
birthweight 

Effect on Lamb 
growth  

Effect on lamb 
survival  

(Kott et al. 
1998)  

220 mg α-
tocopherol/day for 3 
weeks pre lambing 

NT + weaning 
weight/ewe in 
early lambing  

- lamb mortality 
in early lambing 
ewes 

(Daniels et 
al. 2000) 

Oral dose of 266 mg α-
tocopherol daily for 32 
days pre lambing 

NT NE NE 

(Gabryszuk 
and 
Klewiec 
2002) 

250 mg α-tocopherol 4 
weeks before mating 
and lambing 

- Lamb birthweight NT NT 

(Yaprak 
and Emsen 
2004) 

266 mg α – 
tocopherol/day 3 weeks 
pre lambing 

+ Lamb birthweight NT - Lamb Mortality 

(Rooke et 
al. 2009) 

33, 66, 100 and 133 mg 
α-tocopherol/day 7 
weeks before lambing 

NE NE NT 

+ increased by supplementation, - reduced by supplementation, NE is no effect, NT is not 

tested 

 

Amino Acid Supplementation 

Amino acids are required for synthesis of proteins for growth, reproduction, lactation, and 

maintenance of animals including sheep (Kung and Rode 1996). As a result of rumen 

fermentation, the amount of amino acids absorbed by the ruminant is not reflective of the 

dietary amino acid concentration, as amino acids absorbed will be reflective of microbial 
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protein (Chalupa 1975). However, ruminal amino acid production is often inadequate (Kung 

and Rode 1996) for high producing animals such as twin bearing ewes.  

Methionine is known as one of the first limiting amino acids for sheep (Nimrick et al. 1970). 

Supplemental rumen-protected or liquid methionine has had varied effects (Table 5).  The 

varied results may be associated with the ewe’s basal diet altering availability of methionine 

in the rumen, which may cause no effect when ruminal synthesis is sufficient. Varied results 

with milk fat and protein may have been due to incomplete milk letdown due to 

experimental procedures resulting in the more concentrated fatty milk to be retained by the 

ewe (Baldwin et al. 1993). Increased fat production can be associated with amino acids 

increasing protein production, allowing greater milk protein yields. Amino acids also 

increase energy production allowing greater fat deposition into milk (Mepham 1982; 

Bequette et al. 1998). The increase in weight gain could be associated with lambs being able 

to efficiently utilise nitrogen, as a balanced amino acid composition in the small intestine 

allows improved protein utilisation from milk (Papadomichelakis et al. 2010). Methionine 

combined with lysine, another limiting amino acid for ruminants (Nimrick et al. 1970) has 

been supplemented to ewes, with lambs from supplemented ewes having faster growth 

rates (Lynch et al. 1991). Therefore, methionine and possibly lysine may be important amino 

acids for ewes to allow increased growth rates of lambs, which is likely to have further 

production benefits and may be a result of greater milk production which could increase 

energy availability to newborn lambs to reduce mortality.  
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Table 6 - Summary of studies examining the effect of rumen-protected methionine on 
colostrum/milk production and lamb growth 

Reference Supplementation time and 
amount 

Effect on colostrum/milk 
production 

Effect on Lamb 
growth  

(Lynch et al. 1991) 0.28% lysine and 0.11% 
methionine fed during 
lactation 

NE  

(Baldwin et al. 
1993) 

0.2% methionine for 42 days 
commencing 5 days post 
lambing or for 56 days post 
lambing 

NE NE 

(Goulas et al. 
2003) 

Animal fat at 7% of 
concentrate plus 5g rumen 
protected methionine/kg 
concentrate from two weeks 
pre-lambing to 13 weeks post 
lambing 

+ Milk yield 

+ Milk fat and protein 
yield 

+ Energy in milk 

NT 

(Papadomichelakis 
et al. 2010) 

Liquid methionine at 1 or 3 
g/day for 4 weeks pre 
lambing until mid-lactation 

+ milk yield 

+ milk fat and protein 

+ Lamb growth rate 

(Tsiplakou et al. 
2016) 

2.5 g/kg methionine for 15 
days pre lambing and 60 days 
post lambing 

NE milk yield 

+ Milk fat yield 

+ Lamb growth rate 

(Liu et al. 2016) 6.3 g/day methionine from 
day 111 of pregnancy until 
day 7 after lambing 

NE Colostrum IgG + lamb growth 

+ IgG in lamb serum 

+ increased by supplementation, - reduced by supplementation, NE is no effect, NT is not 

tested 

 

Tryptophan is an amino acid involved in protein metabolism and a precursor of serotonin 

(Nicholls et al. 1999). Supplementation of a tryptophan derivative, melatonin has had 

negative effects on ewe production. Melatonin implants provided 18mg of melatonin for 4 

months during mid lactation reducing milk protein, fat and lactose concentrations (Molik et 

al. 2011), whilst having no effect on milk production (Abecia et al. 2005). If melatonin 

reduces concentration of milk protein, fat, and lactose, it is likely that the milk is of lower 

quality and may not allow lambs to meet growth targets to weaning and could have 

detrimental impacts leading to increased mortality. Therefore, tryptophan would not be 

advised for supplementation to increase milk production.  
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Mineral Supplementation 

During pregnancy, the demand for minerals is increased for ewes to maintain normal 

physiological processes including immunity transfer and milk production. If ewes cannot 

meet their mineral requirements, deficiencies are likely to cause metabolic disorders such as 

clinical or sub clinical hypocalcaemia and hypomagnesaemia (Martinez et al. 2016; Edwards 

et al. 2018). Deficiencies may also cause pregnancy toxaemia in ewes, with these metabolic 

disorders negatively affecting production, which can often lead to both ewe and lamb 

mortality (Henze et al. 1998).  

 

Calcium, Magnesium and Sodium 

Late gestation and lactating ewes have high calcium requirements to meet the needs for 

bone calcification, muscle contraction and colostrum and milk production (Caple et al. 

1988). Grains and some forages, such as cereal crops, are low in calcium, predisposing the 

ewe to metabolic disorders, such as hypocalcaemia (Langlands et al. 1967; Larsen et al. 

1986). Under these conditions, supplemental calcium may be required to ensure production 

and survival of the ewe and lamb/s. Supplementation has been seen to increase weight gain 

of lambs (Table 7) indicating the benefits of calcium supplementation to ewes on growth 

rates and potentially lamb survival. Calcium supplementation did not affect colostrum IgG or 

lamb serum IgG concentrations following birth, but the immune response was heightened in 

4-week-old lambs from calcium supplemented ewes (Ataollahi et al. 2020), indicating 

calcium may affect a lamb’s ability to fight and prevent infection. Calcium salt 

supplementation at 5% to lactating ewes has also increased milk production and milk fat 

concentration which led to an increased weight gain of lambs (Titi and Obeidat 2008). This 

increase in milk production and milk fat concentration would likely increase energy available 

for lambs to reduce the incidence of starvation and exposure related lamb mortalities. 

Therefore, supplementation of calcium to ewes during lactation is likely to have benefits to 

production and may lead to a reduction in lamb mortalities, under certain pastoral 

conditions with further research required. 

Magnesium is required by ewes for bone growth, energy metabolism, muscle contraction 

and for the nervous system. Supplementation has had various results on lamb growth (Table 
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7) The possible variation in response could be linked to the combination of calcium and 

magnesium by Ataollahi et al. (2020) with the combination combined with increased 

magnesium leading to the response as calcium act together to elicit a response. The varied 

basal diet may also alter the ability of ewes to utilise the minerals with Ataollahi et al. (2020) 

providing a basal diet of a grain-based pellet while Bray et al. (1987) used a pasture basal 

diet. The varied diets are likely to affect the available minerals in the diet and ability of the 

ewe to reabsorb from her body stores. Therefore, the basal diet is likely to alter the 

effectiveness of supplementation, but ewes fed a grain-based diet are likely to have 

production benefits from magnesium supplementation. Therefore, further research into this 

variation is required. 

Sodium is often used as a carrier for calcium and magnesium due to its ability to control 

consumption of other minerals, but its supplementation does not affect milk yield or lamb 

growth (Vincent et al. 1986). Supplementation of ewes grazing wheat pastures with calcium, 

magnesium and sodium increased twin lamb weight gain but did not affect lamb birthweight 

or survival (McGrath et al. 2015). Sodium is unlikely to have led to the increased weight gain 

but is likely to have assisted magnesium absorption to alter the potassium:sodium ratio to 

increase magnesium absorption and regulated ewe intake of calcium and magnesium and to 

alter production (Dove et al. 2012). Therefore, combining minerals to form a supplement is 

likely to be beneficial to regulate supplement intake between ewes and to alter lamb 

growth and immunity.  

In a study by (Kopp et al. 2020a), New South Wales producers identified supplementation 

practices with 86% of producers providing mineral supplements and 55% of those 

supplementing pregnant and lactating ewes with minerals every year. As supplementation 

of minerals can lead to an increase in lamb growth rates with calcium and magnesium 

(Ataollahi et al. 2020), knowing a large percentage of producers are supplementing is 

reassuring that production is being maximised in regard to mineral supplementation. 

Therefore, supplementation of ewes with minerals is well-understood by many producers, 

which is likely to be leading to increased production. 
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Table 7 - Summary of studies examining the effect of calcium and magnesium 
supplementation on colostrum and milk and lamb growth 

Reference Supplementation time and 
amount 

Effect on colostrum/milk 
production 

Effect on Lamb 
growth  

Calcium  

(Titi and Obeidat 
2008) 

0-5% calcium salt 
supplemented at lambing for 
60 days 

+ Milk production 

+ Milk fat 

+ weaning weight 
male lambs 

(Ataollahi et al. 
2018) 

Ewes supplemented with 50g 
calcium carbonate from two 
weeks pre-lambing until 4 
weeks post lambing 

NT 

(NE colostrum IgG) 

NE 

(Ataollahi et al. 
2020) 

Ewes supplemented with 
0.72% DM calcium from one 
month prior to one month 
after lambing 

NT 

(NE colostrum IgG) 

+ weight gain 

 

Magnesium 

(Bray et al. 1987) Ewes supplemented with 
12.5 mg magnesium chloride 
daily 

NT NE 

(Ataollahi et al. 
2018) 

Ewes supplemented with 50g 
magnesium oxide from two 
weeks pre-lambing until 4 
weeks post lambing 

NT 

(NE colostrum IgG) 

NE 

(Ataollahi et al. 
2020) 

Ewes supplemented with 
0.48% DM calcium from one 
month prior to one month 
after lambing 

NT 

(NE colostrum IgG) 

+ weight gain 

+ increased by supplementation, - reduced by supplementation, NE is no effect, NT is not 

tested 

 

Zinc 

Zinc is involved in growth and immune function. Zinc supplementation has altered lamb 

growth rates and milk production (Table 8).  This may provide an opportunity to increase 

lamb growth rates by combining supplements to elicit a response. The rate of decline in milk 

production from peak milk production during weeks 2 and 3 of lactation was reduced with 

zinc methionine supplementation indicating the zinc methionine supplement allowed ewes 
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to maintain production further into the lactation period. The authors identified the results 

were likely caused from the zinc in the diet due to the minimal concentration of methionine 

in the supplement which was not considered to be enough to elicit the response (Hatfield et 

al. 1995). Therefore, zinc supplements may be able to allow ewes to maintain production 

further into the lactation period to alter lamb growth although this is unlikely to alter lamb 

survival as production is not affected in the early lactation period when the lamb/s solely 

rely on colostrum and milk for survival.  

Table 8 - Summary of studies examining the effect of zinc on colostrum/milk production 
and lamb growth 

Reference Supplementation time and 
amount 

Effect on colostrum/milk 
production 

Effect on Lamb 
growth  

(Masters and Fels 
1980) 

Zinc provided prior to mating 
and throughout pregnancy 

NT + Lamb birthweight 

+ Lamb growth 

(White et al. 1991) Zinc provided by pellet or 
drench at 10mg/day from 
lambing to weaning 

NT NE  

(Hatfield et al. 
1995) 

Zinc methionine at from 30 
days pre-partum until 42 days 
post lambing 

+ Milk production + weaning weights 

+ increased by supplementation, - reduced by supplementation, NT is not tested 

 

Iodine 

Iodine supplementation has been detrimental to the concentrations of immunoglobulin G in 

lamb serum (Table 9). Although iodine may be detrimental for immunity transfer to lambs, 

supplementation of iodine during late gestation and lactation has increased lamb survival, 

lamb birthweights, and lamb growth rates of lambs born to ewes with a low plane of 

nutrition (Knights et al. 1979). On the low plane of nutrition, the iodine supplement may 

have been required to maintain thyroid hormone production for metabolism which led to 

the increased lamb survival and it was likely this did not compromise immunity transfer. 

Therefore, supplementation of iodine mat be beneficial to increase lamb survival and 

growth rates, but care needs to be taken to ensure immunity transfer. Further studies 

should determine if survival and growth can be increased whilst maintaining adequate 

immunity transfer.  
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Table 9 - Summary of studies examining the effect of iodine on IgG 

Reference Supplementation time and amount Effect on IgG 

(Boland et al. 2005) Iodine supplemented at 8.9mg, 17.7mg or 
26.6mg/day from day 131 of gestation to 
lambing 

- Lamb serum IgG with 
increasing iodine 

(Rose et al. 2007) Iodine supplemented at 5.5, 9.9, 14.8 and 
21.0 mg/day for 6 weeks pre lambing 

- Lamb serum IgG with 
increasing iodine 

(Boland et al. 2008) Iodine supplement of 26.6 mg/day for 3 
weeks or one-week pre lambing 

- colostral IgG absorption 
efficiency  

(Dušová et al. 2012) Iodine at 3.1 mg/kg DM or 5.1 mg/kg DM 
for 8 months during pregnancy and 
lactation 

- concentration of IgG in serum 

- reduced by supplementation 

 

Selenium 

Selenium is an essential trace mineral required for production, fertility, and disease 

prevention (Oldfield 1987). Selenium supplementation has increased lamb growth rates, 

however has increased lamb mortality (Table 10).  . The effects of supplementing selenium 

for colostrum are varied. Additional selenium supplementation of 65.5 µg/kg above 

adequate supplementation of 11.5 µg/kg has increased colostrum and milk volume, protein 

and lactose (Meyer et al. 2011), whilst in another study supplementation of selenium at a 

higher level of 70.3 µg/kg above the adequate requirement of 9.5µg/kg did not affect 

colostrum production (Swanson et al. 2008). Although the reasoning to why the effect of 

supplementation differed is unknown with both studies managing ewes, similarly, using first 

parity ewes and a similar basal pelleted diet containing alfalfa and beet pulp, however the 

ration by Meyer et al. (2011) contained wheat middlings, which are known to contain 

selenium (Olson et al. 1970). This indicates the positive effect of selenium supplementation 

may have been a result of the wheat in the diet combined with the supplemental selenium. 

However, further research would be required to understand this variability and whether 
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supplementation can increase colostrum if there are further production effects to increase 

survival.  

Table 10 - Summary of studies examining the effect of selenium on colostrum/mil and  

Reference Supplementation time and 
amount 

Effect on colostrum/milk  Effect on Lambs 

(Hefnawy et al. 
2008) 

Selenium supplementation of 
0.1 mg/kg by subcutaneous 
injection in week 7 and 4 pre 
lambing and 1 week post 
lambing or 3mg/head/week 
oral for 7 weeks pre lambing 

NT + Lamb weight to 2 
weeks 

(Swanson et al. 
2008) 

Selenium at 81.8 ug/kg 
bodyweight from date of 
breeding until lambing. 

NE on colostral IgG 

NE colostrum production 

NT 

(Neville et al. 
2010) 

Selenium at 81.8 µg/kg 
bodyweight from breeding 
until lambing. Lambs 
removed and fed milk 
replacer. 

NT + lamb weight gain 

(Meyer et al. 
2011) 

Selenium at 77.0 µg/kg 
bodyweight from day 40 
gestation until 20 days post 
lambing 

+ Colostrum production 

+ Colostrum fat, lactose 
and protein concentration 

+ Milk yield 

NT 

(Hammer et al. 
2011) 

Selenium at 77.0 or 81.8 
µg/kg bodyweight from 
breeding until birth. Lambs 
removed and fed milk 
replacer 

NT - Lamb mortality 

- Lamb serum IgG 

+ increased by supplementation, - reduced by supplementation, NE no effect, NT is not 

tested 

 

Considerations and focus for future work 

Many of the supplementation studies examined have had low numbers of ewes in research-

based settings such as single pens and sheds. In Australia, this type of lambing practice is 

not feasible due to the large pastoral areas and large numbers of ewes run by producers. 

Therefore, future work should focus on examining the effects of supplementation in larger 

pastoral based Australian situations. Another consideration that needs to be considered is 

the large number of these studies that used synchronised ewes, which is not normal 
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practice in Australian pastoral situations. Australian producers generally use a natural 

mating cycle for ewes over a period of 6-8 weeks. The effects of supplementation could be 

vastly different, and the effects of supplementation and the time supplemented to 

unsynchronised ewes needs to be considered.  

Most importantly, future work needs to demonstrate increases to lamb survival. These 

future trials in pastoral-based settings need to use larger numbers to determine the effects 

on survival. Ultimately, the producer’s aim is to wean more lambs which are ideally heavier, 

so if this is not an outcome of supplementation, producers may be sceptical to use. Whilst 

increasing colostrum production and immunity transfer is important, the producer must see 

a benefit to supplementation, which in many cases is increased survival (to wean more 

lambs) or increased weight gain (to wean heavier lambs which are saleable at an earlier 

age). This also must be accompanied by economic analysis to determine if the extra time 

and cost is feasible to increase production economically.  

 

Conclusion 

The addition bypass protein meals and starch-based feeds offer the most potential given 

current research to increase the availability of colostrum and milk in ewes to have a 

potential increase in lamb survival and on-farm profitability. Combined with mineral 

supplementation of calcium, magnesium and salt to maintain the mineral balance of ewes 

and prevent against metabolic disorders such as hypocalcaemia, this supplementation 

strategy would be attractive to producers to maintain the health of their ewe flock during 

pregnancy and lactation to allow increased growth and possibly survival of lambs. Further 

research into energy and mineral supplementation should focus on the effects of 

supplementation on lamb survival and should be undertaken under commercial based 

situations to determine if there are feed base requirements or ewe body conditions that 

mitigate the effects of supplementation. If this can be determined producers can be 

provided with a guide as to when supplementation is required to increase colostrum 

production, milk production, lamb growth and survival.  The future of supplementing ewes 

during pregnancy and lactation needs to focus on methods which reduce producer 

disruption of ewes with many producers concerned on the effects of disturbing ewes during 
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lambing. As a result, further research into supplementation using crops or feeds which can 

be provided without daily intervention is needed. Other feedstuffs or products examined in 

this review have been largely variable in their effects on late gestation and lactating ewes, 

because of this variability further research needs to be undertaken before 

recommendations for supplementation to improve pregnant and lactating ewe productivity 

can be determined.   
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